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ABSTRACT

Objective: A sensitive and cost-effective electrochemical method was developed on a bare glassy
carbon electrode (GCE) for the determination of paliperidone (PAL), an antipsychotic drug used in
the primary schizophrenia treatment affecting the whole world.

Material and Method: The oxidation studies carried out in pH 8 phosphate buffer solution (PBS)
by cyclic voltammetry (CV) showed that the oxidation reaction of PAL is a process including the
same number of electrons and protons. The electrochemical detection of PAL was carried out by
differential pulse voltammetry (DPV).

Result and Discussion: The linearity range was between 1 M and 100 uM. The limit of detection
(LOD) and quantification (LOQ) values were calculated as 2.41x107 M and 8.033x107 M,
respectively. The applicability of the developed method was confirmed by using it on synthetic
human serum. The relative standard deviation (RSD) values were less than 2%. The selectivity of
the analysis was demonstrated over against interfering substances such as ascorbic acid, KNOs,
MgCl,, paracetamol, dopamine, Na;SO., and uric acid with recovery% and RSD% values in the
range 98.32%-101.56% and 0.15%-1.99%, respectively. The proposed method provided high
sensitivity for PAL and is the first reported method for the electroanalysis of PAL.

Keywords: Differential pulse voltammetry, electrochemistry, glassy carbon electrode, paliperidone

0z

Amac: Tiim diinyayr etkileyen sizofreninin birincil tedavisinde kullanilan antipsikotik ila¢ olan
paliperidonun (PAL) tayini i¢in yalin camsi karbon elektrot (CKE) kullanilarak hassas ve uygun
maliyetli bir elektrokimyasal yontem gelistirildi.

Gerec ve Yontem: pH 8 fosfat tampon ¢ozeltisinde doniisiimlii voltametri (DV) ile gerceklestirilen
oksidasyon calismalari, PAL'tn oksidasyon reaksiyonunun iki elektron ve iki protonlu bir siireg
oldugunu gosterdi. PAL'm elektrokimyasal tespiti diferansiyel puls voltametrisi (DPV) ile
gergeklestirildi.

Sonug ve Tartisma: Dogrusal aralik 1x10° M ile 1x10* M arasinda bulundu. Teshis stnr1 (TS) ve
tayin alt sinirt (TAS) degerleri sirasiyla 2.41x107 M ve 8.033x107 M olarak hesapland. Gelistirilen
yontemin uygulanabilirligi sentetik insan serumu tizerinde kullanilarak dogrulandi. Bagil standart
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sapma (BSS) degerleri %2'den azdi. Yontemin segiciligi, askorbik asit, KNOs, MgCls, parasetamol,
dopamin, NaxSO4 ve iirik asit gibi girisim etkili ajanlarin variiginda sirasiyla %98.32-%101.56 ve
%0.15-%1.99 araliginda %geri kazanim ve %BSS degerleri ile gosterilmistir. Onerilen yontem PAL
icin yiiksek hassasiyet saglamistir ve PAL'in elektroanalizi i¢in bildirilen ilk yontemdir.

Anahtar Kelimeler: Cams: karbon elektrot, diferansiyel darbe voltametrisi, elektrokimya,
paliperidon

INTRODUCTION

Based on the World Health Organization's (WHO) official data in 2022, schizophrenia is a major
disease affecting approximately 24 million people worldwide. In recent years, rapid advances in science,
particularly neuroscience, have created several research areas to explore the brain neurobiological and
neurocognitive processes underlying schizophrenia [1]. The primary treatment of schizophrenia is
antipsychotic drugs (APS), and treatment outcomes are monitored by therapeutic drug monitoring
(TDM) [2]. Schizophrenia is a chronic disease that requires long-term treatment with APS and often
relapses [3].

Paliperidone (PAL; Figure 1) is risperidone's main metabolite, belonging to the second-generation
class of antipsychotics and is prescribed for schizophrenia treatment [4]. PAL shows affinity for
serotonin and dopamine receptors [5]. It has been approved by the Food and Drug Administration (FDA)
for both acute and long-term treatment of schizophrenia since 2006 [6]. The recommended dose of
extended-release application of PAL is 6 mg/day. PAL's maximum plasma concentration (Cmax) after a
single dose application is 5.49 ng/ml. Based on the PAL-containing pharmaceutical products, the LDso
value (rat, female) is 65 mg/kg [7]. The absolute bioavailability of PAL and its binding to plasma
proteins have been reported to be 28% and 74%, respectively. In addition, 59% is excreted directly by
the kidneys [8]. The active fraction during treatment is expressed as the sum of risperidone and PAL. In
long-term treatments, disadvantages such as adverse reactions, poor drug compliance or tolerance may
occur [3]. In order to reduce these side effects, the dose used should be controlled quickly and
effectively. PAL is also a frequently encountered antipsychotic agent in suicide cases involving fatal
poisoning. In such forensic cases, accurate determination of PAL concentration in the blood is
mandatory to prove that PAL intoxication caused death [9].
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Figure 1. Molecular structure of PAL

As aresult of literature reviews, single, double, and triple combination studies of PAL were found.
Single studies of PAL in different pharmaceutical formulations by first-derivative spectrophotometric
technique [6], pharmaceuticals by high-performance liquid chromatographic (HPLC) method [8],
commercial formulations by reversed-phase liquid chromatographic (RP-LC) method [10], by high-
performance thin-layer chromatographic (HPTLC) [4,11], pharmaceutical injection forms [5], by ultra-
performance liquid chromatography (UPLC), liquid chromatography-quadrupole orbitrap mass
spectrometry (LC-Q-Orbitrap-MS) method in human blood [9] and ultra-high performance liquid
chromatography-quadrupole orbitrap mass spectrometry (UHPLC-MS/MS) method in beagle dog
plasma [3]. Dual and ternary analyses of PAL and risperidone from human plasma and urine by liquid
chromatography coupled to tandem mass spectrometry (LC-MS/MS) method [12], and PAL, risperidone
and olanzapine from human plasma by LC-MS/MS method [13] were found, respectively.
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Only chromatographic methods were noted in the literature, and no electrochemical analyses were
performed. Furthermore, the studied methods either require costly instruments or extra sample
preparation techniques. Therefore, there is a need for a fast, sensitive, selective, efficient and
inexpensive method for PAL analysis in complex matrices.

In this study, PAL was characterized by the cyclic voltammetric method and analyzed from
standard solution and commercial sample of human serum by DPV method using a bare glassy carbon
electrode (GCE). The electrochemical behavior of PAL was analyzed in terms of pH and scan rate effect.
Additionally, the possible oxidation mechanism was evaluated. The proposed method is easy to apply,
quick, sensitive, and reproducible for routine analysis.

MATERIAL AND METHOD
Reagents and Chemicals

Active pharmaceutical ingredients of PAL, risperidone (RIS), droperidol (DRO), haloperidol
(HAL), and benperidol (BEN) were purchased from Sigma-Aldrich. All other chemicals purchased from
Sigma-Aldrich and their intended uses are as follows: Methanol (MeOH; >99.8%) to prepare stock drug
solutions, acetonitrile (ACN; >99.9%) to precipitate serum proteins; sulfuric acid (H2SO4; >99.99%),
acetic acid (>99.0%), sodium acetate trihydrate (>99.0%), phosphoric acid (>99.0%), sodium
dihydrogen phosphate dihydrate (>98.0%), disodium hydrogen phosphate dihydrate (>99.0%), and
sodium hydroxide (=97.0%) for the preparation of buffer solutions; ascorbic acid, dopamine, uric acid
(>99.0%), paracetamol, magnesium chloride (>99.0%), sodium sulfate (>99.0%), potassium nitrate
(>99.0%) for the preparation of interference solutions, drug-free commercial human serum for
biological sample application.

10 M PAL stock solution was prepared in MeOH. Measurement solutions were prepared in
desired buffer solutions, keeping the MeOH ratio constant at 20%. Various buffer solutions of H,SO4
(pH 0.3, 1.0), phosphate buffer solution (PBS, pH 1.5-8.0), acetate buffer solution (ABS, pH 3.7-5.7),
and Britton-Robinson buffer (BRB, pH 2.0-12.0) were used in electrochemical measurements.

Apparatus

A potentiostat by PalmSens BV (Netherlands) using PSTrace 5.9 software was employed for the
electrochemical measurements of CV and DPV. A three-electrode cell system consisting of a GCE
(diameter=3.0 mm), a reference electrode of Ag/AgCl electrode (3 M KCI), and a counter electrode of
platinum wire was connected to the potentiostat. They were all purchased from BASI Inc. (USA). A
precision balance from Ohaus Instruments (Shanghai, China) was utilized to weigh solid chemicals. A
pH-meter device (pH/ion meter S220) by Mettler-Toledo (Switzerland) was used to measure and adjust
the pH values of buffer solutions. J.P. Selecta Corporation (Barcelona, Spain) and ISOLAB Laborgerate
GmbH (Germany) provided a vortex mixer and ultrasonic bath.

The GCE surface cleaning was performed in two steps: Firstly, it was immersed in double distilled
water:MeOH (1:1, v/v) mixture and kept in an ultrasonic bath for 15 min. After that, it was polished
using a polish pad and alumina slurry. It was washed using distilled water and dried at 25°C.

The optimum measurement conditions for CV are as follows: Potential range: -0.2 V-1.2 V, step
potential: 0.01 V, scan rate: 0.1 V/s. The optimum measurement conditions for DPV are as follows:
Potential range: -0.2 V-1.0 V, step potential: 0.008V, pulse potential: 0.2 V, pulse time: 0.02 s, scan
rate: 0.1 V/s.

Preparation Procedure of Commercial Human Serum Sample

5x10# M serum stock solution was prepared using 1000 ul of 5x10° M PAL solution, 3600 ul of
drug-free commercial human serum, and 5400 pl of ACN. In order for the serum proteins to completely
precipitate and separate, this prepared mixture was placed in a centrifuge tube and centrifuged (5000
rpm, 20 min). The resulting supernatant was used to prepare measurement solutions with the necessary
dilutions. While preparing these solutions, the optimum buffer solution was used by keeping the MeOH
ratio constant at 20%. Then, recovery studies were carried out by spiking standard PAL solutions at two
different known concentrations.
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RESULT AND DISCUSSION
PAL’s Electrochemical Behavior on Bare GCE

In electrochemical analysis studies, a detailed examination of the electrochemical behavior of the
studied electroactive drug is fundamental. For this purpose, the oxidative behavior of PAL was examined
in pH 8 PBS, which is the optimum electrolyte environment. According to the CV voltammograms
displayed in Figure 2, it is observed that PAL has two oxidation peaks that are not completely separated
from each other in pH 8 PBS. The first peak is located at 0.79 V, and the other one is at 0.92 V. Despite
this visible distinction in CV voltammograms, it appears as a merged peak in DPV voltammograms.

30

) pH8 PBS Blank
1x10* M PAL in pH 8 PBS

Current [uA]

L lJ 14 A} bl ] L lJ 4 T & '
04 0.6 0.8 1.0 1.2 14 1.6

Potential [V]

Figure 2. CV voltammograms of pH 8 PBS (black line) and 1x10*M PAL in pH 8 PBS (blue line)

Effect of pH

Analyzing how the target drug's electrochemical behavior is affected by the changes in the pH of
the supporting electrolyte solution is an essential aspect of electrochemical analysis. For this purpose,
the electrooxidation behavior of 1x10* M PAL was examined in various buffer solutions ranging from
pH 0.3 to 12 on bare GCE. Peak potentials (E) and currents (I,) of PAL were evaluated by making DPV
measurements at changing pHs (Figure 3A and 3B). Accordingly, it is seen that with increasing pH
values towards more basic pH, the PAL peak shifts towards lower potential and increases. As a result,
pH 8 PBS, the environment where the highest peak was obtained, and the potential was at lower values
(easier oxidation), was chosen as optimum. The relationship of E, versus pH (Figure 3C) is explained
with the equation below:

Ep (V)=-0.0702 pH + 1.2334; r=0.977 (pH 0.3 — 12)

The fact that this equation's slope has a close value to 59 mV/pH (theoretically calculated value)
suggests that the oxidation process involves the same amount of protons and electrons of PAL on GCE
[14].

Effect of Scan Rate

Observing the effect of changes in scan rate (v) on the electrochemical behavior of substances
makes it possible to enlighten the oxidation mechanism and the number of electrons transferred. In order
to observe the effect of v, cyclic voltammetric responses of 1x104M PAL were evaluated in the range
of 5 to 1000 mV/s in pH 8 PBS on GCE. The I, versus v'?? (Figure 4A) and logl, versus logv (Figure
4B) relations are expressed in the following equations:

lp (WA) = 0.3105 v12 - 0.04707; r = 0.994
logl, (LA) = 0.5418 logv — 0.6734; r = 0.997
lp (HA) = 0.0096 v + 1.1718; r = 0.973
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Figure 3. A) DPV voltammograms of 1x10*#M PAL on GCE in pH 4.7 ABS, pH 5, 7, and 9 BRB, and
pH 6 and 8 PBS; the plots of B) I, versus pH and C) E, versus pH (The measurements are performed
in 1x10* M PAL, pH range is 0.3 — 12.0)
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The calculated slope value of the logl, versus logv equation was found to be close to the
theoretical value of 0.5, indicating that the oxidation process of PAL is diffusion-controlled.
Additionally, the non-linear response of I, versus v (Figure 4C) confirmed the diffusion-controlled

. 2.3RT
process. Furthermore, the slope value of the E, versus logv equation = T formula was used to

calculate the number of transferred electrons for PAL in pH 8 PBS on GCE. When the necessary
calculations were made, n was found to be approximately 2. The parameters in the formula above are:
R: Universal gas constant
T: Absolute temperature
a: Transfer coefficient (If it is an irreversible oxidation reaction, it is calculated as 0.5)
n: Number of electrons
F: Faraday constant

Evaluation of Possible Oxidation Mechanism

CV is a valuable technique that enlightens the electrooxidation behavior of electroactive
compounds. In order to elucidate the oxidation mechanism of PAL, molecules with similar structures to
PAL, risperidone (RIS), droperidol (DRO), haloperidol (HAL), and benperidol (BEN) were selected
(Figure 5). The oxidation peaks of each molecule were examined on bare GCE in three different
electrolyte media (pH 4.7 ABS, pH 8 PBS, and pH 9 BRB) by the CV method (Figure 6). As it was
given in effect of scan rate section, the number of transferred electrons for PAL was found to be 2.
Additionally, the results in effect of pH section indicated that equal numbers of electrons and protons
are involved in the oxidation process of PAL. Hence, it is shown that PAL's oxidation reaction is a two-
electron and two-proton process. As it was reported in a study by Arvand et al. [15], the oxidation of
RIS occurs via nitrogen in the piperidine ring in its structure. This piperidine ring is the mutual structure
of PAL, DRO, HAL, and BEN. Therefore, it can be suggested that the oxidation of PAL occurs at its
piperidine ring (Figure 7). This suggestion is supported by the fact that the oxidation peaks in Figure 6
are located at approximately the same potential.

A B & H
N T/
N N N
F 0
| F
O/N
Cl

Figure 5. Chemical structures of A) RIS, B) DRO, C) HAL, and D) BEN
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Figure 7. Possible oxidation mechanism of PAL
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PAL Determination on Bare GCE

Determination of PAL on bare GCE was assessed using the DPV technique in pH 8 PBS. The
obtained 1, values were plotted against varying concentrations of PAL to create the calibration curve.
Bare GCE gave a linear response for PAL determination in a wide concentration range between 1x10-®
M and 1x10* M (Figure 8A). The related regression equation was found as I, (uA) = 77.744 x 103
(LA/M) x C (M) + 0.394 (r = 0.999). The obtained DPV voltammograms for each PAL concentration
are shown in Figure 8B. The formulas below, which are given in ICH guidelines, were used to calculate
LOD and LOQ as 2.410x1077 M and 8.033x10°7 M, respectively [16]. The other regression data are
given in Table 1. Table 2 overviews the other studies performed for PAL analysis in the literature.

LOD = 3 x standard deviation/slope
LOQ = 10 x standard deviation/slope

—1.0x10* M
A ® 2.0x10°M
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Figure 8. Calibration curves of PAL determination on GCE A) in pH 8 PBS; C) in commercial sample
of human serum; DPV voltammograms of various PAL concentrations B) in pH 8 PBS; D) in
commercial human serum sample

Analytical Performance in the Biological Media

The next stage in the analytical performance examination is to assess the determination of PAL
in biological media. For this purpose, PAL was determined in the sample of commercial human serum
that was prepared based on the procedure described in preparation procedure of commercial human
serum sample section on GCE using the DPV technique. The linear range was obtained between 1x10¢
M and 1x10* M as in the standard solution with the regression equation of I, (nA) = 63.730 x 10°
(LA/M) x C (M) + 0438 (r = 0.999) (Figure 8C). Associated DPV voltammograms for PAL
determination are displayed in Figure 8D. The LOD and LOQ values were found to be 2.94x10~7 M and
9.799x1077 M, respectively. The regression data parameters are given in Table 1.
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Following this, the recovery assay was realized by spiking two known concentrations of standard
PAL solution to the sample of commercial human serum. The acquired average recovery% and RSD%
values in Table 3 confirmed the accuracy and feasibility in biological samples.

Table 1. Regression data of the calibration line for PAL on GCE in standard solution and commercial

human serum sample

Standard solution Commercial human serum sample
Linear range (M) 1.0 x 10°-1.0x10™* 1.0x10°-1.0x10*
Slope (nA/M) 77.744 x 10° 63.730 x 10°
Standard error of slope (WA/M) 1.107 x 108 0.933 x 108
Intercept (uA) 0.394 0.438
Standard error of intercept (nA) 0.049 0.042
Correlation coefficient (r) 0.999 0.999
LOD (M) 2.410 x 1077 2.940 x 1077
LOQ (M) 8.033 x 107 9.799 x 107
Repeatability of peak current (RSD%)* 0.682 1.779
Reproducibility of peak current (RSD%)* 1.771 1.994
Repeatability of peak potential (RSD%)* 0.072 0.081
Reproducibility of peak potential (RSD%)* 0.075 0.143
* Each value is the mean of five experiments.
Table 2. Comparison of analytical methods developed for PAL determination
Method Linear Range LOD Sample Recovery (%) Ref.
HPTLC 100 — 600 ng/ml NA Tablet 98.77 — 101.39 [4]
LC-MS/MS 25 — 500 ng/ml 25 ng/ml NA NA [17]
UPLC 0.00005 — 2.25 pg/ml | 0.00001 pg/ml th*i;'}‘eac‘;?g:ca' 87.6-1063 | [5]
RP-HPLC 20 — 120 pg/ml 1.25 pg/ml Tablet 99.80 [18]
Spectrophotometry 40 — 80 pg/ml 0.85 pg/ml Tablet 101.84 —102.76 | [19]
UHPLC-MS/MS 11000 ng/ml 1 ng/mi Beagle dog plasma NA [3]
UFLC 2—100 pg/ml 0.5 pg/ml Tablet 98.22 —-102.96 | [20]
LC-MS/MS 2.5 —160 ng/ml 0.25 ng/ml Serum NA [13]
HPLC 0.125 — 100 pg/ml 0.0132 pg/ml Tablet 98 — 100 [8]
HPTLC 20 — 140 ng/band 1.288 ng/band Tablet NA [11]
LC-MS/MS 1 —2000 ng/ml NA Plasma, urine 90.4 —105.1 [12]
Spectrophotometry 2.5-70 pg/ml 0.316 ug/ml Tablet 98.94 [6]
—6 —4 —7 :
Electrochemistry 1.0 (XO.140— ;Olﬁogx/rln(i) M 2((?(1)(;7x“1§mll\)/l Serum 98.90 — 100.23 \;vrg:sk

HPTLC: high-performance thin-layer chromatography, NA: not available, LC-MS/MS: liquid chromatography tandem mass
spectrometry, UPLC: ultra-performance liquid chromatography, RP-HPLC: reverse phase high performance liquid

chromatography, UHPLC-MS/MS: ultra-high performance liquid chromatography—tandem mass spectrometry, UFLC:

ultrafast liquid chromatography

Table 3. Recovery results of commercial human serum samples for PAL on GCE

Serum Sample 1 Serum Sample 2
Sample concentration (M) 2.00x10® 4.00x10®
Spiked amount (IM) 4.00x10° 2.00x10®
Found amount (M)” 5.89x10® 5.99x10®
Confidence interval” +1.946 +1.157
Average recovery% 98.90 100.23
RSD% of recovery 2.00 1.32
Bias%o -1.10 +0.23

* Each value is the mean of five experiments
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Interference Effect Assessment

Interference assay evaluates GCE's ability to determine PAL in the presence of substances found
in biological fluids (natural or exogenous) without being affected by their signals. For this purpose, the
most known possible interfering agents, ascorbic acid, KNOs, MgCl,, paracetamol, dopamine, Na;SOa4,
and uric acid, were selected. The recovery% and RSD% values were between 98.32%-101.56% and
0.15% and 1.99%, respectively. The determination performance of GCE and 2x10° M PAL was
investigated in the presence of these compounds at 1-, 10-, and 100-times concentrations. As the
obtained recovery% results are examined, PAL could be determined in the presence of ascorbic acid,
MgCl,, and Na,;SO4 without any interference effect. On the other hand, an interference effect was
observed in the presence of KNO3 and paracetamol at 100 times and in the presence of dopamine at 10
and 100 times. An interference effect was observed due to the oxidation of uric acid at a very similar
potential with PAL in the pH 8 PBS environment.

Conclusion

This work is the first one in the literature to evaluate electrochemical behavior and determination
of an antipsychotic drug, PAL, on GCE. Investigation of the electrooxidation characteristics of PAL
showed that in pH 8 PBS, PAL has two oxidation peaks located around 0.79 V and 0.92 V, which are
not completely separated. As a result of the pH effect investigation, the oxidation peak of PAL shifts
towards lower potentials with higher pH values and has the highest value at pH 8 PBS. Additionally, it
was found that an equal number of electrons and protons are involved in the PAL oxidation. The effect
of scan rate investigation revealed that the number of transferred electrons in the oxidation reaction is
2, and PAL's oxidation process is diffusion-controlled. Furthermore, based on the oxidation behavior of
other similarly structured compounds (RIS, DRO, HAL, and BEN), it is suggested that PAL oxidation
occurs at the piperidine ring in its structure. Determination of PAL in standard solution has a linear
response in the concentration range between 1x10% M and 1x10* M. The LOD and LOQ values are
2.41x107 M and 8.033x107 M, respectively. The determination of PAL in biological media was
assessed in the sample of commercial human serum, and the same linear range as in the standard solution
was obtained. Recovery studies confirmed the feasibility of PAL determination in biological media. It
was also found that PAL could be determined without any interference effect in the presence of ascorbic
acid, MgCl,, and Na;SOa.
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ABSTRACT

Objective: A novel class of spirothiazolidinone derivatives were designed, synthesized, and
assessed as possible acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE) inhibitors for
Alzheimer's disease therapy.

Material and Method: In this study, novel spirocyclic compounds were synthesized by one-pot
reaction. IR, 'H NMR, 3C NMR, LC-MS and elemental analysis techniques have all been used to
clarify the chemical structures of the compounds. AChE and BuChE inhibitory effects of compounds
(4a-e and, 5a-e) were assayed according to Ellman’s method using galantamine as reference.
Result and Discussion: According to the inhibition data, compound 4e demonstrated the most
promising activity against AChE, with an ICso value of 39.53+1.94 uM, while compound 4b
exhibited the most potential against BUuChE, with an ICsp value of 95.97+1.79 uM.

Keywords: Acetylcholinesterase, butyrylcholinesterase, ibuprofen, spirothiazolidinone, synthesis
0z

Amac: Alzheimer hastaligina karst potansiyel asetilkolinesteraz (AChE) ve butirilkolinesteraz
(BuChE) inhibitorleri olarak bir seri yeni spirotiyazolidinon tiirevi tasarlanmig, sentezlenmis ve
inhibisyon etkileri degerlendirilmistir.

Gere¢ ve Yontem: Bu calismadan kazanmilan yeni spiro bilesikler tek kap yontemi ile sentez
edilmistir. Bilesiklerin kimyasal yapilarini aydinlatmak igin IR, 'H NMR, 1B3C NMR, LC-MS ve
elementel analiz yontemleri kullanilmistir. Bilesiklerin (4a-e ve 5a-e), AChE ve BUChE enzimleri
tizerindeki inhibisyon etkileri galantamin referans olarak kullamilarak Ellman yéontemine gore
analiz edilmistir.

Sonug ve Tartisma: /nhibisyon sonuclarina gore, en umut verici bilesik AChE'ye karsi ICso degeri
39.53+1.94 uM olan 4e ve BuChE'ye karsi ICso degeri 95.97+1.79 uM olan 4b bilesikleri olarak
kaydedilmistir.

Anahtar Kelimeler: Asetilkolinesteraz, butirilkolinesteraz, ibuprofen, sentez, spirotiyazolidinon
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A type of dementia known as Alzheimer's disease gradually impairs all cognitive functions,
particularly memory. It is identified microscopically by aberrant protein accumulation in the brain [1].
Cholinergic neurotransmission is crucial for regulating cognitive functions, particularly in learning and
memory [2]. Cholinesterases (ChE), namely acetylcholinesterase (AChE) and butyrylcholinesterase
(BuChE) are involved in cholinergic transmission. AChE and BuUChE inhibitors indirectly enhance
cholinergic transmission by inhibiting the enzyme that hydrolyzes acetylcholine (ACh). Tacrine, the
first-generation AChE inhibitor, was withdrawn from use due to its hepatotoxic effects. Donepezil,
galantamine and rivastigmine (as shown in Figure 1), which were developed later, and currently
approved by the FDA for Alzheimer's disease, are frequently used in the treatment [3].

H:CO

H;CO

Donepezil HyC Rivastigmine ' Galantamine
Figure 1. The structures of ChE inhibitors used for the treatment of AD

The chiral 2-arylpropionic acid (2-APA) derivative, ibuprofen, also known as (+)-(R,S)-a-methyI-
4-(2-methylpropyl)benzeneacetic acid, is a well-known and often used nonsteroidal anti-inflammatory
drug (NSAID) (as shown in Figure 2) [4]. The first discovery of the anti-inflammatory effects of
ibuprofen was made in 1961 by Dr. Stewart Adams and the drug was introduced on the market in 1969
in the UK for the treatment of rheumatic arthritis [5].

HsC
Figure 2. The structure of ibuprofen

Long-term usage of NSAIDs reportedly lowers the risk of Alzheimer's disease [6]. Its effects may
be through decreasing the concentrations of amyloid beta peptide (AP) (1-42), which is the
amyloidogenic form, and it may be associated with behavioral changes observed in AD. In vitro studies
showed that mouse treated with ibuprofen had a 90% reduction in A plaque and ibuprofen treatment
in mouse (regardless of cyclooxygenase-2 inhibition) reduced oxidative stress and plaque load without
improving cognitive function by preventing inhibition of the NADPH oxidase 2 complex [7].

4-Thiazolidinones are active compounds that play a crucial role in pharmacological effects. There
are numerous studies demonstrating that compounds containing the 4-thiazolidinone ring have
antituberculosis [8], anticancer [9,10], anti-inflammatory [11], antidiabetic [12], hypnotic [13], and
antiviral activities [14]. Additionally, there are studies on the AChE and BUChE inhibition effects of
these compounds are available [15,16].

As previously noted, there is existing literature suggesting that NSAIDs like ibuprofen may help
reduce the risk of Alzheimer's disease [6]. The spirothiazolidinone core also has significant potential in
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the development of biologically important compounds [17,18]. Encouraged by the above data, it was
anticipated that a combination of ibuprofen and spirothiazolidinone structures in one molecule could be
interesting to the development of new agents that inhibit cholinesterase activity. In this study, novel 2-
[4-(2-methylpropyl)phenyl]propanehydrazide derivatives incorporating a spirothiazolidinone ring were
designed, synthesized and assessed for their AChE and BUChE inhibitor effects in vitro.

MATERIAL AND METHOD
Chemistry
Chemicals and Instruments

All of the chemicals used were purchased from Aldrich without subsequent purification. The
Shimadzu IR Affinity-1 FTIR spectrometer was used to record infrared (IR) spectra. *H and *C NMR
(APT) spectra were acquired in CDCl; using a "Bruker 500 MHz" instrument. Chemical shifts are
reported as & (ppm), while coupling constants (J) are provided in hertz (Hz). TMS used as the internal
standard. Agilent 1260 Infinity 11 LC/MS mass spectrometer was used to record the mass spectra with
electrospray ionization. The Buchi B-540 melting point equipment was used to determine melting
points. Elemental analyzer (Thermo Finnigan Flash EA 1112) was used for microanalyses. (sp:
spirodecan)

Methyl 2-[4-(2-methylpropyl)phenyl]propanoate (2)

A solution containing sulfuric acid (98%) (0.1 mol) and racemic acid (0.01 mol) in 50 ml of
methanol was refluxed over night. The mixture was neutralized with sodium bicarbonate solution (0.01
mol), then extracted with chloroform, and finally dried over anhydrous sodium sulfate. A yellowish oil
was obtained by evaporating the solvents in vacuum (CAS number: 61566-34-5) [19].

2-[4-(2-Methylpropyl)phenyl]propanehydrazide (3)

A mixture of 2 (0.1 mol), H:2NNH.HO (98%, 0.2 mol), and ethanol (50 ml) was heated under
reflux for 8 hours. The resulting solid was filtered and utilized without additional purification (CAS
number: 127222-69-9) [20].

General procedure for the synthesis of 2-[4-(2-methylpropyl)phenyl]-N-[2,8-(non)substituted-3-
oxo-1-thia-4-azaspiro[4.5]decan-4-yl]propanamides (4, 5)

Using a Dean-Stark water separator, a mixture containing 3 (0.0025 mol), a suitable
cyclohexanone (0.0025 mol), and either mercaptoacetic acid or 2-mercaptopropionic acid (0.01 mol) in
dry toluene was refluxed for 6-8 hours. In vacuo, extra toluene was evaporated. The solid separated was
collected, washed with sodium bicarbonate solution solution and water. After drying, the solid
crystallized again from ethanol.

2-[4-(2-Methylpropyl)phenyl]-N-(3-oxo-1-thia-4-azaspiro[4.5]decan-4-yl) propanamide (4a)

White crystals. mp: 80-84 °C. yield 80%. IR(KBTr): vmax 3417 (NH), 1716 (CO), 1676 (NHCO).
H-NMR (CDCl3/500 MHz): 7.29 (3H, d, J= 7.8 Hz, phenyl Cy6.1 and NH), 7.16 (2H, d, J = 8.2 Hz,
phenyl Css.4), 3.72 (1H, g, J = 7.1 Hz, COCH), 3.54, 3.48 (2H, 2d, J= 15.9 Hz, COCH,), 2.48 (2H, d,
J=7.2 Hz, CH), 1.89-1.67; 1.60-1.43 (14H, m, sp-H, CH and CHj3), 0.91 (6H, d, J= 7.0 Hz, CHj3). 3C-
NMR (CDCl3/125 MHz): 174.1, 168.8, 141.1, 137.7, 129.7, 127.4, 73.1, 45.0, 44.9, 37.3, 37.2, 30.1,
28.5,24.4,23.1, 23.0, 22.3, 18.2. LC/MS (m/z): C21H30N20>S requires 374.54 found [M + H]*: 375.2.
Anal. calcd. for C21H30N20,S (374.54) C=67.34, H=8.07, N=7.48. Found C=67.02, H=8.03, N=7.46.

2-[4-(2-Methylpropyl)phenyl]-N-(8-methyl-3-oxo-1-thia-4-azaspiro[4.5]decan-4-yl) propanamide
(4b)
White powder. mp: 88-90 °C. yield 76%. IR(KBr): vmax 3415 (NH), 1726 (CO), 1678 (NHCO).

IH-NMR (500 MHz): 7.30 (1H, s, NH), 7.28 (2H, d, J= 8.1 Hz, phenyl Czs.+), 7.15 (2H, d, J= 8.1 Hz,
phenyl Css.+), 3.72 (1H, g, J = 7.1 Hz, COCH), 3.55, 3.48 (2H, 2d, J= 15.9 Hz, COCH,), 2.48 (2H, d,
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J=7.2 Hz, CH>), 1.88-1.72; 1.64-1.55; 1.27-1.09 (13H, m, sp-H, CH and CHs), 0.91 (6H, d, J= 7.0 Hz,
CHs), 0.88 (3H, d, J= 7.0 Hz, sp-CHjs). 3C-NMR(125 MHz): 174.1, 168.9, 141.1, 137.7, 129.7, 127.4,
729, 44.9, 449, 37.0, 36.9, 315, 314, 31.1, 30.1, 28.5, 22.3, 22.2, 21.7, 18.1. LC/MS (m/z):
C22H32N20-S requires 388.56 found [M + H]*: 389.2. Anal. calcd. for C2H32N-0,S (388.57) C= 68.00,
H=8.30, N=7.21. Found C= 68.09, H=8.25, N=7.22.

2-[4-(2-Methylpropyl)phenyl]-N-(8-ethyl-3-oxo-1-thia-4-azaspiro[4.5]decan-4-yl)  propanamide
(4c)

White powder. mp: 98-101 °C. yield 81%. IR(KBr): vmax 3410 (NH), 1720 (CO), 1676 (NHCO).
'H-NMR (500 MHz): 7.29 (2H, d, J= 8.1 Hz, phenyl Cz6.+), 7.27 (1H, s, NH), 7.16 (2H, d, J= 8.1 Hz,
phenyl Css.4), 3.72 (1H, g, J = 7.1 Hz, COCH), 3.55, 3.48 (2H, 2d, J= 15.9 Hz, COCHy), 2.48 (2H, d,
J=7.2 Hz, CH,), 1.89-1.69; 1.60-1.53; 1.23-1.10 (15H, m, sp-H, CH, CHz and CH3), 0.91 (6H, d, J=7.0
Hz, CHs), 0.88 (3H, t, J= 7.0 Hz, CH,CHs). 1*C-NMR(125 MHz): 174.0, 168.8, 141.1, 137.7, 129.7,
127.4,73.2,45.0, 44.9, 37.7, 37.0, 36.9, 30.1, 29.2, 28.5, 22.3, 18.1, 11.4. LC/MS (m/z): C23H34N20,S
requires 402.59 found [M + H]*: 403.1. Anal. calcd. for C23H34N»0-S (402.59) C=68.62, H= 8.51, N=
6.96. Found C=68.98, H=8.32, N=6.90.

2-[4-(2-Methylpropyl)phenyl]-N-(8-propyl-3-oxo-1-thia-4-azaspiro[4.5]decan-4-yl) propanamide
(4d)

White crystals. mp: 89-94 °C. yield 85%. IR(KBr): vmax 3433 (NH), 1705 (CO), 1678 (NHCO).
IH-NMR (500 MHz): 7.28 (2H, d, J= 8.1 Hz, phenyl C26.+), 7.26 (1H, s, NH), 7.15 (2H, d, J= 8.1 Hz,
phenyl Css.4), 3.71 (1H, g, J = 7.1 Hz, COCH), 3.54, 3.48 (2H, 2d, J= 15.9 Hz, COCH,), 2.47 (2H, d,
J= 7.2 Hz, CH,), 1.88-1.67; 1.60-1.55; 1.30-1.24; 1.19-1.10 (17H, m, sp-H, CH, CH; and CHs), 0.92
(6H, d, J=7.0 Hz, CHs), 0.87 (3H, t, J= 7.0 Hz, CH2CHs3). *C-NMR (125 MHz): 174.0, 168.8, 141.1,
137.7,129.7,127.4,73.2,45.0, 44.9, 38.6, 37.0, 36.9, 35.7, 30.5, 30.1, 29.7, 29.5, 29.4, 28.5, 26.7, 22.3,
20.7, 20.0, 18.2, 14.2. LC/MS (m/z): C24H36N202S requires 416.61 found [M + H]*: 417.2. Anal. calcd.
for C24H3sN20,S (416.62) C=69.19, H=8.71, N=6.72. Found C=69.38, H= 8.50, N=6.70.

2-[4-(2-Methylpropyl)phenyl]-N-(8-tert-butyl-3-oxo-1-thia-4-azaspiro[4.5]decan-4-yl)
propanamide (4e)

White powder. mp: 178-179 °C. yield 75%. IR(KBr): vmax 3261 (NH), 1716 (CO), 1685 (NHCO).
'H-NMR (500 MHz): 7.29 (2H, d, J= 8.1 Hz, phenyl Cz6.1), 7.23 (1H, s, NH), 7.16 (2H, d, J= 8.1 Hz,
phenyl Css.4), 3.71 (1H, g, J = 7.1 Hz, COCH), 3.54, 3.48 (2H, 2d, J= 15.9 Hz, COCH,), 2.48 (2H, d,
J=7.2 Hz, CHy), 1.90-1.71; 1.59-1.54; 1.27-1.24 (13H, m, sp-H, CH and CHs), 0.91 (6H, d, J= 7.0 Hz,
CHs), 0.84 (9H, s, tert-butyl CHs). C-NMR (125 MHz): 174.1, 168.8, 141.1, 137.7, 129.7, 127.4, 73.1,
46.5, 45.0, 44.9, 37.4, 37.3, 32.2, 30.1, 28.5, 27.4, 24.0, 23.9, 22.3, 18.2. LC/MS (m/z): C25H3sN20S
requires 430.64 found [M + H]*: 431.2. Anal. calcd. for CasH3sN20,S (430.651) C=69.73, H= 8.89, N=
6.51. Found C=70.00, H=8.92, N=6.50.

2-[4-(2-Methylpropyl)phenyl]-N-(2-methyl-3-oxo-1-thia-4-azaspiro[4.5]decan-4-yl) propanamide
(5a)

White powder. mp: 164-166 °C. yield 78%; IR(KBI): vimax 3259 (NH), 1716 (CO), 1681 (NHCO).
'H-NMR (500 MHz): 7.29 (2H, d, J= 8.1 Hz, phenyl C,s.+), 7.28 (1H, s, NH), 7.16 (2H, d, J= 8.1 Hz,
phenyl Css.1), 3.81, 3.77 (1H, 2q, J = 7.1 Hz, sp-COCH), 3.72 (1H, q, J= 7.1 Hz, COCH), 2.48 (2H, d,
J=7.2 Hz, CH,), 1.89-1.68; 1.61-1.42 (17H, m, sp-H, CH, CHsand sp,-CHjs), 0.91 (6H, d, J= 7.0 Hz,
CHs). 8C-NMR(125 MHz): 174.1, 171.6, 141.1, 137.6, 129.7, 127.4,71.5,45.0, 38.2, 37.5, 37.4, 37.3,
37.1,30.1,24.4,23.4,23.3,23.0,22.9,22.3,19.9, 19.4, 18.3, 18.2. LC/MS (m/z): C22H32N20,S requires
388.56 found [M + H]*: 389.2. Anal. calcd. for C2;H3,N,0,S (388.57) C= 68.00, H= 8.30, N= 7.21.
Found C=67.82, H=8.21, N=7.20.

2-[4-(2-Methylpropyl)phenyl]-N-(2,8-dimethyl-3-oxo-1-thia-4-azaspiro[4.5]decan-4-yl)
propanamide (5b)
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White powder. mp: 198-203 °C. yield 80%. IR(KBr): vmax 3259 (NH), 1714 (CO), 1681 (NHCO).
IH-NMR (500 MHz): 7.29 (2H, d, J= 8.1 Hz, phenyl Cz6.+), 7.21, 7.18 (1H, 2s, NH), 7.16 (2H, d, J=
8.1 Hz, phenyl Css.1), 3.79, 3.75 (1H, 2q, J = 7.1 Hz, sp-COCH), 3.72 (1H, g, J= 7.1 Hz, COCH), 2.48
(2H, d, J=7.2 Hz, CH,), 1.89-1.68; 1.61-1.42 (16H, m, sp-H, CH, CHzand sp.-CH3), 0.91 (6H, d, J=
7.0 Hz, CH3), 0.88 (3H, d, J= 7.0 Hz, sps-CH3). 3C-NMR (125 MHz): 174.0, 171.7, 141.0, 137.6, 129.7,
127.4,71.4,45.0, 44.9, 37.9, 375, 37.3, 37.1, 36.8, 31.9, 31.7, 31.4, 31.3, 31.1, 30.1, 22.3, 21.7, 19.9,
19.4, 18.2, 18.1. LC/MS (m/z): C23H34N20,S requires 402.59 found [M + H]*: 403.2. Anal. calcd. for
C23H3aN20,S (402.597) C=68.62, H=8.51, N=6.96. Found C= 68.88, H= 8.68, N=6.90.

2-[4-(2-Methylpropyl)phenyl]-N-(2-methyl-8-ethyl-3-oxo-1-thia-4-azaspiro[4.5]decan-4-yl)
propanamide (5c)

White crystals. mp: 195-197 °C; yield 86%. IR(KBT): vmax 3257 (NH), 1716 (CO), 1681 (NHCO).
IH-NMR (500 MHz): 7.29 (2H, d, J= 8.1 Hz, phenyl C2¢.+), 7.16 (2H, d, J= 8.1 Hz, phenyl C35.4), 7.13
(1H, s, NH), 3.79, 3.75 (1H, 2q, J = 7.1 Hz, sp-COCH), 3.72 (1H, q, J= 7.1 Hz, COCH), 2.48 (2H, d,
J=7.2 Hz, CH,), 1.89-1.52; 1.23-1.10 (18H, m, sp-H, CH, CHzand sp.-CHj3), 0.91 (6H, d, J= 7.0 Hz,
CHs), 0.84 (3H, t, J= 7.0 Hz, sps-CH,CHj3). 3C-NMR (125 MHz): 174.0, 171.6, 141.1, 137.7, 129.7,
127.4,71.7,45.0, 44.9, 37.9, 37.7, 37.5, 37.3, 37.1, 36.8, 30.1, 29.5, 29.3, 29.0, 28.9, 22.3, 19.9, 19.4,
18.2, 18.1, 11.4. LC/MS (m/z): C24H3sN20,S requires 416.61 found [M + H]*: 417.2. Anal. calcd. for
C24H36N20,S (416.62) C=69.19, H=8.71, N=6.72. Found C=69.30, H=8.64, N=6.73.

2-[4-(2-Methylpropyl)phenyl]-N-(2-methyl-8-propyl-3-oxo-1-thia-4-azaspiro[4.5]decan-4-yl)
propanamide (5d)

White crystals. mp: 193-196 °C. yield 80%. IR(KBT): vmax 3257 (NH), 1712 (CO), 1681 (NHCO).
!H-NMR (500 MHz): 7.30 (2H, d, J= 8.1 Hz, phenyl Cy¢.1), 7.17 (2H, d, J= 8.1 Hz, phenyl C35.1), 7.10,
7.08 (1H, 2s, NH), 3.79, 3.75 (1H, 2q, J = 7.1 Hz, sp-COCH), 3.71 (1H, g, J= 7.1 Hz, COCH), 2.48 (2H,
d, J=7.2 Hz, CHy), 1.89-1.52; 1.31-0.99 (20H, m, sp-H, CH, CH,, CHs and sp.-CHs), 0.91 (6H, d, J=
7.0 Hz, CH3), 0.88 (3H, t, J= 7.0 Hz, sps-CH,CHj3). 3C-NMR(125 MHz): 174.0, 171.6, 141.1, 137.6,
129.7,127.4,71.7, 45.0, 44.9, 38.6, 37.9, 37.5, 36.9, 35.7, 30.1, 29.8, 29.7, 29.4, 29.3, 22.3, 20.0, 19.9,
18.2, 14.2. LC/MS (m/z): C2sH3sN20,S requires 430.64 found [M + H]*: 431.3. Anal. calcd. for
CasH3sN20,S (430.65) C=69.73, H= 8.89, N= 6.51. Found C=69.78, H=8.82, N= 6.50.

2-[4-(2-Methylpropyl)phenyl]-N-(2-methyl-8-tert-butyl-3-oxo-1-thia-4-azaspiro[4.5]decan-4-yl)
propanamide (5e)

White powder. mp: 203-208 °C. yield 83%. IR(KBr): vmax 3261 (NH), 1716 (CO), 1687 (NHCO).
H-NMR (500 MHz): 7.30 (2H, d, J= 8.1 Hz, phenyl C2¢.+), 7.17 (2H, d, J= 8.1 Hz, phenyl C35.1), 7.15
(1H, s, NH), 3.81, 3.77 (1H, 2q, J = 7.1 Hz, sp-COCH), 3.71 (1H, g, J= 7.1 Hz, COCH), 2.48 (2H, d,
J=7.2 Hz, CH,), 1.81-1.51; 1.35-1.17; 0.81-0.71 (16H, m, sp-H, CH, CHsand sp,-CHs), 0.91 (6H, d, J=
7.0 Hz, CH3), 0.85 (9H, s, tert-butyl CH3). 3C-NMR(125 MHz): 174.0, 168.8, 141.1, 137.7, 129.7,
127.4, 73.2, 45.0, 44.9, 38.6, 37.0, 36.9, 35.7, 30.1, 29.5, 29.4, 28.5, 22.3, 20.0, 18.2, 14.2. LC/MS
(m/z): C26HoN20-S requires 444.67 found [M + H]*: 445.2. Anal. calcd. for C2sHaoN20,S (444.67) C=
70.23, H=9.07, N=6.30. Found C=70.00, H=9.00, N= 6.22.

Biological Activity Assays
Materials

In the determination of AChE/BuUChE inhibitory activity the following reagents were utilized:
Acetylcholinesterase  (Sigma C3389), acetylthiocholine iodide (ATChl; Sigma A5751),
Butyrylcholinesterase (Sigma C7512), butyrylthiocholine iodide (BTChl; Sigma B3253), galantamine
(Sigma G1660) and 5,5’-dithiobis-(2-nitrobenzoic acid) (DTNB; Sigma D8130).
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Figure 3. Synthesis of compounds 4,5. Reagents and conditions: (i) CH30H, conc. H>SOs, reflux; (ii),
H>NNH».H»0, EtOH, reflux, 8 h; (iii) 4-(R)substituted cyclohexanone, mercaptoacetic acid or 2-
mercaptopropionic acid, dry toluene, reflux, 6-8 h

Determination of AChE/BUChE Inhibitory Activity

The method devised by Ellman et al. (1961) was partially modified in order to determine the
inhibitory effects of substances on AChE/BUChE. 10 pL of solutions prepared from compounds at
different concentrations or the reference inhibitor, galantamine, were mixed with 220 pL of Ellman
reagent (phosphate buffer pH 7.5, DTNB and substrate mixture). Following the addition of 20 puL of
AChE/BuChE solution the absorbance increase at 412 nm was measured against the blank for 10
minutes at 25°C. Controls were prepared by adding 10 pL of solvent instead of compounds or reference
inhibitor. The experiments were conducted in triplicate, and averages were calculated. The following
formula was used to determine the samples’ AChE/BuChE inhibitory activity (%) [21].

Absorbance change of sample at412 nm

Enzyme inhibitory activity (%) = (1

)x100

Absorbance change of control at 412 nm

RESULT AND DISCUSSION
Chemistry

Spirothiazolidinone compounds (4a-e, 5a-€) were synthesized according to the procedure shown
in Figure 3. Refluxing hydrazines and the related cyclohexanone with mercaptoacetic acid or 2-
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mercaptopropionic acid in toluene for 6-8 hours using a Dean-Stark apparatus, afforded the targeted
spirothiazolidinones. The structures of the compounds were verified by mass spectrometry and nuclear
magnetic resonance (*H-NMR, *C-NMR).

The IR spectra of the newly synthesized compounds (4a-e, 5a-e) revealed that the NH stretching
bands of the carboxamide were signaled at between 3433-3257 c¢cm™. The new lactam carbonyl
absorption bands (1726-1705 cm) typical for 4-thiazolidinones demonstrated the desired cyclization,
in the IR spectra of 4a-e and 5a-e.

A singlet signal at & 7.30-7.23 ppm in the tH-NMR spectra of compounds 4a-e was identified as
the carboxamide N-H protons. The protons present in the aromatic ring resonated in the region & 7.29-
7.15 ppm as dublets. The protons of 4a-e in the spirodecane C2-H2 resonated at approximately & 3.54-
3.55 and 3.48 ppm as separate doublets, indicative of geminal interaction.

In the *H NMR spectra of 5a-e, the carboxamide NH protons resonated as a singlet (except for
the compounds 5b and 5d which were observed as separate doublets 7.21-7.08 ppm resulting from the
chiral centers) at & 7.28-7.13 ppm. The C2-H protons of spirodecane 5a-e resonated at about 6 3.81-
3.75 ppm as two quartets.

The C NMR-APT spectra of the new spirothiazolidinone derivatives (4a-e, 5a-e) demonstrated
that the carbon signals of the spirocyclic lactam carbonyl and carboxamide carbonyl groups, were
observed with the highest shift value, at 6 174.1-174.0 and 171.7-168.8 ppm, respectively. All the new
compounds phenyl C4 carbons appeared at  141.1-141.0 ppm, whereas phenyl C1 carbons resonated
at 6 137.7-137.6 ppm. Moreover, the presence of characteristic C5 resonances (8 73.2-71.4 ppm) in the
APT spectra of 4 and 5, corresponding to the spirothiazolidinone structure, verified the expected spiro
ring system's formation.

The mass spectra of the new compounds were acquired utilizing the positive electrospray
ionization (ESI*) technique. The determined molecular weights of the compounds were confirmed by
the ESI-MS with the detection of protonated [M+H]* ions.

In vitro AChE/BUChE Inhibitory Activities

The modified Ellman's approach was utilized to assess the inhibitory effects of the novel
spirothiazolidinone derivatives (4, 5) on AChE and BUChE. Galantamine was used as standard inhibitor.
Table 1 outlines the ICso values of compounds 4 and 5 for both AChE and BuChE.

All new compounds (4, 5) inhibited the AChE at the micromolar levels. Among the tested
compounds, the tert-butyl substituted 4e was found as the most effective inhibitor on AChE (ICso=
39.53+1.94 uM).

Additionally, the BUChE inhibitory activity of compounds 4 and 5 was assessed. The most
effective inhibitory action against BUChE was demonstrated by compound 4b (ICso= 95.97+1.79 uM).

The addition of a tert-butyl group to the spirothiazolidinone rings enhances the inhibitory effect
on AChE (i.e., compounds 4e and 5e). On the other hand, methyl substitution at spirothiazolidinone
rings resulted in an increase in the inhibitory activity on BuChE (i.e., compounds 4b and 5b). Besides
that, the addition of propyl substitution in spirothiazolidinone rings resulted in no inhibitory activity on
BuChE. (i.e., compounds 4d and 5d).

Conclusion

In conclusion, here, we present the chemical synthesis and inhibitory activity against AChE and
BuChE of a new series of N-(3-oxo-1-thia-4-azaspiro[4.5]decan-4-yl)carboxamides. All tested
compounds showed intermediate activity against AChE and BuChE. At the micromolar level, compound
4e was found to be the most effective inhibitor of AChE among the tested derivatives. Structural
modifications in the compounds may lead to the generation of new derivatives with increased activity
and high selectivity. Consequently, this class of new compounds would be promising in the therapy of
Alzheimer's disease.
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Table 1. Acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE) inhibitory activities of the
compounds

Compound AChE inhibitory activitiy BuChE inhibitory activitiy
1Cso values (uM) 1Cs0 values (uM)

4a 216.10+£3.76 365.10+19.68
4b 106.35+2.32 95.97+1.79
4c 92.09+0.87 116.83+0.08
4d 128.65+3.45 -
de 39.53+1.94 287.75+19.25
5a 219.11+8.31 264.39+23.72
5b 198.14+2.46 153.09+0.85
5¢c 129.91+1.31 215.81+3.69
5d 140.10+2.12 -
5e 124.09+0.87 -

Galantamine 5.01+0.34 36.75+1.00

Values are given as the mean of three replicates+standard deviation

The results were expressed as the I1Cso value (the sample concentration required to inhibit enzyme activity by 50%)
Through the use of dose-response curve linear regression analysis, 1Cso values were determined

The compounds numbered 4d, 5d and 5e did not exhibit any BuChE inhibitory activity at the investigated concentrations
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ABSTRACT

Objective: The study aimed to evaluate the multiple target effect of phytochemicals of mushroom
against breast cancer using molecular docking and dynamics approach.

Material and Method: In this study, the binding affinity of forty mushroom phytochemicals with
various breast cancer proteins such as epidermal growth factor receptor (EGFR), human epidermal
growth factor receptor 2 (HER2), topoisomerase Ilo. and topoisomerase 11 were investigated by
docking study using the PyRx tool. The selected receptors are highly cancer influencing and they
were selected based on literature. Further molecular dynamics studies were also carried out to
confirm the stability and conformation of the naringin-protein complex. In-silico ADMET studies
were also carried out to confirm the pharmacokinetic properties and toxicity of the mushroom
phytochemicals.

Result and Discussion: From the results obtained, colossolactone G, antcin-A, and formipinioside
had higher affinity to EGFR than normal neratinib. Furthermore, fomitoside K, naringin and antcin-
A were found to have higher binding affinity than neratinib with HER2. Besides, ergone, naringin,
and ergosterol showed higher binding affinity than doxorubicin during interactions with
topoisomerase Ilo. On the other hand, antrocin, ergosterol peroxide and naringin demonstrated
higher binding affinity against topoisomerase IIf than doxorubicin. Further molecular dynamics
studies were also carried out to confirm the stability and conformation of the naringin-protein
complex which revealed the best binding score against all the four tested enzymes. Overall, this
study suggests naringin as the best ligand and may have great potential in breast cancer protein
inhibitors development. To demonstrate their therapeutic promise against breast cancer, more in
vitro and in vivo research might be required.

Keywords: Breast cancer, molecular docking, molecular dynamics, mushroom, naringin
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Amac: Calisma, mantar fitokimyasallarinin meme kanserine karsi ¢oklu hedef etkisini molekiiler
yerlestirme ve dinamik yaklasimi kullanarak degerlendirmeyi amagladh.

Gereg ve Yontem: Bu ¢alismada PyRx aracini kullanarak kirk mantar fitokimyasalinin epidermal
biiyiime faktorii reseptorii (EGFR), insan epidermal biiyiime faktérii reseptorii 2 (HER2),
topoizomeraz Ila ve topoizomeraz IIf gibi ¢esitli meme kanseri proteinlerine baglanma afinitesi
docking c¢alismaswyla aragtirildi. Segilen reseptorler yiiksek oranda kansere etki etmektedir ve
literatiire dayamilarak se¢ilmistir. Naringin-protein kompleksinin stabilitesini ve konformasyonunu
dogrulamak icin daha ileri molekiiler dinamik ¢alismalar da yapildi. Mantar fitokimyasallarinin
farmakokinetik ozelliklerini ve toksisitesini dogrulamak igin in-silico ADMET ¢alismalari da
yapildi.

Sonu¢ ve Tartisma: Elde edilen sonuglara gore kolossolakton G, antcin-A ve formipiniosidin
EGFR'ye afinitesi normal neratinib'e gore daha yiiksekti. Ayrica fomitosid K, naringin ve antcin-
A'min HER? ile neratinibden daha yiiksek baglanma afinitesine sahip oldugu bulunmugstur. Ayrica
ergon, naringin ve ergosterol, topoizomeraz Ilo ile etkilesimler sirasinda doksorubisinden daha
yiiksek baglanma afinitesi gostermistir. Ote yandan antrosin, ergosterol peroksit ve naringin
topoizomeraz 1If'va karsi doksorubisinden daha yiiksek baglanma afinitesi gostermistir. Test edilen
dort enzimin tiimiine karsi en iyi baglanma skorunu ortaya koyan naringin-protein kompleksinin
stabilitesini ve konformasyonunu dogrulamak icin daha ileri molekiiler dinamik ¢alismalar da
yapudi. Genel olarak bu calisma, naringinin en iyi ligand oldugunu ve meme kanseri protein
inhibitorlerinin gelistirilmesinde biiyiik potansiyele sahip olabilecegini one siiriiyor. Meme
kanserine karsi tedavi vaatlerini gostermek icin daha fazla in vitro ve in vivo arastirmaya ihtiyag
duyulabilir.

Anahtar Kelimeler: Mantar, meme kanseri, molekiiler dinamik, molekiiler kenetlenme, naringin

INTRODUCTION

Female breast cancer surpassed lung cancer as the major cause of global cancer incidence. Breast
cancer (BC) accounts for 11.7% of all cancer cases and contributes to 685.000 deaths worldwide, making
it the fifth highest cause of cancer mortality. Although geo-graphical variances occur between countries,
BC remains the top cause of death in women aged 20 to 50 years [1]. Beside BC is the most common
cancer in women around the world, and it is curable in 70-80% of patients with early-stage, non-
metastatic cancer. Although the prevalence of BC is higher in developing countries, the rates of BC are
escalating in almost every nation around the globe [2].

BC is widely recognized as a highly heterogeneous cancer type [3], encompassing distinct
phenotypic and morphological profiles, resulting in highly distinctive clinical behaviors [4]. Clinically,
BC is categorized into three basic types based on histological classification. They are hormone receptor
positive, HER2 positive (HER2+), and triple negative BCs. Among the crucial hallmarks of cancer,
angiogenesis plays a significant role particularly in BC. Vascular endothelial growth factor (VEGF)
holds the title of the most potent stimulator of angiogenesis [5]. Topoisomerase Il exists in mammalian
cells in two closely related isoforms: topoisomerase Ila (170 kDa form) and isoforms: topoisomerase
1IB (180 kDa form). Breast cancer cells exhibit increased isoforms: topoisomerase Ila. expression. So,
isoforms: topoisomerase |1 inhibitors could exert anti-tumor effects on breast cancer [6-9].

For the past few decades, phytoconstituents of natural products have been extensively used for
the treatment of cancer with high efficacy and minimal side effects [10]. Generally, traditional
knowledge has led researchers to screen activity in plants, animals, and mushrooms for drug discovery
from natural products. However, increasing numbers of scientists are interested in less expensive and
time-consuming approaches of identifying potential compounds for specific targets, such as in-silico
screening of previously reported substances [11-14].

Mushrooms are a valuable natural source of both food and medicine. Polysaccharides, proteins,
lipids, phenols, tocopherols, alkaloids, flavonoids, carotenoids, ash, folic acid, essential oils, ascorbate
enzymes, glycosides, and organic acids are some of the bio-active chemicals found in fungi which have
demonstrated a wide range of pharmacological activity. Furthermore, krestin, calcaelin, hispolone,
ganocidin, lectin, illudin S, hericium erinaceus polysaccharides A and B (HPA and HPB), lentinan,
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schizophyllan, psilocybin, laccase, and a wide range of active compounds in mushrooms have exhibited
anticancer potential [15]. Mushroom extracts and mushroom bioactive compounds have also been
reported for activities, such as anticancer, antioxidative, antibacterial, antiviral, anti-inflammatory and
other effects [16-20]. Besides, edible mushrooms have been used in cancer treatment, as an adjunct to
conventional treatment or as a means of combating the side effects of cancer treatment. Extracts and
substances isolated from fungi exhibited multiple mechanisms of anticancer activity; for example, they
are reported to exert their effects by inhibiting kinases and the cell cycle or inhibiting angiogenesis and
inducing reactive oxygen species, antimitotic agents, or topoisomerase inhibitor’s function, ultimately
stimulating apoptosis in cancer cells. Moreover, mushroom consumption reduces breast cancer risk and
thus prevents ER+/PR+ tumors in breast cancer patients [17,21].

Although there are conventional cancer treatments such as surgery, radiotherapy and
chemotherapy, their side effects can cause serious harm and suffering to patients. Nowadays patients
give great importance to the quality of life and opt for natural products which exhibit minimal side
effects as a treatment option. Mushrooms are natural resources with minimally toxic bioactive
components and have various useful biological activities. Mushroom species are the most effective
natural remedies against various cancers. However, 90% of mushroom species have never been studied
for their antitumor effects. In addition, cancer-associated fungi studies have been performed that only
involve the characterization of non-specific cytotoxic or cytostatic effects on cancer cells [11,16,22].
Therefore, compounds derived from mushrooms are of great interest for the development of anti-cancer
drugs. Molecular docking studies of mushroom phytochemicals against various targets implicated in
breast cancer development will determine the likelihood and mechanism of these compounds as
potential breast cancer treatments.

This study aimed to study the molecular interaction between mushroom phytochemicals and
breast cancer proteins through molecular docking and hypothesized that fungal phytochemicals might
exert their inhibitory effect on breast cancer by interacting with breast cancer proteins. In this molecular
docking study, naringin was found to be the best ligand to inhibit breast cancer proteins.

MATERIAL AND METHOD

The structure of chemical compounds derived from mushroom and proteins (Breast Cancer) were
collected from online databases like PubChem and Protein Data Bank, respectively. The modeling
software Chem. Office-16 (www.cambridgesoft.com/Ensemble_for_Chemistry/details/
Default.aspx?fid=16), Discovery Studio Client 2021 (https://discover.3ds.com/discovery-studio-
visualizer-download), Swiss Protein Data Base Viewer (https://spdbv.vital-it.ch/), PyRx
(https://pyrx.sourceforge.io/), were used in the present research study.

Preparation of Phytochemicals of Mushroom

The structure of the phytochemicals of mushroom were downloaded from PubChem and checked.
The selected structures were subjected for energy / geometry optimization by using MM2 force field
techniques in Chem3D tool of Chem. Office 16. Then charges were added and then saved as ‘.sdf* file
for further use.

Preparation of Protein (Breast Cancer)

The X-ray crystallographic structure of proteins of breast cancer EGFR, HER2, topoisomerase
ITo and topoisomerase I were downloaded from Protein Data Bank (PDB) (http://www.rcsh.org). The
downloaded EGFR, HER2, topoisomerase ITo and topoisomerase IIf are non-mutated with resolutions
of 2.60 A, 3.21 A, 2.90 A, and 2.55 A, respectively. The structures of proteins were checked for any
missed atoms using Swiss Protein Data Base Viewer and fixed. The information about the active site of
the proteins (XYZ coordinates) were retrieved from PDB and gathered from related published articles,
as well as determined by using Discover Studio Client 2021. Then water and other hetero atoms were
removed from the structure of protein by using the tools available in Discovery Studio Client 2021 with
default setting. Hydrogen atoms were added to the proteins and saved as in “.pdb’ format.
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Docking Studies

The Virtual Screening software interface PyRx (AutoDock Vina docking mechanism) was used
to upload selected chemical compounds and protein structures. Before docking, the protein molecules
were transformed to macromolecules. Then, using PyRx's relevant tools, both chemical compounds and
protein structures were converted into '.pdbqgt' format, which automatically minimized energy and
incorporated charges to both micro and macromolecules. The active binding site grid box was created
by utilizing the capabilities offered in PyRx. The docking was then done in PyRx with the AutoDock
Vina utility. The docking or binding affinity scores with different conformers of the chemical compound
were displayed by the software once the docking studies were completed. The docking output files were
then downloaded as ‘.csv’ files. The chemical compounds with the lowest energy conformers were
chosen and examined for interaction with amino acids of protein utilizing Discovery Studio Client 2021.
To observe the binding interactions between ligand and target, representations of the docking pose and
interactions were obtained and preserved [23-25]. After docking was completed, the optimal conformer
was chosen based on docking affinity and better bond interaction, and the interaction mechanism was
explained.

Molecular Dynamic Simulation

MD simulations were performed for EGFR, HER2, Topoisomerase Ilo. and Topoisomerase 113
separately and with naringin by using online web server WebGro (https://simlab.uams.edu/) with
GROMACS to perform the calculations [26-28]. The input parameters for this study were force field
GROMACS9643a, box type triclinic, water model SPC, temperature 300 K, and salt type NaCl. Pressure
(1bar), number of frames per simulation (1000), and simulation time (100 ns) were employed as
equilibration and MD run parameters. To create the topology of melianone, the internet server
GlycoBioChem PRO-DRG2 was utilized [29]. According to the information available, the docked
molecules' data were put into the PRODRG2 server to generate the zip file. The following trajectories
are provided by MD simulation: root mean square deviation (RMSD), root mean square fluctuation
(RMSF), radius of gyration (Rg), and hydrogen bonds (HBs).

In-Silico ADME and Toxicity Studies

SWISS ADME and ProTox-Il online tools were used to estimate the ADME characteristics and
toxicity of mushroom phytocompounds.

RESULT AND DISCUSSION

Forty phytochemicals from mushrooms were chosen as ligands and their interactions on the
proteins involved in breast cancer were studied by molecular docking techniques in the present work.
The forty phytochemicals of mushrooms were chosen from the work reported by Rangsinth et al. (2021)
[30]. When these phytochemicals from mushrooms were employed for in-silico screening of inhibition
against SARS-CoV-2, they found that all the compounds had affinity towards the main protease of
SARS-CoV-2. Suwannarach et al. (2020) also reviewed the antiviral activity of phytochemicals from
mushrooms [31]. As a result, we selected to screen these phytochemicals against several breast cancer
targets to find a few compounds that were both anti-breast cancer and anti-SARS-CoV-2. The targeted
proteins, EGFR (PDB ID: 1M17), HER2 (PDB ID: 3RCD), topoisomerase Ila (PDB ID: 4FM9) and
topoisomerase [If (PDB ID: 4G0V) were used. The binding affinities of mushroom phytochemical
compounds against breast cancer target proteins were compared with NRT and DOX.

Nuclear enzymes called DNA topoisomerases catalyze the addition of topological modifications
to the DNA molecule. Type Il topoisomerase, known as human topoisomerase Il, has been demonstrated
to be a useful target in the treatment of a variety of malignancies. Topoisomerase Ilo and topoisomerase
IIB are the two isoforms of this enzyme that are present in human cells. Topoisomerase IIf expression
is uniformly distributed across all cells and serves as a biomarker for cell proliferation, but
topoisomerase Ila is overexpressed in proliferating cells. As a result, topoisomerase Ila is thought to be
responsible for topoisomerase Il inhibitors' anticancer effects [32].
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NRT was selected as a standard drug in the present study to compare with tested phytocompounds
since it has been proven effective in vitro and in vivo against HER2-overexpressing or mutant cancers.
The EGFR (or HER1), HER2 and HER4 tyrosine kinase activity is bound and inhibited by NRT, an
irreversible tyrosine kinase inhibitor, which results in decreased phosphorylation and activation of
downstream signaling pathways [33].

The frequency of hydrogen bonds forming between the ligand protein complex was related to the
intensity of the inhibitors' interactions with the receptors. The outcome revealed a relationship between
the hydrogen bonds, hydrophobic bonds, and electrostatic bonds present in the compounds under study
and the score, which represented the binding affinity of the compounds reported as binding free energy
in kcal/mol [34].

Docking

The docking studies of phytocompounds of mushroom [30], neratinib (NRT) and doxorubicin
(DOX) (Table 1) were carried out against EGFR, HER2, topoisomerase Ila and topoisomerase IIf§
(Figure 1) of BC. The dimensions of the grid boxes of BC proteins are shown in Table 2, and Table 1
lists the binding affinities of phytocompounds against the proteins. Amino acids of proteins interacted
with NRT, DOX and phytocompounds of mushroom are given in Table 3. NRT was selected as a
standard drug in the present study to compare with tested phytocompounds against EGFR and HERZ2,
since it has been proven effective in vitro and in vivo against HER2-overexpressing or mutant cancers.
DOX was selected as standard for docking against topoisomerase Ila and topoisomerase I1f since it has
been proven effective in vitro and in vivo against topoisomerase Ila and topoisomerase IIp in cancers.

A B C D

Figure 1. The PDB downloaded structure of A) EGFR (PDB ID: 1M17), B) HER2 (PDB ID: 3RCD),
C) topoisomerase ITo. (PDB ID: 4FM9), D) topoisomerase II (PDB ID: 4G0V)



26 Veerasamy et al. J. Fac. Pharm. Ankara, 49(1): 21-41, 2025

Table 1. Binding affinity among the 40 phytocompounds of mushroom and neratinib towards different
breast cancer target proteins [34]

Binding affinity (kcal/mol)
EGFR (PDB | HER2 (PDB | Topoisomerase Ila | Topoisomerase IIf3
Name of compounds ID: 1IM17) | ID: 3RCD) | (PDB ID: 4FM9) | (PDB ID: 4GOV)
1 [23,6,23-Tetrahydroxy-urs-12- 8.4 85 81 53
en-28-oic acid

2 |Antcin-A -9.4 -9.9 -8.8 -5.5
3 |Antrocin -6.6 -1.7 -7.9 -6.0
4 |Antroquinonol -6.6 -8.5 -7.5 -4.3
5 |Beta-D-glucan -1.7 -1.4 -6.9 -4.3
6 |Colossolactone G -9.7 -9.7 -9.2 -5.3
7 |Cordycepin -7.0 -1.4 -7.3 -4.7
8 |Ellagic acid -9.0 -7.9 -9.3 -5.0
9 |Ergone -9.3 -9.6 -9.6 -5.1
10 |Ergosterol peroxide -9.1 -9.6 -9.4 -5.8
11 |Ergosterol -8.8 -9.6 -8.7 -5.4
12 |Fomitoside K -9.1 -9.9 -8.4 -4.7
13 |Formipinioside -9.2 -8.7 -7.8 -4.6
14 |Gallic acid -5.7 -6.1 -6.4 -4.6
15 |Ganoderic acid F -9.1 -9.5 -8.7 -5.4
16 |Ganoderiol A -8.7 -8.8 -8.1 -5.1
17 |Ganodermanontriol -8.9 -9.0 -8.4 -5.0
18 |Ganomycin B -8.0 -9.4 -71.6 -4.7
19 |Grifolin -6.9 -8.4 -7.4 -4.1
20 |Hispidin -7.6 -1.7 -7.8 -5.0
21 |Hispolon -6.6 -6.7 -6.9 -4.7
22 |Ibotenic acid -5.4 -5.9 -6.3 -4.5
23 |llludin S -6.8 -6.4 -7.8 -5.5
24 |Inonotic acid A -6.9 -7.4 -7.3 -4.7
25 |L-Theanine -5.0 -5.2 -5.6 -4.4
26 |Lucialdehyde A -8.7 -9.1 -8.3 -4.8
27 |Lucialdehyde B -8.9 -9.0 -8.8 -5.3
28 |Lucialdehyde C -8.8 -9.0 -8.2 -5.3
29 |Lucidadiol -8.5 -8.8 -8.5 -5.1
30 |Lucidenic acid A -8.3 -8.9 -8.4 -4.9
31 |Lucidenic acid C -8.6 -8.3 -7.9 -5.5
32 |Lucidenic acid D -7.8 -9.0 -8.5 -4.9
33 |Lucidenic acid E -8.1 -8.9 -8.0 -4.9
34 |Lucidenic acid N -8.1 -8.5 -8.2 -4.7
35 |Lucidumol B -8.6 -9.0 -8.2 -5.3
36 |Lupeol -8.9 -9.1 -9.5 -5.2
37 |Naringin -9.1 -9.9 -9.5 -5.7
38 |Panepoxydone -6.1 -6.6 -7.3 -4.7
39 |Psilocybine -6.2 -6.1 -6.9 -4.5
40 |Vulpinic acid -8.0 -8.5 -7.4 -4.7
41 INRT -8.2 -9.4 -- -

42 DOX - - -8.8 -5.1

The bolded numbers indicate the better binding affinity score for the protein. Naringin was selected to proceed with the MD
simulations, as explained later. NRT — Neratinib, DOX- Doxorubicin
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Figure 2. A) Docking pose of NRT on hydrogen bonding surface of EGFR, B) 2D interaction of NRT
with EGFR, C) Docking pose of naringin on hydrogen bonding surface of EGFR, D) 2D interaction of
naringin with EGFR, E) Docking pose of NRT on hydrogen bonding surface of HER2, F) 2D
interaction of NRT with HER2, G) Docking pose of naringin on hydrogen bonding surface of HER2,

H) 2D interaction of naringin with HER2. NRT - Neratinib
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The docking pose and 2D interaction diagram of NRT and naringin with EGFR are shown in
Figure 2A-2D, with HER2 are shown in Figure 2E-2H, with topoisomerase Ila are shown in Figure 3A-
3D and with topoisomerase IIp are shown in Figure 3E-3H, respectively. From the results of the current
docking studies, it was found that colossolactone G, antcin-A, ergone, ergosterol peroxide,
formipinioside, fomitoside K, ganoderic acid F and naringin had better finding affinity towards EGFR
than NRT. Meanwhile colossolactone G, antcin-A, ergone, ergosterol peroxide, ergosterol, fomitoside
K, ganoderic acid F and naringin showed better finding affinity towards HER2 than NRT. However,
colossolactone G, ergone, ergosterol peroxide, lupeol and naringin exhibited better affinity towards
topoisomerase Ila than NRT. Further antrocin, ergosterol peroxide and naringin shown better finding
affinity towards topoisomerase IIp than NRT.

Based on the results, the binding affinity between NRT and EGFR (PDB ID: 1M17, Figure 1A)
was -8.2 kcal/mol (Table 1). The compounds with high binding affinity were colossolactone G, antcin-
A, formipinioside and naringin than NRT with -9.7 kcal/mol, -9.4 kcal/mol, -9.2 kcal/mol and -9.1
kcal/mol, respectively (Table 1). All these compounds and NRT interacted with EGFR with various
hydrogen bonding and hydrophobic bonding (Table 3).

NRT interacted with EGFR by forming a strong conventional hydrogen bond with Met769 as a
hydrogen donor with distance of 2.36A. It also established hydrophobic bonds such as m-sigma
interaction with Val702 and Phe699 with 3.67A and 3.62A distance respectively, as well as m-alkyl
interaction with Leu694 with distance of 4.95A. Where Phe699 acts as m-orbitals, while Leu694 is alkyl.
The amino acids that were involved in van der Waals interactions were Asp 831, Lys721, Gly695,
Ser696, Gly697, Cys773, Gly772, Phe771, Asp776, His781, Pro770, Glu780, Tyr777, Leu768, Leu820
and Ala719 (Table 3, Figure 2A and B).

When colossolactone G was docked with EGFR, it formed strong conventional hydrogen bond
with Thr830 with bond length 2.29A which was stronger than two conventional hydrogen bonds formed
by antcin-A with EGFR through Thr830 with distance of 2.35A and 2.83A. However, the conventional
hydrogen bond with 2.43A distance formed by colossolactone G with Asp831 was slightly greater than
conventional hydrogen bond formed by formipinioside with Asp831 (2.42A). Other than that,
colossolactone G formed a carbon hydrogen bond with Gly772 which acts as hydrogen donor with 3.63A
distance. After docking of formipinioside to EGFR, it formed strong conventional hydrogen bond at
Lys721 with distance of 2.85A and 2.24A. Formipinioside also formed hydrophobic bonding such as
alkyl interaction with Leu694 which is an alkyl with 4.20A and 4.59A distance.

Meanwhile, naringin formed two conventional hydrogen bond interaction with Met769 and
Arg817 of EGFR with bond length of 1.97A and 2.37 A (Table 1). The amino acids Leu694, Val702,
Lys721, and Leu820 were hydrophobically interacted with EGFR. Amino acids Phe699, Ala719,
Glu738, Met742, Leu764, Thr766, GIn767, Leu768, Gly772, Cys773, Asp831, Asn818 interacted with
EGFR through van der Waals interactions (Table 3, Figure 2C and D). Even though naringin had a bit
low binding affinity than colossolactone G, antcin-A, and formipinioside, it had two strong hydrogen
bonds formation with EGFR compared to the earlier said three compounds. Moreover, naringin had a
strong hydrogen bond with Met769 and hydrophobic interaction with Leu694 and Val702 as same as
the standard drug NRT.

In addition, according to the results the binding affinity between NRT and HER2 (PDB ID: 3RCD,
Figure 1B) was -9.4 kcal/mol, while the compounds of mushroom: fomitoside K, naringin and antcin-A
showed better binding affinity of -9.9 kcal/mol (Table 1). Hence, these compounds were selected to
compare with NRT. NRT (Figure 2E and F) and the selected compounds interacted with HER2 through
various bonding interactions including hydrogen bonding and hydrophobic bonding. However, only
naringin had electrostatic bonding with HER2 (Figure 2G and H).

In the case of the interaction of NRT with HER2, NRT formed strong conventional hydrogen
bond with Met801 with 2.10A distance and Asp863 with a distance of 2.42A. It was also confirmed that
a carbon hydrogen bond with Asp845 with 3.79A distance. All these amino acids are hydrogen
acceptors, except Met801 which is a hydrogen donor. Other than that, 10 hydrophaobic bonds were found
between the interactions of NRT and HER2 (Figure 2E and F). First, z-sigma interaction with distance
of 3.66A at Val734. The amino acids that are involved in alkyl interaction were Ala751 (4.38A), Lys753
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(4.25A,4.63A), Leu796 (5.42A, 4.95A), Leu755 (4.85A). Lastly, n-alkyl interactions were observed at
Leu726, Ala751 and Lys753 with bond length of 5.50A, 5.21A and 4.63A.

In comparison of the hydrogen bonding among NRT and selected phytochemicals, naringin
formed a greater number of hydrogen bonds with HER2. Although naringin formed weaker conventional
hydrogen bond with Met801 with bond length of 2.37A than NRT (2.10 A), it showed shorter bond
length at Asp863 (2.23A) when compared to NRT (2.42A) and antcin-A (2.62A, 2.17A). The major
difference is that naringin formed an electrostatic bond, m-anion, with Asp863 with bond length of 4.54A
(Figure 2G and H). However, based on the 2D interaction diagram of fomitoside K with HER2, one
unfavorable bond between amino acid Asp863 and fomitoside K was observed.

Hydrophobic interactions, m-alkyl interactions, between naringin and HER2 were observed at
amino acid residues, those are similar as involved in interaction with NRT, Ala751 with bond length
5.25A and Lys753 with bond length of 4.78A and 5.48A (Figure 2G and H). When antcin-A docked
with HER2, three alkyl interactions were observed at Val734, Ala751 and Leu852 with distance of
4.61A, 4.65A and 4.85A, respectively. Alkyl interaction with amino acid Ala751 was observed in NRT.
For fomitoside K, strong conventional hydrogen bonds were observed with Glu770 with bond length of
2.68A and Gly865 with distance of 2.14A, and both Glu770 and Gly865 act as hydrogen donor. There
was also an alkyl interaction with Leu785 at bond length of 4.70A and n-alky! interaction with Phe864
at 5.04A distance. Nevertheless, it does not have any similarity in interactions with HER2 as NRT and
the other selected compounds.

Based on the results, the binding affinity between DOX and topoisomerase Ila (PDB ID: 4FM9,
Figure 1C) was -8.8 kcal/mol, while three compounds of mushroom: ergone, naringin and ergosterol
peroxide were showed better binding affinity than NRT with -9.6 kcal/mol, -9.5 kcal/mol and -9.4
kcal/mol, respectively (Table 1). Ergosterol peroxide was chosen instead of lupeol with binding affinity
-9.5 kcal/mol since lupeol had lack of hydrogen bond in the docking result. The three selected
compounds and DOX interacted with topoisomerase Ila through various bonding interactions including
hydrogen bonding and hydrophobic bonding (Figure 3A, B, C and D). However, electrostatic interaction
was observed only between naringin and topoisomerase Ila.

DOX formed three conventional hydrogen bonds with Arg727 with distances of 2.15, 2.18 and
3.03 A as well as another conventional hydrogen bond with Arg673 (2.26A) when docked with
topoisomerase ITa (Figure 3A and B). Both Arg727 and Arg673 are acted as hydrogen donors. Glu712
as hydrogen donor formed a carbon-hydrogen bond with DOX. There were three nt-cationic interactions
between DOX with Arg672 (4.08 and 3.98 A) and Lys676 (4.72 A), and two m-anionic interactions
between DOX with Glu712 (4.23 and 4.86 A). Hydrophobic bonding such as alkyl interaction with
Leu829 and Val836 with distance of 4.42A and 4.75A, as well as m-alkyl interaction with Arg672
(5.04A) and Lys676 (4.54A) were observed. In this case both amino acids act as alkyls (Figure 3A and
B).

For ergone, it formed strong conventional hydrogen bond with GIn542 with Lys550 with bond
length of 2.64A and distance of 2.33A which was shorter than the conventional hydrogen bond created
between ergosterol peroxide and topoisomerase Ila. Both amino acids act as hydrogen donors. In the
case of the docking of naringin with topoisomerase Ila, naringin formed strong conventional hydrogen
bond with GIn544 (2.19A), Arg672 (2.03A), Leu685 (2.98A) and Asp671 (2.34A) as well as carbon
hydrogen bond with Pro593 (3.24A). Other than that, naringin also formed m-cation interaction with
Arg675 (3.88A) which was not seen in other compounds (Figure 3C and D).

According to the data obtained, the binding affinity between DOX and topoisomerase I (PDB
ID: 4G0V, Figure 1D) was -5.1 kcashowede the compounds of mushroom; antrocin, ergosterol peroxide
and naringin were showed better binding affinity than NRT, which was -6.0 kcal/mol, -5.8 kcal/mol and
-5.7 kcal/mol (Table 1). All these three compounds and DOX interacted with topoisomerase 11 with
various bonding interactions including hydrogen bonding and hydrophobic bonding, however naringin
is only involved in hydrogen bonding.
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During the interaction of DOX with topoisomerase IIf, DOX formed strong conventional
hydrogen bond with Ser818 with bond length of 2.83 A, Tyr821 with 2.55 and 2.17 A distance, with
Dgl0 at distance 2.96A. DOX also showed three n-n stacked bonds with Tyr821 with 3.82, 4.0, and
5.78A distance (Figure 3E and F). For antrocin, strong conventional hydrogen bond was observed with
Asn525 with 2.68A distance and it is a hydrogen donor. Antrocin also formed n-alkyl interaction with
Phe500 with bond length of 5.48A. When ergosterol peroxide was docked with topoisomerase IIp, it
formed a strong conventional hydrogen bond with Dc11 which was a hydrogen acceptor with 3.01A
distance. Tyr821 had n-sigma interaction and m-alkyl interaction with ergosterol peroxide with distance
of 3.49A and 5.10A respectively. On the other hand, based on the 2D interaction diagram of ergosterol
peroxide with topoisomerase IIf, three unfavorable bonds at Ser818, DNA residue Dt9 and Dg10 were
observed.

Naringin owned the greatest number of hydrogen bonds with topoisomerase IIf which were
Arg503 (2.45A,2.66A,2.94A and 2.31A), Lys456 (2.99A), Asn525 (2.83A), Pro501 (2.07A) and Dgl13
(3.09A). However, Figure 3G and H shows two conventional hydrogen bonds with Arg503 for 4.88A
and 2.66A distance. There was one unfavorable bond with Dal2 shown in 2D interaction diagram of
ergosterol peroxide with topoisomerase IIf. Antrocin and naringin did not show any similarity in
interactions with topoisomerase IIp as DOX, but ergosterol peroxide formed hydrophobic interaction
with tyr821 of topoisomerase [i} as DOX.

Molecular Dynamic Simulation

Molecular dynamic simulation is a technique to simulate both the protein and ligand for certain
time to analyze the conformation changes [35]. The trajectories acquired from MD simulations provide
useful data to study the interactions between proteins and ligands. For 100 ns at 300°K [36,37], MD
simulations of naringin with EGFR, HER2, topoisomerase Ila and topoisomerase IIf§ enzymes of breast
cancer were carried out. The root means square deviation (RMSD) [38,39], root means square
fluctuation (RMSF) [40], radius of gyration (Rg) [41,42] of apo and complex proteins were determined
and compared.

MD simulations were performed for EGFR, HER2, topoisomerase Ilo and topoisomerase IIf. The
MD results of RMSD, RMSF, radius of gyration (Rg), number of hydrogen bonds in protein and protein-
naringin complex, and number of hydrogen bonds between protein and naringin against EGFR and
HER?2 are shown in figure 4A-4], and against topoisomerase ITo and topoisomerase IIp are shown in
figure 5A-5J. MM-PBSA binding free energy of naringin complex of EGFR, HER2, topoisomerase Ila
and topoisomerase IIf are given in Table 2.

Figure 4A clearly indicates that the naringin-EGFR complex had a lower RMSD value than the
EGFR alone, demonstrating the conformational stability of the EGFR in the presence of naringin at the
active site. After 40 ns, the EGFR apo form reached equilibrium, and at 3.2 A the EGFR reached a stable
conformation. After settling and converging at 2.8 A, the RMSD trajectory of the naringin-EGFR
complex became steady after 20 ns. It has been observed that when naringin is bound, the RMSD values
decrease slightly. This suggests that naringin binds tightly to EGFR and may inhibit it. Furthermore,
naringin had constant fluctuations in EGFR's active pocket with an average RMSD of 4.5 A. In RMSF
studies, it was observed that a high flexibility scale for residues (725—-760) of EGFR and this flexibility
is due to this domain not possessing any ligands. The most residue fluctuation was observed for EGFR
in the residue range 800-900 with average RMSF 1.8 A (Figure 4B). It suggests that this domain adopted
a specific conformation to accommodate naringin. EGFR and EGFR-naringin showed average Rg values
of 1.93 nm and 1.99 nm, respectively (Figure 4C). Because of the binding of naringin, the complex has
looser packed than EGFR, and it may be due to EGFR unfolding. Naringin did not affect the interprotein
hydrogen bonding in EGFER (Figure 4D). Figure 4E depicts the results of the quantity and persistence
of hydrogen bonds in the naringin-EGFR complex. Five hydrogen bonds were discovered in naringin-
EGFR, and it was also supported by the results of molecular docking.
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The apo form of HER2 got equilibrium after 78 ns whereas and naringin complex got equilibrium
after 15 ns, and the apo form of HER2 reached a stable conformation with RMSD of 5.0 A and the
complex of naringin-HER2 with RMSD of 2.9 A that exhibited the conformational stability of the HER2
in the presence of naringin at the active site (Figure 4F). It has been observed that when naringin is
bound, the RMSD values got decreased. This suggests that naringin binds tightly to HER2 and may
inhibit it. Furthermore, naringin was discovered to fluctuate constantly in the active pocket of HER2
with an average RMSD of 3.2 A. This suggests that naringin had acquired many conformations to bind
tightly with HER2 and may inhibit it. In RMSF studies, it was detected that a high flexibility scale for
residues (870-940) of HER2 and this flexibility may be the ligand does not possess any contact with
this domain of the protein, which indicates that these sites are not stable. The most residue fluctuation
was observed for EGFR in the residue range 750-860 with average RMSF 1.3 A (Figure 4G). It confirms
that this domain accommodates naringin with by possessing specific conformations. HER2 and HER2-
naringin showed average Rg values of 1.88 nm and 1.93 nm, respectively (Figure 4H). Because of the
binding of naringin, the complex has looser packed than HER2, and it may be due to HER2 unfolding.
Both HER2 and HER2-naringin complex showed the same type of hydrogen bonding in HER2
suggested that naringin did not have any effect on the interprotein hydrogen bonding in HER2 (Figure
41). Figure 4J il-lustrates the results of the quantity and persistence of hydrogen bonds in the nar-ingin-
HER2 complex. Five hydrogen bonds were found in naringin-HERZ2, and it was also supported by the
results of molecular docking.

Figure 5A clearly indicates that the naringin-topoisomerase Ilo. complex had a lower RMSD value
than the topoisomerase Ilo alone, demonstrating the conformational stability of the topoisomerase Ila
in the presence of naringin at the active site. After 15 ns, the topoisomerase Ilo. apo form reached
equilibrium, and at 8.0 A the topoisomerase Ila reached a stable conformation. After settling and
converging at 4.5 A, the RMSD trajectory of the naringin-topoisomerase Ila complex became steady
after 10 ns. It has been observed that when naringin is bound, the RMSD values decrease slightly. This
suggests that naringin binds tightly to topoisomerase Ila and may inhibit it. But after 60 ns there was a
slight increase in RMSD, indicates the binding instability of the complex. Furthermore, naringin had
constant fluctuations in topoisomerase Ila active pocket with an average RMSD of 8.2 A. In RMSF
studies, it was observed that residue fluctuation was observed for topoisomerase Ila in the residue range
500-750 with average RMSF 3.3 A (Figure 5B). It suggests that this domain adopted a specific
conformation to accommodate naringin. Topoisomerase Ilo. and topoisomerase Ila-naringin showed
average Rg values of 3.12 nm and 3.25 nm, respectively (Figure 5C). Because of the binding of naringin,
the complex has looser packed than topoisomerase Ila, and it may be due to topoisomerase Ila unfolding.
Naringin did not affect the interprotein hydrogen bonding in topoisomerase Ila (Figure 5D). Figure 5E
depicts the results of the quantity and persistence of hydrogen bonds in naringin-topoisomerase Ilo
complex. Five hydrogen bonds were discovered in naringin-topoisomerase ITa, and it was also supported
by the results of molecular docking.

Figure 5F clearly indicates that the naringin-topoisomerase I complex had a lower RMSD value
than the topoisomerase 1If alone, demonstrating the conformational stability of the topoisomerase 113
in the presence of naringin at the active site. After 10 ns, the topoisomerase 11} apo form reached
equilibrium, and at 8.3 A the topoisomerase IIf reached a stable conformation. After settling and
converging at 6.2 A, the RMSD trajectory of the naringin-topoisomerase II complex became steady
after 10 ns. It has been observed that when naringin is bound, the RMSD values got decreased. This
suggests that naringin binds tightly to topoisomerase IIf and may inhibit it. Furthermore, naringin had
constant fluctuations in topoisomerase IIf active pocket with an average RMSD of 9.8 A. In RMSF
studies, it was observed that residue fluctuation was observed for topoisomerase 11 in the residue range
450-525 with average RMSF 2.5 A (Figure 5G). It suggests that this domain adopted a specific
conformation to accommodate naringin. Topoisomerase IIf and topoisomerase IIB-naringin showed
average Rg values of 3.32 nm and 3.08 nm, respectively (Figure 5H). Because of the binding of naringin,
the complex has tighter packing than topoisomerase I1, and it may be due to topoisomerase 11f folding.
Naringin did not affect the interprotein hydrogen bonding in topoisomerase 11 (Figure 51).
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Figure 5. Molecular dynamic simulations: A) RMSD analysis of topoisomerase Ilo and naringin-
topoisomerase ITa, B) RMSF analysis of topoisomerase Ila and naringin- topoisomerase Ila, C)
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The anchoring of the ligand to the protein becomes tighter as the number of hydrogen bonds
increases and the length of each hydrogen bond shortens. Figure 5J depicts the results of the quantity
and persistence of hydrogen bonds in naringin-topoisomerase II complex. Five hydrogen bonds were
discovered in naringin-topoisomerase IIf3, and it was also supported by the results of molecular docking.

Residual binding analysis is one of the key processes in structure-based drug design to identify
the important residues involved in the ligand-protein binding. In residual analysis, it was noted that the
hydrophobic and acidic residues in all the four used proteins made a significant impact. The results of
the current investigation suggest that hydrophobic interactions between the cancer protein and naringin
complexes are the primary means by which they are stabilized. The residual energy value of amino acid
residues of EGFR, HER2, topoisomerase Ila and topoisomerase IIf§ when these are bound with naringin
are shown in Figure 1A, 1B, 1C and 1D, respectively. The key residues and their critical role in ligand
binding were identified based on the contribution energy. The residual energy analysis showed that most
of the residues in all four protein complexes with naringin contributed negatively. Specifically, active
site residues Leu694, Val702, Ala719, Met742, Cys751, Leu764, Leu768, Pro770, Leu820, and Thr830
showed a higher contribution energy in naringin complex with EGFR however in HER2 Val734,
Ala751, Met774, Leu785, Leu796, Thr798, Leu852, and Phe864 showed higher contribution energy.
Active site residues Phe680, Pro681, 1le704, Leu705, Glu712, Tyr830, Glu837, and Aspl004 of
topoisomerase Ilo. complex with naringin has shown higher contribution energy, whereas Lys1, Pro4,
Phe49, Pro50, Ile75, and 1le78 are recognized as crucial residues necessary for the activity of
topoisomerase I1J.

All the examined proteins' naringin complexes (last 20 ns MD trajectories) under-went MMPBSA
study to determine the van der Waals and electrostatic interactions, polar solvation, and SASA energy
related with binding free energy. Table 2 comprises the binding free energy information. The strength
of the binding interactions between the ligand and the target protein is measured by the ligand binding
affinity, which is directly related to ligand potency. Additionally, free energy is negative for
advantageous interactions. Naringin can be a possible lead for inhibiting EGFR, HER2, topoisomerase
lla and topoisomerase IIf proteins according to MM-PBSA study, with binding free energies of -
196.947, -238.847, -253.092 and -195.663 kJ mol-1, respectively. Van der Waals, electro-static, polar
solvation, and SASA energy were additional energy terms that added up to yield the binding free energy.

Table 2. MM-PBSA binding free energy of naringin complex of EGFR, HER2, topoisomerase Ila. and
topoisomerase 113

Complex van der Waal Electrostatic Polaerns:rlgjtlon SASA energy TOt:rI]Er'g;jmg

energy (kJ mol™?) | energy (kJ mol™?) (kJ mol) (kJ mol ™) (kd mol)
EGFR + -266.406 -23.285 115.923 -23.180 -196.947
Naringin +18.128 +8.123 + 24.447 +1.675 +19.378
HER2 + -309.133 -31.821 127.725 -25.618 -238.847
Naringin + 13.624 + 4.533 +12.885 +1.535 + 18.402
Topoisomerase -331.847 -25.469 130.018 -25.794 -253.092
ITo + Naringin +11.732 +12.573 +29.765 +0.849 + 24.664
Topoisomerase -235.242 -18.101 78.326 -20.646 -195.663
I1B + Naringin +23.974 +9.562 +21.473 +1.224 +26.572

ADME and Toxicity Prediction of Phytocompounds Mushroom

Drug likeness, pharmacokinetic and toxicity profile are tabulated in Table 3 and 4. A drug
candidate's ability to perform well in clinical trials depends on its ability to absorb, distribute,
metabolize, and eliminate. Lipinski's rule of five states that an orally active medicine must have all five
of the following characteristics: (i) hydrogen bond donors < 5; (ii) hydrogen bond acceptors < 10; (iii)
molecular masses < 500 g/mol; and (iv) log P values less < 5 [43-45]. The pharmacokinetic
characteristics of mushroom phytocompounds are displayed in Table 3. All the examined molecules,
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except for a few compounds, adhere to the Lipinski rule of 5. The compound with the better binding
affinity with all the four selected enzymes, naringin, however do not comply with the molecular weight,
number of hydrogen bond acceptors and donors according to Lipinski rule of 5, has a medium BBB
permeability, and a low clearance with score of < 5 ml/min/kg, suggesting that it may not be the best
oral medication to treat breast cancer. Moreover, CYP450 2C19 substrate (non-substrate) value for
naringin had a probability of 0.876; CYP450 2C19 inhibitor (non-inhibitor) had a probability of 0.986.

Table 3. Drug likeness and pharmacokinetic properties of phytocompounds of mushroom

Compounds MW | logP |HBA|HBD| RB | TPSA |Clearance| BBB |CYP2C19-|CYP2C
permeant inh 19-sub

2,3,6,23-

Tetrahydroxy-urs- | o) a5 13903 | 6 | 5 | 2 |118.22| 3.089 0.362 0.003 | 0.898
12-en-28-oic acid

Antcin-A 45431 |4581| 4 | 1 | 5 | 7144 | 15212 | 0.835 0.016 | 0.904
Antrocin 23416 |3667| 2 | 0 | 0 | 263 | 10.143 0.9 0.329 | 0.853
Antroguinonol 39028 |6.933| 4 | 2 | 11 | 5892 | 6.455 0.078 0.467 | 0.887
Beta-D-glucan 504.17 |-4.064| 16 | 11 | 7 |268.68| 0.794 0.421 0.002 | 0.049
Colossolactone G | 538.29 | 4.305| 7 | 1 | 4 | 99.13| 4.003 0.829 0.296 | 0.85
Cordycepin 2511 |-1.892| 8 | 4 | 2 |120.04] 7.546 0.63 0.04 | 0.064
Ellagic acid 30201 | 1.117| 8 | 4 | 0 |141.34| 2.346 0.011 0.013 | 0.043
Ergone 39231 | 6157 1 | 0 | 4 | 17.07| 2548 0.009 029 | 0.967
Ergosterol peroxide | 428.33 |5.601| 3 | 1 | 4 | 38.69 | 5.081 0.693 0.079 | 0.967
Ergosterol 39634 |5952| 1 | 1 | 4 |2023| 197 0.861 0.051 | 0.974
Fomitoside K 674.44 | 4.461| 9 | 4 | 11 |14275| 2.132 0.06 0.003 | 0.89
Formipinioside 646.41 | 4.463| 9 | 4 | 13 |142.75| 6.94 0.033 0.009 | 0.889
Gallic acid 170.02 |0645| 5 | 4 | 1 | 97.99 | 10.108 | 0.099 0.026 | 0.039
Ganodericacid F | 512.28 | 2594 | 7 | 1 | 6 |122.65| 12.787 | 0.937 0.025 | 0.907
Ganoderiol A 47437 |4745| 4 | 4 | 6 | 80.92 | 13.969 0.52 0.015 | 0.949
Ganodermanontriol | 472.36 | 4527 | 4 | 3 | 6 | 77.76 | 12.241 | 0.683 0.026 | 0.961
Ganomycin B 3442 |4283] 4 | 3 | 9 | 77.76 | 6.359 0.043 0.098 | 0.061
Grifolin 32824 | 6676| 2 | 2 | 8 | 4046 | 7.201 0.031 0.786 | 0.194
Hispidin 246.05 | 2.093| 5 | 3 | 2 | 90.9 | 14912 | 0.018 0.047 | 0.05
Hispolon 22007 | 1.126| 4 | 2 | 4 | 746 | 17.69 0.066 0.077 | 0.063
Ibotenic acid 158.03 |-2.923| 6 | 4 | 2 [109.32] 3.009 0.643 0.067 | 0.049
Mludin S 26414 | 0248 4 | 3 | 1 | 77.76 | 1.796 0.424 0.028 | 0.873
Inonotic acid A 27018 | 1.716 | 4 | 3 | 5 | 77.76 | 6.567 0.786 0.014 | 0.272
L-Theanine 1741 |-3109] 5 | 4 | 6 | 9242 | 5609 0.897 0.055 | 0.054
Lucialdehyde A 43835 |6.138| 2 | 1 | 5 | 37.3 | 6.969 0.133 0.177 | 0.963
Lucialdehyde B 45233 |5136| 3 | 0 | 5 | 5121 | 7.39 0.061 0.386 | 0.963
Lucialdehyde C 45434 |5311| 3 | 1 | 5 | 5437 | 9.115 0.127 0.269 | 0.954
Lucidadiol 45636 |5351| 3 | 2 | 5 |57.53 | 10.902 | 0.384 0.121 | 0.949
Lucidenic acid A | 458.27 |2594| 6 | 1 | 4 |10558| 17.353 | 0.651 0.009 | 0.942
Lucidenic acid C | 476.28 |2.198| 7 | 3 | 4 |128.97| 8818 0.662 0.003 | 0.82
Lucidenicacid D | 514.26 |2574| 8 | 1 | 6 |131.88| 462 0.739 0.024 | 0.879
Lucidenic acid E 51627 |2.819| 8 | 2 | 6 |135.04| 5.833 0.741 0.015 | 0.824
Lucidenicacid N | 460.28 |2792| 6 | 2 | 4 |108.74| 19628 | 0575 0.005 | 0.909
Lucidumol B 45838 |5321] 3 | 3 | 5 |60.69 | 10519 | 0.557 0.028 | 0.962
Lupeol 42639 7291 1 | 1 | 1 | 2023 17.929 | 0.792 0.055 | 0.969
Naringin 580.18 |-0.493| 14 | 8 | 6 |225.06] 1.489 0.347 0.014 | 0.124
Panepoxydone 210.09 | 2332 4 | 3 | 3 |7322| 10311 | 0.037 0.043 | 0.58
Psilocybine 284.09 |-0.701] 6 | 2 | 5 | 8263| 365 0.963 0.041 | 0.067
\Vulpinic acid 32208 |319| 5 | 0 | 4 | 6967 | 6.777 0.803 0.902 | 0.294

HBA — Hydrogen bond acceptor, HBD — Hydrogen bond donor, RB — Rotatable bond, TPSA — Total polar surface area
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But like few FDA approved cancer drugs such as doxorubicin and paclitaxel with high-molecular
weight (546.536Da, 800+Da), hydrogen bond donor (6.4) and acceptor (12.15), and total polar surface
area (206.221), naringin which is having high-molecular weight, hydrogen bond donor and acceptors
with large total polar surface area could be used as parenteral drug. Otherwise, must do some structural
modification in the naringin molecule such as reduce the number of hydrogen bond acceptor count,
hydrogen bond donor count and molecular weight of naringin but without any compromising on
molecular interaction of naringin with cancer enzymes, to improve its ADMET properties.

Table 4. Toxicity profile of phytocompounds of mushroom

Toxicity
Compounds Rat Oral Hepato- Carcino- Respiratory Muta-
Acgt_e Toxicity Genecity Toxicity Genecity
Toxicity

2,3,6,23-Tetrahydroxy-urs- 0.359 0.198 0.037 0.522 0
12-en-28-oic acid

Antcin-A 0.889 0.316 0.067 0.486 0
Antrocin 0.266 0.142 0.398 0.880 0
Antrogquinonol 0.051 0.237 0.025 0.033 0
Beta-D-glucan 0.108 0.080 0.008 0.005 0
Colossolactone G 0.206 0.312 0.348 0.488 1
Cordycepin 0.577 0.913 0.139 0.941 0
Ellagic acid 0.450 0.144 0.314 0.067 4
Ergone 0.419 0.187 0.373 0.945 1
Ergosterol peroxide 0.986 0.584 0.064 0.975 0
Ergosterol 0.944 0.094 0.046 0.921 0
Fomitoside K 0.127 0.205 0.021 0.377 0
Formipinioside 0.106 0.526 0.075 0.100 0
Gallic acid 0.030 0.433 0.024 0.381 0
Ganoderic acid F 0.196 0.089 0.041 0.878 1
Ganoderiol A 0.044 0.605 0.041 0.967 0
Ganodermanontriol 0.068 0.605 0.345 0.973 0
Ganomycin B 0.211 0.832 0.609 0.699 0
Grifolin 0.005 0.461 0.024 0.123 0
Hispidin 0.211 0.229 0.594 0.292 0
Hispolon 0.906 0.213 0.590 0.949 1
Ibotenic acid 0.913 0.277 0.589 0.946 0
Illudin S 0.726 0.730 0.842 0.946 1
Inonotic acid A 0.055 0.211 0.032 0.072 0
L-Theanine 0.018 0.029 0.016 0.060 0
Lucialdehyde A 0.034 0.566 0.129 0.977 1
Lucialdehyde B 0.059 0.269 0.201 0.965 2
Lucialdehyde C 0.045 0.183 0.033 0.968 2
Lucidadiol 0.058 0.225 0.014 0.978 2
Lucidenic acid A 0.870 0.153 0.069 0.510 0
Lucidenic acid C 0.952 0.241 0.019 0.909 0
Lucidenic acid D 0.163 0.093 0.058 0.749 1
Lucidenic acid E 0.119 0.151 0.033 0.785 1
Lucidenic acid N 0.899 0.226 0.023 0.320 0
Lucidumol B 0.045 0.586 0.048 0.971 0
Lupeol 0.195 0.191 0.009 0.800 0
Naringin 0.245 0.103 0.795 0.033 0
Panepoxydone 0.983 0.028 0.448 0.694 0
Psilocybine 0.237 0.652 0.191 0.732 0
Vulpinic acid 0.497 0.902 0.071 0.332 1
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Computational approaches for assessing and estimating the toxicity of natural bioactive chemicals
are regarded as a valuable validation tool since they provide a thorough grasp of toxicogenomic. The
toxicity prediction study indicates that 10 of the mushroom derived compounds are having high
probability (p> 0.5) for rat oral acute toxicity, 10 compounds have high probability (p> 0.5) for
hepatotoxicity, 6 compounds have high probability (p> 0.5) for carcinogenicity, 25 compounds have
high probability (p> 0.5) for respiratory toxicity, and 16 compounds have high probability for
mutagenicity (Table 4). However, naringin has 0.245, 0.103, 0.033 and 0 probability for rat oral acute
toxicity, hepatotoxicity, carcinogenicity, and mutagenicity, respectively. Even though, naringin has
0.795 probabilities for respiratory toxicity. This can be reduced by modifying the responsible functional
group in naringin without affecting the anticancer activity.

The interaction of NRT, DOX and 40 phytochemicals from mushrooms with several breast cancer
enzymes such as EGFR, HER2, topoisomerase Ila and topoisomerase II was investigated in this in-
silico study. From the results, it was found that antcin-A, ergosterol peroxide and naringin were showing
better binding affinity towards breast cancer proteins than the standard drug, NRT and DOX. Among
all the phytocompounds of mushroom, naringin showed high binding affinity towards every breast
cancer protein. Naringin exhibited optimal interactions such as more hydrogen bonding and reported the
same interacted amino acids as NRT and DOX. Further the in-silico ADMET studies also confirmed
that naringin has a low toxicity profile, but it fails to fulfill few criteria such as a greater number of
hydrogen bond acceptor count, total polar surface area, molecular weight, and hydrogen bond donor
count. Naringin can be ad-ministered as parental dosage form as how the FDA approved drugs paclitaxel
and doxorubicin, which are also not fulfilling four out of five Lipinski criteria for oral better oral
absorption. The molecular dynamic studies confirmed the stability of the molecular interaction complex
of naringin with the breast cancer proteins. Hence, naringin could be suggested as the best ligand for the
development of breast cancer multiple target protein inhibitors with antiviral activity. However,
additional in vitro, preclinical, and clinical investigations are required to prove naringin's true anti-breast
cancer effectiveness.
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ABSTRACT

Objective: This study includes the investigation of the antimicrobial potential of a series of
compounds designed by hybridization of thiazole, hydrazone and pyrazole systems identified as
antimicrobial moieties in the literature. The aim was to filter the designed compounds with
drugability parameters, synthesize the selected compounds and test their antibacterial potential in
silico and in vitro.

Material and Method: The drugability properties of synthesized compounds were determined by
online scanners and the potential effects of selected compounds on E. coli and S. aureus strains were
determined by disk diffusion method. Also, Autodock 4.2 software was used to determine the
inhibitory potential of compounds against the dihydrofolate reductase (DHFR) enzyme.

Result and Discussion: In our study, among the newly designed hydrazone-linked pyrazole-thiazole
compounds, the compounds determined according to their drugability parameters (17a-c) were
synthesized with high efficiency. Among the compounds tested for antibacterial activity, Compound
17c¢ formed a zone diameter of 8 mm against E. coli strain and 9 mm against S. aureus strain at a
concentration of 80 ug/ml. Also, compound 17c¢ formed a zone diameter of 7 mm against E. coli
strain and 8 mm against S. aureus strain at a concentration of 40 ug/ml. Furthermore, the ADMET
profiles of the presented compounds indicate that they may have suitable drugability parameters as
potential antibacterial agents.

Keywords: Antibacterial, hybridization, in silico, synthesis

(0)/

Amac: Bu ¢alisma, literatiirdeki antimikrobiyal kisum olarak belirlenen tiyazol, hidrazon ve pirazol
sistemlerinin hibridizasyonu ile tasarlanan bir seri bilesigin antimikrobiyal etki potansiyelinin
arastiridmasini icermektedir. Tasarlanan bilesiklerin ilaglanabilirlik parametreleri ile filtrasyonu,
segilen bilesiklerin sentezi ve antibakteriyel etki potansiyelinin in siliko ve in vitro test edilmesi
hedeflenmistir.

Gere¢ ve Yontem: Sentezlenen bilesiklerin ilaglanabilirlik dzellikleri online tarayicilar ile
belirlenmis ve en diisiik toksisite profiline sahip bilesiklerin E. coli ve S. aureus sujlarindaki
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potansiyel etkisi disk difiizyon yontemi ile belirlenmistir. Ayrica bilesiklerin dihidrofolat rediiktaz
(DHFR) enzimine karsi inhibisyon potansiyelini belirlemek i¢in Autodock 4.2 yazilimi kullanilmigtir.
Sonu¢ ve Tartisma: Calismamizda, yeni tasarlanan hidrazon bagl pirazol-tiyazol bilesikleri
arasinda, ilaglanabilirlik parametrelerine (17a-c) gore belirlenen bilesikler yiiksek verimlilikle
sentezlendi. Antibakteriyel aktivite i¢in test edilen bilesikler arasinda, Bilesik 17c, 80 ug/ml
konsantrasyonunda E. coli susuna karst 8 mm ve S. aureus susuna karst 9 mm'lik bir zon ¢api
olusturdu. Ayrica, Bilesik 17¢, 40 ug/ml konsantrasyonunda E. coli bakteri susunda 7 mm'lik, S.
aureus bakteri susunda 8 mm’lik bir zon ¢api olusturdu. Ilaveten, sunulan bilesiklerin ADMET
profilleri, bunlarin potansiyel antibakteriyel ajanlar olarak uygun ilag¢lanabilirlik parametrelerine
sahip olabilecegini gostermektedir.

Anahtar Kelimeler: Antibakteriyel, hibridizasyon, in siliko, sentez

INTRODUCTION

Nowadays, the increase in disease types and drug resistance limits the use of existing
pharmaceuticals and thus reveals the need to develop new, fast, effective, and economical
pharmaceuticals [1]. For this purpose, computer-aided drug design (CADD) provides a great advantage
in terms of time and selectivity in discovering new drug candidates [2]. The support of structure-based
drug design and ligand-based drug design strategies with in silico procedures and bioinformatics tools
facilitates access to more effective, practical, economical, and reliable drug candidates [3,4]. In addition,
it has been determined that the molecular hybridization technique, formed by combining the
pharmacophoric regions of known drugs in the same molecule, is quite effective in developing new drug
candidates with high selectivity and druggability potential [5].

Developing targeted drug candidates using drug design strategies is particularly important for
creating new antimicrobial agents [6]. Because one of the major factors that threaten human health
worldwide, especially in developing countries, is antibiotic resistance due to the abuse of antibiotics. If
a solution cannot be found against this situation, it is estimated that 10 million people will lose their
lives annually due to drug-resistant infections by 2050 [7]. This difficulty can be overcome by
discovering new, selective, and reliable agents.

In recent drug candidate development studies, the thiazole ring is used as an important building
block due to its strong and electron-rich structure [8]. It has been determined that various compounds
containing the thiazole nucleus have various pharmaceutical activities, including anti-inflammatory,
anticancer, antiviral, antidiabetic, and anticonvulsant properties [9]. It is no coincidence that the first
effective antibiotics used, penicillins, cephalosporins with thiazole units, and sulfathiazole structures
from the sulfonamide group of antibiotics contain a thiazole moiety (Figure 1) [10].
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Figure 1. Antibacterial drugs containing thiazole moiety

Therefore, in this study we focused on agents containing thiazole groups, and interestingly, recent
studies in the literature led us to the antimicrobial potential of thiazole-hydrazone derivatives. For
example, a series of compounds (1) designed with a hydrazone bridge using molecular hybridization
techniques of quinoline and thiazole groups have been reported to have antimicrobial activity via
dihydrofolate reductase (DHFR) inhibition [11]. In another study, 2-pyridyl thiazole hydrazone
derivatives (2) were determined to have highly effective antiprotozoal activity against Trypanosoma
cruzi [12]. Similarly, coumarin-thiazole hydrazone derivatives (3) were determined to have
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antimicrobial activity against Mycobacterium tuberculosis and Candida albicans species [13].
Additionally, several thiazole-hydrazole derivatives (4) were studied on clinically important fungi, and
the compounds were found to have significant antifungal activity, particularly on Candida and
Cryptococcus species and Paracoccidioides brasiliensis species [14]. Finally, 1,2,3-triazole-thiazole
hydrazone hybrid derivatives (5) were reported as promising candidates as antibacterial, anti-candida,
and anti-biofilm agents (Figure 2) [15].
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Figure 2. Thiazolyl hydrazone hybrid structures for antimicrobial effect

In addition to the unique antimicrobial effects exhibited by thiazole-hydrazone derivatives,
pyrazole-hydrazone derivatives have also been reported to possess various antibacterial effects. For
example, compound 6 was determined to be bactericidal for S. aureus and bacteriostatic for A.
baumannii strains and was found to have low toxicity in in vitro and in vivo studies [16]. In a study in
which aminoguanidine derivative 1,3-diphenyl pyrazole hydrazone derivatives were designed,
compound 7 was found to be a potent antimicrobial agent against various bacterial strains with MIC
values in the range of 1-8 ug/ml [17]. A more exciting group of studies in the literature involves the
design of thiazole-pyrazole-hydrazone derivatives and their investigation of antimicrobial effects. For
example, among the pyrazole-thiazolinone hydrazone derivatives developed for the potential treatment
of drug-resistant bacterial infections, compound (8) was found to be effective against the broad-
spectrum antibiotic-resistant pathogen N. Gonorrhoeae [18]. In another study, developed thiazole-
pyrazole-hydrazone derivatives [9] were found to be effective against S. aureus and Klebsiella
planticola strains. In addition, coumarin-linked pyrazole derivative thiazole hydrazones (10) were
reported as broad-spectrum antibacterial agents with moderate activity against the tested strains [19].
Trisubstituted pyrazoles containing coumarin-thiazole moiety (11) were reported as moderate growth
inhibitors of bacterial strains (Figure 3). Compound 11 showed the most potent activity in the series,
with MIC values as low as 15.5 pg/ml [20].
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@)

Figure 3. Thiazolyl/pyrazole-hydrazone hybrid structures for antimicrobial effect

In this study, the strong antimicrobial potential of derivatives formed by hybridization of thiazole,
hydrazone, and pyrazole groups in the literature has led to the idea of molecular design in the
development of new antimicrobial agents. Accordingly, a molecular design was created in which alkyl
and phenyl derivatives were connected with the thiazole group, phenyl-substituted pyrazole group
containing various electron-withdrawing and donating groups and finally, pyrazole and thiazole groups
were connected with the hydrazone linker (Figure 4).
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Figure 4. Rational design, structures of compounds designed from thiazole, hydrazone and pyrazole as
antimicrobial moieties
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As a result of various combinations with the mentioned strategy, 15 target compounds were
designed (Figure 4). However, the main reasons for the failure of the designed drug candidate
compounds in the clinical stages are that they do not have acceptable drug similarity, pharmacokinetic
properties, and toxicity parameters. Therefore, the drug-similarity of the designed compounds and the
absorption, distribution, metabolism, excretion, and toxicity (ADMET) of the candidate drugs were
evaluated in silico. After this filtering process, the 3 candidate compounds with the lowest toxicity
profiles were determined and the synthesis, characterization, and in vitro antibacterial effect potentials
of the selected 3 compounds were tested by the disk diffusion method. In addition, the potential
inhibitory effect of the compounds on dihydrofolate reductase (DHFR), one of the antimicrobial effect
pathways, was investigated by molecular docking method.

MATERIAL AND METHOD

In the design of the compounds, various methyl, phenyl and electron donor (e.g. -Me), electron-
withdrawing (e.g. -NO2) phenyl groups were used for R1 groups; electron donor (e.g. -Me, -OMe),
halogen (-ClI) or electron-withdrawing (e.g. -NO) substituted phenyl groups were used for R2 groups
for antimicrobial activity. Then, drug similarity and theoretical pharmacokinetic properties of the
designed compounds were investigated.

In Silico Study

The toxicity prediction of the compounds was determined using ProTox-3.0 [21]. ProTox-3.0
utilizes molecular similarity, fragment propensities, frequent features, and a machine-learning approach
(fragment similarity-based CLUSTER cross-validation) across 61 models to predict various toxicity
endpoints. These endpoints include acute toxicity, organ toxicity, toxicological effects, molecular
initiating events, metabolism, adverse outcome pathways (Tox21), and toxicity targets. Toxic doses are
typically expressed as LDsy mg/kg body weight values. The LDso represents the median lethal dose,
meaning the dose at which 50% of test subjects die upon exposure to a compound. Toxicity classes are
defined according to the Globally Harmonized System of Classification and Labelling of Chemicals
(GHS) with LDsp values as follows:

e Class I: Fatal if swallowed (LDsp < 5 mg/kg)

e Class I1: Fatal if swallowed (5 < LDsp < 50 mg/kg)

e Class I11: Toxic if swallowed (50 < LDso <300 mg/kg)

e Class I1V: Harmful if swallowed (300 < LDsp <2000 mg/kg)

e Class V: May be harmful if swallowed (2000 < LDsp < 5000 mg/kg)
e Class VI: Non-toxic (LDso > 5000 mg/kg)

Synthesis of the Target Compounds
General Information

'H and '3C NMR spectra were recorded on a Varian-Agilent Inova instrument (400 and 100 MHz,
respectively) using MesSi (TMS) as the internal standard. Melting points were determined on a Stuart
Melting Point (SMP30) analyzer using open glass capillaries. Column chromatography was performed
on silica gel (60 mesh, Silycycle). Commercially available materials were used without further
purification. The analyses of the C, H, and N elements of the compounds were made with the LECO
932 CHNS (St. Joseph, M1, USA) elemental analysis device. Analysis results have a maximum deviation
of £0.4 from the calculated theoretical values.

Synthesis of Semicarbazone Derivative

Initially, 5 mmol p-methoxys-acetophenone (12) was dissolved/suspended in ethanol (10 ml) and
magnetically stirred with 6 mmol semicarbazide (13) and 7.5 mmol NaOAc. The reaction mixture was
refluxed at 70°C for 4 hrs., and the completion of the reaction was checked by TLC. Afterward, the
experiment was terminated and cooled to room temperature, and the formed particles were filtered out.
Solid particles washed several times with distilled water were allowed to dry at room temperature. The
obtained semicarbazone derivative (14) were used for the next step without further purification [22].
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Synthesis of Pyrazole-Carboxaldehyde Derivative

A chilled solution of 3 mmol N,N-dimethyl formamide (DMF), and 3 mmol POCI; was added
dropwise on each other and stirred for 15 min at 0°C. A solution of 1 mmol semicarbazone derivative
(14) in DMF (3ml) was added dropwise to the reaction mixture and heated at 80°C for 3h. The reaction
mixture was cooled to room temperature, transferred to 20 ml of an ice-water mixture, and stirred for
30 min. Then, 10% aqueous sodium hydroxide (NaOH) solution was added dropwise to the reaction
mixture until pH 8. The resulting precipitate was filtered, washed with water (15ml), and dried in the
open air. The crude product (15) was purified by column chromatography on silica gel eluting with n-
hexane/EtOAc (5/1) [23].

Synthesis of Thiosemicarbazone Derivative

5 mmol pyrazole-carboxaldehyde derivative derivative (15) was dissolved in ethanol (10 ml) and
magnetically stirred with 6 mmol thiosemicarbazide. The reaction mixture was refluxed at 70°C for §-
16 h., and the completion of the reaction was checked by TLC. Afterward, the experiment was
terminated and cooled to room temperature, and the formed particles were filtered out. Solid particles
washed several times with distilled water were allowed to dry at room temperature. The furnished
thiosemicarbazone derivative (16) was used for the next step without further purification [24].

Synthesis of Target Compounds

4 mmol thiosemicarbazone derivative (16) was dissolved in 10 ml of ethanol by heating. 5 mmol
of chloroacetone or alpha bromo acetophenone derivatives were added to the reaction medium and reflux
was performed for 1 hour. As the reaction progressed, solid particles began to form, and the reaction
was terminated. The reaction mixture, which was cooled to room temperature, was transferred to 50 ml
of ice-water mixture and magnetically stirred for 30 min. The solid particles formed were separated by
filtration, washed in 15 ml of an ethanol-water mixture (1:1), and dried in an oven at 40°C [25]. Title
compounds (17a-c) were purified by chromatography on silica gel eluting with hexane/EtOAc (1:1).
The structure of newly synthesized compounds was elucidated based on elemental analysis and NMR
spectral data. The physical properties and spectral data of the compounds are presented below.

(E)-2-(2-((3-(4-methoxyphenyl)-1H-pyrazol-4-yl)methylene)hydrazineyl)-4-methyl thiazole (17a)

Gray powder, M.p. 206-208°C, Yield: 85%, Rf: 0.72 (ethyl acetate/n-hexane (1/1)). *H NMR (400
MHz, ds-DMSO) 6 8.36 (s, 1H, -CH=N), 8.03 (bs, 1H, Ar-H), 7.57-7.55 (m, AA’BB’ system, 2H, Ar-
H), 7.07-7.04 (m, AA’BB’ system, 2H, Ar-H), 6.55 (d, J=0.9 Hz, 1H, Ar-H), 3.80 (s, 3H, -OCH3), 2.20
(quasi g, J= 0.9 Hz, 3H, -CHs). 13C NMR (100 MHz, d¢-DMSO) & 167.8, 160.3, 141.9, 141.3, 130.5,
130.2,123.1, 115.0, 113.4, 130.6, 56.0, 15.5. FT-IR (ATR cm™): 3116, 2917, 2837, 1615, 1559, 1423,
1286, 1088, 945, 814, 716, 659. Anal. calcd. for C1sH1sNsOS: C: 57.49; H: 4.82; N: 22.35; Found: C:
57.46; H: 4.85; N: 22.36.

(E)-2-(2-((3-(4-methoxyphenyl)-1H-pyrazol-4-yl)methylene)hydrazineyl)-4-phenyl thiazole (17b)
[25]

Light orange powder, M.p. 234-235°C, Yield: 91%. Rf: 0.63 (ethyl acetate/n-hexane (1/1)). *H
NMR (400 MHz, ds-DMSO) 6 13.26 (bs, 1H, -NH), 11.77 (bs, 1H, -NH), 8.09 (s, 1H, -CH=N), 7.85-
7.83 (m, AA’BB’ system, 2H, Ar-H), 7.64-7.53 (m, 2H, Ar-H), 7.46-7.33 (m, 3H, Ar-H), 7.31-7.27 (m,
2H, Ar-H), 7.15-7.04 (m, 2H, Ar-H), 3.83 (s, 3H, -OCHjs). *C NMR (100 MHz, de-DMSO) 5 168.6,
160.0, 150.9, 135.3, 130.0, 129.0, 127.9, 126.0, 114.8, 114.7, 113.9, 103.6, 55.8. FT-IR (ATR cm™):
3085, 2923, 2824, 1702, 1565, 1509, 1435, 1339, 1237, 1168, 1106, 1044, 914, 827, 752, 690. Anal.
calcd. for C»H17NsOS: C: 63.98; H: 4.56; N: 18.65; Found: C: 64.01; H: 4.55; N: 18.68.

(E)-2-(2-((3-(4-methoxyphenyl)-1H-pyrazol-4-yl)methylene)hydrazineyl)-4-(p-tolyl) thiazole (17c)

Light brown powder, M.p. 229-230°C, Yield: 93%. Rf: 0.66 (ethyl acetate/n-hexane (1/1)). *H
NMR (400 MHz, de-DMSO) 6 8.16 (s, -CH=N), 7.97 (s, 1H, Ar-H), 7.72-7.66 (m, AA’BB’ system, 2H,
Ar-H), 7.60-7.55 (m, AA’BB’ system, 2H, Ar-H), 7.23-7.17 (m, 3H, Ar-H), 7.09-7.04 (m, AA’BB’
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system, 2H, Ar-H), 3.81 (s, 3H, -OCHjs), 2.30 (s 3H, -CH3). 3C NMR (100 MHz, ds-DMSO) § 168.8,
160.2, 149.1, 145.0, 138.1, 137.9, 135.4, 131.5, 130.2, 129.9, 126.3, 123.3, 114.9, 113.9, 103.2, 56.0,
21.5. FT-IR (ATR cm™): 3153, 2936, 2849, 1664, 1584, 1503, 1423, 1249, 1168, 1100, 1020, 938, 814,
728, 685. Anal. calcd. for C2oH17NsOS: C: 64.46; H: 4.92; N: 17.98; Found: C: 64.50; H: 4.89; N: 17.99.

Antimicrobial Tests

The inhibition zone diameter, an indicator of the reaction that prevents the growth of bacteria by
the synthesized compounds (17a-c), was measured by the disk diffusion method [26]. Bacterial
concentrations adjusted according to 108 CFU/ml 0.5 McFarland were used in this study. Escherichia
coli (gram-negative) and Staphylococcus aureus (gram-positive) bacterial strains were used in the
research. 3 antibiotics [Gentamicin (10 pg), Amoxicillin (25 pg), Tetracycline (30 pg)] and 6 mm blank
disks (BIOANALYSE Blank Disc in Cartridge ASD10011) were used for test strains. The compound
concentrations were adjusted to 80 ug/ml and 40 ug/ml. After the bacteria were cultured in the media
by the spreading technique, the extract-impregnated disks were placed in petri dishes. It was incubated
for 16-24 hours at 37°C. At the end of incubation, the zones formed around the discs were measured in
mm.

Molecular Docking Studies

Molecular docking studies were conducted using AutoDock 4.2 software to determine the
interactions of selected and control compounds with the crystal structure of DHFR enzyme (PDB ID:
1DLS) obtained from RCSB Protein Data Bank (www.rcsb.org). Ligand compounds were drawn in 3D
using Gaussview 5.0 and optimized using DFT method with the help of Gaussian 03 package based on
theoretical level of B3LYP method and 6-31G basis set. The position and location of natural ligand
methotrexate were taken as reference for target binding sites in crystal structure. In docking studies, x:
31.815; y: 19.694; z: -1.861 coordinate centers were determined. After re-docking, cluster RMSD value
(Root Mean Square Deviation: 0-2 A° range) was determined to be within acceptable range for both
targets in 10 different conformations of methotrexate. Then, a grid box with 50x50x50 points centered
on the predicted positions and a grid point spacing of 0.375 A was created for docking studies. The
docking operations started with the removal of unwanted solvents, water, and ligands from the protein
structures. Then, polar hydrogen atoms, Gasteiger partial charges, and Kollman charges were added to
the targets. Rotatable bonds of the compounds were also checked. Target sites of the selected compounds
similar to known compounds were docked under validated conditions using Autodock 4.2 software.
Lamarckian genetic algorithm (10 runs) approach was applied and the population size was set to 300 for
each simulation. The conformation with the highest receptor affinity was selected to determine the
binding energy and the ligand-receptor complex of the corresponding conformation was formed.

RESULT AND DISCUSSION

Identification of Candidate Compounds

Potential toxicity of 15 compounds was assessed based on their LDso values. Three of the 15
compounds (17a, 17b, and 17c) had higher LDs, values (Table 1) compared to the other 12 compounds
(Table S1). In other words, these three compounds must be used in higher doses to cause toxicity in
healthy animals compared to the other 12 compounds. Therefore, these three compounds were identified
as candidates for further studies.

Table 1. Predictive acute toxicities of candidate compounds

Compounds SMILES LDso (mg/kg)
(ProTox-3.0)

17a COC1=CC=C(C=C1)C1=NNC=C1\C=N\NC1=NC(C)=CSs1 1000

17b COC1=CC=C(C=C1)C1=NNC=C1\C=N\NC1=NC(=CS1)C1=CC=CC=C1 1000

17c COC1=CC=C(C=C1)C1=NNC=C1\C=NI\NC1=NC(=CS1)C1=CC=C(C)C=C1 1000

All three compounds have an LDso of 1000 mg/kg, which means they fall under 'Harmful if swallowed (300 < LDso < 2000
mg/kg)'. The other 13 compounds fall under Class 111
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Synthesis of the Target Compounds

The synthetic approach adopted to obtain the target compounds is shown in Figure 4. This method
consists of four steps; initially, the conversion of p-methoxy-substituted acetophenone (12) with
semicarbazide (13) to semicarbazone derivative (14) and their next step reactions with Vilsmeier-Haack
reagents (POCls;, DMF) to pyrazole-carboxaldehyde derivative (15) were prepared. Then, by reaction of
the carbaldehyde group with thiosemicarbazone (16) and then with chloroacetone or phenacyl
derivatives, the targeted thiazolyl/pyrazole-hydrazone hybrid derivatives (17a-c) were furnished in high
yields (Figure 5).

0 OMe
0 . §—NH;
H NN Nz N-NH ] 7
CH:; , 2 \\IC]; @_4 5

MeD Me( E;Hg l||' ‘:IN
:, Ry groups: ! iii
i ~CHs @ OMe OMe
| a |
1 b : R'».,_‘_’_ N -'_H
| CHs N=
| ﬂ [ "N
1 | N.
[ C . ! 17a-c H

Figure 5. Total synthesis scheme of target compounds, i: NaOAc, EtOH, Reflux, 4 h. ii: DMF, POCI;,
80°C, 3 h. iii: thiosemicarbazide, EtOH, Reflux, 2h. iv: Chloroacetone or phenacyl/p-methyl-phenacyl
bromide, Reflux, 2h

The characterization of the synthesized compounds was completed by ‘H-NMR, 3C-NMR,
elemental analysis, and FT-IR. Particularly, in the H-NMR spectrum, only the -NH group attached to
pyrazole and hydrazone -NH groups of molecule 17b showed resonance as broad singlets at 13.26 ppm
and 11.77 ppm, respectively. The proton attached to the hydrazone carbon in compounds 17a, 17b, and
17c appeared as singlets at 8.36 ppm, 8.09 ppm and 8.16 ppm, respectively. The -CH protons of the
pyrazole ring were observed between 8.03-7.97 and the -CH protons of the thiazole ring were observed
among other aromatics except 17a. The -CHjs group attached to thiazole in compound 17a was found to
interact with thiazole -CH (J=0.9 Hz). The aromatic protons of the p-methoxy phenyl group in all
structures resonated as the AA'BB' system and all aliphatic proton peaks were consistent with the
structures. The carbon number and resonance region in the *C-NMR spectrum of the compounds
matched the structures characteristically.

Antimicrobial Tests

In this study, it was observed that among the tested compounds, 17b did not show any antibacterial
activity against both E. coli and S. aureus bacterial strains. Compound 17a at 80 pg/ml concentration
induced a 7 mm and 8 mm zone diameter against E. coli and S. aureus strains respectively while at 40
mg/ml concentration, it induced a 7 mm zone diameter only against S. aureus strain. Compound 17c at
80 ug/ml concentration induced a 8 mm zone diameter against E. coli strain and a 9 mm zone diameter
against S. aureus strain. At 40 pg/ml concentration of compound 17c¢, 7 mm and zone diameters were
observed for E. coli and S. aureus strains, respectively. In the antibiotic disks used in the study,
Gentamicin 17 mm, Amoxicillin 20 mm, and Tetracycline 22 mm zone diameters were determined for
E. coli strain, while Gentamicin 21 mm, Amoxicillin 15 mm and Tetracycline 24 mm zone diameters
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were determined for S. aureus strain. It was determined that the highest antibacterial effect was at 80
ug/ml of compound 17c¢ in S. aureus strain (Table 2).

The results of the study show that the antibacterial activity of the compounds depends on their
concentration. In particular, compound 17c is seen to have a stronger antibacterial effect at higher
concentrations. In addition, it was found that the antibacterial activity of the compounds was lower
compared to antibiotics, but they could show significant effects at certain concentrations. This result
indicates that the compounds can be used as potential antibacterial agents, but their activities need to be
optimized. In further studies, the effectiveness of the compounds against different bacterial strains and
their mechanisms of action need to be investigated in more detail.

Table 2. Antibacterial activity results of compounds tested against E. coli and S. aureus strains

Escherichia coli Staphylococcus aureus
Entry 80 pug/ml | 40 ug/ml | 80 ug/ml | 40 pg/mi
17a 7 mm - 8 mm 7 mm
17b - - - -
17c 8 mm 7mm 9mm 8 mm
Escherichia coli Staphylococcus aureus
Gentamicin (CN) 17 21
Amoxicillin (AX) 20 15
Tetracycline (TE) 22 24

- None, Gentamicin: 10 pg, Amoxicillin: 25 pg, Tetracycline:30 ug

Molecular Docking Studies

Target-oriented designs in the development of new antimicrobial agents allow the development
of more rational drug candidates. Our literature review found that the inhibitory potential of thiazolyl
hydrazone derivatives against DHFR enzyme, one of the antimicrobial targets, was as effective as
methotrexate control. Based on this, the DHFR inhibition potential of the compounds developed in this
study was compared with methotrexate control by molecular docking method and the results are
presented in Table 3.

Table 3. Docking scores of compounds (17a-c) and methotrexate against DHFR enzyme

DHFR (PDB ID: 1DLS)
Compounds | Binding affinity Interacted amino acid residues
(kcal/mol)
Methotrexate -11.02 lle7, Val8, Ala9, Glu30, Phe31, Ser59, 1le60, Asn64, Arg70, Vall11l5
17a -7.06 Ala9, Phe3l, Ser59, 11e60, Asn64, Leu67, Valll5
17b -8.68 Ala9, Trp24, Leu27, Phe31, Phe34, 11e60, Leu67, Vall1l5
17c -9.47 Tyr22, Phe3l, Pro61, Leu67, Pro66, Lys68, Arg70

According to the molecular docking results, the compounds were able to form complexes with
the DHFR enzyme by establishing Methotrexate-like interactions. In addition, although the binding
affinity of the compounds is lower than Methotrexate, it can be said that they have a very high binding
affinity with DHFR binding energies between -7.06 and -9.47 kcal/mol. In addition, it is seen in the supp
info file that the compounds are positioned in the DHFR active site similar to Methotrexate. All these
data can be interpreted as compounds with antimicrobial potential may act through inhibition of the
DHFR enzyme.

As aresult, a series of hybrid compound derivatives were designed in which thiazole and pyrazole
systems were connected with hydrazone. Among the designed compounds, compounds 17a-c were
determined to have more suitable drugability parameters and were synthesized. The antibacterial effect
potential of the synthesized compounds on E. coli and S. aureus strains was tested and especially
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compound 17c was found to be a potential antibacterial agent. In addition, molecular docking studies
showed that the synthesized compounds (especially compound 17c¢) have the potential to inhibit the
DHFR enzyme, which is an important antibacterial pathway, and therefore the antibacterial effect may
be due to the inhibition of this enzyme. In addition, this study will contribute to the development of
effective new antibacterial agents by optimizing the structural properties of the compounds and
investigating their activities and mechanisms of action against different bacterial strains in more detail.
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VILDAGLIPTIN IMPROVES DETRUSOR CONTRACTILITY IN A
MOUSE MODEL OF CYCLOPHOSPHAMIDE-INDUCED
OVERACTIVE BLADDER

VILDAGLIPTIN, SIKLOFOSFAMID ILE INDUKLENEN ASIRI AKTIF MESANE FARE
MODELINDE DETRUSOR KONTRAKTILITESINI IYILESTIRIR
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Melis Nazhh YANIK?

!Karadeniz Technical University, Faculty of Pharmacy, Department of Pharmacology, 61080, Trabzon, Tiirkiye
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Trabzon, Tiirkiye

ABSTRACT

Objective: Overactive bladder (OAB) is a common urological disorder associated with detrusor
overactivity linked to local tissue inflammation resulting in bladder hypersensitivity. The present
study was aimed to investigate the therapeutic potential of vildagliptin (VIL), an anti-diabetic drug
with anti-inflammatory effects, in a mouse model of cyclophosphamide (CP)-induced OAB.
Material and Method: To induce an animal model of OAB, female Balb/c mice were
intraperitoneally (i.p) injected with CP (80 mg/kg) every two days for 7 days. Then, mice were orally
treated with saline (OAB model), VIL (10 or 50 mg/kg/day) or solifenacin (10 mg/kg/day) for 7
consecutive days. On the 17th day of experiment, organ-bath experiments were performed using
isolated mouse detrusor muscle to evaluate tissue contractility. In another set of mice, bladder
inflammation was assessed by Evans blue extravasation.

Result and Discussion: Carbachol-induced contraction of detrusor strips significantly increased in
OAB mice, which was reversed by treatment with VIL at 50 mg/kg or solifenacin. In addition, VIL
treatment (50 mg/kg) reduced relative bladder weight and Evans blue dye extravasation into the
bladders in CP-injected mice, demonstrating the inhibitory effect of VIL on CP-induced bladder
inflammation. Our results showed that VIL ameliorated detrusor overactivity in a mouse model of
CP-induced OAB by partially suppressing bladder inflammation.

Keywords: Bladder inflammation, detrusor, evans blue, overactive bladder, solifenacin,
vildagliptin

0z

Amac: Asir aktif mesane (AAM), mesane asiri duyarliligina neden olan lokal doku inflamasyonuna
bagl detriisor asir aktivitesi ile iligkili yaygin bir iirolojik bozukluktur. Bu ¢alisma, siklofosfamid
SFD) ile indiiklenen AAM fare modelinde, anti-inflamatuar etkili anti-diyabetik bir ila¢ olan
vildagliptinin (VIL) terapitik potansiyelini arastirmayr amaglamistir.

Gerec ve Yontem: AAM modelini indiiklemek igin disi Balb/c farelere intraperitoneal olarak (i.p)
7 giin boyunca her iki giinde bir SFD (80 mg/kg) enjekte edildi. Daha sonra fareler, art arda 7 giin

boyunca oral olarak serum fizyolojik (AAM modeli), VIL (10 veya 50 mg/kg/giin) veya solifenasin
(10 mg/kg/giin) ile tedavi edildi. Deneyin 17. giiniinde, mesane kontraktilitesini degerlendirmek igin
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izole fare detriisor kasi kullanilarak organ banyosu deneyleri yapildi. Baska bir fare grubunda
mesane inflamasyonu, Evans mavisi ekstravazasyonu ile degerlendirildi.

Sonu¢ ve Tartisma: Karbakol ile indiiklenen detriisor kasilmasi, AAM modeli farelerinde énemli
olciide artti ve bu artis, VIL (50 mg/kg) veya solifenasin tedavisi ile diizeldi. Ayrica; VIL tedavisi
(50 mg/kg), SFD enjekte edilmis farelerde rélatif mesane agwiigini ve Evans mavi boyasmmin
mesanelere ekstravazasyonunu azaltti. Bu sonug, VIL'in SFD kaynakli mesane inflamasyonu
tizerindeki inhibitor etkisini ortaya koydu. Sonuglarimiz, VIL’in mesane inflamasyonunu kismen
baskilayarak SFD kaynakli bir AAM fare modelinde detriisor asirr aktivitesini iyilestirdigini ortaya
koydu.

Anahtar Kelimeler: Asir: aktif mesane, detrusor, evans mavisi, mesane inflamasyonu, solifenasin,
vildagliptin

INTRODUCTION

Overactive bladder (OAB) is a prevalent debilitating condition accompanied by frequency and
nocturia, with or without urgency urinary incontinence and these lower urinary tract symptoms are often
associated with detrusor overactivity defined as involuntary contractions of the detrusor smooth muscle
[1]. Current pharmacotherapies of OAB include anti-muscarinic drugs and B3 adrenergic receptor
agonists with limited efficacy and serious side effects leading to the poor compliance, which has led to
high demand for novel drugs with improved efficacy and safety [2]. OAB is considered to have
multifactorial etiology and its pathophysiology has not yet been completely elucidated. Recently, an
inflammatory process has been reported to be involved in OAB and anti-inflammatory agents have been
suggested to possess therapeutic potential for OAB [1,3].

Cyclophosphamide (CP) is one of most commonly used agent to induce an experimental animal
model of OAB. It has been reported that multiple injection of CP caused OAB syndrome symptoms in
mice [4-6]. The urotoxic metabolite acrolein is formed by hepatic microsomal enzymatic hydroxylation
of CP and accumulates in the bladder, leading to urothelial damage and impaired urothelial barrier
function by inducing bladder inflammation [7].

Dipeptidyl peptidase-4 (DPP-4) inhibitors such as vildagliptin (VIL), sitagliptin, saxagliptin,
linagliptin and alogliptin are orally effective drugs that improve glycemia in type 2 diabetes by
preventing the degradation and thus increasing the level of incretins. Accumulating evidence suggests
that they also exert pleiotropic effects beyond the glucose-lowering action [8]. Among DPP-4 inhibitors,
VIL has recently gained attention due to its anti-inflammatory effects, which highlights the potential
clinical repurposing of VIL for inflammation-related diseases [9-12]. The precise mechanisms of the
anti-inflammatory effects of VIL remain elusive, however, toll-like receptors (TLRs) and nuclear factor
kappa-B (NFkB) signaling pathways have been reported to be involved in the anti-inflammatory action
of VIL [10-12].

In the present study, it was aimed to investigate the therapeutic effect of VIL in a mouse model
of CP-induced OAB.

MATERIAL AND METHOD
Animals

Balb/c female mice weighing 25-35 g, aged 8-10 weeks, were used in this study. The mice were
housed in cages at a constant temperature of 22 + 2°C under a 12 h light/12 h dark cycle, with free access
to food and water. The experimental procedures were approved by Institutional Animal Care and Use
Ethics Committee (approval number: 2023/45).

Chemicals and Drugs

VIL and solifenacin succinate were obtained from Ali Raif Pharmaceuticals and ilko
Pharmaceuticals, Tiirkiye, respectively. Carbachol (CCh) was purchased from Sigma-Aldrich (St. Louis,
MO, USA) and CP (Endoxan®) was obtained from Baxter Oncology GmbH (Frankfurt, Germany). VIL,
solifenacin and CP were freshly dissolved in 0.9% sterile saline prior to administration.
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Induction of Experimental OAB Model and Treatments

Female Balb/c mice were randomly divided into six groups (n=11-14/group): control- saline-
injected plus treatment with saline, OAB group- CP-injected plus treatment with saline, OAB+VIL10-
CP-injected plus treatment with VIL at 10 mg/kg, OAB+VIL50- CP-injected plus treatment with VIL at
50 mg/kg, OAB+SOL- CP-injected plus treatment with anti-muscarinic drug, solifenacin at 10 mg/kg
and VIL50- saline-injected plus treatment with VIL at 50 mg/kg. OAB was induced by totally four i.p
injections of CP, as described previously [6]. CP (80 mg/kg, i.p) was administered every other day for
7 consecutive days. Control and VIL50 groups received only saline injections. 2 days after the fourth
CP and saline injection, mice were treated with VIL (10 and 50 mg/kg/day), solifenacin succinate (10
mg/kg/day) or saline for 7 consecutive days. On the 17th day of the experimental protocol, the mice
were euthanized by cervical dislocation and the whole urinary bladders were harvested for contractility
studies or Evans blue extravasation assay (Figure 1). Mice were given saline, VIL and solifenacin orally
via a gavage needle. The experimental protocol and doses of the drugs were chosen based on previous
studies [5,9,13]. Relative bladder weights of all groups were determined by calculating the ratio of wet
bladder weight (mg) to body weight (g) of mice to evaluate bladder hypertrophy as a marker of
inflammatory edema [14,15].

Control (saline)
OAB (saline)

OAB+VIL10 (VIL,10 mg/kg)

CF (20 mo/k CP (80 mghkg) ~ CP (80 mgikg)  CP (80 mgikg) OAB+VILS0 VIL,50 mg/k i il
/‘\ {80 ma'kg) or or or +VILS0 (VIL,50 mglkg) Ex vivo contractility
Saline Saline saline Saline OAB+SOL (S0L, 10 mg/kg) studies
f(/)\ f? ;‘9 y VIL50 (VIL, 50 mglkg) /
days

1 3 5 7 10 16 17\
| | Evans blue extravasation

\ \
Treatment period assay

Figure 1. Schematic representation of the experimental design. Mice were treated once a day through
the treatment period. VIL and solifenacin were given orally. CP, cyclophosphamide; OAB, overactive
bladder; SOL, solifenacin; VIL, vildagliptin.

Contractility Studies

In a set of mice in each group (n=6-8/group), one detrusor smooth muscle strip was prepared from
each urinary bladder, as described previously [16]. Detrusor strips were suspended longitudinally
between an isometric force transducer (MAY FDT-10A Force Displacement Transducer, Commat,
Ankara, Tiirkiye) and a steel curved hook within a 30 ml water-jacketed tissue baths containing Krebs-
Henseleit solution (118 mM NaCl, 4.7 mM KCI, 1.2 mM NaH2PO4, 1.3 m M MgSO, 1.3, 2.5 mM CaCly,
25 mM NaHCOs, and 11 mM glucose) continuously bubbled with 95% O, and 5% CO, at 37°C.
Changes in isometric force were recorded using a MP35 data acquisition system (Biopac Systems,
Goleta, CA, USA). Each strip was stretched to 1 g of tension and allowed to equilibrate for 1 hour while
changing bath solution every 20 min. Then, strips were firstly challenged with KCI (80 mM) to test
tissue viability. After an equilibration period, CCh (10-8-10 M) was added to bathing solution to obtain
cumulative concentration-response curves. CCh-induced contractile responses of strips were normalized
to the weight of each strip and expressed as milligram tension per milligram strip weight [16,17].

Evans Blue Extravasation Assay

In another set of mice (n=5-6/group), Evans blue extravasation into the bladders were measued
to assess bladder inflammation. Briefly, Evans blue dye (0.5% w/v in saline, 200ul) was injected
intravenously via tail vein 30 min before euthanasia. The bladders were dissected from the body,
weighed, sliced longitudinally, and incubated in 1 ml formamide at 56°C for 24 hours for dye extraction.
Then, the samples were centrifuged at 14.000 g for 45 minutes at 4°C and the supernatants were
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collected. The concentration of extracted dye was determined by measuring the absorbance with a
spectrophotometer at 620 nm, followed by a standard curve. The results were expressed as in pg of
Evans blue/g of tissue [18,19].

Statistical Analysis

Data were expressed as mean + standard error of the mean (SEM). GraphPad Prism software
(Graphpad Prism 5.0.1, San Diego, CA, USA) was used for statistical analyses and graphical
presentation. Comparisons of groups were carried out through analysis of variance (ANOVA) followed
by Bonferroni test for contractility studies or student’s t-test for Evans blue extravasation assay and
relative bladder weights. For CCh-induced concentration-response curves, the values of Emaxx (the
maximum response) and the negative logarithm of the concentration to produce the half of maximal
response (PECso) were calculated using nonlinear regression plots (GraphPad Prism version 5.0.1,
GraphPad, San Diego, CA, USA).

RESULT AND DISCUSSION
VIL Attenuated the CCh-induced Contractions of Detrusor Strips in CP-induced OAB

CCh (108-10* M) produced concentration-dependent contractions in the strips of all groups
(Figure 2a). In OAB group, the maximal contractile responses of detrusor strips to CCh (1073-10* M)
were significantly increased compared to control group mice (p<0.001; Emax=747.00 = 43.43 and 456.50
+ 39.45 mg tension/mg tissue, respectively), indicating that multiple injections of CP led to OAB in
mice. Treatment with VIL at 50 mg/kg for 7 days caused a significant decrease in CCh-induced
contractions in the detrusor strips of CP-injected mice compared to OAB group (p<0.05; Enax=566.80 +
36.98 and 747.00 + 43.43 mg tension/mg tissue, respectively). Solifenacin, an approved drug for OAB,
markedly decreased the maximum contractile response to CCh in CP-injected mice compared with OAB
group (p<0.01; Ema= 547.10 + 55.27 mg and 747.00 + 43.43 mg tension/mg tissue, respectively).
However, VIL treatment at 10 mg/kg failed to improve detrusor overactivity in CP-injected mice. In
VIL50 group, CCh-induced contractile response was similar with control group (p>0.05). No difference
was observed in pECs values of all groups for CCh-induced contractions (Figure 2b and Table 1).

Table 1. Ema and pECsg values for CCh-induced contractions of the detrusor strips from all groups

Groups Emax (Mg tension/mg tissue) PECso

Control 456.50 +39.45 5.79+0.16
OAB 747.00 & 43.43%* 5.84+0.17
OAB + VIL10 685.00 £ 66.42* 5.73 £0.23
OAB + VIL50 566.80 + 36.98" 5.55+0.11
OAB + SOL 547.10 £ 55.27% 5.97 +£0.19
VIL50 495.90 + 65.07% 5.55+0.21

Data were expressed as mean = SEM (n = 6-8). **p<0.01, *p<0.05 compared with control group. #p<0.01, #p<0.05 compared
with OAB group. CCh, carbachol; Emax, maximal contraction evoked by carbachol.OAB, overactive bladder; pD2, the negative
logarithm of the EC50; SOL, solifenacin; VIL, vildagliptin

VIL Suppressed CP-induced Bladder Inflammation

In OAB group, CP injection significantly (p<0.01) increased evans blue extravasation in the
bladders compared to control group (48.25 +4.28 and 18.28 + 6.92 ng/g of tissue, respectively), which
was markedly (p<0.05) blunted by VIL treatment at 50 mg/kg (30.24 + 3.57 pg/g of tissue). However,
treatment with solifenacin (35.20 + 6.35 pg/g of tissue) or VIL at 10 mg/kg (42.00 +9.47 ng/g of tissue)
did not alter evans blue extravasation stimulated by CP (Figure 3a). In addition, we determined relative
bladder weights of all groups for the assessment of bladder hypertrophy as a hallmark of bladder
inflammation. The relative bladder weight dramatically increased in OAB group (0.83 + 0.03) compared
to control group (0.60 + 0.02, p<0.001). VIL treatment at 50 mg/kg caused a significant (p<0.05)
decrease in relative bladder weight compared to OAB group (0.71 +0.01 and 0.83 + 0.03, respectively).
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Solifenacin (0.83 +0.02) or VIL at 10 mg/kg (0.86 + 0.04) did not reduce the relative bladder weight of
the mice with OAB (Figure 3b). The body weights of mice were similar among groups.

(a)
injd__’_///\ LJ/’/—\
f/\ —
OAB+VIL10 J
OAB+SOL i——f/\
CCh (10530 W) CCh (105104 M
(b) 1000,
©- Control
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800+ - OAB+VIL10
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Figure 2. VIL improved detrusor overactivity in mice with OAB induced by CP. (a) Representative
original traces of CCh-induced contractions of the detrusor strips in all groups. (b) Cumulative
concentration-response curves for CCh (1078-10"# M). Data were expressed as mean = SEM (n=6-8).
**%p<0.001, **p<0.01, *p<0.05 compared with control group. #*p<0.001, #p<0.01, #p<0.05
compared with OAB group. CCh, carbachol; OAB, overactive bladder; SOL, solifenacin; VIL,
vildagliptin
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Figure 3. VIL attenuated bladder inflammation in mice with OAB induced by CP. (a) Quantitative
analysis of Evans blue leakage. (b) The relative bladder weights of all groups. Data were expressed as
mean = SEM (n=4-8). ***p<0.01,**p<0.01 compared with control group. ##p<0.001, #p<0.01,
#p<0.05 compared with OAB group. OAB, overactive bladder; SOL, solifenacin; VIL, vildagliptin

OAB is a urological syndrome typically manifested by bothersome symptoms of urgency, with
or without urge incontinence, and often accompanied with increased urinary frequency and nocturia,
resulting in impaired social functioning and quality of life. It is a common urological disease with an
overall prevelance of around 17%, mostly affecting elderly people [1,20]. OAB is considered to be
caused by multiple factors related with functional alterations in bladder, mainly leading to involuntary
detrusor contractions defined as detrusor overactivity. However, the precise etiology of OAB has not
largely understood [21]. Currently avaliable pharmacological agents for OAB including anti-
muscarinics and 33 agonists have repoted to be associated with several side effects and limited efficacy.
Therefore, physiopathological mechanisms of OAB has been under intense investigation to discover
novel therapeutic targets, and thus to develop new drugs [22]. Bladder inflammation has gained a
remarkable interest, which has a direct effect on bladder contractility [23]. Several lines of evidence
suggests that various inflammatory process or cytokines are involved in the pathogenesis of OAB [2].
Until now, experimental studies have reported that OAB is linked to bladder inflammation and anti-
inflammatory agents have efficacy in OAB models [24,25]. Moreover, elevated levels of urine cytokines
and the signs of inflammation in bladder specimens have been detected in the patients with OAB [26].
Therefore, anti-inflammatory-based approaches may offer hope for the treatment of OAB [27].

DPP-4 inhibitors including sitagliptin, vildagliptin (VIL), saxagliptin, alogliptin, linagliptin,
dutogliptin etc. are a class of drugs widely used for the treatment of type 2 diabetes. They are highly
effective in glucose-lowering by inhibiting the enzymatic degradation of incretins, thus amplifying the
effects of incretins. Due to their favorable safety and efficacy profile, they have become one of the most
preferred anti-diabetic drugs [28,29]. In recent years, the anti-inflammatory potential of DPP-4
inhibitors have attracted more attention beyond glycemic control [30,31]. VIL, a well-known DPP-4
inhibitor, has been also reported to suppress inflammation in various in vivo and in vitro models [9-12].
Liu and Qia showed that VIL treatment (10 mg/kg for 21 days) significantly decreased the expression
of pro-inflammatory cytokines and the infiltration of inflammatory cells in lung tissues of bleomycin-
treated mice [9]. Also, in a rat model of cyclosporine A-induced hepatotoxicity, VIL treatment (10
mg/kg for 28 days) improved liver inflammation by suppressing the nuclear factor-kappa B (NF-xB)
activity [10]. In another study conducted by Sherif et al., VIL was reported to exhibit hepatoprotective
effect by reducing inflammation through the downregulation of TLR4/NF-«xB signaling pathway in a rat
model of hepatic ischemia/reperfusion injury [11]. Moreover, treatment with VIL (5 or 10 mg/kg for 21
days) attenuated colonic inflammation by inhibiting PI3K/Akt/NFkB pathway in rats with colitis
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induced by acetic acid [12]. However, the effect of VIL on bladder inflammation is completely
unknown.

CP-induced bladder inflammation is a widely used and well-established experimental model for
OAB. Several studies have reported that multiple injections of CP cause voiding dysfunction similar to
the symptoms of OAB syndrome in mice [4-6]. Acrolein, the urotoxic metabolite of CP, leads to
urothelial injury resulting in inflammation and bladder dysfunction [4,32].

In the present study, we investigated the effect VIL on CP-induced OAB. To test the effect of
VIL on detrusor contractility, we evaluated ex vivo contraction of the strips to CCh by using isolated
tissue bath. In addition, we used Evans blue extravasation assay to test the effect of VIL on bladder
inflammation induced by CP. To our results, four injections of CP significantly increased the CCh-
induced contraction of detrusor strips in line with previous studies [33,34]. The increase in CCh-induced
contraction was blunted by solifenacin, a potent and long acting anti-muscarinic drug. We also found
that high dose of VIL (50 mg/kg) caused a marked decrease in CCh-induced contractile response of the
strips in CP-treated mice. Furthermore, we found that CP significantly increased evans blue
extravasation into bladder tissue and relative bladder weight, indicating that CP caused inflammation in
bladder tissue, which is similar to previous studies [14,35,36]. Solifenacin did not ameliorate bladder
inflammation although it was effective in attenuating detrusor overactivity in CP-treated mice,
demonstrating that solifenacin offers symptomatic treatment in CP-induced OAB model. However, high
dose of VIL (50 mg/kg) considerably reduced extravasation and relative bladder weight as well as the
CCh-induced contractions of the strips in CP-treated mice. This finding suggests that VIL could interfere
with bladder inflammation underlying detrusor overactivity in CP-induced OAB model. All together,
our results demonstrated that treatment with VIL (50 mg/kg/day for 7 days) effectively improved
detrusor contractility by partially suppressing bladder inflammation in a mouse model of CP-induced
OAB.

Despite providing evidence for the effect of VIL on CP-induced OAB, our study has certain
limitations. In the present study, the molecular mechanisms of VIL mediating its anti-inflammatory
effect has not been identified. Further studies are needed to test the role of signaling pathways such as
PI3K/Akt/NFxB, TLR4/NF-kB etc. in the therapeutic effect of VIL. In addition, the level of the
expression of pro-inflammatory cytokines can be directly measured in the bladder tissues to support the
reported anti-inflammatory effect of VIL.

Overall, the present study provides the first evidence that VIL has beneficial effect in CP-induced
OAB by suppressing bladder inflammation. Our results suggest that VIL might be repurposed as a
promising therapeutic candidate for the treatment of OAB. Therefore, further molecular and clinical
studies are needed to identify the mechanism of these effects and confirm current preclinical results in
the future research.
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0z

Amag: Hastane ortamindaKi antimikrobiyal ajanlara diren¢li bakterilerin topluma yayilabilecegi
bilinmektedir. Acinetobacter baumannii, antibiyotik diren¢ genleri sebebiyle tedavisi olduk¢a zor
olan bir mikroorganizmadir. Florokinolonlar da dahil olmak iizere bircok antibiyotige direnglidir.
A. baumanni’nin kinolon direnci DNA giraz ve topoizomeraz IV genlerindeki mutasyonlarinin
belirlenmesiyle tespit edilir. Calismamizda Real Time PCR yontemi kullamilarak, A. baumannii
izolatlarinda kinolon direncine sebep olan (gyrA, gyrB, parC) DNA giraz direng genlerine ait
mutasyonlarin belirlenmesi amaglanmistir.

Gerec¢ ve Yontem: Calismada 73 adet A. baumannii direngli klinik izolati kullanildr. A. baumannii
ayrd, parC, gyrB genlerine ait primerler kullanmilarak amplifiye edildi. HRM analizi kullanarak
gyrA, gyrB, parC geni Real-Tune PCR amplikonlart DNA sekanslarina gore gruplara ayrildi. A.
baumannii izolatlar: farkli HRM profillerine gore P1, P2, P3, GAl, GA2, GA3, GB1 ve GB2 olarak
gruplandirildi ve her gruptan 2 farkli Real-Time PCR iirtiniiniin DNA dizi analizi yapildi.

Sonug ve Tartisma: GAl, GA2, GA3 genotipinde mutasyonu tespit edildi. P1, P2, P3 ve GB1, GB2
genotiplerinde mutasyon gozlemlenmedi.

Anahtar Kelimeler: Acinetobacter baumannii, DNA giraz, HRM, RT-PCR

ABSTRACT

Objective: It is known that bacteria resistant to antimicrobial agents can spread to the community
in the hospital environment. Acinetobacter baumannii is a difficult-to-treat pathogen due to its
antibiotic resistance genes. It is resistant to many antibiotics, including fluoroquinolones. By
identifying mutations in DNA gyrase and topoisomerase 1V genes, quinolone resistance of A.
baumanni is found. Our study, aimed to determine mutations in DNA gyrase resistance genes that
cause quinolone resistance (gyrA, gyrB, parC) in A. baumannii isolates using the real-time PCR
method.

Material and Method: 73 A. baumannii resistant clinical isolates were used in the study. A.
baumannii was amplified using primers for gyrA, parC, gyrB genes. Using HRM analysis, gyrA,
gyrB, parC gene Real-Time PCR amplicons were grouped according to their DNA sequences. A.
baumannii isolates were grouped as P1, P2, P3, GA1l, GA2, GA3, GB1 and GB2 according to
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different HRM profiles, DNA sequence analysis of 2 different Real-Time PCR products from each
group was performed.

Result and Discussion: Mutations were detected in GAL, GA2, GA3 genotypes. No mutations were
observed in the P1, P2, P3 and, GB1, GB2 genotypes.

Keywords: Acinetobacter baumannii, DNA gyrase, HRM, RT-PCR

GIRiS

Acinetobacter tiirleri {irogenital sistemde, gastrointestinal sistemde, agiz i¢i florada, solunum
yollarinda ve deri florasinda bulunur. Acinetobacter baumannii ise deri florasinda az rastlanan bir tiir
olmasina ragmen saglikli kisilerin %40’mnin tasiyict oldugu saptanmistir [1]. Saglikh kisilerde az
rastlanan bir tirdiir fakat hastanede yatan immiin sistemi diisiik ve yash kisilerde hastane
enfeksiyonlarina sebep olur [2]. A. baumannii, hastane enfeksiyonlarinda sik¢a rastlanan tiirlerden
biridir [3]. A. baumannii diinyada antibiyotik direnci sebebiyle 6liime yol agan dordiincii tiirdiir fakat
standart bir tedavisi hala yoktur ve enfeksiyonlarinin tedavisi kinolonlar, aminoglikozidler ve
karbapenemler ile gergeklestirilir. Cogu antibiyotige direncli olmasina ragmen en sik kinolonlara direng
gosterir [4-7]. Kinolonlar DNA giraz ve topoizomeraz IV enzim aktivitesini engelleyerek ¢alisir. Bu iki
enzim tip Il topoizomeraz olarak adlandirilir ve kromozom siipersarmalini kontrol eder. Kinolon grubu
antibiyotikler DNA ipliginin tekrar baglanmasini engelleyip hiicre boliinmesini durdururarak etki eder
[8]. DNA giraz ve topoizomeraz IV’i kodlayan genlerde olusan mutasyonlar kinolon grubu
antibiyotiklere kars1 diren¢ gelismesine sebep olur. Ozellikle DNA giraz alt birimi A (gyr A) ve
topoizomeraz IV alt birimi C (par C) genlerinde meydana gelen mutasyonlar ila¢ hedef bolgesindeki
degisiklikleri sebebiyle kinolon direnci ile iligkilendirilir [9]. A baumannii'de siprofloksasin ve
nalidiksik aside kars1 direng, gyrA ve parC'nin kinolon direncini belirleyen bolgelerindeki koromozom
direnci ile meydana gelir. gyrA ve gyrB tarafindan kodlanan DNA giraz, parC ve parE tarafindan
kodlanan topoizomeraz IV’da meydana gelen hedef enzimindeki degisiklige sebep olan mutasyon en
yaygin gozlemlenen ilaca direng mutasyonudur. GyrA'daki tek amino asit degisikligi (Ser83Leu),
siprofloksasin ve nalidiksik aside karsi yiliksek diizeyde direncle iliskilidir. ParC'de ¢ogunlukla
Ser80Leu olmak tizere ek bir amino asit degisikligi, A. baumannii'de daha yiiksek direngle iliskilidir
[10].

Bu ¢alismamizda A. baumannii DNA Gyrase direng genleri olan gyrA, gyrB ve parC’de meydana
gelen mutasyonlarin neden oldugu ilag direncinin Real Time polimeraz zincir reaksiyonu (RT-PCR)
yontemiyle arastirilmasin1 amaglanmastir.

GEREC VE YONTEM

Calismada kullanilan 73 adet A. baumannii direngli klinik izolati, Trakya Universitesi Saglik
Aragtirma ve Uygulama Merkez Mikrobiyoloji Laboratuvari’ndan temin edildi. Bu kiiltiir 6rnekleri
farkli klinik 6rneklerden izole edildi ve merkezi Mikrobiyoloji Laboratuvari’nda otomatize sistem ile
tanimlamas yapildi. izolatlar ¢alismaya alinmadan énce API20E (Biomerieux) identifikasyonu Kiti
kullanilarak identifikasyonu dogrulandi. Daha sonra DNA izolasyonu gerceklestirildi. Tablo 1’de
belirtildigi tizere, izolasyonu gergeklestirilen 6rneklerde uygun primerler kullanilarak DNA giraz
direncini kodlayan gyrA, gyrB ve parC gen bolgeleri amplifiye edildi.

Tablo 1. RT-PCR’de kullanilan gen bélgelerine ait primer dizileri

Gen bolgesi Primer dizisi
Forward Reverse
gyrA 5’-AAATCTGCCCGTGTCGTTGGT-3’ 5’-GCCATACCTACGGCGATACC-3
gyrB 5’-CGTGCGCGCTTTGATAAAAT-3’ 5’-ACAGTTACACGTGGCCAGTA-3’
parC 5’-ATGAGCGAGCTAGGCTTAAA -3' 5’-TTAAGTTGTCCTTGCCATTCA-3'
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Cihazda optimizasyon su sekilde ayarlanmustir:

e 1 dongii 5 dk - 95 °C,

e 45 dongii 10 sn - 95 °C,

¢ 10 sn - 55°C,

e 20 sn - 72°C.

Sadece hedef bolgenin ¢ogaltildigini belirlemek ve HRM analizi i¢in, RT-PCR sirasinda 65°C-
95°C arasinda 0.2 sn rampa hiz ile erime egrisi analizi yapildi. Biospeedy HRM Analyzer (Bioeksen,
Tiirkiye) yazilimi ile, erime egrisi verileri degerlendirildi. HRM analiz yontemi, RT-PCR ile farkli
kiiltiirlerden gogaltilan gen dizilerini DNA dizilimlerine gore gruplandirma yaptigi i¢in tercih edildi.
Dolayisiyla HRM analizinden yararlanilarak parC, gyrA ve gyrB genlerinin RT-PCR’da ¢ogaltilan
bolgeleri DNA dizilerine gore gruplandirildi. Yapilan analiz sonucunda ise A. baumannii kiiltiirleri
farkli HRM profillerine gore P1, P2, P3, GA1, GA2, GA3, GB1 ve GB2 olarak gruplara ayrildi. Ayrilan
gruplardan her bir gen bolgesi i¢in iki adet 6rnek alindi ve sekans analizi yapildi. Alinan
orneklerin gen bankasinda en ¢ok benzer oldugu DNA dizilimlerinin verileri ise Tablo 2’de verildigi
gibi sonuglandi.

Tablo 2. Farkli genotiplerin DNA dizilimlerinin BLAST analizi sonuglari

Gen bankasinda en ¢ok benzedigi DNA dizisi
Gen Genotip Numarasi Benzerlik yiizdesi (%)
GAl EU886740.1 100
GA2 DQ270238.1 99
gyrA GA3 AY596923.1 100
P1 CP010779.1 98
P2 CP010779.1 97
parC P3 CP007549.3 97
GB1 CP000863.1 100
gyrB GB2 AP014649.1 99

Dizi analizleri, ABI prism Big Dye Terminator Cycle Sequencing Ready Reaction Kit
kullanilarak Sanger yontemiyle, ABI Prism 377 DNA Sequencer’da belirlendi [11]. Dizi analizi iki
yoOnlii uygulandi ve ulagilan diziler 4peaks yazilimi kullanilarak degerlendirildi. NCBI BLAST programi
vasitasiyla, dizilerin DNA Data bankasinda en ¢ok benzer oldugu dizilerin yiizdelikleri belirlendi
[12,13]. Son olarak, Clustal W2 ile elde edilen dizilerdeki parC (S80L, S80W ve S84K), gyrA (S83L),
ve gyrB (E479D, D644Y ve A677V) mutasyonlar1 karsilastirmali olarak incelendi [14].

SONUC VE TARTISMA

Sekil 1’de RT-PCR uygulanan genlerin erime ve ¢ogalma egrileri verilmistir. Negatif kontrol
orneklerde ¢ogalma tespit edilmemistir. RT-PCR sonuglarinda, Ct sonuglarimin 30 altinda olmasi ve
Tm sonuglarmnin ise sabit olmasi uygun genlerin dogru ¢ogaldiginin gostergesidir.

Farkli kiiltiirlerden elde edilen genlerin DNA dizilimine gore gruplandirmasit HRM analizi ile
yapilmistir. RT-PCR ile ¢ogaltilan DNA iiriinleri HRM profilleri Sekil 2°de verilmistir. Tablo 3’te ise
HRM gruplandirmasi verilmistir.

HRM gruplarina gore olusan iki adet 6rnegin DNA dizisi ¢ikarilmistir. DNA dizileri her bir grup
icin aynt DNA dizilimini gostermistir.

Elde edilen dizilerde parC S80(TCG)nin L80O(TTG) veya WS80(TGG) mutasyonu,
E84(GAA)’nin K84(AAA) mutasyonu; gyrA S83(TCA)’in L83 (TTA) mutasyonu; ve gyrB
E479(GAA)’ nin D479(GAT) mutasyonu, D644(GAT) nin Y644(TAT) mutasyonu, A677(GCG)’nin
V677(GTG) mutasyonu belirlenmeye ¢alisilmigtir. Bu ¢alismada elde edilen DNA dizileri ile mutasyon
icermeyen referans diziler Clustal W2 programi ile karsilastirilmis boylece hangi dizilerin mutasyon
icerdigi tespit edilmistir. parC igin referans dizi gen bankasi ulasim numarast HM570038.1, gyrA i¢in
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referans dizi gen bankasi ulagim numaras1 DQ270238.1 ve gyrB i¢in referans dizi gen bankasi ulasim
numarasi CU468230.2°dir. DNA karsilastirmalar1 ve referans gen dizilimleri Sekil 3, Sekil 4 ve Sekil
5’te verilmistir. Sar1 ile isaretlenmis bolgeler, DNA dizilimleri {izerinde analiz edilecek mutasyon
noktalar olarak belirtilmistir. Sekillerdeki verilere gore, GA2, GA1, ve GA3 genotipinin her tiglinde de
S83 (TCA)’in L83 (TTA) mutasyonu tespit edilmis iken parC ve gyrB genotiplerinde mutasyon
gozlemlenmemistir.

Amplification Melt Peak
v 2200
26 +
50C
20 4
%008
[ (=
L 00
: :
o« o0
g 10 4 -1
2000 3
s 4
200
ot - d . i S o4 . > 4
(a o 10 20 30 40 b P -: ™ ) s B P
Cycles ( )
el Temperature, Celsius
Melt Peak
-
-~ 200
5000
15 ]
o I
by o0
e 3
o & 300 4
= v
2000
s J
1000
¢
R - : H i o b ™ L4 L ;t “
(c) ° © x = = (d) Temperature, Celsius
Cycles
Melt Peak
00C
W ecrrecervsntrssvsssssossvsvsavvensoy e o e vun e el 2000 4
T e L D e 0 4
8000 3
B WIS ieiveivesTaesionsnnesies -
g 2 sxe
=
e L P v & 00
2 v
e 3000
...................
200 4
BXiccencacnssnnan 200 4
]
+ + + + +
(e) ° ° 20 20 @ °
Cyol (t) Temperature, Celsius
ycles

Sekil 1. RT-PCR ¢ogalma (g, c, €) ve erime (b, d, f) egrileri; (a-b): gyrA hedefli, (c-d): gyrB hedefli,
(e-f): parC hedefli

2009 yilinda Wang-Huei Sheng ve ark. tarafindan, Tayvan Taipei hastanesinde 2005-2006 yillar
arasinda 82 adet izole edilen A. baumannii iizerinde c¢alisma yapilmustir. Siprofloksasin duyarlilik
testleri sonucunda ise, 49 adet A. baumannii izolatinin gyrA geninde Leu83 (TTA) mutasyonuna
rastlanmistir.  Ser83 (TCA)-Leu83 (TTA) mutasyonunu siprofiloksisine karsi direng gelisimini
destekledigi seklinde degerlendirilmistir. Caligmamizdaki S83 (TCA)-L83 (TTA) mutasyonu ile Wang-
Huei Sheng ve ark. tarafindan yapilan ¢alisma ile uyumludur [15].

Mohamed Elshahat ve ark. 2021 yilinda Al-Azhar Universitesinden 100 A. baumannii izolat:
tizerinde ¢alismistir. Calismada gyrA, gyrB, parC ve parE alt birimlerini kodlayan genlerdeki mutasyonu
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saptanmistir. Sonucunda ise florokinolonlara direngli A. baumannii'de en sik gyrA ve parC mutasyonlari
tespit edilmistir. Bu sonuglar bizim ¢aligmamizdaki gyrA mutasyonu ile ortiismektedir [16].
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Sekil 2. RT-PCR amplikonlarindan elde edilen HRM profilleri

Tablo 3. RT-PCR amplikonlarindan elde edilen HRM profillerine gére gruplandirma

Genotip Grubu Numune No

GAl | 3,4,6,7,8,9,10,11,12,13,14,15,17,18,19,20,21,22,23,24,25,26,28,29,30,31,32,33,34,35,3

6,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,58,59,61,62,75,76,77,7

gyrA 8,79,81,82,84,86,87,88.

GA2 5,57,60,80,85.

GA3 1,2

GBl1 | 1,2,3,45,6,7,8,9,10,11,12,13,14,15,17,18,19,20,21,22,23,24,25,26,28,29,31,32,33,34,3
gyrB 5,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,58,59,61,62,75,76,7

7,78,79,80,81,82,84,85,86,87,88.

GB2 30,57,60.

P1 1,2,3,4,6,7,8,9,10,11,14,15,17,18,19,20,21,22,24,25,26,28,29,30,31,32,33,34,35,36,37,
parC 38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,75,76,77,

78,79,81,82,84,85,86,87,88.
P2 12,13,23.
P3 5,80.
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GRE olloe ] 20 B ~TATCACCCGCATGGTGACTTAGCT 24
DQ270238.1 AR A TCTGCCCGT eI CST TGGTGACGTAATCGETAAATATCACCCGCATGETGACTCAGTT €0
GAY = e e — CGCATGETGACTTAGTT 17
ca3 AR A TCTGCCCGTI I CEITEEIGACGTAATCGETARATATCACCCGCATGETGACT TAGTT €0
sasazasiasas aasa
caz ST IATGAAACCATTGITCGTATGECTICAAGACT I TAGCITACSITATITATIGSITGRAT 84
DQ270238.12 SITTATGARACCATTGITCGTATGGCTICARGACTITTAGCITACGTITATITATIGETIGAT 120
Gaa ST TATGARACCATTGITCGTATGGCICAAGACT ITAGCTTACGTITATTITATIGESITGRT 77
SA3 ST TATGARACCATTGITCGTATGGCTICAAGACT T TAGCITACGTITATITATIGETTIGAT 120
i iiasasssssssssdissdsdsdddssddsddddddddsssssssddassdssacsan
caz GGTCAGGETAACTICGGTICGAT CEATGETGATAGCECTGCGGCAATGTIGITATACCGRA 1494
DQ270238.1 SETCAGGSIAACTICGGIICEAT CEATEST GATAGCSCIGCGECAATSISTITATACCSERA 180
SRa GGTCAGGGIAACTICGSIICGAT CGATGETGATAGCECIGCGGCAATGCOSITATACTGRA 137
caz SeTCAGGGTAACTICGETITCEAT CEATGECERTAGCECCECGECAATGOESTTATACTGRR 180
S A A AAAAAAAAAAAAAAAAAAAAsdda AAAAddsd Addddddda dsdddsdssan
saz ST COSTATGAATAAGCTIGGCACATGAGCITCITGCAGATITAGARRARGACACASTTIGAS 204
DQZ270238.1 ST CCSTATGACTAAGCTIGECACATGAGCITCITGCAGATITAGARRRAAGACACAGTTIGAT 240
S X1 STCCSTATGACTAAGCTIGECACATGAGCTITCITCCAGATITAGARRAAAGACACASTTGAC 197
ca3 ST CCSTATGACTAAGCTIGECACATGAGCITCITGCAGATITAGARARAGRCACASTTGAT 240
Aaiiaiadss Asssddadddcsssddisddsddddddddsdaddsdddsdddadsdsnss
caz I SGERAGAT AACTACGACSGT TCGGARCGTATCCCTGAAGIACTITCCGACACSTGTITCODA 264
DQ270238.1 I GG AGAT AACTACGACGETI TCGGAACGT AT COCTGAAGTACTTCCGACACETGTTCCA 300
cxa T oG AGAT AACTACCACSSI TCGGAACGTATCCCTGAAGTACTTCCGACACGTSTITOCA 257
Sas TeGEAAGAT ARCTACGACSGT TCGGARCGTATCCCTGAAGTACTTICCGACACSTGTITOTA 300
L T T L L L L LT L Tl
saz AACTIGITAATTAACGEIGCIGCIGETATCSC —————————— zse
DQ270238.2 AACTTGTITRAATTAACGGETGCIGCTIGGTATCGCCSTAGGTATGES 344
Gal AACTITGITAATTAACGGIGCIGCIGGTATCEC—————————— 289
sa3 AR CTTGITAATCAACGETECISCSEETATCSCCGTASGT ———— 2339
assisssssss sssssssssss assssssa

Sekil 3. gyrA DNA dizilimi karsilastiriimast

P23 ATGAGCGAGCTAGGCITAARAAGCACTGCCAAGCCARARA A A ATCACGCECGTACAGIGGET €0
P2 ATGAGCGAGCTAGGCITAARAAGCACTGECAAGCCAARA AR ATCAGCECGTACAGTIGGEET €0
Pl ATGAGCGAGCTAGGCTITAAAAAGCACTGCCAAGCCAARA A A ATCAGCECGTACAGTIGGGET €0
H4S570038.1 ATGAGCGAGCTAGGCITAAAAAGCACSTGCCAAGCCAARA A A ATCAGCSCGTACAGTIGGSGT €0

N T T T T T T T T T T T T T T T T I T T T T T T T T T T T T YT

3 GAIGTACTITGCTAAATACCACCCACATGCIGACTATCGCATGCTITATGAAGCCATGGTACTC 120
P2 GCAIGITACTITGCIAAATACCACCCACATGCIGACTATGCATCTITATGAAGCCATGETICCTIC 120
Pl GATGTACTITGGCIARAATACCACCCACATGCIGACTATGCATGTTATGAAGCCATGGTACTC 120
HMS70038.1 GCATGTACTITGCIAAATACCACCCACATGOIGACTATCGCATGCTTATGAAGCCATGGTACTC 120

A A A A ddAsai i A sas A aaAsiaArsiariAssrirAlslrlslAALAALALAALAALAALALALALALAALL aaa

23 ACSGCTITCGACATTTAGTTACCGCTATCCITTAAT CCAAGCTCAGGCEGAACTGGGSEITCA 180

2z ACGGCITAGCATTTACTTACCGCTATCCOITTARI CCATGCTCAGGCEGAACTGGEEITCA 180

Pl ATGGCTICAGACATTTIAGCTITACCGCTATCOTTAAT CGAAGGTCAGGCGAACTIGGGGITCA 180

HMS70038.1 ATGGCTICAGCATTTAGTITACCGCTATCCOITTANITGAAGGTCAGGGGAACTGGGECTICA 180
R - . R

23 CRAGATGATCCIAAATCITIIGCIGCGATGOGTTATACCGAAGCCARACTTITCGGCITAT 240

P2 CRAGATGATCCTIAAATCTIITIGCIGCGATGCGTTATACCGAAGCCARACTITTCGGCITAT 240

Pl CAGATGATCCTAAATCITTIGCTCCGATGCCTTATACCGAAGCCAAACTCTCGGCITAT 240

HMS70038.1 CCTGATGATCCTAAATCTITTIIGCTICCGATGCGTTATACCGAAGCAA2ACTCTCGGLTITAT 240
A4 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAALAAALAAAA AArsa arrarsaaaa

P3 AGTGANTTATIGCTIGAGCGAATTAGCTCAGGGCACTAGIGAATGCGCAAGACAAC 294

P2 AGTGAXNITATIGCTIGACGCGAATTAGCTCACGGGCACTAGTIGAATGEGCAGGACAAC 254

Pl AGCTGANITATIGCIGACGCGAATTAGCTCAGGGCACTAGIGAATGGCAGGACAALC 294

HMS70038.1 AGTGAXNITATTIGCTIGACGCGAATTAGCTCAGGCGCACTAGIGAATGGCAAGACAAC 294

A A A AA A s s aAaasaisissrslsisslrliilsrilririlrlrlrarsrsssrssrsssrass aasraaa

Sekil 4. parC DNA dizilimi karsilastiriimasi

Choong Ki Hong ve ark. 2017-2019 yillar1 arasinda 98 A. baumannii izolat: ile ¢alismistir.
Yapilan calismada gyrA ve ParC sekans analizine bakilmistir. A. baumannii 'nin 50 susunun tamaminda
gyrA dizisinde Ser83 (TCA)’iin Leu83 (TTA)’ye yer degistirdigi sonucuna varilmig, 43 susta parC
dizisinde Ser80 (TCG)’iin Leu (TTGQG) ile yer degistirdigi sonucuna ulagilmistir. Bizim ¢alismamizda
gyrA dizisinde Ser83 (TCA)’tin Leu83 (TTA)’ye yer degistirdigi sonucuyla ortiismekte fakat calismada
bulunan parC mutasyonu bizim ¢alismamizla ortiismemektedir [17].

Enas A. Tantawy ve ark. 2020 yilinda yaptig1 calismada 106 yogun bakim hastasindan izole
edilen A. baumannii izolati tizerinde ¢alismistir. Yapilan ¢alismada gyrA ve parC mutasyonlarini
taramis ve her iki gen bolgesinde de tiim kiiltirlerde gyrA dizisinde Ser83 (TCA) - Leu83 (TTA), parC
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dizisinde ise Ser80 (TCG) - Leu (TTG) mutasyonuna rastlamigtir. Bizim ¢aligmamizda S83 (TCA)’in
L83 (TTA) mutasyonu belirlenmistir. Yapilan ¢alisma gyrA dizisinde Ser83 (TCA) - Leu83 (TTA)
mutasyonu ile 6rtiigmekte fakat parC mutasyonu sonucumuz ortiismemektedir [18].

T I I T T T T T T T T T TS T T T """ """ """ """ T"“''T™

GB1 ITCCETCAAATGCCGCGAGITGGOIGGAACGTIGETCATATTTATATIGCACAGCCACCITIC 2490

GBZ2 IO TICAA AT GO GGAGITGOIGGARCGTIGEGTCATATTTATATIGCACAGCCALCCTITIICG 240

CU4€8230.2 r‘rcc;'rM'rm&ﬂ*xrsﬂrﬁhﬁ.’rs@ruﬂmramaxc&"'r‘n'o 240
ALLsLsssssssssssssrsssnna sdsssssrssssa “Lssssssssssssssssnaa ana

GBl TATAAGCTCAA A A AGCTAAGCGCAAGACGCAATATATTAA AGATAACCGACGCATTAGAARTT 300

GB2 TATRAGCTICAA A A2 2 GCTAAGCGCARAGACCAATATATTAAAGATAACGACGCATTAGAARLT 300

CU4€8230.2 TATAAGCTICAAA AR AGCTAAGCGCAAGACGCAATATATTAAAGATAACCGATGCCATTAGAARLT 300
A LA AL A AL AL A A A AL A A AL A A A AL A A AL ALALAALMLALALMALALAAAL Ahsrsdasssaas

GBl TACTTIGATITCAAATGCCAGATTGATGACGCTITEITTATATAITAGCGIGCTGATGCOGCCTIGCA 360

GBZ2 TACITIGATITCAAATGCARATTGATGAGCITITTACATAITAGIGCTGATGCOGCCTIGCA 360

CU4€8230.2 TACTIGATITCAAATGCGATTGATGAGCTITITTACATAITAGIGCTIGATGOGCCTIGCA 360
e e A A A A A AL A A A A ALt lAAtlLlAtlldAdds Ahdbdddscccddccccacrccaan

GBl1 ATTACAGGCIGAAGCGCTGCGECAAAACTAATTCAAGACTATCAAGTITTCACRAAAGAGCTITA 420

GEBEZ ATTACAGGIGAAGCGCIGEGCAAAAGTAATTCRAAGACTATCRAGITICACRAAAGAGCTITA 420

CU4€8230.2 ATTACAGGIGAAGCGCIGGCAAAAGTAATTCAAGACTATCRAAGITICACRAAAGAGCTITA 420
A A At A A A LA s cL At A s A b ALt Ac Al d LA db s bbb AL ddcccdccccdscccsn

GB1 CAACGCTTAACGTITACGCGITATCCAGCAAGCTITACITCGATCCATTACTCGAAGTCGACGCA 480

GB2 CAACECTTAACGITACGITATCCAGCAAGCTITACTGGATCCATTACTCEAGTAGATGCA 480

CU4€8230.2 CAACCCTTAACGTITACCGTTATCCAGCAAGCTITACTCCATECATTACTCGRAGTCGACGCA 4980
....... A A AR AL A AL AA AL AALLALLALALALLALAAsr AL AL LA ALALLdrscs A aaa

GBl ITTTAAAGCAGATCGA A A ACCATGATCAARGCTTATCTACAACAATGCGGCGGATCAAGTACET 5490

GBZ2 ITITAAACCAGATCRA A ACCATARATCAAGCTITATGCTCCAGCAATGCGCGGATCARGTACET 5S40

CU<€8230.2 mmsaghrm&rmrmramumrsmmrmam sS40
B . ALLLALALLALLALALALL 4L AALAALALA Adsscsrscsans

GBl GCAASCTGCTACAAARGACTACAGCCAAGITITIGCECCCTIGAANTITACKTITGRRAACAITTGAR €00

GEZ GCAACTGCTACAAACACTACAGCCAAGITITGCECCCIGAA T TACKTITGRRAACAITTGRA €00

CU4€8230.2 GAAGCIGIAGAGAAGTITGCAACCAAGCITACGESTICCGGAAN T TACKTITGAAACATITTGAA €00
sAssssssss & & A AL LALALL Ls LA AL AsLdALLArrsbsrsssrssssssan

GB1 CECRAGCGAATIGCTCAAGCGCEAGAAAT CICGCCCATTACTGGCCACGIGTAACTGT €523

GBZ CCGCERAGAAIGCTCAAGGCGAGAAAT CIGCCGCATTACIGGCCACGIGTAALTGT €53

CU4€8230.2 CeTRAGAANTIGCTCAAGGCGAGAAAT CIGCCCATTACTIGGCCACGIGTAATTIGT €53

Al AR A A AA AR AAAAAAAAAAAAALLAALAAAALArsslrrsslrsrscsssns

Sekil 5. gyrB DNA dizilimi karsilastirilmasi

Park ve ark. 56 adet farkli A. baumannii izolatinda parC (S80L, S80W, S84K), gyrA (S83L) ve
gyrB (E479D, D644Y, A677V) mutasyonlarini arastirmistir. Calismada bulunan gyrA (S83L)
mutasyonu bizim ¢alismamizla uyumludur [9].

Marich Amilia Rizka ve ark. 2014 yilinda yaptiklar1 ¢alismada 7 A. baumannii klinik izolatt
iizerinde gyrB mutasyonu arastirilmistir. Sonuglarma goére 7 izolattan 5 tanesinde tek nokta
mutasyonuna rastlanmis ve gyrB geninde meydana gelen mutasyon nedeniyle siprofiloksasine direngli
oldugu sonucuna varilmistir. Bizim ¢aligmamizda ise gyrB gen bolgesinde mutasyona rastlanmamigtir
[19].

Cheng-Hsun Chiu ve ark. ¢aligmalaria 35 adet A. baumannii izolat1 dahil etmistir. parC ve gyrA
gen mutasyonlarmin disa atim pompasi gen ekspresyonuyla (AdeB) iliskisi incelenmis olup parC (SSOL,
L59G) ve gyrA (S83L) mutasyonlar1 belirlenmistir. Mutasyonlu gene sahip kiiltiirlerde siprofloksasin
direnci gozlemlenmistir. Meydana gelen mutasyonlarin siprofiloksasine direng gelisimine katki
sagladig1 sonucuna ulasilmustir. izolatlarm tamaminda parC (S80L) mutasyonu saptanmustir. 13 adet
direngli izolatin, 9 tanesinde parC (L59G) mutasyonu ve 11 tanesinde gyrA (S83L) mutasyonu
saptanmustir. parC (S80L) mutasyonu sonucunda, A. baumannii direncinin gelistigi belirlenmistir.
Caligmamizdaki gyrA (S83L) mutasyonu ile sonuglar uyusmakta fakat parC mutasyon sonucu ile
uyusmamaktadir [20].

Ahmed Hamouda ve ark. tarafindan yapilan ¢alismada iskocya’da builunan 5 hastaneden 9 adet
A. baumannii direngli izolatta parC ve gyrA gen mutasyonlarinin siprofloksasin direncine sebep olup
olmadig1 aragtirilmigtir. 9 adet direngli izolatin tamaminda gyrA geninde mutasyon tespit edilmis fakat
yalnizca 2 &rekte parC geninde mutasyon saptanmustir. Yani Iki kiiltiirde iki gen bolgesinde de
mutasyon saptanmustir. Her iki gen bdlgesinde mutasyon saptanan izolatlarin ayni zamanda MIK
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degerleri de yiiksek bulunmustur. Bu sebeple gyrA ve parC’de meydana gelen mutasyonlarin
siprofiloksasin direncine sebep oldugu sonucuna ulasilmistir. Bu ¢alismadaki sonuglara gore, bizim
calismamizda sadece gyrA geninde meydana gelen mutasyon sonucu ile uyumludur [21].

2005 yilinda Jeom Kyu Lee ve ark., Kore’de farkli hastanelerden toplanan 59 adet A. baumannii’
izolat1 iizerinde ¢alismustir. Siprofloksasin direnci ile gyrA-parC genlerinin mutasyonlar1 arasindaki
iliskiyi arastirnlmistir. gyrA genindeki (S83L) mutasyonu ve parC geninde S80L mutasyonu
siprofloksasin direnci ile iliskilendirilmistir. Bizim c¢alismamizda gyrA (S83L) mutasyonu ile
ortlismektedir fakat parC mutasyonu ile ortiismemektedir [22].

Bu sonuglar gbz o6niinde bulundurarak yapilan ¢alismalarda yalnizca gyrA (S83L) gen bolgesinde
meydana gelen mutasyon ile elde ettigimiz sonuglar ortiismektedir.

Calismamizda 73 A. baumannii direngli klinik izolat1 kullanildi. Bu kiiltiirlere DNA izolasyonu
yapildi ve Real Time PCR uygulanarak gyrA, gyrB ve parC mutasyonu HRM analizi vasitasiyla gruplara
ayrildi. Ayrilan gruplardan her bir gen bdlgesi icin iki adet drnek alindi. Sekans analizi uygulandi ve
sonucunda biitiin izolatlarda gyrA (S83L) gen bdlgesinde mutasyon saptandi fakat gyrB ve parC gen
bolgelerinde mutasyona rastlanmadi. Bu sebeple elde edilen bulgular dogrultusunda belirledigimiz
hipotezin dogru oldugu sonucuna ulagilabilir. Bu sonuglar dogrultusunda ¢aligmamizda, siprofiloksasin
direnci gyrA (S83L) gen bélgesinde meydana gelen mutasyon ile iligkilendirilmistir.
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ECZANE VE AKTARLARDA SATILAN BAZI SUSAM YAGI
ORNEKLERI UZERINDE KALITE KONTROL
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QUALITY CONTROL STUDIES ON SOME SESAME OIL SAMPLES SOLD IN
PHARMACIES AND HERBALISTS
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Amag: Sabit yaglar; dogal kaynaklardan elde edilen ve viicutta dahilen ve haricen ¢esitli fizyolojik
etkilere sebep olan karisumlardir. Sabit yaglar elde edildigi bitkiye bagl olarak serbest yag asitleri,
bunlarin gliserol esterlerini, aromatik bilesikler, fenolik bilesikier, fitosteroller ve vitaminler gibi
bilesenleri igerirler. Piyasada satilan sabit yaglarin kaynagina ve kalitesine dair dogru bilgiye
ulasmak her zaman miimkiin olmamaktadir. Fitoterapide terapitik ajan olarak ve aromaterapide
taswict yag olarak, farmakope kalitesinde olan sabit yaglar tercih edilmelidir. Sabit yaglardan biri
olan susam yag fitoterapide dahilen kabizlik, ozellikle de diskezi tedavisinde kullanilirken, haricen
romatizmal agrilarda masaj yagi olarak ve Cilt Kuruluguna bagl rahatsizliklarda yumusatici olarak
kullanilmaktadwr. Bu ¢alismamizda etkileri ve fitoterapide kullanimlarindan yola ¢ikalarak, eczane
ve aktarlarda satilan bazi susam yagr orneklerinin Tiirk Farmakopesi 2017 ’ye uygunlugunun
degerlendirilmesi hedeflenmistir.

Gere¢ ve Yontem: Bu ¢alismada eczane ve aktarlarda satilan 6 farkl ticari susam yag érnegi
tizerinde Tiirk Farmakopesi 2017 de susam yagi i¢in belirtilen; genel ézelliklerden, asit degeri,
peroksit sayisi, % sabunlagsmayan madde miktari, bagil yogunluk ve kurilum imleci tayinleri
yapilmustir. Calismamizda ayrica yagin i¢indeki alkali safsizliklar ve yabanci yag olarak pamuk
tohumu yagi1 arama testleri yiiriitiilmiigtiir. Bunun yanminda susam yagi ornekleri ile farkli yag
ornekleri ince tabaka kromatografisi (ITK) yontemiyle karsilastirilmistir.

Sonu¢ ve Tartisma: Piyasadan temin edilen numunelerle yapilan farmakope analizleri sonucunda
elde edilen veriler 151ginda; analizi yapilan susam yagi orneklerinden 2 tanesinin farmakopede
belirtilen biitiin kalite degerlerine uydugu goriilmektedir. Hi¢bir yag drneginde alkali safsizlik ve
pamuk tohumu yagi tespit edilmemistir. ITK ile yapilan ¢calismada bir susam yagi 6rneginin farkl
bir yag ile karigtirilmis olabilecegi sonucuna varimistir. Ornek olarak temin edilip ¢alisilan susam
yaglarimin yapilan farmakope analizleri sonuglari, piyasadaki pek ¢ok susam yagmn farmakope
kalitesinde olmadigini ortaya konmusgtur.

Anahtar Kelimeler: Farmakope analizi, fitoterapi, sabit yag, Tiirk Farmakopesi

ABSTRACT

Obijective: “Fixed oils; are mixtures obtained from natural sources and cause various physiological
effects internally and externally in the body. Depending on the plant from which they are obtained,
fixed oils contain substances such as free fatty acids, their glycerol esters, aromatic compounds,
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phenolic compounds, phytosterols, and vitamins. It is not always possible to obtain accurate
information about the source and quality of fixed oils sold in the market. Fixed oils of
pharmacopoeial quality should be preferred as therapeutic agents in phytotherapy and as carrier
oils in aromatherapy. Sesame oil, one of these fixed oils, is used internally in phytotherapy to treat
constipation, especially dyschezia, while externally it is used as a massage oil in rheumatic pain and
as an emollient in dry skin diseases. Due to these activities and its use in phytotherapy; it is aimed
to evaluate the compliance of some sesame oil samples sold in pharmacies and herbalists with the
Turkish Pharmacopoeia 2017.

Material and Method: In this study, on 6 different commercial sesame oil samples sold in
pharmacies and herbalists, acidity, peroxide number, unsaponifiable substance values, relative
density and refractive index determinations were made. Alkaline impurities and cottonseed oil
search tests as foreign oil were also carried out which are amongst the Turkish Pharmacopoeia
2017 monograph on sesame oil in our study. In addition, sesame oil samples were compared with
different oil samples using the Thin Layer Chromatography (TLC) method

Result and Discussion: According to the data obtained as a result of pharmacopoeia analyzes
carried out on samples; It was recorded that 2 of the analyzed sesame oil samples comply with all
quality values specified in the pharmacopoeia. No alkaline impurities and cottonseed oil were
detected in any oil samples. In the study, conducted using TLC, it was concluded that one oil sample
may have been adulterated with a different oil. As an example, the results of the pharmacopoeial
analysis of the sesame oils have revealed that many sesame oils available in the market are not of
pharmacopoeial quality.

Keywords: Fixed oil, pharmacopoeia analysis, phytotherapy, Turkish Pharmacopoeia

GIRIS

Susam (Sesamum indicum L.), Pedaliaceae familyasina ait bir bitki olup, diinyada kiiltiirii yapilan
en eski ve en 6nemli yag bitkilerindendir. Yag icerigi bakimindan zengin tohumlarinin iiretimi igin
yetistirilir. Susam kosullara bagh olarak yaklagik 0.5 ila 2.5 m boyunda biiyiir [1]. Cok ¢igekli bir bitki
olup, meyvesi bir dizi kiigiik yagli tohum igeren bir kapsiildiir. Susam tohumlari ¢ok kiigiiktiir ve 4 mm
uzunlugunda 2 mm genisliginde ve 1 mm kalmligindadir. Inci seklinde, oval, kiigiik, hafifce
diizlestirilmis ve hilumda biraz daha incedir. ilkbaharda ekilen tohumlarla ¢ogaltilir ve tohumlarin
tamamen olgunlasmasi yaklasik dort ay siirer [2]. Tohumlar, krem-beyaz ile komiir-siyah arasinda gesitli
renklerde olabilir. Susam tohumunun yag igerigi susamin g¢esidine gore % 28 ile % 59 arasinda
degisebilir [3]. Susam tohumlar1 yaklasik % 20 protein igerir. Susam yagi gama tokoferol igerigi
bakimindan zengindir [4]. Yagda eriyebilen en giiclii dogal antioksidanlar olan tokoferoller, hem yagmn
vitamin E olarak besleme degerini hem de yagm igerdigi lignan yapili bilesiklerden sesamin ve
sesamolin gibi antioksidan degerini artirmaktadir [5]. Susam yag1; % 35.9-42.3 oleik asit, % 41.5-47.9
linoleik asit, % 7.9-10.2 palmitik asit, % 4.8-6.1 stearik asit, % 0.3-0.4 linolenik asit ve % 0.3-0.6
arasidik asit yag asitlerini igerir [6]. Ayrica susam yagi kalsiyum, magnezyum, fosfor, potasyum, demir,
sodyum, karoten, niasin, vitamin B1 ve vitamin B2 igerir [7]. Yagl tohumlardan geleneksel olarak yag
elde edilmesinde, soguk pres veya ¢oziicii ekstraksiyonu yontemleri kullanilir. Ekstraksiyon yonteminin
amaci, yag kalitesinin korunmasi ile yag verimini optimize etmektir. Ekstraksiyondan dnce bazi 6n
islemler uygulanir. Coziicii ekstraksiyonu preslemeden daha avantajli gibi goriinse de tiiketici daha
saglikli oldugu i¢in son donemlerde islenmemis yani soguk pres yontemiyle elde edilmis yaglar1 daha
cok talep etmektedir [8].

Diinya susam yagi iiretimi i¢in yapilan siralamada ilk siray1 Cin ve Myanmar paylagmaktadir.
Bunlar izleyen Tanzanya, Hindistan, Sudan, Japonya ve Mozambik’ten sonra, Tiirkiye susam yag1
tiretiminde diinyada 8. sirada yer almaktadir [9]. Susam tariminin gelismesini engelleyen en dnemli
faktor diigilk tohum verimidir. Diinyada 6.5 milyon gibi genis bir alanda susam iiretilmekle birlikte,
tohum veriminin diisiik olmas1 nedeniyle (ortalama 48.1 kg/da) iiretim 3.2 milyon ton gibi diisiik bir
seviyede kalmaktadir. Ozellikle, makinali hasada uygun ve kapsiillerini ¢atlatmayan (indehiscens tipi)
yiiksek verimli gesitlerin yetersiz ve mevcutlarin adaptasyon alanlarinin dar olusu susam tariminin
diinyada istenilen diizeyde gelismesini engellemektedir. Bu nedenle de susam tarimi diinyada daha ¢ok
el emeginin ucuz ve isgilicliniin fazla oldugu iilkelerde yapilmaktadir [10]. Ekonomik olarak biiyiik
onemi olan susam yagi, yemeklik olarak kullanildig1 gibi Tiirkiye de dahil bir¢ok iilkede fonksiyonel
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gida olarak da kullanmilmaktadir. Lipofilik ila¢ etken maddeleri oral yoldan alinmiyorsa yagh ¢6zelti
haline enjektabl formda sunulur. Hangi yaglarm kullanilacagi yaglarin termik rezistan Ozelligine
baglidir. Clinkii parenteral olarak kullanilacak yaglar sicak hava sterilizasyonuna tabi tutulmaktadir. Yer
fistig1 yagi, zeytinyagi, hint tohumu yagi1 ve susam yagi bu 6zelliklere sahip oldugundan kullanilirlar.
Bu kullanimlariyla ilgili en somut belirteg asit degeridir. Susam yaginin bu nedenle eczacilikta enjektabl
preparatlarin {iretiminde kullanimi bulunmaktadir. Ozellikle de seksiiel hormonlarin intramiiskiiler
aplikasyon olarak uygulanmasinda tercih edilir. Ayrica goz damlasi, krem, pomatlar yapiminda
kullanim1 mevcuttur [11].

Uzun yillardan beri, Cin ve Japonya’da susam tohumu igeren yiyeceklerin diizenli bir sekilde
yenilmesinin, yaslanma karsiti etkisi olduguna inanilir ve bu nedenle yogun olarak tiiketilir. Son yillarda
bu etki, (SAM kullanilmasi ile) yaslanmasi hizlandirilmis hayvanlar tizerinde yapilan ¢aligmalarda,
susam tohumunda lipid peroksidasyonu gibi yaslanmaya neden olan faktorlerin birikmesini 6nleyen
bilesenler bulundugu bilgisi ile desteklenmistir [12,13]. Fitoterapide, aromaterapide ve kozmetik
sanayinde de susam yagmin g¢esitli kullanim alanlar1 vardir. Susam yaginin halk arasinda dahilen
kabizlik, 6zellikle de diskezi tedavisinde kullanimi mevcutken haricen romatizmal agrilarda masaj
olarak ve cilt kuruluguna bagh rahatsizliklarda yumusatict olarak kullanilmaktadir [14].
Antiaterosklerotik, antihiperlipidemik, antidiyabetik, antibakteriyel etkileri ¢esitli bilimsel ¢alismalar
ile gosterilmistir [15-18]. Son yillarda antikanser, antienflamatuvar, ostrojenik ve biligsel aktivite ile
Alzheimer hastaliginin 6nlenmesi {lizerine etkileri de ortaya konmustur [19-23]. Bu etkilere bagli artan
talebe kars1 Tiirkiye’de eczanelerde, aktar ve marketlerde satisa sunulan susam yagu iiretici firma sayilari
stirekli artmaktadir.

Susam yaginin tasimasi gereken nitelikler Tiirk Farmakopesi 2017°de “Rafine Susam Yagi
Monografi”nda ve Tiirk Gida Kodeksi Bitki Adi ile Anilan Yemeklik Yaglar Tebliginde ve Kodeks
Alimentarius’da “Soguk preslenmis ve natiirel yaglar” boliimiinde yer almaktadir. Kalite kontrollerinde
bu farkli kaynaklardaki temel kriterler birbirine benzemektedir. Tiirkiye’de kullanimi1 ve satig1 bu kadar
artmasina ragmen piyasadaki susam yaglarinin kalite kontrolleri yapilmamaktadir. Saglik alaninda
kullanilan her iiriin gibi susam yaginin da kalitesi faydali bir saglik iiriinii olarak kullanilabilmesi
acgisindan onemlidir.

Aragtirmamizdaki amacimiz eczane ve aktarlarda satilan susam yaglarinin kalite kontrollerini
yapmak ve gereken nitelikleri tasiyip tasimadiklarini incelemektir.

GEREC VE YONTEM

Bu calismada Tablo 1°de kodlar1 belirtilmis Izmir ilinde eczanelerden ve aktarlardan temin edilen
6 farkli markaya ait natiirel ve soguk sikim susam yagi 6rnegi {izerinde kalite kontrol galigmalar1
gergeklestirilmistir. Calisilan tiim ticari susam yagi 6rneklerinin ve standart olarak kullanilan diger tiim
yag omeklerinin iizerinde T.C. Tarim ve Orman Bakanligi isletme Kayit Numarasi yer almaktadr.
Kalite kontrol c¢alismalar1 Ege Universitesi Eczacilik Fakiiltesi Farmakognozi Anabilim Dali
laboratuvarlarinda gerceklestirilmistir. Denemeler {i¢ paralel olarak yiiriitilmiistiir. Reaktiflerin
hazirlanmasinda analitik saflikta kimyasallar, 0.25 mm kalnhkta silikajel 60 HF254
(Merck Art 5715) hazir kromatografi plag: ve distile su kullanilmigtir.

Tablo 1. Arastirma kapsaminda incelenen eczane ve aktardan temin edilen 6rneklerin kodlar

Ornek ismi Kodu
Eczane Sesami Oleum Omegi 1 ES1
Eczane Sesami Oleum Ornegi 2 ES2
Eczane Sesami Oleum Ornegi 3 ES3
Aktar Sesami Oleum Ornegi 1 AS1
Aktar Sesami Oleum Ornegi 2 AS2
Aktar Sesami Oleum Ornegi 3 AS3

Susam yag1 Orneklerinin Tirk Farmakopesi 2017’ye gore asit degeri, peroksit degeri ve
sabunlagmayan madde (%) miktari, bagil yogunluk ve kirtlim imleci degerleri tespit edilmistir.
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Calismamizda ayrica Tilirk Farmakopesi 2017°de yer alan yagin i¢indeki alkali safsizlik ve yabanci yag
olarak pamuk tohumu yag1 arama testleri yapilmistir [24]. Bunun yaninda susam yag1 drnekleri ince
Tabaka Kromatografisi (ITK) yontemiyle farkli yag 6rnekleri ile karsilastirilarak incelenmistir (Sekil 1)

[25].

SONUC VE TARTISMA

Eczane ve aktardan temin edilen 6 yag 6regi iizerinde yapilan kalite kontrolii tayinlerinin sonucu
Tablo 2°de yer almaktadir.

Tablo 2. Incelenen susam yag1 drneklerinin bazi kalite dzellikleri

Ornek Asit degeri Peroksit degeri Sabunlagsmayan Bagil Kirithm imleci
Kodu (mg KOH g 1) (mEq O2kg™) madde miktar yogunluk (20 £0.5°C)
ortalama deger + ortalama deger + (%)
standart sapma standart sapma

ES1 2.5908 + 0.030 3.5447 + 0.069 1.7680 0.920 1.472
ES2 31.3165 + 1.084 5.9875 £ 0.024 3.1873 0.919 1.473
ES3 3.2513 + 0.040 17.8444 £ 0.138 1.3006 0.922 1.472
AS1 15.8696 + 1.110 4.1332 + 0.054 15.8576 0.917 1.475
AS2 1.1274 £0.745 9.4569 + 0.074 0.7293 0.913 1.473
AS3 5.0136 + 0.024 6.5802 + 0.090 6.0664 0.913 1.475

ES1, ES2 ve ES3 eczaneden temin edilen susam yag1 6rnekleri, AS1, AS2 ve AS3 aktardan temin edilen susam yag1 6rnekleridir

Eczane ve aktardan temin edilen 6 yag 6rneginin; asit degerinin 1.1274-31.3165 mg KOH g7;
peroksit degerinin 3.5447- 17.8444 mEq O, kg'; sabunlasmayan madde miktarinin % 0.7293-15.8576;
bagil yogunlugunun 0.913-0.922 ve kirihim imlecinin 1.472-1.475 arasinda oldugu bulunmustur.

Tiirk Farmakopesi 2017°de yer alan susam yaginda alkali safsizlik testi ve yabanci yag olarak
pamuk tohumu yag1 arama ¢aligmasi tiim yag drneklerine uygulanmistir. Higbir yag 6megimizde alkali
safsizlik ve pamuk tohumu yagi tespit edilmemistir (Tablo 3).

Eczane ve aktardan temin edilen 6 yag drnegi iizerinde ITK yontemi ile karsilastirma yapilmistir
[25]. Sonug olarak elde ettigimiz kromatogram (Sekil 1)’de yer almaktadir. Burada 6rnekler zeytinyagi,
badem yagi1, misirdzii yagi, yer fistig1 yagi gibi farkli bazi yag 6rnekleri ile karsilagtirilmistir.

Sekil 1. Yaglarm iTK ile teshisi (ST1: Zeytinyagi; ST2: Badem yag1; ST3: Misirozii yagi; ST4: Yer
fistig1 yagi; ES1, ES2 ve ES3 eczaneden temin edilen susam yag1 6rnekleri, AS1, AS2 ve AS3
aktardan temin edilen susam yagi 6rnekleridir)
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Tablo 3. incelenen susam yag1 drneklerinin Tiirk Farmakopesi ve Kodeks Alimentarius’a gre analiz
sonuglarinin uygunluklarinin degerlendirilmesi (+) uygundur; (-) uygun degildir

Ornek Asit degeri Peroksit Sabunlagsmayan Bagil Kirihm AlKkali safsizhik
Kodu (Kodeks degeri madde degeri | yogunluk imleci ve pamuk
Alimentarius’a | (MEqOz2kg™) (%) (TF (20£0.5°C) | tohumu yag
gore) (TF 2017°¢ (TF 2017%¢ 2017’ (TF aranmasi
gore) gore) gore) 2017’¢ (TF2017%¢
gire) gire)
ES1 + + + + + Tespit edilmedi
ES2 - + - + + Tespit edilmedi
ES3 + - + + + Tespit edilmedi
AS1 - + - + + Tespit edilmedi
AS2 + + + + + Tespit edilmedi
AS3 - + - + + Tespit edilmedi

Asit degeri, yaglarda bulunan serbest yag asidi miktarini ifade etmek i¢in kullanilir. Normal
sartlarda, yag asitleri trigliserit formunda bulunur, ancak isleme sirasinda yag asitleri serbest yag asidine
hidrolize edilebilir. Asit degeri ne kadar yiiksek olursa, yag kalitesinin diigmesine neden olan serbest
yag asidi seviyesi o kadar yiiksek olur [26]. Tirk Farmakopesi’nde monograf olarak sadece “rafine
susam yag1” yer almaktadir. Rafinasyon islemi yag igeriginde fazla olan serbest yag asitlerinin ve diger
istenmeyen bilesiklerin uzaklastirilmasi ile yagin aritilmasi islemidir. Rafine edilmis susam yag1 icin
Tiirk Farmakopesi’nde belirtilen asit degeri 0.5 mg KOH g dir. Calisigimiz yag ornekleri i¢in asit
degerleri 1.1274 ile 31.3165 mg KOH g arasindadir. Bizim 6rneklerimiz rafinasyon islemi gérmemis
soguk preslenmis naturel susam yaglaridir. Tiirk Gida Kodeksi Bitki Adi ile Anilan Yemeklik Yaglar
Tebligine gbre soguk preslenmis ve natiirel yaglarda asitlik degeri en ¢ok 4.0 mg KOH g yag olarak
belirlenmistir [6]. Yine Kodeks Alimentarius’a gére de soguk preslenmis ve natiirel yaglarda en fazla
4.0 mg KOH g yag olarak belirtilmektedir [27]. incelenen ES1, ES3 ve AS2 yag &rnekleri Tiirk Gida
Kodeksi Bitki Adi ile Anilan Yemeklik Yaglar Tebligine ve Kodeks Alimentarius’a gore uygun asit
degerlerine sahipken AS3, AS1 ve ES2 yag 6rneklerinin asit degerleri yliksektir. Farkli iilkelerde yapilan
ham susam yaglarinin asit degerlerinin 6lgiildiigii ¢alismalarda 1.640 mg KOH g? [28] ve 4.196 mg
KOH g [29] gibi farkli degerler 6lgiilmiistiir.

Peroksit degeri, bir oksidasyon veya bozulma 6lgiistidiir. Peroksit degeri, 1limli kosullar altinda
meydana gelen ransiditenin erken asamalarinin yararli bir gostergesidir. Peroksit degeri Tiirk
Farmakopesi’nde rafine susam yagi i¢in en fazla 10 olmasi gerektigi belirtilmekte olup parenteral
preparatlarin iiretiminde kullanilacak ise en fazla 5 olmasi gerektigi belirtilmektedir [24]. Tiurk Gida
Kodeksi Bitki Adi ile Anilan Yemeklik Yaglar Tebligine gore soguk preslenmis ve natiirel yaglarda en
¢ok 15 mEq O, kg? yag olarak belirlenmistir [6]. Kodeks Alimentarius’a gore rafine yaglar igin en fazla
10 mEq O, kg yag olarak belirtilmistir. Soguk preslenmis ve natiirel yaglarda en fazla 15 mEq O, kg*
yag olarak belirtilmektedir [27]. ES3 yag ornegi hari¢ diger tim yag orneklerinin Tiirk Farmakopesi
2017’de belirtilen peroksit degerine uygun oldugu goriilmektedir. Tirkiye’de elde edilen susam tohumu
yaglarinin fiziksel ve kimyasal ozelliklerinin arastirildigi bir ¢alismada susam yaglarinin peroksit
degerlerinin 1.93 ile 2.99 mEq O, kg* arasinda oldugu bildirilmistir [30].

Sabunlagmayan madde, yagda c¢oziinmiis halde bulunan fakat alkalilerle sabunlagmayan
maddelerin toplamidir. Bunlar yiiksek alifatik alkoller, fitosteroller, pigmentler, hidrokarbonlar gibi
maddelerdir. Sabunlasmayan madde susam yagi i¢in Tiirk Farmakopesi’nde en fazla % 2.0 olmasi
gerektigi belirtilmektedir [24]. Benzer sekilde Tiirk Gida Kodeksi Bitki Adi ile Anilan Yemeklik Yaglar
Tebligi’ne gore susam yaginda sabunlagsmayan madde degeri 20 g/kg (% 2.0) altinda olmasi gerektigi
belirtilmistir [6]. Calistigimiz yag 6rneklerinin igin sabunlasmayan madde degerleri 0.7293 ile 15.8576
arasinda oldugu saptanmistir. ES1, ES3 ve AS2 yag 6mekleri Tiirk Gida Kodeksi Bitki Ad1 ile Anilan
Yemeklik Yaglar Tebligine ve Kodeks Alimentarius’a gore uygun % sabunlagsmayan madde miktarina
sahipken AS3, AS1 ve ES2 yag omeklerinin yiiksek oldugu goriilmektedir. Tiirkiye’de elde edilen
susam tohumu yaglarinin fiziksel ve kimyasal 6zelliklerinin arastirildig1 bir ¢alismada susam yaglarinin
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sabunlagmayan madde degerleri % 1.04 ile % 1.75 arasinda bulunmustur [30]. Mineral yaglarla tagsisat
sabunlagmayan madde miktarini yiikseltir. Normal deger %]1-2 arasindadir [11].

Bagil yogunluk belirli sicaklikta belirli hacimdeki yag agirliginin ayni sicaklik ve hacimdeki
suyun agirligina oranmin tespitidir. Tiirk Farmakopesi’ne gore rafine susam yagimin bagil yogunlugu
yaklasik 0.919 olarak belirtilirken [24], Kodeks Alimentarius’da susam yagi i¢in bagil yogunluk degeri
icin 0.919-0.925 araligi [27] bildirilmektedir. Calistigimiz yag 6rnekleri igin relatif yogunluk degerleri
0.913 ile 0.922 arasindadir. Genel olarak incelenen susam yaglarinin bagil yogunluklarinin uygun
oldugu gorilmektedir. Tirkiye’de elde edilen susam tohumu yaglarinin fiziksel ve kimyasal
Ozelliklerinin arastirildigi farkli bir ¢alismada susam yaglarinin relatif yogunluk degerleri 0.9175 ile
0.9214 arasinda bulunmustur [30].

Kirilim imleci yagin tanimlanan bir dalga boyunda 1s18in bosluktaki hizinin yagdaki hizina
oranidir. Kirilim imleci, dalga boyu, sicaklik, doymamislik derecesi, yag asidi ve yag asidi bilesenleri
ile degisir. Kirilim imleci, kalite kontroliin degerlendirilmesinde, malzemelerin safligini kontrol etmede,
hidrojenasyon ve izomerlestirmeyi takip etmede yaygin olarak kullanilmaktadir [26]. Kirilim imleci,
Tirk Farmakopesi’nde rafine susam yagi igin yaklasik 1.473 olarak belirtilirken [24]. Kodeks
Alimentarius’da susam yag1 i¢in refraksiyon indisi degeri 25°C’de 1.465-1.469 arasinda olmasi gerektigi
bildirilmektedir [27]. Calistigimiz yag 6rnekleri i¢in kirthim imleci degerleri 1.472 ile 1.475 arasindadir.
Tim yag 6rneklerimizin refraksiyon indisi degerleri Tiirk Farmakopesi 2017°de belirtilen degere yakin
oldugu gorilmektedir. Tirkiye’de elde edilen susam tohumu yaglarinin fiziksel ve kimyasal
Ozelliklerinin arastirildig1 bir ¢aligmada susam yaglarmin kirilim imleci (refraksiyon indisi) degerlerinin
1.4700 ile 1.4707 arasinda bulunmustur [30].

Tiirk Farmakopesi 2017°de belirtilen yag asitlerinin alkali safsizliklar testine tiim 6rnekler
uygunluk gostermektedir. Higbir yag ornegimizde alkali safsizlik goriilmemistir. Tiirk Farmakopesi
2017°de belirtilen susam yaginda yabanci yag olarak pamuk tohumu yagi aranmasi testi de
orneklerimizde uygulanmistir. Higbir 6rnegimizde pamuk tohumu yagi tespit edilememistir. Susam yag1
tagsisatinda fiyatinin ucuz olmasindan dolay1 sikca kullanilan pamuk tohumu yaginin higbir
ornegimizde olmamasi olduk¢a dnemlidir. Orneklerimiz iizerinde ITK yéntemi ile karsilastirma
yapilmustir [25]. Sonug olarak elde ettigimiz kromatogram Sekil 1’de yer almaktadir. Burada 6rnekler
zeytinyagi, badem yagi, misirdzii yagi, yer fistigi yagi gibi farkli bazi yag drnekleri ile karsilastirilmistir.
ES1, ES2, ES3, AS1 ve AS2 6rneklerinin genel olarak birbirlerine benzedigi goriilmiistiir. Ancak AS3
Ormeginin kromatogrami incelediginde bu susam yagi Omeginin musir 6zii yag ile karigtirlmis
olabilecegi diisiiniilmektedir.

Eczanelerde ve aktarlarda satilmakta olan susam yaginin kullanimi son zamanlarda giderek
artmaktadir. Degerli bir tohum yagi olarak susam yagi gida sanayinde, eczacilikta fitoterapide,
aromaterapide ve kozmetik alanlarda ¢ok sayida yararli Ozelliginden dolayr kullanilmaktadir.
Caligmamizda incelenen tiim susam yagi orneklerinin, kirthm imleci ve bagil yogunluk degerlerinin
monografta belirtilen degerler ile uyumlu oldugu tespit edilmistir. Benzer sekilde alkali safsizlik ve
yabanci yag olarak pamuk tohumu yagi aranmasi analizleri i¢in yapilan galigmalarda olumsuz bir
safsizlik tespit edilememistir [24]. Susam yagi tagsisatinda fiyatinin ucuz olmasindan dolay1 sik¢a
kullanilan pamuk tohumu yagmin higbir 6rnegimizde olmamasi oldukg¢a dnemlidir. Incelenen 6 adet
susam yagi oOrneginden ancak biri eczane ve biri de aktardan temin edilen 2 tanesinin Tiirk
Farmakopesi’nde ve Kodeks Alimentarius’da yer alan tiim testlere uygunluk gosterdigi tespit edilmistir.

Gida ve saglik alaninda kullanilan biitiin {iriinler {izerinde kalite kontrol ¢aligmalar1 yapilmalidir.
Bu kontrollerden gecen iriinler ancak amacina uygun bir sekilde giivenle kullanilabilir. Burada
aktarlarin saglik agisindan maalesef sorumlulugu daha az ve iiriinleri denetimsizdir. Bu konuda degisimi
gergeklestirmek i¢in, 6zellikle eczacilarimiza 6nemli bir gorev diismektedir. Eczanede satilan iiriinlerin
muhakkak giivenilir, Kaliteli yani kalite kontrolii yapilmig triinler olmasi gereklidir. Bu nedenle
depolardan temin ederek, hastalarina sunduklar ilag dis1 fonksiyonel gida olarak kullanimi 6nerilen bu
iiriinleri, kalite kontrolii yapan firmalardan almalar1 gerekmektedir. Firmalar kalite kontrolii olmayan
iiriinlerin eczanede satilamadigini ve bu kalite kontrollerinin yapilmasinin zorunlu oldugunu bilecekler
ve bu sekilde kalite kontroliinii iiretim prosediirlerine ekleyerek, kaliteli tiriinleri piyasaya sunacaklardir.
Eczanede satilan {i¢ iriinden birinin kalitesinin tiim kriterlere uygun olup, digerlerinin uymamasi, bize
eczacilarin bu konuda daha duyarl ve dikkatli olmalar1 gerektiginin vurgusunu yapmaktadir.
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Calismamiz eczanede ve aktarlarda satilan bitkisel yaglarin ve diger dogal {irlinlerin kalite
kontrollerinin, yani Tiirk Farmakopesi’ne ve Yemeklik Yaglar Tebligi ve Kodeks Alimentarius gibi bu
konularda otorite olan kaynaklarda belirtilen sartlara uygunluklarinin arastirilmasina yonelik
caligmalarin 6nemini ve gerekliligini ortaya koymaktadir. Arastirmamizda tespit ettigimiz sonuglar
genisgletilmesi planlanan Tiirk Farmakopesi i¢gin referans olabilecek nitelikte olup, soguk pres naturel
susam yag1 monografi hazirlanmasina da katki saglayabilecektir.
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ABSTRACT

Objective: Peganum harmala L., commonly known as "harmala," is extensively used as an herbal
incense product today and is renowned for its reported calming effects on humans. This study aims
to perform a structural characterization of incense, with a particular focus on its fruit and seed
components, by analyzing both the combustion process and dissolving the resulting smoke in an
appropriate solvent. Additionally, we aim to contribute to the literature by investigating the presence
of hallucinogenic compounds in this incense. Simultaneously, anatomical features of pedicels,
petals, sepals, stamens, and pistils of P. harmala were examined through manual sectioning.
Material and Method: Smoke from incense was dissolved using n-hexane and dichloromethane
solvents. Chemical analysis of seeds and fruits was conducted using GC-MS at the Erzurum
Regional Criminal Police Laboratory Directorate. Anatomical characterization involved manual
sectioning of pedicels, petals, sepals, and pistils, followed by examination under a microscope.
Result and Discussion: Upon analysis of samples extracted from dichloromethane and n-hexane
solvents, the presence of harmine-a compound exhibiting hallucinogenic properties-has been
identified. Harmine is known to impact human perception, cognition, and emotions by influencing
central nervous system. The anatomical analysis revealed the presence of glandular trichomes on
the pedicel, and sepal. Chemical compounds in smoke of P. harmala seeds and fruits, including
hallucinogenic compound harmine, were identified through GC-MS analysis.
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oz
Amac: Genellikle “harmala” olarak bilinen Peganum harmala, giiniimiizde insanlar iizerinde
bildirilen sakinlestirici etkileriyle taminan bitkisel bir tiitsii iiriinii olarak yaygin bir sekilde

kullamilmaktadr. Bu ¢alisma, tiitsiiniin meyve ve tohum bilesenlerine odaklanarak, tiitstintin
yakilmast ve dumanimin uygun bir ¢oziicii ile ¢oziilmesi yoluyla yapisal karakterizasyonunu
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gerceklestirmeyi hedeflemektedir. Ayrica, bu tiitsiide haliisinojenik bilesiklerin varligini arastirarak
literatiire katkida bulunmay: hedeflemektedir. Es zamanli olarak, P. harmala'min pedisel, petal,
sepal, stamen ve pistillerinin anatomik ozellikleri manuel kesit alma yoluyla incelenmistir.

Gerec¢ ve Yontem: Tiitsii dumant n-hekzan ve diklorometan ¢oziiciileri kullanilarak ¢oziilmiistiir.
Tohum ve meyvelerin kimyasal analizi Erzurum Bélge Kriminal Polis Laboratuvar: Miidiirliigii'nde
GC-MS kullamlarak yapilmigtir. Anatomik karakterizasyon, pedisel, petal, sepal, stamen ve
pistillerin elle kesitlerinin alinmasini takiben mikroskop altinda incelenmesiyle gerceklestirildi.
Sonu¢ ve Tartisma: Diklorometan ve n-hekzan c¢oziiciilerinden ekstre edilen orneklerin analizi
sonucunda, haliisinojenik ozellikler gosteren bir bilesik olan harminin varligi tespit edilmigtir.
Harminin merkezi sinir sistemini etkileyerek insan algisini, biligini ve duygularini etkiledigi
bilinmektedir. Anatomik analiz sonucunda, pedisel ve sepalde salg tiiylerinin oldugu gériilmiistiir.
P. harmala tohum ve meyvelerinin dumaninda bulunan ve haliisinojenik bilesik harmini de i¢eren
kimyasal bilesikler GK/ KS analizi ile tanimlanmistir.

Anahtar Kelimeler: Anatomi, GK/ KS, harmin, Peganum harmala, tiitsii

INTRODUCTION

Throughout history, individuals have harbored fears of malevolent forces such as the evil eye,
evil spirits, and demons, among others. In seeking protection from these afflictions and coping with
various calamities, people turned to natural remedies. Ancient civilizations extensively relied on rituals,
often incorporating widespread use of incense, as offerings and sacrifices to appease the gods and
mitigate adversities [1]. Incense served various purposes beyond religious rites and masked unpleasant
odors, notably during funerals, and provided protection against malevolent forces like evil spirits. As
civilizations feared the evil eye and magic's potential to cause harm, incense became a sought-after
method of protection, highlighting its cultural significance [2].

For generations, Anatolian people have relied on prayer and protective amulets to ward off evil
eyes. These include items like garlic and eggshells. Additionally, burning incense made from plants like
black cumin and cloves was believed to cleanse spaces. In some regions, the tradition of lighting candles
or incense at funerals persists, rooted in ancient beliefs. Incense was historically used to communicate
with the deceased and is still used in funeral ceremonies today to honor their souls [3]. Archaeologists
consider herbs as crucial indicators in archaeological excavations, as they were commonly used for
flavoring foods and medicinal purposes in ancient times. As a result, they are frequently discovered in
ancient settlements. In Anatolia, harmal seeds were notably cultivated in Gordion, capital of Phrygians,
and in Gritille in Southeastern Anatolia, where they were extensively utilized in mound settlements [2].
In pre-Islamic Turkish medicine, various techniques were employed to treat certain ailments. For
instance, in the treatment of conditions like demon possession, practices such as applying cold water to
a patient's face or using rumen sprinkling and aloe smoking were common. Additionally, there was a
prevalent tradition of creating incense to safeguard children from fairies and the evil eye [4].

In the 19"-century medical book Yadigar, pesticide plant "yiizerlik" or "ak hardal" is described.
It is suggested that consuming seeds of white mustard up to two spoonfuls daily and sleeping for twenty
nights can completely cure the person with the disease. It is noted that this remedy may not be suitable
for everyone due to its intoxicating effects, which may cause dizziness. It is advised against consumption
by individuals with sensitive temperaments or weak constitutions, and it is recommended to consume it
at night rather than during the day [5].

P. harmala L. originates from Asia and is primarily found in regions of the Middle East, South
Asia, India, and Pakistan. It is also naturally occurring in Southern Europe, North Africa, Southwest
Asia, eastern parts of Tibet, and Tiirkiye [6,7]. P. harmala has served various purposes across different
cultures. In India, it was utilized as a dewormer, for narcotic purposes, and antidote against snake bites.
Meanwhile, Greeks and Romans employed it for stomach protection, strengthening, and treating
diarrhea. In modern medicine, it is valued for its narcotic properties, particularly due to its content of
harmine, a central nervous system stimulant [8]. Shamanic tribes, adhering to beliefs of shamanism,
burned herbs and inhaled their smoke due to its potential effects on pineal gland in the brain tissue [9].
P. harmala typically contains alkaloids ranging from 4% to 7%, including significant compounds such
as harmine, harmaline, harmol, and harmalol. Seeds are distinguished by a strong odor and a slightly



J. Fac. Pharm. Ankara, 49(1): 79-90, 2025 Akdoganetal. 81

bitter taste, and they possess a remarkable ability to be stored for extended periods without spoiling [10].
Harmine, harmaline, harman, and similar alkaloids act as serotonin antagonists. In small doses (25-50
mg), these alkaloids found in P. harmala can induce moderate central nervous system stimulation,
resulting in effects such as heightened mood, increased energy, improved concentration, and enhanced
focus. However, at higher doses (up to 750 mg), hallucinogenic effects of these alkaloids may emerge.
These effects include perceptual changes, intensified colors and patterns, and alterations in mental
experiences, often leading to hallucinations [11].

Objective of this study is to conduct structural characterization of incense, focusing on fruit and
seed components of P. harmala, through burning and dissolving its smoke with a suitable solvent.
Additionally, we aim to contribute to the literature by investigating presence of hallucinogenic
compounds in this incense. Simultaneously, anatomical features of various parts of the P. harmala,
including pedicels, petals, sepals, stamens, and pistils, were examined through manual sectioning.

MATERIAL AND METHOD
Plant Material

Seeds and some fruits of P. harmala were acquired from herbalists in Erzurum. Additionally, in
2018 and 2019, samples of P. harmala during its flowering and fruiting stages were collected from
Giimiighane and Igdir regions by faculty members of Atatiirk University Department of Pharmaceutical
Botany and Pharmacognosy at Faculty of Pharmacy. These samples were recorded at Atatiirk University
Biodiversity Application and Research Center with Herbarium number AUEF 1382.

Anatomical Studies

During flowering period, P. harmala was collected and preserved in 70% alcohol for subsequent
anatomical studies. Sections were manually taken from pedicels, petals, sepals, stamens, and pistils of
plant. These sections were examined using sartur and chloral hydrate reagents and photographed at
magnifications of 4x, 10x, and 40x using a Zeiss 415500-1800-000 microscope.

Extraction of Volatile Compounds

Seeds and fruits were studied separately using n-hexane and dichloromethane as solvents. A novel
method, developed by us for the first time, involved burning plant samples and adsorbing resulting
incense to solvent using a double-entry balloon and a Clevenger apparatus (Figure 1). Combustion was
facilitated using a burner flame. Since the system operated in a closed environment, necessitating
temperature control and cooling, ice batteries were utilized to cool walls of balloon. To ensure complete
combustion of incense, puffs were released from exit part of the balloon every 1-2 minutes.
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Figure 1. Experimental setup developed by us for first time for adsorption of incense to solvent: a and
h: Cork Stopper (with 1-2 minute break for puff process), b: Balloon with two entries, c: Seed or fruit
sample, d: Essential oil sinking to bottom, e: n-Hexane or dichloromethane solvent, f: Essential oil
remaining on top, g: Compounds remaining on walls



82  Akdogan et al. J. Fac. Pharm. Ankara, 49(1): 79-90, 2025

After weighing 10 grams of seeds and fruits, they were transferred into a balloon connected to a
Clevenger apparatus. Subsequently, 100 ml of n-hexane and dichloromethane was introduced into
Clevenger apparatus, allowing incense to adsorb into solvent. Samples were then extracted from surfaces
of Clevenger apparatus walls and balloon, capturing smoke generated by burning seeds into n-hexane
and dichloromethane (Figures 2 and 3). These samples were analyzed via GC-MS at Chemical
Investigation Branch Directorate of Erzurum Regional Criminal Police Laboratory.

anr ~o

Figure 3. Fruits of P. harmala in n-hexane solvent (c) and dichloromethane solvent (d)

Gas Chromatography and Mass Spectrometry (GC-MS) Conditions

GC-MS analyses were conducted at Chemical Investigation Branch Directorate of Erzurum
Regional Criminal Police Laboratory using an Agilent 5977B GC-MSD device. Commercial libraries
such as Cayman, SWGDRUG, and Designer Drugs Library were consulted, alongside computer-assisted
matches against MS literature results, to facilitate accurate identification and characterization of
compounds. GC-MS analysis conditions are shown as: Column: 30 m length, 0.25 mm inner diameter,
0.25 um film thickness HP-5, Injection: Splitless, Injector Temperature: 260°C, Carrier Gas: Helium at
a flow rate of 1 ml/min, Oven Temperature Program: Initial temperature: 80°C, Initial time: 3 min,
Temperature ramp: 10°C/min, Final temperature: 280°C, Final time: 20 min, Interconnection
Temperature: 290°C, Mass Spectrometer: Scanning range: 40-400 amu.
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RESULT AND DISCUSSION

The primary objective of this study is to identify and analyze the anatomical structures responsible
for producing and storing volatile compounds within the plant. Furthermore, the study aims to elucidate
the chemical nature and composition of these volatile compounds, providing insights into their potential
biological and ecological functions. Sections were manually extracted from various plant parts of P.
harmala, including the pedicel, petal, sepal, and pistil. In the cross-sectional and superficial anatomy of
the pedicel and sepal, multicellular glandular trichomes were prominently observed, suggesting their
potential role in secretory functions (Figures 4, 5, and 6). In addition to the glandular structures, druses
were identified in the cross-sectional anatomy of the sepal (Figure 5), Furthermore, simple crystals were
noted in the superficial anatomy of the petal (Figure 7), contributing to our understanding of the
crystalliferous structures within the plant. The stigma of the pistil was characterized as papillary (Figure
8), reflecting its likely role in pollen adhesion and fertilization processes. This detailed anatomical
examination highlights the complex structure of P. harmala and its potential implications for
understanding the plant's physiological functions.

The floral nectary of P. harmala was studied using light and electron microscopy. It appeared as
a smooth, five-lobed disc around the ovary, consisting of a single-layered epidermis, 15-20 layers of
subepidermal secretory cells, and larger parenchymal cells underneath. Phloem tissue, including sieve
tubes and companion cells, supported the nectary. Early secretory cells contained starch grains and
plastoglobuli, which disappeared as nectar secretion progressed [12]. The root, stem and leaf anatomy
of the plant were studied, and it was reported that no secretory character was found [13]. The anatomical
structures of P. harmala were analyzed. Notable stability features include the presence of ring-shaped
sclerenchyma in both stems and roots, along with a bilaterally organized columnar mesophyll in the
leaves [14].

Figure 4. Multicellular glandular trichomes in cross-section of P. harmala pedicel. st: glandular
trichome

Chemical constituents of seeds and fruits obtained from market-supplied were analyzed using
GC-MS. Chromatograms and tables displaying GC-MS findings were generated as a result of analyses.
Chemical compositions of volatile compounds from seeds and fruit parts of P. harmala were examined.
Tables 1-10 were given GC/MS results.

Table 1. GC/MS results of compounds obtained by burning P. harmala seeds and taken from balloon
walls into dichloromethane

Compound Time %
1 Oleic acid methyl ester 21.8 23.114
2 Harmine 22.8 76.886
Total 100
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Figure 5. Multicellular glandular trichomes and druse in cross-section of P. harmala sepal. st:
glandular trichome, d: druse

Figure 6. P. harmala sepal superficial section anatomy with multicellular glandular trichomes and
stomata. st: glandular trichome, sto: stomata

Figure 7. P. harmala petal anatomy

Figure 8. P. harmala stigma and style anatomy. sti: stigma, style: stylus, pap: papilla
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Table 2. GC/MS results of compounds obtained by burning P. harmala seeds and taken into
dichloromethane from walls of Clevenger apparatus

Compound Time %
1 Pyridine 3.3 5.783
2 Heptadec-8-ene 18.9 3.595
3 Palmitic acid methy| ester 20.8 5.992
4 (2)-9-Octadecene nitrile 21.7 9.491
5 Oleic acid methyl ester 21.8 43.505
6 Harmine 22.8 31.634

Total 100

Table 3. GC-MS results of compounds obtained by burning P. harmala seeds and taken into
dichloromethane

Compound Time %
1 Pyridine 3.3 21.395
2 Pyrrole 3.5 5.356
3 Toluene 3.7 3.290
4 Dimethyl sulfoxide 4.9 16.835
5 2-methyl-1h-pyrrole 5.0 2.398
6 2-methoxyphenol 9.7 4.604
7 Pentylbenzene 10.8 3.482
8 Palmitic acid methy| ester 20.8 2.547
9 (2)-9-Octadecene nitrile 21.7 3.797
10 Oleic acid methyl ester 21.8 19.244
11 Harmine 22.8 17.052

Total 100

Table 4. GC-MS results of compounds in essential oil sample obtained by burning P. harmala seeds
and precipitated under Clevenger apparatus

Compound Time %
1 Pyridine 3.3 20.510
2 Pyrrole 3.5 4.656
3 Toluene 3.7 3.018
4 Methylpyrazine 4.7 2.085
5 2-methyl-1h-pyrrole 5.0 1.182
6 2-Furanmethanol 5.3 1.853
7 Aniline 5.4 0.980
8 Bicyclo[4.2.0]octa-1,3,5-triene 6.1 2.144
9 1-(2-Furanyl)-ethanone 6.5 2.168
10 2,3-Dimethyl-1h-pyrrole 6.7 2.007
11 Propylbenzene 7.3 1.991
12 Phenol 7.8 2.362
13 Decane 8.1 3.115
14 n-Butylbenzene 9.2 2.983
15 p-Cresol 9.4 1.951
16 2-methoxyphenol 9.7 4.010
17 Undecane 9.9 2.332
18 Pentylbenzene 10.8 3.782
19 Quinazoline 12.2 1.297
20 Indole 12.9 1.864
21 1H.beta.,8-dimethyl-(6H.beta.) 18.2 1.453
-bicyclo[4.4.1]undeca-2,4,8- triene-11-one
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Table 4 (continue). GC-MS results of compounds in essential oil sample obtained by burning P.
harmala seeds and precipitated under Clevenger apparatus

Compound Time %
22 (E)-Heptadec-8-ene 18.91 1.882
23 8-Heptadecene 18.96 1.871
24 Palmitic acid methy| ester 20.8 2.077
25 (2)-9-octadecene nitrile 21.7 2.939
26 Oleic acid methyl ester 21.8 13.916
27 Harmine 22.8 9.571

Total 100

Table 5. GC-MS results of - essential oil formed on Clevenger apparatus obtained by burning P.
harmala seeds

Compound Time %
1 Pyridine 3.3 37.680
2 Pyrrole 3.5 8.563
3 Toluene 3.7 6.649
4 2-methyl-1h-pyrrole 5.0 4.826
5 n-Butylbenzene 9.2 5.245
6 2-methoxyphenol 9.7 7.426
7 Pentylbenzene 10.8 6.688
8 Indole 12.9 3.838
9 Palmitic acid methy| ester 20.8 2.952
10 Linoleic acid methyl ester 21.7 3.949
11 Oleic acid methyl ester 21.8 12.185

Total 100

Table 6. GC-MS results of compounds obtained by burning P. harmala seeds and taken from balloon
walls into n-hexane

Compound Time %
1 Linoleic acid methyl ester 21.7 19.729
2 Oleic acid methyl ester 21.8 45.801
3 Harmine 22.8 34.470
Total 100

Table 7. GC-MS results of compounds obtained by burning P. harmala seeds and taken into n-hexane
from walls of Clevenger apparatus

Compound Time %
1 Diisoocty! adipate 23.49 100
Total 100

Table 8. GC-MS results of compounds obtained by burning P. harmala fruits and taken from walls of
flask into dichloromethane

Compound Time %
1 Harmine 22.8 100
Total 100

This study investigates compounds with hallucinogenic effects derived from smoke of P. harmala
seeds and fruits, a plant widely utilized in contemporary herbal incense products known for its relaxing
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properties. Simultaneously, anatomical characteristics of pedicels, petals, sepals, stamens, and pistils of
plants, commonly found across various regions of Tiirkiye and extensively utilized by public, were
examined. Pedicels, petals, sepals, stamens, and pistils were manually sectioned for examination. It was
observed that the volatile compounds of the plant are concentrated within multicellular secretory
trichomes located on the pedicels and sepals. These specialized structures play a crucial role in the
storage and secretion of volatile compounds, indicating their significance in the plant's chemical ecology
and potential aromatic properties. Seeds and fruits were procured from local markets and herbalists in
Erzurum. To facilitate extraction of incense, a custom-built mechanism was devised, employing a
double-entry balloon and Clevenger apparatus. This apparatus enabled burning of plant and absorption
of resulting smoke into solvents, namely n-hexane and dichloromethane. Presence of harmine in samples
extracted using dichloromethane and n-hexane were determined.

Table 9. GC-MS results of compounds obtained by burning P. harmala fruits and taken into n-hexane
from walls of Clevenger apparatus

Compound Time %
1 Pyridine 3.38 100
Total 100

Table 10. GC-MS results of compounds extracted into n-hexane from essential oil obtained by burning
P. harmala fruits and precipitated under Clevenger apparatus

Compound Time %

1 Pyridine 3.3 15.069
2 2,4-Pentadienenitrile 3.5 1.436
3 Pyrrole 3.6 0.927
4 Furan-2-carboxaldehyde 4.9 3.230
5 Butyrolactone 6.6 0.923
6 4-Hydroxy-N-methylpiperidine 7.9 0.594
7 3-Methyl-1,2-cyclopentanedione 8.7 0.764
8 3-pyridinol 10.0 3.955
9 2-Methyl-4-oxo-pentanoic acid methyl ester 10.6 0.852
10 Catechol 11.5 1.559
11 1,4:3,6-Dianhydro-alpha-d-glucopyranose 11.6 0.741
12 Quinazoline 12.2 0.853
13 Oxalic acid, monomorpholide, nony! ester 13.5 1.058
14 4-Methylproline methyl ester 14.1 1.422
15 Deoxypeganine 20.1 2.686
16 | Octahydrodipyrrolo[1,2-a: 1',2'-d]pyrazine- 21.0

5,10-dione, (5aR,10aR) (isomer 2) 0.920
17 | 2,3-Dihydro-1H-pyrrolo[2,1-b]quinazolin-9- 21.1 0.734

one
18 Harmine 22.9 61.852
19 9H-Pyrido[3,4-b]indole, 7-methoxy-1,9- 23.1 0.423
dimethyl
Total 100

A total of 12 different samples obtained from P. harmala were subjected to analysis. Following
are results of analysis conducted on GC-MS device, focusing on smoke produced by burning seeds and
extracted using dichloromethane and n-hexane as solvents.

1. As a result of GC-MS analysis of samples taken with n-hexane as solvent; harmine compound
was detected in samples taken from balloon walls.

2. As a result of GC-MS analysis of samples taken with dichloromethane as a solvent; harmine


https://pubchem.ncbi.nlm.nih.gov/compound/9H-Pyrido_3_4-b_indole_-7-methoxy-1_9-dimethyl
https://pubchem.ncbi.nlm.nih.gov/compound/9H-Pyrido_3_4-b_indole_-7-methoxy-1_9-dimethyl

88  Akdogan et al. J. Fac. Pharm. Ankara, 49(1): 79-90, 2025

compound was detected in sample taken from balloon walls into dichloromethane, in sample taken from
walls of Clavenger apparatus into dichloramethane, in essential oil sample settled under Clavenger
apparatus, and in essential oil sample formed above Clavenger apparatus.

3. As a result of analysis of samples taken with n-hexane as a solvent by GC-MS; harmine
compound was detected in fly oil sample that settled under Clavenger apparatus.

4. As a result of GC-MS analysis of samples taken with dichloromethane as a solvent; harmine
compound was detected in sample taken from balloon walls.

Results of analysis of smoke obtained by burning fruits and using dichloromethane and n-hexane
as solvents on GC-MS device are listed below.

I. As a result of GC-MS analysis of samples taken with n-hexane as solvent; harmine compound
was detected in fly oil sample that settled under Clavenger apparatus.

Il. As a result of GC-MS analysis of samples taken with dichloromethane as a solvent; harmine
compound was detected in sample taken from balloon walls.

Studies examining chemical components of extracts indicate that p-carboline and quinazoline
alkaloids are significant components of plant. Herraiz et al. (2010) investigated thatconcentration of
harmaline in various parts of plant, including seeds, fruits, and capsule walls, was determined using RP-
HPLC to be 56.0 mg/g, 4.55 mg/g, and 0.54 mg/g, respectively. p-carboline alkaloids, including
harmaline, harmine, harmalol, harmol, and tetrahydroharmine, were identified and quantified as main
constituents in P. harmala extracts. Alkaloid levels were highest in seeds and roots, with negligible
amounts in stems and leaves, and absence in flowers. Dry seeds contained harmine (4.3%), harmaline
(5.6%), harmalol (0.6%), and tetrahydroharmine (0.1%), while roots contained harmine (2.0%) and
harmol (1.4%) [11]. While harmaline and harmine are typically primary alkaloids responsible for plant's
beneficial effects, numerous studies suggest that other alkaloids found in P. harmala also contribute to
its pharmacological effects [15]. Harmaline, constitutes major alkaloid, was initially isolated by
Friedemann Gebel in 1837 from seeds and roots of P. harmala. Harmaline and harmine, along with
harmalol and harman, are S-carboline derivatives primarily concentrated in seeds and roots of plant.
Tetrahydroharmine, another fS-carboline derivative, is predominantly found in seeds, while harmol is
sourced from seeds as well. I-thioformyl-8-5-D-glucopyranoside-bis2,3-dihydroisopyridinopyrrol is a
quinazoline derivative primarily found in the aerial parts. Deoxypeganine, deoxyvasicinone, vasicine
(peganine), vasicinone, isopeganine, pegamine, peganol, peganones, and vascinones, all quinazoline
derivatives, are distributed throughout various parts of whole plant. Additionally, dipegene, another
quinazoline derivative, is specifically located in seeds [16]. A study was conducted to evaluate the
composition of two smoke condensates obtained from the seeds of P. harmala, which is traditionally
recognized as a disinfectant agent in Iran. This investigation aims to elucidate the chemical profile of
these smoke condensates and their potential applications in disinfection. Composition of smoke
preparations was analyzed using GC-MS. Primary compound identified in dichloromethane extract was
harmine as in our study [17]. Chemical analysis of P. harmala chloroform extract revealed three
alkaloids in ripe fruit and two in flower and leaves, with harmine, peganine, and harmaline found in ripe
fruit and harmine and peganine in flower. Harmaline was exclusively detected in ripe fruit. Total
alkaloid content comparison by TLC showed 3.12% and 3.27% in flower and ripe fruit, respectively
[18]. P. harmala smoke has traditionally been employed as a disinfectant and air purifier in various
Middle Eastern and Asian countries. The smoke collection process involved capturing the emissions
from smoldering 100 grams of plant material using a specially designed apparatus, which maintained a
temperature of 300 + 10°C with non-continuous airflow. The resulting smoke, characterized by its acidic
pH, was then trapped in a mixture of distilled water and n-hexane and continuously agitated. The primary
objective of this study was to develop a reproducible method for generating and collecting smoke in
order to analyze the chemical composition of P. harmala smoke and compare it to other compositions.
Given its historical use in traditional medicine and the potential for generating antimicrobial and
immunomodulatory compounds, further research may reveal components that could act as preventive
agents against airborne infections. Furthermore, conducting toxicological studies is essential.
Broadening the research focus on the medicinal properties of P. harmala smoke could play a crucial
role in the standardization of medicinal smokes as a viable dosage form in traditional medicine and
ethnopharmacology [19]. However, in this study, no substance related to alkaloid content we discovered
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was identified.

Harmine is a psychoactive compound traditionally used in shamanic rituals that exerts significant
effects on the central nervous system, including hallucinogenic properties. This compound can
profoundly alter individuals' perceptions, thoughts, and emotions. Its psychoactive effects have garnered
considerable interest in both medicinal and research contexts. As a monoamine oxidase inhibitor,
harmine influences neurotransmitter transmission among nerve cells, particularly affecting serotonin,
dopamine, and norepinephrine levels. This modulation can lead to various hallucinogenic experiences,
which may include profound mental alterations, visual and perceptual distortions, and vivid, colorful
hallucinations. Users often report emotional fluctuations and a sense of expanded consciousness. Given
these diverse effects, harmine and similar compounds hold promise for further exploration in both
therapeutic and experiential realms. However, use and effects of harmine may vary from person to
person and may be different for each individual. Harmine can also be found in some traditional herbal
mixtures used in ethnic and religious rituals. However, legal status of harmine varies between countries
and local laws. It is important to comply with legal regulations regarding the use of such substances.
The habit of burning incense can turn into an addiction for some people after a while. Aroma and active
ingredients in incense can create relaxing and calming effects on brain, causing people to develop a
desire to burn incense. Incense addiction is generally considered a mild addiction and does not pose a
serious problem for most people. Therefore, it is important that the use of incense is limited and done
carefully. When we look at journey of P. harmala from past to present, we see that it has a place in
many areas from folk culture to scientific research. New usage areas emerge every day. We believe that
many studies will be conducted with P. harmala in the future. [20-23].
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ABSTRACT

Objective: In this study, it was aimed to develop a topical emulgel formulation from o/w type emulsions
containing Oleum rosmarini, to be used in the treatment of rheumatoid arthritis.

Material and Method: Carbopol 996 and HPMC were used as the water phase and Oleum rosmarini was
used as oil phase in the emulsion combinations containing oil, surfactant, copolymer and plasticizer at
different rates over different polymer concentrations, to select the appropriate formulation with in vitro
formulation studies. Organoleptic controls of the selected formulations were made and characterizations
were made in terms of pH, texture profile analysis, rheology evaluation and thermodynamic stability.
Result and Discussion: The pH value of the optimized formulations was in the range of 5.5-6.5. The
formulations were obtained homogeneously, and no phase separation was observed. It has been observed
that the emulgels provide suitable viscosity, flow properties, mechanical properties and have high stability
for topical application.

Keywords: Essential oil, rheumatoid arthritis, Rosmarinus officinalis, topical emulgel

0z

Amac: Bu ¢alismada romatoid artrit tedavisinde kullanilmak iizere Oleum rosmarini igeren y/s tipi
emiilsiyonlardan topikal bir emiiljel formiilasyonunun gelistirilmesi ve in vitro karakterizasyonu
amacglanmistir.

Gereg¢ ve Yontem: [n vitro formiilasyon ¢alismalari ile uygun formiilasyonun segilmesi amaciyla farkl
polimer konsantrasyonlarinda farkli oranlarda yag, yiizey aktif madde, kopolimer ve plastizer iceren
emiilsiyon kombinasyonlarinda su fazi olarak Carbopol 996 ve HPMC, yag fazi olarak Oleum rosmarini
kullamlmigtir. Segilen formiilasyonlarin organoleptik kontrolleri yapilmis ve pH, tekstiir profili analizi,
reoloji degerlendirmesi ve termodinamik stabilite agisindan karakterizasyonlar: gerceklestirilmistir.
Sonu¢ ve Tartisma: Optimize edilen krem formiilasyonlarin pH degeri 5.5-6.5 araliginda olup,
Jformiilasyonlar homojen bir sekilde elde edilmis ve herhangi bir faz ayrimi gozlenmemigstir. Emiiljellerin
topikal uygulama i¢in uygun viskozite, akis oOzellikleri, mekanik ozellikler gosterdigi ve yiiksek

termodinamik stabiliteye sahip oldugu belirlenmigtir.
Anahtar Kelimeler: Esansiyel yag, romatoid artrit, Rosmarinus officinalis, topikal emiiljel
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INTRODUCTION

Rheumatoid arthritis is a multisystem disease of unknown cause, characterized by inflammation
of the synovial membrane, leading to progressive destruction of joint cartilage, bone erosion, and
chronic deformities that may also involve internal organs. Because chronic pain is a common symptom
in most rheumatic diseases and the restrictive effect of pain, pain relief is one of the primary goals of
antirheumatic treatment goals [1]. Rosmarinus officinalis (rosemary) is a medicinal plant originating
from the Mediterranean and grown worldwide. Several phytocompounds with pharmacological
activities can be isolated from essential oils and extracts of Rosmarinus officinalis. Some characteristic
chemical constituents of this oil include 1,8-cineole, a-pinene, camphor, bornyl acetate, borneol,
camphene, a-terpineol, limonene, and myrcene [2].

Since the direct application of essential oils might irritate the skin, topical application of essential
oils requires the design of suitable carriers to eliminate irritating effects and improve patient compliance.
Gels are semi-solid dispersions with many benefits, but there are still a lot of restrictions when they
relate to how hydrophobic pharmaceuticals can be distributed. To overcome these restrictions,
hydrophobic pharmaceuticals can be combined in an emulsion before being added to gels, which are
known as emulgels [3]. Emulgels combine the advantages of emulsions with gel technology. Emulgels
are oil-in-water (o/w) or water-in-oil (w/0) emulsion-type semi-solid dosage forms with an opaque
appearance in which the therapeutic ingredient is encapsulated in the internal phase, permeates through
the external phase, and eventually absorbs into the skin to produce a controlled effect [3]. The
penetration-enhancing effect of emulgel-based essential oil formulations helps active phytochemicals
penetrate the skin. In addition to acting as a matrix for essential oil delivery, emulgels shield the volatile
oils from decomposition.

Along with the oil phase content, gelling agents are the key ingredients for the development of
emulgels. A variety of gelling agents are utilized, including natural, semi-synthetic, and synthetic types.
As a result of the main drawback of natural gelling agents' high microbial breakdown susceptibility,
semisynthetic and synthetic gelling ingredients are increasingly utilized in the formulation of emulgels,
including hydroxypropyl methylcellulose (HPMC) and carbopol polymers [4].

The aim of this study is to develop an alternative emulgel formulation with HPMC and carbopol
as gelling agents, and the Oleum rosmarini due to its anti-inflammatory and analgesic effects in the
treatment of rheumatoid arthritis; and to investigate its in vitro characterization.

MATERIAL AND METHOD
Materials

HPMC, Carbopol 996, triethanolamine (TEA), Tween 20, and propylen glycol were bought from
Sigma-Aldrich (USA). Oleum rosmarini was bought from Talya Bitkisel (Antalya, Turkey).

Methods
Formulation Studies

Emulgel formulations were prepared by the emulsification technique. Carbopol 996 and HPMC
were used as the water phase, and Oleum rosmarini was added as the oil phase. Tween 20 was applied
as a surfactant, while propylene glycol was added as a plastizer. Different ratios of the formulation
ingredients were evaluated, given in Table 1.

Among the formulations that are suitable in terms of the specified features, the most ideal
formulation in which the active ingredient Oleum rosmarini was used highest and the excipients were
used less was determined [5,6].

Based on the determined F33 formulation, 6 more formulations were prepared by making changes
to various components, as presented in Table 2.



J. Fac. Pharm. Ankara, 49(1): 91-102, 2025

Cevikelli et al.

Table 1. Composition of different emulgel formulations prepared in preformulation studies
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Water Phase Oil Phase
Distilled Oleum
Code Carbopol (g) | HPMC (g) | TEA(g) water rosmarini Tween 20 Propylene
(9) glycol (g)
(9s) (9)
F1 1.0 2 - 100 20 3 5
F2 0.5 2 - 100 20 3 5
F3 0.1 2 - 100 20 3 5
F4 1.0 5 - 100 20 3 5
F5 0.5 5 - 100 20 3 5
F6 0.1 5 - 100 20 3 5
F7 1.0 2 0.50 100 20 3 5
F8 0.5 2 0.25 100 20 3 5
F9 0.1 2 0.10 100 20 3 5
F10 1.0 5 0.50 100 20 3 5
F11 0.5 5 0.25 100 20 3 5
F12 0.1 5 0.10 100 20 3 5
F13 1.0 2 - 100 20 6 5
F14 0.5 2 - 100 20 6 5
F15 0.1 2 - 100 20 6 5
F16 1.0 5 - 100 20 6 5
F17 0.5 5 - 100 20 6 5
F18 0.1 5 - 100 20 6 5
F19 1.0 2 0.50 100 20 6 5
F20 0.5 2 0.25 100 20 6 5
F21 0.1 2 0.10 100 20 6 5
F22 1.0 5 0.50 100 20 6 5
F23 0.5 5 0.25 100 20 6 5
F24 0.1 5 0.10 100 20 6 5
F25 1.0 2 - 100 30 3 5
F26 0.5 2 - 100 30 3 5
F27 0.1 2 - 100 30 3 5
F28 1.0 5 - 100 30 3 5
F29 0.5 5 - 100 30 3 5
F30 0.1 5 - 100 30 3 5
F31 1.0 2 0.50 100 30 3 5
F32 0.5 2 0.25 100 30 3 5
F33 0.1 2 0.10 100 30 3 5
F34 1.0 5 0.50 100 30 3 5
F35 0.5 5 0.25 100 30 3 5
F36 0.1 5 0.10 100 30 3 5
F37 1.0 2 - 100 30 6 5
F38 0.5 2 - 100 30 6 5
F39 0.1 2 - 100 30 6 5
F40 1.0 5 - 100 30 6 5
F41 0.5 5 - 100 30 6 5
F42 0.1 5 - 100 30 6 5
F43 1.0 2 0.50 100 30 6 5
Fa4 0.5 2 0.25 100 30 6 5
F45 0.1 2 0.10 100 30 6 5
F46 1.0 5 0.50 100 30 6 5
F47 0.5 5 0.25 100 30 6 5
F48 0.1 5 0.10 100 30 6 5
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Table 2. Formulations prepared by changing the component amounts over the F33 formulation

Water Phase Qil Phase

Code Carbopol HPMC TEA Distilled Oleum _ Tween Propylene

(9) (9) (9) water (gs) | rosmarini 20 (g9) glycol (g)

(9)

F49 0.1 2 0.1 100 30 1 5
F50 0.1 2 0.1 100 30 3 2.5
F51 0.1 2 0.1 100 30 3 10
F52 0.1 2 - 100 30 1 5
F53 0.1 2 - 100 30 3 2.5
F54 0.1 2 - 100 30 3 10

Characterization of the Emulgels
Organoleptic Properties

Various organoleptic properties, including appearance, homogeneity, phase separation,
spreadability, and immediate skin feeling upon application, were examined for every formulation.
Visual assessments were made of appearance and phase separation properties. Sensory characteristics
were assessed by rubbing emulgels into the skin on the dorsal side of the hand or between two fingers
[7]. Homogenity was evaluated by pressing a standard amount (100 mg) of the formulations between
the thumb and the index finger in order to notice the consistency of the emulgel and whether any coarse
particles were being adhered to or removed from the finger [8].

pH

pH values of the emulgels were determined with a digital pH meter (Mettler Toledo, Switzerland)
in triplicate, and average values with standard deviations were recorded [9].

Texture Profile Analysis (TPA)

The mechanical properties of the emulgels, including hardness, adhesiveness, cohesiveness, and
compressibility, were evaluated using a texture analyzer (TA.XT.PlusC, Stable Micro System,
Haslemere, Surrey, UK), equipped with a 5 kg load cell. The tests were performed with a Perspex probe
having a 10 mm diameter (SNSP/10, h : 10 mm) and 20 g of each emulgel formulation placed into a
suitable beaker at 25 + 0.5 °C. The pre-test, test, and post-test speeds were 2 mm/s each, with a trigger
force of 0.001 N. The compression depth in each test was 10 cm, and the delay period between two
compressions was 10 s. All measurements were done in triplicate for each formulation, and the Texture
Exponent Connect 8.0.5.0 software package was used to determine the mechanical properties of the
emulgels [10].

Rheological Properties

Rheological measurements, including shear stress, shear rate, and apparent viscosity, were
performed using a cone and plate Brookfield rheometer (Brookfield DV3THACJ0, Middleboro, MA,
USA) in triplicate in a temperature-controlled environment at 25 £+ 0.5 °C, and rotational speed was
ranged from 10-100 rpm. Data were obtained by the RheoWin 4.87.0006 (Haake®) software [9].

Stability Evaluation

The prepared emulgel formulations were characterized in heating-cooling cycles and centrifuge
conditions to evaluate their thermodynamic stability. The samples were evaluated in terms of phase
separation and physical appearance under stress conditions. Emulgels were incubated at 4 and 40 °C (24
h) for 3 cycles and examined for phase separation. Additionally, a centrifuge test was performed for 10
minutes at 3500 rpm with 3 repetitions [11].
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RESULT AND DISCUSSION

Rosemary essential oil is reported to have many biological activities such as antioxidant,
anticarcinogenic, antibacterial, analgesic and antimicrobial, antifungal, antioxidant, and anti-
inflammatory activities [12,13]. Among the chemical components of rosemary essential oil, 1,8-cineole,
a-pinene, camphor, bornyl acetate, borneol, camphene, a-terpineol, limonene, B-pinene, B-
caryophyllene, and myrcene compounds are defined as the characteristic components of this oil [2]. The
pharmacological activities of Rosmarinus officinalis essential oil are attributed to its 1,8-cineole,
camphor, and a-pinene components. Rosmarinus officinalis is employed in traditional medicine for its
antiinflammatory, analgesic, and antibacterial properties in muscles and joints [14]. Because of its
antiinflammatory and antiarthritic properties, Rosmarinus officinalis has shown promise in modulating
rheumatoid arthritis, with the in vivo studies in the literature [15].

Topical application stands out in terms of providing the opportunity to administer drugs with a
non-invasive method and also with its advantages, such as not being exposed to first pass metabolism,
reduced side effects, ease of application, and also removal, thus improving patient compliance [16,17].
Recently, delivery of bioactive molecules derived from medicinal plants by the topical formulations
gained increasing interest due to improving the biological qualities and bioavailability of the plant
constituents in treatment of various conditions [18].

One of the formulations developed for topical application is emulgels. Emulgels are described as
semi-solid emulsions of either the w/o or the o/w type dosage forms, with consistency varying according
to the type of oil and gelling agent used [19]. Emulsions are heterogeneous systems in which one phase
is finely dispersed in another, and the dispersed phase can be hydrophobic-based (w/0) or aqueous-based
(o/w) [20]. OQil-in-water emulsions are widely used in various industrial applications, such as the food
industry, pharmaceutical, or cosmetic fields [21]. In our study, o/w emulsion-type emulgel formulations
were developed as Carbopol 996, HPMC, and TEA in the water phase; Tween20, propylene glycol, and
rosemary oil were used as the oil phase.

Rosemary oil is included in the formulation as the active ingredient and is added to the internal
phase due to its volatile properties. In all developed emulgel formulations, the inner phase is determined
as the oil phase and the continuous phase as the water phase.

Carbopol is a high molecular weight synthetic polymer of acrylic acid that helps formulate low-
irritating topical dosage forms, providing good characteristics, skin feel, and drug penetration properties
[22]. The most appealing features of carbopol as a mucoadhesive agent for topical application are that
it is less costly, non-irritating, biodegradable, and not absorbed into the body [23].

HPMC is one of the most frequently used cellulosic polymers available to develop topical drug
delivery systems. HPMC can be employed for emulsification, adhesion, thickening, film formation, and
gelation, depending on the molecular weight and viscosity selected. It is composed of linked polymeric
units that hold onto water, making it a great hydrophilic gel-forming polymer [24]. Furthermore, HPMC
exhibits minimal drug interaction and has been shown to promote bioadhesion and local drug delivery
by improving retention [25].

Surfactants are components that enable the formation of stable emulsions. While o/w emulsions
are prepared with hydrophilic surfactants, w/o emulsions are prepared with lipophilic substances.
Surfactants are adsorbed at the oil-water interface, reducing the interfacial tension and ensuring stable
mixing of water and oil [26]. In recent years, surfactants such as polysorbates (Tweens) and co-
surfactants such as propylene glycol have been used widely in the formulations [27,28].

Propylene glycol is a widely used excipient in many cosmetics, topical skin preparations,
medications, and foods [29]. It is known that this excipient is safe to use even at high concentrations.
Although it acts as a co-solvent in some preparations, it is also preferred in many formulations due to
its skin care properties [30]. Due to the advantages of propylene glycol, such as being safe at high
concentrations and being widely used, a fixed concentration of propylene glycol was used in our
formulations.

Tween 20 was used as a surfactant in the developed formulations. The HLB value of Tween 20
is known to be approximately 16.7 [31]. This value ensures that the hydrophilic feature of the substance
is high and that it has the ability to make water into the outer phase of the formulation [32]. As a
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surfactant, Tween 20 has the ability to mix with both phases. While preparing the formulations, it was
dispersed in the oil phase. Surfactants found in topical formulations can increase skin permeability and
affect the physicochemical properties of the formulation, as well as causing skin irritation [33]. For this
reason, surfactant concentrations were used within confidence limits when developing the formulation.

Characterization of the Emulgels

Within the scope of our study, organoleptic controls, pH analysis, TPA, rheological
measurements, and thermodynamic stability analyses were carried out as characterization studies in the
formulations. In organoleptic controls, it was examined in terms of color, spreadability, phase
separation, homogeneity, and appearance.

Spreadability properties analyzed in organoleptic evaluation play a key role in defining both the
efficiency of the product and its acceptance by the consumer. Reliability was evaluated at three levels:
poor, moderate, and good.

Some of the emulgels developed in preformulation studies had phase separation, coarse particles,
or non-ideal properties, as presented in Table 3. All optimized formulations developed in the study had
a smooth texture and no evidence of phase separation. A physical evaluation was performed by pressing
a small amount of the formulation between the thumb and the index finger. Based on the spreadability,
appearance, homogenity, and stability, F27, F31, F32, and F33 formulations were found to be
satisfactory. Among these four formulations, F33 was chosen for deriving six additional formulations
(F49, F50, F51, F52, F53, and F54) by modifiying the formulation components due to having the highest
Oleum rosmarini and the least excipient content. As a result of thermodynamic characterization studies,
phase separation was observed in the F52 and F53 formulations. It was observed that other optimized
formulations were homogeneous and consistent without containing any coarse particles. In terms of the
immediate skin feeling after application, most formulations did not leave an oily feeling, and they are
thought to be ideal in terms of spreadability.

Table 3. Organoleptic evaluation of the emulgel formulations

Formulation | Spreadability | Phase Separation | Homogenity Immediate Skin Appearance
Feel
F1 + No separation Homogeneous Poor Good
F2 ++ No separation Not Good Good
F3 +++ No separation Homogeneous Good Good
F4 +++ No separation Homogeneous Moderate Good
F5 ++ No separation Not Good Poor
F6 + No separation Not Moderate Poor
F7 + No separation Homogeneous Moderate Moderate
F8 ++ No separation Homogeneous Moderate Moderate
F9 +++ No separation Homogeneous Good Good
F10 ++ No separation Homogeneous Good Good
F11 ++ No separation Homogeneous Good Good
F12 ++ No separation Homogeneous Good Good
F13 +++ No separation Homogeneous Good Good
F14 ++ No separation Homogeneous Good Good
F15 +++ No separation Homogeneous Good Good
F16 + No separation Not Moderate Moderate
F17 + No separation Not Poor Poor
F18 + Separation Not Poor Poor
F19 ++ No separation Homogeneous Good Good
F20 + No separation Not Poor Poor
F21 + Separation Not Poor Poor
F22 + Separation Not Poor Poor
F23 + No separation Not Moderate Poor
F24 + Separation Not Poor Poor
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Table 3 (continue). Organoleptic evaluation of the emulgel formulations
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Formulation | Spreadability | Phase Separation | Homogenity Immediate Skin Appearance
Feel
F25 + Separation Not Poor Poor
F26 +++ No separation Homogeneous Good Good
F27 +++ No separation Homogeneous Good Good
F28 + No separation Homogeneous Good Good
F29 ++ No separation Homogeneous Moderate Moderate
F30 + No separation Homogeneous Moderate Good
F31 +++ No separation Homogeneous Good Good
F32 +++ No separation Homogeneous Good Good
F33 +++ No separation Homogeneous Good Good
F34 + No separation Not Moderate Poor
F35 + Separation Not Poor Poor
F36 ++ No separation Homogeneous Moderate Good
F37 ++ No separation Homogeneous Good Good
F38 ++ No separation Homogeneous Moderate Good
F39 ++ No separation Homogeneous Moderate Good
F40 + No separation Not Poor Poor
F41 + No separation Not Moderate Poor
F42 + Separation Not Poor Poor
F43 ++ No separation Homogeneous Moderate Good
F44 ++ No separation Homogeneous Moderate Good
F45 ++ No separation Homogeneous Good Good
F46 ++ No separation Homogeneous Moderate Good
F47 + No separation Not Moderate Moderate
F48 + No separation Homogeneous Moderate Good
F49 +++ No separation Homogeneous Good Good
F50 +++ No separation Homogeneous Good Good
F51 +++ No separation Homogeneous Good Good
F52 + Separation Not Poor Poor
F53 + Separation Not Poor Poor
F54 +++ No separation Homogeneous Good Good

* +++: proper spreadability, ++: moderate spreadability, +: not spreadable

Upon organoleptic evaluation, F27, F31, F32, F33, F49, F50, F51, and F54 were chosen for

further studies due to their better spreadability, stability (phase separation), homogenity, immediate skin
feel, and physical appearance for topical application.

pH values of the formulations were determined between 5.4+0.1 and 6.3£0.1, respectively (Table
4), and found to be suitable for topical delivery [34].

Rheological properties, depending on the formulation viscosity, elasticity, and flow model, affect
the manufacturing, appearance, packaging, long-term stability, and in vivo performance of the product.
Biopharmaceutical properties such as drug release and permeation may also vary depending on the
rheological profile of the formulation. For these reasons, rheology behavior is an important feature to
determine the compliance of semisolid formulations with quality standards appropriate to the target
product profile [33]. Since viscosity can affect the release of the drug by changing the diffusion rate, it
holds significance in the behavior of semi-solid formulations [16,35]. When the rheograms of the
selected formulations are examined, the viscosity values of the formulations at the same shear stress are
as follows in increasing order: F54, F27, F51, F33, F50, F49, F32, F31 (Table 4). It was observed that
F31 and F32 formulations had a much higher viscosity value compared to other formulations against
the same shear stress, and addition of the TEA increased the viscosity of the formulations [36].
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It is thought that these two formulations are not suitable in terms of spreadability and will prevent
the active ingredient from passing into the skin. For these reasons, therapeutic effectiveness and
bioavailability may be lower compared to other formulations.

Table 4. pH and viscosity values of the emulgel formulations

Formulation pH +SD Viscosity (mPa.s) + SD

F27 57+0.1 296 +17
F31 6.2+0.1 665 +82
F32 6.3+0.1 664 +28
F33 6.2+0.1 377 £2

F49 58+0.1 396+ 12
F50 59+0.1 353+5
F51 6.1+£0.1 336+2
F54 54+0.1 249 + 15

When stress is applied to topical semi-solid dosage forms by increasing the shear rate, it decreases
the viscosity, which makes it easier to apply to the skin, implying a non-Newtonian behavior [37].
Therefore, a certain critical stress value (shear stress) is required for the formulation to start flowing.
Below this value, the formulations show largely elastic properties, while above this value, they generally
show plastic flow [38]. When the rheograms were examined (Figure 1-2), the shear rate versus shear
stress was evaluated, and a system that became thinner as the stress increased was observed, and as the
shear rate increased, the viscosity decreased [39]. This indicates that the prepared formulations show
pseudoplastic flow properties. Significant deviations were observed in the rheograms of F31 and F32
formulations compared to other formulations, flow property was preserved in F27, F33, F49, F50, F51,
and F54 formulations.

Figure 1. Rheograms of the formulations measured at 25°C. (A: F27, B: F31, C: F32, D: F33). (t:
shear stress, y: shear strain, Pa: stress in pascals; x axis =y in 1/s, y axis = 1 in Pa)

The most widely utilized method for analyzing the mechanical characteristics of pharmaceutical
semi-solid formulations is TPA, which can be used to supplement rheological data by identifying
interactions between formulation components [40]. The hardness is the force needed to atain
deformation, thus involving the removal of formulation from the packaging in the first place and helping
determine the degree of deformation [41]. When the hardness of the formulations is compared, it is
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observed that the hardness of the F31 and F32 formulations is quite high compared to other formulations.
On the other hand, the lowest hardness values were observed in F27 and F33 formulations (Table 5).
The work required to overcome the attractive force between the surface of the sample and the probe is
related to the adhesion parameter [42]. A high adhesion value contributes to bioavailability by increasing

the retention time of the drug [43].

Figure 2. Rheograms of the formulations measured at 25°C. (E: F49, F: 50, G: F51, H: F54). (t: shear

stress, y: shear strain, Pa: stress in pascals; x axis = y in 1/s, y axis = t in Pa)

Cohesion refers to the internal strength of the bonds to hold the network together [44]. Among
the formulations developed, the formulation with higher adhesion and lower cohesion values results in
low interaction with the skin and accordingly provides high ease of application [41]. Accordingly, while
the adhesion property was higher in the F31 and F32 formulations compared to the others, approximate
values were observed in the other formulations, and at the same time, the cohesion value showed the
lowest value in the F33 formulation. For this reason, the spreadability of the F33 formulation and
therefore patient compliance is thought to be high. Formulations F31 and F32 are found to be not suitable
due to their high adhesion and hardness properties (Table 5). This finding is also supported by rheology
results in terms of viscosity and flow models of the formulations (Table 4, Figure 1-2).

Table 5. TPA of the emulgel formulations.

Formulation Hardness Compressibility | Adhesiveness | Cohesiveness + SD
(N) £ SD (N.mm) £ SD (N.mm) £ SD
F27 0.016 £+ 0.001 0.019 +0.001 0.047 £ 0.002 0.899 + 0.004
F31 0.152 +0.016 0.195 + 0.028 0.142 +£0.011 0.949 + 0.047
F32 0.157 +0.022 0.247 +0.034 0.151 +0.018 0.936 = 0.022
F33 0.020 £+ 0.001 0.025 £+ 0.001 0.060 £ 0.002 0.855 + 0.073
F49 0.030 = 0.001 0.041 £+ 0.000 0.071 £ 0.001 0.916 + 0.019
F50 0.022 = 0.000 0.026 = 0.001 0.061 £+ 0.002 0.882 +0.014
F51 0.024 +0.001 0.028 = 0.001 0.063 = 0.000 0.878 = 0.023
F54 0.029 £ 0.000 0.025 £+ 0.001 0.054 + 0.002 0.862 + 0.035
Conclusion

In this study, an emulsion-type emulgel was prepared using Oleum rosmarini for use in the
treatment of rheumatoid arthritis [18]. The prepared emulgels were evaluated in terms of pH, viscosity,
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rheological properties, thermodynamic stability, organaleptic properties, and texture profile analyses.
While preparing the emulgels, different proportions of HPMC, carbopol, propylene glycol, TEA, Tween
20, and rosemary oil were used, and among the formulations, characterization tests continued with F27,
F31, F32, F33, F49, F50, F51, F52, F53 and F54. The stability of emulgels was tested against the stress
conditions, including heating-cooling cycles and centrifuge conditions. Upon evaluation of
thermodynamic stability, there was no observed phase separation except for F52 and F53 formulations.
Further studies continued with F27, F31, F32, F33, F49, F50, F51 and F54. The prepared emulgel
formulations showed good spreadability on the skin. In organaleptic examinations of the formulations,
it was observed that they were ideal in terms of homogeneity and immediate skin feel. As a result of
rheological examinations, it was observed that the optimized formulations were suitable for
pseudoplastic flow type. As a result of in vitro characterization tests, the F33 formulation was thought
to be ideal in comparison with the others. In this study, a suitable formulation in terms of its
physicochemical properties was developed by using rosemary oil, an active ingredient of natural origin.
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REGIOISOMERIC N-ALKYLATION OF SOME INDAZOLES

BAZI INDAZOLLERIN REGIOIZOMERIK N-ALKILASYONU
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ABSTRACT

Objective: Indazole scaffold have two interconvertible tautomeric forms. Based on our previous
studies, regioisomeric N-alkylation of some indazole analogs was synthesized in this study and their
structures were elucidated by 2D NMR methods.

Material and Method: Regioisomers were resolved for N-benzylations and alkylation of some non-
substituted and substituted indazoles, under basic conditions (K.COs) in DMF.

Result and Discussion: It was observed that, their occurrence ratios of N1 : N2 is almost equal
(50%). Their structures were established by combination of *H-'H NOE (Nuclear Overhauser Effect
Spectroscopy, NOESY) and HMBC (Heteronuclear Multiple Bond Correlation) NMR methods.
Keywords: HMBC, indazole (1,2-benzodiazole), NOESY, regioisomers

0z

Amag: Indazol halkast iki tautomerik forma sahiptir. Onceki ¢alismalarimizda yola ¢ikarak, bu
¢alismada bazi indazol analoglarinin regioizomerik N-alkilasyonu sentezlendi ve yapilart 2D NMR
yontemleriyle aydinlatild.

Gereg ve Yontem: Bazi non-siibstitiie ve siibstitiie indazollerin, DMF i¢inde bazik kosullar (K2CO3)
altinda N-alkilasyonu yoluyla regioizomerik N-alkilasyon tiirevieri elde edildi.

Sonu¢ ve Tartisma: N1 : N2 olusum oranlarimin neredeyse esit oldugu (%50) gozlemlendi.
Molekiillerin yapilari, *H-'H NOE (Nuclear Overhauser Effect Spectroscopy, NOESY) ve HMBC
(Heteronuclear Multiple Bond Correlation) NMR yéntemleri ile aydinlatilds.

Anahtar Kelimeler: HMBC, indazol (1,2-benzodiazol), NOESY, regioizomer

INTRODUCTION

Indazoles are a significant class of heterocyclic compounds with a diverse range of biological and
pharmaceutical applications. Indazole derivatives play a crucial role in pharmacology as they form the
core structure of various drug molecules, including Granisetron, a SHT3 receptor antagonist used as an
antiemetic in cancer chemotherapy, Benzydamine, an anti-inflammatory agent, and the anti-cancer drug
Pazopanib [1,2]. Indazoles are bearing a bicyclic ring structure made up of a pyrazole and a benzene
ring. Indazole may exist in two tautomeric forms resulting from the transfer of a proton between the two
nitrogen atoms, a process described as prototropic annular tautomerism (Figure 1). Studies on molecular
refractivity indicate that non-substituted indazole predominantly exists as the 1H-tautomer (I). Research
has shown that the 1H form is generally more stable than the 2H form in both gas-phase solutions and
solid-state derivatives [3,4]. However, Alkorta and Elguero demonstrated through theoretical
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calculations that in certain instances, the 2H-tautomer is more stable than the 1H-tautomer [5].
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Figure 1. Annular prototropic tautomerism of indazole

The relocation is completely lost when the hydrogen on the pyrazole is replaced with any alkyl
groups in indazoles.

In our recently published papers, we have characterized the occurrence and structures of some
regioisomers of imidazopyrimidines, imidazopyridines, imidazopyrazines, benzimidazoles and
indazoles [6-10]. For this purpose, we used advance 2D-NMR techniques for the structural elucidation.
In continuation of these works, we now report, substituted indazole with some alkyl halids, for
investigation of the possible regioisomers.

MATERIAL AND METHOD

Uncorrected melting points were measured on an Biichi B-540 capillary melting point apparatus.
'H (500 MHz) and *3C (125 MHz) NMR spectra were recorded employing BRUKER AVANCE NEO
500 MHz FT spectrometer, chemical shifts (8) are in ppm relative to TMS. The samples (5-10 mg) were
prepared in 0.75 ml of CDCIs.The liquid chromatography mass spectrometry (LC-MS) spectra were
taken on a Waters Micromass ZQ connected with Waters Alliance HPLC (Waters Corporation), using
the ESI (+) method with a C-18 column (XTerra®, 4.6 X 250 mm, 5 um).

6-Fluoro-1-(4-methoxybenzyl)-1H-indazole (la) and 6-Fluoro-2-(4-methoxybenzyl)-2H-indazole
(1b)

K2CO; (0.152 g, 1.1 mmol) was added to a suspension of the 6-fluoro-1H-indazole (0.136 g, 1
mmol) in DMF (1 ml) and stirred. One hour later, 4-methoxybenzyl chloride (0.172 g, 1.1 mmol) was
added. After overnight stirring at room temperature, water was added and oily precipitate was separated.
Crude product was purified by column chromatography.

Purification (EtOAc : n-Hexane 10 : 100) first afforded the compound la, yield 0.066 g, 25.8%,
mp : 52-54°C. *H-NMR & ppm (CDCls) : 3.79 (s, 3H, -OCHj), 5.49 (s, 2H, N-CH), 6.85-6.87 (d, 2H, J
= 8.6 Hz, H-3,5”), 6.9-6.94 (m, 1H, H-5), 7.00 (broad d,1H, J = 9.2 Hz, H-7), 7.18-7.20 (d, 2H, J = 8.6
Hz, H-2°,6°), 7.66-7.69 (m, 1H, H-4), 8.02 (s, 1H, H-3) ; COSY : [H-2’,6° / H-3",5’], [H-5 / H-4] ;
NOESY : [N-CH,/ H-7], [N-CH2/ H-2,6°], [OCH3/ H-3",5] ; **C-NMR, HSQC & HMBC § ppm
(CDCls) : 162.1 (d, J =242 Hz, C-6), 159.32 (C-4°), 139.69 (d, J = 12.5 Hz, C-7a), 133.48 (C-3), 128.67
(C-2°,6"), 128.47 (C-17), 122.5 (d, J = 11 Hz, C-4), 121.27 (C-3a), 114.2 (C-3°,5"), 110.6 (d, J = 25.9
Hz, C-5), 95.1 (d, J = 26 Hz, C-7), 55.26 (-OCHs3), 52.73 (N-CH>) ; MS (ESI+) m/z : 257 (M+H, 44%),
121 (M+H, 100%), C1sH13FN,O.

Continued elution with (EtOAc : n-Hexane 12 : 100) provided Ib, yield 0.062 g, 24.2%, mp : 84-
87°C. 'H-NMR § ppm (CDCls) : 3.81 (s, 3H, -OCHs), 5.51 (s, 2H, N-CH.), 6.87-6.89 (m,1H,H-5), 6.91
(d, 2H, J = 8.6 Hz, H-3",5"), 7.27 (d, 2H, J = 8.6 Hz, H-2°,6"), 7.32 (dd, 1H, J =10.1 & 2.1 Hz, H-7),
7.58 (dd, 1H, J = 9.1 & 5.4 Hz, H-4), 7.85 (s, 1H, H-3) ; COSY : [H-2°,6’ / H-3",5’], [H-5 / H-4] ;
NOESY : [N-CH, / H-3], [N-CH, / H-2",6’], [OCH3 / H-3°,5°] ; ®C-NMR, HSQC & HMBC § ppm
(CDCls) : 161.6 (d, J = 241 Hz, C-6), 159.8 (C-4"), 148.6 (d, J = 13.7 Hz, C-7a), 129.7 (C-2".,6), 127.4
(C-1), 123 (C-3), 121.85 (d, J = 10.4 Hz, C-4), 119.19 (C-3a), 114.6 (C-3°,5"), 113.2 (d, J =28 Hz, C-
5), 100.7 (d, J = 23.6 Hz, C-7), 57.09 (N-CH.), 55.32 (OCHg) ; MS (ESI+) m/z : 257 (M+H, 55%), 121
(M+H, 100%), C15H13FN,O.
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Methyl 1-(4-tert-butylbenzyl)-1H-indazole-5-carboxylate (11a) and Methyl 2-(4-tert-butylbenzyl)-
2H-indazole-5-carboxylate (11b)

K2CO; (0.152 g, 1.1 mmol) was added to a suspension of methyl 1H-indazole-5-carboxylate
(0.1276g, 1 mmol) in DMF (1 ml) and stirred. One hour later, 4-tert-butylbenzyl bromide (0.25 g, 1.1
mmol) was added. After overnight stirring at room temperature, water was added and precipitate was
filtered. Crude product was purified by column chromatography.

Purification (EtOACc : n-Hexane 12 : 100 ) first afforded the compound lla, yield 0.078 g, 24.14%,
mp : 130-132°C. *H-NMR & ppm (CDCls) : 1.29 (s, 9H, -C(CHs)3), 3.96 (s, 3H, -OCHs), 5.60 (s, 2H,
N-CH,), 7.17 (d, 2H, J = 8.5 Hz, H-2",6"), 7.34 (d, 2H, J = 8.5 Hz, H-3",5"), 7.41 (d, 1H, J = 8.9 Hz, H-
7), 8.04 (dd, 1H, J = 8.85 & 1.5 Hz, H-6), 8.16 (d, 1H, J = 0.85 Hz, H-3), 8.54 (s, 1H, H-4) ; COSY :
[H-2°,6° / H-3",5"], [H-6 / H-7] ; NOESY : [N-CH,/H-7], [N-CH./H-2",6"], [-C(CH3)s/H-3",5"] ; **C-
NMR, HSQC & HMBC 6 ppm (CDCls) : 167.27 (C=0), 150.97 (C-4"), 141.3 (C-7a), 135.03 (C-4),
133.3 (C-17), 127.2 (C-6), 127.02 (C-2",6"), 125.76 (C-3,5"), 124.7 (C-3), 124.05 (C-3a), 123.0 (C-5),
109.12 (C-7), 52.87 (N-CH>), 52.09 (-OCHs), 34.53 (-C(CHs3)3, 31.27 (-C(CHs3)s ; MS (ESI+) m/z : 323
(M+H, 100%), 147 (M+H, 54%), C20H22N20x.

Continued elution with (EtOAc : n-Hexane 15 : 100) provided I1b, yield 0.058 g, 18%, mp : 147-
150°C. *H-NMR & ppm (CDCls) : 1.32 (s, 9H, -C(CHs)s3), 3.94 (s,3H, -OCHs), 5.59 (s, 2H, N-CH>), 7.27
(d, 2H, J=8.3 Hz, H-2°,6"), 7.41 (d, 2H, J = 8.4 Hz, H-3",5"), 7.74 (d, 1H, J = 9.15 Hz, H-7), 7.91 (dd,
1H, J = 9.15 & 1.55 Hz, H-6), 8.04 (s, 1H, H-3), 8.54 (s, 1H, H-4) ; COSY : [H-2",6> / H-3",5"], [H-6 /
H-7] ; NOESY : [N-CH;/ H-3], [N-CH. / H-2",6°], [-C(CH3)s / H-3°,5°] ; BC-NMR, HSQC & HMBC
d ppm (CDCls) : 167.5 (C=0), 151.76 (C-4"), 150.2 (C-7a), 132.1 (C-1"), 128 (C-2,6"), 126 (C-3°,5"),
125.8 (C-6), 125.25 (C-3), 124.9 (C-4), 123.8 (C-3a), 121.4 (C-5), 117.4 (C-7), 57.54 (N-CH>), 52.03 (-
OCHpg), 34.64 (-C(CHjs)s, 31.27 (-C(CHs)s ; MS (ESI+) m/z : 323 (M+H, 100%), 147 (M+H, 74%),
Ca0H22N20s.

RESULT AND DISCUSSION

Targeted compounds were prepared using the methods outlined in Scheme 1. Alkylation of
pyrazoles are region-specific, many times the mixtures of two isomers are obtained with same or
different ratio [11]. In this study, when we attempted alkylation of indazoles with alkyl halides under
basic conditions (K2COs, in DMF), alkylation was formed N*and N? positions, so regiosomers (la, lla
as N1) and (Ib, I1b as N2) series were obtained.

In our experiments the occurring ratio of regioisomers were highly close to each other as expected
(Scheme 1). While it was almost equal in the | series, the formation of I1b was occurred to a slightly
lesser extent in the Il series. One of the most decisive method 2D NOESY experiment has been used
for the structure elucidation of the regioisomers firstly. Very strong NOE enhancements have been seen
between benzylic protons and H-7 in the NOESY spectra of la and Ila (Figure 2). However, for the b
series of the same compounds since there is no enough proximity between N-CH; and H-7, NOE
enhancements were not observed as expected. In the spectra of b and I1b strong NOE interaction were
seen between the benzylic protons and H-3 (Figure 2). These results were also supported by their HMBC
correlations. It is possible to see the interactions of benzylic protons with C-7a in the HMBC spectra of
la and Ila (Figure 3). In contrast, in the HMBC spectrum of Ib and Ilb the interactions of benzylic
protons with C-3 were seen (Figure 3).
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Scheme 1. Synthesis of new regioisomeric indazole analogues
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Figure 2. Partial NOESY spectra of compounds la-b and Ila-b
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Figure 3. Partial HMBC spectra of compounds la-b and Ila-b
Conclusions

The alkylation of 1H- and 2H tautomeric forms of indazoles have been used to develop new active
pharmaceutical ingredients. Hence their regioisomeric N-alkylation of these molecules would be of great
importance to the pharmaceutical industry. It was found that N- alkylation of indazoles was realized
with almost equal ratio (50%) in presence of anhydrous K,COsz in DMF. NOESY and HMBC
experiments were the decisive NMR techniquies for structural elucidation of these types of
regioisomers. The complete structure elucidation of all synthesized compounds was performed using
1D and 2D NMR experiments including COSY, NOESY, gHSQC and gHMBC.
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YASLILARDA AKILCI iLAC KULLANIMINDA ECZACI
SORUMLULUGU

PHARMACIST RESPONSIBILITY FOR RATIONAL MEDICATION USE IN THE ELDERLY
Yagmur OZKAYA* (9, Giilbin OZCELIKAY?
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0z

Amagc: Tiim diinyada oldugu gibi Tiirkiye nin de niifusu, saghk alamindaki gelismeler ve dogum
oranlarimin azalmasi sonucunda giderek yaglanmaktadir. Yash bireylerin sayisinin toplum i¢inde
giderek artmast ile birlikte saglik alaninda farkli sorunlar ortaya ¢ikmigtir. Bu arastirma, yash
bireylerin regete edilen ilaglarn kullanimi hakkinda sahip olduklar: bilgi diizeylerini saptamak ve
eczacilar tarafindan uygulanan ilag egitim programimn ilag bilgi diizeylerine etkisini incelemek
amaciyla yapimustir.

Gerec ve Yontem: Arastirmanin materyalini, Ankara ilinde bulunan, 3 farkli huzurevinde yasayan
stirekli ila¢ kullanmakta olan ve ilaclarin kendisi alan 65 yas ve iizeri 62 bireye uygulanan anket
formlart olusturmaktadir. Demografik bilgiler, hastalik ve ilag¢ bilgisi, ila¢ kullaniminda eczacinin
rolii ile ilgili olmak iizere ii¢ boliimden olusan anket formu arastirmacilar tarafindan uzman goriisii
alinarak ve pilot ¢alismalar sonucunda gelistirilerek hazirlanmistir. Anket formu ve ilag bilgi formu
on test olarak 62 hastaya uygulanmistir. Daha sonra hastalara, Farmakolog eczaci tarafindan akilci
ilag kullammu ile i1Qili egitim verilmistir. Egitim, teorik bilgi ve bire bir damismanlik seklinde
tasarlanmigtir. Egitim sonrast yine aym anket formu uygulanarak son test gerceklestirilmistir. Ik
ve son test sonuglart SPSS ver. 23.0 programi kullanilarak degerlendirilmistir.

Sonu¢ ve Tartisma: llaclarini kendi kendine alabilen yash hastalara verilen egitim sonrasinda,
kullandiklart ilacin ads, ilacin kullanilma amaci, dozu, yan etkileri, saklama kosullari, son kullanma
tarihlerinin kontrol edilmesi gerektigi, ilag-besin etkilesimlerinin neler oldugu gibi konulardaki
bilgi diizeyleri arasinda on test ve son test puanlart karsilastirildiginda anlamh farkllik
gozlenmigstir. Sonug olarak; 65 yas iistii yash bireylerin, ilaglarimni akilci kullanmalart konusunda
eczaci yonetimli ilag egitim programlarinin uygulanmasinin yarar sagladigr goriilmiistiir.
Anahtar Kelimeler: Akilct ilag kullanimi, eczaci, ilag egitimi, yash hastalar

ABSTRACT

Objective: The population is gradually aging in Turkey, as in the rest of the world, as a result of
developments in the field of health and declining birth rates. With the increase in the number of
elderly individuals in the society, different problems have emerged in the field of health. This study
was conducted to determine the level of knowledge of elderly individuals regarding the use of
prescribed drugs and to examine the effect of the drug education program implemented by
pharmacists on the level of drug knowledge.
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Material and Method: The material of the study consisted of questionnaire forms administered to
62 individuals aged 65 years and over who were continuously taking medication and taking their
own medication in 3 different nursing homes in Ankara province. The questionnaire form consisting
of three sections including demographic information, disease and drug information, and the role of
the pharmacist in drug use was prepared by the researchers by reviewing the literature. The
questionnaire form and drug information form were applied to 62 patients as a pre-test. Afterwards,
the patients were given training on rational drug use by a pharmacologist faculty member. The
training was designed as theoretical information and one-to-one counseling. After the training, the
same questionnaire form was applied and the post-test was performed. Initial and post-test results
were evaluated using SPSS ver. 23.0 program was used.

Result and Discussion: There was a significant difference between the pre-test and post-test scores
of the elderly patients who were able to take their medications on the subjects such as the name of
the medication, the purpose of the medication, dosage, side effects, storage conditions, the need to
check expiration dates, and drug-nutrient interactions. In conclusion, it was observed that the
implementation of pharmacist-led drug education programs was beneficial for elderly individuals
over 65 years of age to use their medications rationally.

Keywords: Elderly patients, drug education, pharmacist, rational drug use

GIRIS

Yasamin olagan akisi igerisinde bir gelisim evresi olan yaslilik, bireylerin artan saglik sorunlar
ve bakim ihtiyaglarindan dolay1 6zel bakim ve tibbi destege en ¢ok ihtiya¢ duyulan dénemi olarak
karsimiza ¢ikmaktadir [1]. Niifus yaslanmasinin hiz1 gegmise gore ¢ok daha fazladir [2,3]. Son yapilan
aragtirmalar, tllkemizin niifus yapisinda kokli degisimlerin yasandigimi gostermektedir [4,5].
Yaglanmayla birlikte kronik hastalik goriilme sikligi artmakta ve buna bagli olarak ortaya ¢ikan
fiztolojik degisiklikler bir takim sorunlar1 beraberinde getirmektedir [6]. Bu sorunlardan birisi de
yaglilarda ila¢ kullanimidir [7]. Yaslanma siirecinde algisal siireglerin yavaslamasi ve diisiinme
yeteneginin zayiflamasi gibi degisimler yasam siirecini etkilemektedir. Bu degisimler 6zellikle kronik
hastaliklarin tedavisinde ilag kullanimini da etkilemektedir. Yaslt hastalar, niifusun biiyiik bir kismini
olusturmasalar da yasadiklari toplumda en ¢ok ilag kullanan grup haline gelmektedir. ABD'de yapilan
kapsamli bir ilag kullanim aragtirmasinda, 65 yas tizeri kadinlarda polifarmasi prevalansinin oldukga
yiiksek oldugu tespit edilmistir [8].

Yaslh bireylerde receteli ilaglarin yan sira regetesiz ilaglar ve tamamlayici tip uygulamalarinin
stk kullanimi, ilag etkilesimleri ve yan etkiler riskini artirmaktadir [7]. Gereginden fazla ilacin
recetelenmesi, hasta i¢in kabul edilemez yan etkilere sahip ilaglarin regete edilmesi, zarar verebilecek
ilag-ilag ve ilag-hastalik etkilesimlerine sahip ilaglarin ayn1 anda regete edilmesi vb. bircok nedenden
otiirii polifarmasi uygunsuz olabilmektedir [9,10]. Yapilan ¢alismalarda, alinan ilaglarin sayisi ile yan
etkilerinin sikl1f1 arasinda dogrusal bir iliski bulundugu belirtilmistir. Ilag yan etkileri, kalp yetmezligi
meme kanseri, hipertansiyon ve pndmoniden sonra Onlenebilir ciddi saglik sorunlar1 arasinda yer
almaktadir [11]. Yapilan bir¢ok ¢alismada iilkemizdeki yaslilarin da diger tilkelerdeki yaglilara benzer
sekilde yogun bir bi¢cimde ilag¢ tiikettikleri saptanmistir [12]. Yash hastalarin kognitif ve fonksiyonel
kapasitesinin azalmasi, ilag hakkindaki bilgisi, beklentileri ve tatmin diizeyi, doktor ve eczaci ile
iletisimi ilaca uyum sorunlarint dogurabilmektedir. Bu gibi durumlarin tedaviye uyumsuzlugun nedeni
olabildigi birgok kaynakta belirtilmektedir [12,13].

Yash hastalarin ila¢ bilgilerini hatirlama giighiigii ve karar verme becerilerindeki azalmalar,
ilaglarin yanlis dozda kullanilmasi ve tamamen unutulmasina yol agmaktadir [14,15,16]. Hastaneye
yatan yagli hastalarin yaklagik % 33’iinde ilaglarin istenmeyen yan etkilerinin oldugu bildirilmistir [17].
Akicr’nin yapmis oldugu meta-analiz ¢alismasinda ve McCormack ve arkadaslarinin yaptiklari
calismada yash hastalarin ilaglar1 konusunda yeterince bilgilendirilmedikleri bildirilmistir. Eski ve
Pmar’in yapmis oldugu ¢alismada hastalarin %62.5’ine, Akici ve arkadaslarinin ¢alismasinda %77’sine
ilaglar1 hakkinda hig bilgi verilmedigi saptanmistir [18,19,20,21].

Akiler ilag kullanimi; ilaglarin hastanin fizyolojik 6zelliklerine ve ihtiyaglaria yonelik en etkin
ve giivenli bir sekilde kullanilmasini prensiplerine dayanmaktadir. Akiler ilag kullanimi siirecinde
eczacilar, ilag¢ tedavisinin tiim asamalarinda aktif rol alarak hastalarin tedaviye uyumlarimi artirmaktadir
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[22]. Bir hastanin farmakoterapotik siirecinde, tan1 ve tedavi planlamasi hekim tarafindan
gergeklestirilirken tedavinin giivenli ve etkili bir sekilde uygulanmasinda eczacilar 6nemli bir role
sahiptir. Ozellikle kamu kurumlarinda ilac1 yazan hekimin hasta basina ayirabildigi zaman, sadece
muayene ve ilag yazmasina yetmektedir [23]. Eczacilar akilci ilag kullanimi dogrultusunda en detayl
bilgiyi sunan en 6nemli bilgi kaynaklarindan birisidir. Eczaci, tedavi ile hasta arasindaki son basamagi
olusturmaktadir. Ilacla tedavi siirecinde, hastanin ilaglara uyumu, eczacinin sagladigi bilgi ve
damigsmanlik hizmetleri ile dogrudan iliskilidir [24]. Ila¢ tedavisinin devamlilig1 siirecinde, hasta ile
eczaci arasindaki etkilesim, tedavi etkinliginin artirilmasi ve giivenligin saglanmasi agisindan biiyiik
onem tasimaktadir. Bu nedenle oOzellikle serbest eczacilar, tiim diinyada saglik sisteminin temel
unsurlarindan biridir. Advers etki ortaya ¢iktiginda ulagim kolayliginin yani sira eczacinin danismanlik
iicreti almaksizin tavsiye de bulunmasi nedeniyle hastalarin ¢ogunlukla ilk danistiklar1 yer eczaneler
olmaktadir. Eczacinin dogru yonlendirmelerde bulunmasi bu acgidan c¢ok onemlidir. Bu sartlarin
saglanmamasi hastanin tedaviden alacagi azami yarari engellemek disinda, hastanin zarar gérmesine de
yol agabilmektedir. Onemli bir diger yonii ise; yash hastalarda gereksiz ilag kullanimi, artan maliyet
dolayistyla saglik sistemine biiyiik bir mali yiik olusturmasidir [25].

Dolayisiyla akiler ilag kullanimi konusunda iyilestirme i¢in en dnemli gérev serbest eczacilara
diismektedir. Yasl bireylerin regete edilen ilaglara uyum diizeylerinin ve bu diizeyi etkileyen faktorlerin
belirlenmesi, eczacinin bu konudaki roliiniin degerlendirilmesi ve ilag egitim programlarinin etkinliginin
Olciilmesi bu c¢aligmanin temel amaglarindandir. Bu arastirmanin temel amaci, eczacilarin verdigi
egitimin, yash bireylerin ilaglarini dogru ve diizenli kullanmalarina olan etkisini bilimsel olarak ortaya
koymaktir. Ankara'daki huzurevlerinde yasayan bir grup iizerinde gerceklestirilen bu caligmada,
katilimcilarin demografik 6zellikleri, saglik durumlari, ilag kullanim aliskanliklar1 ve eczacilara yonelik
gorisleri detayl olarak incelenmistir.

GEREC VE YONTEM

Ankara il merkezindeki huzurevlerinde ikamet eden 65 yas ve {izeri, kronik hastalig1 olan ve
ilaglarini diizenli olarak kullanan bireylerin ila¢ kullanimina uyumlari {izerine eczaci egitiminin etkisi
incelemek amaciyla yapilan bu aragtirmada yari deneysel bir aragtirma tasarimi kullanilmistir.
Aragtirmanin 6rneklemini siirekli ilag kullanan 62 yasli hasta olusturmaktadir.

Veri Toplama Araci

Arastirma, demografik bilgiler, saglik durumu, ila¢ kullanimi ve eczaciya yonelik tutumlar gibi
farkli boyutlar kapsayan bir anket ve On test-son test degerlendirme 6lgegi ile desteklenmistir. Veri
toplama aracimin gelistirilmesi siirecinde literatiir incelemesi, uzman goriisii ve pilot c¢alismalar
yapilarak katilimcilarin ilag kullanimina yo6nelik bilgi, tutum ve davranislarinin kapsamli bir sekilde
degerlendirilmesi amaglanmistir. Anketin ilk boliimiinde demografik bilgiler toplanirken, diger
boliimlerde saglik durumu, ilag kullanimi ve eczaciya yonelik goriisler detayli olarak incelenmistir
(Tablo 1).

Tablo 1. Veri toplama aracinin igerigi

Anket Formu Icerik Amac
Béliim 1 Demografik Bilgiler Katilimcilarin genel profilini
belirlemek
Boliim 2 Saglik Durumu ve flag Kullanimi Ilag kullanimuyla ilgili detayh bilgi
almak
Boéliim 3 Toplum Eczacilarina Yonelik Goriisler Eczacinin roliinii degerlendirmek
Ontest-Sontest Ilag Bilgi Diizeyi Katilimeinin ilag bilgisindeki
degisimi 6lgmek

Yapilan Cronbach's Alpha analizi sonucunda, anketin i¢ tutarliligi oldukca yiiksek bulunmustur.
Elde edilen Cronbach’s Alpha 0.87 degeri, anket maddelerinin birbirleriyle tutarli bir sekilde 6lgiim
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yaptigimi ve ayni kavrami yansittigini géstermektedir. Bu sonug, anketin giivenilirligi agisindan olumlu
bir bulgudur. Ayrica, farkli alt boyutlar i¢in yapilan analizlerde de Cronbach's Alpha degerlerinin kabul
edilebilir sinirlar i¢inde oldugu goriilmiistiir. Bu durum, anketin her bir alt boyutunun da giivenilir bir
sekilde 6l¢lim yaptigini gostermektedir (Tablo 2).

Tablo 2. Veri aracinin Cronbach’s Alpha degerleri

Alt Boyut Madde Sayisi Cronbach's Alpha
Demografik Bilgiler 7 0.82
Saghk Durumu ve fla¢ Kullanimi 17 0.87
Toplum Eczacilarina Yonelik Goriisler 8 0.79

Yash hastalara eczaci tarafindan verilen egitimin hastalarin ilag bilgi diizeylerine etkisini
incelemek amaciyla gelistilen 12 soruluk 6n test- son test anket formunun cronbach’s Alpha degerleri
Tablo 3’te verilmistir. Miidahale grubunda, 6n test Cronbach alfa degeri 0.85, son test Cronbach alfa
degeri ise 0.88 olarak hesaplanmistir. Bu yiiksek degerler, 6l¢egin miidahale grubundaki i¢ tutarliliginin
ve glivenilirliginin oldukea yiiksek oldugunu gostermektedir. Kontrol grubunda ise, 6n testte 0.80, son
testte 0.82 olarak hesaplanan Cronbach alfa degerleri 6l¢egin istikrarli ve tutarli bir yapida oldugunu
ifade etmektedir. Genel olarak, her iki grup i¢in de elde edilen Cronbach alfa degerleri 0.70’in {izerinde
oldugundan, 6lgegin bu galisma baglaminda gecerli ve giivenilir oldugu kabul edilmektedir.

Tablo 3. Miidahale ve kontrol gruplarina ait 6ntest ve sontest (Cronbach alfa) degerleri

Grup Ontest Cronbach Alfa Sontest Cronbach Alfa
Miidahale Grubu 0.85 0.88
Kontrol Grubu 0.80 0.82

Arastirmanin Tasarim

Ankara Universitesi Saglik Bilimleri Etik Kurulu’nun 13/06/2016 tarih ve 193 sayili karari ile
etik kurul karar1 alindiktan sonra gergeklestirilen bu ¢alismada, yasl bireylerin ilag bilgilerini artirmak
amaciyla tasarlanan bir egitim programinin etkinligi incelenmistir. Eczacilar tarafindan 4 hafta boyunca
haftada bir kez yiize goriismeler sekilde tasarlanan egitim sadece miidahale grubuna (n=30) verilmistir.
Caligma, egitim Oncesi ilag bilgi diizeyinin belirlenmesi, egitim miidahalesi ve egitim sonrasinda bilgi
diizeyindeki degisimi degerlendirme olmak iizere {i¢ asamada gergeklestirilmistir. Egitim programi,
eczacilar tarafindan bireysel olarak verilen dort haftalik yiiz yilize goriismelerden olusmustur. Egitimde,
ila¢ kullanim, yan etkiler, ilag etkilesimleri gibi konulara yer verilmistir. Yasl bireylerin ilag bilgilerini
artirmanin yani sira ilag kullaniminin etkinligini ve giivenligini de desteklemeyi amaglayan bu egitimde,
ilaglarin ne oldugu ve nasil ¢alistigi, ilaglarin saklama kosullari, ilag yan etkileri ve bunlarla nasil basa
cikabilecekleri, ilaglarini almay1 unuttuklarinda ne yapmalar gerektigi, farkl ilaglarin birbirleriyle olan
etkilesimleri, eczane hizmetleri ve destek kaynaklart gibi konular yer almigtir. Egitim birebir ve grup
halinde verilmis olup interaktif bir sekilde gerceklestirilmistir. Gerekli durumlarda yash hastalarin ilag
ve kronik hastaliklartyla ilgili 6zel sorulari cevaplanmis ve ilag kullanimiyla ilgili pratik uygulamalar
yapilmistir. Egitim Oncesi ve sonrasi uygulanan 6n test-son test soru formlar ile katilimcilarin ilag
bilgisi diizeylerindeki degisim Ol¢iilmiistiir.

Verilerin Analizi

Aragtirma verileri, SPSS 23.0 istatistik paket programi kullanilarak analiz edilmistir.
Katilimcilarin egitim Oncesi ve sonrasi ilag bilgisi diizeyleri arasindaki farki tespit etmek igin,
eslestirilmis (bagimli) 6rneklem t testi (paired samples t-test) uygulanmistir. Bu parametrik test, ayni
bireylere ait iki 6l¢iim arasindaki ortalama farkin istatistiksel olarak anlamli olup olmadigini belirlemek
amaciyla kullanilmigtir.
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SONUC VE TARTISMA

Arastirmaya dahil edilen 62 yaslh hastanin yas ortalamasi 74.74 + 6.26'dir. Katilimcilarin %56.5'i
kadin, %62.9'u ilkokul mezunu ve %88.7'sinin saglik giivencesi bulunmaktadir (Tablo 4).

Tablo 4. Sosyodemografik 6zelliklerine gore katilimeilarin dagilimi

Cinsiyet N %
Kadin 35 56.5
Erkek 27 43.5
Egitim Durumu
Okuma Yazma Bilmeyen 11 17.7
Tlkokul Mezunu 39 62.9
Ortaokul Mezunu ve Uzeri 12 19.3
Saghk Giivencesi
Var 55 88.7
Yok 7 11.3

Huzurevinde kalan yaglilarin kronik hastaliklarmin olup olmadig1 soruldugunda %96.8’inin bir
ve birden fazla kronik hastaliga sahip oldugu ve yashlarin %79’unda hipertansiyon %41.9’unda kronik
kalp yetmezligi oldugu saptanmustir (Tablo 5).

Tablo 5. Katilimcilarin teshis edilen hastaliklara gére dagilimlari

Hastahk Tiirii N %

Hipertansiyon 49 79
Osteoporoz 17 274
Romatizma 14 22.6
Koah 9 145
Diyabet 20 32.3
Kronik Kalp Yetmezligi 26 41.9
Astim 10 16.1
Anemi 8 12.9
Ulser 8 12.9
Diger 21 33.9

Katilimcilarin devamli kullandiklar ilaglar soruldugunda %32.3iiniin 4 ve/veya 5 ilag kullandig1,
%40.3’tintin 2 ve/veya 3 ilag¢ kullandig1 saptanmustir (Tablo 6). Katilimcilarm ilag kullanim siireleri
degerlendirildiginde, %46.8'inin ilaglarini 4 ve 5 yil siiresince kullandig1 belirlenmistir (Tablo 7).

Tablo 6. Katilimeilarin devamli kullandiklari ilag sayis1 dagilimlari

Devamh Kullanilan ila¢ Sayisi N %
En az 1 ila¢ 4 6.5
2 ve 3 ilag 25 40.3
4-5ilag 20 32.3
6-7 ilag 9 14.5
Daha fazla 4 6.5

Tablo 7. Katilimeilarin ilag kullanma stirelerinin dagilimlari

ila¢c Kullanim Siiresi N %
1Yl 4 6.5
2-3Y1l 17 27.4
4-5Y1l 29 46.8
Daha Fazla 12 194
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Yashlarm ilag kullanimiyla ilgili bilgi edinme durumlar1 incelendiginde, %72.6'sinin ilaglar
hakkinda bilgi aldigi ve bu bilginin %56.5'inin hekimden, %19.4'{iniin ise eczacidan sagladigi ortaya
cikmustir. Yasglilarin %83.9’u ilaglar1 kullanmay1 zaman zaman unuttugu belirterek unutma nedenlerini
unutkanlik, dikkatsizlik, ila¢ sayisinin fazla olmasi olarak tanimlamislardir. Yaslilara ilaglarin yan
etkileri soruldugunda %71’inin kullandiklar ilaglarla ilgili yan etki gelistiginin ve bu yan etkiler
sonucunda %43.5’inin doktora gittigi saptanmustir.

Yaghlarin hastalarin hastaliklarindan dolay1 kontrole gitme durumlarmma bakildiginda ise;
%51.6’sinmn  sikayeti oldukca gittiginin, %17.7’sinin gitmedigi ilaglar1 bittikce recete yazdirdig
saptanmigtir.  Yaslilarin  hekimin regete ettigi ilaglar disinda ila¢ kullanip kullanmadiklari
incelendiginde, %56.5'inin hekimin verdigi ilaglar disinda analjezikler ve antibiyotikler gibi ilaglar
kullandig1 belirlenmigtir. Yaslilarin bitkisel triin kullanimi hakkinda yapilan degerlendirmede,
%24.2'sinin bitkisel tiriin kullandig1 saptanmistir. Yaslilarin %48.4’1 eczacilarin ilaglarin1 anlayacaklari
sekilde anlattigin1 belirtmis olup, %37.1°0 gerek duydugunda saglik sorunlart ve ilaglariyla ilgili
eczaciyla gorlistiigiinii belirtmistir.

Huzurevinde yasayan yasli hastalara yonelik diizenlenen akilci ilag kullanimi egitiminin etkilerini
degerlendiren bu ¢aligmada, egitim sonrasinda katilimcilarm ilaglarla ilgili bilgi diizeylerinde belirgin
bir yiikselme gozlemlenmistir. Miidahale grubunda, egitim sonrasi ilag bilgisi diizeyi ortalamasi, egitim
oncesine gore anlamh sekilde artmistir (p < 0.05). Bu durum, uygulanan egitimin katilimecilarin ilag
bilgisi diizeyini olumlu yonde etkiledigini gostermektedir. Kontrol grubunda ise, egitim Oncesi ve
sonrasi ilag bilgisi diizeyleri arasinda anlamli bir fark bulunmamaktadir (p > 0.05). Bu durum, kontrol
grubuna herhangi bir miidahale yapilmadig: icin beklenen bir sonuctur. Iliskili 6rneklemler t testi
sonuglari, bu artigin istatistiksel olarak anlamli oldugunu teyit etmistir (Tablo 8).

Bu bulgular, uygulanan egitimin sadece miidahale grubundaki katilimecilarin ilag bilgisi diizeyini
artirdigini, kontrol grubunda ise boyle bir etki olmadigini géstermektedir. Bu sonug, egitimin ilag bilgisi
diizeyini artirmada etkili oldugunu desteklemektedir.

Tablo 8. Yaslilarin 6nce ve sonra yapilan Ontest- sontest puanlarinin dagilimlart

Grup N Ontest Sontest Ontest-Sontest t p
(Ort. = SS) (Ort. = SS) (Ort.) Farki degeri degeri
Miidahale 30 16.03 +2.50 19.07 +£2.30 3.04 3.75 p <0.05
Grubu
Kontrol 32 16.07 £2.40 16.09 £2.35 0.02 0.10 p >0.05
Grubu

Arastirmaya katilan yaslilarin %96.8’inin kronik hastaliga sahip oldugu, %56.5’inin hekimden
%19.4’linlin eczacidan ilaglar1 ve hastaliklar: konusunda bilgi aldig1 ve %40.3’{iniin iki ve/veya iig ilag
kullandig1 belirlenmistir. Benzer sekilde Tokem ve Karadokavan'in ¢aligmasinda elde edilen bulgular,
yaslt bireylerin ¢ogunlukla birden fazla kronik hastaliga sahip oldugunu ve bu nedenle ilag kullanimi
konusunda hemsire ve doktorlara basvurduklarin1 gostermektedir. Calismada, katilimcilarin ortalama
iki farkl ilag kullandiklar1 belirtilmistir [26]. Ozbek ve arkadaslarinin yaptiklar1 calismada da yashlarin
biiyiik ¢ogunlugunun doktor ve hemsireden bilgi aldiklar1 belirtilmistir [27]. Bu calismada ise yash
hastalarin %56.5’inin hekim tarafindan ilaglar1 ve hastaliklar1 konusunda bilgilendirildigi saptanmistir.

Calismamizda, katilimcilarm %79'unda hipertansiyon saptanmasi, yasl niifusun hipertansiyon
prevalansinin yiiksekligini bir kez daha teyit etmektedir. Ilag kullanim verileri de bu bulguyu destekler
nitelikte olup, en sik kullanilan ila¢ grubunun antihipertansifler oldugu goriilmiistiir. Bu sonug, 6nceki
calismalarda da siklikla rapor edilen hipertansiyonun yaslilikta en sik goriilen kronik hastaliklardan biri
oldugu bulgusuyla uyumludur [28]. Akic1 ve arkadaslarinin ¢alismasinda da antihipertansif ilaglarin en
sik recete edilen ilag grubu oldugu bulunmustur. Arastirmanin bulgulari, yash popiilasyonunda
hipertansiyonun yayginligmma dair 6nceki c¢alismalarla uyumlu olup, yaslilarda siklikla goriilen
hastaliklarin ilag kullanim profillerini yansitmaktadir [21]. Caligmamizda, katilimcilarin %83.9'unun
ilaglarin1  diizenli olarak almada giiclilk yasadigi belirlenmistir. Bu bulgu, yashlarda ilag
uyumsuzlugunun yaygin bir sorun oldugunu ve bu bireylerin ilag alimini hatirlatmaya yonelik desteklere
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ihtiya¢ duyduklarin1 gostermektedir. Yasl bireylerin farmakoterapiye uyumunda siklikla gézlenen bir
sorun, regeteli ilaglarin yani sira regetesiz satilan ilaglar, bitkisel {irlinler ve besin takviyeleri gibi
tamamlayict ve alternatif tip yontemlerinin kullanimi ve bu durumun saglik profesyonellerine
bildirilmemesidir [29]. Bu durum, ilag etkilesimleri riskini artirarak, tedavi etkinligini azaltabilir ve
istenmeyen yan etkilere neden olabilmektedir. Bu arastirmaya katilan yasli bireylerin %24.2'si bitkisel
triinler kullandiklarini belirtmiglerdir. Bu oran, yash niifusunda tamamlayici ve alternatif tip
yontemlerinin yaygmligini gostermektedir. Hastalar, mevcut tedavinin yetersiz kalacagi endisesiyle
veya tedaviye destek saglamak amaciyla siklikla bitkisel iiriinlere bagvurmaktadirlar. Bu durum,
hastalarin bilingsiz bir sekilde tedaviye ek olarak bitkisel {iriinler kullanmasina yol agmakta ve ilag
etkilesimleri gibi riskleri beraberinde getirmektedir [30].

Calisgmamizda, yasl bireylere verilen akilci ilag kullanimi egitimi programinin, katilimcilarin ilag
bilgisi diizeylerindeki artis1 istatistiksel olarak anlamli bir sekilde etkiledigi tespit edilmistir. ila¢ bilgi
diizeyini 6lcen 12 maddelik 6lcekteki On test ve son test puanlari arasinda yapilan karsilastirmalar,
egitim programinin katilimeilarin ilag bilgilerini énemli 6l¢iide artirdigini ortaya koymustur. Bu sonug,
egitim programmin etkili oldugunu gostermektedir. Nilsen ve arkadaglarinin kontrol gruplu deneysel
calismasinda, yagslilara verilen ilag yonetimi egitiminin, katilimcilarin ilag bilgilerini anlaml 6lgiide
artirdigi sonucuna vartlmistir [31]. Ryan ve Bed tarafindan yapilan arastirmada, yaslilara yonelik ilaca
uyum egitimi programinin, katilimcilarin ilaca uyum diizeylerini 6nemli 6l¢iide artirdigi belirlenmistir
[32]. Rsnick ve arkadaglar tarafindan gergeklestirilen bir diger caligmada, geriatrik rehabilitasyon
iinitesinde yatan yasli bireylere verilen giinliik ilag yonetimi egitimi sonucunda, katilimcilarin ilag bilgisi
diizeylerinde anlamli bir artis oldugu tespit edilmistir [33]. Singapur'da gerceklestirilen bir arastirmada,
yiiksek yatig riski tagiyan yash hastalarin evlerinde eczacilar tarafindan yapilan ilag incelemelerinin
etkileri incelenmistir. Calismaya dahil edilen 499 hastanin neredeyse tamaminda (%93) ila¢ kullanim
sorunlar1 tespit edilmistir. Eczact miidahalesi sonucunda, bu hastalarda hastaneye yatis oranlarinda
%26'lik anlamli bir azalma gozlemlenmistir. Bu sonuglar, eczacilarin evde ilag takibinin, yasli hastalarin
ilaglarin1 dogru kullanmalarin1 saglayarak hastaneye yatislari dnlemede onemli bir rol oynadigini
gostermektedir [34]. Iskogya'nin Grampian bdlgesinde yasayan 65 yas ve iizeri kronik hastaligi olan
bireylerde, eczaci liderligindeki ila¢ incelemelerinin ila¢ kullanimima uygunlugu ve saglik sonuglar
iizerindeki etkileri incelenmek iizere randomize kontrollii bir ¢aligma tasarlanmistir. Calisma sonuglari,
eczact miidahalesinin ila¢ kullanimina iliskin sorunlarin ¢oziimiinde etkili oldugunu gostermekle
birlikte, ilag maliyetleri ve yasam kalitesi gibi diger degiskenler iizerinde anlamli bir etkisinin
olmadigimi ortaya koymustur [35]. Kronik hastalig1 olan yash bireylerde, eczaci liderligindeki ilag
tedavisi yonetiminin etkilerini degerlendiren bir bagka ¢aligmada, eczacilarin ila¢ tedavisine uyumun
artirilmasinin yani sira, hastalarin tansiyon ve lipid diizeyleri gibi klinik parametrelerinde iyilesme ve
saglik sistemi maliyetlerinde azalma saglamada 6nemli bir rol oynadigi sonucuna varilmistir [36].
Geriatrik popiilasyonda glokom hastaliginin farmakoterapotik yonetiminde eczacilarin  roliinii
degerlendirmek amaciyla tasarlanan bir calismada, eczaci liderliginde verilen egitimin ila¢ uyumu
tizerindeki etkileri incelenmistir. Calisma sonuglari, eczact miidahalesi alan grupta goz igi basinci
kontroliinde anlamli bir iyilesme ve hastalarin hastalik bilgisi diizeylerinde 6nemli bir artis oldugunu
gostermistir. Bu bulgular, eczacilarin, yash glokom hastalarinda ilag uyumunu artirmada ve dolayisiyla
hastalik prognozunu iyilestirmede etkili bir miidahale saglayabilecegini desteklemektedir [37]. Geriatrik
kanser hastalarinda farmakoterapdtik yonetimde eczaci ve geriatrist igbirliginin 6nemini degerlendiren
bir calismada, eczacilarin ilag¢ regetelerindeki sorunlari tespit etme ve ila¢ kullanimina uygunlugu
artirma konularinda &nemli bir rol oynadigi belirlenmistir [38]. Caligmamizin sonuglari, onceki
arastirmalarin bulgulartyla uyumlu olup, elde edilen bulgular, eczact merkezli egitim polikliniklerinin
kurulmasinin, yash hastalarin ilaglarma uyumunu artirmada ve saglik sonuglarini iyilestirmede 6nemli
bir rol oynayabilecegini gostermektedir.

Akilci ilag kullaniminin yashlarda saglanmasinda tiim saglik ekibinin rolii biiyiik olmakla birlikte,
eczacilar tedavinin son agamasinda yer almalar1 ve hasta ile dogrudan iletisim kurmalari nedeniyle kritik
bir 6neme sahiptir. Akilct ilag kullaniminin saglanmasinda eczacinin, regete edilen ilaglarin
farmakolojik 6zellikleri, kullanim sekli ve olasi yan etkileri hakkinda hasta egitimi vermesi ve tedaviye
uyumu desteklemesi biiyiikk 6nem tasimaktadir. Yaslh hastalarda akiler ilag kullaniminin 6nemi goz
ontine alindiginda, eczacilik lisans programlarinda bu alanda daha kapsamli egitimler verilmesi
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gerekmektedir. Eczacilarin yash hastalarin ilag tedavilerinde etkin rol oynayabilmeleri igin, lisans
egitimi siirecinde yasli farmakolojisi ve geriyatriye dair miifredatin giiglendirilmesi 6nem arz
etmektedir.

Yagsh hastalar, niifusun biiyiik bir kismint olusturmasa da yasadiklar1 toplumda en ¢ok ilag

kullanan grup haline gelmektedir. Ilaglarin hem az sayida hem de ¢oklu kullaniminin yashlarda yaygimn
bir problem oldugu sonucuna varmaktayiz. Arastirma verileri degerlendirildiginde yaglilara eczaci
tarafindan verilen akiler ilag kullanimi kapsamindaki egitimin yaslilarin ilaca uyumunu ve ilag
kullanimina iliskin toplam bilgi puan ortalamalarin1 artirdigi saptanmistir. Halkin en yakin saglik
danigmani olmasiyla saglik sistemimizin en dnemli pargasini olusturan eczacilik hizmetlerinin yash
hastalarda akilci ilag kullaniminda 6nemli bir payr oldugu bilinmektedir. Arastirma sonuglar
dogrultusunda; eczacilar ve diger saglik personellerinin yasli hastalari, hastaliklar ve ilaglar1 hakkinda
bilgilendirmeleri i¢in ilgili kurumlarda egitim polikliniklerinin olusturulmasi onerilebilir. Yashlarm
bulunduklar merkezlerde ilag bilgi diizeyini olumlu yonde etkileyen bu egitimlerin siklikla yapilmasi
ve yaslilarin hastaliklarinin tedavisinde ilag kullaniminin 6nemi konusunda hekim ve eczaci tarafindan
bilgilendirilmesi gerekmektedir. Yaslilara dogrudan saglik hizmet sunumu gergeklestiren merkezlerin
kolay ulagilabilir olmasi, yaghlara pozitif ayrimcilik uygulanmasi, saglikli yaslanma ve etkin bakim
hizmeti sunumu planlanmasi gibi gelismis uygulamalar1 icermesi 6nem arz etmektedir.
Yasli bireylerle calisan saglik personellerinin yetistirilmesi ve egitimlerine dnem verilmesi, artan yash
niifusun yaratabilecegi saglik sorunlarini azaltacagi diisiiniilmektedir. Bu baglamda; eczacilik
fakiiltelerinde mezuniyet oncesi donemde verilecek olan geriatri egitimlerinin, Ogrencilerin yash
bireylere yaklasimlariyla ilgili bilgi, beceri ve tutumlarini olumlu yonde etkileyecektir.
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ABSTRACT

Objective: Cistus creticus L. is widespread in the coastal regions of Tiirkiye. In this study, we
investigated the cytotoxic, antiobesity, antimicrobial and antibiofilm properties as well as the total
phenolic and flavonoid content of both aqueous and ethanolic extracts in vitro.

Material and Method: Two different extracts were prepared from the flowering aerial parts of
Cistus creticus using ethanol and water. The total phenolic content and total flavonoids were
determined by the Folin-Ciocalteu method and the aluminum chloride colorimetry, respectively. The
effect of extracts on the cell viability of 3T3-L1 was determined by methyl thiazole tetrazolium
(MTT), and the evaluation of differentiation and the effects of the plant extracts on lipid
accumulation in 3T3-L1 adipocytes was performed by Oil-Red O staining. In addition, MIC values
and antibiofilm activities were also investigated.

Result and Discussion: The total phenol content of the EtOH and water extract was determined to
be 134.2849 mg GAE/g and 96.1803 mg GAE/qg, respectively. The total flavonoids in the water and
EtOH extracts were found to be 33.1942 mgQE/g and 22.8338 mgQE/g, respectively. The lowest
MIC values were determined for the strains Bacillus subtilis DSM 1971, Bacillus licheniformis DSM
13 and Bacillus amyloliquefaciens DSM 7, while the highest MIC concentration was found for the
strains Escherichia coli and Eenterococcus gallinarum. The MIC/16 concentration of Pseudomonas
aeruginosa ATCC 27853 and Escherichia coli ATCC 25922 also proved to be effective in inhibiting
biofilm formation. We observed that noticeable but not strong effects on lipid accumulation were
observed in 3T3-L1 adipocytes treated with EtOH extract.

Keywords: Antibiofilm property, antimicrobial activity, antiobesity activity, Cistus creticus, total
flavonoid content, total phenol content
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Amag: Cistus creticus L. Tiirkiye'nin kiyi bolgelerinde yaygin olarak bulunur. Bu ¢alismada, sulu
ve etanollii ekstrelerin sitotoksik, antiobezite, antimikrobiyal ve antibiyofilm ozelliklerinin yani sira
toplam fenolik ve flavonoit i¢cerigi in vitro olarak arastiriimistir.

Gere¢ ve Yontem: Cistus creticus'un cigekli toprak iistii kistmlarindan hareketle etanol ve su
kullamilarak iki farkly ekstre hazirlanmustir. Toplam fenolik icerik ve toplam flavonoitler sirasiyla
Folin-Ciocalteu ve aliiminyum kloriir kolorimetrik yéntemleriyle belirlenmistir. CiStus creticus'un
toprak tistii kisimlarinin etanollii ve sulu ekstrelerinin 3T3-L1 hiicre canliligi tizerindeki etkisi metil
tivazol tetrazolyum (MTT) ile belirlenmis ve bitki ekstrelerinin 3T3-L1 adipositlerinde farklilagma
ve lipit birikimi iizerindeki etkileri Yag-Kurmizi O Boyama ile degerlendirilmistir. Ayrica, MIC
degerleri ve antibiyofilm aktiviteleri de incelenmistir.

Sonug ve Tartisma: EtOH ve sulu ekstrelerin toplam fenol icerigi sirasiyla 134.2849 mg GAE/g ve
96,1803 mg GAE/g olarak belirlenmistir. Su ve EtOH ekstrelerindeki toplam flavonoitlerin sirasiyla
33.1942 mgKE/g ve 22.8338 mgKE/g oldugu bulunmustur. En diisiik MIK degerleri Bacillus subtilis
DSM 1971, Bacillus licheniformis DSM 13 ve Bacillus amyloliquefaciens DSM 7 suslart i¢in
belirlenirken, en yiiksek MIK konsantrasyonu Escherichia coli ve Enteroccus gallinarum suslart icin
bulunmustur. Pseudomonas aeruginosa ATCC 27853 ve Escherichia coli ATCC 25922'nin MIC/16
konsantrasyonunun da biyofilm olusumunu engellemede etkili oldugu kanitlanmigtir. EtOH ekstresi
ile muamele edilen 3T3-L! adipositlerinde lipid birikimi tizerinde belirgin ancak gii¢lii olmayan
etkiler gozlemledik.

Anahtar Kelimeler: Antibiofilm ozellik, antimikrobiyal aktivite, antiobezite aktivite, Cistus
creticus, total fenol igerigi, toplam flavonoiz igerigi

INTRODUCTION

The genus Cistus (known as rockrose), a member of the Cistaceae family, is native to Tirkiye.
Among them, Cistus creticus L. is widespread in the coastal regions of Tiirkiye [1]. Cistus species are
used in Turkish folk medicine to treat rheumatism, stomach pain, hemorrhoids, inflammation of the
urinary tract and diabetes mellitus [2,3]. They have been also employed in traditional folk medicine for
their anti-inflammatory, antiulcerogenic, wound healing, antibacterial, cytotoxic and vasodilatory
effects [4,5]. In Morocco, Cistus creticus is recognized and employed as a remedy for rheumatism [6].

The World Health Organization (WHO) defines obesity as a chronic and complicated disease
characterized by an excess of stored fat, which can have a negative impact on health. It is also mentioned
that obesity is not only a significant risk factor for type 2 diabetes and heart disease, bone health issues,
reproductive problems, and some types of cancers but also has a negative impact on quality of life.
WHO notes that antibiotic resistance and overweight/obesity are becoming increasingly serious health
problems. Considering the traditional applications of different Cistus species in Tiirkiye, including their
use for weight loss and antibacterial activity, the aim was to evaluate aqueous and ethanolic plant
extracts concerning these two biological activities [7].

As the development of resistance to antibiotics complicates the treatment of infectious diseases,
the search for new phytochemicals with potential antimicrobial and antibiofilm effects continues. In this
context, the species of the genus Cistus L. occupy a prominent place in the literature. The species of
Cistus L. exhibit remarkable biological activities, including antiviral, antiparasitic, antifungal and
antibacterial effects [8]. Although there are many studies in the literature in which the antimicrobial
activities of crude extracts of Cistus L. species have been tested, there are very few studies in which
extracts obtained with different solvents have been comparatively tested against a large number of
Gram-negative and Gram-positive strains, including multidrug-resistant strains such as methycillin-
resistant Staphylococcus aureus ATCC 43300 and Enterococcus faecalis ATCC 29212.

Biofilms are microbial communities formed by microorganisms adhering to a surface and
embedded in extracellular polymeric components [9]. The exopolymer matrix that encloses biofilm cells
reduces the diffusion and efficacy of antimicrobial agents [10]. As multidrug resistance spreads and
biofilms complicate the treatment of infectious diseases, the discovery of new antimicrobial agents that
can prevent the formation of biofilms or remove existing biofilms is important. Due to their potential
antimicrobial or antibiofilm properties, natural plant substances have been the subject of numerous
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studies to discover novel antibiofilm agents in recent years [11].

Only a few studies in the literature evaluate the potential antibiofilm activity of Cistus creticus.
Erdogmus et al. [12] emphasized in their studies that the aqueous extract of Cistus creticus showed
remarkable biofilm activity against some important Gram-negative and Gram-positive strains.
Interestingly, another study suggests that an 80% ethanol extract of Cistus creticus has no antibiotic
effect on Staphylococcus aureus strains but stimulates biofilm production of some strains of
Enterococcus faecalis, Bacillus subtilis and Pseudomonas aeruginosa [13]. Conversely, Mocan et al.
found that an 80% ethanol extract of Cistus creticus ssp. creticus significantly reduced biofilm
production of the P. aeruginosa PAOL strain even at sub-inhibitory concentrations [14]. There is also
evidence that the extract from C. creticus suppresses the microbial growth of some oral pathogens and
the biofilm production of Streptococcus mutans [15].

In this study, we investigated the cytotoxic, anti-obesity and antimicrobial properties as well as
the total phenolic and flavonoid content of the aqueous and ethanolic extracts from the flowering aerial
parts of Cistus creticus in vitro. Considering the limited number of studies on the potential antibacterial
effects of Cistus creticus, we also wanted to evaluate the potential antibiofilm activities of the extracts
comparatively.

MATERIAL AND METHOD
Plant Material

The flowering aerial parts of Cistus criticus were collected in May 2021 in Adatepe, Canakkale.
The voucher specimen was registered in the herbarium of the Faculty of Pharmacy of Ankara University
under the number AEF 30753.

Extraction Method

10 g of the air-dried and powdered plant were weighed separately. Two different extracts were
prepared from the plant material by using ethanol and water. Each sample was extracted in an ultrasonic
bath (Bandelin, Sonorex, Germany) at a frequency of 35 kHz for 60 min. The ethanolic extract was
filtered and evaporated to dryness. The agqueous extract was filtered and freeze-dried.

Total Phenolic Content

The total phenolic content of the plant extracts was determined using Singleton and Rossi's
method [16]. In each well, 30 puL of the sample was added, along with 15 pL of Folin reagent, and left
to incubate for 3 min in the dark. The wells were then filled with 5% Na,COs and distilled water, they
were subjected to incubation for 60 min. The absorbance value of the samples was obtained at 725 nm.
The experiments were done in triplicate. The same procedure was performed with gallic acid and the
outcomes were stated as mg of gallic acid equivalent (GAE) per g of crude extract for each sample.

Total Flavonoid Content

The total flavonoid content of the plant extracts was determined according to the method of
Zhishen et al. [17]. Briefly, plant extract samples, Na-acetate and distilled water were added to each
well. Following 5 min of incubation, 10% aluminum chloride was added and kept in the dark for 30
min. At 425 nm, the absorbance was recorded. The tests were carried out in triplicate. The same
procedure was performed with quercetin and the outcomes were stated as mg of quercetin equivalent
(QE) per g of crude extract for each sample.

Antimicrobial Activity

The list of strains evaluated in the antimicrobial activity tests is shown in the Supplementary file
(Table 1).

Determination of Antimicrobial Activity by Disc Diffusion Method

The microorganisms listed in Table 1 are stored with 60% glycerol at -86 °C. First, the stock
cultures were inoculated onto Tryptic Soy Agar (TSA, Merck, Darmstadt, Germany) plates using the
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streak plate technique and the cultures were incubated at 37 °C for 18 h. The antimicrobial activity tests
were performed with these subcultures. From the cultures developed on TSA plates, individual colonies
were taken from each culture under aseptic conditions using a sterile loop and inoculated onto Mueller
Hinton Agar (MHA, Merck, Darmstadt, Germany) plates. After incubation at 37 °C for 18 h, a single
colony was selected from the grown cultures and the colonies were suspended in tubes containing 5 ml
of sterile saline (0.9% NaCl) and culture densities were adjusted according to the 0.5 McFarland
standard. The prepared suspensions were inoculated onto the surfaces of the MHA plates using sterile
swabs and allowed to dry for a while under room conditions.

To test the antimicrobial efficacy of the ethanolic and aqueous extracts, previously prepared
stocks of 10 and 5 mg/ml were used. 10 ul of the extracts were dropped onto sterile 6-mm discs. As a
control group, absolute ethanol, which is used in the preparation of ethanolic extracts, was dropped onto
the discs. The discs were placed on MHA plates and then the plates were incubated at 37 °C for 18 h.
After incubation, the diameter of the inhibition zones was measured.

Minimum Inhibition Concentration (MIC) Test

In this experiment, the MIC values for the microorganisms susceptible to the ethanolic extract of
Cistus sp. were determined taking into account the results of the disc diffusion method. In this context,
the cultures of the susceptible microorganisms and the culture suspensions were prepared as previously
described. First, 100 ul of Mueller Hinton Broth (MHB) medium was added to each well of the
microdilution plates using a multichannel micropipette. Then a series of dilutions with 10 mg/ml
ethanolic extract were prepared using the microdilution method. The wells containing only the medium
and inoculum were designed as positive control wells and the wells containing only the medium were
designed as negative control wells.

The microdilution plates were incubated at 37° C for 18 h. The concentration values of the first
wells, in which no microbial growth was observed at the end of the incubation, were considered as MIC
values. All tests for antimicrobial activity were carried out following the recommendations of the
Clinical and Laboratory Standards Institute [18].

Antibiofilm Activity of Ethanolic Extract

The strains P. aeruginosa ATCC 27853, E. coli ATCC 25922, MRSA ATCC 43300 and S. aureus
ATCC 25923 were used for the biofilm studies as they represent important Gram-negative and Gram-
positive models. Modified media and incubation conditions were favored for each strain to promote
biofilm production. In this context, TSB medium with 1% glucose was used for the P. aeruginosa ATCC
27853 strain, LB (Luria-Bertani) without NaCl for the E. coli ATCC 25922 strain and TSB medium
with 3% NaCl for the MRSA ATCC 43300 and S. aureus ATCC 25923 strains [19,20].

In the first phase, the active cultures of all strains were prepared as described above. Single
colonies were taken from the culture of each strain and inoculated into appropriate media (5 ml). Liquid
cultures were incubated overnight at 37 °C (28 °C for E. coli ATCC 25922) to promote biofilm
production [21]. At the end of incubation, the active culture of each strain was diluted 1:100 in the
appropriate media. After the suspensions were prepared, 140 ul of the modified media were added to
the wells of the 96-well U-bottom microtiter plates (LP Italiana, Italy). At this point, a serial dilution
was performed for each strain taking into account the previously determined MIC values (2-fold, MIC,
MIC/2, MIC/4, MIC/8...).

10 pl of each culture suspension was taken and inoculated into the wells of the microtiter plate.
The wells containing only media and inoculum served as positive controls, and the wells containing
only media served as negative controls. The plates were incubated under static conditions at 37 °C (28°C
for E. coli ATCC 25922) for 24 h. At the end of incubation, a crystal violet binding assay was conducted.
The wells were emptied and washed three times with sterile physiological saline to remove planktonic
cells. The plates were dried at room temperature for 10 min and then 140 pl of a 95% methanol solution
was added to the wells. The plates were again incubated at room temperature for 10 min and the plate
wells were emptied. After fixation, 140 ul of a 0.1% crystal violet solution was added to the wells and
the plates were incubated at room temperature for 30 min. At the end of the incubation, the wells were
washed with sterile distilled water. 140 ul of an acetone-ethanol solution (30:70) was added to each
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well. The plates were incubated for 15 mins at room temperature and the dissolved dyes were read in a
microplate reader set to 595 nm [22].

Antiobesity Activity
Cell Culture

3T3-L1 (CRL-173) preadipocytes were purchased from the American Type Culture Collection
(ATCC, Manassas, VA). The cell culture studies were based on Longo et al. [23].

The Effect of Ethanolic and Aqueous Extracts of Aerial Parts of Cistus creticus on Cell Viability
of 3T3-L1 by Methyl Thiazole Tetrazolium (MTT)

To investigate cell viability and cytotoxicity, 3T3-L1 preadipocytes were treated with different
concentrations of EtOH and aqueous extracts for 48 h and the MTT assay was performed according to
the method described by Lee et al. [24]. Absorbance (Abs) in the wells was measured at 570 nm using
a spectrophotometer (Uvmini-1240, Shimadzu, Kyoto, Japan) [25]. Cytotoxicity was calculated using
the following formula. The half (50%) maximum inhibitory concentration (ICs) of the plant extracts
was calculated using a non-linear regression model.

Cell viability (%) = (Mean Absszo hm value of treated cells / Mean Absszo nm value of control cells) x
100.

Differentiation of 3T3-L1 Preadipocytes into Mature Adipocytes

Differentiation induction medium (DMI) was used to differentiate 3T3-L1 preadipocytes into
mature adipocytes. For the experiments, 3T3-L1 preadipocytes were cultured and then differentiated
into mature adipocytes in the absence or presence of EtOH or aqueous (at a concentration that maintains
cell viability >90%) extracts of the plant for 8 days. Differentiated, untreated mature 3T3-L1 adipocytes
were used as controls [26,27].

Evaluation of Differentiation and The Effect of Ethanolic and Aqueous Extracts of Aerial Parts
of Cistus creticus on Lipid Accumulation in 3T3-L1 Adipocytes by Oil-Red O Staining

Evaluation of differentiation and effects of the plant extracts on lipid accumulation in 3T3-L1
adipocytes by Qil-Red O staining was performed according to previous reports [27-29].

The Genotoxic Effect of Ethanolic and Aqueous Extracts Aerial Parts of Cistus creticus on 3T3-
L1 Adipocytes by Agarose Gel Electrophoresis and DNA Fragmentation Assay

Agarose gel electrophoresis and DNA fragmentation assays were applied to determine the
genotoxic effect of water and EtOH extracts of Cistus creticus on 3T3-L1 adipocytes [30].

DNA Extraction

At the end of the maturation period, a commercial Kit was used according to the manufacturer's
protocol for the extraction of genomic DNA from 3T3-L1 adipocytes [31].

DNA Gel Electrophoresis

For gel electrophoresis, the concentration of isolated DNA was measured using a
spectrophotometer (Nanoprop 2000c, Thermo Scientific, USA) at 260 nm. DNA was then taken from
each DNA sample with 15 pl and mixed with 4 ul of loading dye, loaded onto a 1.5% agarose gel and
run at 110 Vot for 40 min. DNA was stained with 1.5 ul of SYBR-safe dye. The 1 kb DNA marker was
used and the DNA fragments, and gels were visualized and photographed using an imaging system
(BioSpectrum 810, UVP, USA) [32,33].

DNA Fragmentation Assay

For the diphenylamine method, the DNA sample was centrifuged at 10.000 rpm for 20 min at
4°C. The pellet and supernatant were mixed with 1/4 (v/v) trichloroacetic acid (TCA) and incubated at
4°C for 24 h. The samples were centrifuged for 20 min at 10.000 rpm at 4°C and the supernatant was
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suspended in 5% TCA (v/v). It was incubated at 90°C for 15 min. Then, DPA solution (prepared with
50 pl of acetaldehyde, 10 ml of acetic acid, and 1.5 g of diphenylamine in 150 ul of sulfuric acid) was
added to each sample and incubated at room temperature for 24 h. DNA was then stained with
diphenylamine and Abs was measured at 600 hm using a spectrophotometer. DNA fragmentation was
calculated using the following formula [34].

Fragmented DNA (%) = [Abssoo Nm (Supernatant) / (Absgeo hm (Supernatant) + Abseso hm (Pellet)] x
100

Statistical Analysis

Statistical Package for Social Science (SPSS) v24.0 version (Inc., Chicago, IL, USA) package
program was used for statistical analysis of the data. All measurements made in the study were repeated
three times. Data were expressed as mean + SD. The One-ANOVA test (with Tamhane correction for
post-hoc testing) was used to compare data between more than two independent groups for the data were
normally distributed. Statistically, a p-value of <0.05 was considered significant. 1Cso values were
analyzed using Graphpad Prism (Graphpad Software Inc.) software and calculated using the non-linear
regression analysis method.

RESULT AND DISCUSSION

In the present study, total phenolic content and total flavonoids were determined in both EtOH
and aqueous extracts of the flowering aerial part of Cistus creticus to investigate the relationship
between antiobesity and antimicrobial activity. According to the results of this study, extraction with
water gave a yield of 12.90%. The yield of extraction with EtOH was determined to be 8.10%. The total
phenolic content of the EtOH and water extract of the plant sample was determined to be 134.2849 mg
GAE/g and 96.1803 mg GAE/g, respectively. It was found that the total flavonoid content in the water
and EtOH extract was 33.1942 mgQE/g and 22.8338 mgQE/g, respectively (Table 1). Our results are in
agreement with those of Gedikoglu et al. who determined a total phenolic content in methanol and water
extracts of 135.24 mg GAE/g and 114.35 mg GAE/q, respectively [35]. The total flavonoid content was
higher in the methanol (34.34 mg QE/g) than in the water extract (19.78 mg QE/g), which is consistent
with our results.

As natural compounds are regarded to be significant sources of various pharmacological
properties, studies on different biological activities of plant materials are growing day by day.
Especially, there are major concerns about treating bacterial infections caused by microorganisms that
exhibit antibiotic resistance, increasing the demand for novel antimicrobial agents.

Phytochemical studies have shown that Cistus species contain a variety of secondary metabolites,
especially phenolic compounds and terpene derivatives [8]. Cistus creticus showed remarkable
variability in the total amount of water-soluble chemicals, flavonol glycosides and derivatives of
punicalagin. Two chemovariations were reported depending on whether punicalagin derivatives were
present or not. It was also mentioned that the specific composition of polyphenolic compounds of Cistus
species seems to be related to evolutionary events [36].

The broad spectrum of antimicrobial activity of Cistus essential oil and resin, which contain
terpenic chemicals, has been demonstrated by earlier reports [37,38]. The disk diffusion method was
used to examine the in vitro antimicrobial activity of extracts of water, methanol, chloroform, ethyl
acetate, and buthanol made from the dried and powdered leaves and fruits of five different Cistus species
against the following microorganisms: Streptococcus faecalis, Bacillus subtilis, Bacillus cereus,
Pseudomanas aeruginosa, Escherichia coli, Candida albicans and reported that butanol extract of C.
creticus demonstrated antimicrobial activity against S. aureus while extracts of all Cistus species did
not show any activity against P. aeruginosa and C. albicans [39].

Our findings on the diameters of the inhibition zones and the MIC values from the disc diffusion
and MIC tests are listed in Table 2. None of the microbial strains tested showed susceptibility to the
aqueous extract. However, the ethanolic extract showed antimicrobial activity, except for the strains C.
albicans ATCC 26555 and K. quasipneumoniae subsp similipneumoniae ATCC 7006003. The
inhibition zones were also observed in control groups including absolute ethanol seeded discs among
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Gram-negative strains except K. quasipneumoniae subsp similipneumoniae ATCC 7006003 and
Shigella sp. It was clearly established that the ethanolic extract content was superior to the control groups
in terms of antimicrobial activity. While the concentration values from the MIC test were between 625
and 5000 pg/ml, the MIC value for the tested concentrations for strain K. quasipneumoniae subsp.
similipneumoniae ATCC 7006003 could not be determined. This is because the maximum solubility of
Cistus sp. in ethanol is 10 mg/ml. The lowest MIC values of 625 pg/mL were determined for the strains
B. subtilis DSM 1971, B. licheniformis DSM 13 and B. amyloliquefaciens DSM 7, while the highest
MIC concentration was found for the strains E. coli and E. gallinarum.

The antibiofilm activity of the extract against MRSA ATCC 43300, S. aureus ATCC 25923, P.
aeruginosa ATCC 27853 and E. coli ATCC 25922 was shown in Figure 1. Each strain was treated with
its MIC and sub-MIC concentrations for the antibiofilm activity of the ethanolic extract. The
concentrations MIC, MIC/2, MIC/4 and MIC/8 of each strain proved to be very effective in inhibiting
biofilm formation. The MIC/16 concentration of P. aeruginosa ATCC 27853 and E. coli ATCC 25922
also proved to be effective in inhibiting biofilm formation. An earlier report by Erdogmus et al. showed
varying degrees of antibiofilm efficacy against various bacteria at different doses and agreed with our
findings [12].
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Figure 1. Antibiofilm effects of the ethanolic extract on the biofilm formation of the tested
strains. (a) MRSA ATCC 43300 (b) S. aureus ATCC 25923 (c) P. aeruginosa ATCC 27853 (d) E. coli
ATCC 25922. Different letters show statistical differences (One-Way ANOVA Test, Tukey’s Test,
***n<0.001, **p<0.01,*p<0.05
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We have also investigated the relationship between the anti-obesity activity and the extracts of
Cistus creticus. Previous reports have mentioned the folkloric use of another species, Cistus laurifolius,
as a weight-loss and antidiabetic agent [40,41]. We started by determining the effect of the plant parts
on the viability of 3T3-L1 preadipocytes exposed to different concentrations of EtOH and aqueous
extracts (0-2500 pg/ml) for 48 h. The results are shown in Figure 2.
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Figure 2. Effect of plant extracts on cell viability. (a) and (b): MTT assay data of extracts. 3T3-L1
preadipocytes cultured in 96-well plate were subjected to treatment with increasing concentration of
EtOH or aqueous extracts of C. creticus for 48 hours. Cytotoxicity was then determined by the MTT
test. In addition, the cell in the medium without plant extract was used as the control, and the cell in
the medium containing 0.01% DMSO without the plant extract was used as vehicle control. (c) and

(d): ICsp value of the extracts. I1Cso was calculated by nonlinear regression model. Data were expressed
as the mean + SD from three independent experiments. One-way ANOVA test was used for statistical
analysis. *p < 0.005; and**p < 0.005 significantly different from untreated 3T3-L1 preadipocyte.
MTT: Methylthiazole tetrazolium; EtOH: Ethanol; DMSO: Dimethyl sulfoxide; ICso: half (50%)
maximum inhibition concentration; SD: Standard deviation

Cells exposed to a concentration of 50 pg/ml Cistus creticus EtOH extract showed a 10%
reduction in viability compared to the control, which continued significantly at higher concentrations,
so these concentrations were used in subsequent experiments (Figure 2a). The aqueous extract
significantly reduced cell viability even at lower doses of 20 pg/ml (Figure 2b). Therefore,
concentrations of 50 pg/ml EtOH extract and 20 pg/ml aqueous extract were used in subsequent
experiments.

The extract concentration (1Cso) that caused a 50% reduction in cell viability was determined to
be 940.3 + 3.062 pug/ml and 339.2 + 1.850 pg/ml for EtOH and aqueous extract, respectively (Figure 2c,
2d). At the end of the treatment, oil red staining was performed to confirm terminal adipocyte



J. Fac. Pharm. Ankara, 49(1): 119-132, 2025 Can Agcaetal. 127

differentiation and to evaluate the effect of Cistus creticus extracts on lipid accumulation of mature
adipocytes (Figure 3). Under the inverted microscope, a reduction in Oil-Red-O staining was observed
in the treated group of mature 3T3-L1 adipocytes treated with EtOH and aqueous extracts of Cistus
creticus compared to the untreated adipocyte controls (Figure 3a). Compared to the untreated adipocyte
controls, a clear and significant effect on lipid accumulation was observed in the 3T3-L1 adipocytes
treated with EtOH extract, with a value of 32.10%. The percentage value of lipid accumulation of the
aqueous extracts was reported to be 16.78% (Table 3). These data indicate that Cistus creticus inhibits
adipogenesis in mature 3T3-L1 adipocytes by reducing lipid droplets.

Control EfO'H ) Aqueous
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Lipid Accumulation (%)
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Figure 3. The effect of aerial parts of the extracts of C.creticus on adipogenesis and lipid
accumulation. (a) Preadipocytes were differentiated into mature adipocytes for 8 days in the absence
of extract treatment of C.creticus in DM or in the presence of EtOH (50 pg/ml) or Aqueous extract (20
ug/ml). Differentiated and untreated adipocytes were used as controls. Microscopic images of cells
stained with Oil-Red O at 10X magnification. (b) Quantitative data of Oil-Red O staining. The data
with relative change of OD490 obtained from three independent experiments were presented as mean
+ SD and expressed as floor change compared to the control. A one-way ANOVA test was used for
statistical analysis. *p < 0.005 is significantly different from untreated 3T3-L1 adipocytes. **p < 0.005
is significantly different from the EtOH extract. EtOH: Ethanol; DM: Differentiation medium; OD:
Optical density; SD: Standard deviation

At the end of the treatment, the genotoxic activity of the flowering plant parts of C. creticus on
mature adipocytes was evaluated by agarose gel electrophoresis, DNA fragmentation assay and
diphenylamine method (Figure 4). No significant laddering was observed in the DNA samples isolated
from 3T3L-1 cells treated with extracts of C. creticus by agarose gel electrophoresis (Figure 4a). DNA
fragmentation in the cells treated with EtOH or aqueous extract of the plant increased by 6.02% and
8.6%, respectively, compared to the control group using the diphenylamine method, but this increase
was not statistically significant (p =0.1148 and p = 0.0112, respectively). These data show that treatment
with Cistus creticus has no genotoxic effect on 3T3-L1 cells.
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Figure 4. The effect of the aerial parts of Cistus creticus extracts on genotoxicity. (a) DNA gel
electrophoresis data of the plant extracts. Preadipocytes were differentiated into mature adipocytes for
8 days in the absence of extract treatment of Cistus creticus in DM or in the presence of EtOH (50
ug/ml) or aqueous extract (20 ug/ml). Differentiated and untreated adipocytes were used as controls.
Representative image of the electrophoretic pattern of DNA isolated from 3T3-L1 cells in agarose gel
(20 pl/band). 1 bp DNA was used as a ladder marker. (b) Quantitative data of DNA fragmentation by
diphenylamine method. OD600 data obtained from three independent experiments were presented as
mean + SD. A one-way ANOVA test was used for statistical analysis. p < 0.005, treated and untreated
3T3-L1 adipocytes are similar. EtOH: Ethanol; DM: Differentiation medium; OD: Optical density;
SD: Standard deviation

Obesity is a growing problem with limited therapeutic options. It may be useful to evaluate the
therapeutic benefits of plants based on their traditional use through experimental designs. To this end,
we investigated the anti-obesity, antimicrobial and antibiofilm activities of the flowering aerial parts of
Cistus creticus and found that a noticeable, but not strong, effect on lipid accumulation was observed in
3T3-L1 adipose cells treated with an EtOH extract. In addition, antimicrobial and antibiofilm properties
were also observed and the conclusions should be useful for future research.

Table 1. The total phenolic and total flavonoid content of Cistus creticus extracts

Total phenolic content Total flavonoids

mg GAE/g extract mg QE/g extract
EtOH extract 134.285 + 0.052 33.194 +0.034
Aqueous extract 96.180 + 0.035 22.834 +£0.003
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Table 2. The diameters of the inhibition zones and the MIC values from the disc diffusion and MIC
tests for the extracts of Cistus creticus

Zone of Inhibition (mm) MIC
Microorganisms Ethanolic Agueous Control Concentration
extract extract (ng/ml)
B. subtilis DSM 1971 -
(ATCC 21394) 14.33 £ 0.58 - - 625
B. subtilis ATCC 6633 11.67 £0.58 - - 2500
B. licheniformis DSM 13
(ATCC 14580) 13.50 £ 0.58 - - 625
B. amyloliquefaciens
DSM 7 17.67 £ 0.58 - - 625
C. albicans ATCC 26555 - - - -
E. coli ATCC 25922 14 +0.00 - 7 +£0.00 5000
E. coli ATCC 11230 14.33 £0.58 - 7.33+£0.58 5000
E. faecalis ATCC 29212 13 £0.00 - - 2500
E. gallinarum 14.67 £0.29 - - 5000
K. quasipneumoniae
subsp. similipneumoniae - - - 5000 <**
ATCC 700603
L. monocytogenes NCTC _ )
5348 20.33+£1.15 2500
P. aeruginosa ATCC
27853 14 +0.87 - 8.83+0.29 1250
S. enterica subsp. enterica
serovar Infantis DMC12 | 1383 %104 ) 740.00 2500
S. enterica subsp. enterica
serovar Typhimurium 15+0.00 - 6.67£0.29 2500
DMC4
S. enterica subsp. enterica 11 4 0.00 ) 24000 2500
serovar Montevideo
S. enterica subsp. enterica
serovar Typhimurium 14 £0.50 - 11.33+0.29 1250
ATCC 13311
Shigella sp. 13 £0.00 - - 2500
S. aureus ATCC 25923 15 +0.00 - - 1250
S. aureus ATCC 29213 15+1.00 - - 2500
Methicillin-resistant S.
aureus ATCC 43300 13+0.00 - ] 2500

* “-” indicates that there was no antimicrobial activity
**MIC value cannot be detected for tested concentrations

“+” indicates standard deviation

Table 3. Effects of EtOH and aqueous extracts of the plant on

DNA fragmentation
Cell viability (ug/ml) Lipid accumulation (%)
EtOH extract 940.3 + 3.062 32.10
Aqueous extract 339.2+1.850 16.78
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ABSTRACT

Objective: Nigella sativa L. (Ranunculaceae) is an annual herbaceous plant indigenous to the
Mediterranean region and Western Asia globally. It is cultivated in Tirkiye, especially in Isparta,
Burdur and Afyonkarahisar. While its seeds are known for their characteristic black color in many
languages, in Tiirkiye, it is recognized as "¢orek otu”. Traditionally, its seeds have been utilized for
addressing rheumatism, bronchitis, colds, asthma and inflammatory conditions, as well as to
enhance milk production in lactating mothers, aid digestion, and combat parasitic infections.
Meanwhile, its oil is applied to address skin issues like boils and eczema. Additionally, because of
its pungent bitter flavor and fragrance, it serves as a seasoning in Middle Eastern and Indian
cuisines. The purpose of this review is to undertake a thorough analysis of the literature concerning
the scientific classification and morphology, traditional uses pharmacological effects and
phytochemistry of the plant.

Result and Discussion: Nigella seeds contain abundant carbohydrates, proteins, fat, essential
amino acids, diverse minerals and vitamins. The seeds contain 30-40% fixed oil, with 50-60% of the
fixed oil consisting of unsaturated fatty acids such as oleic acid and linoleic acid. The seeds
furthermore contain 0.4-0.45% essential oil. The primary constituents of the essential oil include
thymoquinone, carvacrol, p-cymene, thymol, t-anethole, a-terpinene and pinene. Additionally, the
seeds comprise alkaloids like nigellimine, nigellicine, nigellamine, and nigellidine; saponins such
as hederin and hederagenin; and compounds carrying various coumarin structures. The aerial parts
are rich in flavonoid compounds such as nigelflavonoside B, nigelloside, quercetin, kaempferol, and
rutin. The antioxidant, anti-inflammatory, antihistaminic, anti-aging, antihypertensive,
anticoagulant, antimicrobial, antihelminthic, antineoplastic, hepatoprotective, nephroprotective,
neuroprotective, and wound healing activities of Nigella sativa have been identified through in vitro,
in vivo, and clinical research. In conclusion, Nigella sativa L. (black cumin) is a valuable medicinal
plant with versatile health benefits. Further exploration of its therapeutic applications holds great
promise for the development of new pharmaceuticals and nutraceuticals to combat various ailments
and improve human health.

Keywords: Black cumin, Nigella sativa, pharmacological activity, phytochemistry, Ranunculaceae

oz
Amag: Nigella sativa L. (Ranunculaceae), diinyada Akdeniz Bélgesi ve Bati Asya'ya ozgii tek yillik
otsu bir bitkidir. Tirkiye'de ozellikle 1sparta, Burdur ve Afyonkarahisar'da yetistirilmektedir. Pek

cok dilde tohumlar: karakteristik siyah rengiyle tanmmirken, Tiirkiye'de "¢érek otu” olarak
bilinmektedir. Geleneksel olarak tohumlart astim, brongsit, soguk alginligi, romatizma ve iltihapli
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hastaliklarin tedavisinde, emziren annelerde siit tiretimini artirmada, sindirimi kolaylastirmada ve
parazit enfeksiyonlariyla miicadelede kullanilirken, yagi ise egzama, ¢iban gibi cilt problemlerinde
kullanilmaktadr. Ayrica keskin act tadi ve aromast nedeniyle Hint ve Orta Dogu mutfaklarinda
baharat olarak tercih edilmektedir. Bu derlemenin amaci, bitkinin bilimsel suiflandiriimast ve
morfolojisi, geleneksel kullanimi, farmakolojik etkileri ve fitokimyasi ile ilgili literatiiriin kapsaml
bir analizini yapmakzr.

Sonug¢ ve Tartisma: Corek otu tohumlar: karbonhidratlar, yaglar, proteinler, esansiyel amino
asitler, ¢eyitli vitaminler ve mineraller agisindan zengindir. Tohumlar %30-40 oraninda sabit yag
icerir ve sabit yagin %50-60"t linoleik asit ve oleik asit gibi doymamis yag asitlerinden olusur.
Tohumlar ayrica %0.4-0.45 oraminda esansiyel yag icerir. Esansiyel yagin ana bilesenleri
timokinon, p-simen, karvakrol, o-terpinen, timol, pinen ve t-anetoldur. Ayrica tohumlar nigellisin,
nigellidin, nigellimin ve nigellamin gibi alkaloitler; hederin ve hederagenin gibi saponinler ve ¢esitli
kumarin yapilart tasiyan bilesikler icerir. Toprak itistii kisuimlari nigelflavonozit B, nigellozit,
kersetin, kemferol ve rutin gibi flavonoit bilesikler a¢isindan zengindir. Nigella sativa'nin
antioksidan, anti-inflamatuar, antihistaminik, anti-aging, antihipertansif, antikoagiilan,
antimikrobiyal, antihelmintik, antineoplastik, hepatoprotektif, nefroprotektif, ndroprotektif ve yara
iyilestirici aktiviteleri in vivo, in vitro ve klinik ¢aligmalarla belirlenmistir. Sonug olarak ¢érek otu
saglk agisindan ¢ok yonlii faydalari olan degerli bir sifali bitkidir. Terapétik uygulamalarimin daha
fazla arastirilmasi, ¢esitli rahatsizliklarla miicadele etmek ve insan saghgini iyilestirmek igin yeni
farmasatiklerin ve nutrasotiklerin gelistirilmesi i¢in biiyiik umut vadetmektedir.

Anahtar Kelimeler: Corek otu, farmakolojik aktivite, fitokimya, Nigella sativa, Ranunculaceae

INTRODUCTION

Nigella sativa L. (Syn: Nigella cretica Miller) is an annual herbaceous plant belonging to the
Ranunculaceae family. This plant boasts a lengthy history and has been extensively utilized across
numerous countries. The first evidence of its historical use dates back to the seeds discovered within the
burial site of the Egyptian pharaoh Tutankhamun in the Valley of the Kings, dating between 1333 and
1323 BC. It is known that the Egyptian queen Cleopatra also used the seed oil for skincare. In ancient
texts and historical records, it is referred to as the "miracle plant,” "universal remedy," "sacred plant,”
and "plant from heaven" by ancient healers [1-4].

Black cumin has also been prescribed and used by Hippocrates and Dioscorides for digestive
complaints and colds [2,3]. The statement attributed to the Prophet Muhammad (PBUH), "Utilize this
black seed, for it is a cure for all ailments except death.” and the Arabic term "Habbah Al-Baraka,"
meaning endless wealth, reflect the importance of this plant [1,2]. Its local names in many languages
usually emphasize the characteristic black color of its seeds. In French, it is called "Cumin Noir," in
German "Echter Schwarzkiimmel," and in Hindi "kalonji." In Turkish, it is traditionally referred to as
"¢orek otu," mainly because it is commonly used in baking [1,2].

The native habitat of Nigella sativa is the Western Asia and Mediterranean region, with its
cultivation expanding from Asia to America and Africa. North Africa, India, and Tirkiye are considered
its secondary homeland. Currently, it is cultivated in many countries, spanning Asia, the Middle East
and Europe, including Saudi Arabia, Syria and Tiirkiye (Figure 1) [5-13].
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Figure 1. Geographical distrubiton of Nigella sativa [14]
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There are 14 species of the genus Nigella growing in Tiirkiye, including 5 endemic taxa. However,
the cultivated and commercially important species are Nigella sativa and Nigella damescana L.
[4,15,16].

Scientific Classification and Morphology

Division : Spermatophyta
Subdivision : Angiospermae

Class : Dicotyledones
Subclass : Dialypetalae

Order : Ranales

Family : Ranunculaceae

Genus : Nigella L.

Species : Nigella sativa L. [1,4].

Nigella sativa is 15-30 cm tall, branched, pubescent, or shortly viscid-hirsute or absent. It has
finely dissected leaves, each segment oblong-lanceolate and rather short. Flowers non involucrate.
Sepals ovate, whitish and shortly clawed. Petals bluish, bluntly acuminate, ovate and shortly stalked
(Figure 2). Fruits swollen, hard capsule formed by the fusion of 5 follicles up to the apex. Involucres
are filiformly divided. Styles are long and erect, persisting at the apex of the follicles. Seeds are
numerous, black-colored, angular, and three-sided. Nigellae semen is rich in essential oil. Flowering
occurs between the 5™ and 71" months. It is locally cultivated in fields [4,9,17].

Figure 2. Nigella sativa L. [14]

Nigella sativa thrives in sunny, temperate, and warm climates, producing good seeds in well-
drained soils that are slightly clayey and sandy-loamy, rich in nutrients. It does not require excessive
watering due to its low moisture needs. Planting time is in the fall in regions with mild winters (usually
the first half of November) and in the spring in regions with harsher climates (mostly March, no later
than mid-April). After sowing, seeds germinate within about a week and emerge within two weeks. The
period when the plant starts to yellow and the capsules turn black indicates the harvesting time.
Harvesting should be done at the end of July and in August, preferably in the early morning hours. The
harvested seeds are dried in the shade and in a dry environment with good air circulation [4,15].

Traditional Use

Nigella sativa has a longstanding history of use across various countries and cultures as both a
spice and a remedy for diverse ailments. Ibn Sina, in his most famous work "The Canon of Medicine -
El-Kanun fit-T1ib" describes black cumin as a seed that revitalizes the body and alleviates fatigue and
boredom [2]. It has been frequently described and recommended in Prophetic Medicine, Unani
Medicine, African, and Eastern Medicine, as well as in Arab, Chinese, and Ayurvedic Medicine. Both
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the seeds and the oil have been utilized for medicinal purposes in Asia, Africa and the Middle East for
centuries [7,11,18].

In the Southeast Asian and Middle East nations, the seeds have conventionally been employed to
alleviate rheumatism, bronchitis, colds, asthma and inflammatory conditions, as well as to enhance milk
production in lactating mothers, aid digestion, and combat parasitic infections. Meanwhile, its oil is
applied to address skin issues like boils and eczema. Additionally, it has been used as an antiseptic and
local anesthetic for scorpion, spider, snake, dog and cat bites. In India, the seeds are employed as
anthelmintic, diaphoretic and carminative agents. Dried capsules are inhaled to regain lost sense of smell
and are also utilized to deter certain insects and moths [1,7,11,19,20].

It is known that ancient Egyptian and Greek doctors prescribed seeds for various ailments such
as headaches, toothaches, intestinal worms and nasal congestion. They were also used as regulators of
menstruation, lactagogues, and diuretics. External applications of the seeds, mixed with a small amount
of binding flour or soaked in water, have been mentioned for conditions such as abscesses, nasal ulcers,
orchitis, rheumatism, and swelling of the hands and feet [10,21]. Additionally, because of its pungent
bitter flavor and fragrance, it serves as a seasoning in Middle Eastern and Indian cuisines, especially in
bread, yogurt, pickles, sauces, and salads. It is also known to have been used in ancient Egypt for
mummification as a preservative [12,20,21].

In Tirkiye, in the Central Anatolia region, decoctions of black cumin seed are used due to their
abortifacient effects. After boiling the seeds and allowing them to cool, they are wrapped around the
chest to treat the common cold. In Aksehir (Konya) and its surroundings, adults consume powdered
black cumin seed for abdominal pain, while in children, 2-3 drops of the essential oil are used. In
Ermenek (Karaman) and its surroundings, black cumin oil is dropped into the ear to treat earaches. In
Mugla, seeds of black cumin are crushed or boiled and used as a syrup in the treatment of kidney stones
[9,22,23,24].

Phytochemical Content

Black cumin seeds are quite rich in content; they contain carbohydrates, proteins, fat, essential
amino acids, diverse minerals, vitamins and essential oil. As monosaccharides, they contain glucose,
rhamnose, xylose, and arabinose. They contain vitamins B, B, Bs, Bs, Bg, C, A and minerals such as
Mg, Fe, P, Cu, Ca, Zn, Se, Na, and Mn. About 30-40% of the fixed oil found in the seeds consists of 50-
60% unsaturated fatty acids. These contents varies according to the climate, environmental conditions,
and harvesting characteristics of the region where the plant grows [15,25,26,27,28,29].

The main components of the fixed oil extracted from black cumin seeds include linoleic acid, B-
sitosterol and oleic acid. The fractions of the fixed oil are given in Table 1. Additionally, black cumin
seed contains 0.4-0.45% essential oil. The primary constituents of the essential oil include
thymoquinone, dihydrothymoquinone, carvacrol, p-cymene, a-thujene, thymol, trans-anethole, o-
terpinene, a-pinene and B-pinene. The concentration of essential oil fractions is given in Table 2
[7,28,30].

Table 1. The chemical makeup of the fixed oil extracted from black cumin seeds [27]

Composition of fixed oil Range % (w/w)
Arachidic acid 2-3
Eicosadienoic acid 2-2.5
Linoleic acid 44.7-56
Linolenic acid 0.6-1.8
Myristic acid 0.16
Oleic acid 20.7-24.6
Palmitic acid 12-14.3
Palmitoleic acid 3
Stearic acid 2.7-3
Sterols 0.5
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Table 2. The chemical make up of the essential oil obtained from black cumin seeds [30]

Composition of essential oil Concentration (%)
a-Pinene 1.48
a-Thujene 2.4
B-Pinene 1.72
Carvacrol 10.8
Dihydrothymoquinone 3.84
Minor components 23.81
p-Cymene 32.02
t- Anethole 2.10
Thymol 2.32
Thymoguinone 23.25

Black cumin seeds contain alkaloids such as nigellicine, nigellidine containing an imidazole ring,
nigellimine carrying an isoquinoline ring, and nigellimine N-oxide and nigellamine carrying a tropane
ring in addition to fixed and essential oil. Additionally, various flavonoid compounds such as
kaempferol-3-O-rutinoside, kaempferol-3,7-diglucoside, nigelloside, rutin and nigelflavonoside B have
been detected. Furthermore, it has been observed that hederin (melanthin), hederagenin (melanthigenin)
saponins along with 6-methoxy coumarin, 7-hydroxy coumarin, and 7-0x0 coumarin are present
[7,12,28,31-33].

Pharmacological Potential of Nigella sativa and Its Effect on Biological Activities
Antioxidant Effect

Studies have shown that Nigella sativa seeds and the essential and fixed oils obtained from the
seeds exhibit antioxidant activity through linoleic acid-based and B-carotene antioxidant activity tests,
ABTS Radical Cation Scavenging Activity Assay, Cupric lon Reducing Antioxidant Capacity
(CUPRAC) Assay and DPPH Radical Scavenging Capacity Assay, as well as in vivo animal
experiments. This effect has been associated with the total phenolic content. It is believed that the
compounds a-thujene, p-cymene, and thymoquinone found in the essential oil are the main responsible
components for this effect. Comparative studies have found that the essential oil has higher antioxidant
activity compared to the fixed oil. Additionally, it has been observed that oil obtained by supercritical
fluid extraction contains elevated levels of unsaturated fatty acids, tocopherols, phytosterols, and
polyphenol content compared to oils derived from solvent extraction and cold pressing methods, and
thus, is associated with a higher antioxidant effect [30,32,34-41].

Analgesic, Anti-inflammatory, and Wound Healing Effect

Various in vivo tests conducted on rats and rabbits have shown that black cumin hydrosol,
essential and fixed oils can promote wound healing and have analgesic effects. Biopsy and histological
examinations have revealed accelerated wound healing processes, while a decrease in licking and
writhing counts in animals has indicated analgesic effects. Additionally, the applied treatment has been
found to reduce acute inflammatory reactions [38,42,43].

In clinical trials involving patients with osteoarthritis, significant reductions in serum levels of
the inflammatory and oxidative stress marker CRP (C-reactive protein) have been observed after oral
administration of black cumin oil. Topical application of black cumin oil has also been thought to
provide significant improvements in general, physical, and mental health sub-scales. Throughout the
treatment, patients were evaluated based on VAS (Visual Analog Skala) and WOMAC (Western Ontario
and McMaster Universities Osteoarthritis Index) scores, revealing a decrease in the dosage of analgesic
drugs used by patients and the analgesic effect of black cumin oil [44-46].

Antihistaminic Effect and Effect on Asthma

In vivo studies conducted on mice and rats have shown that black cumin oil reduces the frequency
of nasal itching observed in allergic rhinitis, significantly alleviates nasal symptoms, reduces the
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gathering of inflammatory cells in the nasal lavage fluid, nasal mucosa, and prevents typical
inflammatory changes and inflammation [47,48].

Clinical trials conducted on patients with asthma have found that black cumin oil regulates the
TH 17/Treg balance. Additionally, improvements in Asthma Control Test scores, significant reductions
in blood eosinophils, fractional exhaled nitric oxide (FeNO), immunglobulin E, and interferon-y levels
have been observed [49-51].

Anti-aging and Anti-alopecia Effect

The anti-aging and anti-melanogenic properties of black cumin seed extract and oil have been
demonstrated through various tests, suggesting its potential as a cosmetic agent. In vitro tests have
shown that black cumin inhibits advanced glycation end product formation, elastase and collagenase
activity and collagen cross-linking while reducing melanin content and cellular tyrosinase activity in
B16-F10 cells. Additionally, it has been found to significantly suppress the mMRNA expression levels of
genes linked to melanogenesis and tyrosinase-related proteins 1 and 2. In a 42-day study conducted on
mice, black cumin oil was observed to reduce lipid peroxidation, fat, Bax/Bcl-2 proteins levels, and
regulate the expression of caspase-3 proteins in brain and liver tissues [52,53].

Research on both mice and humans has indicated that topical application of Nigella sativa
essential oil and decoction effectively prevents hair loss in mice and significantly improves hair growth
in 70% of individuals participating in the study. Videodermatoscopic analysis has also revealed patients
experienced a notable increase in hair density and thickness [54-55].

Anti-infertility Effect

Black cumin oil and flower honey have been found to significantly alleviate testicular and sperm
abnormalities in male rats and mice with induced testicular damage, as observed through biochemical
and histological examinations. They have corrected total testosterone (TT) and sex-hormone binding
globulin (SHBG) levels, increased testis weight, and improved sperm quality. It has been discovered
that black cumin oil is more efficacious than flower honey [56,57]. Female rats with polycystic ovary
syndrome (PCOS) treated with hydroalcoholic extract derived from Nigella sativa seeds for 3 weeks
have shown regulation of fertility-related hormones. Significant improvement in ovarian tissue,
reduction in cysts, and normal luteinization have also been observed. These effects are attributed to the
plant's phytosterol content and its hypoglycemic and antioxidant effects, which are believed to
contribute to PCOS recovery [58].

Anticoagulant and Antihypertensive Effect

The alcoholic extract of Nigella sativa seed has been found to prolong the prothrombin time (PT),
thrombin time (TT) and activated partial thromboplastin time (aPTT) in clotting tests, while its oil has
exhibited concentration-dependent clot lysis activity on clotted human blood and its aqueous extract has
shown antiplatelet activity [59-61]. Its antihypertensive effect has been tested in both animals and
humans. Intravenous injection of the aqueous extract of black cumin seeds in mice resulted in a decrease
in mean arterial blood pressure and a reduction in heart rate, which is dependent on the dosage. In a
clinical study involving hypertensive patients, significant reductions in diastolic and systolic blood
pressure were recorded after an 8-week treatment period, along with a significant increase in glomerular
filtration rate [62].

Antimicrobial and Antihelminthic Effect

Different researches have indicated that black cumin seed extract, its essential oil, and flower
honey exhibit antifungal and antimicrobial effects against various fungi, bacteria, and virus species. The
essential oil has been effective against Colletorichum gloeosporoides and Penicillium digitatum, while
the seed extract and flower honey have shown effectiveness against Aspergillus flavus, A. parasiticus,
Mucor rammanianus, and Candida albicans species. It has been observed that the antimicrobial activity
is higher against gram-positive strains than gram-negatives [36,63-66]. The anthelmintic properties of
aqueous and methanol extracts derived from Nigella sativa seeds have been studied on different species
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with the methanol extract being more active. It has been observed to cause a dose-related paralysis and
reduce egg levels in fecal samples [67,68].

Antineoplastic Effect

The aqueous extract of black cumin seeds, nanoemulsion prepared from its tincture, its fixed oil,
and its essential oil, particularly the major component thymoguinone, has been tested on various cancer
cell lines (for instance A2780, HepG2, HUVEC, MDA-MB-231 and MCF-7), suggesting the potential
of Nigella sativa as an agent in cancer treatment. Studies have shown that black cumin triggers cell cycle
cessation and enhances apoptosis, exhibiting molecular binding with apoptotic proteins like Bax, Bcl-2,
p53, STAT3, and Caspase-3/9. It inhibits cell growth, modifies the morphology of cancer cells, and
reduces cell multiplication and survival [69-73].

Gastrointestinal System Effect

The effect of Nigella sativa oil and seed hydroalcoholic extract on gastric ulcers has been
investigated in rats, showing a gastroprotective effect. After 7 days of treatment, black cumin reduced
the gastric ulcer index, malondialdehyde, and protein content, while increasing total thiol, mucus content
and total hexose. However, it had no impact on the secretion of gastric acid [74,75]. Following oral
administration of the seed hydroalcoholic extract in rats, a dose-dependent decrease in gastrointestinal
motility, defecation frequency, and water content in feces was observed, indicating an antidiarrheal
effect. Moreover, intraperitoneal application of black cumin seed oil markedly decreased the extent of
intestinal injury in rats with enterocolitis. Additionally, an increase in villus length, width, and
percentage of goblet cells was observed in the duodenum, jejunum, and ileum of rats. Black cumin is
suggested to have enhanced and protective effects on food absorption [76-78].

Hypoglycemic, Hypolipidemic, and Hepatoprotective Effect

Alcoholic extracts of Nigella sativa seed and aerial parts have been studied through in vitro, in
vivo, and clinical trials, investigating their hypoglycemic and hypolipidemic effects. In vitro tests for
inhibiting a-glucosidase and PTP1B (Protein Tyrosine Phosphatase 1B) have shown that the aerial parts
exhibit antidiabetic effects. After 28 days of treatment in diabetic rats, significant decreases in glucose,
urea, creatinine, uric acid, total protein, total cholesterol, and LDL (Low Density Lipoprotein) stages,
along with an enhance in HDL (High Density Lipoprotein), were observed. Additionally, impaired AST
(Aspartate Aminotransferase), ALP (Alkaline Phosphatase) and ALT (Alanine Aminotransferase)
values returned to normal levels. In mice with liver damage, improvement was observed in serum
oxidative stress indicators, liver function markers, biochemical parameters and histopathological
assessments, with a reduction in ALT and AST levels, which were caused by concavalin A-induced
injuries [32,79,80,81].

Clinical studies conducted with diabetic patients have observed a decrease in insulin, HbAlc,
glucose, CRP, TG (Triglyceride), LDL, ALP, AST and ALT grades, along with a rise in HDL, following
the administration of the plant extract. Moreover, when Nigella sativa was used in conjunction with
exercise, the observed effects were further enhanced [82,83].

Nephroprotective and Neuroprotective Effects

In vivo studies with rats and clinical trials with humans have shown that the fixed oil and ethanol
extract of Nigella sativa seeds reduce serum creatinine, 24-hour total urinary protein, blood glucose and
urea levels, while increasing 24-hour total urinary volume, glomerular filtration rate and hemoglobin
levels. Additionally, histopathological examinations have demonstrated a significant protective effect
against kidney toxicity [84-86].

The impact of black cumin seed extract and fixed oil on the central nervous system have been
investigated in various experimental animal models with rats and mice. Black cumin has been found to
exhibit anxiolytic and anticonvulsant effects, reduce locomotor activity and the frequency of various
stages of epileptic seizures, decrease brain 5-Hydroxyindoleacetic Acid (5-HIAA) levels, increase open
field activity, brain serotonin (5-HT) levels, and significantly increase brain and plasma tryptophan
levels. Furthermore, the primary constituent of the essential oil, thymoquinone, has been shown to have
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protective effects against cytotoxicity and neurotoxicity caused by amyloid beta specific to Alzheimer's
disease, as well as against synaptic toxicity induced by alpha-synuclein accumulation in individuals
diagnosed with Parkinson's disease and Lewy body dementia [87-91].

Allelopathic Effect

The chemical compositions of Nigella sativa at different growth stages and its allelopathic effects
on Lactuca sativa L. have been studied, revealing that the quantity of secondary metabolites fluctuates
depending on the plant's growth stages. Consequently, it has been determined to possess allelopathic
effects. The aqueous extract obtained from the above-ground parts during the vegetative stage
demonstrated the highest toxicity towards lettuce germination. Similarly, the aqueous extract derived
from Nigella sativa during the flowering stage was found to be the most detrimental to lettuce growth.
[92,93].

Toxicity

Various studies have found Nigella sativa seeds and its components to be quite safe. LDso (Median
Lethal Dose) values have been examined in studies conducted on mice and rats, along with possible
biochemical, hematological, and histopathological changes. Histological examinations have shown no
changes in heart, liver, kidney, and pancreatic tissues, stable liver enzymes, and high LDs values (794.3
mg/kg for oral intake in rats, 57.5 mg/kg for intraperitoneal administration). Nigella seeds have shown
little to no toxic effects in practice, indicating a wide safety margin for therapeutic doses [3,12,21].

RESULT AND DISCUSSION

Nigella sativa L., commonly called as "¢6rek otu" in Tiirkiye, is an annual herbaceous plant with
a long-standing history of traditional medicinal uses. Originating from the Mediterranean regions and
Western Asia, it is cultivated extensively in Tirkiye, particularly in regions like Afyon, Burdur, and
Isparta. The Nigella sativa seeds, renowned for their characteristic black color, have been employed
traditionally to address a wide array of health issues, ranging from respiratory ailments like asthma and
bronchitis to inflammatory conditions, digestive problems, and skin disorders. Moreover, these seeds
serve as a flavoring in Middle Eastern and Indian cuisines, adding both flavor and nutritional value.

Chemical analysis reveals that Nigella seeds are packed with essential nutrients, including fats,
carbohydrates, proteins, minerals and vitamins. Notably, they contain a significant amount of fixed oil,
predominantly comprising unsaturated fatty acids like oleic acid and linoleic acid, along with essential
oils abundant in compounds like thymoquinone, p-cymene, and carvacrol. Furthermore, Nigella seeds
harbor alkaloids, saponins, and flavonoids, among other bioactive constituents, which contribute to their
diverse pharmacological properties.

Extensive research, encompassing in vitro, in vivo, and clinical studies, has unveiled the
remarkable therapeutic potential of Nigella sativa. Its extracts and derivatives exhibit antioxidant, anti-
inflammatory, antimicrobial, antihypertensive, and hepatoprotective activities, among others.
Additionally, Nigella sativa demonstrates promising prospects in the fields of wound healing,
neuroprotection, and anticancer therapy.

In conclusion, the comprehensive examination of the literature regarding the phytochemistry,
pharmacognosy and pharmacological effects of Nigella sativa underscores its significance as a valuable
medicinal plant with multifaceted health benefits. Further exploration of its therapeutic applications
holds great promise for the development of novel pharmaceuticals and nutraceuticals to combat various
ailments and enhance human health.
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ABSTRACT

Objective: Heart failure (HF) is associated with poor outcomes, such as high mortality and
hospitalization rates, and impaired quality of life (QoL). Pharmacist participations in a
multidisciplinary care team have demonstrated to be beneficial in HF, which includes optimization
of guideline-directed medical therapy (GDMT) and medication adjustment, optimizing the transition
of care (ToC) and medication reconciliation, and providing patient education. The aim of this
literature review is to investigate the impact of pharmacist interventions on HF, with the intention
to improve clinical outcomes.

Result and Discussion: Randomized controlled trials evaluating the efficacy of pharmacist
intervention in HF patients were reviewed, and 8 randomized controlled trials were included. The
pharmacist interventions that were investigated in these studies were medication review, patient
counseling, and patient education. The included studies demonstrated that pharmacist interventions
may reduce prescribing errors, medication discrepancies, and drug-drug interactions (DDIs).
Studies demonstrated that patient counseling and education provided by the pharmacist may
improve QoL and patient knowledge in HF. The rest of the outcomes lacked significance. In order
to develop this issue further, large-scale randomized controlled trials and large-scale meta-analyses
should be conducted involving pharmacist interventions in HF.

Keywords: Clinical pharmacist, heart failure, pharmaceutical care, pharmacist intervention
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Amac: Kalp yetersizligi (KY), yiiksek mortalite ve hastaneye yatis oranlart ve bozulmus yasam
kalitesi gibi kétii sonuglarla iligkilendirilmistir. Kilavuza yénelik tibbi tedavi optimizasyonu ve ilag
diizenlemesi, bakim gecisi ve ilag uzlasist, ve hasta egitiminin saglanmasini iceren multidisipliner
bir bakim ekibinin icinde eczaci katkilarimin KY'de faydali oldugu gosterilmistir. Bu literatiir
taramaswmin amaci, klinik sonuc¢lari iyilestirmek amaciyla eczact miidahalelerinin KY iizerindeki
etkisini arastirmakir.

Sonu¢ ve Tartisma: Kalp yetersizligi hastalarinda eczaci miidahalelerinin  etkinligini
degerlendiren randomize kontrollii ¢alismalar taranmis ve 8 randomize kontrollii ¢calisma
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derlenmigtir. Bu ¢calismalarda arastirilan eczaci miidahaleleri ilag incelemesi, hasta danigsmanligi
ve hasta egitimidir. Derlenen ¢alismalar, eczact miidahalelerinin regeteleme hatalarim, ilag
uyusmazliklarint ve ilag-ilag etkilesimlerini azaltabilecegini géstermistir. Calismalar, eczact
tarafindan saglanan hasta danmigmanhigi ve egitiminin KY'de yasam kalitesini ve hastanin bilgisini
arttirabilecegini gostermistir. Diger sonuglarda anlamli bir fark goriilmemistir. Bu konunun daha
da gelistirilmesi icin kalp yetersizliginde eczaci miidahalelerini igeren genis 6l¢ekli randomize
kontrollii calismalar ve meta-analizler yapilmalidir.

Anahtar Kelimeler: Eczact miidahaleleri, farmasétik bakim, kalp yetersizligi, Klinik eczac:

INTRODUCTION

According to the European Society of Cardiology (ESC), heart failure (HF) is defined as a clinical
syndrome of the heart that is characterized by a series of cardinal symptoms, such as dyspnea (shortness
of breath), fatigue, and swelling at the ankles, which is caused by a functional or/and structural anomaly
that leads to an insufficient cardiac output at rest or/and during exercise [1]. In addition, the American
Heart Association/American College of Cardiology (AHA/ACC) defines HF as a complex syndrome
with accompanying symptoms and signs that result from abnormalities of ejection or filling of blood to
the ventricules of the heart [2]. It is difficult to define a specific reason for the development of HF, since
multiple factors and comorbidities often exist, and contribute to the disease pathogenesis. The risk
factors accompanying HF may include cardiovascular risk factors, such as coronary heart disease,
hypertension, obesity, diabetes mellitus, and smoking; inflammation, and socioeconomic levels, which
contribute to left or right ventricular dysfunction [3].

HF has characteristic symptoms, which include dyspnea and fatigue, with the presence of cardiac
dysfunction. Some HF patients also show physical signs caused by fluid retention, which is an outcome
of decreased cardiac output that results in activation of sympathetic nervous system with renin-
angiotensin-aldosterone system (RAAS). Activation of the RAAS causes water and sodium retention,
leading to fluid accumulation. The typical symptoms that fluid buildup may cause include dyspnea,
orthopnea, edema, abdominal discomfort and distension, and hepatic congestion, while symptoms
caused by reduction in cardiac output include fatigue and weakness [4].

It is predicted that the total population with HF worldwide is 64.3 million, and with more than
half is estimated to have a preserved left ventricular ejection fraction (LVEF). The estimated prevalence
of HF in developed countries is equal to 1% to 2% of their adult population[3]. HF is seen primarily in
older people, especially individuals aged over 60 years [5]. Furthermore, for individuals aged >60 years,
HF is the most common cardiovascular reason for hospitalization [6].

The prognosis and the outcomes of HF have improved over the past three decades. However, the
outcomes of HF still remain poor today [3]. According to a 2018 study, 5-year mortality between 1990
and 2009 was 67% in HF with reduced ejection fraction (HFrEF) and HF with preserved ejection fraction
(HFpEF). HFrEF and HFpEF subtypes showed similar mortality rates [7]. Additionally, a 2017 study
reported a median survival of 2.1 years between 2005 and 2009, and 5-year mortality rates for HFrEF
and HFpEF were 75.3% and 75.7%, respectively [8] .

Hospitalizations in HF is an important indicator for the prognosis of the disease, and the average
incidence of hospitalization after HF diagnosis is once a year. Moreover, HF holds the highest 30-day
readmission rate with 20-25% among other diseases. Nearly half of HF patients will be hospitalized
within one year after the initial diagnosis, and 20% of them will be rehospitalized within the same year
[3]. Itis suggested that after hospitalization, long-term survival for HF patients may be poor [8]. Patients
with HF often experience physical discomfort and emotional distress that significantly impairs their
quality of life (QoL) as the disease progresses [9]. In addition to the worsening physical deterioration
due to the progressive nature of the disease, patients with advanced HF often undergo social impairment
and psychological problems like depression and anxiety [10].

Because HF is a heterogeneous syndrome, patients often have numerous comorbidities that may
conclude in complex treatment regimens, medication nonadherences, and harmful drug-drug
interactions [11]. After hospital discharge, it is also very crucial to optimize the transition of care (ToC)
from the hospital setting to home, provide patient counseling and education, ensure that appropriate
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medications are administered according to current guidelines, and ensure patient adherence to the
therapy. However, each and every element may be challenging to accomplish, resulting in failure in
treatment and disease management. Pharmacist may take proactive role in HF by using cognitive
pharmacy services, such as medication review and patient counseling [12].

Medication review may be defined as the evaluation of patient’s medications to optimize their
therapy plan with the aim of improving health related outcomes. Within this practice, pharmacists review
patient’s prescription to address contradictions or changed drugs and address patient’s medication
administration to improve thier knowledge on medication and to enhance their adherence [13]. It is
suggested that as a member of the multidisciplinary care team, the pharmacist may improve patient care
by medication review, identifying potentially harmful prescribed drugs, optimizing the patient's
treatment plan according to current guidelines and ensuring that the necessary medications are
prescribed. In a retrospective study of 378 hospitalized HF patients with worsening symptoms between
2012 and 2014, pharmacist-led medication adjustment significantly reduced inappropriate medication
use [14].

Patient counseling may be defined as giving written or verbal information to patients about how
to use their medication, its possible side effects, proper storage of the medication, and diet and lifestyle
changes. As important parts of the pharmacist intervention, patient counseling and education promote
the rational use of medications, which has the potential to enhance disease outcomes and medication
adherence [15]. In a meta-analysis of 49 randomized controlled trials, pharmacist counseling was
associated with decreases in 30-day hospital readmissions and emergency hospital visits, and a
significant increase in medication adherence compared to no counseling [16].

According to the guidelines on good pharmacy practice from the International Pharmaceutical
Federation/World Health Organization (FIP/WHO), pharmacists should provide recommendations to
make sure that the patient receives adequate information, written or verbally, to maximize the treatment
benefit [17]. A variety of interdisciplinary HF care programs include patient counseling and education
to enhance the benefits patients derive from the medication therapy by individualizing care plans,
providing information on the medication, and improving the knowledge on the disease and self-care.
So, patient counseling and education comprise an important part of the pharmacist intervention services
[18].

Pharmacist participations in a multidisciplinary care team have demonstrated to be beneficial in
HF management, which includes optimization of guideline-directed medical therapy (GDMT) and
medication adjustment [14] optimizing the transition of care (ToC) and medication reconciliation
[19,20], and providing patient education [21]. Figure 1 summarizes these pharmacist involvements in
HF management.
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Figure 1. Pharmacist participations in HF management
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Further, previous studies have shown that pharmacist contributions in HF management in a
multidisciplinary team may reduce HF hospitalizations [22] and 30-day all-cause readmission rates [23].

The aim of this study is to review the available literature to investigate the impact of pharmacist
interventions on HF, with the intention to improve clinical outcomes.

RESULT AND DISCUSSION

This study is designed as a literature review, English studies about the pharmacist’s participation
in HF care between the years 2010-2022 were screened. During the literature search, clinical studies
were searched with the keywords “HF, clinical pharmacist, pharmaceutical care, drug-related problems,
pharmacist intervention” in Pubmed®, Scopus®, Webofscience®, and Google Scholar® search
engines. Animal studies and experimental models were excluded. The last screening was made on 20
February 2023.

Randomized controlled trials and meta-analyses evaluating the efficacy of pharmacist
intervention in HF patients were reviewed. Only the studies that were available in full text are included.
The data obtained from the studies are as follows: the characteristics of the people participating in the
study (age, HF classification; the type, duration, frequency of pharmacist intervention; type of outcome
measure (quality of life, medication adherence, all-cause and HF related hospitalization, length of
hospital stay, prescription errors and medication discrepancies, all-cause and HF related mortality).

A total of 8 randomized controlled trials conducted to determine the benefit of pharmacist
interventions in HF are included in this study [24-31]. The characteristics of the included trials are
summarized in Table 1, which follows: the total number of participants, the environment that the
intervention took place in, follow-up time, pharmacist intervention, and outcome measure. The main
pharmacist intervention practices that were investigated in these studies include medication review,
patient counseling, and patient education.

Table 1. Characteristics of the included studies

stud Participants Intervention | Follow-up Pharmacist Outcome
y P Setting Time Intervention Measure
93 CHF" patients with Hospitalization
i NYHA™ class Il or Medication P L)
Yassin et 111, 47 in intervention Hospital 6 weeks review, patient length of hospital
al.[24] ’ : P » pa stay, medication
group, 46 in usual counseling ’ .
discrepancies
care group
Medication
237 CHF patients, . I adherence,
Schulz et 110 in intervention Community Median . Medication QoL™,
. follow-up: review, patient <
al. [25] group, 127 in usual pharmacy . hospitalization,
2.0 years counseling
care group all-cause
mortality
Number of
51 HF™ patients, 26 Recommendations clinically relevant
Roblek et | :~. . . L DDls at
in intervention group, Hospital 6 months on clinically .
al. [26] - s discharge, all-
25 in usual care group relevant DDIs :
cause mortality,
hospitalization
16 HF patients aged Four times .HF. .
. ) ) rehospitalization,
Vinluan et >65 years, 7 in . total: at day . . o
. : Hospital Patient counseling medication
al. [27] intervention group, 9 3,30, 60
: adherence,
in usual care group and 90 .
mortality
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Table 1 (continued). Characteristics of the included studies

Stud Participants Intervention | Follow-up Pharmacist Outcome
y P Setting Time Intervention Measure
120 hospitalized CHF qu times Mortality, CHF
- - total: 1 and L and all-cause
Barker et patients, 64 in Medication o
al. [28] intervention group, 56 Home 6 months review hospitalizations,
' in usual car% I‘C?ll,l after health related
group discharge QoL
2164 HF patients with All-cause
. - mortality, HF
left ventricular Within . A
. . . . Median L hospitalization,
Lowrie et systolic dysfunction, National . Medication
L : follow-up: . Ccv
al. [29] 1090 in intervention Health review L
. - 4.7 years hospitalization,
group, 1074 in usual Service all-cause

care group. hospitalization

Number of correct
weight-titrated

70 HE patients. 35 in Three times furosemide dose
Korajkic et | . Pe ' Outpatient total: at Patient adjustments, HF
intervention group, 35 . . T
al. [30] in usual care arou clinic week 4, 8 education rehospitalization
group and 12 for fluid overload,
HF-related QoL,
HF knowledge
Total sum of
. . prescription errors
Eggink et .85 HF pgtlents, 4lin . Medication and medication
intervention group, 44 Hospital 6 weeks : . .
al. [31] . review discrepancies,
in usual care group :
estimated
adherence

*CHF: Chronic heart failure, "NYHA: New York Heart Association, *"QoL: Quality of life, "HF: Heart failure,
“***DDls: Drug-drug interactions

Yassin et al. conducted a study with chronic heart failure (CHF) patients in Irag, to evaluate the
role of medication review and patient counseling provided by a clinical pharmacist in the management
of HF care. Patient’s medications were reviewed by a clinical pharmacist to identify and resolve any
prescribing errors. The counseling included an interview with the patient to provide information about
how HF medications work, side effects, appropriate route of administration, and dosing frequency.
Pharmacist interventions resulted in significant reductions in hospitalization and length of hospital stay.
Additionally, significant reductions in medication discrepancies were observed, which were: incorrect
dosing, discontinuation of prescribed medication, and restarting discontinued medication [24].

In a German study investigating the benefit of medication review and patient counseling provided
by a pharmacist in a multidisciplinary team on hospitalizations, QoL, medication adherence, and all-
cause mortality in chronic HF patients, pharmacist participations caused a significant increase in
medication adherence to the three HF drug classes (beta blockers, angiotensin-converting enzyme
inhibitors [ACEi] or angiotensin receptor blockers [ARBs], and mineralocorticoid receptor antagonists
[MRAs]), which were the recommended drugs of choice according to the guidelines at that time.
Pharmacist participations also led to improvement in the QoL of the HF patients. The results did not
show a significant difference in hospitalizations and all-cause mortality [25].

In a study with HF patients in Slovenia, pharmacist’s effect on reducing clinically relevant drug-
drug interactions (DDIs) was evaluated. At discharge, pharmacist contributions caused a significant
reduction in clinically relevant drug-drug interactions. The most common clinically relevant DDIs
include the interaction between ACEI/ARBs and spironolactone, which caused hyperkalemia, renal
impairment, and arrhythmia; and the interaction between loop diuretics and spironolactone, which led
to renal impairment, hypovolemia, and electrolyte imbalance. The results showed no significant
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difference in hospitalization and all-cause mortality [26].

An American study conducted to assess the benefit of pharmacist patient counseling on therapy
adherence in HF. Pharmacists provided inpatient counseling on pathogenesis and symptoms of the
disease, medication therapy, possible side effects, necessary diet and lifestyle changes, weight
monitoring, and when to seek help, and followed up patients via phone after discharge. The data
demonstrated a higher medication adherence in the intervention group at day 3, 30, and 60 compared
with the control group. At day 90, the data showed a reduction in medication adherence in both groups,
and the adherence in the intervention group was lower compared to the control group. After the overall
follow-up period, hospital readmissions were not significantly different. However, mortality rates were
lower in the intervention group [27]

Barker et al. conducted a study with chronic HF patients to determine the impact of medication
review led by pharmacist on HF outcomes in Australia. In the study, pharmacist participations did not
cause a significant difference in mortality, hospital admissions, and health related QoL [28]. Similarly,
in a study with HF patients with left ventricular systolic dysfunction in the UK, medication review
provided by a pharmacist did not cause a significant difference in all-cause mortality, all-cause, HF, and
cardiovascular related hospitalizations [29].

The impact of patient education on patient-guided diuretic dose adjustment in HF was investigated
in Australia with HF patients receiving furosemide diuretic therapy. The pharmacist intervention
consisted of an educational session about HF and HF medications, improving patients’ self care, how to
recognize fluid retention symptoms, daily weight measurement, and adjusting the furosemide dose
according to the changes in their signs and symptoms. Pharmacist interventions resulted in significantly
higher appropriate self-adjustments of furosemide dosing. Without the pharmacist intervention, the
number of patients readmitted to the hospital due to fluid overload was significantly higher. Moreover,
the interventions resulted in significantly improved HF knowledge and the HF-related QoL [30].

In a study in the Netherlands, the effect of discharge medication review provided by a clinical
pharmacist in HF was investigated. Patients’ discharge medication was reviewed by a clinical
pharmacist to identify any discrepancies and prescription errors. Medication discrepancies included
deflections in medication use, such as discontinuation of prescribed medication, restarting discontinued
medication, incorrect dosing, and incorrect time of taking medication. Prescription errors included errors
that occured during prescribing, such as dosage form errors, contraindications, and medication
duplications. The most common problem identified was prescription errors. Subsequently,
discontinuation of prescribed medication and incorrect dosing were common for the intervention group.
After the pharmacist intervention, prescription errors or medication discrepancies was reduced.
However, the results did not cause a significant difference in estimated adherence [31].

The included studies demonstrated that pharmacist interventions may reduce prescribing errors,
medication discrepancies [24,31] and drug-drug interactions [26]. Additionally, studies demonstrated
that patient counseling and education provided by the pharmacist may improve QoL [25,30] and patient
knowledge in HF [30]. The rest of the outcomes lacked significance between the study group and the
usual care group [25-29,31]. These findings may be caused by the heterogenous and progressive nature
of HF. In addition to the chronic progression of HF over time, other comorbidities that HF patients often
have contribute to the poor disease outcomes, which may be associated with poor survival rates, high
hospitalization rates, and deterioration in QoL. It should be noted that since the publications of the
included studies, guidelines for the treatment and management of HF have been updated and new
treatment recommendations have been made that were shown to reduce the risk of HF hospitalization
or cardiovascular death in randomized controlled trials [32]. This may also explain why the results in
the included studies were not significantly different.

The lack of significance in outcomes do not indicate that pharmacist participations in HF care
may not be beneficial. In a chronic disease such as HF that causes a burden on patients, quality of life is
an outcome that should be focused on. Improvements in QoL may be achieved with pharmacists who
are knowledgeable about the disease and patients’ comorbidities, can evaluate patients' complex drug
regimens and detect drug-related problems, know current treatment strategies, and provide effective
patient education about drug use and the disease. Moreover, pharmacists are accessible healthcare
providers, so it is convenient for patients to receive health care services from a more accessible source.
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Compared with health care professionals such as physicians and nurses who have other duties and
responsibilities, pharmacists may provide counseling and education in a patient-based manner for a
longer period of time and alleviate the burden of other health care providers since interventions like
medication review and patient counseling are pharmacist’s responsibilities.

Study Limitations

There are several differences among the included randomized controlled trials that may prevent
a general conclusion from being drawn. The included studies vary in terms of sample size, study period,
sociodemographic characteristics of the participants, and disease severity. Some of the included studies
had small sample sizes and short follow-up periods, which may affect the generalizability of the
findings. The studies included HF patients from different countries, which could have affected the
accessibility of the health services and the pharmacist intervention for each study. The HF severity of
the patient population varied within some of the included studies between the control and intervention
groups. This may have affected the accurate reflection of whether pharmacist interventions objectively
improved clinical outcomes. For a better comparison, these elements should be equivalent in the
participants.

Future Perspectives

Pharmacist participations in HF care have the potential to improve disease outcomes and alleviate
the burden of the disease. In order to develop this issue further, large-scale randomized controlled trials
and meta-analyses should be conducted involving pharmacist interventions in HF. The potential impact
of pharmacist interventions should be investigated not only in the management of HF alone, but also in
the presence of HF and different comorbidities. So, a more evidence-based approach can be taken in
different scenarios accompanying HF.

Additionally, protocols for HF management should be established that include pharmacist
interventions to improve disease outcomes, and disease management teams in which the pharmacist
plays an active role should become widespread. Thus, clearer approaches can be created in medication
review and patient counseling practices carried out by the pharmacist and can be made a regular practice.

ACKNOWLEDGEMENTS
We would like to thank Bezmialem Foundation University, Department of Clinical Pharmacy for
their support.

AUTHOR CONTRIBUTIONS

Concept: Y.B., M.Y.B.; Design: Y.B., M.Y.B.; Control: Y.B., M.Y.B.; Sources: Y.B., M.Y.B;
Materials: Y.B., M.Y.B.; Data Collection and/or Processing: Y.B., M.Y.B.; Analysis and/or
Interpretation: Y.B., M.Y.B.; Literature Review: Y.B., M.Y.B.; Manuscript Writing: Y.B.; Critical
Review: Y.B., M.Y.B.; Other: -

CONFLICT OF INTEREST

The authors declare that there is no real, potential, or perceived conflict of interest for this article.

ETHICS COMMITTEE APPROVAL

The authors declare that ethics committee approval is not required for this study.

REFERENCES

1. McDonagh, T.A., Metra, M., Adamo, M., Gardner, R.S., Baumbach, A., Bochm, M., Burri, H., Butler, J.,
Celutkiené, J., Chioncel, O., Cleland, J.G.F., Coats, A.J.S., Crespo-Leiro, M.G., Farmakis, D., Gilard, M.,
Heymans, S., Hoes, A.W., Jaarsma, T., Jankowska, E.A., Lainscak, M., Lam, C.S.P., Lyon, AR,
McMurray, J.J.V., Mebazaa, A., Mindham, R., Muneretto, C., Piepoli, M.F., Price, S., Rosano, G.M.C.,
Ruschitzka, F., Skibelund, A.K., ESC Scientific Document Group. (2021). Corrigendum to 2021 ESC



J. Fac. Pharm. Ankara, 49(1): 146-154, 2025 Bulut and Bektay 153

a s~

10.

11.

12.

13.

14.

15.

16.

17.

18.

Guidelines for the diagnosis and treatment of acute and chronic heart failure: Developed by the Task Force
for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology
(ESC) with the special contribution of the Heart Failure Association (HFA) of the ESC, European Heart
Journal, 42(48), 4901. [CrossRef]

Heidenreich, P.A., Bozkurt, B., Aguilar, D., Allen, L.A., Byun, J.J., Colvin, M.M., Deswal, A., Drazner,
M.H., Dunlay, S.M., Evers, L.R., Fang, J.C., Fedson, S.E., Fonarow, G.C., Hayek, S.S., Hernandez, A.F.,
Khazanie, P., Kittleson, M.M., Lee, C.S., Link, M.S., Milano, C.A., Yancy, C.W. (2022). 2022
AHA/ACC/HFSA Guideline for the management of heart failure: A report of the American College of
Cardiology/American Heart Association Joint Committee on Clinical Practice
Guidelines. Circulation, 145(18), 895-1032. [CrossRef]

Groenewegen, A., Rutten, F.H., Mosterd, A., Hoes, A.W. (2020). Epidemiology of heart failure. European
journal of heart failure, 22(8), 1342-1356. [CrossRef]

UpToDate Web site. (2024). Retrieved from https://www.uptodate.com/. Accessed date: 31.07.2024.

van Riet, E.E., Hoes, A.\W., Wagenaar, K.P., Limburg, A., Landman, M.A., Rutten, F.H. (2016).
Epidemiology of heart failure: The prevalence of heart failure and ventricular dysfunction in older adults
over time. A systematic review. European Journal of Heart Failure, 18(3), 242-252. [CrossRef]

Rossignol, P., Hernandez, A.F., Solomon, S.D., Zannad, F. (2019). Heart failure drug treatment. The
Lancet, 393(10175), 1034-1044. [CrossRef]

Tsao, C.W., Lyass, A., Enserro, D., Larson, M.G., Ho, J.E., Kizer, J.R., Gottdiener, J.S., Psaty, B.M.,
Vasan, R.S. (2018). Temporal trends in the incidence of and mortality associated with heart failure with
preserved and reduced ejection fraction. JACC: Heart Failure, 6(8), 678-685. [CrossRef]

Shah, K.S., Xu, H., Matsouaka, R.A., Bhatt, D.L., Heidenreich, P.A., Hernandez, A.F., Devore, A.D.,
Yancy, C.W., Fonarow, G.C. (2017). Heart failure with preserved, borderline, and reduced ejection
fraction: 5-Year outcomes. Journal of the American College of Cardiology, 70(20), 2476-2486. [CrossRef]
Doorenbos, A.Z., Levy, W.C., Curtis, J.R., Dougherty, C.M. (2016). An intervention to enhance goals-of-
care communication between heart failure patients and heart failure providers. Journal of Pain and
Symptom Management, 52(3), 353-360. [CrossRef]

Braun, L.T., Grady, K.L., Kutner, J.S., Adler, E., Berlinger, N., Boss, R., Butler, J., Enguidanos, S.,
Friebert, S., Gardner, T.J., Higgins, P., Holloway, R., Konig, M., Meier, D., Morrissey, M.B., Quest, T.E.,
Wiegand, D.L., Coombs-Lee, B., Fitchett, G., Gupta, C., American Heart Association Advocacy
Coordinating Committee. (2016). Palliative care and cardiovascular disease and stroke: A policy statement
from the American Heart Association/American Stroke Association. Circulation, 134(11), €198-e225.
[CrossRef]

Arunmanakul, P., Kengkla, K., Chaiyasothi, T., Phrommintikul, A., Ruengorn, C., Permsuwan, U.,
Thakkinstian, A., Page, R.L., Munger, M.A., Nathisuwan, S., Chaiyakunapruk, N. (2021). Effects of
pharmacist interventions on heart failure outcomes: A systematic review and meta-analysis. JACCP:
Journal of The American College of Clinical Pharmacy, 4(7), 871-882. [CrossRef]

Anderson, S.L., Marrs, J.C. (2018). A review of the role of the pharmacist in heart failure transition of care.
Advances in Therapy, 35(3), 311-323. [CrossRef]

Hatah, E., Braund, R., Tordoff, J., Duffull, S.B. (2014). A systematic review and meta-analysis of
pharmacist-led fee-for-services medication review. British Journal of Clinical Pharmacology, 77(1), 102-
115. [CrossRef]

Suzuki, M., Matsue, Y., Izumi, S., Kimura, A., Hashimoto, T., Otomo, K., Saito, H., Suzuki, M., Kato, Y.,
Funakoshi, R. (2018). Pharmacist-led intervention in the multidisciplinary team approach optimizes heart
failure medication. Heart and Vessels, 33(6), 615-622. [CrossRef]

Albekairy, A.M. (2014). Pharmacists’ perceived barriers to patient counseling. Journal of Applied
Pharmaceutical Science, 4(1), 70-73.

Kelly, W.N., Ho, M.J., Bullers, K., Klocksieben, F., Kumar, A. (2021). Association of pharmacist
counseling with adherence, 30-day readmission, and mortality: A systematic review and meta-analysis of
randomized trials. Journal of the American Pharmacists Association: JAPhA, 61(3), 340-350. [CrossRef]
World Health Organization (WHO) and International Pharmaceutical Federation (FIP) Web site (2011).
Joint FIP/WHO guidelines on good pharmacy practice: Standards for quality of pharmacy services (Report
No. 961). Retrieved From https://cdn.who.int/media/docs/default-source/medicines/norms-and-
standards/guidelines/distribution/trs961-annex8-fipwhoguidelinesgoodpharmacypractice.pdf. ~ Accessed
date: 16.06.2024.

Okumura, L.M., Rotta, I., Correr, C.J. (2014). Assessment of pharmacist-led patient counseling in
randomized controlled trials: A systematic review. International Journal of Clinical Pharmacy, 36(5), 882-
891. [CrossRef]


https://doi.org/10.1093/eurheartj/ehab670
https://doi.org/10.1161/CIR.0000000000001063
https://doi.org/10.1002/ejhf.1858
https://www.uptodate.com/
https://doi.org/10.1002/ejhf.483
https://doi.org/10.1016/S0140-6736(18)31808-7
https://doi.org/10.1016/j.jchf.2018.03.006
https://doi.org/10.1016/j.jacc.2017.08.074
https://doi.org/10.1016/j.jpainsymman.2016.03.018
https://doi.org/10.1161/CIR.0000000000000438
https://doi.org/10.1016/j.cardfail.2020.09.347
https://doi.org/10.1007/s12325-018-0671-7
https://doi.org/10.1111/bcp.12140
https://doi.org/10.1007/s00380-017-1099-8
https://doi.org/10.1016/j.japh.2021.01.028
https://cdn.who.int/media/docs/default-source/medicines/norms-and-standards/guidelines/dist%20ributio
https://cdn.who.int/media/docs/default-source/medicines/norms-and-standards/guidelines/dist%20ributio
https://doi.org/10.1007/s11096-014-9982-1

154 Bulut and Bektay J. Fac. Pharm. Ankara, 49(1): 146-154, 2025

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Salas, C.M., Miyares, M.A. (2015). Implementing a pharmacy resident run transition of care service for
heart failure patients: Effect on readmission rates. American Journal of Health-system Pharmacy: AJHP:
Official Journal of the American Society of Health-System Pharmacists, 72(11 Suppl 1), 43-47. [CrossRef]
Milfred-LaForest, S.K., Gee, J.A., Pugacz, A.M., Pifa, L.L., Hoover, D.M., Wenzell, R.C., Felton, A,
Guttenberg, E., Ortiz, J. (2017). Heart failure transitions of care: A pharmacist-led post-discharge pilot
experience. Progress in Cardiovascular Diseases, 60(2), 249-258. [CrossRef]

Warden, B.A., Freels, J.P., Furuno, J.P., Mackay, J. (2014). Pharmacy-managed program for providing
education and discharge instructions for patients with heart failure. American Journal of Health-System
Pharmacy: AJHP: Official Journal of the American Society of Health-System Pharmacists, 71(2), 134-139.
[CrossRef]

Parajuli, D.R., Kourbelis, C., Franzon, J., Newman, P., Mckinnon, R.A., Shakib, S., Whitehead, D., Clark,
R.A. (2019). Effectiveness of the pharmacist-involved multidisciplinary management of heart failure to
improve hospitalizations and mortality rates in 4630 patients: A systematic review and meta-analysis of
randomized controlled trials. Journal of Cardiac Failure, 25(9), 744-756. [CrossRef]

Moye, P.M., Chu, P.S., Pounds, T., Thurston, M.M. (2018). Impact of a pharmacy team-led intervention
program on the readmission rate of elderly patients with heart failure. American Journal of Health-System
Pharmacy: AJHP: Official Journal of the American Society of Health-System Pharmacists, 75(4), 183-190.
[CrossRef]

Yassin, H.T., Hiwa, K., Saaed, K.A.O. (2020). Pharmacist collaborative care in heart failure management
in Kirkuk City- Irag. Systematic Reviews Pharmacy, 11(3), 309-3109.

Schulz, M., Griese-Mammen, N., Anker, S.D., Koehler, F., Ihle, P., Ruckes, C., Schumacher, P.M., Trenk,
D., Bohm, M., Laufs, U, PHARM-CHF Investigators (2019). Pharmacy-based interdisciplinary
intervention for patients with chronic heart failure: Results of the PHARM-CHF randomized controlled
trial. European Journal of Heart Failure, 21(8), 1012-1021. [CrossRef]

Roblek, T., Deticek, A., Leskovar, B., Suskovic, S., Horvat, M., Belic, A., Mrhar, A., Lainscak, M. (2016).
Clinical-pharmacist intervention reduces clinically relevant drug-drug interactions in patients with heart
failure: A randomized, double-blind, controlled trial. International Journal of Cardiology, 203, 647-652.
[CrossRef]

Vinluan, C.M., Wittman, D., Morisky, D. (2015). Pharmacist discharge counselling in the elderly. Journal
of Pharmaceutical Health Services Research, 6, 103-110. [CrossRef]

Barker, A., Barlis, P., Berlowitz, D., Page, K., Jackson, B., Lim, W.K. (2012). Pharmacist directed home
medication reviews in patients with chronic heart failure: A randomised clinical trial. International Journal
of Cardiology, 159(2), 139-143. [CrossRef]

R Lowrie, R., Mair, F.S., Greenlaw, N., Forsyth, P., Jhund, P.S., McConnachie, A., Rae, B., McMurray, J.
J., Heart Failure Optimal Outcomes from Pharmacy Study (HOOPS) Investigators (2012). Pharmacist
intervention in primary care to improve outcomes in patients with left wventricular systolic
dysfunction. European Heart Journal, 33(3), 314-324. [CrossRef]

Korajkic, A., Poole, S.G., MacFarlane, L.M., Bergin, P.J., Dooley, M.J. (2011), Impact of a pharmacist
intervention on ambulatory patients with heart failure: A randomised controlled study. Journal of Pharmacy
Practice and Research, 41,126-131. [CrossRef]

Eggink, R.N., Lenderink, A.W., Widdershoven, J.W., van den Bemt, P.M. (2010). The effect of a clinical
pharmacist discharge service on medication discrepancies in patients with heart failure. Pharmacy World
& Science: PWS, 32(6), 759-766. [CrossRef]

McDonagh, T.A., Metra, M., Adamo, M., Gardner, R.S., Baumbach, A., Bohm, M., Burri, H., Butler, J.,
Celutkieng, J., Chioncel, O., Cleland, J.G.F., Crespo-Leiro, M.G., Farmakis, D., Gilard, M., Heymans, S.,
Hoes, A.W., Jaarsma, T., Jankowska, E.A., Lainscak, M., Lam, C.S.P., Lyon, A.R., McMurray, J.J.V.,
Mebazaa, A., Mindham, R., Muneretto, C., Piepoli, M.F., Price, S., Rosano, G.M.C., Ruschitzka, F.,
Skibelund, A.K., ESC Scientific Document Group. (2023). Focused Update of the 2021 ESC Guidelines
for the diagnosis and treatment of acute and chronic heart failure: Developed by the task force for the
diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC)
with the special contribution of the Heart Failure Association (HFA) of the ESC. European Heart Journal,
44(37), 3627-3639. [CrossRef]


https://doi.org/10.2146/sp150012
https://doi.org/10.1016/j.pcad.2017.08.005
https://doi.org/10.2146/ajhp130103
https://doi.org/10.1016/j.cardfail.2019.07.455
https://doi.org/10.2146/ajhp170256
https://doi.org/10.1002/ejhf.1503
https://doi.org/10.1016/j.ijcard.2015.10.206
https://doi.org/10.1111/jphs.12093
https://doi.org/10.1016/j.ijcard.2011.02.034
https://doi.org/10.1093/eurheartj/ehr433
https://doi.org/10.1002/j.2055-2335.2011.tb00679.x
https://doi.org/10.1007/s11096-010-9433-6
https://doi.org/10.1093/eurheartj/ehad195

Ankara Ecz. Fak. Derg. / J. Fac. Pharm. Ankara, 49(1): 155-170, 2025 ﬁz@
Doi: 10.33483/jfpau.1464247

DERLEME MAKALE / REVIEW ARTICLE
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0z

Amag: Polidopamin (PDA), dopamin monomerinin oto-oksidasyon ve polimerizasyon stirecinin son
trtiniidiir. PDA, ozellikle fototermal déniisiim yetenegi, ilag baglama kapasitesi, ¢ok yonlii adezyon
ve biyoadezyon yetenegi, pH degisimine duyarli olma oézelligi ve yiiksek biyouyumluluk ile
biyomedikal alanlarda biiyiik potansiyel gostermistir. Ayrica tasidigi tistiin ozellikler, PDA temelli
nanopartikiilleri ilag tasiyici sistemler ve tedaviler icin potansiyel hale getirmistir. Bu derlemede,
PDA'min, polimerizasyon mekanizmalarinin ve PDA temelli nano-sistemlerin cesitli hastaliklarin
tam ve tedavisindeki potansiyellerinin kapsamli bir sekilde degerlendirilmesi, ozellikle PDA'nin tip
ve eczacilik alamindaki roliiniin belirgin hale getivilmesi amaglanmaktadtr.

Sonu¢ ve Tartisma: Yapuan literatiiv arastirmalarinda; iistin ozellikleriyle PDA temelli
nanosistemlerin, bir¢ok alanda tani ve tedavi icin umut vadedici sistemler oldugu gériilmiistiir. PDA
nanopartikiillerin partikiil biiyiikliigii, stabilitesi, ila¢ salim optimizasyonu, biyodagilim ve uzun
vadeli toksisite analizi gibi konularda ¢alismalar her gegen giin artmaktadir. PDA'nin metabolizma
ve biyodegradasyon mekanizmalarimin anlagilmast gibi tam olarak netlestirilememis bilgilerin
aydinlatilmasiyla bu sistemlerin tani ve tedavide etkin olarak yer alabilecegi diisiiniilmektedir.
Anahtar Kelimeler: Ila¢ tasiyici sistem, nanopartikiiler sistemler, polidopamin, tedavi

ABSTRACT

Objective: Polydopamine (PDA) is the end product of the auto-oxidation and polymerization
process of dopamine monomers. PDA has demonstrated significant potential in biomedical fields,
particularly due to its photothermal conversion ability, drug binding capacity, versatile adhesion
and bioadhesion capabilities, sensitivity to pH changes, and high biocompatibility. Moreover, its
superior features have made PDA-based nanoparticles promising for drug delivery systems and
treatments. In this review, a comprehensive evaluation of the potential roles of PDA, polymerization
mechanisms, and PDA-based nanosystems in the diagnosis and treatment of various diseases is
aimed, with a specific emphasis on highlighting the role of PDA in the medical and pharmaceutical
fields.

Results and Discussion: In literature research, PDA-based nanosystems have been recognized as
promising systems for diagnosis and treatment in various fields due to their superior properties.
Studies on topics such as particle size, stability, drug release optimization, biodistribution and long-
term toxicity analysis of PDA nanoparticles are increasing day by day. It is believed that with the
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clarification of unresolved and understanding of PDA metabolism and biodegradation mechanisms,
these systems can effectively contribute to diagnosis and treatment.
Keywords: Drug delivery system, nanoparticulate systems, polydopamine, treatment

GIRIS

Nanopartikiiller (NP'ler), 1-100 nanometre boyut araligindaki pargaciklardir [1].
Nanoteknolojinin hizla ilerlemesi, ilaglarmn belirli hiicrelere hedeflendirilmesi i¢in umut veren
nanopartikiillerin gelismesine yol agmustir. Bu gelismeler, ilaglarin yan etkilerini azaltmay1 ve goklu ilag
direncini agmayi hedeflemektedir. Bir¢ok aragtirmaci, daha etkili nanopartikiillerin {iretimine
odaklanmis olmasina ragmen, tiim istenen Ozellikleri tek bir sistemde birlestirmek zor olmustur.
Nanopartikiillerin uygun sekilde modifiye edilerek; nanopartikiillere ideal biyolojik uyumluluk, ¢esitli
islevsellik, kolloidal kararlilik ve fototermal doniisiim yetenegi gibi 6zelliklerin kazandirilmas: gerekli
goriilmiistiir [2].

Polidopamin (PDA) adli ¢ok yonlii bir polimer, ilag tasiyici olarak kullanilan nanopartikiillerin
yiizey islevlendirmesine yeni bir perspektif kazandirmistir. Lee ve ark. tarafindan yapilan bir ¢alismada;
midyelerin suyun varhiginda farkli yiizeylere giiglii bir sekilde yapisabilen protein fiirettikleri tespit
edilmigtir. Bu bilesen, nérotransmitter dopaminin (DA) bir tiirevidir ve midyelerin yapigkanliginin
temelini olugturur. Bilim insanlar1, midyelerin yapigkan 6zelliklerini temelde dopamin ile iligkilendirmis
ve bu mekanizmanin {izerinde durmuslardir [3,4]. Dopamin polimerizasyonu sirasinda hem kovalent
oksidatif polimerizasyonun hem de spontan diizenleme yollarinin etkili oldugu diisiiniilmektedir [5,6].
PDA ¢ok fonksiyonlu 6zellikleri nedeniyle literatiirde 6zellikle kanser tan1 ve tedavisinde, antibakteriyel
tedavi alanlarinda yaygin olarak calisilmistir. Ayrica PDA ile, medikal implantlarin ve cihazlarin
biyouyumlulugunu artirmaya yonelik doku onarim mekanizmalar ile ilgili ¢aligmalar bulunmaktadir.
[4].

Bu derlemede, PDA’nin polimerlesme mekanizmalari ile ilgili bilgi verilerek PDA temelli nano
sistemlerin ozellikle ilag tasiyici sistem olarak eczacilik ve tip alanindaki uygulamalar1 ele alinacaktir.
Bu sistemlerin genel 6zellikleri, avantajlar1 ve dezavantajlar1 kapsamli bir sekilde degerlendirilecek,
PDA ile ilgili yapilan ¢alismalar ile alinan patentlerden bahsedilecektir.

PDA’nin Hazirlanmasi
Dopamin Polimerizasyonu

PDA, bir biyopolimerdir ve dopamin molekiillerinin polimerizasyonuyla olusturulur. Dopamin
polimerizasyonunun mekanizmast hala tam olarak anlagilamamistir. Dopamin polimerizasyon
mekanizmasi hakkinda en yaygin kabul goren teori, Lee ve ark. tarafindan Onerilmistir. Bu teori,
dopaminin polimerizasyonu sirasinda hem kovalent oksidatif polimerizasyonun hem de spontan
diizenleme yollarinm varligini 6ne siirmektedir [3,5,6].

Dopamin Polimerizasyonunu Kosullar1 ve Polimerizasyon Mekanizmasi

DA, basit kosullar altinda kendiliginden polimerlesebilir ve ¢esitli yiizeylere hizla yapisan PDA
kaplamalar olusturabilir, ancak dopaminin ¢6zelti i¢indeki polimerlesme mekanizmasi hala belirsizdir
ve bazi aragtirmacilar karmasik redoks stireci nedeniyle farkli goriislere sahiptir, polimerizasyon ve
reaksiyon stirecinde bir dizi ara madde olusur [7].

Alkali kosullarda, dopaminin katekol grubu, oksitlenerek dopamin-benzokinon adi verilen bir
bilesik olusturur. Dopamin-benzokinonlar daha sonra i¢molekiiler siklizasyona ugrayarak renksiz
dopamin tiirevlerini olusturur ve bu renksiz tiirevler daha fazla oksitlenerek pembe ara iiriin dopamin
tiirevlerini iretir. Ancak, pembe dopamin tiirevleri kararli degildir ve kisa siire i¢inde daha fazla
oksidatif yeniden diizenlemeye ugrayarak 5,6-dihidroksiindol ad1 verilen bir bilesik olusturur. Bu hem
molekiiller i¢inde hem de molekiiller arasinda yeniden diizenlemelere yol agar ve sonug olarak koyu
kahverengi-siyah renkli oksidatif polimer olan PDA olusur [8]. DA polimerizasyonu, melanin sentezine
benzer ¢esitli oksidatif triinleri igerir. Alkali ve oksijenli kosullarda, DA monomeri DA-kinon'a
oksitlenir, ardindan 16kodopamin krom olusturmak i¢in molekiiller aras1 halkalanma gergeklesir. Bu
irlin, daha fazla oksidasyon ve yeniden diizenlemeyle 5,6-dihidroksiindol olusturur. 5,6-
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dihidroksiindol, iki yolla iiriin olusturur: kovalent oksidatif polimerizasyon ve non-kovalent kendi
kendine birlesme. Kovalent yol, DA'nin kendi kendine polimerizasyonunu igerirken, bazi DA
molekiilleri polimerize olmadan kalir ve 5,6-dihidroksiindol ile fiziksel trimerler olusturur. Bu kendi
kendine birlesme, iyonik ve hidrojen baglari gibi non-kovalent etkilesimlerle gergeklesir [9]. Bu
noktada, PDA'nin olusumu hakkinda iki ana goriis vardir:

1) PDA olusumu, melanin biyosentezinin baslangi¢ asamalartyla benzerlik gosterir. Bu siireg, DA
molekiillerinin kimyasal degisimlerinden olugur: Dopamin, bir oksidasyon reaksiyonu ile dopamin-
kinona doniigiir. Dopamin-kinon, molekiil i¢inde bir siklizasyon reaksiyonu gegirir ve dopamin-krom
olusturur. Dopamin-krom, daha fazla oksidasyon gegirerek 5,6-dihidroksiindol (DHI) olusur. DHI, daha
fazla oksidasyonla 5,6-indolkinona doniisiir. Yapilan caligmalar, PDA'nin kovalent bir polimer
oldugunu, ancak yapir taslarinin farkli doygunluk derecelerine sahip ¢esitli indol tnitelerinin
karigimlarindan ve agik zincir dopamin tinitelerinden olustugunu gostermistir [10].

2) Supramolekiiler Agregat Modeli: Bu modelde, PDA'nin kovalent bir polimer degil,
supramolekiiler bir agregat oldugu One siirilmiistir. Bu goriise gére PDA, DHI ve onun dione
tiirevlerinin monomerleri arasinda gesitli non-kovalent etkilesimlerle baglanmig bir yapidadir [11,12].

(Dopamin)2/5,6-dihidroksiindol adi wverilen trimerlerin  PDA olusumunda rol oynadigi
diistiniilmektedir. Ciinkii bu trimerler oksidatif polimerizasyon iiriinleri ile kimyasal baglar araciligiyla
yakindan etkilesime girerler. Messersmith ve ark. yaptiklar1 calismada PDA'nin kovalent baglarla
birbirine baglh yiiksek molekiil agirlikli polimer zincirler igerdigini gdstermiglerdir. Calismada, PDA'y1
arastirmak icin Atomik Kuvvet Mikroskobu (AFM) destekli tek molekiilli kuvvet spektroskopisi
(SMFS) kullanilmigtir. Mikroskobun igne ucu PDA ile kaplanmistir, bu u¢ mikroskobun 6lgim
yiizeyine yaklastirilip uzaklastirilarak PDA’nin yapist aydinlatilmistir. PDA’l1 ug yiizeye yaklasirken
ylizeyle etkilesim kurmus ve uzaklasmasi sirasindaki gerilme direnci mikroskopta polimerik zincirlere
0zgii bir cevap olusturmustur (Sekil 1). Bu da PDA'nin gergek bir polimer oldugunu kanitlamistir.
Messersmith ve ark. baska bir caligmalarinda DHI molekiillerinin dallanma reaksiyonlari gegirdigini ve
bu molekiillerin bir araya gelerek kovalent baglarla bagli bir polimer olusturdugunu 6ne siirdiiler. Bu
modelde, DHI molekiilleri, 2, 3, 4 ve 7 numaral1 pozisyonlarda dallanarak daha biiyiik oligomerler ve
sonunda kovalent baglarla baglanmis bir polimer yapisini olusturdugunu gostermislerdir [3,13].

Polidopamin, biiyiik miktarlarda katekol, kinin ve amin gruplari icermesi nedeniyle orta derecede
hidrofiliktir. Aminler ve tiyoller gibi islevsellige sahip reaktifler, aza veya tio-Michael ilavesi ve Schiff
bazi reaksiyonlar1 araciligiyla PDA yiizeyinde aciga c¢ikan diketon veya katekol gruplarmi hedef
alabilirler (Sekil 2) [14].
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Sekil 1. Atomik kuvvet mikroskobisi (AFM) kullanilarak yiiksek molekiiler agirlikli polimer olan
PDA’nin tayini [BioRender ile diizenlenmistir]
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Sekil 2. Aminlenmis ve tiyollenmis ligandlarin polidopamin ile Schiff bazi ve Michael katilma
reaksiyonlari [BioRender ile diizenlenmistir]

PDA sentezinde; ¢6zelti oksidasyonu, enzimatik oksidasyon ve elektropolimerizasyon olmak
iizere li¢ yaklasim vardir, bunlar arasinda ¢ozelti oksidasyonu en yaygin olarak kullanilanidir. Enzimatik
oksidasyon yonteminde polimer sentezini katalize etmek igin enzimlerin, elektropolimerizasyon
yonteminde ise belirli elektrotlarin kullanilmasi gerekir. Cozelti oksidasyon yontemi ise; dopamin
hidrokloriiriiniin alkali bir ¢dzeltide, atmosferik oksijenin varliginda kendi kendine polimerizasyonunun
bagladigi bir yontemdir. Bu kendi kendine polimerizasyon, reaksiyonun kolayca ve herhangi bir
karmasik prosediire ihtiyag duymadan ger¢eklesmesini saglar [15].

PDA Nanopartikiil Tiirleri

PDA tek basina nanopartikiiler sistem olusturabilecegi gibi farkli sistemlerle birlikte ¢ekirdek-
kabuk nanopartikiilleri olusturabilir. Sema 1’de PDA nanopartikiiller 6zetlenmistir.

NANOPARTIKULLER

PDA GEKIRDEK-
KABUK_
NANOPARTIKOLLER
| |

]
: . i ILACIN KENDISININ
ORGANIK GEKIRDEK MEE‘;';(%R&’RN'K GEKIRDEK OLDUGU
SISTEMLER

METALIK ELEMENT
ICEREN

INORGANIK
CEKIRDEK

METALIK ELEMENT
IGERMEYEN

Sema 1. PDA nanopartikiil tiirleri

PDA Cekirdek-Kabuk Nanopartikiiller

PDA c¢ekirdek-kabuk nanopartikiillerinin sentezi; dopamin hidrokloriiriin, pH 8.5 Tris-HCI
tamponunda karistirilmasi yoluyla gerceklestirilir. Adezyon yetenegi ve ¢oklu biyokimyasal 6zellikleri
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nedeniyle, PDA hem organik hem de inorganik nanopartikiillerin kaplamasi i¢in yaygin olarak
kullanilan bir maddedir [16,17].

Inorganik Cekirdek

PDA ile kaplanmis inorganik nanopartikiiller incelendiginde; altin nanopartikiiller gibi metal
cekirdekler, manyetik nanopartikiiller ve mesop6z silika nanopartikiiller (MSN) gibi metal olmayan
cekirdekler, PDA ile basit bir sekilde kaplanabilir.

Metalik Element Icerenler; Bu grup icerisinde altin nanopartikiiller ve demir oksit
nanopartikiiller ile galisilmigtir. ilag tasiyici sistem olarak PDA kapli manyetik nanopartikiillerin
gelistirilmesi; ayni anda manyetik rezonans goriintiileme, fototermal tedavi ve kemoterapi gibi kombine
tedavilerin gelistirilmesine imkan verir [18].

Xue ve ark. g¢ekirdek-kabuk yapili ve PDA kaplamali ¢ok islevli pegile manyetik NP’ler
tasarlamiglardir. Bu NP'ler, antikanser etkili doksorubisin (DOX) ile yiiklenmis ve hedeflendirilmis
kemoterapi ile tiimor hiicrelerinin yok edilmesi igin kullanilmistir. Ozellikle, kemoterapi ve fototermal
tedavinin birlesimi timér hiicrelerinin yok edilmesinde belirgin bir sinerjistik etkiye sahip bulunmustur
[19]. Altin NP’ler yakin kizilotesi bolgede giiglii bir sekilde absorbe edilirler, bu da onlari teshis,
goriintiileme, ilag tagima ve fototerapi i¢in kontrast ajan olarak kullanisl hale getirir. Altin PDA NP’ler
ise biyosensor teknolojisi, teranostik alan ve ilag tastyici sistem olarak farkli kullanim alanlarina sahiptir.
Yapilan bir calismada aragtirmacilar Tris tamponunda (pH 8.5) altin nanorodlarin {izerinde dopamin
polimerizasyonuna izin vererek PDA ile kapli altin nanorodlar1 hazirlamislar ve daha sonra PDA ile
kapli nanorodlar1 kanser hedefli goriintiileme ve fototermal tedavi icin anti-EGFR antikorlar ile
islevsellestirmislerdir [20]. Baska bir caligmada ise arastirmacilar, Mycobacterium tuberculosis'e
(MTB) o6zgii DNA'y1 tespit etmek icin altin PDA NP’leri kullanarak son derece duyarli ve etkili
biyoelektrot gelistirmislerdir. Sistem MTB’ye 6zgli DNA'y1 tespit etmede c¢ok stabil, duyarh ve etkili
bulunmustur. Ayrica bu tarz sistemlerin COVID-19, Alzheimer, kanser ve diger klinik hastaliklar i¢in
elektrokimyasal biyosensor gelistirilmesinde de rol model olabilecegi diistintilmiistiir [21]. Metalik
element iceren PDA NP’lerin ilag tastyici sistem olarak kullanimina baska bir drnek verilecek olursa,
meme kanserinin kimyasal ve fototermal tedavisini hedefleyen yeni bir nanotasiyici sistem
tasarlanmistir. Altin NP’lerin PDA ile kaplandigi, pegile metotreksat i¢eren sistem, meme kanseri
tedavisinde etkili olmakla birlikte diisiik toksisiteye sahip oldugu bulunmustur. Ayrica gelistirilen
sistemin biyouyumlu ve kararli oldugu, etkili ilag salim1 yaptigi, yakin kizilotesi (NIR) lazer 1sinlar
velveya pH degisiklikleri ile uyarilabilir oldugu tespit edilmistir [22,23].

Metalik Element Icermeyen; Metal icermeyen cekirdek yapi olarak, mesopordz silika
nanopartikiilleri (MSNs), 6zel gézenekli bir yapida, biyouyumlu, kimyasal olarak stabilite ve yiiksek
ilag salimi1 yapabildikleri i¢in umut verici ilag tastyicilaridir. MSNs-PDA kombinasyonu ile 6zellikle
kanser tedavisi basta olmak iizere farkli etkin maddeler ile etkili ilag tasiyict nanosistemler
gelistirilmistir [24].

Organik Cekirdek

PLGA (Poli (d, I-laktik-ko-glikolik asid) organik ¢ekirdek olarak miikemmel biyouyumluluga ve
biyopargalanabilirlige sahiptir, ancak yiiksek derecede hidrofobik yapisi, hidrofilik ilaglar1 enkapsiile
edebilme yetenegini smirlar. PLGA ¢ekirdek-PDA kabuk yapilart sentezlendiginde ilag yiikleme
etkinligi ve hiicre biyoadezyonu yiiksek olan ilag tasiyici sistem sayesinde ilag etkinligi artirilmig
olacaktir [25].

Metal Organik Cekirdek

Metal-organik nanopartikiillerin (MOF NP'ler) sitotoksisite ve diisik c¢oziiniirlik gibi
dezavantajlarinin PDA ile giderilebilecegi diistiniilmiistiir. Ayrica bu sistemlerde olusturulan PDA
katmani sayesinde daha iyi modifiye edilerek, kontrollii, hedefli ila¢ salim 6zelligi kazanacaklardir [26].

lacin Kendisinin Cekirdek Oldugu Sistemler
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Bazi ilaglar kendiliginden bir araya gelerek (6rnegin DOX nanopartikiilleri, paklitaksel (PTX)
nanopartikiilleri) nanopartikiiller olustururlar. Bu nanopartikiiller PDA ile kaplandiginda, ilacin kan
dolasim siiresini uzayip ilacin hedeflenen bolgeye daha etkili bir sekilde ulagsmasi saglanacaktir [11].

PDA ile Modifiye Edilmis Nanopartikiillerde Ila¢ Yiikleme Stratejileri

PDA ile modifiye edilmis ilag tasiyici sistemler, antikorlar, sitokinler ve diger biyoaktif peptitler
veya proteinler gibi ¢esitli bilesenleri igerebilirler. Bu sekilde elde edilen ilag tasiyict sistemleri
hedefleme, goriintiileme, kimyasal tedavi, fotodinamik tedavi, fototermal tedavi ve doku onarimi gibi
pek ¢ok farkli amag igin kullanilabilirler [27]. ilaglari, PDA-modifiye nanopartikiiller iizerine
yerlestirmek i¢in; ylizeyde baglama, matris izleme, kapsiilleme, kimyasal baglama ve kendiliginden
olusma olmak iizere bes temel strateji (Sema 2) bulunmaktadir [11,28,29].

PDA ile Modifiye Edilmis Nanopartikiiler Ila¢ Tasiyicilarin Uygulama Alanlan

Nanopartikiiller, PDA ile modifiye edilerek ¢esitli ilag yiiklemeleri sonrasinda, hedefleme,
gorlntiileme, kimyasal tedavi, fotodinamik terapi, fototermal terapi, kemik yenilenmesi ve
antiinflamatuvar etki gibi ¢oklu islevlere sahip yeni ilag sistemlerine doniistiiriilebilir. PDA ile modifiye
edilmis ¢ok fonksiyonlu nanopartikiiler ilag sistemleri pek ¢ok alanda kullanilsa da; kanser tedavisi,
antibakteriyel tedavi, oksidatif stres ve inflamasyonun dnlenmesi, doku onarimi alanlarinda daha yaygin
kullanilmaktadir [11]. Sema 3’de yaygin olarak kullanildiklari uygulama alanlar1 gosterilmektedir.

1. Yiizeyde Baglama: Ilk strateji, ilaglar1 PDA ile modifiye edilmis
nanopartikiillerin yiizeyine, fiziksel adsorpsiyon (van der Waals kuvveti veya
hidrojen bag gibi) veya kimyasal bag (6rnegin Michael eklemesi veya Schiff
baz reaksiyonu) ile baglamay: igerir. Bu yontem, PDA ile modifiye edilmis
¢ekirdek-kabuk nanopartikiillerde ilag yiikleme i¢in yaygin olarak kullanilir.

2. Matris izleme: ikinci strateji, fiziksel adsorpsiyon veya kimyasal bag
kullanarak ilaglarn nanopartikiil matrisine yerlestirmeyi i¢erir. Bu yaklagim,
¢ok katmanli PDA-modifiye nanopartikiillerde kullanilabilir.

3. Kapsiilleme: Ugiincii yaklasim, ilaglar1 bos nanopartikiil igine
yerlestirmeyi veya bunlar1 malzemelerin (6rnegin mesoporoz silika
nanopartikiiller veya metal-organik gergeveler) gozeneklerine yerlestirmeyi
igerir. Daha sonra PDA tabakasi olusturulur. Bu durumda PDA, ilacin erken
salimin1 6nlemek amaciyla bir "gegit bekgisi" islevi goriir.

‘/fﬁ‘ X 4. Kimyasal Baglama: Dordiincii strateji, ilag-PDA konjugatlarinin kimyasal
"._ “ ) bag ile olusturulmasini igerir. Bu, ilag ile PDA-modifiye nanopartikiil
/\' S ) / arasinda kalic1 bir bag olusturur.
G
=24
5.Kendiliginden Olugma: Bazi ilaglar, 6rnegin doksorubisin ve paklitaksel
kendiliginden bir araya gelebilme yetenegine sahiptir. Bu kendiliginden bir
™Y 0\. . o Pl .
°o® D araya gelen ilag nanopartikiilleri, _dolaslm siiresini uzatmak ve ilacin erken
o salimini 6nlemek amaciyla PDA ile kaplanabilir.

Sema 2. PDA ile modifiye edilmis nanopartikiillerde ila¢ yiikleme stratejileri [BioRender ile
diizenlenmistir]
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Sema 3. PDA ile modifiye edilmis nanopartikiiler ilag tagiyicilarin yaygim kullanim alanlari

Kanser Tedavisinde PDA Nanopartikiiller

PDA igeren nanopartikiiller, geleneksel kemoterapinin neden oldugu coklu ilag direncini
onlemeye yardimei olan fototermal tedavi olanaklarmi saglamaktadir. Ozellikle hidrofobik ilaglar basta
olmak iizere kemoterapotik ajanlarin yiikleme verimliligini 6nemli dlgiide artirmaktadir [10]. Farkli
islevsel molekiiller, hedefleme ligandlar1 gibi ajanlar ¢ok islevli tiimdr tedavisi saglamak amaciyla
yapitya baglanabilir. Timor bdlgesine yonelik segicilik sorununu ¢dzmek amaciyla, hedefleme
baglayicilarinin kullanilmasiyla doku hedefli kemoterapi, PDA iizerine Michael ekleme veya Schiff bazi
reaksiyonlari ile baglanabilen hedefleme baglayicilart araciligiyla gerceklestirilebilir. PDA'nin 6zgiin
ilag yiikleme modeliyle, ilaglar ile PDA arasindaki bag, tiimoriin asidik ve yiiksek glutatyon (GSH)
iceren mikrogevresinde zayiflamaya egilimlidir, bu da ilaca pH ve GSH'ye yanit veren, doku hedefli
kontrollii ilag salim profili saglamaktadir [30,31]. PDA ’nin antikanser etkili doksorubisin (DOX) etkin
maddesinin salimini kontrol altina almak i¢in kullanildig1 bir calismada, PDA ile kaplanmis pegile DOX
yiikli gézenekli silika nanopartikiillerinin (MSN) (MSNs-DOX@PDA-PEG) meme kanseri tedavisinde
etkinligi incelenmistir. /n vitro ve in vivo meme kanseri deneyleri sonucunda, gelistirilen bu sistem
meme kanseri i¢in umut verici olarak bulunmustur. Bu sistemde; PDA, DOX'un MSN'lerden pH
uyaranina yanit olarak salimini kontrol etmek i¢cin pH duyarli bir kilit gérevi gormiis ve PEG, fizyolojik
kosullar altinda stabilite ve biyouyumlulugu artirmak igin PDA'nin yilizeyine baglanmistir [24]. Li ve
ark. ise meme kanseri tedavisi i¢in hedeflendirilmis fototermal ve kemoterapi yontemlerini igeren
Au@PDA-PEG-Metotreksat (MTX) nanopartikiiller gelistirmiglerdir. Bu nanopartikiiller timor
hiicrelerine alindiginda MTX, 6zellikle asidik mikrogevrede (pH 5.5) amit baginin ¢oziilmesiyle serbest
birakilmaktadir. Ayrica NIR lazer 1sinlari, AuNP’lerin 1s1 {iretmesine sebep olarak, PDA yiizeyinde
adsorbe edilen MTX'nin ikinci agsamada salim yapmasini saglamaktadir. Sentezlenen nano ilag tasiyici,
kimyasal, fototermal ve fotodinamik tedavileri i¢eren ¢oklu tedavileri igermektedir. Sentezlenen NP’ler;
uzun dolagim siiresi, hedefe yonelik ilag salimi1 ve biyogoériintilleme 6zelliklerine sahiptir. Calisma,
kanseri tedavi etmek icin ¢oklu tedavilerin birlestirilmesi yaklagimiyla, onkoloji alaninda gelismeleri
hizlandirabilecek umut verici bir stratejidir [22]. Hedefleme yaklasimina diger bir 6rnek prostat kanseri
tedavisinde kullanimina yoneliktir. Yapilan bir calismada altin nanopartikiillerin yiizeyinde negatif bir
yuk tabakasi olan PDA kaplama, hiicre sitotoksisitesini azaltmakla kalmamis, ayn1 zamanda prostat
kanseri hiicrelerinde kiiciik miidahaleci RNA nin (siRNA) hiicreler tarafindan %90'dan fazla alinmasini
saglamis ve epidermal biiyiime faktorii reseptorii (EGFR) ekspresyonunda %51 azalma saglamistir.
siRNA, gen susturma i¢in etkili bir yaklasim olup bir¢ok hastaliktaki hedef genleri baskilama yetenegine
sahiptir. EGFR ise, reseptor tirozin kinazlar (RTK) ailesine aittir ve farkli karsinom tiirlerinin
patogenezinde ve ilerlemesinde rol oynadigina dair kanitlar bulunmaktadir. Caligmada, geleneksel
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ilaclarla tedavi sonuglarmin zayif olmasinin nedenlerinden biri olan kanser hiicrelerinin apoptoza direng
gostermesi durumu, gelistirilen ilag tasiyici sistemle %54 apoptoz oraniyla basarili bulunmustur [32].
Bir bagka ¢alismada, manyetik rezonans goriintileme ve antitiimér kemo-fototermal tedavi igin
epidermal biiyiime faktorii reseptdrii (EGFR) antikoruna yonelik polidopamin kapli manyetik
demiroksit (FesOs) nanopartikiilleri (FesOs@PDA NP'ler) gelistirilmistir. Sentezlenen manyetik
nanopartikiiller Tris tamponunda (pH 8.5) siispande edilmis ve iizerine 0.03 M dopamin ¢dzeltisi
eklenmistir. Oda sicakliginda 3 saat karigtirilan ¢ozelti zamanla koyu kahverengiye donmiistiir. PDA
kapli manyetik nanopartikiiller yikama isleminin ardindan Tris tamponu i¢inde NH2-PEG-COOH ile
bir gece boyunca etkilestirilmistir. Tekrardan deiyonize su ile yikanip doksurubisin ile etkilestirilmistir.
Calisma, FesO4@PDA NP'ler ile tedavi etkinligi artirllmistir [33]. PDA NP’lerin kanser tedavisinde
fototermal ve fotodinamik potansiyeli tizerine yapilan ¢alisma ile 200-500 nm boyutlu PDA NP'ler ile
PDA- Klorin e6 (Ce6) NP'lerin fototermal tedavi (FTT) etkinligi arastirilmistir. Sonuglar, hem 200 nm
hem de 500 nm boyutlu PDA NP'lerin ve PDA-Ce6 NP'lerin FTT igin uygun ajanlar oldugunu
gostermektedir. Ayrica, PDA-Ce6 NP'lerin fotodinamik tedavi (FDT) potansiyeli incelenmis ve FDT
icin yeterli diizeyde reaktif oksijen radikali (ROS) iirettigi goriilmiistiir. In vitro hiicre kiiltiirii deneyleri
ile etkinlikleri kanitlanmistir [34].

Antibakteriyel Kullanim i¢cin PDA Nanopartikiiller

Antibakteriyel tedavi, hiicrelere ve dokulara zarar vermeden mikroorganizmalarin ve
biyofilmlerin yok edilmesini ve bakterilerin ilag direncini azaltmay1 gerektirir. PDA NP’ler; kimyasal
ve fiziksel antibakteriyel etkileri artirmak igin yenilik¢i bir bakterisit olarak antibakteriyel
uygulamalarda basarili olmaktadir. PDA, bakteri hiicrelerinin yiizeyi ile fiziksel etkilesim kurarak,
salgilanan proteinlerle etkilesip bakterilerin yasamimi bozarak metabolizmalarini engelleyecektir.
Ayrica PDA, yakm kizilotesi (NIR) 15181n etkisi altinda, fototermal antibakteriyel yetenegi sayesinde
biyofilm matrisini yok edebilir [3,11]. PDA'nin antioksidan ve pro-oksidan ozelliklere sahip oldugu
gOriilmiistiir. Bu madde, tekrar tekrar elektron kabul edip verme yetenegine sahiptir ve serbest radikal
temizleme Ozellikleri sergileyebilmektedir. Ayrica reaktif oksijen tiirleri (ROS) iiretme yetenegine de
sahiptir, bu da onun antimikrobiyal 6zelliklerini agiklamaktadir. PDA'mm kimyast, kinon ve hidrokinon
yapilari arasinda iki elektron transferini icerir. PDA'nin katekolik gruplari, oksijen molekiiliine elektron
vererek hidrojen peroksit iiretir, bu da daha sonra hidroksil radikalini olusturur ve yerinde ve aninda
antibakteriyel aktiviteye yol agar [14]. PDA’nin biyouyumluga zarar vermeden, antimikrobiyal direncin
gelisimine kars1 potansiyelini degerlendiren bir ¢alismada; dopaminin, alkali kosullarda kendiliginden
polimerizasyonu sonucu yiizey islevselligine sahip PDA NP’ler iiretilmistir. Bu NP’ler,
aminoglikozitleri (AG) baglamak ic¢in kullanilan yiizey islevselligine sahiptir ve PDA-AG
nanokonjugatlar1 elde etmek igin kullanilmistir. Bu nanokonjugatlar, klinik izolatlar kadar direngli
suslara kars: sitotoksisite gostermeden mitkemmel biyolojik aktivite sergilemislerdir [35]. PDA’nin ilag
tastyict sistem olarak kullanildigi baska calismada metisiline direngli Staphylococcus aureus’un
(MRSA’nm) hedefli olarak yakalanmasi amaglanmistir. Dopamin yiizey olarak kullanilmis ve
polimerlestirilerek PDA elde edilmistir, yapiya glimiis nitrat (AgNO3) baglanarak antimikrobiyal
Ozellikli glimiis-polidopamin nanopartikiilleri (Ag@PDA NPs) elde edilmistir. Ardindan MRSA
bakterisi i¢in iiretilmis bir ucu tiol (-SH) grubu tasiyan aptamerler ile yap1 fonksiyonlandirilmistir. Bu
yapinin i¢ine indosiyanin yesili (indocyanine green, ICG) boyasi gonderilerek 808 nm yakin infrared
(NIR) lazer 15181 altinda MRSA; fototermal, fotodinamik tedavi ve glimiis nanopartikiillerin
antimikrobiyal etkisi ile segici ve hassas olarak yiiksek oranda yok edilmistir [36]. MRSA bakterilerine
kars1 hedeflenmis polidopamin nanopartikiilleri gelistirilmesini i¢ceren bagka bir ¢calismada pegile PDA
nanopartikiillerinin vankomisin (Van) molekiilleri ile modifiye edilmesi sayesinde MRSA hiicre
duvarma karsi ¢oklu hidrojen baglar olusturularak etkili bir hedefleme saglanmistir. PDA-PEG-Van
nanopartikiillerinin MRSA’y1 hedefleme yetenegi, diisiik giicte NIR lazer 15181 altinda bakterilerin
lokalize 1s1iya maruz kalmasini saglayarak 6ldiiriilmesini miimkiin kilmigtir. Biyotoleransi yiiksek, etkili
antibakteriyel aktiviteye sahip olan bu nanopartikiiller, MRSA ile iligkili enfeksiyonlara karsi umut
verici bir tedavi secenegi sunmaktadir [37]. PDA’nin antibakteriyel etkinligini gésteren bagka bir
calismada, kimyasal olarak ¢apraz bagl bir dekstran hidrojeli i¢ine PDA eklenmistir. Gelistirilen hibrit
hidrojelin yapisi, su igerigi, termal kararlilik, mekanik performans ve ila¢ yiikleme/salim performansi,
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pre-jel cozeltisindeki PDA igerigini degistirerek hassas bir sekilde ayarlanabilmistir. [n vitro
sitotoksisite testi, dekstran/PDA hidrojelinin uygun biyouyumluluga sahip oldugunu kanitlamstir. flag
yiikleme deneyi, hidrojelin ilave edilen antibiyotikler i¢in uzun siireli siirdiiriilebilir salim yetenegine
sahip oldugunu gdstermistir. Gelistirilen formiilasyonun S. aureus ve E. coli'ye kars1 yiiksek etkili
ozelliklere sahip oldugu kamitlanmistir. [n vivo hayvan deneyleri sistemin, yara iyilesmesini
hizlandirdigimi dogrulamstir [38]. PDA NP’lerin kaplama materyali olarak da antibakteriyel etkinlikleri
mevcuttur. Farkli yiizeylerin (cam, polikarbonat, implantlar vb.) topografik deseninin degistirilmesi,
mikroorganizmalarin tutunmasini azaltmaya yardimci olur ve boylece biyofilm olusumunu engeller. Bu
yaklasim, tibbi implantlar ve biyomedikal cihazlar {izerine kaplama i¢in uygundur ve
mikroorganizmalarin yilizeye baglanmasina izin veren yiizey geometrisinin zayiflamasii saglar. Lim ve
ark. caligmalarinda, kateter iligkili enfeksiyonlar1 dnlemek igin sentetik bir antimikrobiyal peptidin
baglanmas1 i¢in basit ancak etkili bir immobilizasyon stratejisi sunmuglardir. PDA, bir
polidimetilsiloksan (PDMS) yiizeyine ince bir yapiskan film olarak kaplanmis ve polimerin yiizeyine
antimikrobiyal peptidin baglanmasi kolaylasmistir. Gelistirilen sistemin antimikrobiyal ve antibiyofilm
ozellikleri yiiksek bulunmustur [39].

Oksidatif Stres ve Inflamasyonun Onlenmesinde PDA Nanopartikiiller

PDA NP’ler, bol miktarda fenol ve katekol gibi indirgeyici gruplar igerir. Bu guruplar, serbest
radikal temizlemede etkili olurlar. Bu sayede, PDA'nin antioksidan 0Ozelliklere sahip oldugu
gozlemlenmistir. Bu antioksidan etkiler, reaktif oksijen tiirlerinin (ROS) viicutta neden oldugu oksidatif
stresi azaltmada yardimci olabilmektedir [40]. Ozellikle periodontal hastaliklar gibi inflamatuar
durumlarda, PDA'nin antioksidan &zellikleri, ROS'un neden oldugu inflamasyonu baskilamada etkili
olabilmektedir. Ayni sekilde, diger inflamatuar hastaliklarin tedavisi i¢in de PDA nanopartikiilleri etkili
olacaktir. [41]. Bu nedenle, PDA'nin hem antimikrobiyal hem de antioksidan &zelliklere sahip olmasi,
cesitli klinik uygulamalarda potansiyel olarak faydali olabilecegini gostermektedir. Bu ozellikleri,
biyomedikal alanda ¢esitli uygulamalara yol agabilir ve hastaliklarin tedavisi ve dnlenmesi konusunda
yeni yaklagimlar sunabilir [14]. Ornegin bir ¢alismada, oksidatif stres kaynakli dis eti hastaliginda
temizleyici olarak biyobozunur PDA NP'ler kullanilarak yiiksek etki goriilmistiir. Spektroskopik ve in
vitro deneyler, PDA NP'lerin ¢oklu ROS'lar1 siiptirmedeki rolii ve ROS tarafindan indiiklenen
inflamasyon tepkisini bastirmadaki etkilerine dair gii¢lii kanitlar sunmustur. Fare periodontit modelinde
elde edilen sonuglar, PDA NP'lerinin ROS'lar1 etkili bir sekilde ortadan kaldirarak periodontal iltihab1
azaltmada gii¢lii bir potansiyele sahip oldugunu gostermistir [42]. Oroujeni ve ark. hidrofobik ilaglar
icin Fe3O4 nanopartikiillerinin yiizeyini PDA ile kaplamis ve ardindan 6-tiyo-p-siklodekstrin (6-tio-p-
CD) ile fonksiyonlayarak yeni bir manyetik nano ilag tasiyici sistem gelistirmislerdir. Etkin madde
olarak antiinflamatuvar etkili diklofenak kullanilmistir. Hazirlanan nanopartikiillere diklofenak, etkin
bir sekilde yiiklenmistir. Ilag yiiklii B-CD-PDA manyetik nanopartikiiller etkin maddenin daha uzun siire
salim yapmasim saglamistir. Siklodekstrin ve PDA kapli FesOs manyetik nanopartikiillerin optimize
edilmis ilag salim hizina sahip sistemler gelistirilmesini sagladigi goriilmistir [43].

Teranostik Alanda PDA

Teranostik, tedavi ve teshisin birlesimini ifade eder. PDA, yiizeyi fonsiyonel yapma 6zelligi
sayesinde farkli goriintiileme ajanlarin1 (MRI kontrast metal iyonlari, radyoniiklidler, fotosensitizorler,
florokromlar) baglamak i¢in kullanilabilir. Bu baglama iglemi, fiziksel baglama yontemleri (n-n y1i§ma
veya hidrojen bagi) veya kimyasal baglama yontemleri (Michael ilavesi veya Schiff bazi reaksiyonlar)
kullanilarak gergeklestirilebilir. Ayrica, PDA modifikasyonu, tani ajanlari yiiklii nanopartikiillere
biyouyumluluk 6zelligi kazandirarak bu sayede yan etkilerin azaltilmasini saglamaktadir. Bu sistemler
tan1 ve tedavi yontemlerinin birlesimine imkan saglar [11,44]. Konuyla ilgili yapilan bir ¢alismada,
indosyanin yesili (ICG) ve PDA ile olusturulan ICG@PDA nanopartikiillerinin teranostik etkisi
incelenmigtir. Bu nanopartikiiller, biyouyumlu ICG@PDA@PEG nanopartikiilleri haline getirilmistir.
Rahim agz1 timorii tagiyan fareler {izerinde yapilan in vivo deneyler, ICG@PDA@PEG
nanopartikiillerinin tiimorleri etkili bir sekilde kiigiiltebildigini gostermistir. Bu ¢aligma, kanser tedavisi
icin gilivenli ve etkili bir fototermal tedavi yontemi gelistirmeye ve de teranostik uygulamalara 6rnek
olusturmaktadir [45].
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Doku Onarmm

Doku yenilenmesi; hiicre olusumunun diizenlenmesi, hiicre ¢ogalmasi ve farklilasmasinin
saglanmasi, bakteriyel enfeksiyonlarin énlenmesi gibi hiicresel ve dokusal yanitlarin diizenlenmesini
gerektirir. PDA 06zel yapisi ve bilesenleri sayesinde, hiicre yenilenmesini hizlandirmaktadir. Sert doku
ozellikle kemik dokusu merkezli onarimlari icerir. PDA, bazi implante yapilarin yiizeylerine uygulanan
bir kaplama olarak, osteoblast aktivitesini biiyiik 6lciide etkilemektedir. Implantlarin biyolojik uyumu
ve basarisi, implant yiizeyine kemik hiicrelerinin tutunma, ¢ogalma ve farklilasma yetenegine baghdir.
PDA kaplamalar, implant ylizeyini daha hidrofil hale getirir ve ¢esitli hiicre tiplerinin implanta
uyumunu arttirir. PDA'nin osteoblast kokenli mezenkimal kok hiicrelerinin osteojenik farklilasmasini
artirdig1 gosterilmistir [46]. Ayrica PDA, hiicrelerin ekstraselliiler matriks gibi davranmasini tesvik
ederek yeni kemik olusumunu hizlandirabilir. Bunu implant yiizeyine hidroksiapatit birikmesini
uyararak gerceklesir. PDA, biyolojik bilesenlerin implant ylizeyine baglanmasi i¢in bir ortam olarak
kullanilabilir ve gii¢lii kovalent etkilesimleri sayesinde dayanikli bir kaplama olusturur. Wang ve ark.
yaptiklant ¢alismada, PDA kaplamalarin kemik hiicreleri ile etkilesimini ve osteoblast aktivitesini
artirdigint gostermislerdir. PDA kaplamanin; kemik iligi kaynakli mezenkimal stromal hiicrelerde
biyoadezyon, cogalma ve osteojenik farklilasma iizerinde dogrudan bir etki yaptigin1 gdstermislerdir. /n
Vivo galigsma ile, PDA kaplamanin yeni kemik olusumunu 6nemli 6l¢iide hizlandirdigin1 géstermislerdir
[47]. Yumusak doku yara iyilesmesinin hizlandirilmasi, re-epitelizasyonun tesvik edilmesi,
anjiyogenezin artirilmasi, hiicre digt matriksin yeniden diizenlenmesi, bakteriyel enfeksiyonun
onlenmesi ve mezenkimal kok hiicrelerin gogiiniin artirilmasi gibi karmagik bir siireci igerir [11].
PDA’nin yumusak doku onariminda kullanildig: bir ¢aligmada, PDA kapli kitosan/kalsiyum pirofosfat
hibrit mikrogiceklerin (PDA@CS-CaP), hemostatik ajan olarak etkisi incelenmistir. Yiizey 6zellikleri
ve kimyasal yapisi detayl bir sekilde incelenen bu mikrogigekler, yiiksek hidrofiliklikleri, kimyasal
aktivasyonlar1 ve cicek benzeri gozenekli hiyerarsik yapilar sayesinde kan hiicreleri ve trombositlerin
agregasyonunu saglayarak kan pihtilagmasini hizlandirip, kanamay1 kontrol etme 6zelligine sahip
bulunmustur [48].

PDA Modifikasyonunun Nanopartikiil ila¢ Tastyic1 Sistemde Avantaj ve Dezavantajlari

PDA modifikasyonu nanopartikiiler sistemlere pek ¢ok avantaj kazandirsa da dezavantajlar1 da
bilinerek daha etkin kullanim saglanmalidir.

PDA modifikasyonunun nanopartikiil ilag tasiyici sistemlere kazandirdigi pek c¢ok avantaj
bulunmaktadir:

¢ PDA'nin sentezi basit bir siirectir ve organik ¢oziiciilere ihtiyag duymaz. Ayrica islem basamagi
azdir.

e Sentezde bazi kritik parametreler degistirilerek farkli boyutlarda partikiiller elde edilebilir. pH,
sicaklik, dopamin konsantrasyonu, oksitleyiciler ve reaksiyon siiresi gibi temel parametreleri
degistirerek PDA ylizey modifikasyonunu kontrol etmek miimkiindiir. Bu kontrol, nanopartikiillerin
Ozellikleri ag¢isindan, 6rnegin partikiil boyutu veya film kalinlig1 gibi ¢esitli 6zellikleri hassas bir sekilde
ayarlamay1 miimkiin kilar. Sy ve ark. yaptiklan ¢alismada farkli polimerazyon siiresi ve farkli dopamin
konsantrasyonlari kullanarak Au@PDA NP’ler sentezlemislerdir. Bu iki parametrenin olusan NP’ler
iizerinde morfolojik farkliliklar ve farkli hiicre i¢i alim 6zelligi gosterdigini kanitlamislardir. Calisma,
PDA kapli nano yapilarin morfoloji ve hiicresel etki derecesini ayarlama konusunda dopamin
konsantrasyonu ve polimerizasyon siiresinin 6nemini vurgulamaktadir [49].

e flag yiikleme kapasitesi yiiksektir. {lag tastyic1 sistem olarak kullanildiginda, nanopartikiillerin
ilag yiikleme kapasitesini énemli dl¢lide artirabilirler. Bu durum, PDA'nin yapisinda bulunan zengin
katekol/kinon gruplar1 sayesinde gergeklesir.

e Nanopartikiil yiizeyini modifikasyona agik hale getirirler ve cok islevli nanopartikiiller
gelistirme imkanmi saglarlar. Ayrica, PDA'nin yardimiyla pegilasyon gibi ikincil modifikasyonlari
kolayca ger¢eklestirmek miimkiindiir [31].

e Biyouyumlu ve biyobozunurlardir. PDA modifikasyonu nanopartikiillere artmis hidrofilite,
biyouyumluluk, biyobozunurluk, giiclii fototermal doniisiim kapasitesi ve reaktif oksijen tiirlerini
temizleme yetenegi kazandirir [10].
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o Tiim bu ozellikler, nanopartikiilleri ¢ok islevli hale getirir, bu da hedefleme, goriintiileme,
kimyasal tedavi, fotodinamik tedavi, fototermal tedavi, yeniden doku olusturma yetenegi,
antiinflamatuvar ve antioksidan etkiler gibi bir dizi fayday1 beraberinde getirir [50].

PDA modifikasyonunun dezavantajlari olarak ise sunlar siralanabilir:

® [mmiinojenite ve hiicrelerle etkilesim durumu ile ilgili yeterli ¢alisma yoktur. Dopaminin
kendisi bir norotransmitter olarak islev gosterdiginden, PDA'nin insan viicudundaki biyodegradasyon
stireci, insan hiicreleri ile etkilesimi ve immiinojenitesi arastiriimalidir.

®Biyodegredasyon siireci tam olarak aydinlatilamamistir. ilag salimmi optimize etmek,
biyodagilim ve uzun vadeli toksisitenin analiz edilmesi, PDA'nin in vivo’da metabolizma ve
biyodegradasyon mekanizmalarini anlamak ve PDA nanopartikiillerinin serum proteinleri ile
etkilesiminin belirlenmesi gerekmektedir [51].

® Polimerizasyon mekanizmasi tam olarak agiga ¢ikarilamamistir. Ayrica, etkinligi artirmak igin
PDA'nin polimerizasyon mekanizmasinin ve kesin yapisinin anlasilmasina yonelik daha fazla
arastirmaya ihtiyag vardir [52].

PDA’nin Toksisite Profili

Dopamin, biyolojik olarak aktif bir norotransmitterdir ve dopamin molekiillerinin hiicreler ve
dokularla temas1 olumsuz etkiler yaratabilir. Ozellikle, kan veya dokuda kontrolsiiz dopamin salimi
cesitli beklenmeyen toksik sonuglara neden olabilir. Fakat yapilan ¢alismalar bu toksisitenin diigiik
diizeyde oldugunu géstermistir. Yapilan bir galismada PDA yapisina PEG konjuge edildiginde in vivo
toksisite gostermedigi goriilmiistir [53]. PDA islevsellestirilmesi, yiizeylerde biyouyumlu
nanokatmanlarin olusumu nedeniyle enjekte edilen veya implante edilen materyallerin in vivo
toksisitesini azaltmak icin yararli sistemler olarak goriilmektedir. PDA’nin implante sistemlerde
biyouyumlulugu artirdig1 ve metal toksisitesini engelledigi goriilmiistiir. PDA; nano yapilardan ¢ikan
toksik iyonlar1 yakalayarak, kan toksisitesini azaltmistir [54]. Liu ve ark. tarafindan yapilan ¢alismada
AuNP’ler PDA ile kaplanarak Au-PDA NP’ler olusturulmustur. /n vitro deneyler, Au-PDA NP’lerin
diisiik sitotoksisiteye sahip oldugunu ve kanser hiicrelerine rahatca gecis yaptigini gostermistir.
Transmisyon Elektron Mikroskopi (TEM) analizi, Au-PDA NP’lerin hiicreler i¢inde 24 saat boyunca
saglam kaldigim1 dogrulamistir. Ayrica bu nanopartikiillerin karaciger ve dalakta farkli hiicreler
tarafindan alindig1 ve en az alt1 hafta stabil kaldig1 tespit edilmistir. AuNP’lerin uzun siireli kullanimda
farelerin ana organlarina toksik etkisi olmadigi bulunmustur [55]. PDA’nin toksisite profilinin
degerlendirildigi bagka bir calismada, PDA NP'lerin kanser hiicreleri iizerinde daha yiiksek sitotoksisite
gosterirken, saglikli hiicreler lizerinde daha az toksik etki gosterdigi goriilmiistiir. PDA, demir iyonlarina
(Fe*®) yiiksek baglanma afinitesine sahiptir, PDA NP'lerin yiiksek ROS iiretimi ile iligkilendirildigi bu
mekanizmanin, demir igerigi ile iliskili olarak hiicresel toksisiteye katkida bulundugu bildirilmistir.
Kanser hiicrelerinde bol bulunan Cu*? ve Fe*? iyonlarina yiiksek afinite gésteren PDA, bu hiicrelerde
toksisite gostermistir. PDA NP'lerinin in vivo toksisite profili, organ ve doku hasar1 géstermeden kabul
edilebilir sinirlar i¢inde kalmistir. Bununla birlikte, uzun siireli kullanim ve yiiksek dozlar hakkinda
daha fazla arastirma gerektigi Onerilmistir [56]. Baz1 ¢alismalarda, PDA'nin ¢ozeltilerde semikinon
radikalleri ve baz1 serbest radikaler iiretebildigi goriilse de bu durum, ihmal edilebilir toksisite olarak
gorilmistiir [57].

Literatiir 6rnekleri genel olarak, PDA polimerlerinin en azindan kiigiik deney hayvanlar
Olgeginde, canli dokular i¢in toksik olmadigini géstermektedir. Ancak, daha biiyiik 6l¢ekte yapilacak in
Vvivo toksisite degerlendirmelerinin devam etmesi kritik 6neme sahiptir.

Patent Calismalan

Polidopamin NP’ler ile ilgili patent arastirmalarina bakildiginda ¢ok cesitli konular igerdigi
goriilmektedir. Bu boliimde birkag tanesi 6rnek mahiyetinde verilecektir. leriki ¢alismalarda bu alana
duyulan ilgi sebebiyle daha ¢ok patent ¢caligmasi yapilmasi beklenmektedir.

Katekolamin-PDA kullanimu ile yiizey malzemesi iizerinde azot monoksit iceren film hazirlama
yontemi: Bu ¢alisma, PDA kullanarak viicuda yerlestirilerek kontrollii azot monoksit salimina uygun
bir sistem gelistirilmigtir. Bu sistemin; stent, kateter, subkutan implant, kimyasal sensor, kalp pili,
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vaskiiler greft, yara pansumani, penil implant, implant edilebilir kalp defibrilatorii ve sinir uyaricist gibi
viicuda implante edilebilir alanlarda kullanilabilecegi belirtilmistir [58].

Lenf nodu takibi icin polidopamin nanopartikiil c¢ozeltisinin hazirlanmast ve uygulanmasi:
Calismanin amaci, yiliksek biyolojik giivenlige sahip olan ve lenf diigiimiinii dogru bir sekilde
belirleyebilen PDA nanopartikiiler sistem gelistirmektir. Yakin kizilotesi 151k ile lenf diigiimi kesin
goriintiilemesi yapilabilmekte ve kesfedilmemis diger kiigiik lenf diigtimleri izlenebilmektedir, bdylece
tiimor dokusu etrafindaki lenf diigiimleri tamamen temizlenebilmektedir. Calismada PDA NP’ler, Tris
HCI ortaminda dopamin hidrokloriir ilavesiyle hazirlanmigtir. Dopamin hidrokloriir, farkli Tris-HCI
tampon ¢0zelti konsantrasyonlar1 ve pH degerleri ile karistirilarak farkli konsantrasyonlarda PDA
NP’ler hazirlanmigtir. Hazirlanan PDA NP’ler taramali elektron mikroskobu kullanilarak karakterize
edilmistir. Ornekler 150-300 nm boyutlarinda bulunmustur. Calisma sonuglar;, PDA NP’lerin hiicreler
icin 1yi bir biyouyumluluga sahip oldugunu ve lenf nodlarini izleme gereksinimlerini karsilayabilecegini
gostermistir [59].

Tlag yiiklii hyaluronik asit ve polidopamin ile modifiye edilmis mezoporiz polidopamin nanopartikiil
hazirlama yontemi: Calisma; ila¢ yiiklii, hyaluronik asit ve polidopamin ile modifiye edilmis
mezopordz polidopamin nanopartikiil hazirlama yéntemini igerir. Oncelikle mezopordz yapi
sentezlenmis, ardindan dosetaksel yliklemesi yapilmis, polidopamin tabakasinin olusturulmasi ve
hyaluronik asit molekiillerinin modifikasyonu yoluyla hem pasif hedeflemeye hem de aktif hedeflemeye
sahip olan nanopartikiiller gelistirilmistir. Bu nanopartikiiller, tiimdr tedavisinde kullanim i¢in; kolay
hazirlanan, giivenli, etkili ve genis uygulama potansiyeline sahip bir sistem olarak belirtilmistir [60].
Tiimor antijeni yiiklii polidopamin nanopartikiilii hazirlama yontemi ve uygulamast: Calisma, timor
antijenlerini yiiklemek i¢in kullanilan bir PDA nanopartikiilii ve hazirlama yontemi ile ilgilidir. Timor
antijeni ylkli PDA nanopartikiilii, timdr antijenlerinin Michael ilavesi ve Schiff bazi reaksiyonlar
araciligiyla PDA nanopartikiillerinin yiizeylerine kovalent olarak baglanmasiyla hazirlanir. Timor
antijeni, belirli tiimdr antijen peptit parcasi, tiimor hiicresi lizati, belirli tiimor antijeni DNA pargasi ve
yardimecr CpG'den (cytosine-phosphate-guanine) bir veya daha fazlasini igerebilir. Hazirlanan timor
antijeni yiiklenmis PDA NP’lerin iyi biyouyumluga sahip oldugu, viicut i¢i anti-timor bagisiklig: etkili
bir sekilde aktive edebildigi, tiimor hiicrelerinin biiylimesini 6énemli dl¢iide inhibe edebildigi, tiimor
mikrogevresini iyilestirebildigi goriilmiistiir. Ayrica insan viicudunun anti-timor aktivitesini daha da
artirabilecegi, timoriin immiinoterapisi i¢in kullanilabilecegi belirtilmistir [61].

CpG, sitozin (C) ve guanin (G) niikleotitlerinin belirli bir siralama diizeni ile birlestigi bir DNA

dizisini ifade eder. Bu 6zel siralama diizeni, birbirini takip eden bir sitozin ve bir guaninin yan yana
gelmesi seklinde gergeklesir. CpG diniikleotidi olarak adlandirilan bu 6zel siralama, genellikle DNA
molekiillerinde bulunur. CpG diniikleotidleri, immiinolojik yanitin diizenlenmesinde 6nemli bir rol
oynar. Ozellikle bagisiklik sisteminin islevini diizenleyen molekiiler mekanizmalarda CpG
diniikleotidleri, bir¢ok hiicresel yanit1 uyarabilir. Bu nedenle CpG, immiinoterapi ve as1 gelistirme gibi
tibbi uygulamalarda 6nemli bir rol oynar. CpG, bagisiklik sisteminin tiimore karsi tepki vermesini
artirmak i¢in kullanilabilir [62].
PH ve yakin kizilotesi isik uyaranli ila¢ salimina sahip kompozit lif hazirlama yontemi ve uygulamast:
Calisma, pH ve yakim kizilotesi 151k uyaranlh ilag salimi i¢in bir kompozit lif hazirlama yontemi ve
uygulamasi ile ilgilidir. fla¢ yiikli PDA NP’lerin ¢ap1 50-80 nm'dir. Hazirlama yontemi, PCL
(Polikaprolakton) ve jelatin karigimindan olusan elektrogekilmis liflerin sentezlenmesi ve hazirlanmast,
PDA NP’lerin hazirlanmasi, kemoterapi ilact adriamisin ve PDA NP’lerin bir araya getirilmesi ve
birlestirilmis nanopartikiillerin PCL jelatin elektrocekilmis lifler lizerine yiiklenmesi adimlarini igerir.
Bulusun kompozit lifi basit bir sentez yontemine sahiptir ve biiyiik 6l¢ekte hazirlanmasi kolaydir.
Kemoterapi ilac1 yiikleme miktan yiiksektir, pH ve yakin kizilétesi 151k ile uyarilma sonucu ilag salimi
gergeklesir ve foto-termal tedavi ve kemoterapinin sinerjik etkisiyle daha iyi bir tiimor tedavisi
saglayacag belirtilmistir [63].

SONUC VE TARTISMA

Bu derlemede, PDA sentezi, 6zellikleri ve gesitli hastaliklarin tan1 ve tedavisindeki potansiyel
uygulamalar1 6zetlenmistir. PDA temelli nano sistemler, giiclii biyoadezyon, yiiksek biyouyumluluk,
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fototermal etki, diisiik toksisite ve ila¢ yiikleme kapasitesi gibi avantajlar saglamaktadir. Hedefleme,
goriintiileme, kimyasal tedavi, fotodinamik-fototermal tedavi, doku rejenerasyonu ve anti-inflamatuvar
etki gibi; ¢esitli uygulamalardaki ilerlemelerine ragmen, klinik kullanima ge¢meden once ¢ozlilmesi
gereken birkag sorun bulunmaktadir. Bu sorunlar; PDA nanopartikiillerin boyut kontrolii, kaplama
kalinliginin etkisi, sistem stabilitesi, ilag salim optimizasyonu, biyodagilim ve uzun vadeli toksisite
analizi, PDA'nin metabolizma ve biyodegradasyon mekanizmalarinin anlagilmasi, serum proteinleri ile
etkilesim ve etkileri olarak siralanabilir.

Gelecekteki ¢aligmalarla, istenilen boyutlarda ve istenilen etkiye sahip PDA nanopartikiillerin
nasil iiretilecegine dair daha ¢ok galisma yapilmasi beklenmektedir. PDA nanosistemlerin kaplama
kalinhigmi kontrol etmek ve bu kalmligin terapotik etki iizerindeki etkisini incelemek, daha kararl,
agregasyona daha az egilimli PDA nanopartikiiler sistemlerin gelistirilmesini saglayarak bu alandaki
ilerlemelere katki sunacaktir.
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Amac: Bu derleme ¢alismasinda Sjogren (Sikka) sendromuna iliskin bugiine kadar elde edilen
bulgulara ve tedavi yontemlerine odaklaniimast amaglanmigtir. Bu baglamda Sjégren sendromunun
epidemiyolojisi, klinik bulgulari, tani yontemleri ve tedavisine yonelik, cogunlukla gozlemsel, a¢ik
etiketli ve randomize klinik ¢alismalardan elde edilen mevcut kanitlar ile Pilokarpin ve Sevimelin
gibi muskarinik agonistler, antimalaryaller (Hidroksiklorokin); Metotreksat, Leflunomid,
Azatioprin, Siilfasalazin, Mikofenolik asit ve Siklosporin gibi geleneksel biyolojik olmayan hastaligi
modifiye eden antiromatizmal ilaglar (DMARD'ler); ve aralarimda alkilleyici ajan Siklofosfamid ve
B hiicrelerini hedef alan anti-CD20 antikoru Rituksimab'in da bulundugu diger giiclii ajanlardan
bahsedilmistir.

Sonug¢ ve Tartisma: Hastalar, taniyt dogrulamak ve hastaligin derecesini belirlemek igin kapsamli
bir tedavi oncesi degerlendirmeye tabi tutulmali ve buna gore terapétik yasam tarzi degisiklikleri
ile farmakolojik ajanlardan yararlanmalidir. Orta ve siddetli tutulumu olan hastalar genellikle
klinik tabloya, dokulara ve etkilenen organ sistemine bagli olarak immiinsiipresiflerin ve biyolojik
ajanlarin kullanimi da dahil olmak iizere sistemik tibbi tedaviye ihtiya¢ duymaktadirlar.

Anahtar Kelimeler: Alkilleyici ajan, DMARD, muskarinik agonist, Rituksimab

ABSTRACT

Objective: In this review study, it is aimed to focus on the findings and treatment methods obtained
to date regarding Sjogren's (Sikka) syndrome. In this context, the available evidence on the
epidemiology, clinical findings, diagnostic methods and treatment of Sjogren's syndrome, mostly
obtained from observational, open-label and randomized clinical studies, and muscarinic agonists
such as Pilocarpine and Sevimelin, antimalarials (Hydroxychloroquine); traditional non-biological
disease-modifying antirheumatic drugs (DMARDs) such as Methotrexate, Leflunomide,
Azathioprine, Sulfasalazine, Mycophenolic acid and Cyclosporine; and other potent agents are
mentioned, including the alkylating agent Cyclophosphamide and the B-cell-targeting anti-CD20
antibody Rituximab.

Result and Discussion: Patients should undergo a comprehensive pre-treatment evaluation to
confirm the diagnosis and determine the degree of the disease and benefit from therapeutic lifestyle
changes and pharmacological agents accordingly. Patients with moderate to severe involvement
generally require systemic medical treatment, including the use of immunosuppressants and
biologic agents, depending on the clinical picture, tissues, and organ system affected.

Keywords: Alkylating agent, DMARD, muscarinic agonist, Rituximab
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GIRIS

Sjogren sendromu (SjS), basta tiikiiriik ve gézyas1 bezleri olmak {izere, burun, iist solunum yolu,
orofarenksi igeren mukozal ylizeylerde kuruluk seklinde sikka semptomlarinin gelistigi otoimmiin
kronik bir hastaliktir [1]. SjS'nin otoimmiin etiyopatogenetik temeli 1960'larda dogruland: ve organa ek
olarak S;jS ile iligkili antijen A (SSA; anti-Ro/SSA antikorlar1 olarak da bilinir) ve SSB (ayrica anti-
La/SSB antikorlar1 olarak da bilinir) otoantikorlarinin varligi spesifik lenfosit infiltrasyonu bu hastaligin
patobiyolojisi ve tanisi i¢in merkezi hale gelmistir. O zamandan bu yana, SjS hakkindaki bilgiler 6nemli
Olciide ilerleme kaydetmis olmasina ragmen bu hastaligin ilk yillarda tanimlanan bes 6zelligi (sikka
semptomlarinin gelisimi, hastaligin sistemik tutulumu, ekzokrin bezlere lenfositik infiltrasyon, SjS
hastalarinda otoantikorlarin varligi ve artan lenfoma riski) hala bu hastaligin karakteristik 6zelligidir [2].

Gectigimiz 50 yilda, 'ikincil SjS' terimi bagka bir sistemik otoimmiin hastalik ile kombinasyon
halinde SjS tanist alan hastalar i¢in kullanilmistir. Bununla birlikte, bu terminoloji 'birincil SjS ' ve
'ikincil SjS' olarak ayrim yapilmast gerektigi tartisilmaktadir ve bunlarin ne zaman ve neden
kullanilmas: gerektigi konusunda standartlastirilmis kilavuzlar eksiktir. Tkincil SjS' esas olarak eslik
eden sistemik otoimmiin hastaliklar1 (romatoid artrit, sistemik skleroz veya sistemik lupus eritematozus
(SLE)) olan hastalarda nadiren kullanilir. Ek olarak, baz1 yazarlar SjS kriterlerini karsilamayan klinik
kurulugu olan hastalar i¢in ve SLE hastalar ile romatoid artritli hastalar i¢in 'ikincil SjS' kullanirken
digerleri icin 'iliskili SjS' gibi farkli terimlerin kullanilmasin1 6nermislerdir [1]. Aslinda, birincil ve
ikincil (veya iligkili) SjS arasindaki ayrim, yalnizca diger otoimmiin hastaliklar1 olan hastalarda SjS'nin
bir arada bulunmasi veya Ortiismesiyle ilgili siklikla rapor edilen klinik durumu yansitmaktadir. Hasta
yonetimiyle ilgili olarak, hastalari 'birincil' veya 'ikincil' SjS olarak bolmek higbir anlam ifade
etmemektedir ¢iinkii SjS yonetimi her iki hasta popiilasyonunda da aynidir [2].

Hastaligin patogenezinde yer alan mekanizmalara iliskin yapilan arastirmalarla elde edilen
ilerlemelere ragmen su anda SjS’nun hedefe yonelik bir tedavisi mevcut degildir. Tedaviye, hastaligin
aktivitesine ve ekstraglandiiler belirtilerin varli§ina ve yayginligina gore bireysel olarak karar verilir.
SjS'li hastalarda tedavi endikasyonu altta yatan hastaliga gore belirlenir. Genel olarak tedavi dis
hekimlerinin yan sira aile hekimleri, romatologlar, géz doktorlarindan olusan interdisipliner bir ekip
tarafindan saglanmalidir. Ilgili organlara ve mevcut semptomlara bagh olarak diger uzmanlara
(jinekolog, gogiis hastaliklari uzmani, nérolog, vb.) danisilmasi gerekebilir [3].

Bu derleme calismasi SjS ile ilgili bugiline kadar elde edilmis olan bulgulara ve tedavi
yontemlerine odaklanmay1 amaglamistir ve bu baglamda SjS sendromunun epidemiyolojisi, hastalarda
gbzlemlenen klinik bulgulari, tan1 yontemleri ve tedavisi i¢in ¢ogunlukla gézlemsel, acgik etiketli ve
randomize klinik ¢aligmalardan elde edilen mevcut kanitlara deginilmistir.

Epidemiyolojisi

SjSmin rapor edilen insidanst ve prevalansi hem ¢alisma tasarimina hem de kullanilan
simniflandirma kriterlerine gore degismektedir [4]. 1993 Avrupa Siniflandirma Kriterlerini kullanan
calismalardaki havuzlanmig yayginlik oranlar1 2002 AECG kriterlerine gore, niifusa dayali
epidemiyolojik ¢calismalarda rapor edilen toplu yayginlik oranlari toplam niifusta hesaplanandan biraz
daha diisiiktii. SjS'nin goriilme siklig1 100.000 kisi bagina 3 ile 11 vaka arasinda degisirken prevalansi
%0.01 ile %0.728 arasinda degismektedir. Hicbir zaman teshis edilemeyen asemptomatik vakalarin
olmasi da muhtemeldir [5,6].

Giinliik pratikte SjS ve diger otoimmiin hastaliklar siklikla bir arada goriilmektedir (iliskili SjS).
Sistemik otoimmiin hastaligi olan hastalarda SjS'li hastalarin orani eslik eden hastaliga gore farklilik
gostermektedir; SLE hastalarinin %14-18'inde [7], romatoid artritli hastalarin %7-17'sinde [8] ve
sistemik sklerozlu hastalarin %12'sinde [9] SjS goriilmektedir. Klinik uygulamada, iligkili SjS'in
yonetimi, birincil SjS'nin yonetimiyle benzer sekildedir.

Hastalhigin Mekanizmasi ve Patolojisi

Bir bireyin genetik yatkinligiyla etkilesime giren birden fazla gevresel faktor, SjS gelisimini
etkileyebilir. Hem T hiicrelerinin hem de B hiicrelerinin, epitelyum tarafindan ifade edilen
riboniikleoprotein parcaciklart Ro/SSA ve La/SSB gibi otoantijenlere anormal yanitlarinin bir sonucu
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olarak artan sitokin ve kemokin seviyeleri, ekzokrin bezlerinin kronik iltihaplanmasina ve sonunda
fizyolojik fonksiyonlarinin kaybina neden olur [10]. SjS'li hastalarda tiikiiriik bezi epitel hiicreleri
(SGEC'ler), bagisiklik hiicrelerinin birikmesine, aktivasyonuna ve farklilasmasina aktif olarak aracilik
ederek yerel otoimmiin yanitlart yonlendirerek diizenler. Bagisiklik hiicreleri ve inflamatuar mikro-
ortam, epitel hiicrelerini daha da aktive eder veya hayatta kalmalarini diizenler, boylece SjS'de gézlenen
otoimmiin yanitlari siirdiiren epitelyal hiicre ve bagigiklik hiicresi etkilesiminin kisir dongiisiinii yaratir
[11].

SjS'nin patogenezini agiklayan mevcut teori epitelyumun SjS'deki inflamasyonlu doku oldugunu
ileri siirer. Ekzokrinopati ve bir organin fonksiyonel kisimlarinin tutulumu, organlar1 ¢evreleyen veya
istila eden epitelyal hiicrelerde lenfositik sizintilarin gelisimi ile iliskilidir. Bu teoriye gore epitel
hiicreleri, atipik antijen sunan hiicreler gibi davranarak otoimmiin tepkinin merkezi diizenleyicileridir
ve sadece bagisiklik hiicrelerinin sizmasindan etkilenen masum seyirciler degildir. Bununla birlikte,
otoimmiin epitelit, SjS'nin immiinopatolojisi i¢in yalnizca bir agiklama olmasina ragmen en ¢ok
desteklenen teorilerden biridir. Cesitli ¢alismalar ayn1 zamanda ekzokrin bezlerinin fonksiyonunda
hormonlarin ve néropeptitlerin etkisi ile iligkili bir néroendokrin mekanizmanin roliinii de ©ne
siirmektedir [10].

Hastaligin Tani ve Belirtileri

SjS, yavas ilerleyen kronik bir otoimmiin hastaliktir. Klinik bulgular son derece degiskendir; bu
hastaligin ortaya ¢ikisi, organa 6zgli otoimmiin bir hastaliktan, sistemik bir otoimmiin hastaliga ve
lenfoproliferatif bir duruma kadar degisebilir. Fiziki muayenede bariz bulgularla keratokonjonktivitis
sikka, agiz kurulugu varligr bulunan bir hastada SjS tanisi konusunda 6nemli olan ekstraglandiiler
hastaligin boyutunu tespit etmek ve ihtiya¢ duyulan tedaviyi net olarak belirlemektir. Daha hafif sikka
semptomlar1 olan ve daha az karakteristik antikor profilleri olan hastalarda tani ve tedavisi zor olabilir.
Tiim bu karnigikliga ragmen genel olarak sikka belirtileri arasinda goz ve agiz kurulugu SjS ile iligkili
klasik semptomlardir ve hastalarin biiyiik ¢ogunlugunda mevcuttur. SjS'li hastalarda tiikiiriik ve gdzyasi
bezlerinin yani sira diger ekzokrin bezleri de etkilenebilir. Kuruluk ayni zamanda burnu, iist solunum
yollarimi ve orofarinksi de etkileyebilir ve bu durum rinit sikka, kalici 6ksiiriik ve ses kisikligina neden
olabilir. Cogu hastada bunlara ek olarak gézlenen kuruluk deride kserozis ve kadinlarda vajinal kuruluga
neden olabilmektedir [12].

Sistemik semptomlar SjS'nin ortaya c¢ikmasiyla ya da daha sonra gelisebilmektedir. Sistemik
semptomlar SjS'min karakteristik semptomlarinin baslangicindan 6nce ortaya ¢iktiginda veya tipik
semptomlar hafif oldugunda, bu hastaliga gizli SjS veya SjS sikka dis1 baslangici1 denir. SjS'nin sistemik
semptomlar1 ve komplikasyonlar1 yaygin ve gesitli olabilir; deri, eklem, pulmoner, kardiyovaskiiler,
nefro-iirolojik, sinir ve hematolojik sistemler de dahil olmak {izere viicudun ¢ogu sisteminde tutulum
yaparak etki gosterebilmektedir [13].

Tedavi Yontemleri

SjS'nin semptomatik tedavisi genellikle sikka semptomlarinin tedavisi ile sinirhidir. Kuru gézlerin
tedavisi i¢in yiiksek viskoziteli géz damlalar1 ve jellerden olusan gdzyasi ikame tedavisi, mukusu
eritmek i¢in oral mukolitik ajanlarla kombinasyon halinde kullanimi temel tedavi yaklagimidir. SjS ile
iligkili siddetli veya direngli keratokonjunktivitis sikka hastalarina kisa siireli topikal antienflamatuar
ajanlar uygulanmasi gerekebilir. SjS'nin oral yan etkilerini azaltmak i¢in yapilmasi gereken en iyi
koruma yontemi agiz saglhigini korumak veya elde etmek i¢in onleyici dnlemlerin kullanilmasina ek
olarak agi1z ylizeylerinin nemlendirilmesine odaklanmaktadir [ 14]. Sistemik etkiye sahip ilaglar, 6rnegin
Pilokarpin ve Sevimelin gibi sekretagoglar da sikka semptomlarinin semptomatik tedavisi i¢in
kullanilabilir. Her iki ilag da muskarinik reseptdr agonistidir ve bir miktar fonksiyonel glandiiler doku
kalintis1 bulunan hastalarda tiikiiriik ve lakrimal bez ¢iktilarinda gegici bir artisa neden olmaktadir. Her
iki ilag¢ da SjS hastalarinda agiz ve g6z kurulugunun tedavisi i¢in Amerika Birlesik Devletlerinde ABD
Gida ve Ilag Dairesi (FDA) tarafindan onaylanmustir, ancak Sevimelinin diinya capinda genel bir
kullanim1 yoktur. Bu ilaglarin yaygin yan etkileri terleme, ates basmasi, acil idrara ¢ikma ihtiyaci ve
gastrointestinal rahatsizliklari igerir, bu yan etkiler klinik uygulamalarini sinirlayabilmektedir.
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Biyolojik Olmayan Tedavi

SjS tedavisinde kullanilan baglica biyolojik olmayan ilaglar kortikosteroidler ve
Hidroksiklorokindir. SjS'yi tedavi etmek i¢in Prednizolon kullanimi, diger otoimmiin hastaliklarin
tedavisindeki etkinligine dayanmaktadir. Klinik deneyimlere dayanarak artrit ve kutandz semptomlarin
tedavisinde diisiik doz Prednizolon kullanilmaktadir. Yiiksek dozda Prednizon, SjS iizerinde kontrolsiiz
calismalarda bobrek ve akciger fonksiyon bozukluklarinin tedavisinde etkinlik gostermistir.
Kortikosteroidlerin uzun siireli kullanimi osteoporoz, diyabet, kilo alma ve dislipidemi dahil olmak
iizere yan etkilerle iligkilidir [1]. Hidroksiklorokin'in terapétik etkisi, tip 1 interferonlar gibi
proinflamatuar sitokinlerin iiretimini azaltarak dogustan gelen bagisiklik tepkisini etkileyen TLR
sinyalinin inhibisyonuna dayanir. IL6, IgG, eritrosit sedimantasyon hizi ve romatoid faktor gibi diger
serolojik parametrelere etki eder. Hidroksiklorokin, SLE ve romatoid artritli hastalarda semptomlarin
azaltilmasi ve serolojik parametrelerin iyilestirilmesine dayali olarak SjS'de idame tedavisi olarak
kullanilir. Hidroksiklorokin’in baslica yan etkileri, akomodasyon bozukluguna bagl bulanik gorme,
pigmentasyon ve gérme alani defekti ile birlikte retinopati, makulopati, kardiyomiyopati, anoreksi,
vertigo ve deri dokiintiileridir [15].

Biyolojik Tedavi

Cesitli biyolojik ajanlarla 6zellikle de B hiicrelerini hedef alanlarla umut verici sonuglar rapor
edilmistir. Rituksimab (CD20'ye 6zgii bir antikor) ile B hiicre deplesyonu tedavisi, iki kii¢iikk RCT'de ve
ayrica kontrolsiiz ¢aligmalarda yorgunluk da dahil olmak {izere SjS'nin bazi semptomlarini azaltmis ve
tilkiirik akigini iyilestirmigtir. Kortikosteroidler, antihistaminikler ve Parasetamol ile 6n tedaviye
ragmen, bazi hastalarda hipergamaglobulinemi ile iligkilendirilebilen serum hastalig1 benzeri bir
sendrom gelisip SjS'li hastalar1 antikimerik antikorlarin olusumuna yatkin hale getirdigi goriilmiistiir.
SjS yanit indeksini uygulayan post hoc analiz Rituksimab ve plasebo gruplar1 arasinda yanit oraninda
onemli bir fark oldugunu gostermistir. Bu ¢alismanin bulgularina ragmen, Rituksimab, lenfoma da dahil
olmak iizere SjS'nin siddetli ekstraglandiiler belirtilerinin tedavisi i¢in endikasyon dis1 olarak recete
edilmektedir

B hiicrelerini hedef alan diger biyolojik tedaviler arasinda Epratuzumab ve Belimumab yer alir.
Epratuzumab, B hiicresi antijen reseptor sinyali yoluyla etki eden ve kismi B hiicresi tiikenmesine yol
acan bir B hiicresi reseptorii CD22'ye spesifik monoklonal antikordur. SjS'li hastalarda Epratuzumab
yorgunluk iizerinde yararl bir etki gostermektedir [16]. T hiicresi hedeflemeyle ilgili olarak Abatasept
(bir fiizyon molekiilii), B hiicreleri ve T hiicreleri de dahil olmak iizere antijen sunan hiicreler arasindaki
CD28 kostimiilasyonunu onler. Abatacept'in ayrica T hiicreleri ve T hiicresine bagimli B hiicresi
aktivasyonunu inhibe ettigi de diisiiniilmektedir [17].

Lenfoma Tedavisi

Lenfoma tanist konulduktan sonra, mevcut lenfoma alt tipine gore tedavi yaklagimi
planlanmalidir. Bazi klinisyenler yalnizca ekzokrin bezleri etkileyen diisiik dereceli lenfoma
hastalarinda dikkatli bir bekleme yaklagimi1 dnermektedir. Buna karsilik, yaygin MALT lenfomasi olan
veya es zamanli yiiksek hastalik aktivitesine sahip olan hastalarda lenfomanin ilerleme riski yiiksektir,
bu nedenle hastaligin daha fazla ilerlemesini durdurmak icin erken tedaviden fayda gorebilirler.

Lenfomanin tedavisi i¢in en iyi terapdtik rejim, Rituksimabin; Siklofosfamid, Klorambusil,
Fludarabin ve/veya Bendamustin gibi alkilleyici ajanlarla kombinasyonudur. Rituksimab ve
Bendamustin kombinasyonunun marjinal bdlge ve MALT lenfomada etkili ve gilivenli oldugu
gosterilmistir [18]. Diffiiz biiyiik B hiicreli lenfoma hastalarinda tedavi, lenfomanin histolojik derecesine
gore uyarlanmali ve Rituksimabin; Siklofosfamid, Doksorubisin, Vinkristin ve Prednizon ile iliskisine
dayanmalidir [19].

fla¢ Tedavisine Genel Yaklasim

Tedavi se¢imi organ belirtilerine ve hastaligin siddetine gore degisir:
o GOz kurulugu, agiz kurulugu ve diger sikka semptomlar1 — SjS olan hastalarda, sikka
semptomlarinin tek basina tedavisi, glandiiler genisleme veya diger organ tutulumu, genellikle
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sekretagoglar disinda sistemik tedavi gerektirmez. Kurutma yan etkilerini ortadan kaldirmak veya
en aza indirmek i¢in hastanin diger ilaglarinda degisiklik yapilmasi da faydalidir. G6z kurulugu,
agiz kurulugu ve diger okiiler olmayan sikka semptomlarinin tedavisi ayrintili olarak
incelenecektir.

o Organ bazli hastalik ve yapisal semptomlar — Deri dokiintiileri, artrit, vaskiilit ve akciger ve
bobrek belirtileri gibi ekstraglandiiler belirtilere yaklasim, SLE veya romatoid artrit (RA) igin
kullanilana benzer. Glandiiler lenfoproliferasyonun ve daha ciddi ekstraglandiiler belirtilerin
tedavisi genellikle glukokortikoidlerin kullanimini igerir; antimalaryaller (Hidroksiklorokin);
Metotreksat, Leflunomid, Azatiyoprin, Siilfasalazin, Mikofenolik asit ve Siklosporin gibi
geleneksel biyolojik olmayan hastaligi modifiye eden antiromatizmal ilaglar (DMARD'lar); ve
alkilleyici ajan Siklofosfamid ve B hiicrelerini hedef alan anti-CD20 antikoru Rituksimab dahil
olmak tizere diger giiglii ajanlardir [20-22].

Sjogren Hastaliginda Kuru Goz Tedavisi: Genel Prensipler ve Baslangi¢ Tedavisi

Tilim hastalarda ilk tedavi, sesmptomatik rahatlama ve gézyasi filmi homeostazinin restorasyonuna
odaklanmalidir. Bu tiir bir tedavi, hafif veya sadece epizodik rahatsizligi olan hastalarda ve hafif okiiler
ylizey boyamasi veya hafif artmis gozyasi ozmolaritesi gibi sadece hafif lokal hastalik belirtileri
olanlarda yeterli olabilir. Semptomlar1 koétiilestirebilecek regeteli ve regetesiz sistemik ilaglardan
kaginma ve okiiler rahatsizlik semptomlariin giderilmesi i¢in gerektiginde suni gozyast kullanimi ilk
basamakta hastalari rahatlatic1 yontemlerdendir.

Tiim hastalik siddeti seviyelerine sahip hastalar da dahil olmak {izere SjS hastalarinin ¢ogunda
diizenli olarak suni gozyast kullanilmasi goz kurulugunu azaltmaya yardimci olmaktadir. Hastalar
bunlari, bilesimleri, koruyuculari, ozmolariteleri ve viskoziteleri bakimindan farklilik gosteren ve
genellikle regetesiz satilan mevcut birgok gozyasi preparati arasindan segebilirler. SjS'li hastalarda
yapay gozyasi kullanimi, SjS'li ve orta ila siddetli g6z kurulugu olan hastalari igeren ¢esitli randomize
calismalarla desteklenmektedir [20,21]. Bu denemeler, baslangi¢c Ol¢timleriyle karsilastirildiginda
semptomatik iyilesme ve kornea epitelindeki hasarda iyilesme oldugunu gosterdi. 394 kuru goz
hastasinda Karboksimetilseliiloz ve Hyaluronik asit igeren yapay gozyaslarmimn karsilastirildigi bir
calismada [22] okiiler semptomlarin, okiiler yilizey lekelenmesinin ve gdzyasi parcalanma siirelerinin
iyilestirilmesi agisindan esdeger fayda elde edilmistir.

Orta Siddetteki Goz Kurulugu Tedavisi

Gorme islevini diizenli olarak engelleyen epizodik veya kronik semptomlar1 olan hastalarda, ilk
koruyucu onlemlere devam edilirken genellikle ek onlemler ve topikal tedavilerde baz1 degisiklikler
gerekebilir.

Koruyucu igermeyen suni gézyasi damlalarinin diizenli kullanimina ek olarak bu hastalar i¢in
geceleri kayganlagtirict bir merhem kullanilmaktadir. Geceleri suni gdzyasi ve merhem ile rahatlama
yetersizse, glindiiz jel formiilasyonu denenebilmektedir. Hastalarin her damla uygulamasinin mevcut
gbzyast filminin homeostazini bozabilme ihtimaline karst "miimkiin oldugunca sik" suni gozyasi
kullanmaktan kagiilmalidir [23]. Topikal steroidlerle birlikte veya tek basina topikal Siklosporin ya da
Lifitegrast kullanmak i¢in, bu ilaglarin regetesi gdz hekimi tarafindan yazilmahdir. G6z i¢i basincinin
diizenli olarak izlenmesi gereklidir, ¢linkii uzun siireli steroid kullanimi katarakt ve glokom gibi
komplikasyonlara yol agabilir. Bu nedenle, topikal steroidlerin sadece kisa siireli kullanimi 6nerilir.

Topikal Antiinflamatuar / Immiinomodiilatér Ajanlar

Sadece suni gézyas1 ve kayganlastiricilarin diizenli kullanimina ragmen kalici semptomlar1 veya
kuru goz hastaligi belirtileri olan hastalarda Siklosporin veya Lifitegrast gibi topikal bir
antiinflamatuar/immiinomodiilator ajan kullanilmaktadir. Uzun giivenlik ve etkinlik gegmisi gbz Oniine
alindiginda, ilk secenek olarak topikal Siklosporin dnerilmektedir ve kalic1 semptomlart veya belirtileri
olan hastalarda doz artisin1 diisiinmeden Once ii¢ aylik bir siire boyunca giinde iki kez baslangi¢ dozunda
Siklosporin kullanilmaktadir. Semptomlarin devam ettigi veya orta derecede siddetli kornea lekelenmesi
olan veya damlatilmasindan asir1 rahatsizlik duyan topikal Siklosporin hastalarinda topikal Lifitegrasta
gecilmektedir. Topikal Lifitegrast topikal Siklosporine gore daha hizli semptom gidermekte ve daha az
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okiiler tahris olusturmaktadir. Bununla birlikte, uzun siireli etkinlik ve giivenlik sadece topikal
Siklosporin i¢in belirlenmistir. Lifitegrast, FDA tarafindan 18 yasin altindaki bireyler igin
onaylanmamistir. Bu iki ilacin birlikte kullanim1 arastirilmamistir ve bu nedenle tavsiye edilmemektedir
[24].

Topikal Siklosporin

Topikal Siklosporin sistemik olarak uygulandiginda immiinosupresif bir ajandir. Sikka ile iligkili
okiiler enflamasyona bagli olarak gozyasi yapiminin baskilandigi éngoriilen hastalarda, Siklosporin
emiilsiyonunun parsiyel bir immiinomodiilator olarak etkiledigi dislinilmektedir. Kesin etki
mekanizmasi bilinmemektedir. Topikal Siklosporin (%0.05 oftalmik emiilsiyon veya %0.09 nanomisel
formiilasyonu) giinde iki kez bir damla olarak uygulanir ve suni gozyaslarn ile birlikte
kullanilabilmektedir. Aktif okiiler enfeksiyonu olan hastalarda kullanim kontrendikedir. Yanitlar bazi
hastalarda iki ila iic ay ve bazen bir yila kadar siirebilmektedir. Buna gore, kalict semptomlar1 veya
belirtileri olan hastalari, bir tedavi basarisizlig1 olarak kabul etmeden 6nce tipik olarak bir y1l boyunca
giinde dort defaya kadar dozlarda topikal Siklosporin ile tedavi tercih etmektedirler [25,26].

Intranazal Sekretagog

Vareniklin, kuru goz hastaliginin tedavisi icin FDA tarafindan onaylanmis kolinerjik bir
agonisttir. Yapilan bir calismada, Vareniklin ile tedavi edilen kuru géz hastaligi olan hastalarda gozyast
iretiminde 10 mm veya daha fazla artis, tek bagina araca gore daha sik goriilmiistiir. Hapsirma, okstirtik,
bogaz tahrisi ve damlatma bdlgesi tahrisi en sik goriilen yan etkilerdir. Bu intranazal ilag¢ tedavisi heniiz
kuru g6z hastaligi igin oftalmik tedavilerle kargilagtirtlmamigtir [27].

Arastirma Ajanlari

Yerlesik immiinosiipresif veya immiinomodiilator ajanlara ek olarak, potansiyel yarar gdsteren
bazi kanitlarin bulundugu daha fazla calisma gerektiren bagka tedaviler de vardir.

Lakritin, gdzyas1 bezlerinin asiner hiicreleri tarafindan salgilanan bir gézyasi proteinidir. Bu
proteinin bir formiilasyonu, SjS nedeniyle kuru géz hastalarinda test edilmektedir [28].

Timozin beta-4, insan dokularinda dogal olarak olusan, yara iyilestirici ve antiinflamatuar
ozelliklere sahip bir peptit olup, 9 denekten olusan randomize bir faz II denemesinde siddetli kuru g6z
hastaliginin topikal tedavisi olarak degerlendirilmistir. Hem belirti hem de semptomlarda iyilesme
g6zlenmistir [29].

Sjogren Hastaliginda Agiz Kurulugu ve Diger Okiiler Olmayan Sikka Semptomlarimin Tedavisi

Tiikiiriik bezi hipofonksiyonuna bagli agiz kurulugunun tedavisi, semptomlar1 hafifletmeyi ve dis
cliriigii, dis eti iltihabi, agiz kokusu, tiikiiriik bezi tasi, yutma giicliigii ve oral kandidiyazis gibi
komplikasyonlar1 6nlemeyi amaglamaktadir. Normal tiikiiriik fonksiyonlarinin kaybini telafi etmek igin
cesitli stratejiler kullanilir; bu islevler arasinda mukozanin yaglanmasi, dis plagina ve bakteri iiremesine
yol agabilecek yiyecek artiklarinin temizlenmesine yardimci olunmasi, diglerin demineralizasyonunu
destekleyen asitlerin tamponlanmasi ve antimikrobiyal etkilerin saglanmasi yer almaktadir. Bu nedenle,
rezidiiel tiikiiriik akigin1 uyarmak, mantar enfeksiyonunu tedavi etmek, dis bakimina yakindan dikkat
etmek tedavinin ana amaglarindandir [30].

Ag1z kurulugu olan hastalarda genel tedavi yaklagimi su sekildedir; tiikiiriik ikameleri, Pilokarpin
ve Sevimelin dahil olmak iizere muskarinik agonistler, Hidroksiklorokin ve Rituksimab gibi sistemik
antiinflamatuar ve immiinosiipresif ilaglar yarar saglamaktadir [31].

Tiikiiriik Stimiilasyonuna ve Ikamelerine Yetersiz Yamt

Topikal uyaricilar veya tiikiiriik ikamesi ile yeterli tiikiiriik salgis1 veya semptomatik rahatlama
saglayamayan tiikiiriik hipofonksiyonu ve kserostomi hastalarinda Pilokarpin veya Sevimelin gibi bir
muskarinik agonistin kullanilmasi 6nerilmektedir. Bu muskarinik agonistler tiikiiriik akisinin artmasini
ve plaseboya kiyasla agiz kurulugu semptomlarinin iyilesmesine katki saglamaktadir. Plaseboya kiyasla
esit derecede etkili goriinen Pilokarpin ve Sevimelin arasindaki se¢im, bilyiik 6l¢iide bireysel faktorler
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tarafindan belirlenmektedir; Bunlar, hastaya maliyeti, bireysel klinik yaniti, rahatligi ve ilag
bulunabilirligine iliskin diizenleyici veya sigorta sinirlamalarini icermektedir.
Bunlarin disinda asagidaki faktorler ilaglari farklilagtirilabilir;

o Pilokarpinden daha uzun bir yar1 émre sahip olan Sevimelin, bazi hastalar tarafindan daha iyi
tolere edilir ve genellikle giinde ii¢ kez doz yeterlidir.

o Sevimelin, Pilokarpinden daha az terleme veya kizariklik yapar ancak gastrointestinal yan etkilere
daha sik neden olur [32].

o Genellikle giinde dort kez dozlanan Pilokarpin kullanan hastalar, bu ilacin nispeten kisa serum
yarilanma 6mrii nedeniyle tipik olarak kisa bir tiikiiriik atagi yasarlar [33].

o Bazi formiilerler, Sevimelin kullanimini onaylamadan Once, daha uzun siire mevcut olan
Pilokarpinin ilk denemesini gerektirir ve Pilokarpine yanit vermeyen veya tolere etmeyen
hastalar, daha 6nce Pilokarpin ile tedavi edilen hastalar da dahil olmak tizere Sevimelin'den
yararlanabilmektedir.

Pilokarpin Etkinligi

Tiim muskarinik reseptdrleri (M1, M2 ve M3) uyaran bir muskarinik agonist olan Pilokarpin,
artik tiikiirik bezi fonksiyonu olan hastalarda sulu sekresyonlar1 artirabilmektedir. Kserostomi
iizerindeki etkilere ek olarak, pilokarpin, gdzyas1 iretiminde herhangi bir objektif degisiklik olmamasina
ragmen, okiiler kuruluk semptomlarimi iyilestirebilmektedir. Burun, vajinal ve cilt kurulugu
semptomlarinda da iyilesme gostermistir [34].

Sevimelin Etkinligi

Sevimelin, lakrimal ve tiikiirik epitelindeki muskarinik M1 ve M3 reseptorleri igin kalp
dokusundaki reseptorlere gore daha yiiksek afiniteye sahip bir asetilkolin tiirevidir. Sevimelin'in
etkinligi, birincil veya ikincil SjS'li 197 hastayi rastgele Sevimelin veya plaseboya atayan bir ¢calismada
gosterilmistir [35].

Bu ilaglarin (Pilokarpin ve Sevimelin) kullanimi, asir1 terleme, artmis idrar sikligi, kizariklik,
titreme, rinit, bulanti ve ishal gibi kolinerjik yan etkiler nedeniyle zayif tolerans ile
sinirlandirilabilmektedir. Kontrolsiiz astim ve obstriiktif akciger hastaligi olan hastalarda
kontrendikedir. Her iki ilacin da diger seyrek yan etkileri arasinda bradikardi ve hipotansiyon bulunur.
Bu nedenle kardiyovaskiiler hastaligi olan hastalarda ve beta bloker kullananlarda dikkatli
kullanilmalidirlar. Bu ilaglar1 kullanan hastalar, gérme keskinliginin azalmasinin ve bozulmus derinlik
algisiin ¢ok nadir goriilen olumsuz etkileri nedeniyle gece araba kullanma veya diisiik 1sikta tehlikeli
faaliyetlerde bulunma konusunda uyarilmalidir [36,37].

Diger Sikka Semptomlarmin Tedavisi

Hastalar ayrica kuru géz ve agiz kuruluguna ek olarak burun kurulugu, laringotrakeal ve
genitoliriner semptomlar ve kuru cilt problemlerinin de iyilestirilmesi hastalarin hayatlarim
kolaylastirmasi agisindan 6nemlidir. Bu problemler, Sjogren hastaligi olan hastalarda yapilan randomize
calismalarin veya diger ¢aligsmalarin odak noktasi olmamistir ve bunlarin yonetimi biiyiik 6l¢tide SjS
olmayan hastalarin tedavisine ve klinik deneyime dayanmaktadir. Bu belirtilere sahip hastalar,
Pilokarpin veya Sevimelin gibi muskarinik agonistlerin kullanimindan da yararlanabilmektedir. Agiz
kurulugu ve kuru goz i¢in randomize Pilokarpin ¢alismasi [34], ilacin burun, cilt ve vajinal kuruluk
semptomlari i¢in plasebodan daha etkili olabilecegini diisiindiirmiistiir.

Organ Temelli Hastahk ve Yapisal Semptomlar I¢in Tedavi
Kas ve Iskelet Agrisi

Kas-iskelet agrisinin tedavisi, semptomlarin nedenine, ciddiyetine ve tedaviye verilen cevaba
gore degisiklik gosterebilmektedir; SjS'de inflamatuar kas-iskelet agrisi spektrumu hafif artralji ve
miyaljilerden agik sinovit ve kronik agriya kadar degisebilmektedir. Ek olarak, yasa bagl osteoartrit ve
fibromiyalji de SjS hastalarinda kas-iskelet sistemi agrilarinin siddetini artirabilmektedir.

Artralji ve Artrit
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Hafif artritli olanlar ve artralji ve miyaljisi olan ancak kesin inflamatuar sinoviti olmayanlar da
dahil olmak tizere hafif eklem semptomlari olan hastalar, semptom sikligina bagli olarak giinliik olarak
veya ihtiya¢c duyuldugunda verilen antiinflamatuar dozlarda steroid olmayan antiinflamatuar ilaglar
(NSAID'ler) ile tedavi edilebilmektedir. Bir ila iki aylik bir denemeden sonra NSAID'lere yetersiz yanit
veren veya orta ila siddetli semptomlar1 olan hastalar, hastaligin ciddiyetine bagl olarak genellikle
Hidroksiklorokin veya diisiik doz haftalik Metotreksat gibi geleneksel biyolojik olmayan, DMARD ile
tedavi siirdiiriilmektedir. Tedaviye direngli hastalarda 6zellikle de RA'nin Ortiisen 6zelliklerine sahip
SjS hastalari, bazen Rituksimab veya bir tiimor nekroz faktorii (TNF) alfa inhibitdrii ile biyolojik tedavi
ile semptomlar1 kontrol altina alinabilmektedir [37].

Yorgunluk

Diger bag dokusu hastaligi hastalarinda goriildiigii gibi, yorgunluk SjS'de siklikla goriiliir ve
bazen siddetli olabilmektedir. Genellikle ¢ok faktorliidiir ve yorgunlugun diger iliskili veya tesadiifi
nedenleri hasta semptomlarina katki saglayabilmektedir. Bu nedenle, yonetime ilk yaklasim, bireysel
hastada yorgunlugun etiyolojisini veya etiyolojilerini belirlemek igin kapsamli bir degerlendirme
gerekmektedir. Biiyiik 6l¢iide SjS'nin kendisiyle iliskili yorgunlugu olan hastalarda, tiim hastalar i¢in
birinci basamak tedavi olarak diisiik etkili bir acrobik egzersiz programlari yorgunlugun giderilmesine
katki saglayabilmektedir. Egzersize ve diger yasam tarzi degisikliklerine diren¢li yorgunlugu olan
hastalarda, Hidroksiklorokin SLE i¢in kullanilan yaklagima benzer bir sekilde kullanilmaktadir [37].

Spesifik Terapotik Ajanlarin Etkinligi
Glukokortikoidler

Glukokortikoidlerin SjS’nin glandiiler belirtileri i¢in potansiyel faydasii ele alan biiyiik bir
calisma yapilmamuistir. SjS'de glukokortikoidlerin uzun siireli kullanimi, romatoid artrit (RA) ve diger
hastaliklarda oldugu gibi osteoporoz, hiperglisemi, kilo alimi, ajitasyon ve artmis enfeksiyon riski dahil
olmak iizere potansiyel yan etkilere iliskin endiselere de iyi gelmektedir. SjS hastalarinda, oral
kandidiyazis riskinin artmasi ve dis ¢lirimesinin hizlanmasi, glukokortikoidlerin daha yiiksek dozda
uzun siireli kullanimini daha da sinirlamaktadir. Glukokortikoidler bazen SjS'nin sistemik belirtilerini
diger sistemik romatizmal ve otoimmiin hastaliklara benzer bir sekilde tedavi etmek igin de tercih
edilmektedir. Primer SjS'li 1120 ispanyol hastanin analizinde, bu tiir hastalarin % 19'unda bu amagla
diisiik doz glukokortikoidler (Prednizon <20 mg/giin) esdeger kullanilmigtir [38].

Kronik hastalikta kullanilan glukokortikoidler olan Prednizon veya Prednizolon &nemli
mineralokortikoid, androjenik veya Gstrojenik aktiviteye sahip degildir; bu nedenle, baslica yan etkileri
hipotalamik-hipofiz-adrenal fonksiyonun inhibisyonundan ve iyatrojenik Cushing sendromunun
gelismesinden kaynaklanir. Glukokortikoid biyoyararlanimi ve reseptor aktivasyonundaki farkliliklar,
farklt glukokortikoidlerin etkinligini ve toksisitesini etkilemektedir. Bu nedenle, glukokortikoid
reseptorii ve glukokortikoid metabolizmasindaki genetik polimorfizmler, glukokortikoid etkilerini
degistirebilmektedir. Bu degiskenlik, hastalar arasinda tedaviye ve toksisitelere kars1 gosterdikleri farkl
direnci aciklamaktadir. On hipofiz ve adrenal bezdeki hiicrelerin atrofisi gibi glukokortikoid
maruziyetinin uzun siireli etkileri, kismen glukokortikoidlerin hiicresel fonksiyon iizerindeki spesifik
olmayan etkilerinden kaynaklanmaktadir. Hiicre atrofisi meydana geldiginde, glukokortikoid
etkilerinden tam iyilesme, ilac1 durdurduktan sonra aylar hatta yillar alabilmektedir. Glukokortikoidler
Hipotalamik-hipofiz-adrenal eksen supresyonuna neden olabilmektedir. Eksojen glukokortikoidlerin
uygulanmasi, 6zellikle boliinmiis dozlarda verildiginde, HPA ekseni baskilayabilmektedir. Bu tiir
hastalarda glukokortikoidlerin aniden kesilmesi veya hizli bir sekilde kesilmesi adrenal yetmezlik
semptomlarina yol agabilmektedir. Glukokortikoidlerin hiperglisemiye neden oldugu mekanizma,
hepatik glukoneogenezin arttirilmasi, yag dokusunda glikoz aliminin inhibisyonu ve reseptdr ve reseptor
sonrast fonksiyonlarin degistirilmesi dahil olmak iizere birgok faktére baghdir. RA gibi
glukokortikoidlerin kullanildig1 bazi altta yatan bozukluklarin bagimsiz olarak daha yiiksek bir glikoz
intoleransi oranina yatkin olmasindan kaynakli olabilmektedir [39].
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Konvansiyonel immiinsiipresif flaclar ve Biyolojik Olmayan DMARD'lar

Hastalik modifiye edici antiromatizmal ilaglar (DMARD'lar) dncelikle spesifik organ bulgularini
tedavi etmek i¢in kullanilir.

Metotreksat

Metotreksat, folik asit antimetaboliti olarak etki gosteren antineoplastik bir ilactir. Metotreksat
reversibl olarak dihidrofolat rediiktaz enzimini inhibe ederek folik asidin tetrafolik aside doniistimiini
engeller. Tetrafolat enziminin inhibe edilmesi ile DNA, RNA ve ATP sentezi i¢in gerekli purin
bazlarinin sentezinin durmasina yol agar ve protein sentezini inhibe eder. Bdylece DNA sentezi ve hiicre
yenilenmesinde gerekli olan deoksiiirdilatin timidilata doniistimii sinirlidir. Metotreksat S donemindeki
hiicrelere daha etkilidir. Primer SjS'li 17 hastada Metotreksat (haftalik 0.2 mg / kg) ile ilgili bir yillik
pilot calisma, agiz kurulugu ve géz semptomlarinda, artraljilerde, artritte ve parotis bezi genislemesi ve
purpura sikliginda iyilesme gosterdi. Bununla birlikte, kuru gozlerin ve agiz kurulugunun objektif
parametrelerinde herhangi bir iyilesme gozlenmemistir [40].

Azatioprin

Etki mekanizmas1 heniiz tam olarak agikliga kavusturulmamis olmakla birlikte, onerilen bazi
mekanizmalar sunlardir; pilirin antimetaboliti islevi goéren merkaptopiirinin agiga ¢ikarilmasi, SH
gruplarinin alkilasyonu ile olast blokaj, niikleik asit biyosentezinde pek ¢ok yolun inhibe edilmesi ve
bdylece immiin cevabin verilmesi ve siddetlenmesi ile ilgi hiicrelerin proliferasyonunun 6nlenmesi,
plirin tioanaloglarin dahil edilmesi ile DNAnin zarar gérmesidir.

Primer SjS'li 25 hastada diisiik doz Azatioprin randomize bir ¢alismada, alt1 aylik bir siire boyunca
hastalik aktivitesinde 6nemli bir degisiklik olmamistir [41]. Bununla birlikte, daha yiiksek dozlarda
Azatioprin, interstisyel pndmoni, miyelopati ve kronik aktif otoimmiin hepatit gibi spesifik
ekstraglandiiler tutulumlarin tedavisinde yaygin olarak kullanilmaktadir.

Leflunomid

Leflunomid, dihidroorotat dehidrojenazi inhibe ederek ¢alisan bir pirimidin sentez inhibitoriidiir
ve antiproliferatif etki gosterir.

Agik etiketli bir pilot ¢alismada, Leflunomid (20 mg/giin), erken ve aktif primer SjD'li 15 hasta
i¢in diigiik derecede fayda goriildiigii bildirilmistir [42]. Bununla birlikte, 3 hastada 16kositoklastik
vaskiilitte kayda deger bir iyilesme gozlenmistir. Tedavi, 5 hastada Iupus benzeri cilt lezyonlarinin
gelisimi ile iligkili bulunmustur. Leflunomid (20 mg/giin) ve Hidroksiklorokin (400 mg/giin) ile kiiciik,
kontrollii, randomize 24 haftalik bir kombinasyon tedavisi ¢alismasi, 29 hastay1 i¢eren bir ¢alismada tek
basina plasebo ile karsilagtirildiginda, 6nemli klinik etkinlik gostermistir. Bu sonuglarin daha biiytik bir
caligmada dogrulanmasi gereklidir [43].

Siklosporin

Siklosporin, T hiicrelerinin interlokin-2 yapimini bloke eden bir kalsindrin inhibitoriidiir.
Siklosporinin lenfokin sentezini azaltarak T hiicre aktivasyonu engelledigine ve dolayli yoldan
keratinosit proliferasyonunu inhibe ettigi diisiiniilmektedir. Siklosporin lipofilik bir molekiil olup
konvansiyonel bigimde hazirlanmis oral preparatlarin emilimi son derece azdir. Hidrofilik 6zelligi
artirtlmis mikroemiilsiyonlarin emilimi ve biyoyararlanimi ¢ok daha yiiksektir. Randomize bir
calismada, Siklosporin (5 mg/kg/gilin), plaseboya kiyasla alt1 ayda agiz kurulugunda semptomatik
iyilesme ile sonuglanmistir, ancak kuru géz semptomlarinda veya okiiler ve oral kurulugun objektif
parametrelerinde degisiklik olmadig1 goriilmiistiir [44].

Siklosporin, organ nakillerinde ve bazi otoimmiin hastaliklarda kullanilan giliglii bir
immiinosiipresandir. Ancak, kullanimi bir dizi yan etki riski tasir. Yaygin yan etkiler arasinda yiiksek
kan basinci, bobrek fonksiyonlarinda bozulma, tremor bulunmaktadir.
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Rituksimab

Rituksimab, bagisiklik sistemi hiicrelerinin yiizeylerindeki CD20 ad1 verilen antijene karsi bir
monoklonal antikordur.

Primer SjS’de Rituksimabin Tolerans1 ve Etkinligi (TEARS) ¢aligmasi, kuruluk ve yorgunluk i¢in
plaseboya kars1 Rituksimabin 24 haftalik cok merkezli bir denemesi olup 120 SjS hastasinda yapilmaistir
[45]. Hastalik aktivitesi, yorgunluk ve kurulukta 6. ve/veya 16. haftalarda baz1 semptomatik iyilesme
gosterdigi belirtilmistir. Bununla birlikte, calisma, kiiresel hastalik, agri, yorgunluk ve kuruluk i¢in dort
gorsel analog 6l¢egin ikisinde en az 30 mm iyilesme olarak tanimlanan, alt1 ayda birincil ¢alisma son
noktasinda istatistiksel olarak anlamli bir fark belirlenmemistir [46].

Yan etkileri arasinda alerjik reaksiyonlar, ciddi cilt reaksiyonlari, enfeksiyon riski artisi,
konfiizyon, hafiza sorunlari, deri ve agiz sorunlari, siddetli mide agrisi, diizensiz kalp atiglari, sarilik,
enfeksiyon belirtileri ve tlimor hiicresi yikimi sendromu bulunmaktadir.

SjS tedavisinde kullanilan ilaglar Tablo 1’de listelenmistir.

Tablo 1. SjS tedavisinde kullanilan ilaglar

Semptomlar/ila¢ Gruplar flaclar

e Siklosporin
Orta siddetteki goz kurulugu tedavisi e Vareniklin

o Lifitegrast
Agiz kurulugu ve diger okiiler olmayan sikka e  Pilokarpin
semptomlarinin tedavisi e Sevimelin

e NSAID*

e DMARD**
Organ temelli hastalik ve yapisal semptomlar igin tedavi e Rituksimab

e  TNF alfa inhibitOrii***
e Hidroksiklorokin
Spesifik terapotik ajanlar e  Prednizon

e Prednizolon

e Metotreksat
Konvansiyonel immiinsiipresif ilaglar ve biyolojik e Agzatioprin
olmayan DMARD'lar e Leflunomid

e Siklosporin
e  Rituksimab

*NSAID: Non-steroidal antiinflamatuar ilaglar
**DMARD: Hastalig1 modifiye eden antiromatizmal ilaglar
***TNF alfa inhibitorii: Timor nekroz faktorii alfa inhibitori

SONUC VE TARTISMA

SjS sendromu, viicudun tiikiiriik bezleri, gozyasi bezleri ve diger salgi bezlerini etkileyen kronik
bir otoimmiin hastaliktir. Bu sendromda, viicudun bagisiklik sistemi kendi dokularma saldirarak,
tiikiirik ve gbzyasi gibi salg1 bezlerini tahrip etmektedir. Sonug olarak, hastalarda agiz kurulugu, géz
kurulugu, agiz ve burun mukozasinda kuruluk, ciltte kuruluk gibi semptomlar goriiliir. Ayrica, eklem
agrilar1, yorgunluk, kas ve sinir sistemi problemleri gibi sistemik belirtiler de ortaya ¢ikabilir. SjS’nin
degerlendirilmesi ve yonetimi, genellikle bir romatolog, bir géz sagligi uzmani ve bir dis hekimi veya
agiz tibb1 uzmanindan olugan multidisipliner bir ekip tarafindan saglanmaktadir. Hastalar, taniy1
dogrulamak ve 6ykii, fizik muayene, laboratuvar testleri ve histopatolojik bulgulara dayanarak hastaligin
ve hastalik alt kiimesinin siddetini ve derecesini belirlemek icin kapsamli bir tedavi Oncesi
degerlendirmeye tabi tutulmalidir. Yonetime yaklagim genellikle birincil veya ikincil SjS i¢in aynidir.
Tiim hastalar, terapotik yasam tarzi degisiklikleri ve farmakolojik ajanlardan yararlanmalidir.

Glandiiler genisleme veya diger organ tutulumu olmadan tek basina sikka semptomlar1 olanlari
iceren hafif SjS'li hastalarda, tedavi genellikle okiiler, oral ve diger kuruluk semptomlar i¢in lokal
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tedaviye ek olarak sekretagoglar disinda sistemik tedavi gerektirmez, durumun izlenmesi ve olagan tibbi
ve dis koruyucu bakim uygulanmalidir. Orta ve siddetli tutulumu olan hastalar genellikle klinik tabloya,
dokulara ve etkilenen organ sistemine bagli olarak immiinsiipresiflerin ve biyolojik ajanlarm kullanimi
da dahil olmak fiizere sistemik tibbi tedaviye ihtiya¢ duyarlar. Tedavi, diger sistemik romatizmal
hastaliklara, 6zellikle SLE ve RA yaklasimina benzemektedir.
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Amag: Depresyon, insan hayatimin herhangi bir doneminde ortaya ¢ikabilecek, psikiyatrik bir
hastaliktir. Antidepresanlar, depresyonun birinci basamak tedavisinde kullanilan ilaclardir.
Depresyonun antidepresanlarla tedavisi, tedavi siiresinin uzun olmasi, depresyonun tedaviye direng
gelistirmesi ve antidepresan kullandiktan sonra hastada yan etkilerin goriilmesi nedeniyle olumsuz
sonuglanabilmektedir. Tedavide basart orammin artmast i¢in mevcut antidepresanlarin
gelistirilmesi sarttir.

Sonu¢ ve Tartisma: fla¢ arastirma ve gelistirme ¢alismalarinin amaglarindan biri de ilaglarin
daha verimli kullanmilmasin saglamaktir. Son 11 yilda FDA tarafindan onaylanan antidepresanlar
incelendiginde ¢ogunlukla daha dnceden gelistirilmis olan ilaglarin farkli dozaj sekillerinin
hazirlanmasiyla, spesifik bir izomer kullamlarak ya da steroid yapili noroaktif bir madde olan
allopregnanolon benzeri maddeler gelistirilmesi seklinde ¢calismalar yapildigr goriilmektedir.
Anahtar Kelimeler: Antidepresan ilaglar, Gida ve Ilag Dairesi, ila¢ gelistirme

ABSTRACT

Objective: Depression is a psychiatric illness that can occur at any time of a person's life.
Antidepressants are medications used in the first-line treatment of depression. Treatment of
depression with antidepressants can be unfavorable due to the long duration of treatment, the
development of resistance to treatment and the occurrence of side effects in the patient after taking
antidepressants. Improvements to existing antidepressants are essential to increase the success rate
of treatment.

Result and Discussion: One of the aims of drug research and development is to ensure more
efficient use of drugs. When the antidepressants approved by the FDA in the last 11 years are
analyzed, it is seen that most of the studies were carried out by preparing different dosage forms of
previously developed drugs, using a specific isomer or developing allopregnanolone-like
substances, which is a steroidal neuroactive substance.
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GIRiS

Depresyon, fiziksel (uyku ve istah sorunlar1), duygusal (zevk alamama ve normalden fazla
degersizlik hissi) ve bilissel (hafiza ve motor fonksiyonlarinda azalma) semptomlarla karakterize olan
psikiyatrik bir bozukluktur [1].

Depresyonun bir insanin omrii boyunca goriilme oranmin ortalama %15-17 arasinda oldugu ve
bunu cinsiyete oranladigimizda depresyonun goriilme sikliginin kadinlarda erkeklere kiyasla neredeyse
iki kat daha yaygin oldugu gdzlenmistir [2,3]. Ozellikle COVID-19 salginiyla birlikte Cin, Birlesik
Krallik, Amerika ve Ispanya’da yapilan galismalarda depresif donem gegiren kisilerde belirgin bir artig
oldugu belirlenmistir [4].

Antidepresanlar, melankoli hali, uykusuzluk veya asir1 uyku durumu, kendine giiven eksikligi ve
ilgi kayb1 gibi depresyon semptomlarini azaltmak amaciyla kullanilan ilaglardir. Antidepresanlar,
depresyon, obsesif-kompulsif bozukluk (OKB), anksiyete bozukluklari, travma sonrast stres bozuklugu
(TSSB) gibi birgok psikiyatrik rahatsizligi tedavi etmekte kullanilan en iyi psikofarmakolojik
bilesiklerdir. Bu psikofarmakolojik bilesiklerin depresyon tedavisinde kullanildig1 sayisiz klinik ¢alisma
ve profesyonel gozlem ile ispatlanmistir [5]. COVID-19 ile depresyon vakalarindaki artis yeni
antidepresan onaylarina zemin hazirlamistir [4]. Antidepresan ilaglar; trisiklik antidepresanlar (TCA),
monoamin oksidaz inhibitdrleri (MAOI), secici serotonin geri alim inhibitorleri (SSRI), serotonin ve
noradrenalin geri alim inhibitdrleri (SNRI), dopamin-norepinefrin geri alim inhibitdrleri, serotonerjik
antidepresanlar, noradrenerjik ve spesifik serotonerjikler (NaSSA), noradrenalin geri alim inhibitorleri
(NRI) olacak sekilde siniflandirilmistir [2]. TCA'lar serotonin ve noradrenalin geri alimini engellerken,
MAOI'ler monoamin oksidaz enzimini inhibe ederek serotonin, dopamin ve noradrenalinin
pargalanmasini onlemektedir. SSRI'lar, serotonin geri alimini spesifik olarak inhibe ederler, SNRI'lar
ise hem serotonin hem de noradrenalin geri alimint inhibe ederler. Dopamin-norepinefrin geri alim
inhibitorleri dopamin ve noradrenalin diizeylerini artirirken, serotonerjik antidepresanlar serotonin
reseptorlerine direkt etki ederler. Bu mekanizmalar, depresyon ve diger zihinsel bozukluklarin
tedavisinde beyindeki nérotransmitter dengesini yeniden saglamayi amaglar. NaSSA, hem noradrenalin
hem de serotonin salinimini artirarak depresyon belirtilerini hafifletir, NRI ise noradrenalin geri alimini
inhibe ederek bu norotransmitterin seviyelerini yiikseltir [6-8].

Depresyonun tedavisi i¢in kullanilan antidepresanlarin istenilen yanit1 vermesi igin birkag hafta
ge¢mesi gerekmektedir [9]. Kullanilan antidepresanlar tedaviye direng gelistirebildiginden, ayrica
bulanti, sindirim sorunlari, agiz kurulugu, cinsel islev bozukluklari, kilo alimi1 ve/veya kilo kayb1 gibi
yan etki profilleri nedeniyle hastanin ilaca uyuncu azalabilmektedir [10]. Antidepresan tedavisinin
basar1 oraninin artmasi ve yan etki profillerinin azaltilmas1 i¢in yeni antidepresan ilag molekiillerinin
kesfi ve mevcut tedavilerde kullanilan antidepresanlarin gelistirilmesi gerekir. Bu calismada, ilag
aragtirma ve gelistirme g¢aligmalarina katkida bulunmak amaciyla 2013-2024 yillar1 arasinda FDA
tarafindan onay alan antidepresan molekiilleri ve bu molekiiller lizerinde yapilan c¢alismalar
incelenmistir.

2013-2024 Yillar1 Arasinda FDA Tarafindan Onaylanan ilaglar

2013-2024 yillar arasinda sirastyla; gepiron, zuranolon, breksanolon, esketamin, vortioksetin ve
levomilnasipran FDA tarafindan antidepresan ilag olarak onaylanmigtir. 2013-2024 yillar arasinda
FDA’dan onay alarak depresyon tedavisinde kullanilan ilaglar Sekil 1°de verilmistir.

Gepiron

Gepiron  (4,4-dimetil-1-{4-[4-(pirimidin-2-il) piperazin-1-il]butil}piperidin-2,6-dion), 1986
yilinda Bristol-Myers Squibb firmasi tarafindan sentezlenmis olan, uzatilmig salinimli formiilasyonu
gelistirilmeden Once, yeni bir antidepresan olarak potansiyel bir aday olamayan bir bilesiktir. Fabre-
Kramer Pharmaceuticals, tarafindan uzatilmig salinimli formu gelistirildikten sonra, Gepirone HCL
uzatilmis salimmli (EXXUA®), psikiyatrik bozukluklarin tedavisinde kullanilmaya baglanmigtir [11—
13]. Gepiron, post sinaptik 5-HT 1A reseptoriine segici etkili ve kismi agonist aktiviteye sahip, azapiron
tiirevi bir bilesiktir [13] (Sekil 1).


https://en.wikipedia.org/wiki/Bristol-Myers_Squibb
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Sekil 1. 2013-2024 yillar1 arasinda FDA onayi alan antidepresan ilaglar

Gepiron, buspironun (S$ekil 2) farmakolojik bir tiirevidir. Bu iki bilesik kimyasal yapilar1 (Sekil
1, Sekil 2) ve farmakolojik profilleri agisindan benzerdir. Her ikisi de azapiron sinifina ait olup, baslica
serotonin 5-HT1A reseptorlerinin kismi agonistleri olarak islev gérmektedir. Gepironun antikolinerjik
ve sedatif aktiviteye sahip olmamasi ve kullanimina bagli belirgin bir kilo artis1 olugturmamasi, gepirona
diger antidepresan ilaglara kars1 istiinlik saglamistir [14]. Bilesik, 28 Eyliil 2023’te major depresif
bozuklugu olan yetiskin hastalarin tedavisi i¢in FDA tarafindan onaylanmustir [11].

O

\
./

Sekil 2. Buspiron’un yapisi
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Zuranolon

Zuranolon (1-[2-[(3R,5R,8R,9R,10S,13S,14S,17S)-3-hidroksi-3,13-dimetil-2,4,5,6,7,8,9,10,11,
12,14,15,16,17-tetradekahidro-1H-siklopenta[a]fenantren-17-il]-2-oksoetil]pirazo-4-karbonitril), piya-
saya Zurzavae markasiyla ¢ikan, steroid yapili néroaktif bir bilesiktir. y-Amino-biitirik asit (GABA),
merkezi sinir sistemindeki (MSS) birincil inhibitdér nérotransmiterdir ve beynin noéronal dengesinin
korunmasinda kritik bir rol oynamaktadir [15].

Zuranolon (Sekil 1), organizmada progesterondan hareketle sentezi gergeklestirilen
allopregnanolonu (Sekil 3) taklit etmek tizere tasarlanmis bir bilesiktir ve allopregnanolon gibi endojen
noroaktif steroidler, GABA reseptorleri tizerinde modiilator etki gosterirler [16]. Noroaktif steroid yapist
tasiyan bilesiklerin (Sekil 3) GABA-A reseptorlerinin giiglii aktivatorleri olarak onci bilesik olma
potansiyeli yiiksektir [12]. Zuranolon, GABA-A reseptoriiniin pozitif allosterik modiilatoridiir [16].
Zuranolon, FDA tarafindan 4 Agustos 2023 tarihinde onay almis, dogum sonrasi depresyon tedavisinde
kullanilan bir ilag molekiilidir [13].

Allopregnanolon

Allopregnanolon  (1-[(3R,5S,8R,9S,10S,13S,14S,17S)-3-hidroksi-10,13-dimetil-2,3,4,5,6,7,8,9,
11,12,14,15,16,17-tetradekahidro-1H-siklopenta[a]fenantren-17-il]Jetanon) (Sekil 3), hem sinaptik hem
de ekstrasinaptik GABA-A reseptorlerinin pozitif allosterik modiilatorii olan steroid yapili néroaktif bir
bilesiktir [17]. Allopregnanolon, 3a-hidroksi-pregnan tiirevi olan bir ndrosteroiddir ve insan viicudunda
5a-rediiktaz ve 3a-hidroksisteroid oksidorediiktaz (3a-HSOR) tarafindan sirali olarak indirgenerek
tiretilir [18]. Allopregnanolon, GABA-A reseptorleri giiglendirir ve ekstrasinaptik GABA-A reseptor
ekspresyonunu arttirir [19]. Giincel ¢alismalar, allopregnanolon seviyesindeki degisikliklerin depresif
ve anksiyete benzer davraniglarla iligkili olabilecegini ve etkili bir antidepresan tedavisinden sonra
allopregnanolon seviyesinin normale dondiigiinii gostermistir [20]. Bu nedenle, allopregnanolonun
depresyon ve anksiyetede terapotik potansiyeli bulunmaktadir. Breksanolon (1[(3R,5S,8R,9S,10S,13S,
14S,17S)-3-hidroksi-10,13-dimetil-2,3,4,5,6,7,8,9,11,12,14,15,16,17-tetradekahidro-1H siklopenta[a]
fenantren-17-il]etanon), néronal uyarilabilirligi modiile eden steroid yapili noroaktif bir bilesik olan
allopregnanolonun (Sekil 3) enjekte edilebilir, ¢6ziiniir ve tescilli formiilasyonudur [21]. Breksanolon
(Sekil 1), Mart 2019°da yetiskin kadinlarda depresyonun tedavisi icin FDA tarafindan onaylanmistir
[16].

Esketamin

Tedaviye Direngli Depresyon (TDD), major depresif bozuklugu olan kisilerin yaklasik %30’unun
bulundugu, birden fazla antidepresanin kullanilmasina ragmen iyilesme gozlenmeyen ve maluliyete
neden olan bir hastaliktir [22]. Giiniimiizde, TDD i¢in ¢ok az miidahale imkéan1 oldugundan yeni tedavi
yaklagimlar1 gerekmektedir [23]. TDD tedavisinde, devam eden teddavide kullanilan antidepresanin
degistirilmesi veya baska bir antidepresanla kombinasyonu ve ikinci nesil antipsikotiklere baglanmasi
gibi se¢enekler bulunmaktadir [22,23].

FDA tarafindan ilk kez 1970 yilinda onaylanan ketamin, rasemik karisimdir ve temelde anestezik
ajan olarak kullanimi olmasina ragmen diisiik dozlarda antidepresan etkinligi vardir [24]. R-ketamin, S-
ketamine (Sekil 4) kiyasla giiglii ve daha uzun siireli antidepresan etki gostermektedir [25]. Ketamin
rasemik formda antidepresan olarak ana endikasyonu disinda kullanilirken, S-enantiyomeri (esketamin)
((25)-2-(2-klorofenil)-2-(metilamino)siklohekzan-1-on), burun spreyi preparati halinde Janssen
Pharmaceuticals tarafindan formiile edilmis ve TDD'li yetiskinlerin tedavisi i¢in FDA tarafindan Mart
2019'da onay almistir [26] (Sekil 1).
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Vortioksetin

Vortioksetin (1-[2-(2,4-dimetilfenil)siilfanilfenil]piperazin), Eylill 2013°te FDA tarafindan
yetiskinlerde major depresif bozuklugun tedavisi i¢in onay almis bir molekiildiir (Sekil 1). Vortioksetin,
5-HT3 (5-hidroksitriptamin 3), 5-HT7 ve 5-HT1D antagonisti, 5-HT1A agonisti ve 5-HT1B kismi
agonisti olan ¢oklu etki profiline sahip bir ilagtir [27,28]. Vortioksetinin etki mekanizmasi tam olarak
anlagilmamis olmakla birlikte, etkiledigi reseptdrler sayesinde serotonin, histamin, asetilkolin, dopamin
ve noradrenalin seviyelerini arttirmaktadir [27,29]. Vortioksetin, ¢esitli serotonin reseptorlerini
etkiledigi icin diger antidepresanlardan farmakolojik olarak farklidir ve bu durum avantaj saglamistir
[27]. 5-HT reseptorleri 6grenme ve bilissel aktiviteler tizerinde belirgin bir role sahiptir. Vortioksetinin
5-HT3 ve 5-HT7 reseptorleri iizerindeki antagonist etkisi, bu ilac1 kullanan majoér depresif bozuklugu
bulunan hastalarin biligsel aktivitelerinin iyilesmesine katkida bulunabilecegini diisiindiirmektedir [30].
Vortioksetin, tedaviye direngli depresyonda yardimci tedavi igin kullanilabilir [31]. Vortioksetin,
tedaviye direncli depresyon tedavisinde kullanilirken tercih edilen bir ilagtir; ancak, monoamin oksidaz
inhibitérleri (MAOI'ler) ile birlikte kullanilmamalidir. Ctinkii MAOT’leri, serotonin, dopamin ve
noradrenalin diizeylerini artirarak etki gosterir ve bu kombinasyon, serotonin sendromu riskini
artirabilmektedir. Serotonin sendromu, viicutta olmasi gerekenden fazla serotonin bulunmasi ile
karakterize olup, zihinsel durum degisiklikleri, kas sertligi, titreme ve ates gibi potansiyel olarak hayat:
tehdit eden semptomlarla kendini gosteren bir durumdur. Bu nedenle, vortioksetin tedavisi sirasinda
MAOI kullanimindan kaginilmasi gerekmektedir [29].

Levomilnasipran

Levomilnasipran, ((1S,2R)-2-(aminometil)-N,N-dietil-1-fenilsiklopropan-1-karboksamid), Tem-
muz 2013’te FDA tarafindan yetiskinlerde major depresif bozuklugun tedavisi amaciyla onay alan
milnasipranin aktif enantiyomeridir. Levomilnasipran secici bir serotonin ve norepinefrin geri alim
inhibitoriidiir (SNRI), fakat norepinefrin geri alimin1 inhibe etme 6zelligi serotonini geri alimini inhibe
etme Ozelliginden daha fazla segicidir (Sekil 1). Bu 06zelligi levomilnasipran1 diger SNRI ilag
molekiillerinden farkli kilmaktadir. Duloksetin veya venlafaksin (Sekil 5) ile karsilastirildiginda
norepinefrin ve serotonin geri alim inhibisyonuna segiciligi 15 kat daha fazladir [32]. Ayrica Duloksetin
ve venlafaksin her ne kadar SNRI sinifi ilaglar olsalarda, diisiik dozda alindiklarinda yalnizca 5S-HT geri
alim inhibisyonu saglarlar, norepinefrin geri alimmi inhibe etmek icin ise daha yiiksek dozlarda
duloksetin ve venlafaksin kullanimi gerekmektedir [33,34]. Son calismalar, levomilnasipranin gii¢lii
antidepresan aktivite gosterdigini ve bu etkinligini, beyinden tiireyen sinirsel biiyiime faktorii/tirosin
kinaz B reseptorii (BDNF/TrkB) aracili fosfatidilinozitol 3 kinaz (PI3K) yolagini diizenleyerek
gerceklestirebilecegini diisiindiirmektedir [35].
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Sekil 5. Duloksetin (A) ve venlafaksinin (B) yapisi

Son 11 Yilda FDA’dan Onay Almis Antidepresanlar Kullanilarak Yapilan Yeni Ila¢ Gelistirme
Cahismalan

Gepiron Benzeri Tiirevlerin Gelistirilmesi

Paluchowska ve ark. (2005) aril piperazin iskeletini kullanarak (Sekil 6) gepiron benzeri tiirevler
sentezlemislerdir. Sentezledikleri bilesiklerin in vitro kosullar altinda 5-hidroksitriptamin 1A, 5-
hidroksitriptamin 2A ve dopamin D2 reseptorleri ve in vivo kosullar altinda 5-hidroksitriptamin 1A
reseptorii lizerindeki aktivitelerini degerlendirmislerdir. [n vitro deneylerde, 5-HT1A reseptorleri igin
sicanlarin hipokampus dokusu ve 5-HT2A reseptorleri igin korteks dokusu kullanilmis, ayrica
dopaminerjik D2 aktivitesi icin siganlarm striatal membranlar1 kullanilmistir. /n vivo deneylerde ise,
Wistar siganlar1 (250-300 g) veya erkek Albino Swiss fareleri (24-28 g) kullanilmigtir. Yapilan
calismada sentez edilen tiim bilesikler in vitro kosullarda gepirona kiyasla daha yiiksek 5S-HT1 A reseptor
afinitesi gostermistir. Gepironun yapisinda bulunan tetrametilen yapisi uzatildiginda ise bilesiklerin
5HT2-A reseptorlerine baglandigi gézlenmistir. Paluchowska ve arkadaslarinin gelistirdikleri tiim
bilesikler D2 reseptor tiplerinde zayif segici etki sergilemistir. Sentez edilen bilesiklerin tamami in vivo
kosullarda presinaptik sinirler lizerinde 5-HT1A reseptorleri lizerinde agonist etki gosterirken,
postsinaptik sinirler {izerindeki 5-HT 1 A reseptorleri {izerinde sadece 1b bilesigi (Sekil 6) antagonist etki
gostermistir [36].

Chilmonczyk ve ark (2002), “trans-8-aza-8-[4-(4-pirimidin-2-il-piperazin-1-il)sikloheksil]spiro
[4.5]dekan-7,9-dion” (Bilesik 6), “trans-4,4-dimetil-1-[4-(4-pirimidin-2-il-piperazin-1-il)sikloheksil]
piperidin-2,6-dion” (Bilesik 7) ve “cis-4-(4-pirimidin-2-il-piperazin-1-il)siklohekzan-1-o1” (Bilesik 8)
olmak iizere {i¢ tane gepironun rijit analogunu sentezlemislerdir. Sentezlenen bilesiklerin 5-HT1A ve 5-
HT2A reseptorleri tizerindeki afiniteleri karsilastirilmigtir. Bilesiklerin 5-HT1A ve 5-HT2A reseptorleri
tizerindeki afiniteleri, in vitro ortamda sirastyla [3H] 8-OH-DPAT ve [3H] ketanserin radyoligandlar
kullanilarak degerlendirilmigtir. Yapilan ¢alismada, Bilesik 8’in herhangi bir reseptore afinite
gostermedigi, Bilesik 7°nin ise Bilesik 6’ya kiyasla 5-HT1A reseptoriine daha iyi bir afinite gosterdigi
bulunmustur [37].

(0]

HC Bilesik R R] R2
s TN R la 2-0CH, -H H

N4<_>7N Y @ I 2-OCH, (CH,),
2a 3-Cl -H H
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Sekil 6. Paluchowska ve ark. (2005) tarafindan sentezlenen bilesikler [36]
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Zuranolon Benzeri Tiirevlerin Gelistirilmesi

Zuranolon (Sekil 1), bir endojen néroaktif steroiddir Allopregnanolon’u taklit ederek GABA-A
reseptoriinii pozitif modiile ederler. Norosteroidler, androstanlar, pregnanlar ve siilfatl tiirevler (Sekil
6) olmak tizere smiflandirilabilirler [38]. Pregnanlar ve androstanlar genellikle GABA-A reseptor
fonksiyonlarini artirirken, siilfathi tiirevlerin baskilayici etkilere sahip olabilecegi belirtilmistir [39].
GABA-A reseptorlerinin modiilasyonuyla antidepresan aktivite gosterdigi ¢alismalarla kanitlanmigtir
[13,15,17]. Zuranolonun yapisinda steroid iskeleti bulunmasi, GABA-A reseptorlerini pozitif allosterik
olarak modiile etmesini saglarken, C19 numarali konumuna bagli pirazol halkasmin bulunmasi
antidepresan aktivitesini artirmistir [40].

Slaviskova ve ark. (2013) hekojenin ve 1la-hidroksiprogesteron baslangic maddelerini
kullanarak, 5&-pregnanolonun 11- ve 12-substitiie tiirevlerini molekiiler dokingle tasarlamis ve daha
sonrasinda sentezlerini yapmustir (Sekil 7). Sentezlenen bilesiklerin GABA-A reseptorii iizerindeki
etkileri in vitro kosullarda kloriir anyonun ortama girisi ile [®H] flunitrazepam radyoligandi kullanilarak
Olciilmiistiir. Steroid halkasmin C11 numarali konumuna kiigiik nonpolar substitiientlerin eklenmesi,
bilesikleri etkin hale getirmistir. Sa-steroidlerin yapisina 11a-OH veya polar guruplarin eklenmesinin,
etkinligi azalttigi bulunmustur. 3a-Hidroksi-11-metileno-5a-pregnan-20-on bilesiginin (Bilesik 56)
GABA-A reseptorii iizerinde en yiiksek aktivite gosterdigi bulunmustur (Sekil 7) [41].

Slavikova ve ark. (2013) sentezledikleri bilesikler Bilesik 56

Sekil 7. Slavikova ve ark. (2013) sentezledigi bilesikler [41]

Breksanolon Benzeri Tiirevlerin Gelistirilmesi

Xu ve ark. (2023), metabolitleri breksanolona doniisebilen 6n ilaglar tasarlamistir (Sekil 8).
Yapilan ¢aligmanin amaci, breksanolonun asirt sedasyona yol agma ve dogum sonrasi depresyon
hastalarinda ciddi ani biling kaybi ortaya ¢ikarma riskini azaltmak, diisiik olan suda ¢oziiniirliigiinii ve
biyoyararlanimini artirmak, ayrica yarilanma omriinii uzatmaktir. Sentezlenen 6n ilaglar in vitro ve in
vivo kosullar altinda insan plazmasinda ve karaciger S9 hiicrelerinde test edilmistir. Breksanolonun C3
hidroksiline baglanmak iizere yag asidi esterleri, karbonat ve karbamat tiirevleri gelistirilmistir. C3
hidroksile bagl yag asidi esteri yapisindaki breksanolon 6n ilaglari, breksanolonun konformasyonu ve
steroid iskeleti tarafindan korunmasi nedeniyle esterin breksanolondan ayrilmasini ve ardindan
breksanolonun salinmasini gergeklestirememistir. C3 hidroksile bagli karbonat ve karbamat grubu
varlig1 breksanolonun karacigerde veya insan plazmasinda belirgin artigina neden olmustur. Fakat bu 6n
ilaclarin insan plazmasinda stabil kalirken, karaciger hiicrelerinde stabil kalmadig1 gézlenmistir. Bu
problemi ¢6zmek ig¢in, sentezlenen bilesiklere terminal ester igeren karbonat eklenmis (Bilesik 16) ve
karaciger S9 hiicrelerinde daha verimli bir salinim gozlenmistir (Sekil 8). C3 hidroksile bagh
medoksomil karbamat grubunun varliginda elde edilen bilesigin (Bilesik 11) ise karaciger S9
hiicrelerinde daha yavas bir salinim gosterdigi goriilmustiir [42].
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Bilesik 11

Bilesik 16

Sekil 8. Xu ve ark. (2023) sentezledigi bilesikler [42]

Ketamin Benzeri Tiirevilerin Gelistirilmesi

Ketamin, (S+)-ketamin ve (R-)-ketamin enantiyomerlerinden olusan rasemik karigimdir. (S+) ve
(R-)-ketaminin birbirinden farkli farmakokinetik profilleri ve etki mekanizmalar1 vardir [43] (Sekil 4).
Ketamin, N-metil-D-aspartat (NMDA) reseptoriiniin fenilsiklidin baglanma bolgesine (MK-801)
baglanarak NMDA reseptoriinii nonkompetitif olarak antagonize eder ve bdylece analjezik,
psikomimetik, anestezik, dissosiyatif ve antidepresan etkiler gosterir [44]. Ketaminin ¢ogu (80%), N-
demetilasyon yoluyla hizli bir sekilde norketamine metabolize olur. Diger metabolitler ise
dehidronorketamin (DHNK) ve hidroksinorketamindir (HNK) [45].

Morris ve ark. (2017) ketamini baslangic maddesi kullanarak hidroksinorketamin tiirevleri
sentezlemistir [46]. Ketaminin depresyon tedavisi igin bilyiik bir potansiyeli bulunsa da sedatif ve
dissosiyatif yan etkileri kullanimini sinirlamaktadir [47]. Yapilan ¢aligmanin amaci ketaminin yan
etkilerinden kagiilarak kullanimini arttirmak olmustur. Bu amagla ketaminin metabolitleri tizerinde
caligilmigtir. Bu ¢alismada sentezlenen HNK’lar in vitro kosullarda NMDA reseptoriiniin MK-801
baglama bolgesine karsi test edilmis ve her bir metabolitin bu boélgeye olan baglanma giicii
belirlenmistir. Bu ¢aligmada sentezlenen bilesiklerden sadece (2S,6S) HNK, NMDA reseptoriiniin MK -
801 bolgesi tizerinde anlamli etki gdstermistir. Yapilan bir bagka ¢alismada Chen ve ark. (2020) ketamin
metabolitlerinin enantiyomerlerinin klinik c¢alismalarda farkli terapotik etkilerinin bulunabilecegini
gostermistir. Bu ¢alismada HNK lar fareler iizerinde stres modeli kullanilarak test edilmistir. Yapilan
caligmada, (2R,6R)-HNK’nin cinsiyet fark etmeksizin farelerde depresyon benzeri davraniglar: 6nledigi,
(2S,6S)-HNK’nin ise erkek farelerde 6grenilmis korku tepkisini azalttigi belirtilmistir. Ayni ¢aligmada
ketaminin metabolitlerinin enantiyomerleri arasinda yan etki profilleri de incelenmistir. (2S,6S)-
HNK'nin farelerde 25 mg/kg dozunda NMDA reseptorii inhibisyonuna bagli yan etkilere neden oldugu,
(2R,6R)-HNK'nin ise rasemik ketamin'den daha az yan etkiye sahip oldugu saptanmustir [48]. Fakat,
klinik olarak yiiksek konsantrasyonda (2R,6R)-HNK diizeylerinin daha zayif antidepresan yaniti ile
iliskilendirildigi ve diisilk konsantrasyonda ise daha iyi antidepresan yamiti ile iligkilendirildigi
bulunmustur [46,48]. Bu bulgu bize, (2R,6R)-HNK'nin antidepresan aktivitesinin doza bagh oldugunu
gostermektedir.
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2018 yilinda yapilan bir tez c¢alismasinda, (2R,6R)-HNK’nin antidepresan etkinligi hakkinda
literatiir taramasi yapilmistir. Bu tez g¢aligmasinda, (2R,6R)-HNK’nin tedaviye direngli depresyon
popiilasyonlarinda oldukga etkili olabilecegi belirtilmistir [49].

Li ve ark. (2024) molekiiler doking yontemiyle bir dizi ketamin tlirevini tasarlamigtir. Tasarlanan
molekiiller daha sonrasinda sentezlenmistir. Sentezlenen ketamin analoglarmin NMDA reseptorii
tizerindeki aktiviteleri, elektrofizyolojik deneyler araciligiyla tespit edilmistir. Ketamin analoglarinin
etkinligi, HEK293 hiicreleri tizerinde test edilmistir. Yapilan c¢alismada 2-(2-klorofenil)-2-
(etilamino)sikloheptan-1-on hidrokloriir ve 2-(2-klorofenil)-2-(metilamino)sikloheptan-1-on’ un
ketamine kiyasla NMDA reseptorii tizerinde daha iyi bir aktiviteye sahip oldugu rapor edilmistir [50].

Vortioksetin Benzeri Tiirevlerin Gelistirilmesi

Mo ve ark. (2021), vortioksetinden hareketle amino asitle modifiye edilmis 6n ilaglari tasarlamis
ve daha sonrasinda sentezlenmistir [51] (Sekil 9). Vortioksetin, 5-hidroksitriptamin reseptorlerini inhibe
eden coklu etki profili olan, antidepresan bir bilesiktir ve 5-hidroksitriptamin reseptorleri, beyin
hiicrelerinde bulunmakla birlikte barsak epitel hiicrelerinde de bulunmaktadir. 5-Hidroksitriptamin
reseptorlerinin gastrointestinal motiliteyi etkiledigi ¢esitli ¢alismalarla ispat edilmistir [52,53].
Vortioksetinin, gastrointestinal sistem tizerinde ¢esitli yan etkileri bulunur ve buradaki en yaygm yan
etkisi mide bulantisidir [51]. Bu yan etkilerin vortioksetinin 5-hidroksitriptamin reseptorleri tizerindeki
etkisinden kaynaklandigi diisiiniilmektedir [53]. Mo ve ark. (2021) yaptiklar1 ¢aligmada, vortioksetinin
on ilaglarim sentezleyerek, vortioksetinin gastrointestinal sistem igerisindeki 5-hidroksitriptamin
reseptorlerine baglanmasini engellemeyi, bdylece vortioksetinin gastrointestinal sistem iizerindeki yan
etkilerini azaltarak hasta uyuncunu arttirmayi amaglamiglardir [51]. Yapilan ¢alismada sentezlenen
bilesiklerin, serotonin tastyici inhibitor (SERT) aktivitelerini test etmek i¢in in vitro ortamda RBL-2H3
hiicre kiiltiirleri ve gastrointestinal sistem {izerindeki stabilitesini test etmek i¢in ise simiile edilmis mide
stvist (pH 2.0) ve simiile edilmis bagirsak sivisi (pH6.8) kullanilmistir. Vortioksetin zayif bir
¢Oziiniirliige sahiptir. Yapilan ¢aligmada, sentezlenen tiim On ilaglar, vortioksetinle kiyaslandiginda
coOzliniirliigiinde hafif bir iyilesme gozlenmistir. Mo ve ark. (2021) bilesiklerin SERT inhibitor
aktivitelerini kiyasladiginda, bilesik 3h’nin SERT inhibisyon aktivitesinin vortioksetine kiyasla daha iyi
oldugunu, bilesik 3a, 3b, 3c ve 3e’nin (Sekil 9) ise SERT inhibisyon aktivitesinin vortioksetine benzer
aktivite sergiledigni gdzlemlemislerdir. Sentezlenen tiim 6n ilaglar simiile edilmis mide s1vis1 ve simiile
edilmis bagirsak sivisi igerisinde test edilmistir ve test siiresi boyunca 6n ilaglarin %90"'indan fazlasinin
korundugu gorilmiistiir. Boylece, sentezlenen bilesiklerin gastrointestinal sistemde yeterince kararli
oldugu sonucuna vartlmistir [51].

o

v

N

3a R=CH,NH, 3e R= CH(CH,OH)NH,
3b R= CH(CH;)NH, 3f R= CH(CH(CH:)OH)NH,
N 3¢ R= CH(CH{CH,),)NH, 3g R=Pirolidin
3d R= CH(CH,CH,SCH;)NH, 31 R= CH((CH;);NH;NH,
]

Bilesik: 3a-h

Sekil 9. Mo ve ark. (2021) tarafindan sentezlenen bilesikler [51]

Milnasipran Benzeri Tiirevierin Gelistirilmesi

Milnaspiran bir serotonin ve norepinefrin geri alim inhibitérii ve zayif NMDA reseptor
antagonisti olarak antidepresan aktivite gosterir [54-56]. Roggen ve ark. (2007) milnaspiran analoglarini
enantiyometrik olarak sentezlemis ve bu bilesiklerin serotonin tastyici proteini (SERT), noradrenalin
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tasiyici proteini (NET) ve dopamin tasiyici proteini (DAT) inhibe edici etkilerini incelemiglerdir [57]
(Sekil 10). Sentezlenen bilesiklerin SERT, NET ve DAT inhibe etme 6zelliklerini test etmek igin sigan
kortikal sinaptozomlarinda [*H]-5-HT aliminin 6l¢iildiigii bir prosediir kullanilmistir [58]. Yapilan
caligmada, 6a bilesiginin enantiyomerleri arasinda belirgin potens farki gézlenmistir. NET inhibe etme
ozelligi izomer B serisinin, izomer A serisine kiyasla 20 kat daha yiiksek oldugu gozlenmistir. (-)-
(1R,2S) naftil analogunun (8h) sentezlenen bilesikler arasinda en yiiksek etkinlik gosterdigi ve SERT,
NET ve DAT'm tiglii geri alim inhibitorii oldugu belirlenmistir [57].

Bilesik Ar Bilesik Ar
C1- \\\Ar 8a Ph 8f 4-MeO-Ph
- 8b 3-CI1-Ph 8g 1-naftil
C.Hs 8c 4-C1-Ph 8h 2-naftil
HON N 8d 3.4-di-C1-Ph 8i 2-tiyofen
# T—C,H; 8e 4-F-Ph 8j 3-tivofen

" Ar " A
c1 N c1 A“\\\ T

- CaHs = j’:'-:. C,H;
“H,N NI “H;N 7 NI
C,H; o CoHs
o) o/
(-)-(1R. 28) Izomer A (+H)-(1S, 2R) Izomer B

Sekil 10. Roggen ve ark. (2007) sentezledikleri bilesikleri [57]

SONUC VE TARTISMA

Depresyon kiiresel ¢apta yayginlasan bir hastaliktir. Erken donemde tedavi edilmezse, klasik
depresyonun, tedaviye direngli depresyona ve major depresif bozukluga doénme olasiligt
yiikselmektedir. Depresyon, kisiyi intihara siiriikleme, sekonder hastaliklara sebebiyet verme ve kisinin
biligsel fonksiyonlarina zarar verme gibi olumsuz etkiler s6z konusu oldugunda hizlica tedavi edilmesi
gereken bir hastaliktir.

Covid-19 ile birlikte diinya genelinde depresyonun artmasi FDA’in antidepresanlara yonelik
bakis agisini degistirmistir. 2019 yili sonrasinda onay almis antidepresanlar genel anlamda geleneksel
antidepresanlara kiyasla daha hizli etki gostermektedir. Ayrica GABA-A reseptoriiniin antidepresan
aktivitesinin kesfedilmesiyle birlikte farkli depresyon tiplerine (dogum sonrasi depresyon) miidahale
icin ilag¢ gelistirme galigmalari hizlanmisgtir.

Genel anlamda antidepresanlarin, yan etki profilleri benzerlik géstermektedir ve bu yan etkiler
hasta uyuncunu azaltmaktadir. incelenen literatiirlerde ¢ogunlukla bilinen ilaglarin 6n ilaglar1 veya
metabolitleri iizerinden c¢aligmalar yapildig1 ve mevcut ilaglarin yan etki profillerini azaltmanim ana
amag oldugu goriilmiistiir.

Esketamin ve levomilnasipran antidepresan aktivite agisindan aktif enantiyomerler olmasina
ragmen incelenen literatiirlerde yapilan ¢alismalarda her iki bilesigin diger enantiyomerleride etkileri
acisindan degerlendirilmistir.

Ilag gelistirme calismalari, temel arastirmalar, klinik dncesi arastirmalar, klinik arastirmalar ve
tedavi onay1 olacak sekilde siniflandirilabilir. Bu derlemede, temel arastirmalar ve klinik Oncesi
aragtirmalarla ilgili literatiir calismas1 yapilmistir. Burada verilen ilaglarin ve 6zelliklerinin yeni ilag
gelistirilme ¢aligsmalarinda faydali olabilecegi diigiiniilmektedir.
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FLAVONOITLERIN AKCiGER KANSERINE KARSI ETKIiLERi

THE EFFECTS OF FLAVONOIDS AGAINST LUNG CANCER
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Amac: Kanser, iilkemizde ve diinyada yaygin olarak gériilen, kroniklesebilen ve bulasici olmayan
bir hastalik tiiriidiir. Kanser tedavisinde kemoterapi, immiinoterapi, radyoterapi, fitoterapi, palyatif
tedaviler ve cerrahi yontemler kullaniimaktadir. Bu derleme flavonoitlerin akciger kanserini 6nleme
ve tedavi etme iizerindeki etkilerini inceleyen in vitro, in vivo ve klinik ¢alisma sonuglarin
degerlendirmeyi amag¢lamaktadir. Ayrica flavonoitlerin hangi mekanizmalar ile akciger kanserini
onlemede ve tedavi etmede kullanildigr arastiriimistir.

Sonu¢ ve Tartisma: Flavonoitlerin akciger, meme, yumurtalik, ozofagus ve Kkolorektal
kanserlerdeki etkinlikleri ile ilgili pek ¢ok ¢alisma bulunmaktadir. Ozellikle akciger kanserindeki
etkinliklerini degerlendirmek igin in vitro, in vivo ve klinik ¢alisma bulgulari da mevcuttur. Bu
bulgular 1s1g¢inda  flavonoitler antioksidan, antienflamatuvar, antiproliferatif aktiviteler,
biyoaktiflestirici enzimlerin inhibisyonu ve detoksifiye edici enzimlerin indiiksiyonu dahil olmak
tizere bir¢ok etki ile antikanser aktivite gostemektedir. Bunun yani sira flavonoitler segici olarak
akciger kanseri hiicrelerini apoptoza tegvik ederek antikanser etki saglamaktadirlar ve normal
saglhkly hiicrelere zarar vermemektedirler. Sonug¢ olarak flavonoitlerin preklinik ¢alismalarda
akciger karsinogenezini inhibe ettigi ve burada gorevli olan sinyal yolaklarini hedefleme
kapasitesine sahip oldugu anlasilmakla beraber, ¢ok daha fazla klinik ¢alismanmin yapilmasinin
gerekliligi ortaya ¢ikmustir.

Anahtar Kelimeler: Akciger kanseri, flavonoit, in vitro, in vivo, klinik ¢alismalar

ABSTRACT

Objective: Cancer is a type of chronic and non-contagious disease that is common in our country
and in the world. Chemotherapy, immunotherapy, radiotherapy, phytotherapy, palliative treatments
and surgical methods are used in cancer treatment. This review aims to evaluate the results of in
vitro, in vivo and clinical studies examining the effects of flavonoids on the prevention and treatment
of lung cancer. In addition, the mechanisms by which flavonoids are used to prevent and treat lung
cancer were investigated.

Result and Discussion: There are many studies on the efficacy of flavonoids in lung, breast,
ovarian, esophageal and colorectal cancers. In vitro, in vivo and clinical study findings are also
available to evaluate their efficacy especially in lung cancer. In the light of these findings, flavonoids
show anticancer activity with many effects including antioxidant, anti-inflammatory,
antiproliferative activities, inhibition of bioactivating enzymes and induction of detoxifying enzymes.
In addition, flavonoids selectively induce apoptosis of lung cancer cells, thereby providing
anticancer effects and do not harm normal healthy cells. In conclusion, flavonoids inhibit lung
carcinogenesis in preclinical studies and have the capacity to target the signaling pathways involved
in lung carcinogenesis, but much more clinical studies are needed.
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GIRIS

Kanser, Diinya tizerinde en sik goriilen alt1 hastaliktan biridir [1]. 2022 yilinda yaklagik 20 milyon
yeni kanser vakasi (melanom dig1 cilt kanserleri [NMSC'ler] dahil) ve kanserden kaynaklanan 9.7
milyon 6lim (NMSC dahil) meydana gelmistir [2]. Kanser, genellikle hiicresel diizeydeki kontrolsiiz
biliylime sonucunda olusan ve yavas yavas ilerleyen, ¢ok karmasik bir hastaliktir [3]. Kanserli hiicreler
kontrol mekanizmalarini kaybedip siirekli ¢ogalarak invazyon yaparlar ve bunun sonucunda organlarda
zararl etkiler meydana getirirler [4]. Son yapilan galismalar; akciger, meme ve kolorektal kanserlerin
en sik goriilen ii¢ kanser tiiri oldugunu gostermistir. Bunlara ek olarak akciger kanseri, kolorektal kanser
ve mide kanseri en fazla 6ldiiriict etkiye sahip ilk {i¢ kanser tiirtidiir [5]. Akciger kanseri vakasi tanist
alan hastalardan yaris1 bir y1l igerisinde hayatini kaybetmektedir. Hayatta kalma olasilig1 ise kanserin
bulundugu evreye gore degiskenlik géstermektedir [6]. Kanser gelisimi ¢ok agamali bir siiregtir. Normal
hiicrelerin tam malign hale gelmesi belirli bir zaman aldig1 i¢in bu asamalarda miidahale edilebilir [7].
Ozellikle akciger kanserinde genellikle tan1 ge¢ evrede konuldugu igin cerrahi islem tedavi icin ¢ok
tercih edilmemektedir. Bu nedenle de radyoterapi ve kemoterapi bu hastaligin temel tedavisini
olusturmaktadir [8]. Ama kemoterapi hem hastaya ¢ok fazla zarar vermektedir hem de hastalar
kemoterapide kullanilan ilaglara kolaylikla direng kazanabilmektedir [9].

Cok uzun yillardir kanser hastaliginin tedavisi ya tek bir yontem kullanilarak ya da cerrahi,
radyasyon ve kemoterapi yontemlerinin kombinasyonu ile yapilmaktadir [10]. Fakat tedavinin bazi
durumlarda kesin bir sonug vermedigi ve bazen de istenmeyen yan etkileri olugturdugu gézlenmistir [7].
Bu nedenle bu tedavilerin yani sira karsinojenezin gelisimini ve ilerlemesini engellemek, geciktirmek
veya tersine ¢evirmek igin dogal veya sentetik maddeleri veya bunlarin kombinasyonlarini1 kullanan
"kemoprevensiyon" adi verilen, kanserin 6nlenmesine yonelik umut verici bir yaklagim gelistirilmigtir
[11]. Son zamanlarda kemoprevensiyon olarak bilinen yaklasimda dogal kaynakli bilesikler 6n plana
cikmaktadir. En ¢ok dikkat geken grup ise flavonoitler olmustur. Flavonoitler sebzeler, meyveler,
tahillar dahil olmak iizere pek ¢ok bitkisel kaynakli gidada bulunan en biiyiik polifenol grubudur [12].
Flavonoitler sar1 renkli olmalari nedeniyle Latince sart renkli anlamindaki ‘flavus’ kelimesinden
tiiretilerek bu ad1 alan sekonder metabolit grubudur. Flavonoitlerin bitkilerde temel gérevi savunmadir.
Bunun yani sira ¢igeklerin renklerinin olusumundan ve kokularindan sorumludurlar. Bu bilesikler
bitkiyi stres kosullarindan ve istenmeyen UV (Ultraviyole) 1sinlarindan korurlar ve boyle durumlarda
miktarlarinda belirgin artis gozlenir. Flavonoitlerin bitkilerdeki konsantrasyonu ve kompozisyonu
bitkinin farkli kisimlarma bagli olarak degisir. Yaprak ve meyve kabuklar stres kosullarina artan
duyarliliklar nedeniyle flavonoit agisindan zengin kisimlardir. Flavonoitler alt1 iiyeli heterosiklik bir
piran halkasinin iiyesi olan ve {i¢ karbonlu bir kopriiyle baglanan iki aromatik halkadan olugmaktadir
[7]. Yapilan in vitro ve in vivo galismalar, flavonoitlerin gesitli hastaliklar1 6nlemek i¢in ¢ok etkili
oldugunu gostermistir. Bu hastaliklardan en 6nemlilerinden biri de kanserdir [13]. Reaktif oksijen tiirleri
(ROS) kanserin ortaya ¢ikmasinda ve ilerlemesinde 6nemli roller oynar [14]. Flavonoitlerin, ROS ve
cesitli serbest radikaller de dahil olmak {izere, cogu oksitleyici molekiil tipini son derece etkili bir sekilde
siiplirdiikleri yapilan c¢alismalar ile gosterilmistir. Flavonoitler kanserojenlerin biyoaktivasyonu
iizerinde de etki gostermektedir. Kersetin, kemferol, naringin, galangin ve apigenin gibi flavonoitlerin,
CYP1A (Sitokrom P) ve CYP3A4 (Sitokrom 3A4) enzim ailelerine ait sitokrom P450 enzimlerini inhibe
ettikleri bildirilmistir. Bu enzimler, polisiklik hidrokarbonlar ve heterosiklik aminler gibi bir dizi insan
kanserojeninin aktivasyonunda énemli rol oynamaktadir [15]. Ayrica flavonoit kaynakli otofaji, timor
tedavisinde flavonoitlerin temel etki mekanizmasi olarak 6n goriilmektedir [16]. Bunlara ek olarak
flavonoitler epitelyal-mezenkimal gegisi diizenleyerek kanser hiicrelerinin metastatik olarak yayilmasi,
g0cli ve istilasi tizerinde inhibit6r etkilere de sahiptir [17].
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Bu derlemede, flavonoitlerin antikanser etki mekanizmalar1 ve akciger kanseri tizerindeki etkileri
arastirtlmistir. Ayrica flavonoitlerin tedavide ve kanserin yayilimindaki rolii, konuyla ilgili yapilmis in
vitro, in vivo ve klinik ¢aligma bulgulari 1s1ginda degerlendirilmistir.

In Vitro Calismalar

Chang ve arkadaglar tarafindan 2017 yilinda yapilan bir ¢aligmada, naringeninin A549 (Kiigiik
hiicreli olmayan akciger kanseri hiicre hatt1) hiicrelerinin migrasyonu tizerindeki etkileri arastirilmustir.
24 ve 48 saatlik naringenin (0-300 pM) tedavisine yanit olarak A549 hiicre proliferasyonunda biiyiik
oranda olumlu degisiklik gézlemlenmistir. Arastirmacilar naringenin varliginda A549 hiicrelerinde doz
bagimli migrasyon inhibisyonunu incelemek ig¢in iyilesme ve kuyucuk i¢i migrasyon analizleri
yapmistir. Bunlara ek olarak zimografi analizi de yapilmistir. Naringenin matriks metalloproteinaz
(MMP)-2 ve -9 aktivitelerini ve protein kinaz B aktivitelerini doz bagimli olarak inhibe etmistir. Sonug
olarak naringeninin, akciger kanseri A549 hiicrelerinin migrasyonunu inhibe ederek, protein kinaz B,
MMP-2 ve -9 aktivitelerini azaltarak antikanser etki gosterdigi tespit edilmistir [18].

2017 yilinda yapilan bir caligmada arastirmacilar hesperidinin A549 hiicre hatlarinda, apoptoz ve
hiicre canlilig tizerindeki etkilerini aragtirmistir. AS49 ve insan normal akciger epitelyal BEAS-2B
hiicre hatlarinda hesperidin’in etkilerini incelemek igin arastirmacilar MTT (3-(4,5-dimetiltiazol-2-il)-
2,5-difeniltetrazolium bromid) ve akis sitometri yontemlerini kullanmiglardir. 72 saat boyunca 50, 75,
100 ve 125 pg/ml konsantrasyonlarda hesperidin kullanilan A549 hiicreleri morfolojik olarak degisiklik
gostermistir ve apoptoz indiiklenmistir. A549 hiicrelerinin canliligi azalmistir. Hesperidin BEAS-2B
hiicrelerinde olumsuz bir etkiye sebep olmamistir ve farkli konsantrasyonlarda hesperidin ile tedavi
edilen hiicrelerin canlilig1 kontrol grubuna kiyasla zaman ve doza bagh olarak inhibe olmustur.
Apoptotik yolakta yer alan proteinlerin ekspresyonu Western Blot analizi kullanilarak belirlenmistir.
Hesperidin, B hiicreli lenfoma-2 (Bcl-2) ve Bcl protein diizeylerini down regiile etmistir ve bu sekilde
A549 hiicre apoptozunu indiiklemistir. Bu flavonoitin hiicre dongiisii lizerine olan etkisini incelemek
amaci ile de akig sitometrisi yontemi kullanilmistir. A549 hiicrelerinde p21 ve p53 ekspresyonu artarak
ve siklin D1 ekspresyonu azalarak hiicre dongiisii GO/G1 fazinda durmustur. Sonug olarak hesperidinin,
kiiciik hiicreli olmayan akciger kanserinin tedavisinde potansiyel bir ila¢ etken maddesi olarak
gelistirilebilecegi arastirmacilar tarafindan vurgulanmigtir [19].

Kemferol (K), kiigiik boyutlu altin nano kiimeleriyle (AuNC) konjuge edilmis olarak bilinen bir
antikanser ilagtir. 2019 yilinda yapilan bir galismada arastirmacilar tarafindan K-AuNC'ler sentezlenmis
ve antikanser etkisi A549 akciger kanseri hiicre hatlar lizerinde test edilmistir. K-AuNC 12.5 pg/ml
konsantrasyonda kanser hiicrelerinin ¢ekirdeklerinde hasar meydana getirmistir. Tedavi edilmemis
hiicrelerin morfolojisi saglam ve diizenli kalirken, K-AuNC'lerle tedavi edilen akciger kanseri hiicreleri
cekirdeklerinde farkli kirilmalar meydana gelmistir. Bu durum hiicrelerde apoptoz meydana geldigini
gostermistir. Ayrica K-AuNC'lerin kanser hiicrelerinin ¢ogalmasi iizerindeki etkisini degerlendirmek
amaciyla koloni olusturma testi uygulanmistir. 24 saat boyunca hig¢bir tedavi uygulanmayan ve K-AuNC
uygulanan A549 hiicre hatlari kargilastirildiginda, K-AuNC uygulanan hiicrelerde ciddi bir oranda daha
az koloni olusmustur. Bu sonuglar da kemferoliin akciger kanseri tedavisinde olumlu sonuglar meydana
getirebilecegini gostermistir [20].

2020 yilinda yapilan bir ¢alismada arastirmacilar mirisetinin radyorezistan akciger kanseri
hiicrelerinin (A549-IR) invazyonu ve de gogi tizerindeki etkisini incelemislerdir. A549 veya A549-IR
hiicrelerinin canlilig1 tizerine test edilen flavonoitlerin etkisini incelemek igin MTT testi yapilmustir.
MTT testi i¢in hiicreler (4 x 10® hiicre/kuyu) 96 kuyucuklu plaklara ekilmis ve her bir kuyucuga 20 ul
(5 mg/ml) MTT c¢ozeltisi eklenmis ve 6lgliim yapilmistir. Ayrica hiicrelerde yara kapanma yiizdesine de
bakilmistir. Arastirmacilar flavonoitlerin antikanser aktivitesinin molekiiler mekanizmasin1 Western
Blot analizi ile belirlemislerdir. Birincil antikorlar, deneyler i¢in 1:1.000 oraninda seyreltilmistir. Isiya
dayanikli protein (Heat-resistant protein, HRP)-konjuge anti-tavsan veya anti-fare 1gG, 1:5.000
seyreltmede kullanilmistir. 12 Gy ile irradiye edilmis A549 hiicrelerinin A549 hiicrelerine kiyasla daha
invaziv Ozelliklere sahip oldugu bulunmustur. A549-IR hiicrelerinde artan bir go¢ potansiyeli
gorilmiistiir. A549-IR hiicrelerinin go¢ Ozelliklerini anlamak igin transkriptom analizi yapilmistir.
A549-1R hiicreleri 199 up regiile ve 222 down regiile olmus gen dahil olmak iizere degismis bir global
transkripsiyon profili sergilemistir A549-IR hiicrelerinin, MMP-2 protein seviyelerinde ve gen
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ekspresyonunda artig olmustur. Dolayisiyla irradiye etmenin epitelyal-mezenkimal gecis 6zelliklerini
tesvik ederek AS549 hiicrelerinin invazyon ve gog¢ kabiliyetini artirabilecegi sonucuna varilmgtir.
Mirisetinle tedavi edilen A549-IR hiicrelerinde yogun sitotoksisite gozlenmistir (%100’e yakin, p <
0.05). Ayrica, Fokal adezyon kinaz (FAK)- Ekstraseliiler sinyal-Regiile Kinaz (ERK) sinyalinin
mirisetin tarafindan inhibisyonunun aktin dinamikleri {izerinde bir etkisi olup olmadigini1 dogrulamak
icin aktin polimerizasyon deneyi yapilmistir. A549-IR hiicrelerinde mirisetin maruziyeti tizerine F-
aktin/G-aktin orami azalmistir. Bu ¢alismanin sonuglari, mirisetinin FAK-ERK sinyal yolunun
inhibisyonu yoluyla MMP-2 ve MMP-9 ekspresyonunu baskilayarak radyorezistan akciger kanseri
hiicrelerinin (A549-1R) invazyonunu ve go¢iinii inhibe edebilecegine dair deneysel kanitlar sunmustur
[21].

Wei ve arkadaglari tarafindan 2020 yilinda yapilan bir c¢aligmada sisplatinin antikanser
aktivitesini giliclendirmek amaci ile histon deasetilaz inhibisyonunu ve apoptotik ve hiicre dongiisii
diizenleyici genlerin, se¢ilmis flavonoitler ile olusan modiilasyonunu incelemistir. Sisplatin ve ¢aligma
icin se¢ilmis olan flavonoitler kombine sekilde NSCLC (A549, H460 ve H1299) insan kii¢iik hiicreli
olmayan akciger kanseri hiicre hatlarinda incelenmistir. Bu ¢alismada hiicre canliliklar1 Sulforhodamine
B (SRB) sitotoksisite testi kullanilarak degerlendirilmistir. 100 pl kiiltiir ortamina her kuyucuga 5 x 103
hiicre olacak bigimde toplamda 96 adet kuyucuga ekim yapilmistir. Daha sonra bir gece boyunca
hiicreler inkiibasyona birakilmigtir. Bu iglemin ardindan kanser hiicrelerine sisplatin (0.05-50 uM, 1:1),
SAHA (Vorinostat/ HDAC inhibit6rii, 0.05-10 uM, 1:1), apigenin (0.1-50 uM, 1:1), sisplatin + apigenin
kombinasyonu (sabit ilag oraninda 1:5 A549, H460'ta 1:10 veya H1299'da 1:4) uygulamasi yapilmustir.
Bu islem sonucu Sisplatin-apigenin kombinasyonunun, sirastyla p21 ve proapoptotik proteini (PUMA)
indiikleyerek, tek basina sisplatin veya apigenin ile karsilastirildiginda anlamli diizeyde (0.39 + 0.08'lik
bir CI (SAHA + sisplatin 1:10 oraninda; SAHA ve sisplatinin 1Csq'si sirastyla 0.53 = 0.11 ve 5.3 £ 0.7
uM'dir) ve 0.47 + 0.04'lik bir CI (apigenin + sisplatin 5:1 oraninda; apigenin ve sisplatinin
ICso'si sirastyla 25.4 + 3.1 ve 5.3 + 0.7 uM'dir)), daha fazla S faz1 uzamasina ve G2/M hiicre dongiisii
durmasina ve apoptoza neden oldugu tespit edilmistir. Apigenin konsantrasyon ve zamana bagli olarak
histon asetilasyonunu artirmistir. Buna ek olarak NSCLC hiicrelerinde sisplatinin antiproliferatif etkisini
de artirmistir. Bu calismada, apigenin'in hiicre donglisii durmasi ve apoptozu indiikleyerek sisplatinin
antikanser etkisini giiclendirmek i¢in bir histon deasetilaz inhibitorii olarak islev gordiigi sonucuna
vartlmistir [22].

2021 yilinda Kang ve arkadaslar1 yaptiklar1 bir ¢alismada, Taraxacum mongolicum Hand-
Mazz'dan elde ettikleri total flavonoitlerin (TFTM) kiiciik hiicreli olmayan akciger kanseri hiicre hatlari
ve bagigiklik sistemi tizerine olan etkisini arastirmiglardir. Bu ¢aligmada A549 ve H1299 hiicreleri
kullanilmig ve 100 ve 200 pg/ml konsantrasyonlarda TFTM’nin bir giinde her iki hiicre hattindaki
hiicrelerinin ¢ogalmasi iizerinde oldukga etkili oldugu goriilmiistiir. Metastazi engellemis, apoptozu
indiiklemistir ve tiimor inhibisyon oranini arttirmistir. Tiimdr dokularinda Ki67 ekspresyonu dnemli
Olglide azalmistir. Caligma sonucunda TFTM akciger kanserini Onleyici bir etkiye sahip oldugu
gbzlenmistir. Bu etkisinin siklofosfamitten daha hafif diizeyde tiimor biiyiimesini inhibe edici
ozelliginden kaynaklandig diisiiniilmiistiir [23].

Baska bir ¢alismada Xiang-Bo Jia ve arkadaglari Lotus yapragi flavonoitleri (LLF)’ ni kullanarak
insan akciger kanseri A549 hiicrelerine ve insan kiiciik hiicreli akciger kanseri hiicreleri H446 tizerindeki
apoptotik etkilerini incelemislerdir. Ekstraksiyon i¢in 200 g Lotus yapragi 4 | %70 etanol ile
tilketilmistir. Ekstraksiyon i¢in 3 saat boyunca 60 °C'de bir su banyosunda bekletilmis ve siiziilmiistiir.
Ham ekstre FL-3 makrog6zenekli re¢ine cam kolona tatbik edilmistir. Reg¢ineden gegen siiziintii atilmig
ve recine renksiz hale gelene kadar %70 etanol ile eliie edilmistir. Elde edilen siiziintii saflagtirilmis
flavonoit tozu elde etmek i¢in dondurularak kurutulmus ve yiiksek performansli sivi kromatografisi ile
flavonotilerin analizi yapilmistir. LLF baslica bes aktif madde icermektedir. Bunlar kersetin,
kemferitrin, hiperozit, astragalin ve floridzin olarak tespit edilmistir. LLF'nin 500 pg/ml'e
konsantrasyona kadar normal hiicrelere toksik etki gostermedigi belirlenmistir. Buna karsin A549
hiicreleri ve H446 hiicrelerinin biliylimesi ve ¢ogalmasi tizerinde inhibe edici etkiler olusturmustur. LLF
konsantrasyonu arttik¢a Ve maruziyet siiresi uzadik¢a daha fazla inhibitor etki goriilmistiir. 125, 250 ve
500 pg/ml konsantrasyonlarda LLF, A549 hiicrelerinin canliligini sirastyla %21.52, %55.91 ve %83.33
oraninda inhibe etmistir. Ayrica LLF, A549 hiicrelerinde malondialdehit ve ROS seviyelerini artirmis
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ve SOD aktivitesini azaltmistir. 125 pg/ml ve 250 pug/ml konsantrasyonlarda LLF uygulanan A549
hiicreleri S fazinda kalmis ve G fazina gegememistir. Sonuglar, LLF'nin belirli bir konsantrasyona kadar
normal hiicreler icin toksik olmadigini, ancak AS549 akciger kanseri hiicrelerinin ¢ogalmasini
engelleyebildigini gostermistir. LLF, normal hiicreler icin giivenli kabul edilen konsantrasyonlarda
A549 hiicrelerinin apoptozunu indiikleyebilmistir. Ayrica, LLF'nin ROS/p38 MAPK yolagi ile ilgili
genleri etkileyebildigi ve boylece A549 hiicrelerinin proliferasyon inhibisyonu ve apoptoz indiiksiyonu
iizerinde etkili oldugu gosterilmistir. LLF, kanser hiicrelerinin inhibisyonu iizerinde bes ana flavonoitin
etkili olabilecegi ve bu nedenle, LLF'nin aktif bilesenleri araciligiyla kanser hiicrelerini inhibe
edebilecegi sonucuna varilmustir [24].

2020 yilinda yapilan bir ¢alismada luteolin, kersetin ve apigenin flavonoitlerinin akciger kanseri
hiicrelerine karst Dogal Katil Hiicrelerin (Natural Killer, NK) aktivitesi ile perforin ve graniilizin
salgilar1 tizerindeki immiinomodiilator etkileri incelenmistir. Akciger kanseri hiicrelerine karst NK
hiicre aktivitesi MTT testi kullanilarak degerlendirilmistir. Sonuglara bakildigi zaman {i¢ flavonoitin de
akciger kanseri hiicrelerine karsi NK hiicresi aracili sitotoksisitede dnemli bir artisa sebep oldugu
gozlenmistir. Bu etki doz bagiml olarak degisim gostermistir. En yiiksek aktivite degerleri 2.5 ve 25
pg/ml konsantrasyonlarda apigenin ve luteolinle (sirasiyla %150 ve %140) goriilmiistiir. Kersetinde ise
maksimum aktivite 50 pg/ml’de tespit edilmistir. Apigenin ve luteolinle tedavi edilen NK hiicreleri
aracili sitotoksisite i¢in sitotoksik graniillerin salgilanmasi artmis ancak kersetinle tedavi edilenlerde bu
etki gozlenmemistir. Kersetin’in daha farkli mekanizmalarla etki edebilecegi diisiiniilmektedir.
Arastirmanin bulgulari, her {i¢ flavonoitin de akciger kanseri tedavisine yonelik NK hiicre sitotoksik
aktivitesi ve graniil salgilama profilleri lizerinde bazi Onemli immiinomodiilatér etkilere sahip
olabileceklerini gostermistir [25].

Padmini Rajendran ve arkadaglar tarafindan 2020 yilinda Mirisetin ve A549 akciger kanseri
hiicreleri arasindaki iliski incelenmistir. Arastirmacilar mirisetinin A549 hiicreleri tizerindeki sitotoksik
etkisini degerlendirmek i¢in MTT testini tercih etmislerdir. Bu hiicrelere farkli konsantrasyonlarda
mirisetin uygulanmstir. Hiicreler 6.25; 12.5; 25; 50 ve 100 pg/ml konsantrasyonlarda mirisetine maruz
birakildiginda hiicre biiylimesi inhibisyon oranlar1 sirasiyla %7, %20, %31, %43 ve %55'e yiikselmistir.
Ab549 hiicreleri izerindeki anlamli sitotoksik etkisi sebebiyle, 73 ug/ml olan 1Cso konsantrasyonu daha
ileri antikanser ¢alismalarinda kullanilmak {izere secilmistir. Hiicre dongiisiiniin GO/G1 fazinda durmasi
mirisetin uygulanan A549 hiicrelerinde, uygulanmamis hiicrelere kiyasla daha giiglii bir sekilde
goriilmiistiir. Antikanser molekiil aday1 olarak test edilen mirisetin, kanser hiicreleri ile etkilesime girmis
ve apoptotik hiicre dliimiinii biiyiik oranda artirmistir. Ayrica, mirisetin uygulanan A549 hiicrelerinde
ROS miktarinda artig oldugu tespit edilmistir. Bu da mirisetinin A549 hiicrelerinde ROS birikimi
araciligiyla apoptozu indiikledigini ortaya koymustur. Bu sonuglar, mirisetinin A549 akciger kanseri
hiicrelerinde hiicre dongiisiiniin ilerlemesini ve ROS'a bagli mitokondri aracili 6liimleri durdurarak
sitotoksik potansiyel sergiledigini ve akciger kanseri terapotikleri ig¢in bir ila¢ adayr olarak
gelistirilmesinin yararli olacagini gdstermistir [26].

2022 yilinda yapilan bir baska calismada Coreopsis tinctoria Nutt.’tan elde edilen total
flavonoitlerin (CTF) antikanser etkisi arastirilmigtir. CTF'nin bilesimi, ultra yiiksek performansl sivi
kromatografisi kullanilarak analiz edilmistir. CTF'nin hiicre canlilig tizerindeki etkisini incelemek igin
CCK-8 (Hiicre Saymm Kiti-8) testi yapilmistir. 37 °C'de 24, 48 ve 72 saat boyunca ¢esitli CTF
konsantrasyonlar1 (25, 50, 100, 200, 400, 600, 800 veya 1.000 ug/ml) ile inkiibasyona birakilmistir.
CTF, kontrol grubuyla kiyaslandiginda A549 ve H292 hiicrelerinin proliferasyonunu zamana ve doza
bagli olarak inhibe etmistir. Apoptozu tespit etmek i¢in akis sitometrisi kullanilmistir. 50, 100 ve 200
pg/ml konsantrasyonlarda CTF uygulamasindan sonra, A549 hiicrelerinin apoptoz orani; kontrol
grubuna kiyasla sirasiyla 18.87 + 1.27 (50 pg/ml), 32.57 + 0.38 (100 pg/ml), 60.17 = 5.60 (200 pg/ml)
15.7 + 2.66 (kontrol grubu) olarak ve H292 hiicrelerinin apoptoz orani, hiicrelere CTF uygulandiginda
(25, 50 ve 100 pg/ml) sirasiyla 16.27 + 0.55 (50 pg/ml), 20.33 = 0.15 (100 ug/ml), 47.03 + 0.64 (200
pg/ml) 9.73 +2.16 (kontrol grubu) olarak bulunmustur. CTF'nin A549 ve H292 hiicrelerinin apoptozunu
doz bagiml olarak indiikledigi anlagilmistir. Mito-tracker Red CMXRo kullanilarak CTF varliginda
mitokondriyal membran potansiyelinde bir azalma olup olmadigi incelenmistir. Hiicreler, 24 saat
boyunca farkli CTF konsantrasyonlariyla (50, 100, 200 pg/ml) inkiibasyona birakilmig ve mitokondriyal
membran potansiyelinde 6nemli azalmalar meydana gelmistir. Apoptozla iliskili proteinlerin
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ekspresyonundaki degisiklikleri tespit etmek icin Western Blot yontemi tercih edilmistir. Bunun
sonucunda da apoptozda oldukga etkili olduklari bulunmustur. Tiim sonuglar, CTF'nin akciger kanseri
iizerindeki antitimor aktivitesinin PI3K-Akt sinyal yolunun inhibe edilmesi ve mitokondriyal aracili
apoptoz yolunun aktive edilmesiyle iliskili olabilecegini gostermistir [27].

Jakimiuk ve arkadaslar tarafindan 2024 yilinda yapilan bir ¢alismada, 37 flavonoitin A375 ve
C32 melanom hiicre hatlar1 {izerindeki antikanser aktiviteleri incelenmistir. Bu amagla, A375 ve C32
melanom hiicrelerinde sitotoksik testler, DNA biyosentez inhibisyon seviyeleri ve hiicre 6liimiinde yer
alan apoptoz yolaklari arastirilmigtir. Ek olarak flavonoitlerin antikanser aktivitesinin molekiiler
mekanizmas1 Western Blot ve immiinofloresan analizleri ile hiicrelerin canliligt MTT kolorimetrik testi
ile belirlenmistir. Yapilan ¢alisma sonucunda 6 bilesik (apigenin, luteolin, 5,6-dihidroksiflavon, 7,8-
dihidroksiflavon, zapotin, genistein) 6, 25, 12,5, 25, 50, 100 veya 200 uM konsantrasyonlarda hem A375
hem de C32 hiicre hatlarinda gii¢lii antikanser aktiviteler gdstermistir. 48 saat sonunda en aktif bilesigin
Zapotin oldugu tespit edilmistir. 16 bilesik [apigenin 8- C -glukozit (viteksin), apigenin 7- O -glukozit,
luteolin  7- O -glukuronit, luteolin 7- O -sambubiozit, 5,7,3'-trihidroksi-4'-asetoksi-flavon-8- C -
ksilozit-2"- O -glukozit (sklerantozit A), 5,7,3'-trihidroksi-4’-metoksiflavon-8- C -ksilozit-2"- O -
glukozit  (sklerantozit B), 5,7-dihidroksi-3'-metoksi-4'-asetoksiflavon-8- C -ksilozit-2"- O -(4"-
asetoksi)-glukozit (sklerantozit C), 5,7-dihidroksi-3'-metoksi-4'-asetoksiflavon-8- C -arabinozit-2"- O -
(4"-asetoksi)-glukozit (sklerantozit D), kemferol 3- O -glukuronid, kemferol 3- O -galaktozit
(hiperozit), ikariin, kersetin 3- O -glukuronit , kersetin 3- O -rutinozit-7- O -glukozit, hesperetin 7- O -
rutinozit (hesperidin), hesperetin 7- O -neohesperidozit (neohesperidin), daidzein] ise 200 uM
konsantrasyonda bile etkili olmamustir. Arastirmacilar kanser hiicrelerinin canliligindaki azalmanin
hiicrelerdeki proliferasyonda azalma sonucunda olabilecegini diisiinerek DNA sentezi tizerindeki
etkilerini incelemislerdir. Zapotin’e maruz kalan hiicrelerdeki DNA sentezi hizinin ciddi oranda
azaldigini belirlemislerdir. Ayrica bazi (luteolin, 5,6-dihidroksiflavon, 7,8-dihidroksiflavon, zapotin)
flavonoitlerin en diisiik konsantrasyonda (25 uM) bile apoptozu ciddi oranda artirdigini belirlemislerdir
[28].

In Vivo Calismalar

Shin ve arkadaslar1 2006 yilinda yaptiklari bir caligmada, siganlarda tamoksifenin kersetin ile oral
yoldan uygulanmasmin tamoksifenin biyoyararlanimi ve antikanser etkisindeki degisimini
degerlendirmislerdir. Caligmada disi Sprague-Dawley si¢anlari (270-300 g) kullanilmistir. Hayvanlar
22+2°C, %50-60 bagil nem ve 12 saatlik 1sik-karanlik dongiisiinde tutulan laminer akish
kafeslerde tutulmustur. Siganlar her biri alt1 hayvandan olusan bes gruba ayrilmistir. 1. Kontrol grubu
(oral, 10 mg/kg tamoksifen), 2., 3. ve 4. Gruplar sirasiyla 10 mg/kg tamoksifen ile oral olarak uygulanan
1.5, 7.5 veya 15 mg/kg kersetin ve 5. Grup: intravendz 2.0 mg/kg tamoksifen kan drnekleri (0.5 ml)
tamoksifen uygulandiktan sonraki 0, 0.5, 1, 2, 3, 4, 5, 6, 8, 12, 24 ve 36 saatlerde alinmis, santrifiij
edilmis ve kersetin ile tamoksifenin kan konsantrasyonlar yiiksek performansli sivi kromatografisi ile
incelenmigtir. Kontrol grubuna kiyasla, kersetinin (2.5 ve 7.5 mg/kg) tamoksifenle es zamanl
uygulanmasinin, tamoksifenin emilim sabiti oranini, pik konsantrasyonlarini ve plazma konsantrasyon-
zaman egrisi altindaki alani biiyiik oranda artirdigini goéstermistir. Sonugta, kersetin ile birlikte
uygulanmasi sonucunda tamoksifenin biyoyararlaniminin artmasmin, kersetinin bagirsak emilimini
artirict ve tamoksifenin ilk gecis metabolizmasini azaltici etkilerinden kaynaklaniyor olabilecegi
diistiniilmistir [29].

2012 yilinda Akciger kanseri tedavisinde kersetinin etkinligini degerlendirmek igin aktif
nanomiseller hazirlanarak farelerde deneysel akciger kanseri modelinde yapilan bir c¢alisma
tasarlanmigtir. Calismada 20-22 gr arasinda fareler kullanilmistir. Fareler mikro izolatér kafeslerde
tutulmus ve yiyecek ve suya kolaylikla erisimi saglamistir. Timorler, disi Rag-2M farelerinde alt sirt
bolgesine 5 x 10%° A549 hiicresinin (50 pl)tek bir deri altina enjeksiyonu yolu ile
olusturulmustur. Tiimor boyutu 50-100 mm®e ulagtiginda (tiimér hiicresi agilamasindan 3 hafta sonra),
fareler grup basina alti hayvandan olusan {i¢ ¢alisma grubuna bagimsiz sekilde ayrilmistir. Gruplar: (1)
tedavi edilmemis kontrol, (2) per oral kersetin siispansiyonu (3 g/kg) (tastyic1 = suda %25 etanol) ve (3)
per oral nanomisel kersetin (30 mg/kg) uygulanan hayvan. Kersetin dozu, 3 hafta boyunca haftada ii¢
kez (Pazartesi/Carsamba/Cuma) 30 mg/kg olarak belirlenmistir. Spesifik olarak, tiimdr asilamasindan
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10 hafta sonra tiimor biiylimesi kersetin siispansiyonu i¢in %83 ve nanomiseller formiilasyon i¢in %48
olarak hesaplanmistir. Sonuglar, kersetinin anti-timor aktivitesinin nanomiseller olarak uygulandiginda
kontrol ve kersetin stispansiyonuna kiyasla énemli 6lgiide arttigini gostermistir [30].

Majumdar ve arkadaglar tarafindan 2014 yilinda yapilan bir ¢aligsmada kemoprevansiyonda suda
¢Oziiniir polimer kapsiillii Nano-Luteolin’in etkinligi in vivo olarak incelenmistir. Calismada 4 ila 6
haftalik (~20 g) yirmi sekiz fare (atimik nu/nu, Harlan Sprague Dawley) kullanilmistir. Hayvanlar
rastgele dort gruba ayrilmigtir. Farelere 7 giin boyunca her iki giinde bir kontrol (Fosfat tamponu, n=7),
polimer (n=7), luteolin (3.3 mg/kg viicut agirligi; n=7) veya Nano-Luteolin (3.3 mg/kg viicut
agirhigi; n=7) intraperitoneal olarak uygulanmustir. Daha sonra farelere subkutan enjeksiyonla 2.5 x 10°
Tu212 hiicreleri asilanmistir. Belirli giinlerde tiimor boyutlar1 6l¢iilmiis ve hacimleri hesaplanmaistir.
Sonug olarak tiimor hacmindeki fark Nano-Luteolin grubu ile luteolin grubu arasinda anlamli
bir seviyeye gelmistir. Nanopartikiillerle tedavi ile tiimér bitylimesinde kontrol grubuna gore iyi bir
inhibisyon elde edilmistir. Nano-Luteolin'in etkinliginin Iuteolin'den daha gii¢lii oldugu anlagilmigtir.
Yapilan asilamadan 22 giin sonra kontrol farelerindeki tiimor hacmi 886 mm?®, Nano-Luteolin tedavi
grubunda ise 641 mm?3 olarak olgiilmiistiir. Bu ¢alisma, Nano-Luteolin ile tedavi edilen grubun, kontrol
grubuna oranla zamanla tiimor biiylimesi lizerinde Luteolin grubuna gore belirgin bir inhibitor etkiye
sahip oldugunu ispat etmistir [31].

2017 yilinda yapilan bir calismada arastirmacilar Deguelinin akciger kanserinde in vivo antitimor
etkilerini incelemistir [32]. Deguelin kanser hiicrelerinde DNA onarim gen ekspresyonunun
inhibisyonu yoluyla DNA hasarini indiiklemektedir [33]. Deneyde Otuz alti haftalik erkek atimik
BALB/c nu/nu fareleri kullanilmistir. H460 hiicreleri (1 x 107 hiicre/fare) BALB/c nu/nu farelerine deri
altindan uygulanmigtir. Timér hacmi 200 mm®e yaklastiginda, deguelin tedavisi baslatilmigtir.
Tiimorli hayvanlar rastgele ti¢ gruba ayrilmistir. Bu gruplardan grup I, yalnizca tasiyici (%1 DMSO)
ile tedavi edilen kontrol grubu, grup Il ve grup 111 deguelin (1 mg/kg ve 4 mg/kg) uygulanan grup olarak
boliinmiistiir. Fareler agilandiktan bir ay sonra 6tenazi edilmistir ve tiimor hacimleri 6lgiilmiistiir.
Tastyici kontrol grubundaki timér boyutu, hiicre asilamasindan sonraki 14. giinle karsilastirildiginda 4
haftalik bir siire boyunca dort kata kadar artmigtir. Deguelin (1 ve 4 mg/kg) tedavisi her 3 giinde bir
yapilmis ve kontrol grubuyla karsilagtinldiginda tiimér agirhiginda bir azalma meydana geldigi
bulunmustur [32]. Kisacasi flavonoit ailesine ait bir rotenoid olan deguelinin, deneysel akciger kanseri
modelinde tiimor ¢oklugunu, hacmini ve yiikiinii tespit edilebilir bir toksisite olmaksizin istatistiksel
olarak onemli 6lglide azalttig1 tespit edilmistir [34].

2019 yilinda yapilan bir ¢caligmada Viteksin’in farelerde insan kii¢iik hiicreli olmayan akciger
kanseri A549 hiicresi enjekte edilerek olusturulan timorler tizerine etkileri incelenmistir. Deneyde 5-6
haftalik, 15 erkek BALB/c nu/nu fare kullanilmistir. Farelerin sirtlarinin yan taraflarina deri alt1 olarak
2 x 105 A549 hiicresi enjekte edilmistir. Timor hacmi her 3 giinde bir dlgiilmiistiir. Tiimér boyutu
yaklagik 100 mm®’e ulastig1 zaman fareler bes gruba ayrilmistir. Farelere sirasiyla 1 mg/kg ve 2 mg/kg
viteksin intraperitoneal olarak enjekte edilmistir. Bu tedavi dort hafta boyunca devam etmistir. Calisma
sonunda farelerdeki tiimorler ¢ikarilarak 6lgiim yapilmistir. Sonug olarak viteksin tedavisinin akcigerde
tiimor biiylimesini dnemli dl¢lide inhibe ettigi tespit edilmistir. Ek olarak tiimdrlerin ortalama agirligi
da viteksin tedavisinin ardindan 6nemli Ol¢iide azalmistir. Bu bulgular, viteksinin kii¢iik hiicreli
olmayan akciger kanserinde anti-kanser etki potansiyeline sahip olabilecegini diisiindiirmiistiir [35].

Meirong Huo ve arkadaglar1 2020 yilinda kemoterapi duyarliligi ve mikrogevre modiilasyonu
yoluyla etkili anti-timor tedavisi igin dekstran bazli nanopartikiiller (NP) ile silibin (SB) ve paklitakselin
(PTX) sicanlara kombine halde uygulayarak akciger kanserinde flavonoitlerin etkisini incelemeyi
amaglamiglardir. A549 hiicreleri (3 x 108 hiicre) 18-22 g agirligindaki BALB/c farelerin koltuk alti
bolgesindeki derinin altina agilanmistir ve daha sonra tiimér hacmi kumpas kullanilarak 6l¢iilmiistiir.
A549 tiimérleri tagtyan BalB/c nu/nu farelerin tiimor biiyiikliikleri 90-100 mm? e ulastiginda rastgele
bes gruba (grup basina n = 5) ayrilmistir. Biitiin gruplar 12 giin boyunca her 2 giinde bir 10 mg/kg SB
ve 7 mg/kg PTX, (PTX + SB) NP, SB NP ve PTX NP ile tedavi edilmistir. Sonrasinda fareler 6tenazi
edilmistir ve tiimdrleri ¢ikarilip tartilmistir. Ayrica timor inhibisyon orani hesaplanmistir. Sonug olarak
PTX ve SB kombine halde verildiginde sadece PTX verildigi durumdan ¢ok daha etkili bulunmustur.
Timor orani da yine kombine halde tedaviden sonra tekli tedaviye gore ¢ok daha diisiik bulunmustur.
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SB'nin diisiik dozda dekstran NP ile verildiginde PTX'in in vivo giiciinii belirgin sekilde duyarli hale
getirdigi ve bu durumun sinerjistik bir antitimoral etkiye neden oldugu distiniilmistiir [36].

Klinik Calismalar

Margaret ve arkadaglar1 2004 yilinda kapsamli bir diyet antioksidan indeksinin gelistirilmesi ve
sigara i¢en erkeklerde akciger kanseri riski tlizerine etkisi ile ilgili bir kohort ¢alismasi yapmiglardir.
Aragtirmacilar bir diyet antioksidan indeksi olusturmuslardir ve a-tokoferol, S-karoten tiiketiminin
akciger kanseri riski iizerindeki etkisini tahmin etmeyi amaglamislardir. 14.4 yil (1985-1999) boyunca
toplam 1.787 akciger kanseri vakasi tespit edilmistir. Gida tiiketim anketi yapilmistir. Bu ankette
calismadan Onceki yillar boyunca yaygin olarak kullanilan 276 gida maddesinin/karisik yemek ve
icecegin olagan tiiketim sikligt ve porsiyon boyutlari hakkinda sorular deney popiilasyonuna
yoneltmistir. Porsiyon biiylikliigii tahminine yardimci olmak igin her katilimerya renkli resimli bir
kitap¢ik verilmistir. a-karoten, f-karoten, p-kriptoksantin, y-karoten, lutein + zeaksantin ve likopen;
katesin, epikatesin, kemferol, mirisetin ve kersetin; a-tokoferol, y-tokoferol, o-tokotrienol ve -
tokotrienol; selenyum ve C vitamini gibi antioksidan igerikli gidalar1 popiilasyonda sik tiiketildigi igin
calismaya dahil edilmistir. Sigara icen erkekler 5 gruba ayrilip giinliik sirasiyla 6.737; 10.249; 13.642;
19.178 ve 36.005 pg antioksidan igerikli gida tiiketmeleri saglanmistir. Sigara icen erkeklerle yapilan
bu prospektif kohort ¢alismasinda, karotenoitler, flavonoitler, tokoferoller, tokotrienoller, selenyum ve
C vitamininin kombine kullanimimni 6zetleyen kapsamli bir antioksidan indeksi gelistirilmistir. En
yiiksek dozda alimi olan erkeklerin anlamli bir antioksidan indeksi oldugunu tespit etmislerdir. Akciger
kanseri riski, en diisiik antioksidan indeksine sahip olan gruba gore ¢ok daha diisiik bulunmustur. Ayrica,
prooksidan oldugu varsayilan bir gida maddesi olan hem demirini yiiksek miktarlarda tiiketen erkekler
arasinda, antioksidan indeksinin en yiiksek oldugu kisilerde akciger kanseri riski, en diisiik olana kryasla
yiizde 25-30 daha diisiik bulunmustur [37].

Yan Cui ve arkadaslart 2008 yilinda diyetle alinan flavonoitlerin akciger kanseri tizerindeki
etkisini vaka kontrol ¢aligmasi ile degerlendirmiglerdir. Yaygin olarak tiikketilen flavonoit bilesikleri ile
akciger kanseri arasindaki iligkileri aragtirmak amaciyla, 611 akciger kanseri hastasi, 601 tist aerodijestif
sistem kanseri hastas1 ve 1040 kanser olmayan kisi ¢aligmaya dahil edilmistir. Akciger kanseri ile
epikatesin tiikketiminin ters orantili iligki gosterdigi, sigara igmeyenlerde akciger kanseri ile epikatesin,
katesin, kersetin ve kemferol tiiketimi arasinda az diizeyde iliski oldugu bulunmustur. Ek olarak,
kategorik analizde sigara igenler arasinda hesperidin tiiketiminin akciger kanseri gelisimiyle dogru
orantili bir iligki i¢inde olduguna dair bazi kanitlar oldugu ama bunlarin yeterli olmadig: ifade edilmistir.
Akciger kanseri ile sebze tiiketimi arasinda ters orantili bir iligki bulunmustur. Eldeki bulunmus olan
tutarsiz sonuglar gz oniine alindiginda, sarap tiiketimi ile akciger kanseri riski arasindaki iligki tizerine
daha fazla aragtirma yapilmasi gerektigi belirtilmistir. Buna ek olarak meyve tiikketimi, sigara igme
durumuna bakilmaksizin akciger kanseriyle iligskilendirilememistir [38].

Pagona Lagiou ve arkadasglar1 2009 yilinda akciger kanseri riskiyle iliskili flavonoit alimi
hakkinda Yunanistan'daki kadmnlar arasinda vaka kontrol ¢aligmasi yapmislardir. Bu amagla kadinlar
arasinda yapilan bir vaka kontrol ¢alismasindan elde edilen veriler ile Yunan diyetinde nispeten yaygin
olan ii¢ flavonoit smifinin (flavanonlar, flavan-3-oller ve flavonoller) akciger kanser etiyolojisindeki
rolii degerlendirilmistir. Calisma popiilasyonu akciger kanseri olan 154 kadmn (vaka) ve ortopedik
rahatsizliklar1 olan 145 kadin (kontrol) hastadan olusmaktadir. Vaka grubuna 74'ii adenokarsinom, 24
skuamoz hiicreli karsinom, 21'i kiigiik hiicreli karsinom ve 13 biiyiik hiicreli karsinomlu kadin kanser
hastas1 alinmistir. Bu kadinlar kanser tiplerine gore sirasiyla 21.6; 28.3; 32.5 ve 37.3 mg/giin flavonoit
almiglardir. Flavonoit alimlari Amerika Birlesik Devletleri Tarim Bakanlig1 veri tabani1 kullanilarak
hesaplanmistir. Flavonlar, antosiyanidinler veya izoflavonlar Yunan diyetinde bol miktarda
bulunmadig1 i¢in ¢alismaya dahil edilmemistir. Flavonoit kategorilerinden herhangi birinin aliminin
akciger kanseri riskini azalttigina dair higbir iliski bulunmamustir; tam tersi flavonoller i¢in beklenmedik
bir pozitif iligki bulunmustur. Dolayisiyla, caligma flavanonlarin, flavan-3-ollerin veya flavonollerin
akciger kanseri riski lizerinde koruyucu bir etkisi oldugunu gostermemektedir ve sebze ve meyvelerin
bu kanser riskine karsi koruyucu etkisinden sorumlu faktérlerin bu flavonoit kategorilerine ait olma
ihtimalinin diistik oldugunu géstermistir [39].
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Krista Yorita Christensen ve arkadaglar1 2012 yilinda Montreal, Kanada'da (1061 hasta ve 1425
kontrol) popiilasyona dayali bir vaka kontrol ¢aligmasinda 5 flavonoit alt simifinin (antosiyanidinler,
flavan-3-oller, flavonlar, flavonoller ve flavanonlar) alimi ile akciger kanseri riski iligkilerini
incelemiglerdir. Calismada, yiyecek ve iceceklerle alinmig olan flavonoitlerin antioksidan,
antienflamatuvar, antimutajenik ve antiproliferatif etkileri sayesinde kanser riskini azaltabilecegi
hipotezi One siiriilmiistiir. Calisma dozu 5 alt smifin tamaminin alimi toplanarak hesaplanan toplam
flavonoit alimi, vaka grubu igin ortalama 108.8 (53.7—434.2) mg/giin ve kontrol grubu i¢in ortalama
117.7 (69.6-340.6) mg/giin olarak hesaplanmistir. Yaglart 35 ve 75 arasinda degisen erkek ve kadin
Kanadalilarin flavonoit alimlari, ¢alismadan 2 yil 6nce diyeti degerlendiren bir gida sikligi anketi
yapilarak belirlenmistir. Popiilasyonun diyetinde karotenoit ve vitamin C kaynaklari, meyve, sebze, et,
stit tirtinleri ve tahil iirtinleri dahil olmak iizere 42 gida maddesi kullanilmistir. Polifenoller farkli yiyecek
ve igeceklerden farkli sekilde emildigi icin bu kaynaklardan gelen flavonoitler ayn ayn
degerlendirilmistir. Icecek alimi Besin Tiiketim Siklig1 anketi ile degerlendirildiginden ve polifenoller
farkli yiyecek ve iceceklerden farkli sekilde emilebildiginden, yiyecek ve igecek kaynaklarindan (6r.
cay, sarap, bira) gelen flavonoitler (flavon ve flavanon gibi) i¢in ayr analizler gergeklestirilmistir.
Calismaya katilan hastalarda akciger kanserlerinin ¢ogunlugu adenokarsinom veya skuamdoz hiicreli
karsinom olarak teshis edilmistir. Toplam flavonoit alimina en biiyiik katkiyr siyah ¢ay tiiketimi
saglamistir. Sonug olarak C vitamini ile toplam flavon ve flavanon alimimin yani sira karotenoit beta-
kriptoksantin ile ayni flavonoit siniflar1 arasinda orta derecede korelasyon bulunmustur. Yalnizca
flavonlar ve flavanonlar i¢in en yiiksek dozda ve en diisiik dozda alimlar1 arasinda istatistiksel olarak
anlamli bir ters oranti goézlemleyebilmislerdir. Caligmada antosiyandinler ve flavonoller igin,
istatistiksel olarak anlamli bir fark gézlemlenmistir. Toplam flavonoitler i¢in de istatistiksel olarak
anlaml bir ters orantili iligki oldugu anlasilmistir. Arastirmacilar yalnizca igecek kaynaklarindan alinan
flavonoitleri incelendiginde (flavonoller, flavonlar, flavanonlar, flavan-3-oller (katesinler olarak da
anilir), antosiyanidinler ve izoflavonlar) herhangi biri i¢in iliskiye ait kanit bulamamislardir. Ama
gidalardan elde edilen flavonoitler i¢in, antosiyanidinler disindaki tiim flavonoitlerde istatistiksel olarak
anlaml ters orantili iligkiler gézlemlenmistir. Flavonlar i¢in, skuamoz hiicreli karsinom riskinin, en
diisiik dozda alima gore biiyiik 6l¢iide azaldigi, kii¢iik hiicreli karsinom ve adenokarsinom i¢in iliskilerin
sifira daha yakin oldugu bulunmustur. Benzer olarak flavanon alimi ile skuaméz hiicreli karsinom
arasinda ters orantili iligkili bulunmus ancak adenokarsinom veya kii¢iik hiicreli karsinom arasinda
herhangi bir iligki tespit edilememistir. Arastirmacilar bu arastirmalardan sonug¢ olarak vaka kontrol
calismasindan elde edilen veriler 1s1¢inda igeceklerden degil de gidalardan diigiik flavonoit aliminin
genel olarak daha yiiksek akciger kanseri riski ile iligkili oldugunu belirlemislerdir [40].

SONUC VE TARTISMA

Kanser iilkemizde ve diinyada olduk¢a yaygin goriilen hastaliklarin baginda gelmektedir. Akciger
kanseri diinyada en sik goriilen kanser tlirlerinden biridir. Bunun yam sira bu kansere yakalanan
hastalarin 6liim oranlar1 da oldukga yiiksektir. Bu nedenle bu alanda ¢alismalara yogunluk verilmistir.
Bu hastalik doku ve organlardaki hiicrelerin kontrolsiiz biiyiimesi, boliinmesi ve istilasiyla meydana
gelmektedir. Kanser hiicreleri, kanserin ayirt edici 6zellikleri olarak bilinen yeni hiicresel 6zelliklerin
ortaya ¢ikmasina neden olan dnemli biyolojik degisikliklere ugramaktadirlar [7]. Bu durumun erken
evrede kolayca tespit edilememesi sonucunda 6nce doku daha sonra da organlar zarar gérmeye ve
metastaz olusmaya baglamaktadir. Giiniimiizde kanser hastalar1 i¢in cerrahi yontemler, radyasyon
terapisi, immiinoterapi, kemoterapi, palyatif tedavi, kok hiicre, geleneksel ve tamamlayici tip
tekniklerini igeren pekcok tedavi segenegi bulunmaktadir [10]. Ancak bu yontemlerle de kanser
tamamen iyilestirilemeyebilir ve bunun yani sira beklenmedik ve istenmeyen etkiler olusabilir [7]. Bu
sebeple kanser tedavisi i¢in siirekli yeni yontem ve yeni ilag molekiil adaylarinin kesfine yonelik
calismalar yapilmaktadir.

Gozlemsel kohort ve vaka kontrol calismalarinin meta analizleri, diyetle alinan yiiksek flavonoit
aliminin akciger, meme, yumurtalik, 6zofagus ve kolorektal kanser riskini azaltabilecegi ve tedaviye
destek olabilecegini gostermektedir. Bu derlemede, flavonoitler iizerinde yapilan bilimsel ¢aligma
sayisinin daha ¢ok olmasi ve diinyada en ¢ok goriilen ilk {ic kanser arasinda olmasi sebebiyle bu
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sekonder bilesik grubunun akciger kanserindeki etkinligi iizerindeki galismalar incelenmis ve rapor
halinde sunulmustur. Literatiir bulgular1 flavonoitlerin antikanser etki mekanizmalari iginde
antioksidan, antienflamatuvar, antiproliferatif aktiviteler, biyoaktiflestirici enzimlerin inhibisyonu ve
detoksifiye edici enzimlerin indiiksiyonu dahil olmak iizere bir¢ok mekanizmanin yer aldigini
gostermektedir. Bunun yani sira flavonoitler segici olarak kanser hiicrelerini apoptoza tesvik ederken ve
yok ederken normal saglikli hiicrelere zarar vermemekte, segici etki gostermektedirler. Bu durum
oldukca oOnemlidir. Ayrica yapilan bazi c¢aligmalarda kemoterapi ilaglart ve farkli flavonoitlerin
kombinasyonu ile yapilan tedavilerde olduk¢a umut vaat eden sonuglara ulasilmistir. Bu sonuglar da
arastirmacilari yeni ¢aligmalar yapmaya tesvik etmistir. Bunun yani sira bazi flavonoitler ¢esitli formlara
getirilerek (mikro ve nano boyutlarda) hastalara uygulanmis ve olumlu sonuglar elde edilmistir. Bu
bulgular flavonoitlerin daha etkili olabilmesi igin farkli formlara getirilebilme imkéani oldugunu da
gostermektedir. Fakat oldukca potent bulunan bu flavonoit alt smiflarinin ilag haline getirilmesine
yonelik ¢ok fazla sayida calisma yapilmamustir. Onemle vurgulanmasi gereken diger bir konu ise bu
etkilerin genellikle insanlarda beslenme yoluyla alinabilen flavonoit miktarlarindan ¢ok daha yiiksek
konsantrasyonlarda alinmasi1 durumunda ortaya ¢ikabilecegidir.

Bu derlemede, flavonoitlerin akciger kanserindeki etkinliklerini tespit edebilmek i¢in yapilan in
vitro, in vivo ve klinik ¢alismalar incelenmis ve literatiir bulgularinin 1s1ginda, flavonoitlerin siniflar1 ve
antikanser etki mekanizmalar1 ile flavonoitlerle kombine edilen tedavilerin akciger kanserindeki
etkinliklerine dair klinik 6ncesi ¢alisma sonuglar1 konunun daha iyi anlasilabilmesi i¢in Tablolar halinde
sunulmustur (Tablo 1 ve Tablo 2).

Tablo 1. Flavonoitlerin siniflart ve antikanser etki mekanizmalari [41,42]

Flavonoit Sinifi Flavonoitler Elde Edildikleri Etki
Kaynak
Flavanonlar Hesperitin, Narenciye Hiicrelerde proliferasyonun
Naringenin inhibisyonu ve apoptozisin
aktivasyonu
izoflavonlar Daidzein, Soya tiriinleri Apoptozun indiiklenmesi, tirozin
Genistein kinaz inhibitorlerinin hedef olarak
etkilenmesi
Flavonlar Apigenin, Maydanoz Antienflamatuvar, apoptozun aktive
Luteolin edilmesi
Antosiyanidinler Delfinidin Siyah meyveler Antienflamatuvaar etki, apoptozun
Pelargonidin aktivasyonu
Flavonoller Kemferol, Briiksel lahanast Antienflamatuvar, antiproliferatif
Kersetin ve fasulye etki

Flavonoitlerin preklinik ¢alismalarda akciger karsinogenezini inhibe ettigi ve sinyal yolaklarini
hedefleme kapasitesine sahip oldugu anlagilmakla beraber, ¢ok daha fazla klinik c¢aligmanin
yapilmasinin  gerekliligi ortaya c¢ikmaktadir. Ozellikle terapdtik ajanlarm ve flavonoitlerin farkli
kombine senaryolarini kullanmak, ayn1 zamanda kemoterapotiklerin dozunu azaltarak toksisitede
azalma saglamak ve c¢oklu sinyal yollarin1 hedefleyerek maksimum etkinlik saglamak akciger kanseri
hastalar1 i¢in de ilerleyen donemde umut vaat edecek tedavi segeneklerini olusturabilecektir.

Flavonoitlerin hiicrelerdeki etki mekanizmalarmi nasil gerceklestirdiklerine dair ayrintilari
kesfetmek i¢in daha fazla ¢aligmaya ihtiya¢ duyulsa da, artan miktarda kanit, flavonoitlerin anti-kanser
biyoaktif bilesikler olarak potansiyel kullanimin1 giiglii bir sekilde gdstermektedir.
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Tablo 2. Flavonoitlerle kombine edilen tedavilerin akciger kanserindeki etkinliklerine dair klinik dncesi
calisma sonuglari

Flavonoitler Uygulanan Tedavi Hiicre hatlar Etki
Fisetin Paklitaksel A549 hiicreleri Kombinasyon tedavisinin 41
sinerjik etki gdstermesi
Genistein Radyoterapi A549 hiicreleri Apoptozun uyarilmasi ve 41
plazmik Bcl-xL
seviyelerinin azaltilmasi
Epigallokatesin Sisplatin A549 ve H1299 hiicreleri Sisplatin duyarliligimni 43
gallat artirir
Epigallokatesin Sisplatin H1299 ve Lu99 hiicreleri | AXK ve TYRO3 reseptor 44
gallat tirozin kinazlarinin down
regiilasyonu

Sonug olarak bu konu hakkinda in vitro ¢alismalar in vivo ve Klinik ¢alismalara gore daha yeterli
diizeydedir. Daha fazla in vivo ve klinik ¢alismalara ihtiya¢ oldugu diistiniilmektedir. Bu kapsamda daha
onceden lizerinde ¢alisilmamis olan flavonoitler iizerine daha giincel ve kapsamli klinik ¢aligmalar
yapilabilir.
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Amac: Koku bilesenleri giiniimiizde parfiimlerde, ev temizligi iiriinlerinde, kisisel bakim ve kozmetik
triinlerinde siklikla yer almaktadir. Amaglart giizel koku vermek veya kotii kokulart maskelemek
olan bu bilesenlerin, giines 1s181na maruziyet sonucu fototoksisite ve fotoalerji gibi gesitli olumsuz
reaksiyonlara sebep oldugu gériilebilmektedir. Bu sebeple formiilasyonlardaki diger maddelerde
oldugu gibi koku bilesenlerinde de giivenlilik degerlendirmesi olduk¢a onem arz etmektedir. Cesitli
test ve yontemlerle koku bilesenlerinin giivenlilik degerlendirmesi yapilmakta, ilgili kuruluslar
tarafindan incelenmekte ve kullanim onayt verilmektedir. Bu derlemede koku bilesenlerinin risk
degerlendirme prosesleri, giines 1sigina maruziyet sonucu meydana gelen fototoksisite
(fotoiritasyon) ve fotoalerji reaksiyonlart ve mekanizmalari, bu olumsuz reaksiyonlart
degerlendirmek icin kullanilan test metodlari Ozetlenmistir. Ayrica formiilasyonlarda en sik
kullanilan koku bilesenlerinin giivenlilik degerlendirmeleri incelenmis, fototoksisite ve fotoalerji
agisindan sonuglarina deginilmistir.

Sonu¢ ve Tartisma: Fototoksisite ve fotoalerji reaksiyonlarina neden olan bilesenlerin onceden
tespit edilmesi, tiretim siireglerinde ve iiriin gelistirme agsamalarinda olduk¢a énemlidir ayrica bu
tip bilesenler hakkinda bilgi sahibi olmak, tiiketicilerin cilt saglhigini korumak icin bilingli iiriin
secimine olanak saglar.

Anahtar Kelimeler: Fotoalerji, fototoksisite, giivenlilik degerlendirmesi, koku bilesenleri

ABSTRACT

Objective: Fragrance components are often included in perfumes, household cleaning products,
personal care and cosmetic products today. There are some studies that showed these components
led to phototoxicity and photoallergy as a result of sunlight exposure. For this reason, the safety
assessment of fragrance components is of great importance. The safety evaluation of the fragrance
components is carried out by various tests and methods, they are examined by the relevant
organizations. In this review, the risk assessment processes of fragrance components, phototoxicity
(photoiritation) and photoallergy reactions, mechanisms caused by sunlight exposure and test
methods used to evaluate these negative reactions are summarized. In addition, the safety
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evaluations of the fragrance components most commonly used in formulations were examined, and
the results in terms of phototoxicity and photoallergenicity were also mentioned.

Result and Discussion: The preliminary identification of the components that cause phototoxicity
and photoallergy reactions is very important in the production processes and product development
stages. Also, having information about these types of components allows consumers to make
informed product choices to protect skin health.

Keywords: Fragrance materials, phototoxicity, photoallergy, safety assessment

GIRiS

Koku bilesenleri, kozmetik ve kisisel bakim tiriinlerin, farmasétik iiriinlerin, ev temizlik tiriinlerin
icerigine yaygin olarak giren kimyasal maddelerdir. Koku bilesenleri, tek basina ya da karisim olarak
farkli ve giizel koku secenekleri sunarak iiriinlerin cazip hale gelmesini saglarlar [1]. Genellikle
hammaddeden gelen hos olmayan kokuyu maskelemek i¢in kullanilirlar [2].

Kokularin ¢ok c¢esitli triinlerle karsimiza ¢iktigini sdylemek miimkiindiir. Tablo 1’de
gruplandirdigimiz iirtinlerden de goriildiigii lizere bireyler giinliik hayati boyunca siklikla koku
bilesenlerine maruz kalmaktadir. Bu maruziyet yogunlugu koku bilesenlerinde giivenlilik
degerlendirmelerinin yapilmasinin 6nemini bize gostermektedir [1].

Tablo 1. Koku bilegsenlerinin bulundugu tiriinler

Kozmetik ve Kisisel Bakim Uriinleri Farmasétik Uriinler Ev Temizlik Uriinleri
Giines Kremleri Aromaterapi Uriinleri Camagsir Deterjanlari
Parfiimler ve deodorantlar Kremler/Merhemler Yumusaticilar
Nemlendiriciler Buharlagan merhemler Bulasik deterjanlari
Makyaj tiriinleri Pastiller Oda kokular1

Sag¢ bakim iirtinleri Yiizey temizleyiciler

Sabun ve hijyen iiriinleri
Ag1z hijyen {irilinleri
Tiras iiriinleri

Tirnak bakim {iriinleri

Koku malzemelerinin kullanim oranlarina bakildiginda %60’inin sabun, yumusatici, temizleyici
ve deterjanlarda bulundugu goriilmektedir. Koku bilesenlerine maruziyet, sadece i¢eriginde bulundugu
tiriinler yoluyla degil, kullanimlari sonucu su ve kanalizasyon sistemlerine karismasi gibi gevresel
faktorlerle de olmaktadir [3]. Tiiketiciler ise koku bilesenlerine genellikle dermal ve inhalasyon yoluyla,
nadir olarak da oral yolla maruz kalirlar [1]. Ozellikle ciltle dogrudan temas eden iiriinlerin neden
olduklar tahris edici dermatit, diskromi (renk tonu esitsizligi), alerjik kontakt dermatit ve kokularla
iliskili 1518a duyarlilik (fototoksisite ve fotoalerji) gibi cilt sorunlarimi en aza indirmek dnemlidir [3].

Koku Bilesenlerinin Kimyasal Ozellikleri

Koku bilesenlerinin kimyasal o6zelliklerini bilmek, yapilacak giivenlilik degerlendirmesinde
onemlidir. Kimyasal yapiya gore transdermal emilimini, metabolizmasini ve toksisitesini tahmin etmek
kolaylagir. Ornegin, ester grubu bir koku bileseninin giivenlilik degerlendirilmesinde ayni yapisal
siniftaki mevcut giivenlilik verilerine bakarak yorum yapmak miimkiin olabilir. Koku malzemeleri ¢ok
fazla kimyasal yap1 i¢cermesine ragmen Tablo 2°deki gibi temel olarak 23 gruba aynlabilir [3].

Koku bilesenlerinin birden fazlasinin karigim halinde kullanilmasi da miimkiindiir. Bilinmeyen
veya degisken bir bilesime sahip olan maddeler ve karmasik reaksiyon triinleri, (Unknown or Variable
composition, Complex reaction products or Biological-UVCB) UVCB maddeleri olarak
adlandirilmaktadir [4]. Koku bilesenleri i¢in diisiindiiglimiizde bu karigimlar; ugucu yaglar, bitki 6zleri
ve ¢esitli reaksiyon {irlinlerinin birlesiminden olusabilir. UVCB’nin degerlendirilmesi; igerisindeki
maddelerin belirlenmesi, bilesenlerin analizleri ve karisimin analizi yapilarak gergeklestirilmektedir [1].



Ankara Ecz. Fak. Derg., 49(1): 211-227, 2025 Durmus vd. 213

Tablo 2. Koku bilesenlerinin temel gruplari [3]

Kimyasal Grup Kimyasal Sayisi Kimyasal Grup Kimyasal Sayisi
Esterler 707 Piranlar 27
Alkoller 302 Miscellaneous 27
Ketonlar 259 Schiff’in tisleri 26
Aldehitler 207 Heterosiklikler 25
Eterler 100 Epoksitler 25
Hidrokarbonlar 82 Kiikiirt igerenler 24
Asetaller 63 Pirazinler 22
Laktonlar 61 Aminler/amidler 18
Karboksilik asitler 42 Kinolinler 14
Fenoller 40 Miskler 10
Nitriller 39 Kumarinler 4
Dioksanlar 31

Koku Bilesenlerinin Toksisitesi ve Giivenlilik Degerlendirmesi

Bir koku malzemesinin giivenlilik degerlendirmesi, bilesigin kendisinin yani1 sira ayni1 kimyasal
yap1 grubuna ait diger kimyasallar hakkinda da detayl toksikolojik bilgileri igermektedir. Bu bilgiler
arasinda, akut, sub-kronik, kronik toksisite, mutajenite, dermal tahris, cilt hassaslasmasi, fototoksisite-
fotoalerji, solunum toksisitesi, gelisimsel toksisite, lireme toksisitesi, genotoksisite/karsinojenite verileri
yer almaktadir [5].

Giivenlilik degerlendirme siireglerinin gelistirilmesi ve takip edilmesi, kokularin giivenli
kullaniminin tegvik edilmesi amaciyla 1966 yilinda bilime dayali ve kar amaci giitmeyen Koku
Malzemeleri Arastirma Enstitiisii (The Research Institute for Fragrance Materials — RIFM) ve 1973
yilinda Uluslararas1 Koku Dernegi (International Fragrance Association — IFRA) kurulmustur. RIFM’in
temel amaglar1 arasinda; koku malzemelerinin aragtirilmasi, kullanim giivenliginin degerlendirilmesi ve
belirlenmesi, bilimsel verilerin toplanip analiz edilmesi ve ilgili kuruluslarla paylasilmasi sayilabilir [1].

RIFM kurulduktan sonra Enstitiiye rehberlik etmek ve tavsiyelerde bulunmak amaciyla bilim
adamlart ve doktorlardan olusan bir Uzman Danigma Paneli (REXPAN) (Panel olarak anilacaktir)
olusturulmustur. Panel {iyeligine atanacak kisilerde dermatoloji, toksikoloji, patoloji veya ¢evre bilimi
alanlarmda uzmanlik; koku endiistrisinden bagimsizlik, arastirmaya dayali bilimsel bir altyap1 kosullart
aranmaktadir. Disaridan uzmanlar da gerektiginde danigmanlik saglayabilmektedir. Sekil 1°de de
gosterildigi gibi oncelikle RIFM, Panele aragtirmalarini ve yaptigi testlerin sonuglarini sunar. Ardindan
Panel tarafindan bir giivenlilik degerlendirmesi yapilarak IFRA’ya sunulur. IFRA’nin yaptigi
incelemeler sonucunda belirlenen standartlara gore sirketler caligmalarimi sekillendirir. Panel ilk
yillarinda dermal maruziyet {izerine yogunlagmis olsa da koku bilesenlerinin transdermal absorbsiyonu,
solunmasi ve yutulmasi potansiyeline iligkin farkindaligin artmasiyla birlikte odagini genisletmistir. Son
zamanlarda sistemik maruziyet ve toksisite hakkinda da calismalar yapmaktadir. Panel su anda
dermatoloji, farmakokinetik, toksikokinetik, toksikoloji, patoloji ve ¢evre bilimi gibi bircok uzmanlhga
sahip liyeleriyle birlikte multidisipliner bir sekilde ¢alismaktadir. Dogal ve sentetik 2500°den fazla koku
bileseni hakkinda yapilan calismalardan elde edilen bilgiler RIFM tarafindan bir veri tabaninda
bulunmaktadir. Bu veri taban1 RIFM diginda, yaymlanmis tibbi, toksikolojik ve ¢evresel literatiirden
birgok referansa da ulasim saglamaktadir [3].

Mevcut ICH S10 kilavuzu, fotogiivenlik degerlendirmelerinde dikkat edilmesi gerekenler
hakkinda detayli bir rehberlik saglanmaktadir. Kilavuza gore, degerlendirilmesi yapilacak maddenin,
fotokimyasal 6zelligi, deride dagilimi (farmakokinetik), metabolitleri ve farmakolojik 6zellikleri g6z
oniinde bulundurulur [6]. 2013 yilindan beri birgok iilke tarafindan ICH S10 kilavuzundaki standartlar
benimsenmistir [7].
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Sekil 1. Koku bilesenleri aragtirma [3]

Ulkemizde, Tiirkiye ila¢ ve Tibbi Cihaz Kurumu tarafindan Kozmetik Uriinlerde Giivenlilik
Degerlendirmesi ve Giivenlilik Degerlendiricisi Hakkinda Kilavuz yaymlanmis ve siirim 3.0 ile
glincellenmistir. Bu kilavuza gore “Bir bilesene iligskin giivenlilik degerlendirmesi, bu bilesene tiim
kaynaklardan meydana gelebilecek toplam maruziyet dikkate alinarak yapilir. Bu degerlendirme
yapilirken diger ilgili alanlarda yapilmis risk degerlendirme ¢alismalarinin sonuglart uygun sekilde
gerekcelendirilerek hesaba katilabilir.”

Risk degerlendirme siireci ve basamaklar1 sdyledir:

1. Tehlikenin tanimlanmasi

2. Maruziyetin degerlendirilmesi

3. Doz-cevap iliskisinin degerlendirilmesi

4. Risk karakterizasyonu basamaklarini igermelidir [8].

Tehlikenin tanimlanmasit basamagi i¢in, kullanilan kimyasalin insan sagligina potansiyel
zararmin olup olmadigi in vivo, ex vivo, in vitro, in siliko metotlar, klinik ve epidemiyolojik aragtirmalar
sonucunda elde edilen verilerle tanimlanir [8]. Maruziyetin dogru degerlendirilmesi olduk¢a dnemlidir
[5,8]. Bireylerin potansiyel maruziyetlerini dogru degerlendirebilmek igin dikkat edilmesi gereken bazi
noktalar vardir. Bunlar; {iriinde bulunan koku bileseninin konsantrasyonu, tiiketicinin uyguladig: tiriin
veya irilinlerin toplam miktar1 ve kimyasalin yikanma ile uzaklasmasi veya deriden absorbsiyon
ozellikleri [3]. Doz-cevap iliskisinin degerlendirilmesi basamaginda ise, maruziyet ve toksik cevap
arasindaki iliski i¢in bir hareket noktasi (POD-Point of Departure) belirlenir. POD hesaplamasinda
Benchmark Dose (kiyaslamali degerlendirme dozu), NOAEL (No Observed Adverse Effect Level) ve
LOAEL (Lowest Observed Adverse Effect Level) gibi degerler doz tanimlayicilari olarak kullanilabilir
[8]. Son basamak olan risk karakterizasyonunda farkli maruziyet yollarinda ortaya cikabilecek
istenmeyen saglik etkilerinin goriilme sikligir hesaplanmasi yapilir. Hem dermal toksisite verileri hem
de sistemik etkiler giivenlik sinirt hesaplamasinda kullanilir [8].

Ayrica bir bagka giivenlilik degerlendirme araci olarak da TTC (toksikolojik kaygi esigi),
maruziyet sonucu olusabilecek riskleri karakterize etmek amaciyla kullanilan bir kavram olarak
karsimiza c¢ikmaktadir. Gida, ilag, aromalar ve c¢esitli kimyasallar igin kullanilabilmektedir. Bir
kimyasalin toksik etkileri bilinmese bile bu esigin altindaki bir maruziyet sonucunda insan iizerinde
kayda deger bir riskinin olmadigmi ifade etmektedir. Giivenli maruz kalma seviyeleri olarak da
tanimlanabilmektedir. TTC prensibi temel olarak, bilesigin yapisinin bilinmesi ve gegerli alim
tahminlerinin mevcut olmas1 kosuluyla, toksisite verileri bulunmayan kimyasallarin gidalardaki diisiik
konsantrasyonlari i¢in kullanilabilmektedir [8,9]. TTC verilerinin belirlenmesi i¢in yalnizca tehlikenin
tanimlanmasi yetmez, bununla beraber maruziyetin ve kimyasal yapilari potansiyel toksisitelerinin
tahmin edilerek yorumlanmasi gerekmektedir. Bu 6ngoriicii yaklagimlarla birlikte hayvan deneylerine
olan bagimliligin azalmasi beklenmektedir [9]. TTC yaklasimmin uygulanmasinda insan sagligina
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yonelik potansiyel risklerin degerlendirilebilmesi i¢in bazi verilerin incelenmesi gerekir. Bunlar:

e Bilesik hakkindaki mevcut veriler (kimyasal yapi, bilesik hakkindaki in vitro, in vivo, in siliko
veriler),

e Potansiyel olarak ne kadar maruziyetin yasanacagi hakkinda bilgi,

e Benzer kimyasal yapilara sahip bilesiklerin kronik toksisite test verilerine dayali tahmin edilen
in vivo toksisite verileri [9].

TTC yonteminin kullanilmasiyla birlikte, insan maruziyet miktarlarinin bu deger altinda olmasi
durumunda gereksiz kapsamli toksisite testlerinden ve giivenlilik degerlendirmelerinden kaginmak
miimkiin olacaktir. Bu yontemle kazanilan vakitte, daha biiyiik risk olusturan maddelerin test edilmesi
ve giivenlilik degerlendirmelerinin yapilmasi, maliyet ve uzmanlik kaynaklarinin bu yonde ayrilmasima
olanak taninacaktir [9].

Koku karigimlan i¢in giivenlilik degerlendirmeleri yapilirken incelenen istenmeyen etkilerden
biri de fototoksisite ve fotoalerji testleridir. Fotoalerji, fototoksisiteye gore daha az goriilmesine ragmen
mutlaka dl¢iilmelidir [3]. Derlememizde bu iki etki {izerinde durulacaktir.

Fototoksisite (Fotoiritasyon) / Fotoalerji

‘Phos’ eski Yunancada 1sik igin kullanilan bir terimdir. Foton ise 1s18m veya diger
elektromanyetik dalgalarin enerjisini temsil eder. Fotonun sogurulmasiyla, temsil ettigi enerji kuantumu
alinmaktadir. Béylece soguran molekiil temel durumdan uyarilmis duruma gecer [7]. Insanlar ve
yeryliziinde yasayan tiim canlilar giines 15181na siirekli olarak maruz kalmaktadir. Viicudun igi ile dis1
arasinda ¢evresel mikroorganizmalar, kimyasal maddeler, radyasyon ve gesitli alerjenlere karsi bir
bariyer gorevi goren cilt bu 1sinlardan en ¢ok etkilenen bdlgedir [10,11]. Cilt insan viicudunda eksojen
kimyasallara maruz kalan yiizey alan1 en genis organdir [10].

Gozle goriilmeyen bir enerji ¢esidi olan radyasyonun genel olarak giines 1sinlari ile birlesimi UV
(ultraviyole) radyasyonu olarak karsimiza cikar. Ayrica UV radyasyona bronzlagsma kabinleri, bazi
halojen, floresan ve akkor lambalar, lazer veya civa buhari i¢eren aydinlatmalar da neden olabilir [12].
UV radyasyonu, elektromanyetik spektrumun X 1sinlar1 ile goriiniir 1g1k arasindaki kismidir. UV’nin 3
¢esidi vardir: UVA, UVB ve UVC.

UVA UvVB

i

Sekil 2. UVA ve UVB iginlarinin deride absorbsiyonu

En uzun dalga boyuna sahip olan UVA deride dermis tabakasina erisebilirken ondan daha kisa
dalga boyuna sahip olan UVB deride epidermise kadar ulasabilir. En kisa dalga boyuna sahip olan UVC
ve baz1 UVB gesitleri ise ozon tabakasi tarafindan emilir (Sekil 2) [12]. Akut UV maruziyeti giines
yanigina, bronzlagsmaya, UV kaynakli immiinosupresyona ve DNA hasarina yol agabilir. Kronik UV'ye
maruz kalma ise, yaglanma, kiimiilatif DNA hasar1 ve artan karsinojenez ile iligkilidir. UVB ¢ogunlukla
eritem, fotokarsinogenez ve nadiren eksojen 1s1ga duyarlilik ile iligkilendirilmistir. Gecikmis
pigmentasyona UVB neden olurken, ani pigment koyulagmast UVA'dan kaynaklanir [13]. Her ne kadar
radyasyona maruz kalmanin zararl etkileri olsa da UVB’ye belli dozlarda maruz kalindiginda cildin
kemik ve kas sagliginda 6nemli olan D vitamini (D3 vitamini-kolekalsiferol) {iretmesine yardimci
oldugu caligmalarla kanitlanmistir [12]. D3 vitamininin UVB ve oksidatif DNA hasarindan etkilenen
cilt hiicrelerini koruyucu etkiye sahip oldugu ispatlanmistir [14]. Ayrica UV radyasyonu, bazen diger
tedavi yontemlerine yanit vermeyen belirli hastaliklar (rasitizm, sedef hastaligi, egzama, vitiligo) tedavi
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etmek i¢in “fototerapi” uygulamalar i¢in yararhidir [12].

Saglikl1 biyolojik siiregler disinda, giines 1sinlari tarafindan olumsuz siiregler de meydana gelir.
Bu olumsuz reaksiyonlara kisa dalga boylu UV 1sinlart ve mavi 1s1k- goriiniir spektrum iginde nispeten
kisa dalga boylu bir pargasi yoluyla neden oldugu bilinmektedir [7]. Cilt tarafindan absorbsiyon yoluyla
cilt yanigi, eritem- dokiintii, hiperpigmentasyon, fotoyaslanma ve siklikla 151¢a maruz kalmanin cilt
kanserlerin olusabilmektedir, yiiksek enerjili fotonu olusturan bir disiplindir [7,10]. Klinige
bakildiginda, 1s18a duyarliligin en yogun giines 15181 alan bolgelerde olustugu sonucuna varmak
miimkiindiir. Bu bolgeler igerisinde; yiiz, boyun, gdgsiin iist kismi, ense, sirtin {ist kismi, 6n kollar ve
elleri sayabiliriz [15,16].

Isiga duyarlilik, 151810 sebep oldugu doku reaksiyonlarmin tiimiinii tanimlamak i¢in kullanilir,
1s18a duyarlilagtiricilar ise fototoksik ajanlari ve fotoalerjenleri kapsayan genel bir terimdir [6,16]. Is18a
duyarlilik, klinik olarak cildin 1518a bagh degisikliklere kars1 duyarliliginin artmasi ile meydana gelen
tiim cilt reaksiyonlarini temsil eder. Kimyasal agidan bakilmasi gerekirse foton emiliminin molekiiler
stirecini ifade etmektedir [7]. Bir kimyasalin fototoksik veya fotoalerjik 6zellikler gosterebilmesi igin
bazi ozelliklere sahip olmasi gerekmektedir, bunlardan bir veya birkagi karsilanmasi durumunda
bilesigin fototoksisite agisindan risk tagidigini sdyleyebiliriz [6].

e Dogal giines 15181 dalga boyunda emilim gostermesi (290-700 nm),

o UV-goriiniir 15181 emilmesini sonucunda reaktif bir {iriin olusturmasi,

o [s18a maruz kalan cilt, g6z gibi dokularda miimkiin oldugunca dagilmasi gerekir [6].

UVB (290-320 nm) epidermis tarafindan tamamen emilir. UVA (320-400 nm) ve goriiniir 151k
bolgesi (400-700 nm) daha derinlere niifuz eder ve kilcal damarlara dolayisiyla kan akimia ulagir [7].
Sistemik bir uygulamada (oral, IV vb.) sadece UVB araliginda absorbsiyon gosteren ve neredeyse hig
UVA araliginda absorbsiyon gerceklestirmeyen kimyasallarin fototoksisite agisindan risk tasimadigini
sOylemek miimkiindiir. Topikal bir uygulamada kimyasalin UVB 1s1mina maruz kalmasiyla fototoksik
reaksiyonlarin goriilmesi olasidir [7]. Intravendz uygulanan fotokimyasal bir bilesik, cildin dermis
tabakasindaki kilcallarda dolasirken UVA 1sinlarina maruz kalmasi sonucunda fotoreaksiyona
girebilmektedir [17]. Isi8a duyarli reaksiyonlar yilin herhangi bir zamaninda pencere camlarindan da
gegerek cilt lizerine etki gosterebilirler. Standart pencere camlar1 UVB radyasyonu filtrelerken UVA
radyasyonu filtrelemez. Bu da bireylerin kapali bir ortamda bile fototoksik reaksiyonlara maruz
kalabilecegini gostermektedir [15].

Fototoksisite (Fotoiritasyon)

Fotoreaktif bir kimyasal bilesene kars1 151k varliginda gelisen akut doku tepkisidir [10]. Isiga
maruz kalma ciltte dogrudan hiicresel hasara ve nekroza sebep olur [16]. Olusum siirecine bakildiginda
1s18a duyarlilastiric1 bir kimyasal giinesten gelen radyasyon enerjisini emer ve uyarilmis bir molekiile
doniislir. Ardindan hiicre hasarindan sorumlu olan oksijene bagimli reaksiyonlar meydana gelir. Bu
reaksiyonlar lipidlerin ve proteinlerin oksidasyonuna ve DNA hasarina yol agar. Hiicreler reaktif oksijen
tirlerine (ROS) karsi; siiperoksit dismutaz, glutatyon peroksidaz, katalaz enzimi gibi bazi
mekanizmalara sahiptir. Bu koruyucu mekanizmalarin yetersiz kalmasi sonucu DNA’da onarilamaz
degisiklikler meydana gelir ve hiicre hasari olusur [14]. Yapilarinda benzen veya heterosiklik halkalar
gibi kromofor gruplarin bulundugu kimyasallarin fototoksisite agisindan risk tasidigi bilinmektedir [10].
Fototoksisitenin yaygin klinik belirtilerinde cilt tahrisi ya da abartili giines yanig1 semptomlar1 (agrili
eritem, kaginti, 6dem gibi) kendini gostermektedir [10-15].

Bir bilesigin fotoreaktif olarak kabul edilebilmesi i¢in 290 ile 700 nm dalga boylar1 arasindaki bir
fotonu absorbe etmesi gerekmektedir [6]. Bu dalga boyu araligindaki fotonlar1 absorbe etmeyen
kimyasallarin fototoksisiteye neden olmadigini soyleyebiliriz [10]. 290 ile 700 nm arasindaki bir dalga
boyunda 1000 L mol* cm™ ‘den daha biiyiik bir molar sénme katsayisina (MEC) sahip olmayan bir
bilesigin fototoksisite olusturacak kadar fotoreaktif bir iiriin oldugunu sdyleyemeyiz [6]. Fotoaktif veya
fotoreaktif kimyasallar UV iginlart ile aktive edildiginde fototoksisite baslar [10]. Isikla uyarilan
molekiiller enerjinin transfer mekanizmalariyla siiperoksit anyonu ve tekli oksijen gibi ROS olusumuna
sebep olabilir. ROS olusumunun goriilmesi fototoksisite varligini gosterebilir [6]. Bu sitotoksik
bilesenler, hiicresel lipitlere, proteinlere ve DNA’ya hasar vererek hiicre 6liimii ve cilt tahrisi meydana
gelir [10-16]. Etkilenen bolgelerden alinan biyopsilerde keratinosit nekrozu, 6dem, lenfositik ve
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notrofilik infiltrasyonlar goriiliir [16].

Fototoksik reaksiyonlar, genellikle 320-450 nm dalga boyu araliklarinda UVA ile ortaya ¢ikar ve
hem insanlarda hem de deney hayvanlarinda (domuz, tiiysiiz fare, sigan ve tavsan) klinik tablo seklinde
gbzlemlenir [18]. Ilaca bagli 15182 duyarlilik iizerinden 6rnek vermemiz gerekirse, ilaca bagli fototoksik
reaksiyonlarin klinik belirtileri genellikle giines 1s1¢na maruziyetin ardindan 30 dakika ile 24 saat
icerisinde baslar ve kimyasalin tiiriine gore gecici olabilir veya 4 giine kadar siirebilir [15].

Fotoalerji

Isik varhiginda gerceklesen bir kimyasal reaksiyonun sonucunda meydana gelen {irlinlerin
olusmasiyla, o kimyasala kars1 gelisen immiinolojik reaksiyonlar1 ifade eder [6].

Fotoalerji ya da fotosensitizasyonda ise fototoksisiteden farkli olarak foto-haptenlestirilmis
iiriinlerin antijen sunan hiicreler ya da T hiicreleri tarafindan taninmasi sonucu bagigiklik tepkisi
olugsmaktadir [10]. Fotoaktive edilmis kimyasal cilt proteinleri ile etkilesime girerek hapten ad1 verilen
yapilar olusturur. Hapten tek basmma immiinolojik yanit olusturmaz ancak proteinle kompleks
olusturdugunda immunojenik hale gelen bir molekiildiir. Fotoalerjik reaksiyonlar i¢in kimyasala daha
onceden maruz kalmak gerekir ve tekrarlanan maruziyet sonucunda gecikmis asir1 duyarlilik reaksiyonu
ortaya ¢ikmaktadir [15-10]. Fotoalerjinin mekanizmasi alerjik kontakt dermatitin mekanizmasina
benzerdir, ancak 1s18a maruziyet sonucu gelismesiyle farklilik gdstermektedir. Klinik olarak
fototoksisite ve fotoalerjiyi ayirt etmek zor olabilir [16]. Fototoksisitenin fotoalerjiden daha yaygin
oldugunu sdylemek miimkiindiir [16]. Fotoalerjik etki gosteren kimyasallarin ¢ogunun fototoksik
etkisinin de oldugunu sdyleyebiliriz [19].
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fotoduyark béegikier
ST AR R 1-Fotoalerjen bilegen )) &-Inflamasyon”~
tarahindan emdmesi y (
ve UV etkilegems
y el

A

y o3
Hapten-peoten
: “~ 7%, kompleks
2.Bilegindaha I 3-Uyaniiy  : 4-ROSoRt Hia
yuksek enerj bir§ biegenlerinROS ; hasanna sebep Bkt ﬁ
duruma gecmesi & oksturmasi ¢ olmass 2-Dentritik hicre

Sy £ e

Sekil 3. Fototoksisite ve fotoalerji olusum mekanizmalar1

®

Sekil 3’te 1 numarah gérselde fototoksisitenin asamalar1 gdsterilmistir. Ilk asamada UV 1sminin
deriye ulagsmasiyla birlikte fotoduyarl bilesen tarafindan emildigi goriilmektedir. Ardindan bu enerji
aktarimiyla birlikte fotoduyarli bilesen uyarilarak yiiksek enerjili bir duruma gegmektedir. Uyarilmis
bilesikler ROS (Reactive Oxygen Species-Reaktif Oksijen Tiirleri) olusturur. Son olarak da bu bilesikler
cilt hasarina sebep olur ve fototoksisite gozlenir. 2 numarali gorselde ise fotoalerji olusumunun
asamalar1 gdsterilmistir. Fotoalerjen bilesene UV 1sinlarinin temasiyla birlikte bir etkilesim meydana
gelir. Ardindan cilt lizerinde Hapten-Protein kompleksleri olusur. Bu kompleksler antijen sunucu
hiicrelerden (Antigen Presenting Cell-APC) dentritik hiicrelerin aktivasyonuna sebep olur. Bu
aktivasyon ile birlikte bolgede T hiicrelerinin gogalmasi gergeklesir ve inflamasyon yaniti olusur

Klinik uygulamalar sirasinda ilaglarin neden oldugu deri dokiintiileri, deri karsinom ve melanom
siklikla karsilagilan bir durumdur. Bu yiizden ilaca bagh asir1 duyarlilik reaksiyonlarinin dikkate
alinmasi, mekanizmalarinin bilinmesi, bu reaksiyonlar1 ve sonucunda meydana gelecek deri hasarlarimi
onlemek acisindan onemlidir. Birden fazla ilacin bir arada kullanilmasi fototoksik etkilerin potansiyel
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birikimine ve fotoalerjik durumlarda capraz reaktiviteye sebep olabilmektedir. Topikal ajanlara
bakildiginda hem fototoksik hem de fotoalerjik reaksiyonlara sebep olabilmektedirler. Sik goriilen
topikal ajanlardan olan hidrokortizon, asiklovir, dibukain gibi etken maddelerin fotoalerjik
reaksiyonlara sebep olabilecegi raporlanmistir [14]. Tablo 3’te fototoksik ve fotoalerjik reaksiyonlar
arasindaki farklara yer verilmistir.

Tablo 3. Fototoksisite ve fotoalerjik reaksiyonlar arasindaki farklar [11-14]

Ozellikler Fototoksisite Fotoalerji

Goriilme sikhi@ (insidans) Yiiksek Diistik

Hassaslastirma Yok Var

Baslangic zamam Birkag dakika-saat >24 saat

Patofizyoloji Dogrudan hiicre hasari, DNA Antijen sunucu hiicreler veya T
hasar1, Reaktif oksijen hiicreleri aracili inflamatuar yanit

bilesiklerinin olusumu, Singlet
oksijen bilesiklerinin olusumu

En sik goriilen klinik tablolar Asirt giines yanigi, cilt tahrisi, Dermatit, kizariklik, kasinti,
agrilt eritem, kasinti, 6dem dokiinti, kabarcik

Doza bagimhihik + +/-

Histolojik 6zellikler Hiicre nekrozu Dermal lenfositik infiltrasyon

Capraz reaksiyon Yok Genellikle var

Teshis Klinik ve fototestler Klinik ve foto-yama testler

Fototoksisitenin, fotodinamik (oksijene bagli) veya fotodinamik olmayan (oksijenden bagimsiz)
reaksiyonlar sonucu 2 farkli yolak ile olustugu ileri siiriilmektedir. Fotodinamik reaksiyonlarda, dolayli
olarak enerji yiiklenmis molekiil ¢evresindeki oksijen bilesikleriyle etkileserek enerji transferine sebep
olur ve ROS olusumuna neden olur. Olusan tekli oksijen ve siiperoksit anyonlar niikleik asitler,
membranlar, lipitler ve proteinler gibi hiicre bilesenlerine zarar vererek fototoksisiteye sebep olur ve
ciltte hasara neden olur [10]. Fotodinamik olmayan reaksiyonlarda ise dogrudan fotoreaktif kimyasalin
UV 1s1nina maruz kalmasiyla enerji yiiklii bir molekiil meydana gelir. Dogrudan yolda bu durum endojen
molekiillerin foto baglanmasiyla sonuglanir, bu molekiiller DNA sarmalina interkalasyon yapar ve
fototoksisite ortaya ¢ikar [10-20]. Fotoksisite reaksiyonlarinin muhtemel yolaklari Sekil 4’te verilmistir.

Fototoksisitede Kullanilan Testler ve Alternatifleri

2009 yilinda Avrupa Birligi tarafindan kozmetik iriinlerde, in vivo hayvan deneylerinin
yasaklanmasindan sonra toksikolojide yer alan 3R kurali (iyilestirme, hayvan sayisini azaltma, yerine
koyma) etkisini yitirip sadece yerine koyma ilkesi ile ex vivo ve in vitro yontemler uygulanmaya
baglanmigtir [11].

In Vivo Testler

Kobay, sican, fare ve tavsan fototoksisite in vivo hayvan deneylerinde yaygin olarak kullanilir
[11]. Ancak 11 Mart 2013 itibartyla, Avrupa Birligi'nde hayvanlar {izerinde denenen her tiir kozmetik
ve kisisel bakim {iriiniiniin satisin1 yasaklanmasina bagli olarak in vivo testler tercih edilmemektedir.

In Vitro Testler

In vitro fototoksisite degerlendirmesinde yontem prosediirleri ve ayrintilar OECD tarafindan 2023
yilinda yayinlanan “Test Guideline No. 498 In vitro Phototoxicity: Reconstructed Human Epidermis
Phototoxicity Test Method” da yer verilmistir.
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Fotoduyarh bilesenler

UV absorbsiyon Floresan

Fotoaktif bilegenler

Fotokimyasal reaksiyoniar
-ROS olusumu
-Enerji transferi

Oksidasyon Fotobagianma
Hlcre
lipitieri ve Proteinler
proteinleri
Sitotoksisite Immiin cevap

Sekil 4. Fototoksisite reaksiyonlarinin muhtemel yolaklar1 [21]

3T3 Nétral Kirmizisi Gerialim Testi (3T3 Neutral Red Uptake- 3T3 NRU)

OECD tarafindan resmi olarak onaylanmis ve 13 Nisan 2004'te OECD TG432 olarak
yaymlanmistir [10]. Hiicre canlililiginin, hiicreler test kimyasalina maruz birakildiktan sonra UV/ VIS
1sin varligi ve yoklugunda kiyaslanmasi ve hiicre canliligimin 1sm varhigindaki nispi azalmanin
belirlenerek, test kimyasalinin fototoksik potansiyelini tespit edilmesine olanak saglayan bir testtir. Bu
testte pozitif olarak tanimlanan kimyasallar, topikal veya sistemik uygulamayi, cilde ve/veya gozlere
dagilimimi takiben in vivo fototoksik olabilir [22].

Canli hiicrelere nétral kirmizi boyasinin intraseliiler ortama alinip lizozomlarda birikmesi ve
hiicrenin belirlenen madde ve 1sina maruz birakilmasi sonucu nétral kirmizi boyasinin hiicreye alim
derisimine bagli azalmasi sitotoksisite i¢in belirleyici durumdur. Belirlenen maddenin fototoksisite
potansiyeli hesaplanirken radyasyon varliginda (UV+) ve yoklugunda (UV-) doz cevap egrisi kullanilir.
“Fotoiritasyon Faktorii (PIF)” veya “Ortalama Foto Etkisi (MPE)” hesaplanir [11]. I1Cso degeri, hiicre
canliligini1 %50 oraninda diisiiren konsantrasyon olarak tanimlanmaktadir.

Fotoiritasyon Faktorii (PIF) = 1Cso (UV-) / 1C5 (UVH)

Ortalama Foto Etkisi (MPE), tam konsantrasyon yanit egrilerinin karsilagtirilmasina dayanir.
Temsili bir Foto Etki degerleri kiimesindeki agirlikli ortalama olarak tamimlanir [22]. Belirlenen
kimyasalda PIF <2 veya bir MPE <(0.1 "fototoksik olmadigini", PIF> 2 ve <5 veya bir MPE> 0.1 ve
<0.15 "muhtemel fototoksik”. PIF> 5 veya bir MPE> 0.15 ise “fototoksik" olarak OECD kilavuzunda
belirtilmigtir [22].

3T3 NRU testinin smirlamalar1 vardir: Fototoksisite digindaki advers etkileri tahmin etmekte
yetersizdir ve fototoksik etki giiciiniin degerlendirilmesi i¢in kesinlik saglamaz [10].

European Centre for the Validation of Alternative Methods (ECVAM) validasyon ¢aligmalarinda
bu testin, %93 hassaslik ve %84 6zgiinliikte oldugu belirtilmistir. Diisiik konsantrasyonlarda (0.01-10
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lg/ml) bile, fototoksik potansiyel tahmini i¢in yiliksek hassasiyete sahip tek tabakali hiicre bazli bir
yontem olan 3T3 NRU testinden elde edilen negatif sonug, akut 1513a giivenligin saptanmasi i¢in tek
bagma yeterli bir gostergedir. Bununla birlikte, bu testte pozitif bir sonug elde edilirse, maddenin
fototoksik potansiyeli, in vivo bir fototoksik etki liretme gereksinimi olan cilt penetrasyonunu dikkate
aldigindan 3 boyutlu cilt modelleri kullanilarak daha fazla incelenmesi gerekebilir [6,23].

Nishida ve arkadaglarinin 2015°te yaptig1 c¢alismada, 3T3 NRU testinin sonuglari in vivo
deneylerle uyumlu bulunmustur ancak fotoreaktif olaylar her zaman fototoksik reaksiyonlara neden
olmayacagi i¢in fotogiivenlik degerlendirmesi igin fotobiyokimyasal reaksiyonlara dayali diger in vitro
fototoksisite testlerine ihtiya¢ oldugu ve bu nedenle 3T3 NRU testi, fotoreaktif bilesenlerin fototoksik
riskini tahmin etmek igin bir takip degerlendirmesi olarak faydali olacagi vurgulanmistir [24].

Eritrosit Hemoliz Testi

Eritrositler kolayca izole edilebilir, ¢ekirdek ve DNA icermeyen hiicre tipleridir. Bu test
protokolii, fotohemoliz ve methemoglobin (met-Hb) olusumu olmak {izere iki sonu¢ noktasinin
birlestirir. Bu sonu¢ noktalari, hemoglobin spektrumunun optik yogunlugundaki degisikliklerin sirasiyla
525 nm ve 630 nm'de Olgiilmesiyle belirlenir [25]. Bu yontem test kimyasallarinin fototoksik
potansiyelini degerlendirmek i¢in kullanilir [11].

In Vitro Insan 3 Boyutlu Epidermis Modeli

In vitro testlere ek olarak normal insan keratinositlerinden “3 boyutlu (3D) Yeniden
Yapilandirilmis Insan Epidermis Modelleri (RhE)” olusturulmustur. Temel olarak bu testin prensibi 3T3
NRU testine benzerdir, UV/VIS 1sin varligi ve yoklugu arasindaki doku canliligi farkiin
degerlendirilmesine dayanmaktadir. Bununla birlikte, 3D epidermis modelinde, suda ¢oziinmeyen
malzemeler test edilebilir ve epidermal tabakadaki primer keratinositlerde metabolik aktivasyon
gerektiren maddelerin tespitine de olanak saglayan metabolik kapasiteye sahiptir [10]. Bu modeller
genellikle Stratum corneum tabakasini igerir. EpiDerm, SkinEthic ve EpiSkin 3D doku modelleri in
vitro fototoksisite testlerinde kullanilmaktadir [11].

In Chemico Testler

Fototoksisiteyi degerlendirmek igin hiicresiz test tiipii (Cell-free test-tube) yontemleri, yani in
chemico yontemler de arastirilmis ve 1sik absorbansi ve kimyasallarin fotostabilitesi goz 6niinde
tutularak farkli yontemler gelistirilmistir. Fotoreaksiyon sirasinda, ROS salinmasi kullanilarak, bir
kimyasalin fototoksik potansiyeli in chemico yontemlerle degerlendirilebilir. Canli hiicre ve doku
gerektirmeyen ve plazmid ile fototoksisitenin arastirildigr in chemico bir yontemde, plazmid tampon
icinde ¢oziiliir ve test maddeleri ile karigtirilir. Karisim UV 1g181na maruz birakildiktan sonra numuneler
elektroforeze tabi tutulur, DNA ipliklerinde kopma veya kirilma, floresan bazli 6l¢iim cihazlari
kullanilarak tayin edilir. UV 1s1g¢ma maruziyet sonucu olugan ROS’larin, DNA ipliklerinde yol agacag1
kirllma, kopma gibi durumlar, kimyasal maddenin fototoksisitesi hakkinda tehlike tanimlamasi
yapmaya olanak saglar ancak fototoksik potansiyelin degerlendirilmesi i¢in kullanilmaz. Test
kimyasalinin dozu da burada 6nemli bir parametredir. Bununla birlikte, bu yontemlerin metabolik
aktivasyon kapasitesinin olmamasi, suda ¢oziinmeyen malzemelerin (yaglar, katilar, jeller, formiile
edilmis {riinler) uygulanamazlifi ve fotojenotoksisite, fotoalerji (1s18a duyarlilik) veya
fotokarsinojenisiteyi tahmin edememe gibi sinirlamalar1 vardir [10].

In Siliko Testler

In siliko yontemlerinin uygulanmasina yonelik stratejiler gelismeye devam etmektedir. Harrison
ve ark., in vitro fototoksisiteyi modellemek i¢in ¢esitli in siliko teknolojilerinin birlestirilmesi gerektigini
ileri siirmiislerdir. Ozellikle ilaclar igin yapilan bu calismada, ruhsat almis olan ilaglarin fototoksik
etkileri hakkinda, halka acik raporlardan topladiklart insan veri kiimesinden, fototoksisite i¢in bir dizi
ayricalikli yapisal parca / model, yani fototoksikoforlar tanimlanmis ve potansiyel fototoksisite
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hakkinda farkli hipotezler olusturmuslardir. Son zamanlarda, makine 6grenimi teknolojisi ile, organik
bilesiklerin fotoreaktif potansiyelinin arastirildigi calismalara rastlanmaktadir. Ancak, in siliko
yontemler fototoksisiteyi tahmin etmede hala ¢ok eksiktirler, ¢linkii mevcut yaklagimlar, kimyasala
maruz kalan dokulara 1s1gin dagilimmi hesaplayamamaktadir. Fotoaktivasyon, yalnizca yapisal
ozelliklerin 151k fotonlartyla etkilesimi tarafindan yonlendirilir ve in siliko araglarda bu olay1
modellemek i¢in makul bir girisimde bulunsa da, fotoaktivasyon, fototoksisitenin kilit bir belirleyicisidir
ve bu yontemlerle tahmin etmek oldukga zordur [7].

Fotogiivenlik Degerlendirme Testleri

Bir farmasotik maddenin fotogiivenlik degerlendirmesi, fotokimyasal 6zelliklerin, klinik olmayan
calismalardan elde edilen verilerin ve insan giivenligi bilgilerinin degerlendirilmesini icerebilen entegre
bir siirectir. Fotogiivenlik degerlendirmesi, insanlarda olumsuz olaylar1 6nlemek i¢in, riski en aza
indirgeme Onlemlerinin alinip alinmadigini belirlemeyi amacglamaktadir [6]. Asagida yer alan Tablo 4°te
fototoksisite/fotoirritan, fotoalerji ve fotogenotoksisite odakli yapilan fotogiivenlik testleri verilmistir.

Tablo 4. Fotogiivenlik degerlendirme testleri [21]

Fototoksisite/Fotoirritan Fotoalerji Fotogenotoksisite
Foto-yama testi Domuz-deri modeli Foto Ames testi
Foto-bazofil-histamin salim Foto-h-CLAT Foto kromozomal sapma testi
testleri

Fotohemoliz modeli Lokal lenf nodu analizi Foto komet analizi
Insan yeniden yaplandirilmis Kilcal jel-elektroforetik DNA-
epidermis modeli fotosel birakma analizi
3T3 NRU fototoksisite testi DNA-baglama analizi
Bacillus subtilis'te oksijen IBP analizi

tiiketimi

Maya biiylime inhibisyon analizi

Fototoksik ve Fotoalerjen Ozelligi incelenmis Bazi Koku Bilesenleri ve Malzemeleri

Kozmetik ve kisisel bakim tiriinleri, farmasétik iiriinler, ev temizlik iirlinlerinin bilesenlerinde
siklikla yer alan bazi koku bilesenlerinin ve malzemeleri ile ilgili yapilan giivenlilik degerlendirmesi
gallsma}}arl agagida 6zetlenmis ve sonuglar1 Tablo 5°te verilmisgtir.

Ojenol: Api ve arkadaglarmin 2016 ve 2022 yillarinda yaptigi iki farkli giivenlilik
degerlendirmesi sonucunda 6jenoliin fototoksisite ve fotoalerji a¢isindan tehlike yaratmadigi sonucuna
varilmistir. UV/VIS absorbsiyon spektrumlari 290-700 nm arasinda az miktarda absorbsiyon yaptigi
ancak bunun fototoksisite ve fotoalerji agisindan endise verici kriterlerin altinda oldugu goriilmiistiir
[26,27].

Hidroksisitronelal: Api ve arkadaslarinin 2022 yilinda yaptigi giivenlilik degerlendirmelerinin
sonucunda hidroksisitronelal isimli koku bileseninin fototoksisik ve fotoalerjenik etkilerinin olmasi
beklenmedigi sonucuna varilmigtir. UV/VIS spektrumlarinda 290-700 nm arasinda absorbsiyonun
olmadig1 gézlenmistir [28].

Lavanta Ucucu Yagi: Infante ve arkadaglarinin 2022 yilinda yaptif1 ¢alismada lavanta ugucu
yaginin 3T3 NRU testleriyle giivenlilik degerlendirilmesi yapilmis ve fototoksisik etki gdstermedigi
sonucuna varilmustir [23].

Geraniol: Lapczynski ve arkadaslarmin 2008 yilinda ve Api ve arkadaslarinin 2022 yilinda
geraniol koku bileseni iizerinde yaptiklari ¢alismalarda bilesigin fototoksisite ve fotoalerji agisindan
endise yaratmadig1 sonucuna varilmistir [29-30].

Izobjenol: Api ve arkadaslarnin 2016 yilinda izodjenol bilesigi igin yaptigi giivenlilik
degerlendirmesinde bilesigin belirli bir konsantrasyona kadar fototoksisite ve fotoalerji agisindan risk
yaratmadig1 sonucuna varilmigtir. UV spektrumlarina bakildiginda 290-700 nm arasinda bir miktar
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absorbans gostermistir. Ancak %35’e kadar konsantrasyonda kullanilan izodjenoliin insanlarda
fototoksisite/fotoalerji agisindan risk yaratmasi beklenmemektedir [31].

a-Amilsinnamaldehit: Api ve arkadaslarin 2015 yilinda yaptig giivenlilik degerlendirmesine
gore a-amilsinnamaldehit fototoksisite ve fotoalerji agisindan endige yaratmadigi sonucuna varilmistir.
UV absorbsiyon spektrumunda 290-700 nm bolgesinde UV 1s181n1 emdigi gozlenmistir. Ancak kobay
testlerinde fototoksik ve fotoalerjik etki gdzlenmemistir [32].

Sinnamaldehit: Bickers ve arkadaglarinin yaptig1 ¢alismada sinnamaldehit ve sinamik asit 290—
400nm UV araliginda emildiginden, farelerde ve domuzlarda hafif tahrise neden oldugu,
sinnamaldehitin fototoksik veya fotoalerjik potansiyel gostermedigini ancak dermal yolla diisiik bir
toksisite sirasina sahip oldugu belirtilmistir [33].

Sinnamil Alkol: Yapilan fotohemoliz ve Candida utilis maya in vitro testlerde sinnamil alkoliin
fototoksik etkileri goriildiigli ve tavsanlarda sinamil alkoliin tahrise neden oldugu gozlenmistir.
Hashimoto ve ark. dermatitli hastalar iizerinde 1990 yilinda yaptigi ¢alismada ise fotoalerjik etki
gozlenmemistir. Ancak Addo ve ark. (1982) ve Schauder ve Pippen (1997) raporladig: iki farkli
calismada seyrek de olsa fotoalerjik reaksiyonlar bildirilmistir [33].

Sinnamik Asit: Bickers ve ark. (2005) yaptigi ¢aligmada sinnamik asidin fototoksik veya
fotoalerjik potansiyel gostermedigini ve %20'ye varan konsantrasyonda sinnamik asitin fotoalerjiyi
gosteren cilt degisikliklerine neden olmadig1 belirtilmistir [33].

Citrus sp./Limon Yagi: Citrus yaglarinin, bir furan halkasina bagli kumarin temel yapisina sahip
dogal bitki bilesenlerinin bir ailesi olan fotoaktif furokoumarinleri (psoralenler) i¢cerdiginden fototoksik
reaksiyonlar trettigi bilinmektedir [34]. Citrus esansiyel yaglarinin in vitro galismalarda fototoksik
ozellikleri bulunmustur. Turunggillerin fototoksik aktivitesi dncelikle bitkide bol miktarda bulunan
selinen, pinen, limonen, sabinen ve mirsene atfedilir [35].

Vanilya: RIFM veritabaninda vanilya tirlerinin fototoksik veya fotoalerjen olmadigi
belirtilmistir [36]. Ayrica In vitro 3T3 NRU testinde Vanilla Tahitensis meyve ekstrati fototoksik
olmadig1 bulunmustur [37].

Mentol: RIFM veri tabaninda mentol tiirlerinin fototoksik veya fotoalerjen olmadigi belirtilmistir
[38]. Ayrica gesitli nane tiirlerinde yapilan in vitro testlerde ise nanenin fototoksik etkisinin olmadigi
gozlenmistir [39].

Mese Likeni: Hem UVA hem UVB 1g13a maruz birakilan in vitro fotohemoliz deneylerde
fototoksik etkiler gdstermistir. Amerika’da 1979 yilinda kanarya otuna hassasiyeti olan hastada mese
likenine bagl fototoksisite oldugu foto-yama test ile belirlenmistir [19,40].

Sandal Agaci Yagi: In vitro testlerde sandal agacinin fotohemolizi indiikledigi ve fototoksik
etkilerinin olmadigi ortaya konmustur [19].

Ylang-Ylang Yagi: Placzek tarafindan yapilan c¢alismada ylang-ylang yaginin fotohemolizi
indiiklemedigi bulunmustur. Ylang-Ylang yagmin tiysiiz farelerin sirtina seyreltilmeden
uygulandiginda tahris edici olmadigi ve Ylang-Ylang yagma yanit olarak fototoksik etkilerin
bulunmadigini bildirilmistir [19,41].

Bergamot Yagi: Kejlova ve arkadaslarinin 2007 yilinda dort farkli ¢esit bergamot ile yaptigi 3T3
NRU testinde en yiiksek konsantrasyona kadar herhangi bir fototoksisite tespit edilmemistir [42]. Ancak
yapilan foto-yama testlerinde bergamotun bilesenlerinden bergapten ve oksipsoralenin hassasiyete
neden oldugu tespit edilmistir [43]. Tiirkiye’de ruhsatlanan bergamot yaginda bergapten i¢eren {iriinlerin
kullanim talimatinda (KT) “UV 1s181na (dogal ve suni giines 1s18ina) duyarliligi artirabilir.” ibaresi
eklenmesi zorunludur [44].

6-Metil Kumarin: 6-Metil kumarin, fotoalerjik ilaglar ve kimyasallar listesinde yer alir. 6-metil
kumarinin fotohemolizi indiiklemedigi ve fototoksik olmadigi, ancak Candida kullanilarak yapilan bir
testte UVA kaynakli 6-metil kumarine bagl fototoksisitenin gdsterildigini bulunmustur. Ayrica foto-
yama testi, 6-metil kumarine kars1 fototoksik ve fotoalerjik reaksiyonlari ortaya gikarmistir [19].

Hidroksiizohekzil- 3-siklohekzan karboksaldehit: Parfiimlerde sentetik koku verici olarak
“Lyral” ismi ile siklikla yer almis olan bu maddenin temas alerjiye neden olmasi nedeniyle kozmetik
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iiriinlerin iceriginde yer almasi yasaklanmistir [45]. Lyralin fotoalerjen ve fototoksik etkisini gdsteren
arastirmalar mevcuttur [46,47].

Peru Balsami: Peru balsaminin fotoalerjik ve fototoksik 6zelliklerinin arastirildigi bir ¢alismada,
fototoksik etki gostermedigi ancak fotoalerjen olabilecegi bulunmustur [46].

Koku Karisimi: Koku Karisiminin fotoalerjik ve fototoksik ozelliklerinin arastirildigi bir
calismada, fototoksik etki gostermedigi ancak fotoalerjen olabilecegi bulunmustur [46].

Tablo 5. Siklikla kullanilan koku bilesenleri ve malzemelerinin deneysel ve epidemiyolojik olarak
fototoksik ve fotoalerjik etkileri

Koku Maddeleri Fototoksisite Fotoalerji

In vitro / In vivo Kaynaklar In vitro / In vivo Kaynaklar

caligmalar calismalar

Ojenol Negatif [26,27] Negatif [26,27]
Hidroksisitronelal Negatif [28] Negatif [28]
Lavanta ucucu yagi Negatif [23]
Geraniol Negatif [29,30] Negatif [29,30]
Isoeugenol Negatif [31] Negatif [31]
a-amilsinnamaldehit Negatif [32] Negatif [32]
Sinnamaldehit Negatif [33] Negatif [33]
Sinnamil alkol Negatif [33] Negatif [33]
Sinnamik asit Negatif [33] Negatif [33]
Citrus sp./Limon yagi Pozitif [34,35] Negatif [34,35]
Vanilya Negatif [36,37] Negatif [36,37]
Mentol Negatif [38,39] Negatif [38,39]
Mese likeni Pozitif [19,40] Pozitif [19,40]
Sandal agaci yag Negatif [19] Negatif [19]
Ylang-Ylang yag Negatif [19,41] Negatif [19,41]
Bergamot yag Negatif [42-44] Negatif [42-44]
6-Metil kumarin Pozitif [19] Pozitif [19]
Hidroksiizohekzil- 3-
siklohekzan Pozitif [46,47] Pozitif [46,47]
karboksaldehit
Peru balsami Negatif [46] Pozitif [46]
Koku karismm Negatif [46] Pozitif [46]

SONUC VE TARTISMA

Bu derlemede koku bilegenlerinin risk degerlendirme prosesleri, giines 1s1§ina maruziyet sonucu
meydana gelen fototoksisite ve fotoalerji reaksiyonlari ve mekanizmalari, bu olumsuz reaksiyonlar
degerlendirmek icin kullanilan test metodlarinin 6zetlenmesi, ayrica daha spesifik olarak kozmetik
formiilasyonlarda siklikla yer alan bazi koku bilesenlerinin giivenlilik degerlendirmelerinin fototoksisite
ve fotoalerji agisindan incelenmesi amaglanmistir. Fototoksisite ve fotoalerji reaksiyonlar birbirinden
cok farkli mekanizmlar ile otaya c¢ikar, fototoksisite, hiicre canliligindaki kayip iken, fotoalerji
inflamasyon yanit ile birlikte seyreder. Her iki reaksiyonda da kimyasal madde maruziyet miktar1
baslangi¢ i¢in 6nemli iken, fotoalerji reaksiyonlar1 kisilerin duyarlanmasi gergeklestikten sonra dozdan
bagimsiz olarak goriiliir.

Koku bilesenlerini igeren iiriin ¢esitliligi géz oniinde bulunduruldugunda 6zellikle farkli iiriin
tiirleri ile maruziyetin degisecegi ile ilgili ¢aligmalar mevcuttur. Ornegin, 60 kg’lik bir bireyin kozmetik
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iiriinlerdeki belirli bir koku bilesenine maruziyetinin (potansiyel sistemik maruz kalma) hesaplanmasi
sonucunda kg basina diisen maruziyet miktarlarinin en yiiksek oldugu iiriinden en diisiik oldugu {irline
gore siralanmast; eau de toilette, koku kremi, viicut losyonu, terlemeyi dnleyici iiriinler, yiiz kremi, sag
spreyi, sabun, dus jeli, sampuan, diger durulanan banyo iriinleri seklindedir [48].

Lokal cilt reaksiyonlarinin analizi igin, &zellikle {irlinde kullanilacak koku kimyasalina ait
maksimum konsantrasyon bilgisinin yer almasi gerekir ve en ¢ok maruz kalinan parfiim, koku kremi
gibi preparatlar, genel olarak alkol bazli ve cildin kiigiik bolgelerine uygulanan iiriinler olduklari igin
belirtilen maksimum konsantrasyon, iritasyon, alerji, fototoksisite ve fotoalerji bakimindan
degerlendirilir. Sistemik dolagim agisindan ise, feniletil alkol, kumarin gibi baz1 koku bilesenlerinin
deriden emilimi olduk¢a énemlidir. Bilesigin lipofilitesini belirten oktanol-su dagilim katsayisinin 1,3-
2.0 araliginda olmasi insan derisinden transdermal emiliminin daha yiiksek oldugunu gostermektedir.
Benzil asetat, kumarin gibi bazi bilesenlerin ise ciltte metabolize oldugu bilinmektedir. Bu
metabolizasyon sonucunda emilen kimyasallarin biyolojik aktivitesinde degisiklik gézlenebilmekte ve
cesitli lokal etkilere de sebep olabilmektedir [49,50].

Bu derlemede 6zellikle kozmetik ve kisisel bakim iiriinleri, farmasotik iiriinler, ev temizlik
iiriinlerinin bilesenlerinde siklikla yer alan bazi koku bilesenlerinin ve malzemeleri ile ilgili yapilan
giivenlilik degerlendirme ¢aligmalar1 derlenmistir. Secilen koku bilesenlerinden, mese likeni, 6-metil
kumarin ve hidroksiizohekzil- 3-siklohekzan karboksaldehit hem fototoksisiteye hem de fotoiritasyona
neden olurken, citrus tiirleri/Limon yag1 igerdigi selinen, pinen, limonen, sabinen ve mirsene gibi
kimyasallar nedeniyle fototoksisiteye, koku karisimi ve peru balsamin sadece fotoalerjiye neden
olabilecegi yapilan literatiir aragtirmalari ile tespit edilmistir. Mese likeni 6zellikle parflimeride siklikla
tercih edilir, popiiler parfimlerin %87 sinde bulunur [19], 6-metil kumarin ise, tatli vanilya kokusuna
sahip kumarin yapisinda bir koku bilesenidir, IFRA nin raporunda kozmetiklerde koku maddesi olarak
kullanim1 o6zellikle fotosensitizasyon riski nedeniyle tavsiye edilmemektedir. Hidroksisoheksil 3-
sikloheksen karboksaldehit son yirmi y1ldir alerji nedeniyle en ¢ok rapor edilen koku kimyasali olmustur
ve Agustos 2021'den itibaren kozmetik iirlinlerinde yasaklanmigtir [51]. Limon yag1, gida endiistrisinde,
aromaterapi, kozmetik Uriinler, parfim yapimi ve cilt bakim iriinlerinde ozellikle antibakteriyel
ozellikleri nedeniyle siklikla kullanilir. Ancak bu {irinler kullanildiginda giinese maruz kalmmamasi
olasi fototoksik etkiler nedeniyle dnem tasimaktadir. Koku karigimi 6zellikle bireylerin kokulara kars1
alerji gosterip gostermedigini anlamak i¢in klinikte uygulanan yama testinde yer alir, karigimin alerjik
temas dermatiti yaninda ayrica fotoalerjiye neden olabilecegi yapilan ¢aligmalarla ortaya konmustur.
Peru balsami, hem koku vermek hem de antiseptik 6zelliginden dolay1 bir¢ok iiriinde yer almigtir. Ancak
capraz alerjik reaksiyon riski ham peru balsaminin koku vermek amaciyla kullanimi yasaklanmustir,
distilat ve ekstre halinde kullanimima izin verilmektedir. Alerji potansiyelinin yaninda yapilan
arastirmalar fotoalerji potansiyelini de ortaya koymustur.

Ozellikle dogal bilesiklerin masum oldugu ile ilgili onyarginm, fototoksisite ve fotoalerji
olusturma potansiyelleri dikkate alindiginda dogruyu yansitmadigi yapilan literatiir aragtirmalar ile
ortaya konmustur. Fototoksisite ve fotoalerji hayat kalitesini olumsuz etkileyen iki 6nemli saglik sorunu
olarak karsimiza ¢ikmaktadir. Koku bilesenlerinin fototoksik ve fotoalerjen ozellikleri ile ilgili
calismalarin arttirtlmasi1 hem tiiketici hem de {iiriin giivenligi acisindan biiyliikk 6nem tasimaktadir.
Fototoksik ve fotoalerjenik 6zelliklerin belirlenmesine yonelik aragtirmalar, tiriinlerin giivenli ve yiiksek
kalitede olmasmi saglar. Fototoksik ve fotoalerjenik bilesenlerin Onceden tespit edilmesi, iiretim
siireclerinde ve iirlin gelistirme agamalarinda 6nemli bir adimdir. Bu tip bilesenler hakkinda bilgi sahibi
olmak, tiiketicilerin bilingli secimler yapmasina yardimei olur, bu da cilt sagligin1 korumak icin bilingli
iirlin se¢imine olanak saglar.
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REVIEW ARTICLE / DERLEME MAKALE

AN OVERVIEW OF 3D PRINTING TECHNOLOGIES FOCUSING
MULTIDRUG-LOADED 3D PRINTED DOSAGE FORMS

COKLU ILAC YUKLU 3D BASKILI DOZAJ FORMLARINA ODAKLANAN 3D BASKI
TEKNOLOJ/LERINE GENEL BAKIS

Aysel YILMAZ! (), Necibe Basaran MUTLU AGARDAN! (), Sevgi TAKKA!

'Gazi Universitesi, Eczacilik Fakiiltesi, Farmasotik Teknoloji Anabilim Dali, 06330, Ankara, Tiirkiye

ABSTRACT

Objective: This review focuses on multidrug-loaded dosage forms produced with three-dimensional
printing (3DP) technologies since the confirmation of Spritam®, the first 3D printed dosage form,
in 2015.

Result and Discussion: The integration of multiple drugs within a single dosage form through 3DP
offers substantial flexibility in design, allowing for the customization of dosage, drug release
profiles, and geometric structures. These formulations offer significant design flexibility by
combining different drugs in a single unit, and have the potential to optimize treatment strategies,
especially for diseases requiring multiple drug use. The wide literature search reveals that the most
commonly used method is Fused Deposition Modeling (FDM) to obtain 3D printed dosage forms
with various geometries, such as multi-compartment capsules or tablets, bi-layered or multi-layered
tablets exhibiting different release kinetics, and core/shell structured tablets. Multidrug-loaded 3D-
printed dosage forms have significant potential for individualizing fixed-dose combinations and
have become a promising tool for advancing personalized medicine and improving therapeutic
outcomes for polypharmacy. This innovative approach can optimize therapeutic efficacy, reduce
side effects, and improve patient compliance. As research continues to expand, these formulations
represent a promising direction for the future of drug development and treatment strategies.
Keywords: 3DP technology, multidrug-loaded 3D printlets, personalized medicine, polypills

oz

Amac: Bu derleme, 2015 yilinda onaylanan ilk ii¢ boyutlu baskili dozaj formu olan Spritam® dan
bu yana, ii¢ boyutlu baskilama (3DP) teknolojileriyle iiretilen ¢oklu ilag yiiklii dozaj formlarina
odaklanmaktadir.

Sonu¢ ve Tartisma: 3DP sayesinde, tek bir dozaj formunda birden fazla ilacin entegrasyonu
miimkiin hale gelmis olup, bu durum dozaj, ila¢ salim profilleri ve geometrik yapilar agisindan
onemli bir tasarim esnekligi saglamaktadir. Bu formiilasyonlar, farkl ilaglar: tek bir iinitede
birlestirerek onemli bir tasarim esnekligi sunar ve ézellikle birden fazla ilag¢ kullanimini gerektiren
hastaliklar iin tedavi stratejilerini optimize etme potansiyeline sahiptir. Genis literatiir arastirmast,
cok bolmeli kapsiiller veya tabletler, farkli salim kinetigi gosteren ¢ift katmanli veya ¢ok katmanh
tabletler ve ¢ekirdek/kabuk yapili tabletler gibi ¢esitli geometrilere sahip 3D baskili dozaj formlart
elde etmek igin en yaygin kullanilan yontemin Eriyik Birikim Modelleme (FDM) oldugunu ortaya
koymaktadir. Coklu ilag yiiklii 3D baskili dozaj formlari, sabit doz kombinasyonlarini kigisellestirme
noktasinda onemli bir potansiyel sunmaktadir ve kisisellestirilmis tibbin ilerletilmesinde ve
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polifarmasiye bagh terapdtik sonucglarin iyilestirilmesinde umut vadeden bir ara¢ olarak
degerlendirilmektedir. Bu yenilik¢i yaklasim, terapitik etkinligi artirabilir, yan etki riskini
azaltabilir ve hasta uyumunu iyilestirebilir. Mevcut arastrmalarin ilerlemesiyle birlikte, bu
formiilasyonlar ila¢ gelistirme ve tedavi stratejilerinin gelecegi agisindan umut verici bir yon
sunmaktadir.

Anahtar Kelimeler: 3DP teknolojisi, ¢oklu ilag yiiklii 3D ¢iktilar, kigisellestirilmis tip, polipiller

INTRODUCTION

The pharmaceutical industry continuously conducts research to develop drug formulations that
are more effective and safer for treating diseases. The drug research involves many steps, such as
discovery of new drugs, assessing their efficacy and safety via clinical trials, and refining existing drugs.
Research conducted by the pharmaceutical industry significantly increases the therapeutic options for
patients to alleviate the burden of disease, enhance quality of life, and prolong the lifespan.

Three-dimensional printing (3DP) technology turned out the 1980s with Charles Hull generated
the first available on the market 3D printer using stereolithography (SLA). Subsequently, Fused
Deposition Modeling (FDM) technology was developed at the start of the 1990s. During the same
period, two other additive manufacturing technologies came into use: Solid Ground Curing (SGC) and
Laminated Object Manufacturing (LOM) which were developed by Cubital and Helisys respectively [1-
4]. 3DP is defined as a collection of technologies including rapid prototyping, solid freeform
manufacturing, and commonly known as additive manufacturing. Additive manufacturing is equivalent
to 3DP and uses a range of advanced printing techniques to build pre-designed 3D digital models layer
by layer. The most extensive used 3DP technologies include SLA, FDM, Selective Laser Sintering
(SLS), 3D Bioprinting and LOM [5].

3DP in healthcare has serious applications in divers’ fields comprising implantable medical
device manufacturing (vascular stents, prosthetic valves, orthopaedic implants, artificial joint
prostheses, human organs) [6], medical imaging (physical visualization) [7], surgical guides/models [8],
pharmaceutical dosage form manufacturing [9,10] and dental applications [11]. The first 3D printed
dosage form, Spritam® (levetiracetam), improved by Aprecia Proprietary using the ZipDose Technology
platform based on powder bed fusion, was authorised by the United States Food and Drug
Administration (FDA) in 2015 [1,12,13].

Conventional pharmaceutical methods impose strict constraints on the drug's parameters, such as
its dose, form, dimensions and release profile, and these processes only manufacture drug batches with
specific, based on majority of patients to achieve the adequate therapeutic response. This may result in
some frequent issues associated with using conventional dosage forms; some patients may require a
lower dose, while some others may require a higher dose depending on many factors such as patient's
health status condition, genetic traits and body structure are different, and a single specification may not
suit all patients [14]. At this point, the use of 3DP technology provides revolutionary originality in
dosage form design and enables personalized treatment approaches. Various methods of this technology
have been developed to meet the patient-specific requirements expected of drugs, thus providing more
customized and efficient treatment opportunities. Some of the potential advantages of pharmaceutical
products produced with 3DP technology can be summarized as follows:

- Traditional drug products, such as tablets, usually have a simple and uniform structure and are
designed to provide a shelf life of usually around two years. In contrast, 3DP technology offers
pharmaceutical companies the opportunity to overcome these limitations enabling the development of
complex, personalized, and immediately consumable pharmaceutical products.

- Personalized medicine formulations have the potential to minimize side effects by dose
adjustments and make easier treatment processes, especially for pediatric and geriatric populations.

- Drugs manufactured on demand could improve emergency treatment applications and generate
new opportunities for bringing novel medications with constrained stability to market [15].

- Orphan drugs which are not on market could be manufactured on demand [16].

This review is planned to give a brief introduction to 3DP technologies commonly used in
pharmaceutical manufacturing, then focus on multidrug-loaded 3D printed dosage forms including a
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summary of the current literature on these dosage forms. Multidrug-loaded 3D printed dosage forms are
a particular most advanced applications that 3DP technology offers to the medicinal field. These
formulations allow to formulate various drugs in a one single dosage form and, in addition to the
advantages of monolithic (generally for drugs with the same dissolution profile), multilayer (when active
substances are chemically incompatible or different dissolution profiles are required within the same
dosage form) or multiparticle systems (for use with coated pellets and granules) offered by traditional
fixed-dose combinations [17], multidrug-loaded 3D printed dosage forms may offer significant potential
in patient-centered treatment strategies. This approach may offer significant advantages in optimizing
patients' treatment processes and managing drug interactions. Especially for chronic diseases and
complex treatment requirements, such formulations can potentially increase patient compliance and
improve treatment efficacy.

A Brief Insight to 3DP Technologies Used in Pharmaceutical Manufacturing

3DP has developed and evolved in parallel with technological advances including powder
solidification, liquid solidification, and extrusion-based systems [2]. Figure 1 illustrates a schematic
representation of 3DP technologies used in drug formulations.

(( 30 PRINTING TECHNOLOGIES ))

Figure 1. A schematic representation of 3DP technologies used in pharmaceutical formulations

Powder Solidification

The Drop on Solid Deposition (DOS) method, also referred to as binder jetting or drop-on-powder
methods, originated at the Massachusetts Institute of Technology (MIT) in the 1980s and was brought
to market by Z-Corporation [18]. The production of Spritam® is based on the DOS method. This method
can be characterized as a form of wet granulation process where ink droplets or binder are deposited
onto thin layers of powder, fusing the powder layers in place. Droplets from the inkjet head are used to
bring together the loose powder bed layer. In this method, free powder particles function as a supporting
material, preventing the collapse of shapes in the structure. After each step, the object is moved
downwards via the movable build platform and a new layer of loose powder is added via the roller or
powder spray system. In this process, 3D objects with the intended shape are formed by progressively
layering each section. The DOS technique allows for the creation of solid oral dosage forms with
elevated drug concentrations and is more convenient for pharmaceutical applications in comparison to
other 3DP technologies for reason that powders and binder solutions used as starting materials are
already commonly employed in the pharmaceutical sector. However, this method requires some



J. Fac. Pharm. Ankara, 49(1): 228-240, 2025 Yilmaz etal. 231

additional steps, for instance, an extra drying step to eliminate residual solvents and increase the physical
strength of the printed structures [2,19,20]. Figure 2 provides a representative image of the DOS 3DP
technology.

Inkjet printhead

Powder roller

Printed object

Powder stock
Powder bed

Build platform

Figure 2. An illustrative diagram of the DOS 3DP technology

Selective Laser Sintering or Melting (SLS/SLM) technique was developed by Carl Deckard in
1984 and is like the DOS method in terms of basic principles. The SLS system comprises three key
components: the spreading platform, the powder bed, and the laser system (laser and scanner). In this
technique, thermoplastic polymers serve as the primary base material and the surface of the powder is
smoothly conveyed to the spreading platform and levelled. The layers are created by lowering the
powder bed by one layer thickness, either by sintering (heating to a temperature slightly below the
melting point) which fuses the surface of the powder particles, or by melting the polymeric powder layer
using a laser beam. This process is repeated to create 3D objects until the entire object is obtained. Once
the print is complete, the objects are left embedded in the powder bed, where the bed is slowly cooled
to prevent stress. Free powder particles on the build platform serve as a support throughout the process,
eliminating the requirement of a secondary support structure. SLS/SLM technology offers a process that
requires no solvents, no filaments, no polymerizable monomer/polymer liquid binders and no post-
processing. Its solvent-free structure is ideal to produce drug molecules that react to water and organic
solvents. The only prerequisite for this method is that the formulation components should be
thermoplastic and thermally stable [2,13,21].

Liquid Solidification

The Drop-on-Drop Deposition (DOD) method does not involve a powder bed and are considered
as inkjet systems. The ink droplets sprayed from the nozzle are deposited onto thin layers, which are
then cured with cooling air or high-energy light. This method requires the use of support material for
structures with protruding geometries [2,3].

SLA is the pioneering laser-based printing technology enabling the production of solid objects
through the polymerization of liquid resins under ultraviolet (UV) light which developed by Japanese
Dr. Kodama in 1980. This 3DP technology implements the formation of 3D objects by triggering the
polymerization of photosensitive resin with a high UV laser beam. The laser beam is directed through
scanning mirrors, precisely building up layers of the object on the build platform by cross-linking the
photosensitive resin. Once each layer is finished, the platform descends by the thickness of one layer.
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The heating during the printing process is kept to a minimum, which avoids the thermal degradation of
drugs. Additionally, drugs can be integrated into the resin as a solution or suspension prior to printing,
ensuring that water solubility does not restrict formulation development. However, the limited
availability and toxicity of photo-crosslinkable resins and the high cost of SLA are the major
disadvantages of this method [2,3,22-24].

Extrusion Based Systems

Extrusion-based printing is among the most utilized 3DP technologies in pharmaceutical
manufacturing. In this approach, a filament or semi-solid material is extruded through a printing nozzle
to create 3D objects. The extruded material is deposited in layers according to the shape of the target
object, and then these layers are hardened by the cooling process or solidized by evaporation of the
solvent [25]. This method can be categorized into two primary types: FDM and Pressure Assisted
Modeling (PAM). Since first introduction by Stratasys Corporation in 1992, FDM is one of the most
employed methods in the pharmaceutical industry because of its affordability, high product durability,
no solvents required and simple equipment. FDM type printers consist of a moving plate and an
extrusion head. In FDM printers, drug-loaded filament is pushed through a nozzle, necessitating high
temperatures to melt the filament; therefore, pharmaceutical ingredients must be stable in high
temperatures. Spinning gears in the print head direct the filament into a heated nozzle, where it melts
and then extruded from the nozzle onto the platform, creating 3D structures. The diameter of the
filaments used must be compatible with the printer specifications, where the filament requirement can
be considered as the restrictive step. Ready to use filaments can be obtained commercially or produced
on purpose by Hot Melt Extrusion (HME) method [4,12,26,27]. Figure 3 provides a schematic
representation of the FDM 3DP technology.

Feeder

Filament
/

Spinning gears

Nozzle Heater cartridge

Figure 3. A representative figure of the FDM 3DP technology

Conversely, the PAM method functions at ambient temperature and uses semi-solid materials,
eliminating the possibility of active ingredients decomposing in heat. Nevertheless, PAM presents
greater difficulty because it demands that the printed materials maintain their shape throughout the
deposition process, and post-processing drying of 3D printed products. In the PAM printer, a syringe
filled with semi-solid material is placed in an arm that moves above the printing platform. Pressure
applied through a pneumatic system, piston, or rotating screw, forces the material through a nozzle,
hence creating printed dosage forms. This process is repeated until the desired design is completed and
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eventually the 3D object emerges. The rheological characteristics of the semi-solid material employed
during printing are crucial. Notably thermally unstable drugs can be easily processed with this method
[12,28]. A PAM 3D printer is schematized in Figure 4.

Pressurized air

Printer

[

Printing syringe <
Noztle «— | |
//' 7 N Compressed air machine
Printing platform / \ Piston
&p Printed object

Figure 4. A representative figure of a PAM 3D printer

Multidrug-Loaded 3D Printed Dosage Forms

Combination drug therapies allow targeting multiple biological mechanisms simultaneously
providing a superior efficacy compared to single-drug therapies [17,29]. As a fact, the use of multiple
prescription medications simultaneously has increased significantly in recent years [30]. Multidrug-
loaded dosage forms have the potential to increase patient compliance by simplifying medication
management for patients practicing polypharmacy. Combining multiple active ingredients in a single
dosage form can reduce dose frequency, improve patient quality of life and the treatment efficiency.
Additionally, from an economic perspective, it can reduce the overall cost of medicines by reducing
packaging, storage and distribution costs [17]. However, the use of multidrug-loaded dosage forms also
has some disadvantages. In particular, standardized dosages that may not fully match the individual
treatment needs of each patient may limit treatment flexibility. In addition, the requirement to replace
the entire tablet in case of intolerance to a component may complicate the treatment process. Drugs in
the same dosage form may cause some in vivo incompatibilities in terms of absorption, distribution,
metabolism and excretion [17]. Therefore, the use of multidrug-loaded dosage forms should be carefully
evaluated according to the specific requirements of each patient, and formulations should be designed
accordingly within this framework.

The application of 3DP technologies in manufacturing multidrug-loaded dosage forms stands out
as an important development in this field. 3DP can increase treatment flexibility by allowing multidrug-
loaded dosage forms to be customized to the individual needs of each patient. By offering combinations
specific to each patient, it can lead to better patient compliance and treatment efficacy compared to
standard multidrug-loaded dosage forms [31].

After Spritam®’s approval, 3DP technology, which has become increasingly prevalent in the field
of drug development, gained significant momentum in the manufacturing of multidrug-loaded dosage
forms. With advances in technology, this field has allowed for the emergence of innovative
formulations. The main reason for this situation is that different 3DP technologies can be applied to
eliminate the deficiencies created by traditional methods in the treatment process. Table 1 showcases
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examples of notable multi-drug loaded 3D printed dosage forms developed using 3DP technology since
2015.

Table 1. Examples of multi-drug loaded 3D printed dosage forms developed using 3DP technology
since 2015

3DP approach, Therapeutic component/s - Objective of formulation
Year
PAM, 2015 Providing an effective cardiovascular treatment regimen with an

immediate-release section bearing aspirin, hydrochlorothiazide and
sustained-release sections containing pravastatin, atenolol, and ramipril
[32].
FDM, 2015 Production of multilayered capsule-shaped tablets containing paracetamol
and caffeine exhibiting modified drug release profiles to meet the necessity
of personalized treatments [33].

PAM, 2015 Development of a multi-compartment tablet containing captopril,
nifedipine and glipizide for managing diabetic patients with hypertension
[34].
FDM, 2017 To develop and produce a flexible capsule-based drug delivery system

featuring individual compartments that can be filled with different active
ingredients or various doses and/or formulations of a single drug; with
paracetamol as the model drug [35].
FDM, 2017 Design and production of oral dual-compartment dosage unit for rifampicin
and isoniazid, which are first-line combination drugs for tuberculosis
treatment that interact with each other when released simultaneously in
acidic medium [36].

FDM, 2018 Production of a bilayer oral solid dosage form containing antidiabetic drugs
metformin and glimepiride [37].
FDM, 2018 Integrating the benefits of 3DP with the advantages of fixed-dose

combinations by producing bilayer tablets of the antihypertensive drugs
enalapril maleate and hydrochlorothiazide [38].
PAM, 2018 Production of most commonly used drugs in diabetes mellitus-metformin
hydrochloride, glyburide and acarbose- in polypills of different forms
(core—shell, multilayer, and gradient distributions) [39].

PAM, 2019 Developing of a single-step 3DP technology that enables the controlled
release of efavirenz, tenofovir disoproxil fumarate and emtricitabine drugs
which are used as first-line treatment of HIV-1 [40].

SLA, 2019 Printing of paracetamol, caffeine, naproxen, chloramphenicol, prednisolone
and aspirin with different geometries and different compositions of
materials [41].

FDM, 2019 Concentric chamber capsule design that can be used when pulse release is
needed or when dealing with two distinct active substances (model drugs
dronedarone hydrochloride and ascorbic acid) need to be administered
simultaneously [42].

FDM, 2019 Production of personalized polypills containing lisinopril dihydrate,
indapamide, rosuvastatin calcium and amlodipine besylate for managing
cardiovascular conditions [43].

FDM, 2020 Design of a novel hollow composite (two medications contained in
individual compartments within the suppository shell) rectal suppository
formulation loaded with ibuprofen ionic liquid and domperidone [44].

SLS, 2020 Polypill printing of amlodipine and lisinopril for antihypertensive therapy
[45].
FDM - Melt Formulation of a multi-compartment polypill with aspirin and simvastatin
Casting for cardiovascular disease prevention (drugs were filled into the polypill

Techniques, 2020 compartment using melt casting method) [46].
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Table 1 (continue). Examples of multi-drug loaded 3D printed dosage forms developed using 3DP
technology since 2015

SLA, 2020 Preparation of a multilayer oral dosage form of common antihypertensive
drugs (irbesartan, atenolol, hydrochlorothiazide, and amlodipine) [47].
Coaxial Development of a drug rod (implant) enable to release bevacizumab and

bioprinting, 2020 dexamethasone by different release kinetics from the same region of the
core/shell structure for retinal vascular diseases treatment [48].

FDM, 2021 Manufacture of a bilayer tablet featuring isoniazid and rifampicin for
tuberculosis treatment [49].
PAM, 2021 Manufacture of an oral polypill with vitamins B1, B3, B6, and caffeine,

designed to provide drug release through two distinct kinetics for
personalized supplement delivery [50].
FDM, 2022 Production of a polypill containing pramipexole, levodopa and benserazide
enabling to release drugs by varied release kinetics for managing
Parkinson's disease [51].

PAM + FDM, Development of a personalized combi-pill containing tranexamic acid and
2022 indomethacin by integrating syringe-based extrusion 3DP with FDM
techniques to achieve rapid anti-bleeding and sustained anti-inflammatory
effects [52].
FDM, 2022 For antihypertensive therapy, production of core-shell type tablets of fixed-

dose combinations of drugs, atorvastatin calcium and amlodipine besylate,
as two independent compartments with HME-FDM techniques[53].

FDM, 2022 Producing bilayer tablets of model drugs paracetamol and caffeine citrate
[54].
PAM, 2022 Production of cardiovascular polypills containing atorvastatin and

metoprolol, to modulate the release of drugs by adjustment of formulation
and geometric variables [55].
FDM, 2023 Creation of LEGO®-style compartments for the immediate release of
melatonin, with customizable lag times, followed by a controlled release of
caffeine for managing sleep disorders [56].

FDM, 2023 Manufacture of polypills incorporating nifedipine, simvastatin, and
gliclazide for managing metabolic syndrome [57].
FDM, 2024 Combining artificial intelligence and 3DP technology to create an

innovative and personalized capsule containing isoniazid and
acetaminophen [58].

FDM, 2024 Developing a gastric floating polypill formulation containing diltiazem,
propranolol, and hydrochlorothiazide for hypertension treatment [59].
PAM, 2024 Providing adjuvant chemotherapy with 5-fluorouracil and cisplatin-loaded

biodegradable bilayer films [60].
* FDM; Fused Deposition Modeling, PAM; Pressure Assisted Modeling, SLA; Stereolithography, SLS; Selective Laser
Sintering

The detailed literature search revealed that dosage forms with various geometries such as multi-
compartment capsules or tablets, bi-layered or multi-layered tablets or capsules with different release
kinetics, core/shell structured tablets, capsule or rod systems and LEGO®-like compartmental structures
could be obtained with different printing techniques. The studies mainly focus on developing multidrug-
loaded 3D printed dosage forms for the treatment of diseases that may require the simultaneous use of
more than one drug, especially to suggest new treatment strategies for cardiovascular diseases (e.g.
hypertension). In addition, multidrug-loaded 3D printed dosage forms have been also investigated for
purposes such as antidiabetic effect, analgesic and anti-inflammatory effect, tuberculosis, and HIV
treatment. While the availability of different printing techniques (such as SLA, SLS, FDM, bioprinting)
in the production of multidrug-loaded 3D printed dosage forms is quite impressive, FDM method is still
the most common technique due to its various advantages. In terms of economic aspects, FDM printers
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are the most moderate option by far. Additionally, extrusion-based printing techniques are noted to be
superior to fabricate more complex structures [17].

There are also studies combining extrusion-based printing with various methods. Fuenmayor et
al. [61] developed a manufacturing platform using injection molding (IM) to overcome the low
throughput and other limitations of the Fused Filament Fabrication (FFF) process by integrating FFF
and IM techniques. In this context, the authors created bilayer tablets with adjustable drug release
profiles by incorporating hydrochlorothiazide in the FFF layer and lovastatin in the IM layer. They
highlighted this approach as a promising avenue for the mass customization of drug dosage forms. In a
similar study conducted by Ebrahimi et al. [62] personalized bilayer tablets loaded with caffeine and
paracetamol were produced by integrating Droplet Deposition Modeling (DDM) and IM techniques. In
this study, the benefits of both DDM and IM techniques have been integrated for tablet manufacturing.

McDonagh et al. [63] developed two different model formulations, an immediate release erodible
system of paracetamol-loaded Eudragit E PO and an erodible/swelling Soluplus system loaded with
felodipine using the Arburg Plastic Freeforming (APF) method to achieve simultaneous, delayed, and
pulsatile drug release regimes. The direct granule-fed thermal droplet-based 3DP process using APF
was thoroughly explained, with the method recommended for pharmaceutical materials unsuitable for
other commercial thermal 3DP technologies. Although the tablets produced by the technique
successfully provided simultaneous and delayed release profiles, pulsed release could not be achieved
due to non-uniform erosion of the tablets under dynamic dissolution conditions.

In addition to multidrug-loaded 3D printed dosage forms, another remarkable field of research is
the development of multidrug-loaded 3D printed hearing aids. Lopez et al. [64] detailed the application
of 3DP to create hearing aids containing two antibiotics (ciprofloxacin and fluocinolone acetonide). The
study, which stated that long-term use of hearing aids causes ear infections, used Kudo 3DSR Flexible
resin and Kudo 3DSR ENG hard resin for printing hearing aids by Digital Light Processing 3DP
technology. In vitro drug release studies demonstrated that both drugs could sustain drug release for
over 7 days. The hearing aids also reported to be suitable for sterilization and suggested to be used in
the treatment of acute otitis media with tympanostomy tubes. Given that ear anatomy varies from person
to person, utilizing 3DP technology for creating drug-loaded hearing aids holds significant potential.

RESULT AND DISCUSSION

In this review, studies conducted on multidrug-loaded 3D printed dosage forms from 2015 to
present were systematically examined, and the rising interest on the subject was assessed. The reviewed
studies highlighted the promising potential of 3DP technologies in the development of multi-drug loaded
formulations and demonstrated how these technologies are increasingly being integrated into drug
development processes. 3DP technologies offer substantial benefits in manufacturing of multidrug-
loaded dosage forms suggesting great potential, particularly in customizing fixed-dose combinations
and the development of patient-specific treatment strategies. 3D printed polypills enable to formulate
drugs in the desired doses and combinations for the treatment of diseases that may require more than
one drug, such as hypertension and diabetes mellitus. In addition, more complex structures and release
profiles can be obtained more effortlessly. However, challenges keep up to date, particularly in
optimizing the scale up of the production process, ensuring consistent quality control, and addressing
regulatory aspects for 3DP-produced pharmaceuticals. As 3DP technologies continue to evolve,
overcoming these hurdles will be critical in enabling wider clinical adoption. While flexibility in the
production process offers a great advantage for personalized treatments, creativity in drug design,
highlighting patient-specific solutions, and process optimization also increase the future potential of
3DP. In the future, advancements in materials science and printing technigques will likely further expand
the application of these technologies in drug development.
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Yayim Kosullari

1.

Ankara Universitesi Eczacilik Fakiiltesi Dergisi (Ankara Ecz. Fak. Derg. — J. Fac. Pharm. Ankara),
acik erisimli, hakemli bir dergi olup yilda ii¢ kez (Ocak-Mayis-Eyliil) yayimlanir.

Dergiye Eczaciligin her alaninda daha 6nce hig bir yerde yayinlanmamus, Tiirkce veya Ingilizce
olarak hazirlanmis makaleler kabul edilir. Deneylerde, insan i¢in “the Declaration of Helsinki” ve
hayvan i¢in “European Community Guidlines’a bagl kalinmalidir. Etik Kurul Onayinin zorunlu
oldugu caligsmalarda, etik kurul onay1 alinan kurumun adi ve etik kurul onay numarasi, gereg ve
yontem boliimiinde ve Etik Kurul Onay boliimiinde belirtilmeli ve ilgili belge makale géonderim
sirasinda yiiklenmelidir.

Yayin Komisyonuna gelen makaleler en az 2 danismana génderilir. Ankara Universitesi Eczacilik
Fakiiltesi Dergisi’nin makale degerlendirme siireci ¢ift tarafli kor hakemlik ilkesiyle yiirtitiiliir.

Makaleler yayina kabul edilis sirasina gore yayinlanir.

Danigmanlar tarafindan Onerilen diizeltmelerin yapilmasi i¢in yazar/ yazarlara geri gonderilen
makaleler, diizeltilip yaymlanmak iizere 3 ay iginde tekrar yayin kuruluna génderilmezse, yeni
bagvuru olarak islem goriir. Makale yayimlanmadan oOnce yazarlarin yayimciya makalenin
“Copyright Transfer Form’unu doldurarak telif hakkini gondermesi gerekmektedir.

Yayimlarda intihal olup olmadigi kontrol edilmelidir. Ankara Universitesi Eczacilik Fakiiltesi
Dergisi’ne yayimlanmak {izere gonderilen makaleler intihal tarama programlart (iThenticate) ile
taranmali ve ¢evrim i¢i makale gonderim sirasinda makalelerin intihal igermedigine dair rapor
yiiklenmelidir.

Ankara Universitesi Eczacilik Fakiiltesi Dergisi’nin makale yayin iicreti (APC) veya abonelik
iicreti yoktur.

Ankara Universitesi Eczacilik Fakiiltesi Dergisi’ne asagidaki makale tiirleri kabul edilir:

a) Ozgiin makaleler: Tiirkge veya Ingilizce hazirlanmus, sekiller ve tablolar dahil tamami en ok
25 A4 kagidi sayfasi olan, orjinal arastirmalarin bulgu ve sonuglarini agiklayan makalelerdir.
Arastirma makalelerinin yenilik¢i ve bilime katki saglayan calismalar olmasi beklenir.
Makaleler, yazim kurallarinda belirtilen ana bagliklar1 tagimali ve Windows uyumlu bir
program kullanilarak hazirlanmalidir.

b) Derleme makaleler: Tiirkce veya ingilizce hazirlanmus, sekil ve tablolar dahil tamami en ¢ok
30 A4 kagidi sayfasi olan, yeterli sayida bilimsel makale taranarak, o giine kadarki gelismeleri
Ozetleyerek ortaya koyan ve sonuglarini yorumlayarak degerlendiren makalelerdir. Makaleler,
yazim kurallarinda belirtilen ana basliklar1 tasimali ve Windows uyumlu bir program
kullanilarak hazirlanmalidir.

¢) Kisa bildiriler: Devam etmekte olan bir calismanin bulgularini zaman kaybetmeden
duyurmak igin Tiirk¢e veya Ingilizce yazilan en gok 5 A4 kagidi sayfas1 olan makalelerdir.
Makaleler, yazim kurallarinda belirtilen ana bagliklar1 tagimali ve Windows uyumlu bir
program kullanilarak hazirlanmalidir.



Yazim Kurallar

=

ok~ w

©

10.

11.

Metinler, A4 normunda (21 x 29.7 cm) yazilmig olmalidir.

Metinler A4 normundaki sayfanin sag ve sol tarafindan 2.5 cm., ist ve alt kenarlarindan 3 cm.
bosluk birakilarak 1 satir aralikla yazilmalidir. Yayimi kabul edilen makaleler dogrudan
“Microsoft Word” dosyast halinde ¢evrim i¢i olarak sisteme yiiklenecektir (online submission).
Ana metin yazi karakteri “Times New Roman” ve 11 punto olmalidur.

Sayfa numaralar1 makalede belirtilmemelidir.

Paragraf baslar1 1 em iceriden baslamalidir. Paragraflar arasi ilave bosluk birakilmamalidir.
Baslik sayfasinda yayin ad1, yazar/yazarlarin adlari, ORCID nolar1 ve yazisma yapilacak yazarin
acik adresi, telefon ve e-mail adresi belirtilmeli ve ortali yazilmalidir. {1k sayfada basliktan dnce
yukaridan 3 satir aralig1 birakilmalidir. Bashk ile Oz/Abstract arasi 1 satir aralikla yazilmalidir.
Sorumlu yazarin soyadinin iistiine (*) isareti konularak belirtilmelidir. Bu kisinin Ad1 Soyadi,
acik adresi, telefon numarasi ve e-mail adresi baslik sayfasinin en altinda belirtilmelidir.
Yazar Ad (ilk harfi biiyiik digerleri kii¢iik harf) ve SOYADI (tamami biiyiik harf) koyu
olarak basligin altina bir satir aralik verildikten sonra altina unvan belirtmeden yazilmalidir.
Birden ¢ok yazar varsa virgiille ayrilip bir bosluk birakilarak yazilmalidir. Yazarlarin soyadlar
iizerine konulacak rakamlarla hemen isimlerin altindaki satira kurum adlar1 ve posta adresleri
(Ornegin: Ankara Universitesi Eczacilik Fakiiltesi, Farmasotik Kimya Anabilim Dali, 06560,
Ankara, Tirkiye) acikca yazilmalidir.

e Tiim yazarlar icin ORCID numarasi mutlaka beyan edilmelidir. Yazarlarin ORCID
ID’leri ilgili logoya koprii olusturularak URL linklerinin  eklenmesiyle
gerceklestirilmelidir.

Uluslararasi kisaltmalar kullanilabilir. Metin iginde mililitre i¢in ml; dakika i¢in dak. olarak
belirtilen sekliyle yazilmalidir.

Birimler metrik sistemi kullanilarak ifade edilmelidir.

Biitiin tablo ve sekiller metin i¢indeki yerlerine yazim alanindan tagmadan yerlestirilmis
olmalidir.

Tablolar iistlerine, sekiller (formiil, grafik, sema, spektrum, kromatogram, fotograf vb.) de
altlarina arabik rakamlarla (Sekil 1., Tablo 2.,) numaralandirilmali ve metin iginde yer
verilmelidir. “Tablo”, “Sekil” sozciikleri ile bunlara ait numaralar koyu yazilmali ve 11 punto
olmalidir. Sekil/Resim (JPEG formatinda) makale i¢inde yerlesmis ve resimler 300 dpi veya
daha yiiksek ¢éziiniirliikte olmalidir. Uzerinde oynanmis (parlaklik, kontrast, gama ayar1 vb.)
sekillerde sekil alti metninde yapilan ayarlar belirtilmelidir. Yazarlar, 6nceki makalelerinden
alintilanmis olsalar bile, diger kaynaklardan herhangi bir goriintiiyii cogaltmak icin ilgili
yayincilardan yazil izin almahdir.

Tablo bagliklar1 Tablolarin stiine ve iki yana yasl ve bunlarin genisligini asmayacak sekilde
11 punto ve bir satir aralikta yazilmalidir. Tabloya ait agiklama varsa tablonun altina 9 punto
ile yazilmalidir. Tablo icindeki metin 8-11 punto arasinda yazilabilir. Sekil basliklar1 ise
sekillerin altina birer satir aralikla ortali ve 11 punto yazilmalidir. Sekil baglig ve sekil arasinda
6 nk aralik olmalidir. Tablo ve Sekiller metin i¢ine yerlestirilirken metin ile aralarinda 18 nk
aralik olmalidir.

Ornek tablolar i¢in bakimz.
e Tiim satir ve siitun ¢izgileri yer almali.
e Tablo tasarimi tiim makalede tek tip ve diiz olmali, herhangi bir
renklendirme/gélgelendirme kullanilmamalidir.
e Tablo iginde yer alan bagliklar bold/koyu renkte yazilmalidir. Tablo bashigi ve tablo
arasinda 6 nk aralik olmalidir.



Tablo 1. Tiirlere ait morfolojik 6zellikler

Bitki kisim* C. nummularia C. integerrimus

Yaprak Genisce eliptik-orbikular, | Orbikulardan ovata kadar farkli
0.9-2.5-(4) x 0.5-2.5-(3-5) cm | sekillerde, 1.2-(4-5) x 0.9-3 cm

Tohum 35-4 x 1-2 mm, Kkoyu | 3-4 x 1.5-2 mm, a¢ik kahverengi
kahverengi

*Aciklama: 9 punto, 1 aralik olmal1.

Tablo 2. Hastalarin 6zellikleri

Demografik bilgiler A grubu* B grubu C grubu
Erkek cinsiyet 10 (%30) 20 (%60) 10 (% 30)
Sigara kullanimi 20 (%60) 10 (%30) 20 (%60)

*Aciklama: 9 punto yazilmalidir.

Ornek sekil;

Sekil 1. C. nummularia’nin genel gortniisti (Yaz1 karakteri “Times New Roman” ve 11 punto, “1”
aralik, ortal1)

12. Makalelerin boliimleri BASLIK (Tiirkce ve Ingilizce), OZ, ABSTRACT, GIRIS, GEREC
VE YONTEM, SONUC VE TARTISMA, TESEKKUR (varsa eklenmeli), YAZAR
KATKILARI, CIKAR CATISMASI, ETiK KURUL ONAYI (varsa eklenmeli) ve
KAYNAKLAR sirasina uygun olarak hazirlanmalidir. Bu boéliimleri ifade eden basliklar
(Makalenin ilk basligi hari¢) 12 punto ile koyu olarak biiyiik harflerle ve sayfanin solundan
baslanarak yazilmalidir. GIRIS ten 6nce ve sonra sirastyla 18 nk ve 6 nk aralik birakilmalidir.
Diger ana basliklardan dnce ve sonra sirasiyla 12 nk ve 6 nk aralik olmalidir. Bolim bagliklar
ile metin arasinda belirtilenin diginda ayrica aralik_birakilmamahdir.

e BASLIK: Tiirkge ve Ingilizce olarak biiyiik harf ve ilk bashk (Tiirkce makalelerde Tiirkge
bashk, Ingilizce makalelerde ingilizce baslik ilk basliktir) 14 punto, koyu ve ikinci baslik 12
punto, italik olarak yazilmalidir. Baslik metine uygun, kisa, caligmayi tanitici ve agik ifadeli
olmalidir.

e OZ ve ABSTRACT: Tiirk¢e (OZ) ve ingilizce (ABSTRACT) olarak makalelerin baginda
200’er kelimeyi gegmeyecek sekilde 10 punto ile italik olarak yazilmalidir. Yabanci dilde
yazilmis makalelerde énce ABSTRACT daha sonra mutlaka Tiirk¢e olarak OZ bulunmalidir.
OZ ve ABSTRACT basliklar1 12 punto ve koyu yazilip kendi iglerinde alt basliklar (asagida
goriildiigii gibi) halinde makalenin 6zeti sunulmalidir. Her bir alt baglik 10 punto, koyu, normal
yazilmalidir. Alt basliklarin igerigindeki metinler italik yazilmalidir. OZ ve ABSTRACT
metni blok halinde sagdan ve soldan 1 cm bosluk birakilarak yazilmalidir.



Ozgiin makalelerde;

OZ. i¢in kullanilacak alt bagliklar:
Amag: Metin italik yazilmalidir.
Gerec ve Yontem: Metin italik yazilmalidur.
Sonug ve Tartisma: Metin italik yazilmalidr.
Anahtar Kelimeler: Metin italik yazilmalidwr, alfabetik siralama gozetilmelidir

ABSTRACT i¢in kullanilacak alt basliklar:
Objective: Metin italik yazilmalidir.
Material and Method: Metin italik yazilmalidr.
Result and Discussion: Metin italik yazilmalidir.
Keywords: Metin italik yazilmalidir, alfabetik siralama gozetilmelidir

Derleme makalelerde;

OZ. igin kullanilacak alt bagliklar:
Amac: Metin italik yazilmalidir.
Sonug ve Tartisma: Metin italik yazilmaldir.
Anahtar Kelimeler: Metin italik yazilmalidwr, alfabetik siralama gozetilmelidir

ABSTRACT igin kullanilacak alt bagliklar:

Objective: Metin italik yazilmalidir.
Result and Discussion: Metin italik yazilmalidir.
Keywords: Metin italik yazilmaldwr, alfabetik siralama gozetilmelidir

¢ Anahtar Kelimeler (Keywords): En az 3 sozciikten olusmali, ilgili dilde alfabetik,
italik olarak, yalnizca ilk anahtar sdzciigiin ilk harfi biiyiik olacak sekilde (biiyiik harf
kullanilarak yapilan kisaltmalar harig) aralara virgiil konularak yazilmali son anahtar
sOzclikten sonra ise bir imla isareti Kullamlmamahidir.

METIN: Orijinal Tiirkce makalede metin kismi1 GIRIS, GEREC VE YONTEM, SONUC VE
TARTISMA olmak iizere 3 ana basliktan olusmalidir. Bu ana basliklarin tamami 12 punto,
bityiik harflerle ve koyu olacak sekilde yazilmalidir. Derleme makalelerde ise GIRIS ile
SONUC VE TARTISMA ana bashklar: olmali, diger bagliklar yazarin belirleyecegi sekilde
her kelimenin ilk harfi biiyiik digerleri kiiciik ve koyu olacak sekilde yazilmalidir. Alt
basliklar 11 punto, Isatir aralik, bold/koyu yazilmali ve sola dayali olmalidir Alt basliklarda
numaralandirma sistemi kullamlmamahdir. Alt basliklardan once ve sonra 6 nk aralik
olmalidur.

GIRIS: Arastirmanim amaci ve konuyla ilgili caligmalarm yer aldig1 bolim olmalidir.

GEREC VE YONTEM: Kullanilan gereg belirtilerek, uygulanan yontem hakkinda gerekli
bilgiler agik¢a ifade edilmelidir. Bilesiklerin karakterizasyonu ayri bir paragraf ile
gosterilmeli ve yeni bilesiklerin safliklari ve yapr aydinlatilmalar saglanmalidir. Eger
calismada hayvan ya da insan Ornekleri/goniilliiler kullaniliyorsa, arastiricilar tim islemlerin
ilgili kanun ve kurumsal kilavuzlara uygun sekilde gergeklestirildigine ve uygun idari kurul
tarafindan bu islemlerin onaylandigina ve Etik Kurul onayi alindigina dair ifadenin ¢aligma
icinde yer almasini saglamalidirlar. Etik Kurul onaymin zorunlu oldugu ¢aligmalarda, etik kurul
onay1 alinan kurumun adi ve etik kurul onay numarasi, gerec ve yontem kisminda belirtilmelidir.
Ayrica, kullanilan protokol ve prosediirlerin etik olarak gdzden gegirildigi ve onaylandigi,
makalenin gere¢ ve yontem bélimiine eklenmelidir. Detayli bilgi igin liitfen
http://journal.pharmacy.ankara.edu.tr/en/ethical-principles-and-publication-policy/ web
sayfasini ziyaret ediniz.



https://dergipark.org.tr/tr/pub/jfpanu/policy

SONUC VE TARTISMA: Bulgularin verilerek degerlendirildigi bolimdiir.

e Dileyen yazar, RESULT AND DISCUSSION béliimiiniin son paragrafi olarak "Conclusion™
baslig1 olusturabilir. Ancak 11 punto Times New Roman karakterinde Ik harfi biiyiik diger
harfleri kii¢iik olmalidir.

TESEKKUR: Varsa arastirmay1 destekleyen kurulusa ve katkisi olan kisilere Yazarlarin
Katkisindan 6nce yer alan bu boliimde kisaca tesekkiir edilebilir.

YAZAR KATKILARI: Makalede yer alan yazarlarin katkisi yazarlar tarafindan imzalanan
Telif Hakki Devir Sozlesmesi (Copyright Transfer Agreement) uyarinca, ¢ikar catigmasi
bildiriminden hemen 6nce, makalede yer alan isim siras1 gozetilerek yazilmalidir. Liitfen bu
bildirim i¢in agik ad ve soyad yerine asagidaki 6rnekte oldugu gibi yazarlarin bas harflerini
kullanimz. Yazar katkis1 belirtilmeyecek alanlar igin “-” igareti konulmalidir.

Ornek:
YAZAR KATKILARI

Kavram: 1.Y., M\M.H., C.H., K.B.; Tasarim: 1.Y., C.H., .O.G., O.U.; Denetim: C.H.,
1.0.G., MM .H., K.B.; Kaynaklar: 0.U.,, ZK., K.B., MM.H., AK., I.A., GAG., B.G.,, BK,;
Malzemeler: 1.0.G., B.E., G.A.G., BK., D.C.P.; Veri Toplama ve/veya Isleme: A.K., O.U,,
MK, AS., D.C.P., T.C.S.T.; Analiz ve/veya Yorumlama: O.U., B.G., T.C.S.T., EK.S ;
Literatiir Taramasi: B.K., D.C.P, B.G., B.E.; Makalenin Yazilmas1: A.K., I.A., T.C.S.T.; Kritik
Inceleme: 1.Y., B.G., 0.U., I.A_; Diger: -

CIKAR CATISMASI BEYANI

Cikar catigmasi varsa ne sekilde oldugu agik¢a beyan edilmelidir. Eger yok ise
“Yazarlar bu makale i¢in gercek, potansiyel veya algilanan ¢ikar ¢atigmasi olmadigini beyan
ederler.” ifadesini kullanmalidirlar.

ETIK KURUL ONAYI

Calismanin sonunda kaynaklardan 6nce etik kurul onay1 alinmissa hangi kurumdan ve
ne zaman alindigi onay numarasi ile mutlaka belirtilmeli ve Etik Kurul Onayini makale
gonderim sirasinda yiiklemelidir. Etik kurul onayina gerek olmayan ¢alismalarda asagidaki
climle yazilmalidir.

“Yaczarlar bu galigma i¢in etik kurul onayinin zorunlu olmadigini beyan etmektedir.”

KAYNAKLAR: Kaynak yazim stili Amerikan Psikoloji Dernegi’'ne (APA) goredir. Yazi
karakteri “Times New Roman” ve 10 punto, “1” aralik, iki yana yasli. Metinde, gecis sirasina
gore koseli parantez i¢inde, 6rnegin: [1,6,9], [5-7] gibi numaralandirilmali ve metin sonunda bu
numaralara gore siralanmalidir. Alt bagliklarin yanina kaynak belirtilmemelidir. Tablo i¢inde
kaynak bildirilmesi gerekiyorsa metin iginde verildigi gibi belirtilmelidir.

e Makale icin: Yazarin soyadi, adinin bag harfleri (Birden fazla adi olan yazarin her bir
isminin bas harfinden sonra nokta konmali ve arada bosluk birakilmamalidir. Birden fazla
yazarlarin arasmda virgiil yer almalidir. Son yazar ile bir 6nceki yazar arasinda “ve”
kelimesi veya “&” sembolii kullamlmamalidir.), makalenin tam baslig1, derginin ad, cilt
no, varsa sayl no (parantez iginde), baslangic ve bitis sayfa numarasi (veya makale
numarast), yil yazar isimlerinden sonra (parantez i¢inde) yazilmahdir. Birden fazla yazar
varsa hepsi yazilmahidir. Makalenin adi yazilirken ilk kelimenin ilk harfi biiyiik diger
kelimelerin ilk harfi kiiciik yazilmalidir. Kaynaklarda verilen dergi adlar1 kisaltma
yapilmadan acik olarak yazilmahdir.




Her bir referansin sonuna [CrossRef] ekleyerek asagidaki formatta DOI numarasini
koprii olarak giriniz. Liitfen https://www.crossref.org/’da yer almayan makaleleri
[CrossRef] seklinde belirtmeyiniz.

https://doi.org/10.1016/0006-2952(89)90403-6

Ornekler:

1. Martinez, M.J.A., Del Olmo, L.M.B., Benito, P.B. (2005). Antiviral activities of
polysaccharides from natural sources. Studies in Natural Products Chemistry, 30, 393-418.
[CrossRef]

2. Bahiense, J.B., Marques, F.M., Figueira, M.M., Vargasa, T.S., Kondratyuk, T.P., Endringer,
D.C., Scherer, R., Fronzaa, M. (2017). Potential anti-inflammatory, antioxidant and
antimicrobial activities of Sambucus australis. Pharmaceutical Biology, 55(1), 991-997.
[CrossRef]

o Elektronik Makale icin:

Ornek:
Perneger, T.V., Giner, F. (1998). Randomized trial of heroin maintenance programme for adults who
fail in convential drug treatments. British Medical Journal, 317, from

http://www.bmj.com/cgi/content/full/317/7150/ Erigim tarihi: 14.03.2021
e Web sitesi icin:

Ornek:
Clinical Pharmacology Web site. (2001). Erisim adresi http://cpip.gsm.com/ Erisim tarihi:
14.03.2021.

e Kitap icin: Yazarin soyadi, adinin bas harfleri, kitabin adi, cilt no (varsa), kitabevi,
yayinlandig1 sehir, sayfa no, basildigi yil (parantez iginde) yazilmalidir.

Ornek:
Franke, R. (1984). Theoretical Drug Design Methods, Elsevier, Amsterdam, p.130.

e Kitap béliimii icin: Yazarin soyadi, adinin bas harfleri, boliimiin baglig1, editér/editorlerin
soyadi, admin bag harfleri, (Ed./Eds.) ibaresi, kitabin adi, varsa cilt no, kitabevi,
yayinlandig1 sehir, sayfa no, basildigi yil (parantez i¢inde) yazilmalidir.

Ornek:
Weinberg, E.D. (1979). Antifungal Agents. In: M.E. Wolff and S.E. Smith (Eds.), Burger’s
Medicinal Chemistry, (pp. 531-537). New York: John Wiley and Sons.

e Tezicin: Yazarin soyadi, adinin bas harfleri, y1l yazar isimlerinden sonra (parantez iginde)
yazilip nokta isareti konmalidir. Ne tiir tez oldugu belirtildikten sonra tezin basligi, nerde
yapildig1 yazilmalidir.

Ornek:

Ahmed, J. (2008). PhD Thesis. Pharmaceutical Botany investigations on Prangos Lindl.
(Umbelliferae) growing in Konya province. Department of Pharmaceutical Botany, Faculty of
Pharmacy, Ankara University, Ankara, Turkey.

e Patent icin: Yazarin soyadi, adinin bag harfleri, yil yazar isimlerinden sonra (parantez
i¢inde) yazilip nokta isareti konmalidir. Patent bagligi ve patent numarasi yazilmalidir.

Ornek:
Mahoney, S., Molz, L., Narayan, S., Saiah, E. (2018). Heteroaryl RHEB Inhibitors and Uses
Thereof. WO 2018/191146 A1l.


https://doi.org/10.1016/s1572-5995(05)80038-9
https://doi.org/10.1080/13880209.2017.1285324

ETiK iLKELER VE YAYIN POLITIKASI

Ankara Universitesi Eczacilik Fakiiltesi Dergisi, acik erisimli, hakemli bir dergi olup Tiirk¢e veya
Ingilizce olarak farmasétik bilimler alanindaki ©nemli gelismeleri igeren orijinal arastirmalar,
derlemeler ve kisa bildiriler igin bir yayim ortamuidir. Ankara Universitesi Eczacilik Fakiiltesi
Dergisi’nin makale yayin iicreti (APC) veya abonelik {icreti yoktur.

Yayin kurulu olarak dergi kapsaminda 6nemli katki saglayan kaliteli yeni ¢aligmalarin yayimlanmasi
amaglanmaktadir. Bu amaca ulagmak igin gonderilen makaleler, dergide yayinlanmak i¢in bilimsel ve
bicimsel gerekli kriterleri karsiladiklarindan emin olmak adina bas editér ve/veya editdr yardimeilari
tarafindan ilk degerlendirmeye tabi tutulur. Yalnizca bu 6n degerlendirme siirecini gecen calismalar,
daha ileri degerlendirme i¢in diger asamalara devam ettirilir.

On Degerlendirme

e Calismanin bilimsel kalitesi ve yeniligi dergide yaymlanmak i¢in yeterli olmalidir.

e Dergiye gonderilen ¢aligmalar derginin amag ve kapsamina uygun olmalidir.
Metin Ingilizce veya Tiirkge olarak dilbilgisi kurallarina uygun ve bilimsel olarak iyi yazilmis
olmalidir.

e Dergiye gonderilen ¢alismalarin benzerlik orani %20°1 gegmemelidir.

e (Caligmalar derginin yazim kurallarina ve sablonuna uygun olacak sekilde diizenlenmelidir.

e Telif hakki devir formu, etik kurul onay belgesi, yazar katki formu mutlaka ytiklenmeli ve imzali
olmalidir.

e (alismalar elektronik online bagvuru sistemi araciligi ile dergiye gdnderilmis olmalidir.

Bu yeterlikleri tasimayan ¢aligmalarin ileri degerlendirme siireci baslatilamaz.

Dergi yayinlanma siirecinde dergi editorleri, hakemler ve yazarlara bazi sorumluluklar diigmektedir. Bu
sorumluluklar agsagidaki sekilde aciklanmistir.

1. Editoriin Gorevleri ve Etik Sorumluluklar:

Editor, dergiye gonderilen makalelerden hangilerinin yayilanmasi gerektigine bagimsiz olarak tek
basina karar verebilecegi gibi editér kurulunun {iyelerine veya hakemlere de danisabilir. Derginin etik
ilkeleri ve yayin politikasi ¢er¢evesinde, ¢aligmalarin 6n degerlendirme, hakem degerlendirmesi ve
yayinlanma asamalarinin tarafsiz, denetlenebilir, adil, ¢ikar iliskisinden bagimsiz ve gizlilik ilkelerine
uygun sekilde yiiriitilmesinden sorumludur. Yayin politikast ve etik ilkeleri agisindan ihlal yoksa
derginin amacina ve kapsamina uygun ¢alismalari, 6n degerlendirme asamasina almalidir.

Bas editoriin, editor yardimcilarinin, alan editorlerinin ve editoryal danisma kurulunun gorevleri ve
tanimlar1 asagidaki gibidir:

Bas Editor: Dergi igeriginin yaymlanmasi konusunda tam yetkiye sahip kisidir. Editér yardimeilari,
alan editorleri ve editoryal danisma kurulu ile birlikte ¢aligir.

Editor Yardimcilari: Dergi ilgili sorulara cevap vermek, dergi hakem ve kuruluna onerilerde
bulunmak, makale yayin siirecinde bas editdre yardime1 olan kigilerdir.

Alan Editorleri: Cift kor hakem atamalarinin gergeklesmesi ve dergi ile ilgili sorulara cevap vermek
konusunda yazarlara yardimct olan kisilerdir.

Editoryal Damsma Kurulu: Editoryal Danisma Kurulu, Ankara Universitesi Eczacilik Fakiiltesi
Dergisinin, amacina uygun ve kaliteli yayin iiretilmesine iliskin konularda Bas Editér ve Editor
Yardimcilarina kilavuzluk eder.



1.1. Yayin Politikas1

Bas editor, dergiye gonderilen makalelerden hangilerinin yayimlanmasi gerektigi kararindan tek
basina sorumludur. Editoriin karari, derginin editér kurulunun prensipleri dogrultusunda
olabilecegi gibi, onur kiric1 yayim yapmak, telif hakki ihlali ve intihal gibi konularla ilgili olarak
yiirtirliikte olan yasal gereklilikler ile sinirlandirtimistir.

Bas editor, makale yayimlanmadan 6nce yazarlarin yayimciya makalenin “Copyright Transfer
Form” unu, doldurarak telif hakkin1 génderdiginden emin olmaktadir.

Bas editér, yazarlarin makale yayimlanmadan 6nce "Conflict of Interest Form”unu ve “Author
Contribution Form” unu doldurdugundan emin olmaktadir.

Bas Editor, dergiye gonderilen makalelerin bicimsel olarak incelenmesi igin editor
yardimcilarini - gérevlendirmektedir. Ankara Universitesi Eczacilik Fakiiltesi Dergisinin
kurallarin1 saglamayan makaleler kesinlikle degerlendirmeye alinmadan reddedilmektedir.

1.2. Yayin Degerlendirmesi

Bas editdr, yayin degerlendirme siirecinin adil, tarafsiz ve zamanina uygun sekilde
gerceklesmesini saglamaktan sorumludur.

Editor, tiim makaleleri genel olarak disardan ve bagimsiz en az iki hakem ile degerlendirilmesini
saglamaktadir. Gerek olmasi durumunda editor {i¢iincii bir hakemden ek goriis istemektedir.
Editor, hakem se¢imini makale kapsamina uygun olan uzmanlari1 degerlendirerek yapar.
Editor, olast cikar catismalart i¢in yapilan agiklamalari, hakemler tarafindan yapilan “self-
citation” Onerilerini ve herhangi bir taraflilik olasiligin1 degerlendirmek ve karar vermek icin
dikkatli bir sekilde yayin siirecini gdzden gecirmektedir.

Bas editor/editorler, hakem degerlendirmesi veya degerlendirme/yayim siirecinin herhangi bir
noktasinda bir benzerlik tespit yazilimi1 (iThenticate) tarafindan taratilmasimi yazardan
istemektedir veya kendisi yapmaktadir. Bu anlamda ifadelerin veya cilimlelerin
yazarin/yazarlarin kendileri olsa dahi metin daha 6nce yayinlanmis verilerle kabul edilemez bir
benzerlige sahip olmamalidir.

Bas editdr, bir makaledeki hatalar1 yayimlanmadan 6nce tespit ederse diizeltmektedir. Eger daha
sonra tespit ederse bu durumda diizeltmeleri yayimlamak zorundadir. Tiim diizeltme veya geri
¢ekme bildirimlerini dergide belirgin bir sekilde yayimlamalidir. Ayrica igindekiler sayfasinda
listelemelidir.

Ankara Universitesi Eczacilik Fakiiltesi Dergisinin editorleri, Yayin Etigi Komitesi (Committee
on Publication Ethics (COPE)) tarafindan yaymlanan "COPE Code of Conduct and Best
Practice Guidelines for Journal Editors" ve "COPE Best Practice Guidelines for Journal Editors"
kilavuzlarina uyarak ¢aligsmalarini siirdiiriir.

1.3. Adil Degerlendirme

Bas editor/editorler, makaleleri yazarlarin 1k, cinsiyet, cinsel egilim, inang, etnik koken,
vatandashk ya da politik goriislerine bakmaksizin  bilimsel igeriklerine gdre
degerlendirmektedir. Derginin editoryal prensipleri seffaf ve tiimiiyle diiriist degerlendirmeyi
desteklemektedir.

Editor, hakemlerin ve yazarlarin kendilerinden bekleneni tam olarak anladiklarindan emin
olmalidir.

Editor, dergi ile ilgili tiim iletisimini derginin elektronik bagvuru sisteminden yapar ve
kararlarinda itirazlar olmasi halinde seffaf ve hakkaniyetli bir yol izler.

1.4. Gizlilik ilkesi

Bag editdr/editor, dergiye yapilan bagvurudaki tim materyallerin ve hakemlerle yapilan tiim
iletisimin gizliligini (ilgili yazar ve hakemlerle aksi onaylanmadigi siirece) korumakla
yiktimliidiir.


https://publicationethics.org/files/Code_of_conduct_for_journal_editors_Mar11.pdf
https://publicationethics.org/files/Code_of_conduct_for_journal_editors_Mar11.pdf
https://publicationethics.org/files/u2/Best_Practice.pdf

e Bas editor/editor, hakemlerin isimlerinin agiklanmasini kabul etmedigi stirece, hakemlerin
kimliklerini ve haklarini korumakla sorumludur.

e Basvurusu tamamlanmis bir makaleye ait basilmamis materyaller, yazarin yazili onayi
alinmadan editoriin kendi ¢alismalari/arastirmalari i¢in kullanilmamalidir.

e Bas editor/editor, makale degerlendirme siirecinde edinilen tim bilgileri veya fikirleri gizli
tutmal1 ve kisisel amaglar i¢in kullanmamalidir.

2. Hakemlerin Gorevleri ve Etik Sorumluluklar:

Ankara Universitesi Eczacilik Fakiiltesi Dergisi’nin makale degerlendirme siireci ¢ift tarafli kor
hakemlik ilkesiyle yiiriitiillmektedir. Dolayisiyla hakemler yazar/yazarlarla iletisim kuramazlar,
degerlendirmeler dergipark yoOnetim sistemi lizerinden paylasilir. Degerlendirme siirecinde tam
metinlere iliskin degerlendirme formlar1 hakem yorumlar editdr aracilii ile sorumlu yazara iletilir.
Hakemler, degerlendirme siireci boyunca tarafsizlik, gizlilik, nesnellik, bilimsel yonden inceleme
ilkelerine uygun hareket etmelidir. ilgili alanda uzman ve yetkinlige sahip olmalidir. Degerlendirmesine
sunulan ¢aligmaya iliskin raporunu belirtilen zaman araligi iginde bitirmelidir. Zamaninda
sunulamayacak raporlar i¢in gecikmeden editor ile iletisime gegilmelidir. Etik ilkeleri, telif hakki ihlali,
olast ¢ikar catigmasi ve intihal yapildiginin fark edilmesi durumlarinda editér kurulunu
bilgilendirmelidir.

Ankara Universitesi Eczacilik Fakiiltesi Dergisi i¢in makaleleri degerlendiren hakemlerin asagida
belirtilen gorevlere ve etik sorumluluklara uymast beklenmektedir.

2.1. Editoryal Kararlara Katki

e Hakemler, yazarlarin sunduklari ¢caligmalari yapici ve uygun sekilde degerlendirmelidirler.
Hakemler, makalede yer alan arastirmay1 degerlendirmeye yetkin olmadigini diisiiniiyorsa veya
yeterli siirede tamamlayamayacaksa editore durumu bildirmelidirler.

e Hakemler, yazarlara yonelik sert ve kisisel elestirilerde bulunmamalidirlar.

e Hakemler, makale degerlendirmesi i¢in davet aldiginda eger kendilerini makalede galisilan
konu hakkinda yetersiz hissederlerse makaleyi degerlendirmeyi reddetmelidirler.

Hakemler, makale degerlendirmesini verilen siire i¢ginde yapmalidirlar.
Hakemler, sadece ¢aligmanin igerigine iliskin degerlendirmeyi objektif olarak yapmalidirlar.

2.2. Gizlilik

e Hakemler, degerlendirmeyi tarafsizlik ve gizlilik i¢erisinde yapmahdirlar.

e Hakemler, makale hakkindaki degerlendirmelerini ya da bilgilerini tiglincii kisilerle
paylagsmamalidirlar.

e Hakemler, makale degerlendirme siirecinde edinilen bilgileri, fikirleri ve basilmamis materyal
veya ¢alismalari gizli tutmali ve kisisel amaglar i¢in kullanmamalidirlar.

e Hakemler, makalenin bir kopyasini elinde bulundurmamali veya ¢ogaltmamalidirlar.

2.3. Etik Sorunlar1 Fark Etme

e Hakemler, makalede yer alan etik sorunlar fark etmeli ve editoriin dikkatine sunmalidirlar.

e Hakemler, makalenin daha 6nce bagka bir yerde basildigini veya basilmis 6nceki bir makale ile
onemli Olgiide benzerlik ya da ortiisme tespit ederse editore bildirmelidirler. Daha 6nce
yayimlanmis olan herhangi bir gézlem ve/veya argiiman, ilgili referans ile birlikte verilmelidir.

2.4. Tarafsizlik ve Rekabet Standartlar

e Hakemler, tarafsiz olarak degerlendirmelerini yapmali ve Onyargidan uzak sekilde
degerlendirmelidirler. Yazarin kisi olarak elestirilmesi uygun degildir. Hakemler, goriislerini
destekleyici arglimanlarla ifade etmelidirler.



e Hakemler, makale degerlendirmeyi kabul etmeden oOnce olasi ¢ikar gatismasini kontrol
etmelidirler. Eger cikar ¢atismasiyla karsi karsiya oldugunu diisiiniiyorsa makaleyi incelemeyi
reddetmeli ve editorii bilgilendirmelidirler.

e Hakemler, yazar tarafindan hakemin (ya da hakemle g¢aligsan kisilerin) caligmalarinin kaynak
olarak alindigin ileri siirerse, gercek bilimsel gerekceler sunmalilar, bu durumun hakemin
kaynak gdsterilme sayisini ya da ¢alismalarinin goriiniirliigiinii artirmaya yonelik bir girisim
olmamasina 6zen gostermelidirler.

e Hakemler, degerlendirmelerini yaparken bilimsel gergeklikten uzaklagsmamali ve gerekirse
kaynak gosterme yoluna bagvurmalidirlar.

3. Yazarlarin Gorevleri ve Etik Sorumluluklar

Ankara Universitesi Eczacilik Fakiiltesi Dergisi’ne génderilen makaleler, daha énce herhangi bir yaymn
organinda yayimlanmamis olmalidir veya yayimlanmak iizere aym1 zaman diliminde baska bir yaym
organina gonderilmis olmamalidir. Caligmalarda yararlanilan arastirmalarin ve yayinlarin, alintilariin
veya atiflarinin bilimsel aragtirma ilkelerine uygun olarak eksiksiz yapilmasi ve kaynaklarin belirtilmesi
zorunludur. Calismada yer alan yazar sayisi birden fazla ise, yazarlarin ¢aligmaya bilimsel ve akademik
olarak somut ve yeterli diizeyde katki saglamasi beklenir. Calismaya ait tiim finansal destek kaynaklari
acgiklamalidir. Olast  ¢ikar  catigmasi  durumlarimi  yaym  kuruluna  bildirmelidir.

Ankara Universitesi Eczacilik Fakiiltesi Dergisi’ne makale gonderen yazar/yazarlarin asagida belirtilen
gorevlere ve etik sorumluluklara uymalidir.

3.1. Bildirim Standartlar1

e Yazar(lar)in gonderdigi makale (arastirma, derleme veya kisa bildiri) 6zgiin olmalidir.

e Yazar(lar), calismanin énemine iligkin tarafsiz bir tartisma ile gergeklestirilen aragtirmay1 net
bir sekilde sunmalidir.

e Yazar(lar), makalede verileri agik bir sekilde sunmalidir.
Yazar(lar)in bagka calismalardan faydalanmasi halinde tam ve dogru bir sekilde alinti
yapmalidir.

e Makale, diger arastirmacilarin ¢alismay1 tekrar edebilmesine olanak verecek sekilde yeterli
detay ve kaynak icermelidir.

e Yazar(lar), etik disi davranarak yaniltict ya da net olmayan ifadeleri makalelerinde
kullanmamalidir.

e Yazar(lar), dergi kurallarma uymadiklart ve belirtilen stirede aksiyon almadiklari siirece
makalelerinin dergi tarafindan yayimlanmayacagim bilerek hareket etmelidir.

3.2. Veri Ulasin ve Saklama

Yazarlardan editoryal degerlendirme ig¢in makalelerini destekleyici arastirma verisi istenebilir.

Yazarlar, degerlendirme siirecinde makalelerine iliskin ham verilerin veya makalelerini
destekleyecek verilerin talep edilmesi durumunda belirtilen verileri yayin kuruluna sunmaya
hazir bulunmalidirlar.

3.3. Orijinallik, intihal ve Kaynaklarin Belirtilmesi

e intihal, yazarin baska bir makaleyi kendi caligmas1 olarak gdstermesi, kaynak gostermeden
baska birine ait caligmanin belli béliimlerinin kopyalanmasi ya da bagka sozciiklerle anlatilmasi
veya baskalar tarafindan yapilan ¢alismanin sonuglarinin alinarak sunulmasi seklinde olabilir.
Intihalin her bicimi etik olmayan davranistir ve kesinlikle kabul edilmemektedir. Yazarlar
intihalden uzak durmalidir. Intihal tanimi igin buraya bakiniz.

e Yazarlar ¢alismalarinin tiimiiyle orijinal oldugunu garanti etmelidirler. Yazarlar, baskalarinin
fikirlerini veya metinlerini kullaniyorlarsa mutlaka uygun sekilde kaynak ya da alinti
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gostermeliler ve gerekliyse izin almalidirlar.

Yazarlar kendilerine ait olan calismay1 etkileyen ve c¢alismaya ait uygun igerigin
olusturulmasinda katkis1 olan tiim yayinlari veya eserleri kaynak olarak gostermelidirler. Ozel
olarak (goOriisme, yazisma ya da igciinci taraflar ile tartisma) ile elde edilen bilgiler
kullanilmamali ya da kullanilacaksa izin alinarak bildirilmelidir.

Yazarlar, Ankara Universitesi Eczacilik Fakiiltesi Dergisi’ ne yayimlanmak iizere génderdikleri
makalelerini intihal tarama programlar1 (iThenticate) ile taramali ve dergipark sisteminde
cevrim i¢i makale gonderim sirasinda makalelerinin intihal icermedigine dair raporu yiiklemek
zorundadirlar.

3.4. Coklu, Gereksiz ve Tekrar Yayinlama

Ayn1 makale ile birden fazla dergiye basvuruda bulunmak etik olmayan bir davranistir ve asla
kabul edilmemektedir. Genel olarak, yazar daha 6nce basilmig bir yayini, 6zet formunda ya da
yayinlanmis bir ders, akademik tez ya da elektronik 6n baskinin bir parcasi olmasi diginda,
degerlendirme icin baska bir dergiye gondermemelidir.

Y azarlar bagvuru sirasinda makaleyi bagka bir dergiye daha ayn1 anda géndermediklerini garanti
etmelidirler.

Yazarlar, gonderilen yazinin degerlendirme asamasinda olmadigim veya baska bir yerde
yayimlanmak tizere kabul edilmedigini ve eger kabul edilirse, ayn1 bi¢imde, baska bir dilde,
elektronik ortam da dahil olmak tiizere, yazarin yazili izni olmaksizin bagka bir yerde
yayimlanmayacagini garanti etmelidir.

3.5. Yazar Katkilan

Yazar katkilari, galigmanin konseptine, tasarimina, gerceklestirilmesine ya da yorumlanmasina
onemli katki saglayan kisiler ile sinirlandirilmalidir.

Yazarlar, ¢aligmaya katki veren yazarlarin listesini dikkatli bir sekilde hazirlamalidir. Bazi
durumlar esyazar (co-author) olmayr bazi durumlar ise calismanin “Tesekkiir”
(Acknowledgement) boliimiinde yer almasini hak edebilir.

Sorumlu yazar, tiim esyazarlarin ¢alismada uygun sekilde yer aldigina, tim esyazarlarin
caligmay1 goriip onayladiklarina ve yayinlanmak {izere bagvuru yapilmasina dair verdikleri
onaya iliskin sorumlulugu iistlenmelidir.

Sorumlu yazar, makaledeki tiim yazarlarin yazar siralamasi, ¢alismanin kesinligi ve biitiinligii
gibi konularda fikir birliginin saglanmasindan sorumludur ve orijinal bagvuru sirasinda kesin
bir yazar listesi sunmalidir.

Caligmanin bagvurusu tamamlandiktan sonra, sadece istisna durumlarda, editor yazar listesinde
ekleme, silme ya da yeniden diizenleme yapabilir. Tiim yazarlar bu sekilde yapilacak ekleme,
silme ve yeniden diizenleme konusunda fikir birligi i¢inde olmalidirlar. Tim yazarlar
caligmanin ortak sorumlulugunu aldiklarini kabul ederler. Her yazar, uygun sekilde arastirilan
ve karara baglanan ¢alismanin kesinligi ve biitiinliigii ile iligkili sorulardan sorumludur.
Sorumlu yazar, editdr ile iletisime gegen kisi olarak Ankara Universitesi Eczacilik Fakiiltesi
Dergisi’ne makale ile birlikte “Yazar Katki Formu”nun da doldurulup gonderilmesinden
sorumludur.

3.6. Cikar Catismasi Beyam

Yazarlar, ¢aligmalarin1 uygunsuz bir sekilde etkileyebilecek olarak gordiikleri diger kisi veya
organizasyonlarla ¢ikar catismasi olusturabilecek her tiirlii durum ve iliskileri beyan
etmelidirler.

Sorumlu yazar, editér ile iletisime gegen kisi olarak Ankara Universitesi Eczacilik Fakiiltesi
Dergisi’'ne makale ile birlikte “Cikar Catismast Beyam1 Formu”nun da doldurulup
gonderilmesinden sorumludur.



Yazarlar ¢ikar ¢atismalarinin oldugu durumlar1 mutlaka agiklamalidirlar.

3.7. Temel Hatalarin Bildirimi

Yazarlar, yayimlanmis, erken goriiniim veya degerlendirme siirecinde olan bir ¢alismasinda
onemli bir hata ya da eksiklik fark ettiginde, acil olarak dergi bas editoriine/yayinevine veya
ilgili editore bildirmek ve editor tarafindan gerekli goriilmesi durumunda makaleyi geri ¢cekmek
veya diizeltmek i¢in editorle isbirligi yapmak ile yiikiimliidiir.

Editor/yayinevi yayimlanmis olan makalenin bir hata icerdigini ticlincii bir taraftan 6grenirse,
editor ile igbirligi yapmak ve gerektiginde destekleyici kanit saglamak yazarm yiikiimliiliigiidiir.

3.8. Olas Riskler ve insan veya Hayvan Konular

Yazarlar, kullanimlari sirasinda olagan dis1 risk yaratan kimyasallar, islemler ya da malzemeler
ile calismuslarsa agikca belirtmelidirler.

Eger ¢alismada hayvan ya da insan ornekleri/goniilliller kullaniliyorsa, arastirmacilar tim
islemlerin ilgili kanun ve kurumsal kilavuzlara uygun sekilde gerceklestirildigine ve uygun idari
kurul tarafindan bu islemlerin onaylandigina ve Etik Kurul Onay1 alindigina dair ifadenin
makale iginde yer almas1 saglamalidirlar.

Yazarlar, Etik Kurul Onayimin zorunlu oldugu caligsmalarda, etik kurul onay1 alinan kurumun
ad1 ve etik kurul onay numarasini, gere¢ ve yontem kisminda ve Etik Kurul Onay bdliimiinde
belirtmelidirler. Ayrica, kullanilan protokol ve prosediirlerin etik olarak gozden gegirildigini ve
onaylandigini, makalenin gere¢ ve yontem boliimiine eklemelidirler.

Etik kurul raporu alinmas1 gerektigi halde, etik kurul raporu olmayan ¢aligmalar reddedilecektir.
Insanlar veya insandan elde edilen &rnekler iizerinde yapilan klinik arastirmalarda
bilgilendirilmis onam formu mutlaka alinmis olmalidir ve gere¢ ve yontem kisminda
belirtilmelidir. Insan géniilliileri ile yapilan arastirmalar icin arastirma protokoliine uygun
olarak hazirlanmis yazil bilgilendirilmis goniillii onam formu alinmalidir.

Yazarlar, galismalarinda, hayvan ya da insan 6rnekleri/goniilliiler kullanmigsa gerekli etik kurul
izinlerini aldigindan emin olmalidir. Etik kurul izin ifadesini makalede mutlaka belirtmelidir.
Bu anlamda yazarlar asagida siralanmis olan kilavuzlara uyarak ¢alismalarini gergeklestirmis
olmalidirlar:

Insanlar iizerinde gerceklestirilen tiim arastirmalar Helsinki Bildirgesi ilkelerine gore
yapilmalidir (World Medical Association (WMA) Helsinki Declaration for Medical Research
in Human Subject). Insan goniilliilerinden bilgilendirilmis onam formu alinmis olmalidir. Tiim
hayvan ¢aligmalari ARRIVE kilavuzuna uygun olmali (Animal Research: Reporting of In Vivo
Experiments (ARRIVE) Guidelines) ve “Bilimsel Amagli Kullanilan Hayvanlarin Korunmasina
Iliskin Konsey Direktifi’ne (EU Directive 2010/63/EU for animal experiments), “Birlesik
Krallik Hayvan Yasasi”na (The U.K. Animals (Scientific Procedures) Act 1986) ve/veya “U.S.
Insan Bakim ve Laboratuvar Hayvanlarimn Kullammna Iliskin Halk Saghigi Hizmeti
Politikas1” rehberine (U.S. Public Health Service Policy on Humane Care and Use of Laboratory
Animals) uygun sekilde yiiriitiilmelidir. Bitkiler ile ilgili tiim deneysel arastirmalar, uluslararasi
yOnergelere uygun olmalidir.

4. Ucret Politikasi

Higbir ad altinda yazar veya kurumundan {icret alinmaz.
Dergi ile igsleme ve yayinlama iicretsizdir. Gonderilen veya kabul edilen makaleler i¢in makale
isleme iicreti veya gonderim tiicreti yoktur.
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1. The Journal of Faculty of Pharmacy of Ankara University (J. Fac. Pharm. Ankara) is an open-
access, peer reviewed journal and is published three times (January-May-September) a year.

2. The Journal of Faculty of Pharmacy of Ankara University publishes articles in every field of
Pharmaceutical Sciences. The manuscript to the journal should not be published previously as a
whole or in part and not be submitted elsewhere. Manuscript should be written in Turkish or in
English. The experiments used have to be adhered to the Declaration of Helsinki for humans and
European Community Guidlines for animals. In studies where Ethics Committee Approval is
mandatory, the name of the institution from which ethics committee approval was obtained and the
ethics committee approval number should be stated in the material and method section and the
Ethics Committee Approval section, and the relevant document should be uploaded during article
submission.

3. All manuscripts will be submitted to a review process by the editors and by qualified at least 2
outside reviewers. The article evaluation process of Journal of Faculty of Pharmacy of Ankara
University is carried out on the principle of double-blind refereeing.

4. Manuscripts are published in order of final acceptance after review and revision.

5. Ifamanuscript returned to the authors for revision is not received back to the editor within 3 months
it will be treated as a new article. When the article is published, authors must send the copyright of
the article to the Publisher by filling out the "Copyright Transfer Form".

6. Manuscript will be controlled using plagiarism checker. Articles sent to Journal of Faculty of
Pharmacy of Ankara University for publication must be scanned with plagiarism scanning
programs (iThenticate) and a report stating that the articles do not contain plagiarism must be
uploaded during online article submission.
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8. The following types of articles are accepted in the Journal Faculty of Pharmacy of Ankara
University:

a) Original articles: Articles written in English or Turkish in scientific format presenting
original research. Articles should be printed on A4 size papers not exceeding 25 pages
(including tables and figures). Research articles are expected to be innovative and contributing
to science. Articles must have the main headings specified in the writing rules and must be
prepared using a Windows compatible program.

b) Review articles: An updated comprehensive review of scientific works on a particular subject.
Acrticles written in English or Turkish should be printed on A4 size papers not exceeding 30
pages (including tables and figures). Articles must have the main headings specified in the
writing rules and must be prepared using a Windows compatible program.

¢) Short communications: Rapid announcement of the results of a continuing research written
in English or Turkish, no longer than 5, A4 size pages. Articles must have the main headings
specified in the writing rules and must be prepared using a Windows compatible program.
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10.

11.

Texts must be written in A4 norm (21 x 29.7 cm).
Texts should be written with 1 line spacing, with 2.5 cm margins on the left and right sides of
the A4 norm page, 3 cm margins each from the top and bottom edges (3 line spacing from the
top on the first page). Articles accepted for publication will be directly uploaded to the system
as a "Microsoft Word" file (online submission). The main text font should be “Times New
Roman” and 11 pt.
Page numbers should not be specified in the article.
Paragraph headings must begin 1 cm inside. Additional spaces should not be left between
paragraphs.
On the title page, the title of the manuscript the name/s, the full address/es and ORCID no of
the author/s, and the full address, telephone number, e-mail address of the corresponding author
should be written and all should be centered in the text. It should be indicated by placing (*)
above the surname of the corresponding author. Name, surname, full address, telephone number
and e-mail address of this person should be specified at the bottom of the title page.
Author’s Name (first letter capital, others lowercase) and SURNAME (all capital letters)
should be written in bold, three lines spaced under the title, and without a title underneath. If
there is more than one author, they should be written by separating them with a comma and
leaving a space. The numbers to be placed on the surnames of the authors and the institution
names and postal addresses (For example: Ankara University Faculty of Pharmacy, Department
of Pharmaceutical Chemistry, 06560, Ankara, Turkey) should be clearly written on the line just
below the names.
e ORCID ID number must be declared for all authors. ORCID IDs of the authors should

be created by creating a hyperlink to the relevant logo and adding URL links.
International abbreviations may be used. ml for milliliter in the text; min. for minutes It should
be written as specified.
Units should be expressed using the metric system.
All tables and figures should be placed in their places in the text without exceeding the writing
area.
Tables should be numbered on the top, figures (formula, graph, chart, spectrum, chromatogram,
photograph, etc.) should be numbered below with Arabic numbers (Figure 1., Table 2.) and
should be included in the text. The words "Table", "Figure™ and their numbers should be written
in bold and in 11 pt. Figure/Picture (in JPEG format) must be placed in the article and pictures
must be at least 300 dpi or in higher resolution. Authors must obtain written permission to
reproduce any images from other sources.
Table titles should be written in 11 font size justified on the top of the tables and not exceeding
their width. If there is an explanation for the table, it should be written in 9 font size at the
bottom of the table. The text in the table can be written between 8-11 points. Figure titles
should be written at the bottom of the figures with a line spacing, centered and 11 pt. There
must be 6 nk space between the figure and figure title. There should be 18 nk space between
the text and title of figure and/or table.
See for below examples for tables:

o All row and column lines should be included.

e Table design should be uniform and straight throughout the article, no coloring /

shading should be used.
e Headings in the table should be written in bold. There must be 6 nk space between
the table and table title.



Table 1. Morphological characteristics of the species

Plant part* C. nummularia C. integerrimus

Leaf Broadly elliptical-orbicular, | From orbicular to ovate,
0.9-2.5-(4) x 0.5-2.5-(3-5) | 1.2-(4-5) x 0.9-3 cm,
cm

Seed 3.5-4 x 1-2 mm, dark brown | 3-4 x 1.5-2 mm, light brown

* Explanation should be 9 font size, 1 range.

Table 2. Patient demographics

Demographics Group A* Group B Group C
Male gender 10 (%30) 20 (%60) 10 (% 30)
Cigarette consumption 20 (%60) 10 (%30) 20 (%60)

* Explanation should be 9 font size, 1 range.

Example for figure:

Figure 1. General view of C. Nummularia (The font size must be 11 pt with 1 line spacing and

“Times New Roman” font, and must be centered in the text)

12. The sections of the articles should be prepared in accordance with the TITLE (Turkish and

English), ABSTRACT, INTRODUCTION, MATERIAL AND METHOD, RESULT AND
DISCUSSION, ACKNOWLEDGEMENTS (if available), AUTHOR CONTRIBUTIONS,
CONFLICT OF INTEREST, ETHICS COMMITTEE APPROVAL (if available) and
REFERENCES. Titles expressing these sections (except the first title of the article) should be
written in 12 pt, bold capital letters and starting from the left of the page. There should be
18 nk space before and 6 nk space after the INTRODUCTION. For, there should be 12 nk
space before and 6 nk space after the other titles. Between the chapter titles and the text, a
separate space should not be left other than the specified in this document.

TITLE: Capital letters and first title in Turkish and English (Turkish title is the first title in
Turkish articles, English title is the first title in English articles), 14 pt, bold and the second
title should be written in 12 pt, italic. The title should be appropriate to the text, short,
introducing the work and clearly worded.

ABSTRACT and OZ: It should be written in English (ABSTRACT) and Turkish (OZ) at
the beginning of the articles, not exceeding 200 words, 10 pt, italic and within a frame. In
articles written in a foreign language, first ABSTRACT and then OZ in Turkish. ABSTRACT
and OZ titles should be written in 12 pt. And bold and the summary of the article should be
presented as subheadings. Each subtitle should be written in 10 pt, bold, normal and 1 cm
indented. ABSTRACT and OZ should be written in blocks with 1 cm margins from the right
and left.



For original articles;

Subheadings to be used for ABSTRACT:
Objective: Text should be written in italic.
Material and Method: Text should be written in italic.
Result and Discussion: Text should be written in italic.
Keywords:

Subheadings to be used for OZ.:
Amag: Text should be written in italic.
Gerec ve Yontem: Text should be written in italic.
Sonug ve Tartisma: Text should be written in italic.
Anahtar Kelimeler: Text should be written in italic.

For review articles;

Subheadings to be used for ABSTRACT:
Objective: Text should be written in italic.
Result and Discussion: Text should be written in italic.
Keywords:

Subheadings to be used for OZ:
Amag: Text should be written in italic.
Sonug ve Tartisma: Text should be written in italic.
Anahtar Kelimeler:

o Keywords (Anahtar Kelimeler): It should consist of a minimum of 3 words,
should be written alphabetically, italic in the relevant language, with only the first
letter of the first keyword capitalized (except for abbreviations using capital letters)
with commas between them and a spelling mark should not be used after the last
keyword.

TEXT: The text part of the original Turkish article should consist of 3 main headings:
INTRODUCTION, MATERIAL AND METHOD, RESULT AND DISCUSSION. All of
these main headings should be written in 12 pt, capital letters and bold. In review articles,
there should be the main headings of INTRODUCTION and RESULT AND DISCUSSION,
other titles should be written with the first letter of each word capital, the others in lowercase
and bold, as determined by the author. Subheadings should be written in 11 font size, 1.5 line
spacing, bold and aligned to the left. Numbering system should not be used in subheadings.

INTRODUCTION: There should be a section containing the purpose of the research and
studies on the subject.

MATERIAL AND METHOD: Required information about the method should be clearly
stated by indicating the material used. Characterization of compounds should be shown in a
separate paragraph and clarification of the purity and structure of the new compounds should
be provided. If animal or human samples/volunteers are used in the study, researchers should
ensure that a statement stating that all procedures are carried out in accordance with the relevant
laws and institutional guidelines and that these procedures have been approved by the
appropriate administrative committee and that the approval of the Ethics Committee is included
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