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ORIGINAL ARTICLE / OZGUN MAKALE

MICROWAVE SYNTHESIS OF 3- AND 4-SUBSTITUTED-5-((3-
PHENYLPROPYL)THIO)-4H-1,2,4-TRIAZOLES

3- VE 4-SUBSTITUE-5-((3-FENILPROPIL)TIYO)-4H-1,2,4-TRIAZOLLERIN
MIKRODALGA SENTEZI

Andrii A. SAFONOVY™ (&), Alina V. NEVMYVAKA! {9, Olexandr 1. PANASENKO! (&,
Yevgeniy G. KNYSH?

1Zaporizhzhya State Medical University, Department of Natural Sciences for Foreign Students and
Toxicological Chemistry, 69035, Zaporizhzhya, Ukraine.
2Zaporizhzhya State Medical University, Department of Management and Economics of Pharmacy,
69035, Zaporizhzhya, Ukraine.

ABSTRACT

Obijective: The purpose of this work was to synthesize 3- and 4-substituted-5-((3-phenylpropyl)thio) 4H-
1,2,4-triazoles by the Milestone Flexi Wave microwave synthesis system and choose the best method of
synthesis.

Material and Method: The initial compounds 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiol
(1) and 5-(2-bromophenyl)-4-phenyl-4H-1,2 4-triazole-3-thiol (3) were synthesized at the Department of
Natural Sciences for Foreign Students and Toxicological Chemistry of the Zaporizhzhya State Medical
University (Ukraine). Milestone Flexi Wave microwave synthesis system was used to synthesize 3- and 4-
substituted-5-((3-phenylpropyl)thio)-4H-1,2,4-triazoles. The elemental analysis of synthesized compounds was
established by the universal analyzer Elementar Vario L cube (CHNS). The 1H spectra (at 400 MHz) were
recorded in DMSO-ds on a Varian MR-400 spectrometer and analyzed with ADVASP™ Analyzer program. The
gas chromatograph Agilent 7890B with a 5977B mass spectrometry detector (US) was used to define the
completeness of the reactions and the individuality of the resulting compounds.

Result and Discussion: The reaction was carried out in i-propanol medium and an equivalent amount of
sodium hydroxide. (3-Bromopropyl)benzene was added to starting substances 1 and 3. To study the
completeness of the reaction, different reaction times were used. Conditions such as temperature, microwave
radiation, pressure were unchanged. The temperature of the reaction mixture was kept at 1650C, pressure 12.2
bar, MW = 540 W. The reaction time was set at 15 minutes, 30 minutes, and 45 minutes. The most effective
reaction time for obtaining 3-(thiophen-2-ylmethyl)-4-amino-5-((3-phenylpropyl)thio)-4H-1,2 4-triazole (2) is

Corresponding Author / Sorumlu Yazar: Andrii Safonov
e-mail / e-posta: 8safonov@gmail.com, Phone / Tel.: +38 066-177-71-06
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45 minutes. The most energy efficient reaction time for 3-(2-bromophenyl)-4-phenyl-5-((3-phenylpropyl)thio)-
4H-1,2,4-triazole (4) is 30 minutes heating. The signals of *H NMR for compounds 2 and 4 are consented with
the proposed structure. The elemental analysis (CHNS) was accomplished for synthesized compounds to
confirm their basic chemical structures and revealed acceptable agreement with the calculated percentages.

Keywords: Gas chromatography, heterocyclic compounds, *H NMR, synthesis, 1,2,4-triazole products
oz

Amacg: Bu ¢alismanin amaci, Milestone Flexi Wave mikrodalga sentez sistemi ile 3- ve 4-siibstitiie-5-((3-
fenilpropil)tiyo)-4H-1,2,4-triazolleri sentezlemek ve sentez igin en iyi yontemi belirlemektir.

Gerec ve Yontem: Baslangi¢ bilesikleri olan 4-amino-5-(tiyofen-2-il-metil)-4H-1,2,4-triazol-3-tiyol (1)
ve 5-(2-bromofenil)-4-fenil-4H-1,2,4-triazol-3-tiyol (3), Zaporizhzhya Deviet Tip Universitesi (Ukrayna)
Yabanci Ogrenciler icin Doga Bilimleri ve Toksikolojik Kimya Béliimii'nde sentezlendi. 3- ve 4-Siibstitiie-5-
((3-fenilpropiltiyo)-4H-1,2,4-triazolleri senteziemek igin Milestone Flexi Wave mikrodalga sentez sistemi
kullanildi. Sentezlenen bilesiklerin elementel analizi, Elementar Vario L cube (CHNS) evrensel analiz cihazi ile
gerceklestirildi. 1H-NMR spektrumlart (400 MHz), DMSO-0s icerisinde Varian MR-400 spektrometresi ile
cekildi ve ADVASP™ Analiz programi ile analiz edildi. Reaksiyonlarin tamamlanp tamamlanmadigi ve elde
edilen bilesiklerin tayini, 5977B kiitle spektrometre detektorii iceren Agilent 7890B gaz kromatografisi ile
gergeklestirildi.

Sonu¢ ve Tartisma: Reaksiyon, i-propanol icerisinde ve esdeger miktarda sodyum hidroksit varliginda
gerceklestirildi. Baslangic maddeleri 1 ve 3'e (3-bromopropil)benzen eklendi. Reaksiyonun tam olarak
sonlanmasimin takibi icin farkh reaksiyon siireleri kullamildi. Sicakitk, mikrodalga radyasyonu, basing gibi
kosullar degistirilmedi. Reaksiyon ortaminin sicakligi 1650C"de, basing 12.2 bar'da, MW = 540 W'da tutuldu.
Reaksiyon siiresi 15 dakika, 30 dakika ve 45 dakikaya ayarland:. 3-(Tiyofen-2-il-metil)-4-amino-5-((3-
fenilpropil)tiyo)-4H-1,2,4-triazol (2) elde etmek icin en uygun reaksiyon siiresi 45 dakikadir. 3-(2-Bromofenil)-
4-fenil-5-((3-fenilpropil)tiyo)-4H-1,2,4-triazol (4) i¢in en uygun reaksiyon stiresi 30 dakika isitma olarak
bulundu. Bilesik 2 ve 4 i¢in *H NMR sinyalleri, énerilen yapt ile uyumludur. Sentezlenen bilesiklerin kimyasal
yapilarim dogrulamak icin elementel analiz (CHNS) yapildi ve hesaplanan yiizdeler kabul edilebilir aralikta
bulundu.

Anahtar Kelimeler: Gaz kromatografisi, heterosiklik bilesikler, 'H NMR, sentez, 1,2,4-triazol

INTRODUCTION

The search for a new substance that would have a biological and pharmacological effect [1-4]
can be equated to finding a needle in a haystack. If there is no appropriate strategy and plan, this
conception is desperate.

Most scientists are trying to find just that substance based on heterocyclic compounds. A rather
interesting heterocyclic compound, on the basis of which a huge number of new biologically active
substances has already been synthesized, is the nucleus of 1,2,4-triazole [5-8]. The new compounds
1,2,4-triazole derivatives have a variety of designs and structures.

Quite interesting methods for obtaining 1,2,4-triazole derivatives using various reagents and
reaction conditions are described [9, 10]. Many hours of reactions are mainly used to obtain these
substances.

A somewhat new aspect in the synthesis of 1,2,4-triazole derivatives is the use of the microwave
synthesis system [11-13]. The authors claim that these systems can speed up the reaction several times

and increase the quantitative yields.
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To confirm this theory, we also chose the microwave synthesis system, that’s why the aim of
the work was to synthesize 3- and 4-substituded-5-((3-phenylpropyl)thio)-4H-1,2 4-triazoles by the
Milestone Flexi Wave microwave synthesis system and choose the best method of synthesis.

MATERIAL AND METHOD

Chemicals

The initial compounds 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiol (1) and 5-(2-
bromophenyl)-4-phenyl-4H-1,2,4-triazole-3-thiol (3) were synthesized at the Department of natural
sciences for foreign students and toxicological chemistry of the Zaporizhzhya State Medical University
(Ukraine ) and purified by recrystallization with content of the main component > 95% [14]. The sodium
hydroxide (98%), 1-propanol (anhydrous, 99,7%) and (3-bromopropyl)benzene (98%) were obtained
from SIGMA-ALDRICH (Germany).

Equipment

It was used as equipment the following devices. Milestone Flexi Wave microwave synthesis
system (technical specifications: rotor SK-15, maximum volume - 100 ml, minimum volume - 10 ml,
maximum working pressure - 100 bar, maximum temperature - 300°C, maximum shutter speed 220°C
- 30 min). To determine the melting point was used the open capillary method on the OptiMelt MPA100
device with platinum RTD sensor and temperature measurements to 400°C with 0.1°C resolution. The
elemental analysis of synthesized compounds was established by the universal analyzer Elementar Vario
L cube (CHNS) (standard - sulfanilamide). The Varian MR-400 spectrometer and ADVASP™ Analyzer
program (Umatek International Inc.) were used for recording the 1H spectra (at 400 MHz and 100 MHz)
(DMSO-d6 , 6 = 2.49 ppm as internal standard). The gas chromatograph Agilent 7890B with a 5977B
mass spectrometry detector (US) was used to define the completeness of the reactions and the
individuality of the 3-(thiophen-2-ylmethyl)-4-amino-5-((3-phenylpropyl)thio)-4H-1,2,4-triazole (2)
and 3-(2-bromophenyl)-4-phenyl-5-((3-phenylpropyDthio)-4H-1,2,4-triazole (4). The column is DB-
5ms 30 m x 250 um x 0.25 pm with length. The gas-carrier speed (helium) is 2.0 ml/min. Injection
volume - 0.5 pl. Separation of the flow is 1:25. The temperature of the sampling unit is 300°C — 10°C
/'s — 310°C. Thermostat temperature: programmable, initial temperature 90°C (1 minute delay) —
40°C/min — 240°C) — 10°C/min — 280°C) — 2°C/min — 300°C (delay 31,25 min.). The total time
of examination is 50 min. Temperature of interface GS/MS - 280°C; ion sources - 230°C; quadrupole
mass analyzer - 150°C. Type of ionization: EI with electron energy of 70 eV. The range of mass numbers

that was scanned: 50-500 m /z.
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Characterization of 3-(thiophen-2-ylmethyl)-4-amino-5-((3-phenylpropyl)thio)-4H-1,2,4-triazole
)

Bright brown powder; yield 76.8%; m.p. 174-1760C; IHNMR (400 MHz, DMSO-d6, 6=ppm):
7.50 (2H, m, Ar-H); 7.37 (1H, d, thiophen-H); 7.26(3H, m, Ar-H); 6.81 (1H, t, thiophen-H); 6.64 (1H,
d, thiophen-H); 5,86 (2H, s, NH2); 3.88 (2H, s, CH2); 3.11 (2H, t, CH2); 2.66 (2H, t, CH2); 2.04 (2H,
m, CH2); CHNS elemental analysis Calcd. for (C16H18N4S2) : found C% 57.98, H% 5.47, N% 16.99,
S% 19.48; calculated C% 58.15, H% 5.49, N% 16.95, S% 19.48 MH 330.

Characterization of 3-(2-bromophenyl)-4-phenyl-5-((3-phenylpropyl)thio)-4H-1,2,4-triazole (4)
Yellow powder; yield 81.6%; m.p. 149-1510C; 1IHNMR (400 MHz, DMSO-d6, é=ppm): 7.67
(2H, m, Ar-H); 7.53 (6H, m, Ar-H); 7.39 (2H, m, Ar-H); 7.26 (4H, m, Ar-H); 3.15 (2H, t, CH2); 2.64
(2H, t, CH2); 2.01 (2H, m, CH2); CHNS elemental analysis Calcd. for (C23H20BrN3S) : found C%
61.53, H% 4.49, N% 9.38, S% 7.15; calculated C% 61.33, H% 4.48, N% 9.33, S% 7.12. MH 450.

RESULT AND DISCUSSION

As starting materials were used 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiol (1)
and 5-(2-bromophenyl)-4-phenyl-4H-1,2,4-triazole-3-thiol (3) which were synthesized and described
by us earlier [14]. 3- and 4-substituted-5-((3-phenylpropyl)thio)-4H-1,2,4-triazoles were obtained by
adding (3-bromopropyl)benzene to starting substances 1 and 3. The synthesis was performed in i-

propanol medium and an equivalent amount of sodium hydroxide.

CH,

O\ﬁ 2/4\)\5,4 NaOH, i-C3H,OH O\C /(N‘)i\ /22\
™ e °
@

T
N

N
’L CH,

) @
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/N\'i NaOH, i-C;H,0H / )\ H
)\ ? N s~ \CH2
N SH Br \
Br CH,

Figure 1. Synthesis of 3-(thiophen-2-ylmethyl)-4-amino-5-((3-phenylpropyl)thio)-4H-
1,2,4-triazole (2) and 3-(2-bromophenyl)-4-phenyl-5-((3-phenylpropyl)thio)-4H-1,2,4-

triazole (4)

Ha
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Different reaction times were used to study the completeness of the reaction. Conditions
(temperature, microwave radiation, pressure) were unchanged. The temperature of the reaction mixture
was kept at 1650C, pressure 12.2 bar, MW =~ 540 W (Fig. 2).

’vv——v.
16590
(3h: 165°C)
P1: 12.2 6ap
P2

MW: 541BT gm

Figure 2. Conditions of microwave synthesis of 3- and 4-
substituted-5-((3-phenylpropylthio)-4H-1,2,4-triazoles

For synthesis 3-(thiophen-2-ylmethyl)-4-amino-5-((3-phenylpropyl)thio)-4H-1,2,4-triazole (2)
(Fig. 3) and 3-(2-bromophenyl)-4-phenyl-5-((3-phenylpropyl)thio)-4H-1,2,4-triazole (4) (Fig. 9) the
reaction time was set at 15 minutes, 30 minutes, and 45 minutes. The completeness of the reaction was
determined using a gas chromatograph Agilent 7890B with a mass spectrometric detector 5977B.

The most effective method for obtaining 3-(thiophen-2-ylmethyl)-4-amino-5-((3-

phenylpropyl)thio)-4H-1,2 4-triazole: the temperature of the reaction mixture is 165°C, pressure is 12.2
bar, MW =~ 540 W, reaction time is 45 minutes.

,03

Area Sum %
O P NN W b~ O1 O N

15 30 45 min

Figure 3. Concentration change of (3-bromopropyl)benzene
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As can be seen from Fig. 4 the concentration of (3-bromopropyl)benzene decreases over time
and the most effective is 45 minutes heating.
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Figure 4. Common chromatogram of the reaction mixture and mass

spectrum of (3-bromopropyl)benzene

Over time, the concentration of 3-(thiophen-2-ylmethyl)-4-amino-5-((3-phenylpropyl)thio)-4H-
1,2,4-triazole also increases accordingly and after 45 minutes of heating the maximum concentration
occurs (Fig. 5).
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Figure 5. Common chromatogram of the reaction mixture of 3-(thiophen-2-ylmethyl)-4-amino-5-
((3-phenylpropyl)thio)-4H-1,2,4-triazole

A molecular peak with a value of 330,1 (m/z) corresponds to 3-(thiophen-2-ylmethyl)-4-amino-
5-((3-phenylpropyl)thio)-4H-1,2,4-triazole and match the calculated theoretical value (Fig. 6).
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Figure 6. Mass spectrum of 3-(thiophen-2-ylmethyl)-4-amino-5-((3-phenylpropyl)thio)-4H-
1,2,4-triazole

A slightly different situation is observed for microwave synthesis of 3-(2-bromophenyl)-4-
phenyl-5-((3-phenylpropyl)thio)-4H-1,2,4-triazole (Fig. 7).
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Figure 7. Common chromatogram of the reaction mixture of (3-bromopropyl)benzene

After 45 minutes heating, there is almost no change in concentration of 3-bromopropyl)benzene.
The most energy efficient method is 30 minutes heating. Studying the chromatogram of compound 4 we
can say the same (Fig. 8).

Analyzing the GS/MS chromatogram in the MS spectrum there is a molecular peak with a value
of 451.1 (m/z), which corresponds to the calculated theoretical value of 3-(2-bromophenyl)-4-phenyl-
5-((3-phenylpropyl)thio)-4H-1,2,4-triazole (Fig. 9).

In conclusion, 3-(thiophen-2-ylmethyl)-4-amino-5-((3-phenylpropyl)thio)-4H-1,2 4-triazole (2)
and 3-(2-bromophenyl)-4-phenyl-5-((3-phenylpropyl)thio)-4H-1,2,4-triazole (4) (Fig. 2) were
synthesized and characterized. The structure of synthesized compounds is confirmed using Elemental
analysis (CHNS), IHNMR and Chromatographic mass spectral analysis. When the temperature of the

reaction mixture was kept at 1650C, pressure 12.2 bar and MW = 540 W, the most effective reaction
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time is 45 minutes for compound 2 and the most energy efficient method for compound 4 is 30 minutes

heating.
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Figure 8. Common chromatogram of the reaction mixture of 3-(2-bromophenyl)-4-phenyl-
5-((3-phenylpropylthio)-4H-1,2,4-triazole
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Figure 9. Mass spectrum of 3-(2-bromophenyl)-4-phenyl-5-((3-phenylpropylthio)-4H-1,2,4-triazole
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ABSTRACT

Obijective: In medicinal chemistry, biochemical research and the drug distribution mechanism are crucial.
Many common illnesses are caused by bacteria and viruses.The findings of this analysis may be very beneficial
to the pharmacy and drug development processes.

Material and Method: Experimental UV-Vis spectroscopy was recorded and compared with the
computed results. Reactive sites are analyzed using molecular electrostatic potential and dual descriptor’s
analysis. Toxicity and druglikeness parameters are explored. Docking study was performed using Autodock tool
software.

Result and Discussion: Calculated C11-O19 bond length value is found as 1.226. Calculated band gap
energy from molecular orbitals is 4.39 eV. Experimentally recorded and computationally predicted UV-VIS
spectrum values are comparable with the biomaterial. Binding energy is computed as -6.18 and -5.36 from PL
interaction studies. Hydrogen bonds are found between the title ligand and bacterial, viral protein receptors.
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0z

Amac: Medisinal kimyada biyokimyasal arastirma ve ila¢ dagilim mekanizmasi ¢ok onemlidir. Bakteri ve
viriisler pek ¢ok hastaliga neden olmaktadir. Bu ¢alismanin bulgular: eczacilik ve ilag gelistirme siiregleri i¢in
¢ok faydali olabilir.

Gereg ve Yontem: Kaydedilen deneysel UV-Vis spektrumu hesaplanan sonuglarla karsilastirildi. Reaktif
bolgeler, molekiiler elektrostatik potansiyeli ve ikili tamimlayicilar analizi kullanilarak analiz edildi. Toksisite
ve ila¢ benzerligi parametreleri arastrildi. Docking ¢alismasi, Autodock programi kullanilarak
gergeklestirildi.

Sonu¢ ve Tartisma: Hesaplanan C11-0O19 bag uzunlugu degeri 1.226 olarak bulundu. Molekiiler
orbitallerin hesaplanan bant aralig: enerjisi 4.39eV'dir. Deneysel olarak kaydedilen ve hesaplanan tahmini
UV-VIS spektrum degerleri, biyomateryal ile karsilastirilabilir diizeydedir. Baglanma enerjileri, PL etkilesim
calismalart ile -6.18 ve -5.36 olarak hesaplandi. Bashk ligand: ile bakteriyel ve viral protein reseptorleri

arasinda hidrojen baglart bulundu.
Anahtar Kelimeler: DFT, Ilac benzerligi, MEP, Molekiiler docking, Toksisite

INTRODUCTION

Amide derivatives are an important class of compounds in different biologically activities [1]. N-
[(2)-(4-fluorophenyl)methylideneamino]-4-hydroxybenzamide (FBFBH) is a heterocyclic compound;
mostly it is used in medicinal purposes like, antifungal, anticancer, anti-inflammatory, anticonvulsant,
antioxidants and antiviral agents [2-5]. Hydroxy-benzamide derivatives have the immense applications
in biological field and especially in anti microbial activities [6]. Anti fungal activity of the hydroxy-
benzamide derivative was explored in earlier studies [7]. Related N-acetyloxy-2-hydroxybenzamide
with oxidovanadium (V) complexes was synthesized and reported for microbial potential studies [6].
Zinc sulfate studies are carried out on N-(2-pyridyl)-2-hydroxybenzamide were reported [8]. Hydroxy-
benzamide was also reported in solution phase with Iron (111) complexes [9]. The empirical formula for
the headline compound is C14H11FN2O; and molecular weight of the FBFBH compound is 258.25.

In this present study, detailed work was done on structural, protein ligand interaction and
pharmaceutical properties of anti bacterial and anti viral drug. Density functional theory [10] is
impletemented to find the reactive sites of the head line molecule. Chemical properties like electrophilic
index, chemical softness is calculated. Electronic properties are calculated from molecular orbitals and
compared with experimentally recorded band gap energy using UV-Vis spectroscopy. Toxic parameters

were calculated. Protein ligand interaction study is explained.

MATERIAL AND METHOD

Experimental Details
The N-[(Z)-(4-fluorophenyl)methylideneamino]-4-hydroxybenzamide compound wass procured

from AVRA chemical synthesis. Using DMSO as a solvent, the UV-Vis absorption-spectrum was
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recorded using spectrometer in the range between 200-600 nm. The spectral measurement was recorded
at the Sophisticated Analytical Instrumentation Facility (SAIF), IIT, Chennai, India.

Computational Details

Structural properties were investigated using Gaussian 09W [11]. 6-311++G(d,p) basis was used
[1]. Reactive sites are visualized using Gauss view tool. Pharmaceutical properties are calculated using
Preadme online tool (https://preadmet.omdrc.kr/). Protein receptors were screened using PASS online
bioactivity server. Choosen proteins are downloaed from RCSB proteins database. Ligand was prepared
from optmized structure of the of the headline molecule. Protein ligand interaction study is performed
using Autodock 4.2.6. The computation of the atomic charges was done by Kollman and Gasteiger
method after the polar hydrogen was attached. The active with the Lamarckian Genetic Algorithm being
used to carry site of the proteinwas defined with 126 A x 126 A x 126 A grid size, out the processes. H-

bond interactions are visualized using PYMOL graphical interface tool [12].

RESULT AND DISCUSSION

Optimized Molecular Geometry

By optimizing the molecule structural properties of any chemical structure can be explored.
Experimental crystal structure values of 4-hydroxy-benzamide compound are reported in earlier studies
[13]. The computed parameters such as Bond length and bond angle are shown in Table 1. In the title
compound there are 14 C-C bonds, 1 C=0 bond, 1 C-O bond, 1 C-F bond, 1 N-N bond, 1 C-N bond and
2 C-N bonds.The calculated bond length of C2-C3, C2-C19, C3-C4, C3-H20, C4-C5, C4-H21, C5-C6,
C5-C18, C6-N7, C6-H22, N7-N8, N8-C9, N8-H23, C9-C10, C9-017 are 1.354, 1.385, 1.390, 1.392,
1.083, 1.401, 1.085, 1.463, 1.406, 1.280, 1.098, 1.355, 1.391, 1.016, 1.498 and 1.214 respectively.

Optimized geometrical structure of the headline compound is shown in Figure 1.

Figure 1. Geometric structure at lowest energy of the title compound
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Table 1. Geometrical parameters of the title compound

Parameters B3LYP/ Parameters B3LYP/ Parameters B3LYP/
6-311++G(d,p) 6-311++G(d,p) 6-311++G(d,p)
Bond Length (A) Bond Angle ©) Bond Angle ©)

F1-C2 1.354 F1-C2-C3 118.9 C10-C15-C14 121.1
C2-C3 1.385 F1-C2-C19 118.8 C10-C15-H27 120.7
C2-C19 1.390 C3-C2-C19 122.4 C12-C11-H24 120.5
C3-C4 1.392 C2-C3-C4 118.3 C11-C12-C13 119.9
C3-H20 1.083 C2-C3-H20 119.9 C11-C12-H25 120.1
C4-C5 1.401 C2-C19-C18 118.8 C13-C12-H25 120.0
C4-H21 1.085 C2-C19-H30 119.6 C12-C13-C14 120.0
C5-C6 1.463 C4-C3-H20 121.8 C12-C13-016 122.7
C5-C18 1.406 C3-C4-C5 121.1 C14-C13-016 117.3
C6-N7 1.280 C3-C4-H21 119.2 C13-C14-C15 119.7
C6-H22 1.098 C5-C4-H21 119.7 C13-C14-H26 119.1
N7-N8 1.355 C4-C5-C6 119.4 C13-016-H28 110.0
N8-C9 1.391 C4-C5-C18 118.9 C15-C14-H26 121.3
N8-H23 1.016 C6-C5-C18 121.7 C14-C15-H27 118.2
C9-C10 1.498 C5-C6-N7 122.0 C19-C18-H29 120.4
C9-017 1.214 C5-C6-H22 116.6 C18-C19-H30 121.6

C10-C11 1.399 C5-C18-C19 120.6

C10-C15 1.402 C5-C18-H29 119.0

C11-C12 1.388 N7-C6-H22 1214

Cl1-H24 1.083 C6-N7-N8 1175

C12-C13 1.398 N7-N8-C9 1211

C12-H25 1.086 N7-N8-H23 119.2

C13-C14 1.396 C9-N8-H23 119.2

C13-016 1.364 N8-C9-C10 114.3

C14-C15 1.389 N8-C9-017 122.9

C14-H26 1.083 C10-C9-17 122.8

C15-H27 1.084 C9-C10-C11 117.3

016-H28 0.963 C9-C10-C15 124.2

C18-C19 1.387 C11-C10-C15 118.5

C18-H29 1.083 C10-C11-C12 120.9

C19-H30 1.083 C10-C11-H24 1185

Frontier Molecular Orbitals
The potential differential among Homo - Lumo, defined as energy band gap, is crucial in deciding

a molecule's electrochemical performance and reaction [14].
Chemical potential (p) = %(ELUMO + Erowmo)
Electronegativity () = -u = - %(ELUMO + Enowmo)

Global hardness (1) = %(ELUMO - Erowmo)

2

Electrophilicity = ;—n
Softness (S) = %

The computed HOMO-LUMO energies of the FBFBH compound are -6.3324 eV and -1.9424

eV respectively and other chemical parameters are shown in Table 2. Band gap Energy value is 4.3%V,
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which is comparable to biologically active material and Electrophilicity index is 3.8993. Excited state
surface of headline compound is shown in Figure 2.

The UV-vis spectrum of FBFBH was investigated experimentally with DMSO as a fluid and
theoretical [15]. The static or dynamic variables of the chosen molecules in the higher states can be
measured reliably using this TD-DFT. Table 3 shows that the wavelength of maximal absorption in
theory and experiment is 321 and 261nm, overall. The highest wavelength value represents the number
of electrons injected rings IEFPCM solvation model is implemented to study the solvent effect of head
line molecule. The homo-lumo values and UV-Vis band gap values are compactable and which is
comparable with bio active material [16]. The comparison spectra of experimental and theoretical data

are shown in Figure 3.

Table 2. Important chemical parameters of the title compound

Parameters Values
HOMO (eV) -6.3324
LUMO (eV) -1.9424
lonization potential 6.3324
Electron affinity 1.9424
Energy gap (eV) 4.3900
Electronegativity 4.1374
Chemical potential -4.1374
Chemical hardness 2.1950
Chemical softness 0.2278
Electrophilicity index 3.8993

LUMO plot
First excited state
’

Ervmo = -1.9424 eV

AE = 4390 eV

C ’. ) R
= HOMO plot

Ground state

Figure 2. HOMO-LUMO energy values with surface of title compound
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TD-DFT/M062X/6-311G++(d,p)

Experimental
Theoretical

Absorbance

L] L] L]
200 300 400 500 600
Wavelength (nm)

Figure 3. Recorded and computed UV-Vis comparison spectra of title compound

Table 3. Theoretically calculated values of title compound by TD-DFT procedure

Wavelength Osc.
No. Energy(cm™) (nm) Strength | Symmetry Major contribs
1 30141.74 331.7658 0.2317 Singlet-A HOMO->LUMO (77%)
H-5->LUMO (24%), H-5->L+1 (15%), H-4-
2 38429.09 260.2195 0.0624 Singlet-A >LUMO (32%)
H-6->LUMO (12%), H-3->LUMO (26%),
3 40083.33 249.4802 0.1161 Singlet-A HOMO->L+3 (14%)

Molecular Electrostatic Potential

MEP explores molecular shape, molecular size, and chemical reactivity by color grading [17].
The generated MEP map of FBFBH compound is shown in Figure 4. From the map, red colour reveals
maximum negative electrostatic potential, blue colour shows maximum positive electrostatic potential
whereas green indicates zero potential in the headline compound and the MEP surface is mapped in the
range of -7.068 x 102 eV to 7.068 x 102 eV. From the results, maximum negative potential is on the

carbonyl group which is indicated in red colour.

7o T 70682 |

Figure 4. Molecular electrostatic potential surface of title compound
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Dual Descriptor Analysis

Reactive sites of chemical structure can be analyzed from mulliken charges by calculating Fukui
functions and dual descriptors [18,19]. For the title compound, the negative Af values are -0.02337, -
0.02597, -0.06915, -0.04507, -0.00027, -0.00758, -0.02744, -0.0008, -0.02956, -0.03294, -0.01088, -
0.00866, -0.00198, -0.01984, -0.00255 and the corresponding atoms of these values are C6, N7, C9,
C11,C12,C13,C14,C15,017,C18, H24, H25, H27, H28 and H30, respectively. These observed results
reveal that O17=C9 atoms with -0.02956 is under electrophilic attack.

Drug Likeness

For the present study, various rules are implemented on the FBFBH compound to find if the
compound violates any rule and results are studied [20]. The CMC like rule is qualified and has zero
violations, Lead like rule is satisfactory, if binding affinity value is greater than0.1microM. MDDR like
rule has mid structure range since there are no rings whereas the crucial Rule of Five (ROF) is
satisfactory and there are no violations. WDI like rule comes under 90% cutoff and not violated. From
these results, it shows FBFBH compound has adequate drug likeness properties, and it is desirable for

drug discovery process.

ADME

ADME properties have vital role in drug development process, these parameters are studied for
the FBFBH compound [21]. Blood brain barrier (BBB) permeability is 0.880911, Buffer solubility value
is 34.3988, Caco2 value is 18.5044 and it is CYP 2C19, CYP 2C9 inhibitor. The HIA value is 92.24715,
MDCK is 2.18067, PPB (Plasma protein binding) is 80.956947, Pure water solubility is 52.0311, Skin
permeability is -3.51581, SKlogD and SKlogP value is 2.88487, SKlogS buffer is -3.8755. These

obtained values fall under the limit and has an essential role in pharmaceutical development.

Toxicity

Concentration of drug can be identified from the toxic parameters [22]. For FBFBH compound,
algae at value are 0.0546867 and Ames test is mutagen whereas hERG inhibition is at medium risk
range. The important parameters like Carcino mouse is negative and dalphiaat, medakaat, minnow at
parameters values are 0.130129, 0.026422 and 0.0174972, respectively. TA10010RLI value is positive,
TA100NA is negative, TA1535 10RLI is negative, TA1535NA is negative. Overall these values show

the intoxic nature of the headline compound.

Ramachandran Plot

Ramachandran plot is used to determine the torsional angles that are allowed and gives insight
into the peptide structures [23].1t unveils the phi-psi torsion angles for every residue in the chosen
proteins namely 1R6A and 50P9 which is shown in figure 5 and 6. From the figures, it can be observed

that most of the amino acids are present in the darkest region illustrated here as red and only few are
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spotted in the disallowed regions. This validates that the selected proteins are highly stable in nature and
can be used to study protein ligand interactions.
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Figure 5. Ramachandran plot for 1R6A protein
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Figure 6. Ramachandran plot for 50P9 protein
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Molecular Docking

Molecular docking is very important in structural molecular biology, pharmacogenomics, and
computer-assisted drug development. Binding energy can be calculated from docking processes.
Molecular docking experiments assist us in determining the precise binding position of the protein and
ligand [24, 25]. Docking study aids in finding the protein ligand binding interactions and also it reduce
the cost and time in drug designing process and it is done using Autodock Tools [26—28]. Anti microbial
activites, antimycobacterial tuberculosis and binding affinity were studied for receptor 50P9. Twenty
cytochrome P450 enzymes are encoded by Mycobacterium tuberculosis (CYPs or P450s). CYP121A1
is one of these, and it has been shown that it is needed for microbial viability. RMSD gradient for
naturally occurred compounds were explained in previous studies [29]. In the current docking study,
binding location of the chosen ligand and the proteins are investigated. Target proteins are 1R6A viral
protein and 50P9 mycobacterial protein are obtained from PDB. Chosen protein crystal structures were
prepared using PYMOL interface. To obtain the optimized structure of the FBFBH ligand, it is docked
into the active sites of the 1R6A, 50P9 and 100 docking runs are executed to find the best fit binding
sites with lowest binding energy. The estimated inhibition constants and binding energy values of PL
interactions with 50P9 and 1R6A receptor proteins are 29.68, 117.7 umand -6.18, -5.36 kcal/mol,
respectively. The bonded residues, RMSD values are shown in Table 4. The binding orientations of
1R6A, 50P9 proteins and FBFBH ligand are shown in Figure 7 and 8.

In this present work, we investigated the structural properties of FBFBH compound. The
significant bondsin the FBFBH compound are N7-N8, N8-H23, C9=017, 016-H28, F1-C2 and the
corresponding bond length values are 1.355, 1.016, 1.214, 0.963, 1.354A. From UV-vis spectral
analysis, absorption maxima of observed and calculated values are 261 and 321nm. The FMO study
supplied the theoretical justification for considering the chosen compound to be biologically active and
the band gap energy of FBFBH compound is found to be 4.39eV. The reactive sites present in the
compound are revealed from Dual descriptor analysis and O17=C9 atoms with -0.02956 is under
electrophilic attack. Drug likeness, ADME and Toxicity studies validates that FBFBH compound is
suitable for drug development process. Quantitative evaluation of 50P9, 1R6A proteins is studied using
Ramachandran plot, which shows the chosen proteins are structurally stable. The computed minimum
binding energy values of ligand - 1R6A, 50P9 the receptors proteins are -6.18 and -5.36 kcal/mol,
respectively. Hence, this compound is predicted as a potential drug for bacterial disease and due to the
formation of two hydrogen bond interactions with title compound, it might also be a drug candidate for

viral (dengue) disease.
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Table 4. H Bond interactions of FBFBH ligand with 1R6A and 50P9 receptor proteins

Estimate

d Binding
Inhibitio energy Intermolecula Reference

r energy
(kcal/mol) RMSD

Bonded Bond

Protein (PDB-1D) reS|sdue dls(tlg;me n (kcal/mol

constant )
(um)

ASN
74/
UNL
1'H
ARG
72/
UNL

50P9 10

(Anti bacterial protein) VAL
78/
UNL
1'0
THR
77/
UNL
10
VAL
1R6A 130
(Antiviral protein) VAL
132

2.3

2.8

29.68 -6.18 -7.37 267.821

2.8

1.9

117.7 -5.36 -6.55 43.01

Figure 8. H-Bond interaction of 1R6A protein with FBFBH ligand
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TURKIYE’DE DOGAL OLARAK YETISEN CELTIS AUSTRALIS L. VE
C. TOURNEFORTII LAM. (CANNABACEAE) MEYVELERININ YAG
ASITi BILESIMLERI VE ANTIMIiKROBIYAL ETKILERININ
DEGERLENDIRILMESI

EVALUATION OF FATTY ACID COMPOSITIONS AND ANTIMICROBIAL EFFECTS OF
CELTIS AUSTRALIS L. AND C. TOURNEFORTII LAM. (CANNABACEAE) NATURALLY
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Amac: Bu ¢alisma, Tiirkiye 'de yetisen Celtis australis L. ve C. tournefortii Lam. meyve orneklerinin yag
asiti bilesenleri ve antimikrobiyal ozelliklerini karsilagtirmak amaci ile yapilmistir.

Gereg ve Yontem: C. australis ve C. tournefortii meyvelerinden Soxhlet apareyi ile elde edilen sabit yag,
metilleme iglemine tabi tutulmugstur. Elde edilen yag asitlerinin bilesenleri GK ve GKIKS yontemiyle es zamanl
olarak analiz edilmistir. Sabit yag numunelerinin in vitro antimikrobiyal aktivite ¢alismalart Gram negatif
Pseudomonas aeruginosa ATCC 27853, Salmonella typhimurium ATCC 13311, Gram pozitif Staphylococcus
aureus ATCC 6538, Bacillus cereus NRRL B3711, Propionibacterium acnes ATCC 11827, Streptococcus mutans
ATCC 25175 ve Staphylococcus aureus ATCC 700699 mikroorganizmalarina karst CLSI mikrodiliisyon
yontemleri kullanilarak gerceklestirilmistir. Pozitif kontrol olarak kloramfenikol kullanimistir. Minimum
inhibisyon konsantrasyonlari (mg/mL) belirlenmistir.

Sonuc ve Tartisma: C. australis ve C. tournefortii meyvelerinde yag asidi bilesenleri, sirasiyla linoleic
asit (%74,8, %49,5), oleik asit (%10,8, %18,6) ve palmitik asit (%5,6, %8,8) olarak belirlenmistir. Sonuglar
standart antimikrobiyal maddeler ile karsilagtiriimis ve MIC degerleri > 2,5-0,5 mg/mL belirlenmistir.
Sonuglarin antimikrobiyal etkinlik acindan kayda deger oldugu goriilmiistiir.

Anahtar Kelimeler: Antimikrobiyal, Celtis australis, Celtis tournefortii, GK/KS, sabit yag
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ABSTRACT

Obijective: The aim of this study was to compare the fatty acid components and antimicrobial properties
of fruit samples of Celtis australis L. ve C. tournefortii Lam. naturally grown in Turkey.

Material and Method: The fixed oils were obtained from the fruits of C. australis and C. tournefortii by
using Soxhlet apparatus, and then methylated. The components of the obtained fatty acids were analyzed
simultaneously by GC and GC/MS. The in vitro antimicrobial activity of the fatty acid samples were determined
against Gram negative Pseudomonas aeruginosa ATCC 27853, Salmonella typhimurium ATCC 13311 and
Gram positive Staphylococcus aureus ATCC 6538, Bacillus cereus NRRL B3711, Propionibacterium acnes
ATCC 11827, Streptococcus mutans ATCC 25175 Staphylococcus aureus ATCC 700699 microorganisms using
the CLSI microdilution method. Chloramphenicol was used as positive control. The minimum inhibition
concentrations (mg/mL) were designated.

Result and Discussion: The unsaturated fatty acid in C. australis and C. tournefortii fruits were determined
as linoleic acid (74,8%, 49,5%), oleic acid (10,8%, 18,6%) and palmitic acid (5,6%, 8,8%), respectively. Results
were compared with standard antimicrobial agents and MIC values > 2,5-0,5mg mg / mL were determined. The
results were found to be significant in terms of antimicrobial efficacy.

Keywords: Antimicrobial, Celtis australis, Celtis tournefortii, fatty acid, GC-MS

GIRIS

Gunilimiizde antibiyotiklere karsi artan direng nedeniyle, bulasici hastaliklarla miicadele giderek
zorlagmaktadir. Antimikrobiyal ilag kaynagi ve yeni antimikrobiyal bilesiklerin kesfi {izerine
arastirmalar hizla devam etmektedir. Yeni kesif ¢alismalarinda bitkiler, bitkilerden elde edilen ekstreler
ve bilesikler tizerinde biyolojik aktivite calismalarinin yapilmasi son derece 6nemlidir. Bitkiler, ekstreler
ve elde edilen saf maddeler antibakteriyel, antifungal ve antiviral aktivite c¢aligmalari igin
kullanilmaktadir.

Cannabaceae (Kendirgiller) familyasinda yer alan Celtis L. cinsi, 1liman ve topikal bélgelerde
yetisen, genellikle agac, nadiren ¢ali formunda, kisin yaprak doken tiirlerin yer aldigi bir cinstir. Kabugu
pliriizsiiz, diiz, ¢igekleri ¢cok eseyli, meyvesi kiire biciminde, etli drupa olup, uzun sapli ve oldukga sert
cekirdege sahiptir. Celtis cinsi diinyada 72, tilkemizde ise 3 tiir ve 5 taksonla temsil edilmektedir: C.
australis L. subsp. australis; C. australis L. subsp. caucasica; C. planchoniana; C. tournefortii Lam.
[1-2].

C. australis L. 20-25 m boyunda, kisin yaprak doken, gen¢ dallar1 kadifemsi tiiyli agaglardir.
Yapraklari 4-12(-15) x(2-)3-4(-5) cm, ovat-lanseolat sekilli, taban1 asimetrik, yaprak tepesi sivri uclu-
akuminat, yaprak kenarlar1 belirgin disli-serrattir. Yapragin {ist yiizii kisa sert, alt yiizii ise kadifemsi
kahverengi-yesil ya da grimsi yesil renkli tiiylerle kaplidir. Yaprak sap1 1.5(-2) cm. Meyve kiire
seklinde, etli bir drupa olup 9-12 mm ¢apindadir. Olgun meyve kahverenginden siyaha degisen renkleri
ile diger tiirlerden kolayca ayirt edilir. Olgun meyve sap1 3.5 cm uzunluktadir. Meyve ¢ekirdeginin
yiizeyi ags1 ve burusuktur. Cigeklenme zamani1 Mart-Mayis aylarinda olup, 50-1000 m arasi yiikseklikte
yetismektedir. Yayilis1 Kuzey Bati Afrika, Giiney Avrupa, Bat1 Kafkasya’dir (Bat1 Suriye ve Kibris
dahil). Ulkemizde ise Marmara, Karadeniz ve Ege bolgesinde yayilis gosterir [3].
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C. tournefortii Lam. tiiriine ait bireyler 6 m’ye kadar boylanabilen ¢al1 veya kii¢iik aga¢ formunda
kisin yaprak doken agagciklardir. Geng dallar kisa tiiylii, yapraklar 2-6 x 1,5-4,5 cm’dir. Yaprak tabani
genellikle asimetrik bazen subkordat, yaprak tepesi sivri u¢lu akut-akuminat; yaprak kenarlart digli
serrat-dentattir. Yapragin alt yiizii kisa sert tliylli, mat yesil renklidir. Olgun meyve sari-turuncu renkili,
kiire seklinde 9-12 mm ¢apindadir. Meyve sapi kisa 0.5-1.5 (-2) cm. meyve ¢ekirdegi hemen hemen diiz
4 cizgilidir. Cigeklenme zamani Mart-Nisan aylarinda olup 300-1500 m yiiksekliklerde rahatlikla
yetismektedir. Tip &rnegi Erzincan olup, Sicilya, Balkanlar, Girit, Kuzey Irak, Bati iran, Giiney
Kafkasya’da yayilis gosterir. Ulkemizde ise Marmara, Ege, Dogu Anadolu ve Akdeniz bolgesinde
yayilig gosterir [3].

ingilizcesi hackberry olan Celtis cinsine iilkemizde ¢itlak, ¢itlik, ¢itemek, ¢itemik, ¢itlembik,
citlenbek, dadagan, dagum, dag dagan, dagan, dagdigan, dardagan, dardahan, davilga, davin, davum,
dogun, dogdogan, gingires, gingirez, 1lig, melengic ve yabani kiraz olarak adlandirilmaktadir [4-9].

Anadolu halk tibbinda Celtis meyveleri gida olarak, meyve ve yapraklari, soguk alginliginda,
gripte, nefes darliginda, oksiiriik, mide tilserlerinde, hazim kolaylastirict ve ishale kars1 kullanilmaktadir
[4,8-11]. Geleneksel tipta ¢ok ¢esitli kullaniglari bulunmaktadir. C. australis agacinin kabugundan elde
edilen macun, kemik kirig1, burkulma ve eklem agrilarinda, yaprak ve meyvelerin, adet gérememe, agir
adet kanamasi, ishal, dizanteri ve peptik iilserlerin tedavisinde kullanilmaktadir [5-7,12-13]. Astim,
sindirim giicligii, 6dem, hipertansiyon, kardiyovaskiiler problemler, bobrek hastaliklari, kanser,
diyabet, egzama ve eklem agrilar1 gibi birgok hastaligin tedavisinde farkli Celtis tiirleri kullanilmaktadir.
[14].

Celtis cinsinin bazi tiirleri iizerinde yapilan fitokimyasal arastirmalarda flavonoidler, terpenoidler,
kumarinler, koumaroil tiraminler, lignan glikozitler, steroidler, fenolikler, tanenler, saponinler ve
alkaloidlerin varligina rastlanmigtir [14-16].

Celtis meyveleri Na, K, P, Mn, Ca, B, Ba, Mg ve Se ana mineraller bakimindan zengin oldugu ve
yerfistigi, kusburnu, mersin (Myrtus communis L.) meyveleri ile kiyaslandiginda Na, K, P, Ca, Mg, Mn
ve Zn igeriklerinin daha yiiksek oldugu bildirilmistir (5,17-18). Olgun Celtis meyveleri iizerinde yapilan
bir ¢aligmada kiil, ham petrol, ham enerji, ham lif, ham protein ve mineraller (Na, P, K, Ca, Mn, B, Ba,
Se, vb.) igerikleri de belirlenmistir [5]. Yapilan bir bagka ¢alisma ile C. tournefortii meyvelerinin besin
elementleri, organik asitler, C vitamini, seker iceriklerini belirlemislerdir. Ayrica meyvelerin gesitli
kisimlarindan yag asitleri elde edilmis, yag asitleri ve tokoferol miktarlarini da belirlemislerdir [7].
Oztiirk ve arkadaslar1 yaptigi bir ¢alismada, 2004-2007 yillar1 arasinda Istanbul’'un 40 farkli
bolgesinden topladiklar1 C. australis’ in yaprak, dal, kabuk numuneleri ile yetistikleri topraklardan
ornekler almarak, bu bitkinin agir metal kirliliginde biyomonitér olarak kullanilabilirliginin
arastirmuglardir. C. australis’ in basta bakir olmak {izere kullanigh bir biyomonitor oldugunu ve ayrica

kabuklarin 6zellikle uzun donemli agir metal kirliligi Ol¢limiinde kullanilabilecegi sonucuna
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varmiglardir [19]. Slovenya’da yapilan bir arastirmada, C. australis tohumunun yag asitleri ve seker
icerigini (%81,5) tespit etmislerdir. Ayrica olgun ve olgun olmayan meyvelerin, sulu, etanollii
ekstrelerinin total fenol miktar1 arastirilmis, antioksidan, antimikrobiyal ve antifungal aktivitelere sahip
oldugu bildirilmistir [13].

C. australis’in yapraklar1 gri-yesil renkli, govdenin zarif, dekoratif olmasinin yaninda kurakliga
ve parazitlere karsi dayanikli nedeniyle 6zellikle sehir park ve bahgelerinde siis bitkisi olarak tercih
edilmektedir. Etli sulu meyvelerinin basta kus tiirleri olmak {izere ¢esitli hayvanlar tarafindan tiikketildigi
bildirilmistir [4,6-7,20]. Celtis tiirlerinin odununun dayanikli ve esnek olmasindan dolayi, ahsap,
siisleme malzemesi, kasnak, yayik sopasi, kasik, baston, kiirek, tarim aletleri yapimi, ingaatlarda,

oymacilikta ve kagit yapiminda kullanilmigtir [21].

GEREC VE YONTEM

Bu ¢alisma Ankara ve Tunceli illerinde dogal olarak yayilis gosteren iki Celtis tiirlerinin yag asitti
bilesenleri karsilastirmak amaci ile yapilmustir. Ayrica sabit yag numunelerin Gram negatif
Pseudomonas aeruginosa ATCC 27853, Salmonella typhimurium ATCC 13311, Gram pozitif
Staphylococcus aureus ATCC 6538, Bacillus cereus NRRL B3711, Propionibacterium acnes ATCC
11827, Streptococcus mutans ATCC 25175 ve Staphylococcus aureus ATCC 700699 kars: in vitro
antimiktobiyal aktivitesi, CLSI mikrodiliisyon yontemi kullanilarak belirlenmistir.

Bitkilerin yaprakli ve meyveli dal ornekleri alinmis, herbaryum oOrnekleri hazirlanmustir.
Herbaryum ornekleri Ankara Universitesi Eczacilik Fakiiltesi Herbaryumuna (AEF) kayit edilip,
herbaryum numarasi alindiktan sonra dolaplara yerlestirilmistir. Calismada kullanilan tiirlerin toplandigi

yerler ve herbaryum (AEF) numaralar1 Tablo 1’de verilmistir.

Tablo 1. Caligma materyallerin AEF numarasi ve Toplandig1 yerler

Tiir ad1 Toplandig1 Yer Toplandig1 Tarih Herbaryum Numarasi
C. australis L. Ankara, Cankaya 10.10.2017 AEF 27032
C. tournefortii Lam. Tunceli, Batman Koyii 21.10.2015 AEF 26732

Bitkisel materyallerinin ekstraksiyonu

Bitki numuneleri gélgede kurutulup, toz edilip tartildiktan sonra Soxhlet apareyi kullanarak sabit
yaglari elde edilmistir. C. australis’in verimi % 43,1, C. tournefortii ise % 42,8 dir. Elde edilen sabit
yaglar metilleme islemi yapildiktan sonra GK ve GK/KS yontemiyle es zamanli olarak analizleri

gerceklestirilmistir [22-23].
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Gaz Kromatografisi (GK) ve Gaz Kromatografisi/Kiitle Spektrometrisi (GK/KS) ile U¢ucu Yagin
Kimyasal Analizi

Orneklerin GK ve GK/KS sistemi ile es zamanli olarak analizleri gerceklestirilmistir. GK/KS
sistemi ile bilesenlerin kiitle spektrumlar1 alinarak tespitleri yapilmis; GK/AID dedektorii ile de tespit
edilen bilesiklerin bagil yilizdeleri hesaplanmistir. Degerlendirme islemleri "Baser Ucucu Yag
Bilesenleri Kiitiiphanesi" yan1 sira Wiley GC/MS Kiitiiphanesi ve Mass Finder Software 4.0 Kiitiiphane
Tarama Yazilimlart kullanilarak yapilmistir [24].

GK Analiz Kosullari

Sistem :Agilent 6890N GK

Kolon ‘HP-Innowax (60m x 0.25mm @, 0.25 pm film kalinlig1 )

Tasyict Gaz  Helyum (0,8 mL dk?)

Sicakiiklar

Enjeksiyon :250°C

Kolon :60°C'de 10 dk, 4°C dk artigla 220°C'ye, 220°C'de 10 dk, 1°C dk artigla 240°C’ye
Detektor :300°C, FID (Alev iyonizasyon dedektorii)

GK/KS Analiz Kosullari

Sistem :Agilent 5975 GC-MSD

Kolon HP-Innowax (60m x 0.25mm @, 0.25 um film kalinlig1 )

Tasiyict Gaz  Helyum (0,8 mL dk?)

Sicakliklar

Enjeksiyon :250°C

Kolon :60°C'de 10 dk, 4°C dk artisla 220°C'ye, 220°C'de 10 dak, 1°C dk artisla  240°C’ye

Split Oram 140:1
Elektron Enerjisi:70 eV
Kiitle Araligi  :35-450 m/z

Mikroorganizma Kiiltiirlerinin Gelistirilmesi

Antimikrobiyal aktivitenin degerlendirilmesi i¢in kullanilan Salmonella typhimurium ATCC
13311, Propionibacterium acnes ATCC 11827, Bacillus cereus NRRL B3711, Streptococcus mutans
ATCC 25175, Staphylococcus aureus ATCC 6538, Staphylococcus aureus ATCC 700699,
Pseudomonas aeruginosa ATCC 27853 ATCC (American Type Culture Collection) ve NRRL
(Agricultural Research Service Culture Collection) liyofilize halde temin edilmistir.

-85°C’de ve -20°C’de saklanan bakteriyel kiiltiirler canlandirilmak iizere Mueller Hinton Agar
(MHA) ve Mueller Hinton Broth (MHB) 37°C’de 24 saat inkiibe edilmistir. inkiibasyondan sonra
tiirbidometre ile Mc Farland No: 0.5 tiipiine gore mikroorganizmalarin kiiltiir yogunluklar1 ayarlanmistir
[25-26].

Her 6rnegin potansiyel antibakteriyel aktivitesi, modifiye edilmis bir Klinik ve Laboratuvar
Standartlar1 Enstitiisii (CLSI) yontemine gore sivi mikrodiliisyon yontemi ile degerlendirilmistir.

Salmonella typhimurium ATCC 13311, Propionibacterium acnes ATCC 11827, Bacillus cereus NRRL
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B3711, Streptococcus mutans ATCC 25175, Staphylococcus aureus ATCC 6538, Staphylococcus
aureus ATCC 700699 ve Pseudomonas aeruginosa ATCC 27853 suslar1 kullanilmigtir. Numuneler (20-
0.019 mg / mL), baslangig stok ¢ozeltisi igin steril dimetil siilfoksit (DMSO) igerisinde ¢oziilmiistiir.

Mikrodiliisyon Yontemi ile Antimikrobiyal Aktivitenin Belirlenmesi

Calismada 96 kuyucuklu mikroplakalara 100 uL numune uygulanmis ve 2 kat seri seyreltmeler
yapilmistir. Seyreltmelerden sonra, 50 ul tiibidometrik olarak ayarlanmig mikroorganizma kisimlari
plakalara asilanmstir (10°-10° CFU / mL).

Antibakteriyel Aktivite Calismasi

37° C'de 24 saat siireyle inkiibasyondan sonra, birinci kuyucuk, 20 uL resazurin ile muamele
edilmis; tiim mikroplakalar iizerinde Minimum Inhibisyon Konsantrasyonlar1 (MIIK) belirlenmistir.
Standart antibiyotik kloramfenikol (128-0,25 ug / mL) pozitif kontrol olarak kullanilmistir. Tiim test

ornekleri i¢in antibakteriyal deneyler en az li¢ kez tekrarlanmustir.

SONUC VE TARTISMA

Bu caligmada, Celtis australis ve C. tournefortii meyvelerinden sabit yag elde edilmistir. C.
australis meyvelerinin sabit yag oran1 % 43,1; C. tournefortii meyvelerinin sabit yag orani ise % 42,8
dir. Bu iki Celtis tiiriin sabit yag miktarlar1 birbirlerine yakin oldugu goériilmiistir. C. australis’in
doymus yag asiti yiizdeleri palmitik asit %5,6, stearik asit %3,1 iken C. tournefortii de bu oran biraz
daha yiiksek olup palmitik asit % 8.8, stearik asit % 3,9’dur.

C. australis meyvelerinde en yiiksek miktarda doymamis yag asitleri ise linoleik asit %74.8, oleik
asit % 10.8 bulunurken C. tournefortii tiiriinde linoleik asit %49,5 oleik asit %18,6 olarak belirlenmistir.
Calismamiz sonunda GK ve GK/KS yo6ntemiyle es zamanl olarak yapilan analizleri sonuglari Tablo

2’de verilmistir.

Antimikrobiyal Aktivite Sonuclar:

Calismamizin bu kisminda, Tirkiye’de dogal olarak yetisen Celtis tournefortii ve C. australis
meyvelerinden elde edilen sabit yaglarinin antimikrobiyal etkilerinin degerlendirilmesi yapilmistir.
Sabit yag numunelerinin in vitro antimikrobiyal aktivite c¢aligmalari, Gram-(-) (Pseudomonas
aeruginosa ATCC 27853, Salmonella typhimurium ATCC 13311) ve Gram-(+) (Staphylococcus aureus
ATCC 6538, Bacillus cereus NRRL B3711, Propionibacterium acnes ATCC 11827, Streptococcus
mutans ATCC 25175, Staphylococcus aureus ATCC 700699) bakterilerle CLSI mikrodiliisyon yontemi
kullanilarak yapilmistir. Sonuglar standart bir antimikrobiyal ajanlar ile karsilagtiriimis ve MIC degerleri
> 2,5-0,5 mg /ml belirlenmistir.

Iki yag asitinin oranlar1 ve igeriklerinin birbirine yakin olmasindan dolay1 antimikrobiyal aktive

sonuglar1 da benzer ve standart antibiyotige kiyaslandiginda aktivitesinin diisiik oldugu goériilmiistiir.
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Mikrodilsyon yontemi kullanarak C. tournefortii ve C. australis meyve sabit yaglardan antimikrobiayal

aktivite caligmasi tarafimizdan ilk defa yapilmistir. Sonuglarin antimikrobiyal etkinlik agindan kayda

deger oldugu goriilmiistiir.

Tablo 2. C. australis, C. tournefortii yag asidi bilesenleri

Bilesenler C. australis (%) C. tournefortii (%)
Palmitik asit (16:0) 5,6 8,8
Stearik asit (18:0) 3,1 3,9
Oleik asit (18:1) 10,8 18,6
Elaidik asit (18:1) 1,1 0,6
Linoleik asit (18:2) 74,8 49,5
Linolenik asit (18:3) 1,3 tr
Arachidik asit (20:0) 1,0 0,6
Behenik asit (22:0) tr 1,2
Doymamis yag asitleri 9,7 14,5
Doymus yag asitleri 88,0 68,7
Toplam 97,7 83,2
Doymus/Doymamus yag asitleri 9,07 4,73

FID verilerinde % hesaplama Eser (< %0,1)

Tablo 3. Numunelerin (mg/mL) ve antimikrobiyallerin (ug/mL) mikrodiliisyon yontemi ile belirlenen

minimum inhibitdr konsantrasyonlari

Mikroorganizmalar C. australis C. tournefortii | Kloramfenikol
Staphylococcus aureus ATCC 6538 25,0 25,0 4,0
Pseudomonas aeruginosa ATCC 27853 25,0 25,0 4,0
Salmonella typhimurium ATCC 13311 25,0 25,0 4,0
Bacillus cereus NRRL B3711 >25,0 >25,0 4,0
Propionibacterium acnes ATCC 11827 >25,0 >25,0 1,0
Streptococcus mutans ATCC 25175 >25,0 >25,0 1,0
Staphylococcus aureus ATCC 700699 >25,0 >25,0 0,5

Keser ve ark. yaptigi bir ¢alismada C. tournefortii meyvelerinin sulu, etanollii ve metanollii

ekstrelerinin giiclii antiradikal, antimikrobiyal ve antiproliferatif ozellikler sergiledigini tespit

etmislerdir. Bu etkinin bitkinin fitokimyasal igeriginden kaynaklaniyor olabilecegi sonucuna varmislar

ve meyvenin beslenme amagl tiiketilebilecegi belirtmislerdir [27]. Ozrenk ve ark., C. tournefortii

meyvelerinin yag asitleri, tokoferol, organik asit, seker, C vitamini, besin elementleri igerikleri

belirlemeyi amaglamislardir [7]. Yapilan bu ¢alismada C. tournefortii meyvelerinin kabuk kismindaki

linoleik asit miktar1 % 64,93, oleik asit miktar1 % 23,54, palmitik asit miktar1 % 6,02, stearik asit miktari

% 2,78 olarak tespit edilmistir. Meyvenin mezokarpinin linoleik asit miktar1 % 72,72, oleik asit miktari

% 17,18, palmitik asit miktar1 % 5,42, olarak saptanmustir. Meyvenin i¢ kismi ¢ekirdegine bakildiginda

oleik asit miktar1 % 64,47, linoleik asit miktar1 % 17,68, palmitik asit miktar1 % 9,2, stearik asit miktari

% 4,11 oldugunu tespit etmislerdir [7].
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Badoni ve ark., Hindistan’nin Tehri-Uttarakhand bolgesinde yetisen Celtis australis
meyvelerinden elde etikleri sabit yaglarin yag asitleri bilesimlerini GC-MS ile analiz etmisler ve metil
oleat (%25,7), metil palmitat (%22,2), metil trikozanoat (%13,3), metil lineolat (%7,8), metil
dotriasentanoat (%2,6), metil 14-asetilhidroksipalmitat (% 2,1) baslica yag asitleri olarak tespit
edilmistir [16]. Meyvelerden elde edilen etanollii ekstrelerin P. auroginosa ve E. coli
mikroorganizmalarina kars1 da anlamli sonug elde etiklerini bildirmiglerdir [16].

Adedapo ve ark. tarafindan yapilan ¢aligmada ise C. africana tiirlinden yaprak ve dallarindan elde
edilen metanol ekstrelerinin antioksidan etki ve fenolik bilesikleri degerlendirilmis ve sonugta C.
africana tiiriiniin tibbi potansiyele sahip oldugu belirtmislerdir [15]. Al-Tawell ve ark. tarafindan C.
africana tiiriinden izole edilen ii¢ fenolik amidin, anti-enflamatuar, antioksidan ve asetilkolinesteraz
enzim inhibitor aktiviteleri degerlendirilmis ve bu bilesiklerin, giiclii antienflamatuar ve antioksidan
potansiyel ve orta derecede asetilkolinesteraz enzim inhibisyon aktivitesi gosterdigi bildirilmislerdir
[28].

Celtis australis iizerinde yapilan bir bagka ¢alismada, tohumlarinda %76,25 linoleik asit, %14,18
oleik asit, % 6,72 palmitik asit ve % 2,81 stearik asit belirlenmistir. Ayrica C. australis’in meyve ve
yapraklarindan elde ettikleri sulu ve etanollii ekstrelerin antimikrobiyal aktivite gosterdigini tespit
etmislerdir [13].

Bizim yaptigimiz bu calismada, meyvenin tiimii analiz edilmis, C. australis meyvelerinde
doymamis yag asitleri olarak linoleik asit %74,8, oleik asit %10,8 bulunurken, C. tournefortii tiirlinde
linoleik asit %49,5 oleik asit %18,6 olarak belirlenmistir. Sonug olarak C. australis ve C. tournifortii
meyvelerinin sabit yag acisindan 6zellikle doymamus yag asitlerince zengin oldugu, yaptigimiz ¢aligma
ile belirlenmistir. Sonuglar standart antimikrobiyal ajan olarak Kloramfenikol ile karsilastirildiginda
MIK degerleri > 25-0,5 mg/ml belirlenmis ve pozitif kontrole gore diisiik bulunmustur. Fakat sonuglarm
antimikrobiyal etkinlik agindan kayda deger oldugu goriilmiistiir. C. tournefortii ve C. australis meyve
sabit yaglardan mikrodiliisyon yontemi antimikrobiyal aktivite ¢alismasi tarafimizdan ilk defa
yapildigindan dolay1 elde edilen sonuglar kayda deger olarak degerlendirilebilir. Sonug olarak Celtis
tiirlerinin zengin fitokimyasal icerigi ve farkli biyolojik aktivitelere sahip oldugu i¢in potansiyel bir
antimikrobiyal ajan olarak degerlendirilebilir. Meyvenin geleneksel kullaniminin yaninda beslenme
amach tiiketilmesi yaptigimiz ¢alisma ile desteklenmektedir. Bu nedenle meyvenin beslenme amagh
tilketimini dnermekteyiz. Daha ileriki ¢alismalarda Tiirkiye’de yetisen diger Celtis taksonlari tizerinde

calisilarak birbirleri ile kiyaslamalarinin yapilmasi planlanmaktadir.
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OZGUN MAKALE / ORIGINAL ARTICLE

TURKIYE’DE YARDIMCI ECZACILIK UYGULAMASI:
ECZACILARIN PERSPEKTIFi

ASSISTANT PHARMACIST PRACTICES IN TURKEY: PHARMACISTS’ PERSPECTIVES
Sinan BULUT @, Emrah BILGENER 2*

'Cankir1 Karatekin Universitesi, Saglik Bilimleri Fakiiltesi, Saglik Yo6netimi Boliimii, Cankir1, Tiirkiye

2Hitit Universitesi, Saglik Bilimleri Fakiiltesi, Saglik Yonetimi Boliimii, Corum, Tiirkiye

07/

Amag: Bu arastirmada Tiirkiye 'de toplum eczanesi sahibi ve mesul miidiirii olan eczacilar ile 2018
yilindan itibaren mezun olup kisitlamalara maruz kalan eczacilarin 6308 sayuli kanunda yer alan “Yardimci
Eczacilik Uygulamast” hakkindaki gériislerini degerlendirmek amacglanmigtir.

Gereg ve Yontem: Arastirma 2018 yilindan once mezun olup toplum eczaciligi yapmakta olan ve 2018
yilindan sonra mezun olan eczacilara yonelik olmak iizere iki asamada gergeklestirilmistir. Her iki asamada
arastirmacilar tarafindan olusturulan anket formlar: kullanilmistir. Veriler IBM SPSS 21 paket programinda
analiz edilmigtir. Veriler T testi, Anova ve Post-hoc testleri ile analiz edilmis ve puanlamalar hesaplanmuistir.

Sonuc ve Tartisma: Arastirmanin 1. asamasinda 413 toplum eczacisina, 2. asamasinda ise 395 eczaciya
ulasimistir. Toplum eczacilart iginde yardimci eczacilik uygulamasini desteklemeyenlerin orant %30,8 olarak
bulunmugtur. Bu grubun %53,0'1i ise uygulamanin gelistivilmesi gerektigini belirtmistir. Avastirmada 2018
yilindan sonra mezun olan eczacilarin “yiiriirliikteki yardimct eczacilik uygulamasindan memnunum” ifadesi
icin katilim diizeyi ortalamasi 1,96+1,19(1 kesinlikle katiimyyorum, 5 kesinlikle katilryyorum)seklinde en diigiik
ortalama deger olarak bulunmugtur. Arastirmada eczacilik fakiiltesi sayisimin fazlaligi, yetersiz fakiiltelerin
kapatilmasi, yardimci eczacilik uygulamast icin devlet desteginin saglanmast ve istihdamin artirilmast,
arastirmaya katilan her iki grup icin de ifade edilen ve katilim derecesi yiiksek konular olmustur. Yardimci
eczacilik uygulamasimin stirdiiriilebilirligi ve verimliligi acisindan tiim paydagslarin goriisleri dogrultusunda
adimlarin atilmasimin uygun olacag degerlendirilmistir.

Anahtar Kelimeler: Yardimci eczacilik uygulamasi, eczact, eczaculik isletmeciligi, Tiirkiye

ABSTRACT

Obijective: In tis study, it was aimed to evaluate the opinions of pharmacists who are the owners and
responsible managers of community pharmacy and pharmacists who graduated after 2018 and were exposed
to restrictions on the "Assistant Pharmacy Practices™ in the Law No. 6308.

Material and Method: The study was carried out in two stages, for pharmacists who graduated before
2018 and are practicing community pharmacy, and for pharmacists who graduated after 2018. Questionnaire
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forms created by the researchers were used in both stages. The data were analyzed in the IBM SPSS 21 package
program. Data were analyzed with T test, Anova and Post-hoc tests and scores were calculated.

Result and Discussion: In the first stage of the study, 413 community pharmacists were reached, and in
the second stage, 395 pharmacists were reached. The rate of those who do not support the assistant pharmacist
practices among community pharmacists was found to be 30.8%. 53.0% of this group stated that the application
should be improved. In the study, the mean of the pharmacists who graduated after 2018 for the statement "I
am satisfied with the current co-pharmacy practice” was found to be the lowest average value of 1.96x1.19 (1
strongly disagree, 5 strongly agree). The high number of pharmacy faculties, the closure of inadequate faculties,
the provision of state support for assistant pharmacist practices and the increase in employment were the
subjects with high participation rates for both groups participating in the research. It was considered that it
would be appropriate to take steps in line with the opinions of all stakeholders in terms of the sustainability and
efficiency of the assistant pharmacist practices.

Keywords: Assistant pharmacist practices, pharmacist, pharmacy management, Turkey

GIRIS

Osmanli Devletinde eczacilik meslegi ile ilgili diizenlemeler ilk defa 1850°1i yillarda yapilmaya
baslanmis [1] ve siire¢ icerisinde bir¢cok degisiklige ugramistir [2]. Cumhuriyetin ilanindan sonra
“Ispengiyari Ve Tibbi Miistahzarlar Kanunu” (1928/1262) [3] ve “Eczacilar ve Eczaneler Hakkinda
Kanun” (1953/6197) [4] ile eczacilik mesleginin ilk kanunlan yiiriirliige girmistir. Son degisiklik ise
2012 yilinda 6308 sayili “Eczacilar ve Eczaneler Hakkinda Kanun ile Uyusturucu Maddelerin
Murakabesi Hakkinda Kanunda Degisiklik Yapilmasina Dair Kanun” ile yapilmstir [2]. Bu kanun ile
toplum eczanesi agmak ve ya toplum eczanelerinde mesul miidiirliik yapmak isteyen eczacilik fakiiltesi
mezunlarina, en az bir yil siire ile bir mesul miidiir eczac1 yaninda toplum eczanesinde yardimci eczacilik
yapma sart1 getirilmistir. Toplum eczanesinde en az bir yil ikinci eczacilik yapmis olanlar ve en az bir
yil hastane eczanesinde ¢alismis olanlar bu kosulu saglamis olacaklardir. Kanunun yiiriirlige girdigi
2012 yilinda eczacilik fakiiltelerine yerlesmis olan ve bu yil iiniversite sinavina girip kazanacak olanlar
muaf tutulmustur [5]. Kanunun 2013 yili sonrasinda eczacilik fakiiltelerine girecek 6grenciler igin
baglayiciligi bulunmaktadir [2]. Bu degisikligin temel nedeninin, 2001 yilinda 8 olan eczacilik fakiiltesi
sayisinin 2012 yilinda 17’ye yiikselmesi sonucu [6] toplum eczanelerinde yasanan ekonomik sikintilara
¢Oziim bulmak ve eczane sayisinin artmasiyla ortaya ¢ikacak sorunlari azaltmak [7] oldugu ifade
edilmektedir. Ancak ilerleyen siirecte merkezi otorite meslek orgiitlerinden gelen uyarilara ragmen 2020
yilinda eczacilik fakiiltesini 50’ye yiikseltmistir [8]. Saglik Bakanlig1 Saglikta insan Kaynaklar1 2023
Vizyonu raporuna gore 2023 yilinda eczaci ihtiyaci 32.900 olarak belirlenmis ise de, 2019 yilinda bu
say1 37.791 olarak gerceklesmistir [8]. Tlgili kanunda yardimci eczacilara ne kadar maas verilecegi,
niifus kriterleri, meslek puani gibi konular agiklanmisgtir [9]. Ayrica, 2014 yilinda yayinlanan “Eczacilar
ve Eczaneler Hakkinda Yo6netmeligin” 16. Maddesi ile yillik satis hasilati ve regete sayisi belli bir limitin
tizerinde olan toplum eczanelerinin talep olmasi halinde yardimci eczaci galistirmalarini zorunlu

kilmustir [2].
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Son yillardaki literatiir kanitlari, eczacilik hizmetleri performansimin saglik sisteminin
basarisinda kritik bir faktér oldugunu ve toplumun saglik sonuglarinda 6nemli bir gelisme yarattigini
gostermistir [10]. Bu nedenle, bagimsiz toplum eczanelerinin halk sagligi i¢in yasamlarin1 devam
ettirmeleri gerekmektedir. Hazirlanan yeni kanun ve yonetmelikler her ne kadar bazi haksizliklara neden
oluyor olarak goriinse de, aslinda hali hazirda hizmet vermeye devam eden toplum eczaneleri korumasi
ve hizmetin gelecekte aksamamasi agisindan 6nem arz etmektedir. Yiiriirliige girdigi tarihten itibaren
bircok mesleki ortamda tartigmalara neden olan kanun [2] literatiirde bilimsel agidan sadece bir
calismada ele alinmustir [2]. Tiirkiye’de uygulamaya alinan yardimci eczacilik uygulamasina benzer
diizenlemeler Amerika Birlesik Devletleri [11] ve Avrupa Birligi {ilkelerinde de 1-5 y1l aras: siirelerde
uygulanmaktadir [12].

Calisma Tiirkiye’de toplum eczanesi sahibi ve mesul miidiirii olan eczacilar ile 2018 yilindan
itibaren mezun olup kisitlamalara maruz kalan eczacilarin 6308 sayili kanunda yer alan “Yardime1
Eczacilik Uygulamasi” hakkindaki goriislerini degerlendirmek, gelecekte yapilacak diizenlemelere

kaynak olusturmak ve ¢6ziim Onerileri sunmak amaciyla gerceklestirilmistir.

GEREC VE YONTEM

Arastirma Evreni
Aragtirma iki asamali olarak gerceklestirilmistir. Arastirmaya baslamadan once Hitit Universitesi
Girisimsel Olmayan Etik Kurulu’na bagvurulmus ve ilgili kurulca calisma etik agidan uygun
bulunmustur (Karar No: 2020-93). Birinci asamada 2018 yilindan 6nce mezun olmus yardimci eczacilik
uygulamasi kapsami diginda olan ve eczanesi bulunan toplum eczacilari ile ¢alisilmistir. Bu asamada
cesitli sosyal medya kanallarindan eczacilara, internet ortamunda olusturulan anket formu
gonderilmistir. Birinci asamanin evrenini Tiirkiye’nin 81 ilinde bulunan yaklasik 26.115 [13] eczane
olusturmaktadir. Bu asamada eczacilara gonderilen anket formunu 413 eczaci yanitlamistir.
Aragtirmanin ikinci asamasi ise 2018 yilindan sonra mezun olmus ve yardimei eczacilik
uygulamasi kapsamina dahil olan eczacilar ile yapilmistir. Arastirmanin bu asamasinda katilimeilarin
yardimci eczacilik uygulamasinin kapsadigi eczacilar olmasi nedeniyle daha fazla 6nem kazanmaktadir.
Bu asamada da ilk asamada oldugu sekliyle internet ortaminda olusturulan form sosyal medya araglari
vasitasiyla mezun eczacilarin bulundugu sosyal medya gruplarinda paylasilmistir. 2018-2019 ve 2020
yili mezunlarinin olusturdugu g¢aligmanin ikinci asamasinin evrenini yaklasik 5.350 [13] eczaci
olugmaktadir. Bu agamada yanitlanan anket formlarindan 395 yanit degerlendirmeye alinmistir.
Aragtirmanin her iki asamasinda da 6rneklem se¢ilmemistir. Ulasilabilecek maksimum sayiya ulagilmasi
hedeflenmistir. Ancak, arastirmada bir siire sonra anket geri doniis sayisi giderek azaldigindan elde
edilen anketler ile ¢alisma gerceklestirilmistir. Arastirmanin verileri 10.11.2020 — 28.03.2021 tarihleri

arasinda toplanmustir.
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Veri Toplama Araci

Aragtirmanin ilk asamasinda arastirmacilarca hazirlanmig dar kapsamli bir anket formu
kullanilmistir. Anket formunda sosyo-demografik sorular ile birlikte katilimeilarin yardimer eczacilik
uygulamasini destekleyip desteklemedikleri ve gelistirilmesi gereken yonleri konusunda goriisleri
sorulmustur. Elde edilen goriisler arastirmanin ikinci asamasina dayanak olusturmustur.

Aragtirmanin ikinci asamasinda da aragtirmacilar tarafindan hazirlanan daha kapsamli bir anket
formu kullanilmigtir. Anket formu birinci asamada elde edilen toplum eczacilarinin gériisleri (Tablo 1)
ve literatiir dogrultusunda olusturulmustur. Anket formu 6 adet sosyo-demografik ve 32 adet yardimci
eczacilik uygulamasi ve eczacilik meslegine iliskin olmak iizere toplam 38 sorudan olusturulmustur.
Anket formunda sosyo-demografik sorular disinda kalan sorularda katilimcilara eczacilik meslegi ile
iligkili gesitli ifadelere katilim diizeyleri sorulmustur. Anket formunda yer alan bu ifadeler 5=kesinlikle
katiliyorum, 4=katiliyorum, 3=kararsizim, 2=katilmiyorum ve 1=kesinlikle katilmiyorum olacak sekilde
5’li Likert olgegi ile derecelendirilmistir. Anket formu, pandeminin olusturdugu risk nedeniyle,
eczacilik fakiiltelerinden son 3 yil i¢cinde mezun olmus eczacilarin bulundugu sosyal medya platformu

iizerinden iletilmis ve 395 eczaci anketi yanitlayarak aragtirmaya katilmistir.

Verilerin Analizi

Arastirmanin her iki asamasindan elde edilen veriler, IBM SPSS 21 programu ile analiz edilmistir.
Aragtirmada elde edilen verilerin istatistiksel degerlendirmelerinde tanimlayici istatistikler verilmistir.
Ayrica eczacilik meslegine iliskin ifadelere katilim derecelerine iliskin ortalamalar arasinda farkliliklar
da istatistiksel anlamlilik agisindan degerlendirilmistir. Iki grubun ortalama degerlerinin istatistiksel
anlamlilik testlerinde bagimsiz gruplarda T testi, ikiden fazla gruplarda istatistiksel anlamlilik i¢in tek
yonlii Varyans Analizi (ANOVA) testi kullanilmistir. Varyanslarin homojen olmasi sebebiyle farkin
anlamlt ¢iktigi gruplarda Tukey testi ile farkliligin kaynaklandig1r gruplar belirlenmistir. p<0.05
istatistiksel anlamlilik olarak degerlendirilmistir. Arastirmada yer alan agik uglu sorularin yanitlar ise

iceriklerine gore belirli ifadeler altinda gruplandirilmstir.

SONUC VE TARTISMA

Arastirmanin birinci asamasini toplum eczacilarina uygulanan anket olusturmaktadir.
Aragtirmaya 413 eczact katilmistir. Katilimeilarin 1951 (%47,2) erkek, 218’1 (52,8) ise kadindir.
Katilimcilarin yag ortalamasi 38,6+9,53 olarak bulunmustur.

Katilimeilarin  yardime1 eczacilik uygulamasimi destekleme durumlart degerlendirildiginde;
katilimeilarmm  127’sinin  (%30,8) uygulamayi desteklemedigi, 67’sinin (%16,2) destekledigi ve
219’unun (%53,0) ise uygulamanin gelistirilmesi gerektigi konusunda fikrini belirttigi tespit edilmistir

(Tablo 1).
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Arastirmada uygulamanin gelistirilmesi gerektigini belirtenler igin gelistirmeye ydnelik
herhangi bir Onerilerinin olup olmadigi da sorulmus olup, Onerilerini yazmalar1 istenmistir. Bu
kapsamda 230 Oneri belirtilmistir. Bu 6nerilerden benzer veya ayni hususu belirten 6neriler bir arada
degerlendirilerek Tablo 1°de sunulmustur. Oneriler arasinda 114 kisi tarafindan en cok ifade edilen 6neri
“Devlet destegi olmali (meslek hakki, karlilik artis1 ve SGK iskontosu diisiiriilmeli)” seklinde olmustur.
Bu o6nerinin ardindan ikinci sirada 17 kisinin ifadesi ile “Fakiilte kontenjanlar1 azaltilmali ve yetersiz

fakdilteler kapatilmali” 6nerisi yer almistir (Tablo 1).

Tablo 1. Toplum eczacilarinin yardimei eczacilik uygulamasini destekleme durumlari ve uygulamaya

yonelik onerileri

Yardimei eczacilik uygulamasini destekleme durumu Say1 %
Desteklemeyenler 127 30,8
Destekleyenler 67 16,2
Gelistirilmeli 219 | 53,0
Toplam 413 | 100,0

Gelistirmeye yonelik oneriler”

Devlet destegi olmali (meslek hakki, karlilik artisi ve SGK iskontosu diisiiriilmeli) 114 | 49,6
Fakiilte kontenjanlar1 azaltilmali ve yetersiz fakiilteler kapatiimali 17 7,4
Zorunlu olmamali 16 7,0
Yas sinir1 olmali (65 yas iistii ve emeklilik) 13 5,7
Fakiiltede staj seklinde ve ekstra egitimler ile yapilmali 10 4,3
Sadece ciro esas alinmamali (regete sayisi, beyan edilen karlilik) 10 4,3
Tiim tabana yayilmali ve eczacilik bakim hizmetlerine 6nem verilmeli, teknikerlik

kalkmal 9 3,9
Maas dayatmasi olmamali, maag diigiirilmeli 9 3,9
TEB ve eczacilik odalart maddi destek vermeli 8 3,5
Stire kisaltilmali 6 2,6
Devlet eczaci isttihdamini artirmali ve yardimei eczacilari istihdam etmeli 6 2,6
Ozel sektor istihdami artirilmali ve zorunlu olmali (depo, ilag ve kozmetik iireticisi vb.) 5 2,2
Maas yiikseltilmeli ve denge saglanmali 3 1,3
Atama kura ile olmali 2 0,9
Siiresi uzatilmali, eczaci yardimci eczacilik yaptigi ilgede eczane agamamali 2 0,9
Toplam 230 | 100,0

* Katilimcilar birden fazla éneride bulunabilmislerdir.

Aragtirmanin 2. asamasi 2018-2019 ve 2020 yillarinda mezun olmusg eczacilar ile yapilmigtir.
Aragtirmada 395 eczacimin yanitlari degerlendirilmigtir. Katilimcilarin 121°1 (%30,6) erkek, 274’0
(%69,4) kadindir. Katilime1 eczacilarin yas ortalamasi 25,24+1,91 olarak bulunmustur. Arastirmaya
katilan eczacilarin 333’1 (%84,2) bekar iken, 62°si (%15,7) evlidir.

Aragtirmada katilimcilara sosyo-demografik 6zellikleri disinda yardimei eczacilik uygulamasi ve
eczacilik meslegi ile ilgili ifadeler verilerek katilma durumlari da degerlendirilmistir. Degerlendirmede
katilimcilardan kesinlikle katiliyorum 5, ... kesinlikle katilmiyorum ise 1 olacak sekilde bir
derecelendirme yapilmasi istenmigtir. Katilimeilarin verdikleri yanitlara gore ifadelere katilim

diizeyleri, tim katilimcilarin esas alinarak belirlenen ortalama degerler lizerinden Tablo 2’de verilmistir.
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Tablo 2 degerlendirildiginde 4,87+0,48 ortalama deger ile “kamu ve 6zel hastanelerde daha fazla eczaci
istihdam edilmeli” ifadesi en yiiksek katilim diizeyi olarak bulunmustur. Ayrica ortalama degerlerde
katilim diizeyinin en yiiksek olustugu diger ifadeler ise; eczacilik fakiiltesi sayisinin fazlaligi, yetersiz
eczacilik fakiiltelerinin kapatilmasi gerektigi ve eczaci istihdaminin zorunlu olmasi gibi ifadeler
olmustur (Tablo 2). Ayrica tiim yanitlar diizeyinde katilma agisindan en diisiik katilim ortalamasi
“yardimc1 eczacilik uygulamasindan memnunum” ifadesine olmustur. Bu ifadeye katilim ortalamasi
1,96+1,19 olarak bulunmustur (Tablo 2).

Toplum eczacilarinin verdigi cevaplar degerlendirildiginde uygulamay1 destekleyenler ve
gelistirilmesini diistinenlerin ¢ogunlukta oldugu (%68,2) gériilmektedir (Tablo 1). Toplum eczacilarinin
uygulamay1 biiylik bir oranda destekliyor olmalari, son yillarda yasanan ekonomik sikintilar [14]
nedeniyle kendi isletmelerini muhafaza edebilmek icin bu goriise hakim olduklarini diigtindiirmektedir.
Diger taraftan biiyiik oranda gerceklesen bu destegin anlamli olabilmesi i¢in gelecekte istihdam yoniinde
yansimasi olmalidir. Ciinkii uygulama gelistirilmeli ifadesini kullanan toplum eczacilariin goriislerinin
%49,3’1 devlet destegi (meslek hakki, karlilik artisi ve SGK iskontosu diisiiriilmeli) olmali seklinde
olmustur (Tablo 1). Bu destegin saglanmasi durumunda gelecekteki yardimci eczacilik yapmak zorunda
olan eczacilarin toplum eczanelerinde istihdam edilme sanslarini artiracaktir. Yardimer eczacilik
yapmak zorunda olan eczacilarin da bu hususa yonelik katilim diizeylerinin yiiksek (4,73) oldugu
goriilmektedir (Tablo 2). Ancak, Onerilerin devlet destegi olmali fikrinde yogunlagmasi toplum
eczacilarinin sorumluluktan kagma yoniinde siibjektif bir yaklagimi olarak da degerlendirilebilir.
Toplum eczacilari bu siirecte sorumluluk almali ve meslegin gelecegini kararli adimlarla insa etmelidir.
Diizenlemeler ve meslegin doniisimii merkezi otoritenin kararina birakilmamalidir. Toplum
eczacilarinin  goriiglerinin %7,4’0 eczacilik fakiiltelerinin sayisinin ve kontenjanlarinin azaltilmasi
olmustur. Bu oranin diisiik olmas1 toplum eczacilarinin iilke siyasal yasamina dair edindikleri tecriibe
ile agiklanabilir. Toplum eczacilar1 iginde uzak goriisliiliik sahibi oldugu diisiiniilen, meslegin doniistigi
algisina sahip ve gelecekte yasanacak mesleki sorunlarin farkinda olan katilimeilar uygulamanin tim
tabana yayilarak eczacilik bakim hizmetlerine 6nem verilmesi ve teknikerlik yerine eczanelerde daha
cok eczaci istihdam edilmesi hakkinda fikir beyan etmistir (%3,9).

Hastalar tedavileri ile ilgili toplum eczacilari ile daha ¢ok iletisim iginde bulunmaktadir [15].
Eczanelerde birden fazla eczaci bulunmasi durumunda bu iletisim kanallarinin daha acik olacagi
disiiniilmektedir. Boylece eczacilik hizmetleri kalitesi ve ayni1 zamanda tedavinin bagarisi artiracaktir.
Eczacilarin oncelikli hedefi hastalar1 ile iyi bir iletisim gelistirerek, tedavinin en dogru sekilde
uygulanmasini saglamaktir [16].

Ote yandan, kamu ve 6zel hastanelerde daha gok eczaci istihdam edilmesi gerekliligi giderek
artmaktadir. Bu kapsamda hastane eczacilari ile yapilan bir ¢alismada eczacilar ¢aligma saatleri ve is

yiikii nedeniyle islerinin yorucu oldugunu belirtmiglerdir [17]. Yardimei eczacilik yapmak zorunda olan
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eczacilar yiiksek oranda (4,87) bu yonde fikir beyan etmislerdir (Tablo 2). Hastanelerdeki eczaci
istihdamima yonelik yapilan bir arastirmada, 2019 yilinda kamu hastanelerinde 2673, {iniversite
hastanelerinde 573, 6zel hastanelerde 572 ve belediye hastanelerinde ise 3eczaci istihdam edildigi
belirtilmistir. Ortalama eczaci isttihdami kamu hastanelerinde 3,9 {iniversite hastanelerinde 12,4 ve 6zel
hastanelerde 1 olarak gerceklesmistir [13]. Eczacilik hizmetlerinin yatakli kurumlarda kaliteli ve
bilimsel olarak verilebilmesi i¢in eczaci istihdami her 50 yatak i¢in 1 olacak sekilde diizenlenmelidir.

Kozmetik ve gida iireten tesislerde de eczaci istihdami zorunlu hale getirilmelidir.

Tablo 2. Yardimei eczacilik yapmak zorunda olan eczacilarin ifadelere katilim diizeyleri

ifadeler Ort+SS

Kamu ve 6zel hastanelerde daha fazla sayida eczaci istihdam edilmelidir. 4,87+0,48
Tiirkiye’de eczacilik fakiiltesi sayisi fazladir. 4,83+0,59
Yetersiz eczacilik fakiilteleri kapatilmahdir. 4,82+0,60
ilag: fabrikalari ve kozmetik iireticilerinde belirli sayida eczaci istihdam zorunlu olmahdir. | 4,81+0,55
Yardimei eczaci istihdam eden toplum eczanelerine devlet destegi verilmelidir. 4,73+£0,65
Yardimci eczacilik uygulamasi tiim taraflar icin yeniden diizenlenmelidir. 4,66+0,75
Gelecekte kendi eczanemi acmak gibi bir hedefim var. 4,37+0,99
Tiirkiye’de eczaci istihdam alanlarn kisithdir. 4,35+1,05

Eczane sahipleri tarafindan yardimci eczacilara yonelik olumsuz tavir sergilenmektedir. 4,30+1,12
Yardimer eczaciik uygulamasi bana eczacilik mesleginin fiilen yapilmasi bakimindan | 4,30+1,12
onemli tecriibeler sunar.
Yardimei eczaci istihdam icin ciro yaninda yas simir1 ve emeKklilik sartlar: getirilmelidir 4,25+1,24
Daha iyi bir is bulmam durumunda yardimci eczacihk yaptiZim eczaneden hemen | 4,07+1,14
ayrilirnm.

Yardimei eczacilik istihdamu icin ciro simir1 diisiiriilmeli ve yaygin hale getirilmelidir. 3,99+1,31
Yardimei ve ikinci eczacilik iicretleri artirilmahdir. 3,98+1,20
Yardimci eczacilik yapacak eczane bulmakta sorun yasiyorum. 3,96+1,31
Eczacilik egitimi siiresince yapilan stajlarin icerikleri degistirilebilir. 3,96+1,15

Toplum eczanelerinde yardimci eczaci istihdam edildigi zaman daha kaliteli eczacihk | 3,91+1,22
hizmeti verilir.

Yardimci eczacilik kaldirilmayacaksa siiresi kisaltilmahdar. 3,90+1,32
Niifus sinirlamasi kaldirilmal veya azaltilmahdir. 3,87+1,38
Yardimci eczacilik uygulamasi kaldirilmahdar. 3,83+1,27
Egitimim siiresinde yaptigim stajlarin yeterli oldugunu diisiiniiyorum. 3,70+1,26

Kanunun degismeyecegini diisiiniirsek, toplum eczanelerinde eczaci teknisyeni yerine | 3,53+1,44
eczacilar istihdam edilmelidir.
Eczacilik fakiiltesini tercih ederken eczaciik meslegi ve istihdamm hakkinda bilgi | 3,49+1,32
sahibiydim.
Eczacilik meslegini tercih ederken degisen eczacilik kanunu hakkinda bilgi sahibiydim. 3,45+1,43
Tiim toplum eczanelerine belirli bir siire icerisinde yardimci eczaci cahstirma zorunlulugu | 3,45+1,43
getirilmelidir.
Sartlar uygun olursa yardimci eczacilik yaptigim eczanede uzun yillar ¢calismak isterim. 3,06+1,47
Eczacilik egitimi aldigim i¢in pismamm. 2,78+1,49
Gelecekte 0zel veya kamuda istihdam edilmezsem eczacihk hizmeti veren zincir | 2,67+1,58
marketlerde ¢ahisabilirim.
Niifus sinirlamasi artirilmahdar. 2,34+1,42
Kanun degisiminden 6nce mezun olarak eczane sahibi olsaydim, eczanemde yardimac | 2,24+1,34
eczaci ¢alistirmay diisiinmezdim.
Yeni mezunlarin istthdamu icin ikinci eczacilik kaldirilarak yardimer eczacihk uygulamasi | 2,24+1,34
tabana yayilarak genisletilmelidir.
Yiiriirliikteki yardimci eczacilik uygulamasindan memnunum. 1,96+1,19
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Yetersiz fakiiltelerin kapatilmas1 diisiincesi Tiirkiye gergekleri ile oOrtlismemektedir. Ancak
gelecekte yeni fakiiltelerin agilmamasi i¢in gerekli calismalar paydaslar ile yapilacak faaliyetlerle
kararlastirilmali ve hali hazirda belirlenmis kontenjanlar diizenlenmelidir. Ancak, son yillarda agilan bu
fakiiltelerin, mezunlar1 tarafindan yetersiz goriilmeleri Tiirkiye’deki eczacilik egitiminin kalitesi
agisindan distindiiriiciidiir. Yardimci eczacilik yapmak zorunda olan eczacilar fakiilte sayisinin ¢ok
olmasi ve yetersiz olanlarin kapatilmasi ifadesine yiiksek oranda katilmistir (Tablo 2).

Yardimer eczacilik yapmak zorunda olan eczacilarin yardimei eczacilik siirecinde toplum
eczacilarindan olumsuz tavirlar gérdiiklerini belirtmislerdir (4,30) (Tablo 2). Diger taraftan ise yardime1
eczacilik yapmak zorunda olan eczacilar daha iyi bir is bulma durumunda yardimci eczacilik yaptiklar
eczaneden hemen ayrilirim ifadesine yiiksek bir diizeyde katilmiglardir (4,07) (Tablo 2). Bu iki durum
hem toplum eczacilar1 hem de yardimci eczacilik yapmak zorunda olan eczacilar i¢in deontolojik agidan
diisiindiiriiciidiir. Yardime1 eczacilik yapmak zorunda olan eczacilar yardimer eczacilik siirecinin
kendilerine mesleki agidan tecriibe kazandirdiginin farkindadirlar (Tablo 2). Bu farkindalik
uygulamanin gerekliligi hakkinda bir ipucudur. Literatiirde yer alan diger ¢alismada da aym fikir
eczacilik fakiiltesi son simif 6grencileri tarafindan belirtilmistir [2]. Dogal olarak yardimci eczacilik
yapmak zorunda olan eczacilar uygulamadan memnun olmadiklarini belirtmislerdir. Ayrica niifus
kriterinin ve yardimci eczacilik uygulamasinin kaldirilmas: hakkinda fikir belirtmislerdir. Eczacilik
meslegi acisindan umut verici bir durum ise yardime1 eczacilik yapmak zorunda olan eczacilar eczacilik
egitimi aldiklari i¢in pigman olmadiklarini ve zincir eczanelerde istihdam edilmelerine katilmadiklarini
belirtmislerdir (Tablo 2). Ancak yapilan bir ¢alismada 2044 yili igin eczaci ve eczane sayilarinin
simiilasyonunda 84.736 eczaciya karsilik 32.572 eczane var olacagi tespit edilmistir [13]. Bu nedenle
gelecekte eczacilik mesleginin ulasilabilir ve kaliteli bir sekilde toplum eczanelerinde verilebilmesi i¢in
onlemler alinmali ve istihdam olanaklar1 saglanmalidir. Ciinkii ¢alisma durumlarina gore ¢alismayan,
kamu ve 6zel sektdrde calisan yardimer eczacilik yapmak zorunda olan eczacilar gelecekte eczacilik
hizmeti veren zincir markette ¢alisirim ifadesine kararsiza yakin bir derecede kalmalar1 (Tablo 4) igsiz
eczaci sayisinin artmasina bagli olarak degisebilir. Yardimer eczacilik yapmak zorunda olan eczacilar
yardimer eczacilik yapacak eczane bulmakta sorun yasadiklarimi belirtmislerdir (Tablo2). Eczacilik
fakiiltesi son smif 6grencileri de bu sorunu yasamaktadirlar [2].

Arastirmada ayrica katilime1 yardimer eczacilik yapmak zorunda olan eczacilar, yardimci
eczacilik yapmig/yapiyor ve yapmamis olarak iki gruba ayrilmistir. Bu gruplama dogrultusunda
yardimci eczacilik yapmak zorunda olan eczacilarin ifadelere katilim diizeyleri incelenmis ve katilim
diizeyi ortalamalar1 arasinda istatistiksel agidan anlamli bir farklilik olup olmadigi analiz edilmistir. Elde
edilen bulgulara gore, katilimcilarin kendi eczanesini agma iste§i, istihdam sorununda zincir

marketlerde calisma durumu, niifus sinirlamasinin kaldirilmast veya azaltilmasi ve ciro sinirimin
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diisiiriilmesine iliskin ifadelerinde ortalamalar arasindaki farklar istatistiksel a¢idan anlamli

bulunmustur (p<0,05) (Tablo 3).

Tablo 3. Yardimci eczacilik yapmak zorunda olan eczacilarin yardimer eczacilik yapip/yapmama

durumuna gore ifadelere katilim diizeyleri

Ifade Yapms/Yapiyor | Yapmams t p
(n=275) (n=120)

Gelecekte kendi eczanemi acmak gibi bir hedefim var. 4,50+0,86 4,08+1,20 | -3,911 | 0,000

Gelecekte 6zel veya kamuda istihdam edilmezsem 2,48+1,56 3,10+1,50 | 3,642 | 0,000

eczacilik hizmeti veren zincir marketlerde

calisabilirim.

Niifus sinirlamasi kaldirilmal veya azaltilmahdir. 3,76+1,45 4,12+1,16 | 2,375 | 0,018

Sartlar uygun olursa yardimei eczacilik yaptigim 2,93+£1,45 3,37£1,48 | 2,719 | 0,007

eczanede uzun yillar calismak isterim.

Yardimci eczacilik istihdami i¢in ciro siniri 3,89+1,36 423+1,14 | 2,319 | 0,021

diisiiriilmeli ve yaygin hale getirilmelidir.

Yardimei eczacilik yapmak zorunda olan eczacilarin yardimei eczacilik yapmis/yapiyor olmalari
bir toplum eczanesinin igleyisini ve serbest eczacilik sektoriinii yakindan tecriibe etmelerine olanak
saglamaktadir. Yardimci eczacilik yapmis/yapiyor olan eczacilar gelecege limitle bakmakta ve mesleki
bagliliklar artmus goriinmektedir. Kendi eczanelerini agmak diisiincesine daha yiliksek diizeyde cevap
vermiglerdir. Ayrica eczacilik hizmeti veren zincir marketlerde calismaya katilim diizeyleri diigiik
olmustur. Ancak yardimci eczacilik yapmamis olan eczacilar zincir marketlerde ¢aligma konusunda
kararsiz ve diisiik diizeyde ifadeler belirtmislerdir. Bunun nedeninin yardimei eczacilik yapamamalari
nedeniyle gelecege dair kaygilarinin oldugu diisiiniilmektedir. Bu nedenle diger ii¢ ifade i¢in de
yapmis/yaptyor olan katilimcilardan daha yiiksek diizeyde katilimlar1 olmustur.

Aragtirmada katilimcir yardimer eczacilik yapmak zorunda olan eczacilar ¢alisma durumlarina
gore de gruplandirilmistir. Bu grup eczacilar, herhangi bir iste calismayanlar, kamuda ¢aliganlar, kendi
eczanesinde calisanlar, 6zel sektorde (ilag deposu, ilag firmasi vb.) ¢alisanlar ve yardimer eczacilik
yapanlar seklinde gruplandirilmiglardir. Bu dogrultuda calisma durumuna goére ifadelere katilim
diizeyleri ortalamalar1 elde edilmistir (Tablo 4).

Gruplar arasi ortalama farkliliklariin istatistiksel agidan anlamlilig1 test edilmistir. Test istatistigi
sonuglarina gore 12 ifadede gruplar arasindaki farklilik istatistiksel agidan anlamli bulunmus,
varyanslarin homojen olmasi nedeniyle Post-hoc Tukey testleri ile bu farkliligin hangi gruplardan
kaynaklandig1 ortaya konmustur (p<0,05), (Tablo 4).

Yardimci eczacilik yapmak zorunda olan eczacilar ¢alisma durumlarina gore gruplandirildiginda,
en dikkat ¢ekici durum kendi eczanelerinde calisan katilimeilarin artik gelecek kaygist duymama

nedeniyle diger gruplardaki katilimcilardan istatistiksel olarak ¢ok farkli cevap vermis
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Tablo 4. Yardimer eczacilik yapmak zorunda olan eczacilarin ¢aligsma gruplarina gore ifadelere katilim

diizeyleri

ifadeler

1)
Calhsmayan
(n=72)

2
Kamu
(n=36)

(3)
Kendi
eczanesi
(n=71)

(4)
Ozel
sektor
(n=12)

®)
Yrd.
Eczac1
(n=204)

Test istatistigi

f

p

Farklhihg:
olusturan
gruplar

Dabha iyi bir is
bulmam durumunda
yardimer eczacihk
yaptiZim eczaneden
hemen ayrilirim.

4,06+1,14

4,47+0,87

3,73+1,25

4,00+1,20

4,12+1,13

2,804

0.026

2-3

Eczane sahipleri
tarafindan yardimei
eczacllara yonelik
olumsuz tavir
sergilenmektedir.

4,37£1,16

4,55+0,73

3,85+1,29

4,50+1,16

4,37£1,07

3,655

0,006

1-3, 2-3,
3-5

Egitimim siiresinde
yaptigim stajlarin
yeterli oldugunu
diisiiniiyorum.

3,43+1,29

3,88+1,14

3,35+1,39

4,33+0,98

3,84+1,21

3,896

0,004

3-5

Gelecekte ozel veya
kamuda istihdam
edilmezsem eczacihik
hizmeti veren zincir
marketlerde
calisabilirim.

3,06+1,46

3,02+1,61

2.21+1,56

3,50+1,44

2,57+1,57

4,263

0,002

Niifus simirlamasi
artirllmahdir.

226134

2,22+1,37

3,16+1,40

2,58+1,62

2,09+1,36

8,277

0,000

1-3, 2-3,
3-5

Niifus simirlamasi
kaldirilmah veya
azaltilmahdir.

4,06+1,19

4.20+1,04

2,74+1,57

4,08+1,37

4,11+1,23

16,642

0,000

1-3, 2-3,
3-4,3-5

Tiim toplum
eczanelerine belirli
bir siire icerisinde
yardimc1 eczaci
caligtirma
zorunlulugu
getirilmelidir.

3,66+1,32

3,55+1,50

2,74+1,60

3,83+1,33

3,62+1,37

5,813

0,000

1-3, 2-3,
3-5

Yardimeci eczacilik
istihdamu icin ciro
sinir1 diigiiriilmeli ve
yaygin hale
getirilmelidir.

4,31+1,07

4,05+1,24

2,97+1,51

4,16+1,33

4,21+1,15

15,423

0,000

1-3, 2-3,
3-4,3-5

Yardimeci eczacilik
kaldirilmayacaksa

siiresi kisaltilmahdir.

3,75+1,48

4,27+1,05

3,05+1,45

3,91+1,31

4,18+1,12

11,556

0,000

1-3, 2-3,
3-5

Yardimal eczacihik
uygulamasi bana
eczacilik mesleginin
fiilen yapilmasi
bakimindan 6nemli
tecriibeler sunar.

3,55+1,36

3,33+1,35

4,14%1,17

3,75£1,28

3,57+1,34

3,655

0,006

1-3, 2-3,
3-5

Yardimc eczacilik
uygulamasi
kaldirilmahdir.

3,80+1,21

430%1,19

3,15+1,47

4,00+1,34

3,97+1,15

7,734

0,000

1-3, 2-3,
3-5

Yardima ve ikinci
eczacilik iicretleri
artirilmahdir.

3,98+1,18

4,13+1,19

3,08+1,28

3,58+1,37

429+1,01

15,696

0,000

1-3, 2-3,
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olmalaridir. Kendi eczanesinde ¢alisan yardimer eczacilik yapmak zorunda olan eczacilar eczacilik
hizmeti veren zincir marketlerde calisma ifadesine ¢aligmayan katilimcilardan daha diisiik diizeyde
katilmiglardir. Kendi eczanesi olan katilimcilar niifus sinirlamasinin artirilmasinda kararsiz kalirken bu
niifus sinirlamasinin azaltilmasi veya kaldirilmasina katilmayarak diisiik diizeyde cevap vermislerdir.
Yardimci eczaciligin yayginlagsmasi, ciro smirmin diisiiriilmesi, siirenin kisaltilmasi, uygulamanin
kaldirilmas1 ve {icret artirimi 6nermelerinde de yine kendi eczanesi olan yardimei eczacilik yapmak
zorunda olan eczacilarin diger gruplara gore katilim diizeyleri farkli olmustur. Bu durum bu grup
eczacilarin kendi eczanelerine sahip olmalar1 durumunda ifadelere katilim diizeylerinin degisebildigini
gostermektedir.

Aragtirmada elde edilen verilere gore;

e Toplum eczacilarimin biyiikk bir kismi (%68,2) “Yardimc1 Eczacilik Uygulamasint”
desteklemekte ve gelistirilmesi gerektigini diisiinmektedirler.

e Yardimci eczacilik yapmak zorunda olan eczacilar “Yardimci Eczacilik” yapacak toplum
eczanesi bulmakta sorun yasamaktadir.

e Yardimci eczacilik yapmak zorunda olan eczacilar uygulamayr desteklemezken, bu
diisiincelerinin kendi eczanelerine sahip olduklarinda degisebilecegi degerlendirilmistir.

e Yardimci Eczacilik Uygulamasinin siirekliligi ve istihdamin artirilabilmesi igin devlet destegi
gereklidir.

e Uygulamanin eczacilik hizmetleri sunumunda kaliteyi artiracagi ifade edilmektedir.

e Fakiilte ve mezun sayisinin her gecen giin artti§i goz oniinde bulunduruldugunda, istihdama
yonelik sorunlar ile karsilasilmamasi i¢in kamu ve 0Ozel hastanelerde eczaci istihdami
artirllmalidir.

Sonug olarak Yardimei Eczacilik uygulamasi Tiirkiye eczacilari igin artik mesleki hayatin bir
pargasidir. Ancak gelecekte bagimsiz Toplum Eczaneleri ile eczacilik hizmetinin verilebiliyor olmasi
ve uygulamanin devamliligi i¢in bazi diizenlemelerin yapilmasi1 gerekmektedir. Emeklilik, yas siniri,
teknikerler yerine eczaci istihdami, niifus sinirlamasinin siireg igerisinde artirilmasi, yeterlilik sinavi gibi

yeni kriterler akademinin ve diger paydaslarin goriisii alinarak uygulamaya konulmalidir.
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CIKAR CATISMASI BEYANI
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SYNTHESIS, ANTIMICROBIAL AND ANTIFUNGAL ACTIVITY OF
YLIDENHYDRAZIDES OF 2-((4-R-5-R1-4H-1,2,4-TRIAZOL-3-
YL)THIO)ACETALDEHYDES

2-((4-R-5-R1-4H-1,2,4-TRIAZOL-3-IL) TIYO)ASETALDEHITLERIN
ILIDENHIDRAZIDLERININ SENTEZI, ANTIMIKROBIYAL VE ANTIFUNGAL AKTIVITESI
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ABSTRACT

Obijective: The aim of this work is the synthesis and studying of antimicrobial and antifungal properties
of the ylidenhydrazides of 2-((4-R-5-R;-4H-1,2,4-triazol-3-yl)thio)acetaldehydes with the establishment of
structure-activity relationships of the synthesized compounds.

Material and Method: Determination of antimicrobial and antifungal activity was performed by disc-
diffusion method (DDM) on series of gram positive and gram negative bacteria such as Corynebacterium
pseudodiphtheriticum, Pseudomonas aeruginosa, Enterococcus faecalis, Proteus vulgaris, Escherichia coli,
Salmonella spp., Staphylococcus saprophyticus, Staphylococcus aureus, Streptococcus pyogenes, Candida.

Result and Discussion: A new series of ylidenhydrazides of 2-((4-R-5-Ri-4H-1,2,4-triazol-3-
yhthio)acetaldehydes were synthesized and their structures were confirmed by modern methods of
instrumental analysis: IR and *H-spectroscopy, elemental analysis and GS\MS method. For 13 compounds,
the antimicrobial and antifungal activities were studied on 10 strains of microorganisms in 3 different
concentrations (0.1; 0.2; 0.5%). According to the results of the study, some regularities of the structure-
activity relationship have been established. The obtained results can serve as a basis for the targeted search
compounds with pronounced antibacterial action. An increasing the concentration of tested compounds
predictably lead to increase on antimicrobial activity in almost all cases. The most active compound in our
study is N'-(2-((5-methyl-4H-1,2,4-triazol-3-yl)thio)ethylidene)-4-nitrobenzohydrazide 3i (ZOl for Sta.s. and
Sp in 0.5% concentration is 25 and 26 mm, respectively).
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Keywords: Antimicrobial activity, synthesis, 1,2,4-triazole
0z

Amag: Bu c¢alismamin  amaci, 2-(4-R-5-Rq-4H-1,2 4-triazol-3-yl)tio)asetaldehitlerin  bir  dizi
ilidenhidrazidinin sentezi ve antimikrobiyal ve antifungal ozellikierinin yapi-etki iliskisi kurularak
incelenmesidir.

Gereg¢ ve Yontem: Antimikrobiyal ve antifungal aktivitenin tespiti, asagidaki mikroorganizma tiirleri
icin disk-difiizyon yontemi ile gerceklestirilmistir: Corynebacterium pseudodiphtheriticum, Pseudomonas
aeruginosa, Enterococcus faecalis, Proteus vulgaris, Escherichia coli, Salmonella spp., Staphylococcus
saprophyticus, Staphylococcus aureus, Streptococcus pyogenes, Candida.

Sonu¢ ve Tartisma: Yeni 2-((4-R-5-R:-4H-1,2,4-triazol-3-yl)tio)asetaldehitlerin ilidenhidrazidleri
sentezlenmigstir. Yapilart modern analiz yontemleri olan IR, *H spektroskopisi, element analizi ve GS\MS
yontemi ile dogrulanmigtir. Sentezlenen 13 bilesik i¢in antimikrobiyal aktivite, 3 farkli konsantrasyonda (0.1;
0.2; % 0.5) 10 mikroorganizma susu tizerinde ¢aligilmigtir. Calismanin sonuglarina gore, bazi yapi-etki
iligkileri kurulmustur. Elde edilen sonuglar, belirgin antibakteriyel etkiye sahip bilesikler icin hedeflenen
arastirmanin temelini olusturabilir. Test maddelerinin konsantrasyonunun artirilmasinin, neredeyse tiim
durumlarda antimikrobiyal etkiyi artiracagi tahmin edilmektedir. Calismamizdaki en aktif bilesik N'-(2-((5-
metil-4H-1,2,4-triazol-3-il)tiyo)etiliden)-4-nitrobenzohidrazid 3i 'dir (ZOl Sta.s. ve Sp. - 25 ve 26 mm % 0,5
konsantrasyonda).

Anahtar Kelimeler: Antimikrobiyal aktivite, sentez, 1,2,4-triazol

INTRODUCTION

From ancient times humanity deals with the enormous amount of diseases [1]. From the report of
World Health Organization (WHO) lethal cases, which are caused by pathogenic microorganisms
occupy one of the leading places [2]. This problem is especially acute in countries, where economic
opportunities do not allow to keep the flashes of infectious diseases under full control. Therefore, the
need for new, affordable, and highly active bactericidal drugs is appropriate and justified [2].

This issue was partially solved by the drugs discovery, which capable of destroying pathogenic
microflora (antibiotics). This discovery made a real revolution in medicine, and the creation of new
drugs provided to doctors the opportunity, in almost 100 percent of cases, to successfully overcome any
infectious disease. However, the important fact remains that most popular antibiotics are constantly
losing their effectiveness. The reason is - antibiotic resistance of bacteria (ARB) [3]. Improper,
irrational, and uncontrolled use of antimicrobial drugs leads to the formation of favorable conditions for
the emergence, spread and storage of resistant microorganisms [3]. Balanced and appropriate use of
antibiotics usually reduces the risk of ARB, but does not rule out the need to replace obsolete drugs with
new, more effective and less toxic. In this aspect, nitrogen-containing systems are very promising class
of compounds [4-7]. Triazole derivatives have long been included in world medical practice as highly
active antibacterial, neuroleptic, antihypertensive and antispasmodic drugs [8, 9]. Derivatives of 1,2,4-
triazole deserve special attention in this issue [10, 11]. A perfect example is posaconazole, voriconazole,
itraconazole, which have already established themselves as quite effective antifungal agents [12].
Therefore, given the above information which based on previously obtained results, shows us the priority

of drugs design among thio derivatives of 1,2,4-triazole.
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MATERIAL AND METHOD

Equipment

The melting points of synthesized compounds were established by the open capillary method on
the OptiMelt MPAZ100 device with platinum RTD sensor (the range of temperature measurements is 30-
400°C with 1°C resolution). The elemental analysis was provided by the analyzer Elementar Vario L
cube for Carbon, Hydrogen, Nitrogen ad Sulfur (1) with standard - 4-aminobenzenesulfonamide.

The 1H NMR spectra (400 MHz) were obtained from Varian MR-400 spectrometer (DMSO-d6
as a solvent) analyzed by ADVASP Analyzer program. IR-spectra (4000-400 cm-1) were taken off on
the module of ALPHA-T (KBr) of spectrometer of Bruker ALPHA FT-IR. The individuality and purity
of the targeting compounds were established by the gas chromatograph system Agilent 7890B with a
5977B mass spectrometry detector. The column is DB-5ms 30 m x 250 um x 0.25 pm with length.

Chemical part

The initial compounds 2-((4R-5R1-4H-1,2 4-triazol-3-yl)thio)acetaldehydes 2a-c were
synthesized at the Department Of Natural Sciences For Foreign Students And Toxicological Chemistry
of the Zaporizhzhya State Medical University (Ukraine ) and purified by recrystallization with content
of the main component > 98%. All chemicals were obtained from UKRORGSYNTEZ Ltd (Kyiv,
Ukraine) with documental approving of its purity and quality.

Biological Part
The determination of antimicrobial and antifungal activities was conducted by disc-diffusion
method (DDM) on different strains of microorganisms: Corynebacterium of pseudodiphtheriticum
ATCC 10700, Pseudomonas of aeruginosa ATCC 27853, Enterococcus of faecalis ATCC 29212,
Proteus of vulgaris ATCC 13315, Escherichia of coli ATCC 25922, Salmonella of spp. ATCC 35664
Staphylococcus saprophyticus ATCC 15305, Staphylococcus of aureus ATCC 25923, Streptococcus of
pyogenes ATCC 19615, Candida (Table 1). The studies were performed according to the current
instructions for medical use of discs with antibiotics to determine the sensitivity of microorganisms to
drugs [13-16]. Standard disks, previously sterilized and impregnated with solutions of test substances
(in DMSO), were used for the experiment. Mueller-Hinton nutrient agar was used to determine
sensitivity. The agar was poured into 15 ml sterile Petri dishes with a diameter of 100 mm, located on a
horizontal surface. Before infection, the surface of the solidified agar was dried for 30-40 minutes.
The inoculum was prepared from pure 18-20-hour cultures of bacteria grown on the surface of
a dense nutrient medium. Next, 5-10 isolated colonies were suspended in a liquid nutrient medium or in
isotonic sodium chloride solution. The suspension or broth culture was diluted with isotonic sodium
chloride solution to a turbidity of the optical standard by 10 units, and then the resulting mixture was

diluted again 20 times.
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Table 1. Antibacterial and antifungal activity ylidenhydrazides of 2-((4-R-5-Ri-4H-1,2,4-triazol-3-
yl)thio)acetaldehydes (3a-3m)

Strains Compound Concentration |3a |3b |3c|3d |3e |3f|3g|3h|3i |3j |3k |3l |3m| TobrY | Nyst¥
Corynebacterium 0.1% 214 - - -]--1-112|-]-]5] -
pseudodiphtheriticum 0.2% - 119 -1]5 -l - -J35]-|-|7] - 23 -
ATCC 10700% 0.5 % 7124 -19|7|-|-]-118]-]6]12] -
Pseudomonas 0.1% 6|-|-|-|-1-|-1- -l -1-1 -
aeruginosa 0.2% 50 -171-19]|-]5]|-18]-]-]7]- 26 -
ATCC 27853 % 0.5 % 19| - [16] 5 |14|9|13| - (11| - | - [10] -
Enterococcus 0.1% 5/ -|-1]-|-|-]--15|-1|-|-]-
g faecalis 0.2 % 71-1-1-1-1-]-1-16|-]1-|-]- 19 -
“ ATCC 29212* 0.5% 10 -(-]-|-1-]18]|-110]-]|-1]-]-
% Proteus vulgaris 0'12/0 9 |- l-l-f-]-1-1-15]-16]-]|-
5| ATCC 13315" 0.2% 17 - -] -]-]-1-][-18]-|8]-]-] 14 -
= 0.5 % 23 - |- |- |-1-1-]-113]-]9|-| -
2 I . 0.1% - == - - -] -112 - -]-1-]-
S| el Toaw L s | -
g 0.5 % 12| - 19| -18|-]-]26/9|-|6]|-1]5
S| samonellaspp. | —pgg T T T gy |
. .
-(_: ATCC 35664 05 % o S R R S
'% Staphylococcus 0.1% 9112| -7 |-|-|-]-112]-]-]5] -
e saprophyticus 0.2 % 13(16| 8 |11|10| - |10| 7 |17|10| - |9 | - 21 -
’3 ATCC 15305* 0.5 % 19119(13|14 (11| - |15| 9 |25|14| - (13| 7
Staphylococcus 0.1% 5110 -7 |-|-|-|-17]-|-1]1-]-+-
aureus 0.2 % 10116 - |12 - |-| -] -]10|-| - |- | - 29 -
ATCC 25923~ 0.5 % 13|/18| 7 |16| - |-|5|-(10|8|-|5] -
Streptococcus 0.1% -9 -|-|5|-|7|-10|-]|-1]-] -
pyogenes 0.2% 9116196 |8 |-1]10| - |19|-|-|-] - 20 -
ATCC 19615* 0.5 % 20(22|14)|12|8 |- |13| - |26|6 | - | -
Candidaalbicaxns 8;2;2 T 1_4 ——— 29
ATCC 2091 05 % o S O R S

* C.p. - Corynebacterium pseudodiphtheriticum ATCC 10700, P.a. - Pseudomonas aeruginosa ATCC 27853, E.f. -
Enterococcus faecalis ATCC 29212, P.v. - Proteus vulgaris ATCC 13315, E.c. - Escherichia coli ATCC 25922, Sal.s.-
Salmonella spp. ATCC 35664, Sta.s. - Staphylococcus saprophyticus ATCC 15305, S.a. - Staphylococcus aureus ATCC
25923, S.p. - Streptococcus pyogenes ATCC 19615, C. — Candida albicans ATCC 2091.

Z_— means «not active»

Y Tobramycin disks 10 pg

¥ Nystatin NS 100 Units

The inoculum, with a total volume of 1 ml, was applied to the surface of the agar medium and
evenly distributed by shaking it. The remaining liquid was removed with a pipette. Semi-open Petri
dishes were dried at room temperature for 10-15 minutes.

The discs were placed with tweezers on the surface of the contaminated nutrient medium at equal
distances from each other and at approximately distance of 2 cm from the edge of the cup. The plates
were incubated in a thermostat for 18-20 hours at t 35-37 0C, with the bottom upside down.

Using a ruler or meter (caliper) the zone of inhibition around the disks, including the diameter of

the disks to the nearest 1 mm was measured. At not sharply delineated edges of zones, or zones with
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double contours measurements of a zone on the clearest contour were carried out.
The discs with Tobramycin (SD044 Tobramycin 10 pg) and Nystatin (SD025 Nystatin NS 100
Units) manufactured by HiMedia Laboratories Pvt. Ltd. were used as a reference drug.

RESULT AND DISCUSSION

Chemical Part

For the synthesis of ylidenhydrazides of 2-((4-R-5-Ri-4H-1,2,4-triazol-3-yl)thio)acetaldehydes
(3a-m) in quality of an initial matter 2-((4-R-5-R1-4H-1,2,4-triazol-3-yl)thio)acetaldehydes 2a-c were
used. The reaction of producing products 3a-m were conducted by condensation of 2a-c compounds with
acetohydrazide (3a-c), benzohydrazide (3d, 3e), 3-nitrobenzohydrazide (3f-h), 4-nitrobenzohydrazide (3i,
3j), nicotinohydrazide (3k) and isonicotinohydrazide (3l, 3m). The structure confirmation of the
synthesized compounds (3a-m) was released by: IR (Infrared of spectroscopy), tH-NMR (Proton Nuclear
Magnetic Resonance Spectroscopy), EA (Elemental of analyses). Individuality and purity of compounds
were confirmed by the method of GS/MS (gas chromatography-mass spectrometry) (Figure 1).

/) . /
R"<N/\ks/\]/0 + )(L _NH, —’:2 o R‘/<N/\ks/\/‘l\ )knz
g woo M . :

i 3aR=H; R;=-CHj;; R,= -CHj;
P i 3b R=-CHj; R;=H; Ry= -CHj;

J . i Ry=-CHj; ' ! 3¢ R=H; R,=-C¢Hs; R,= -CH;

' 2aR=H; R;=-CHj; ! i Ry=-CgHs; : ! 3d R=H; R,=-CHj; Ry= -C4Hs;

! 2b R=-CHy; R=H; ! i Ry=-3-NO,-C¢Hysi ! 3e R=H; R;=-C¢Hs; Ry= -C¢Hs; :

i 2¢ R=-C¢Hs; R,=H; ! i Ry=-4-NO,-C¢Hy;: ! 3fR=H; R,=-CHj; R,= -3-NO,-C;Hy; |

LS ; i Ry=-3-CHN; ! 3g R=-CHj;; R;=H; R,= -3-NO,-C¢Hy; !
i Rp= -4-CsHN: i 3h R=H; R,=-C¢Hs; Ry= -3-NO,-C¢H,; |

................... ! 3i R=H; R=-CH;; Ry=-4-NO,-C¢H,; !
! 3j R=-CHj,; Rj=H; Ry= -4-NO,-C¢H,; !

3k R=H; R;=-C¢Hs; Ry=-3-CsH,N; |

31 R=-CHj; R =H; R,= -4-CsH,N;

3m R=H; R;=-C¢Hs; Ry=-4-CsH,N.

Figure 1. The synthesis of ylidenhydrazides of 2-((4-R-5-R1-4H-1,2,4-triazol-3-yl)thio)acetaldehydes
(3a-3m)

The obtained data of elemental analysis values are corresponding to a theoretical data. Moreover,
the individuality and molecular weight of compounds 3a-3m are confirmed by GS/MS. In obtained
chromatograms, individual peaks of the synthesized compounds are registered, and the mass spectra of
these compounds showed a molecular peak matching to the theoretical mass.

In the IR-spectra of 3a-3m compounds are present peaks of groups absorption in range 1644-1598

cmt and 1685-1663 cm, which belong to -C=N-and >C=0 groups accordingly. The absorption peaks
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of —-C-S— groups are also present at 706-682 cm™ and the bars of absorption are absent within the limits
of 2600-2550 cm™ that can testify to the absence in the molecule of — SH groups.

In the IR-spectra of 3f-3j compounds found out the characteristic vibrations of aromatic O2N-
groups within the range of 1351-1343 cm™. Compounds of 3k- 3m own the characteristic valency
vibrations of pyridine cycle within the limits of 3041-3048 cm™.

In 'H NMR spectra of 3a, 3b, 3d, 3f, 3g, 3h, 3i, 3j, 3| compounds proton -CH= group resonate
by triplet within 7.50-7.59 ppm, in compounds 3c, 3e, 3m in the kind of multiplets displacement is
determined within 7.50-7.53 ppm. It is important to note that signals of proton-NH- group in the
remnants of hydrazides of carbonic acids are specific to synthesized compounds and resonate by
monoproton singlets within 7.0-6.89 ppm. The exception is 3j compound, where there is the shielding
of proton-NH- group by multiplet of protons of aromatic cycle on the 7.26 ppm.

Methylene protons of -S-CHa-group are displayed as a singlet 1.75 ppm. (3]j) and doublets within
1.91, 1.81, 0.87, 3.16, 1.60 ppm. (3e, 39, 3k, 3l, 3m). Analysing 3b and 3¢ compounds we noted that
singlets of protons of methyl group in the remnants of hydrazide of acetic acid resonate within 0.86 and
1.16 ppm accordingly. In 3g and 3l compounds are the displacement of protons of methyl group of 1,2,4-
triazole cycle in as a singlet with the meaning of 3.60 and 2.77 ppm. However, in 3] compound the given
protons resonate as a doublet with the meaning 3.60 ppm.

The protons of 4-pyridine cycle show up as doublets: 8.59, 7.30 ppm (compound 3I) and 8.59,
7.31 ppm (compound 3m). In *H of NMR spectrum of compound 3k the signals of pyridine-3-cycle
protons are present as a triplet (8.49 ppm), multiplet (7.75 ppm) and doublet (7.48 ppm).

Biological Part

Analysing the obtained data from Table 1 we can consider that new derivatives of 1,2,4-triazole
shows selective antimicrobial activity. The compounds 3a and 3i deserves special attention. Thus, 3a
compound can inhibit considerably the growth of 4 species of microorganisms (P.a., Sta.s., S.a. S.p.)
starting from 0,2% concentration. It is necessary to note that namely above compound in 0,5%
concentration is active against P.v with zone of inhibition (ZOI) around the disks 23 mm. Paying
attention to the substance 3i, it can be stated that it is in maximum concentration quite active against
Sta.s. and S.p. (ZOI 25 and 26 mm). Such results of the antimicrobial activity of compounds 3a and 3i
are most likely caused by the positive effect of the starting aldehyde molecule (2a). Replacement of the
methyl radical (3a) by the 4-nitrophenyl (3i) at the R position leads to an increasing of the strength of
antimicrobial activity against Sta.s. and S.p., but the breadth of the spectrum of antibacterial action is
reduced. Changing the location of the methyl radical from Cs (3a) to N4 (3b) of the 1,2,4-triazole ring
is also accompanied by a narrowing of the spectrum of antimicrobial action. Instead, there is a
pronounced antimicrobial effect against C.p. (3b). Replacement of the methyl radical (3a, 3c) with

phenyl (3d, 3e) in acid hydrazides leads to a decreasing of antimicrobial activity.
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A rather interesting picture emerges in the detailed analysis of compounds 3f, 3g and 3h. From a
chemical point of view, these condensed systems differ only in the substituents at the N4 and Cs atoms
of the 1,2,4-triazole ring. In contrast to compounds 3a and 3b, the change of methyl radical from R
position (3g) to R: position (3f) in ylidenehydrazide molecules leads to a weakening of the antimicrobial
action, but the replacement of the same radical (3f) by phenyl fragment (3h) gives a selective
antimicrobial activity against E.c.. It should be noted that this effect of the phenyl substituent at the Cs
atom of 1,2,4-triazole is not unambiguous. Thus, comparing compounds 3c and 3h, it can be concluded
that the selective bacteriostatic effect is manifested precisely by the introduction of the 3-nitrophenyl
radical in Rz position.

During interpretation of the obtained results, attention should be paid to the influence of the
position of the aromatic nitro group on the results of biological screening. It is interesting to note that
the transition from the meta- (3g) to para- (3j) position of the nitro group has almost no effect on the
intensity of antimicrobial action, but in case with compounds 3f and 3i such a transition is accompanied
by a wide range of antimicrobial action. Also, it is possible to state that the introduction of 3-, 4-pyridyl
substituents into synthesized molecules, unfortunately, does not lead to the manifestation of high results
of antimicrobial action. The biological screening did not reveal compounds that are able to sufficiently
inhibit the growth of the C.

General Produce of the Ylidenhydrazides of 2-((4-R-5-R1-4H-1,2,4-triazol-3-yl)thio)acetaldehydes
(3a-3m)

To 0.01 mol of compound initial aldehydes 2a-2c¢ in 20 ml of concentrated acetic acid the 0.01
mol of corresponding hydrazide were added and heated to boiling. Then, solution set at room
temperature for 12 hours to form a precipitate, which filtered, washed with diethyl ester and dried at air.
For further studies, the obtained substances for analysis are recrystallized from acetic acid.

N'-(2-((5-methyl-1H-1,2,4-triazol-3-yl)thio)ethylidene)acetohydrazide 3a: Yellow solid with
81% vyield, m.p. 189-191 °C; IR (KBr) cm™: 3084 (aromatic CH); 1687 (C=0); 1618 (-C=N-); 1594 (N-
H+C-N); 688 (-C-S-); *H NMR (400 Mz, DMSOds) & ppm: 7.79 (s, 1H, 1,2,4-triazole-H), 7.51 (t, 1H, -
CH=N-), 6.90 (s, 1H, =N-NH-), 3.78 (s, 3H, -CHz3), 3.25 (d, 2H, -CH>), 1.71 (s, 3H, -C(O)CHz3); GS/MS:
213 (m/z); Anal. Calcd. for C;H11NsOS: C, 39.42; H, 5.20; N, 32.84; S, 15.05. Found: C, 39.76; H, 5.24;
N, 32.95; S, 15.09.

N'-(2-((4-methyl-4H-1,2,4-triazol-3-yl)thio)ethylidene)acetohydrazide 3b: Yellow solid with
65% yield, m.p. 210-212 °C; IR (KBr) cm™: 3089 (aromatic CH); 1685 (C=0); 1620 (-C=N-); 1591 (N-
H+C-N); 682 (-C-S-); *H NMR (400 Mz, DMSOds) 6 ppm: 7.71 (s, 1H, 1,2,4-triazole-H), 7.53(t, 1H, -
CH=N-), 6.94 (s, 1H, =N-NH-), 3.72 (s, 3H, -CHs), 3.29 (d, 2H, -CHy), 1.74 (s, 3H, -C(O)CH); GS/MS:
213 (m/z); Anal. Calcd. for C;H11NsOS: C, 39.42; H, 5.20; N, 32.84; S, 15.05. Found: C, 39.55; H, 5.18;
N, 32.74; S, 15.08.
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N'-(2-((5-phenyl-1H-1,2,4-triazol-3-yl)thio)ethylidene)acetohydrazide 3c: Yellow solid with
80% yield, m.p. 240-242 °C; IR (KBr) cm™: 3090 (aromatic CH); 1680 (C=0); 1644 (-C=N-); 1578 (N-
H+C-N); 693 (-C-S-); *H NMR(400 Mz, DMSOds) & ppm: 13.49 (s, 1H, NH-triazole), 8.09 (d, 2H, Ar),
7.54 (m, 3H, Ar), 7.01(t, 1H, -CH=N-), 6.69 (s, 1H, =N-NH-), 3.97 (d, 2H, -CH>), 2.01 (s, 3H, -CHs);
GS/MS: 275 (m/z); Anal. Calcd. for C12H13NsOS: C, 52.35; H, 4.76; N, 25.44; S, 11.65. Found: C,
52.28; H, 4.75; N, 25.49; S, 11.61.
N'-(2-((5-methyl-1H-1,2,4-triazol-3-yl)thio)ethylidene)benzohydrazide 3d: Yellow solid with
79% yield, m.p. 202-204 °C; IR (KBr) cm™: 3079 (aromatic CH); 1684 (C=0); 1614 (-C=N-); 1571 (N-
H+C-N); 681 (-C-S-); *H NMR(400 Mz, DMSOds) & ppm: 13.57 (s, 1H, NH-triazole), 8.31 (d, 2H, Ar),
8.19 (d, 2H, Ar), 7.65 (t, 1H, Ar), 7.20 (t, 1H, -CH=N-), 7.04 (s, 1H, =N-NH-), 3.75 (s, 3H, -CHj3), 3.21
(d, 2H, -CH2); GS/MS: 275 (m/z); Anal. Calcd. for C12H13NsOS: C, 52.35; H, 4.76; N, 25.44; S, 11.65.
Found: C, 52.29; H, 4.81; N, 25.48; S, 11.60.
N'-(2-((5-phenyl-1H-1,2,4-triazol-3-yl)thio)ethylidene)benzohydrazide 3e: Orange solid with
79% yield, m.p. 179-181 °C; IR (KBr) cm™: 3075 (aromatic CH); 1686 (C=0); 1613 (-C=N-); 1573 (N-
H+C-N); 689 (-C-S-); *H NMR(400 Mz, DMSOds) & ppm: 13.52 (s, 1H, NH-triazole), 8.43 (d, 2H, Ar),
8.15 (d, 2H, Ar), 7.74 (m, 6H, Ar), 7.22 (t, 1H, -CH=N-), 7.00 (s, 1H, =N-NH-), 3.19 (d, 2H, -CHy);
GS/MS: 337 (m/z); Anal. Calcd. for C17H1sNsOS: C, 60.52; H, 4.48; N, 20.76; S, 9.50. Found: C, 60.38;
H, 4.50; N, 20.82; S, 9.48.
N'-(2-((5-methyl-4H-1,2,4-triazol-3-yl)thio)ethylidene)-3-nitrobenzohydrazide 3f: Brown solid
with 68% yield, m.p. 156-158 °C; IR (KBr) cm: 3504 (aromatic NH); 3089 (aromatic CH); 1684 (C=0);
1612 (-C=N-); 1574 (N-H+C-N); 1524, 1356 (aromatic NO,) 701 (-C-S-); *H NMR (400 Mz, DMSQds)
& ppm: 8.17 (s, 1H, 1,2,4-triazole-H), 7.65 (m, 4H, Ar), 7.33 (t, 1H, -CH=N-), 7.01 (s, 1H, =N-NH-), 3.50
(s, 3H, -CHj3), 3.04 (d, 2H, -CHy); GS/MS: 320 (m/z); Anal. Calcd. for C12H12NsOsS: C, 44.99; H, 3.78;
N, 26.24; S, 10.01. Found: C, 45.13; H, 3.74; N, 26.19; S, 10.06.
N'-(2-((4-methyl-4H-1,2,4-triazol-3-yl)thio)ethylidene)-3-nitrobenzohydrazide 3g: Red solid with
81% yield, m.p. 222-224 °C; IR (KBr) cm™: 3500 (aromatic NH); 3087 (aromatic CH); 1680 (C=0); 1610
(-C=N-); 1569 (N-H+C-N); 1528, 1351 (aromatic NO) 706 (-C-S-); *H NMR (400 Mz, DMSOds+CCly)
d ppm: 8.14 (s, 1H, 1,2,4-triazole-H), 7.69 (m, 4H, Ar), 7.37 (t, 1H, -CH=N-), 7.06 (s, 1H, =N-NH-), 3.59
(s, 3H, -CHj3), 3.01 (d, 2H, -CH,); GS/MS: 320 (m/z); Anal. Calcd. for C12H12NsOsS: C, 44.99; H, 3.78;
N, 26.24; S, 10.01. Found: C, 44.80; H, 3.76; N, 26.20; S, 10.09.
N'-(2-((5-phenyl-4H-1,2,4-triazol-3-yl)thio)ethylidene)-3-nitrobenzohydrazide 3h: Red solid with
83% yield, m.p. 185-187 °C; IR (KBr) cm™: 3505 (aromatic NH); 3089 (aromatic CH); 1681 (C=0); 1612
(-C=N-); 1563 (N-H+C-N); 1532, 1348 (aromatic NO) 702 (-C-S-); *H NMR (400 Mz, DMSOds) & ppm:
8.49 (d, 2H, Ar), 8.19 (s, 1H, 1,2 4-triazole-H), 8.11 (d, 2H, Ar), 7.64 (m, 5H, Ar), 7.35 (t, 1H, -CH=N-),
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7.04 (s, 1H, =N-NH-), 3.09 (d, 2H, -CH); GS/MS: 382 (m/z); Anal. Calcd. for C17H14NsOsS: C, 53.40;
H, 3.69; N, 21.98; S, 8.39. Found: C, 53.17; H, 3.72; N, 21.81; S, 8.47.
N'-(2-((5-methyl-4H-1,2,4-triazol-3-yl)thio)ethylidene)-4-nitrobenzohydrazide 3i: Yellow solid
with 74% yield, m.p. 194-196 °C; IR (KBr) cm™: 3331 (aromatic NH); 3270 (-CH3); 1670 (C=0); 1604
(-C=N-); 1548 (N-H+C-N); 1508, 1341 (aromatic NO,), 690 (-C-S-); *H NMR (400 Mz, DMSOds) &
ppm: 8.59 (s, 1H, 1,2 4-triazole-H), 8.21 (d, 1H, Ar), 8.01 (d, 1H, Ar), 7.52 (t, 1H, -CH=N-), 7.09 (s, 1H,
=N-NH-), 3.84 (s, 3H, -CHj3), 3.60 (d, 2H, -CHy); GS/MS: 320 (m/z); Anal. Calcd. for C1,H12NsO3S: C,
44.99; H, 3.78; N, 26.24; S, 10.01. Found: C, 44.80; H, 3.82; N, 26.35; S, 10.05.
N'-(2-((4-methyl-4H-1,2,4-triazol-3-yl)thio)ethylidene)-4-nitrobenzohydrazide 3j: Orange solid
with 71% yield, m.p. 119-121 °C; IR (KBr) cm™: 3327 (aromatic NH); 3274 (-CHj3); 1674 (C=0); 1599
(-C=N-); 1555 (N-H+C-N); 1515, 1343 (aromatic NO,), 697 (-C-S-); *H NMR (400 Mz, DMSOds) &
ppm: 8.55 (s, 1H, 1,2,4-triazole-H), 8.28 (d, 1H, Ar), 8.17 (d, 1H, Ar), 7.53 (t, 1H, -CH=N-), 7.04 (s, 1H,
=N-NH-), 3.80 (s, 3H, -CHj3), 3.62 (d, 2H, -CH,); GS/MS: 320 (m/z); Anal. Calcd. for C12H12NgO3S: C,
44.99; H, 3.78; N, 26.24; S, 10.01. Found: C, 45.17; H, 3.76; N, 26.34; S, 9.94.
N'-(2-((5-phenyl-1H-1,2,4-triazol-3-yl)thio)ethylidene)nicotinohydrazide 3k: Grey solid with 91%
yield, m.p. 182-184 °C; IR (KBr) cm: 3041 (pyridine); 1679 (C=0); 1645 (-C=N-); 1568 (N-H+C-N);
686 (-C-S-); *H NMR(400 Mz, DMSOdg+CCls) & ppm: 13.53 (s, 1H, NH-triazole), 8.64 (d, 2H, Ar), 8.51
(s, 1H, pyridine-H), 7.59 (m, 3H, Ar), 7.39 (t, 1H, -CH=N-), 6.96 (m, 3H, pyridine-H), 6.42 (s, 1H, =N-
NH-), 1.61 (d, 2H, -CH); GS/MS: 338 (m/z); Anal. Calcd. for C16H14NsOS: C, 56.79; H, 4.17; N, 24.84;
S, 9.49. Found: C, 56.65; H, 4.13; N, 24.79; S, 9.54.
N'-(2-((4-methyl-4H-1,2,4-triazol-3-yl)thio)ethylidene)isonicotinohydrazide 3l: Grey solid with
84% yield, m.p. 232-234 °C; IR (KBr) cm™: 3048 (pyridine); 1663 (C=0); 1598 (-C=N-); 1557 (N-H+C-
N); 699 (-C-S-); *H NMR (400 Mz, DMSOQOds) 5 ppm: 8.54 (d, 2H, pyridine-H), 8.25 (s, 1H, 1,2,4-triazole-
H), 7.53 (t, 1H, -CH=N-), 7.22 (d, 2H, pyridine-H), 6.95 (s, 1H, =N-NH-), 3.15 (d, 2H, -CH,), 2.78 (s,
3H, -CHz3); GS/IMS: 276 (m/z); Anal. Calcd. for C11H12NsOS: C, 47.81; H, 4.38; N, 30.41; S, 11.60. Found:
C, 47.65; H, 4.41; N, 30.30; S, 11.54.
N'-(2-((5-phenyl-1H-1,2,4-triazol-3-yl)thio)ethylidene)isonicotinohydrazide 3m: Yellow solid
with 93% yield, m.p. 170-172 °C;IR (KBr) cm™: 3042 (pyridine); 1681 (C=0); 1639 (-C=N-); 1572 (N-
H+C-N); 690 (-C-S-); 'H NMR (400 Mz, DMSOds & ppm: 13.51 (s, 1H, NH-triazole), 9.06 (d, 2H,
pyridine-H), 8.71 (d, 2H, Ar), 8.41 (d, 2H, pyridine-H), 7.69 (m, 3H, Ar), 7.42 (t, 1H, -CH=N-), 6.94 (s,
1H, =N-NH-), 3.09 (d, 2H, -CH,); GS/MS: 338 (m/z); Anal. Calcd. for C1sH14aN6OS: C, 56.79; H, 4.17;
N, 24.84; S, 9.48. Found: C, 56.91; H, 4.19; N, 24.71; S, 9.41.
As a result of this work, the new series of ylidenhydrazides of 2-((4-R-5-R:-4H-1,2,4-triazol-3-
yl)thio)acetaldehydes were synthesized. The antimicrobial activity was studied for 13 new compounds

on 10 strains of microorganisms in 3 different concentrations (0.1; 0.2; 0.5%). According to the results
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of the study, some regularities the dependence "structure-activity" have been established. The obtained
results can serve as a basis for the targeted search for compounds with pronounced antibacterial action.
There is no doubt that the nature of microorganisms, chemical structure and antimicrobial variations are
interrelated. Increasing the concentration of test substances is predicted increasing the antimicrobial
activity in almost all cases. The most active compound in our study is N'-(2-((5-methyl-1H-1,2,4-triazol-
3-yl)thio)ethylidene)-4-nitrobenzohydrazide 3i (ZOIl Sta.s. and S.p in 0.5% at the level of 25 and 26

mm, respectively).
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ISOLATION OF NEWLY ISOLATED VB_K1 BACTERIOPHAGE AND
INVESTIGATION OF SUSCEPTIBILITY ON ESBL POSITIVE
KLEBSIELLA SPP. STRAINS

YEN/ IZOLE EDILEN VB K1 BAKTERIYOFAJININ IZOLASYONU VE ESBL POZITIF
KLEBS/ELLA TURLERI UZERINE DUYARLILIGININ ARASTIRILMASI
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LAnkara University, Faculty of Pharmacy, Department of Pharmaceutical Microbiology, 06560,
Ankara, Turkey

ABSTRACT

Objective: The decrease in the efficacy of antimicrobials in the treatment of Klebsiella-related infections
necessitated the search for alternative treatment strategies. This study aims to provide isolation of lytic
bacteriophage specific to Klebsiella species and to investigate its potential for use as alternative antimicrobial
agent.

Material and Method: One Extended spectrum beta lactamase (ESBL) producer Klebsiella strain was
used as host bacteria and water samples were collected from river in Ankara for bacteriophage isolation. Spot
test method was applied to determine the possible presence of bacteriophage after phage enrichment. To
confirm the presence of the lytic bacteriophage, double layer agar method was applied to spot test positive
samples. The susceptibility of the bacteriophage was determined using in vitro spot test. 38 clinical ESBL
positive Klebsiella spp. strains were used for this analysis.

Result and Discussion: In the initial screening, the vB_K1 bacteriophage producing visible plaques
with a diameter of 1.00 mm was isolated in the petri dish. The susceptibility of ESBL positive Klebsiella spp.
strains to this bacteriophage was determined as 73.7%. It was proved that vB_K1 bacteriophage is very
effective to Klebsiella spp. strains. However, in vitro bacteriophage susceptibility of characterized
bacteriophage is encouraging development.

Keywords: Bacteriophage, resistance, ESBL, Klebsiella spp.

oz
Amag: Klebsiella ile iliskili enfeksiyonlarin tedavisinde kullanilan antimikrobiyallerin etkinligindeki
azalma, alternatif tedavi strateji arayislarint gerektirmistir. Bu c¢alisma Klebsiella tiirlerine 6zgii litik

karakterde bakteriyofaj izolasyonunun saglanmasmni ve alternatif antimikrobiyal ajan olarak kullanim
potansiyelinin aragtirllmasint amaglamaktadr.
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Gerec ve Yontem: Ankara deresinden alinan su érneklerinden faj izolasyonu i¢in, Geniglemis spektrumlu
beta laktamaz (GSBL) iireticisi bir adet Klebsiella Spp. susu konak bakteri olarak kullanildi. Faj zenginlestirme
sonrast, olast bakteriyofaj varligini belirlemek icin spot test yontemi uygulandi. Litik bakteriyofaj varligi, spot
testi pozitif numunelere ¢ift tabaka agar yontemi uygulanarak dogrulandi. Bakteriyofajin duyarliligi, 38 klinik
GSBL pozitif Klebsiella spp. susu kullanilarak in vitro spot test ile belirlendi.

Sonug¢ ve Tartisma: [lk taramada petride 1.00 mm ¢apinda goviiniir plaklar iireten vB_K1 bakteriyofaji
izole edildi. GSBL pozitif Klebsiella spp. suslarimin bakteriyofaj duyarliligiy %73.7 olarak belirlendi. vB_KI
bakteriyofajinin Klebsiella suslart iizerinde ¢ok etkili oldugu kanitlanmistir. Bununla birlikte, karakterize edilen
bakteriyofajin in vitro bakteriyofaj duyarliligi cesaret verici bir gelismedir.

Anahtar Kelimeler: Bakteriyofaj, direng, ESBL, Klebsiella spp.

INTRODUCTION

Klebsiella spp. belong to the family Enterobacteriaceae and are found in human microbiota,
especially in the gastrointestinal, respiratory tracts and skin. It is an opportunistic pathogen that can
cause a wide variety of community-acquired and nosocomial infections, such as urinary tract infections,
respiratory tract infections, wound and soft tissue infections [1]. Resistance to antimicrobials is
increasing day by day and B-lactamase production is an important resistance mechanism among them.
Pathogens that produce extended-spectrum B-lactamases (ESBLs) show resistance not only to third-
generation cephalosporins and monobactams, but also to other classes of antibiotics [2]. ESBL resistance
genes are located on plasmids and therefore are carried and cause significant infections in other strains.
This causes an increase in infection control problems [3].

Extended-spectrum B-lactamase (ESBL) producer Klebsiella spp. are among the six drug-resistant
microorganisms for which new therapies are urgently needed. Furthermore, ESBL positive Klebsiella
infections cause serious morbidity and mortality in humans, increasing healthcare costs and treatment
burden [4]. Alternative or complementary therapies for these infections are required.

Bacteriophages are defined as bacterial viruses and they show specific effects to their specific
target bacteria. The existence of bacteriophages first emerged in 1896 when M. Ernest Hankin observed
that people washed by the Ganges river waters of India did not contract cholera. Felix d'Herelle named
"invisible microbe of the dysentery bacillus" as bacteriophage in 1917 and was the first to announce the
antimicrobial effect of bacteriophages to the world [5]. Bacteriophages are defined as bacterial viruses
that target and kill their specific bacteria. It was used clinically for the first time in 1919 by Felix
D'Herelle in France [6]. Bacteriophages, which were thought to be used as antibacterial material, were
used in the treatment of many diseases such as upper respiratory tract infections, abscesses, burns and
inflamed wounds in a few countries such as Georgia, Poland, former Russia and the USA until the 1940s.
With the discovery of antibiotics in 1941, bacteriophage therapy somehow fell into the background, but
in the Soviet line countries (in the early 1990s) while the civil war continued, it continued to be used in
the treatment of soldiers against Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli and
Streptococcus pyogenes bacteria [7].
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Bacteriophages can be found wherever bacteria are found. Bacteria can be found in almost any
environment, such as seawater, fresh water and soil, so bacteriophages can be found anywhere they host
[8]. In addition to their therapeutic usage, they can be used in many areas such as disinfection, bacterial
identification, determination of subtypes of bacterial strains, in food and livestock conservation [9].

Bacteriophages basically have two life cycles, in some, both life cycles can be seen.
Bacteriophages in the lytic life cycle are called virulent (lytic) bacteriophages, while bacteriophages in
the lysogenic life cycle are called lysogenic bacteriophages [10]. In the lytic bacteriophages used in the
treatment, the target bacteria are broken down and hundreds of phage progeny are released [11]. In the
treatment of bacteriophage, it is important that the bacteriophage has a strong lytic effect and has a high
host cell specificity [12].

To develop an effective antimicrobial agent, previously studies have been isolated and
characterized bacteriophages specific for Klebsiella spp., especially Klebsiella pneumoniae (K.
pneumoniae) [13-16]. The objective of this work was to isolate potentially therapeutic bacteriophage
against ESBL positive Klebsiella strains. We also determined the in vitro susceptibility of 38 previously

characterized ESBL-producing Klebsiella spp. to a newly isolated bacteriophage.

MATERIAL AND METHOD

Bacteriophage Isolation

One ESBL producer Klebsiella spp. strain was used as host bacteria and water samples were
collected from river in Ankara for bacteriophage isolation. Spot test method was applied to determine
the possible presence of bacteriophage after phage enrichment. For this, the water sample was
centrifuged and the particles in it were removed, and the supernatant was passed through a 0.22 um
membrane filter. Fresh bacteria culture was cultivated in x2 Luria Bertani Broth (Merck) medium
enriched with CaCl, and MgSOs and incubated at 37 °C for one night. After incubation, the suspension
was centrifuged to remove the cell debris and particles, and bacteria were killed by addition of
supernatant to 10% chloroform. For spot test, a strip of fresh bacterial culture was inoculated into petri
dishes containing the medium, and 10 uL of the possible bacteriophage suspension obtained was dripped
onto these areas. At the end of one-night incubation, the presence of zones in the cultivation areas was
evaluated [17].

To confirm the presence of the lytic bacteriophage, a double layer agar method was applied to
spot test positive samples. The supernatant was mixed with fresh bacterial culture and soft agar (0.6%
agar) and spread on agar plate (1.5% agar). After one-night incubation at 37 °C, the petri dishes were

evaluated for the presence of bacteriophage plaques [18, 19].
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Single Plaque Isolation

Single plague isolation was performed from one of the petri dishes in which bacteriophage plague
was detected. The plaque was cut from the area with a sterile pasteur pipette and transferred to 3 mL
Luria Bertani broth medium. Fresh bacterial culture was added on it 3 mL more Luria Bertani broth was
added on it and incubated at 37 °C. The next day, the bacteriophage suspension was centrifuged at 5000
rpm for 10 minutes and passed through a 0.22 pm membrane filter. The double layer agar method was

applied to the dilutions of the bacteriophage. This stage will be repeated at least 5 times [20, 21].

Preparation of Concentrated Bacteriophage Suspension

In order to obtain the concentrated bacteriophage suspension, double layer agar was applied to
the dilution where the phage and the host achieved the most appropriate growth together. The next day,
the soft agar portion was taken with a Drigalski spatula, filtered through 0.22 um membrane filter. The
bacteriophage titer was determined as 'plaque forming unit' (PFU) using the double layer agar method
by making 10-fold serial dilutions.

The Susceptibility of Bacteriophage

The susceptibility of the bacteriophage was determined using in vitro spot test. 38 clinical ESBL
positive Klebsiella spp. strains were used for this analysis. All strains were spread evenly on the LB agar
plate. After drying, 10 pL of the phage culture of 108 PFU/mL was dropped onto the overlaid top agar.

After culturing for 18 h at 37 °C, the presence or absence of a lysis zone was evaluated [22].

RESULT AND DISCUSSION

Klebsiella is a clinically important pathogen causing a variety of antibiotic resistant infections. The
fact that ESBL-producing K. pneumoniae strains even become resistant to carbapenems increases the
incidence of infections caused by these strains. As well as the increase in Klebsiella infections in
community and hospital settings, there are many studies on bacteriophages, which are seen as an
alternative to treatment [23]. There are a number of considerations in the selection of bacteriophages as
therapeutic antimicrobial agents. Firstly, the bacteriophages must be effective at killing Klebsiella.
Bacteriophages produce large, clear plagues containing large numbers of phage particles, allowing the
bacteria to break down rapidly. In addition, bacteriophages with a wide host range are considered to be
more beneficial than those with a narrow host range. Second, compared to lysogenic bacteriophages,
which integrate their genetic information into the host genome and remain dormant for an indefinite
period, lytic bacteriophages clear bacteria quickly and efficiently [24]. This demonstrates the necessity of
characterizing bacteriophages before selecting them for therapeutic use.

In our study, one Klebsiella spp. isolate was used to find lytic bacteriophage from the collection of

water samples obtained from the river water. Among all, one filtrate produced clear zones against the host
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bacteria was selected. A newly isolated bacteriophage was named vB_K1. The vB_K1 bacteriophage
produced visible plaques on the bacterial lawns 1.00 mm diameter in the initial screening using plaque
assay (Figure 1). The susceptibility to vB_K1 bacteriophage was determined on 38 previously described
as ESBL- producing Klebsiella spp. isolates. Ten of these were K. pneumoniae. Among the 38 Klebsiella
spp. strains 29/38 (73.7%) were susceptible to vB_K1 bacteriophage, but 9/38 (26.3%) strains were
resistant to vB_K1 bacteriophage. The effect of phage on K. pneumoniae strains were 76.9%. The phage
was considered to have high activity against Klebsiella spp.. The results are given in Table 1.

Townsend et al. isolated and characterized 30 Klebsiella bacteriophages, distinct lineages, using
multiple water samples from different environments and a number of different Klebsiella spp.. They
reported in this study that bacteriophages were included in 5 phylogenetic groups and the broadest
spectrum vB_KoM-MeTiny bacteriophage had 79% lytic activity [25]. In another study, Wintachai et al.
reported that KP1801 bacteriophage isolated from hospital wastewater lysed 50% (10/20) of clinical
strains [16]. Similarly, Karumidze et al. reported that one or more of the six phages was capable of
efficiently lysing 63% of Klebsiella strains comprising a collection of 123 clinical isolates from Georgia
and the United Kingdom [26].

Karamoddini et al. isolate bacteriophages against Klebsiella spp. and evaluate their efficacy against
72 antibiotic-resistant isolates. At the same time, they reported that the use of bacteriophages in high
concentration (over 10’ PFU/mL) increased the effect [27]. Domingo-Calap et al. characterized two newly
isolated K. pneumoniae bacteriophages, tVLC5 and aVLC6, from environmental samples as possible
therapeutic agents by phenotypic and genomic tests [13]. In another study, Kawa et al. was found that 42
of 101 K. pneumoniae isolates (41.6%) were susceptible to newly isolate bacteriophage KP34. They also
was found that 47.1% of ESBL (+) and 36% of ESBL (—) strains were susceptible to KP34 phage [28].

v b
Figure 1. (a) vB_K1 bacteriophage plaque, (b) Spot test results.

Bacteriophage therapy holds promise as a potential response to inhibit the development and
spread of MDR Kilebsiella species. In vitro and in vivo studies have confirmed the potential use of
bacteriophages individually, as bacteriophage cocktails, and in combination with existing antimicrobial

chemotherapeutic drugs. In addition, the routine use of bacteriophage therapy in Eastern Europe and the
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results of several clinical studies in the West indicate that bacteriophages are considered safe for use in
humans. Eventually, it was proved that isolation and in vitro phage susceptibility results of vB_K1
bacteriophage are promising for Klebsiella species for which there are no ready to use phage
preparations, but more detailed characterization studies are needed.

Table 1. Bacteriophage susceptibilities of Klebsiella spp. strains

Number Strain No vB_K1 bacteriophage
1 384 ESBL Klebsiella spp. -
2 379 ESBL K. pneumoniae +++
3 364 (host) ESBL Klebsiella spp. +++
4 285 ESBL Klebsiella spp. -
5 205 ESBL Klebsiella spp. +
6 378 ESBL K. pneumoniae +++
7 382 ESBL K. pneumoniae -
8 240 ESBL Klebsiella spp. ++
9 405 ESBL K. pneumoniae +++
10 206 ESBL Klebsiella spp. -
11 305 ESBL Klebsiella spp. +++
12 333 ESBL K. pneumoniae +
13 166 ESBL Klebsiella spp. +
14 172 ESBL Klebsiella spp. +
15 200 ESBL Klebsiella spp. -
16 434 ESBL Klebsiella spp. -
17 455 ESBL Klebsiella spp. ++
18 338 ESBL Klebsiella spp. +++
19 171 ESBL Klebsiella spp. ++
20 119 ESBL Klebsiella spp. ++
21 82 ESBL Klebsiella spp. +
22 176 ESBL Klebsiella spp. +++
23 227 ESBL K. pneumoniae +++
24 454 ESBL Klebsiella spp. +++
25 305 ESBL Klebsiella spp. ++
26 373 ESBL K. pneumoniae -
27 379 ESBL Klebsiella spp. +++
28 207 ESBL K. pneumoniae +++
29 205 ESBL Klebsiella spp. +
30 378 ESBL K. pneumoniae +++
31 382 ESBL K. pneumoniae -
32 240 ESBL Klebsiella spp. ++
33 405 ESBL K. pneumoniae +++
34 206 ESBL Klebsiella spp. -
35 305 ESBL Klebsiella spp. +++
36 333 ESBL K. pneumoniae +
37 201 ESBL K. pneumoniae +++
38 178 ESBL Klebsiella spp. +

Lytic Effect% 73.7

+++: CL (Clear Lysis), ++: SCL (Semi-Clear Lysis), +: OL (Opaque Lysis), -: No lysis [22].
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ABSTRACT

Objective: Alternative medicine has an important place in the fight against many diseases in human history.
The biological activity of Glycyrrhiza glabra L. was investigated in this study.

Material and Method: The root parts of the plant were extracted with ethanol. Antioxidant and oxidant
potentials were determined using Rel Assay kits. Antimicrobial activity was tested against standard bacteria and
fungus strains using the agar dilution method. Antiproliferative activity was determined by MTT test against
Lung Carcinoma Cell Line (A549).

Result and Discussion: As a result of the studies, the TAS value of the plant was measured as 8.770+0.171,
TOS value as 14.590+0.191 and OSI value as 0.167+0.005. Inhibition of the plant extract was observed against
standard bacteria and fungus strains at ranging from 50-200 ug/mL concentrations. In addition, it was
determined that the plant extract displayed strong antiproliferative activity due to the increase in concentration.
As a result of these studies, it has been determined that G. glabra can be used as an important natural
antioxidant, antimicrobial and anticancer agent.
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Amag: Alternatif tip, insanlik tarihinde bir¢ok hastalikla miicadelede dnemli bir yere sahiptir. Bu
calismada Glycyrrhiza glabra L.'nin biyolojik aktivitesi arastirild.

Gerec ve Yontem: Bitkinin kék kisumlari etanol ile ekstrakte edildi. Antioksidan ve oksidan potansiyelleri
Rel Assay kitleri kullanilarak belirlendi. Antimikrobiyal aktivite, agar seyreltme yontemi kullanilarak standart
bakteri ve mantar suslarina karsi test edildi. Antiproliferatif aktivite, Lung Carcinoma Cell Line'a (1549) karsi
MTT testi ile belirlendi.

Sonug ve Tartisma: Calismalar sonucunda bitkinin TAS degeri 8.770+0.171, TOS degeri 14.590+0.191 ve
OSI degeri 0.167+0.005 olarak ol¢iilmiistiir. Bitki ekstraktinin 50-200 ug/mL konsantrasyon araliginda standart
bakteri ve mantar suslarina karst inhibisyonu goézlemlendi. Ayrica bitki ekstraktinin konsantrasyon artisina bagh
olarak gii¢lii antiproliferatif aktivite gosterdigi belirlendi. Bu ¢alismalar sonucunda G. glabra'min énemli bir
dogal antioksidan, antimikrobiyal ve antikanser ajani olarak kullanilabilecegi belirlenmigtir.

Anahtar Kelimeler: Antimikrobiyal, antioksidan, antiproliferatif, Glycyrrhiza glabra, tibbi bitkiler

INTRODUCTION

Many natural materials such as mushrooms, plants and animals are used in alternative medicine
[1]. It occupies a very important place in the treatment of diseases due to the active substances produced
by the plants. Many studies have shown that plants have anticancer, antioxidant, antimicrobial,
antiproliferative, anti-inflammatory, DNA protective, antiallergic and hepatoprotective activities [2-4].
In our study, Glycyrrhiza glabra L. (Licorice) was used as a material.

Licorice; It is a plant belonging to the genus Glycyrrhiza glabra, of the genus Glycyrrhiza of the
Papillionacease family. It is used for therapeutic purposes known in the history of ancient medicine in
many civilizations such as Sumer, Mesopotamia, China, Greek and Egypt in the world. Among the
aromatic and medicinal plants, the licorice plant is popularly known by 14 different names such as
"biyam, dye, piyam, sweet root, etc." [5]. Licorice plant in the world at 12, while in Turkey in 6 species
of yellow-blue or brown color, is a perennial shrub plant ranging between 30-160 cm in length [6]. The
roots of the licorice plant are biologically known as a source of magnesium and silicon. In addition, the
active ingredient in the composition of the licorice plant, glycyrrhizin is 50 times sweeter than tea sugar
and 150 times sweeter than sucrose. Glycyrrhiza acid, which is found in the sweetness of the roots, and
its calcium and potassium salts, two of the substances such as sucrose and mannite come from [7, 8].
Therefore, as much more intense taste is obtained with less amount, it has been involved in the cuisine
and food industry of many countries for centuries [9].

In addition, in the production of licorice honey, licorice sherbet, in the manufacture of tobacco,
snuff and filter cigarettes, in the confectionery and beverage industry as a fragrance and flavoring, in
cosmetics, velvet dyeing and shoe dyeing in the textile industry, making foam in fire fighting, in
preparations prepared to kill insults, and in the food industry, there are areas of use such as adding
fragrance to foods [10-12]. Licorice plant is widely used in food, confectionery, medicine and tobacco
products as a flavoring agent known worldwide as "generally safe” (GRAS) [13]. In this study,
antioxidant, oxidant, antimicrobial and antiproliferative activity of ethanol extract of root parts of G.

glabra was determined.



526 Mohammed et al. J. Fac. Pharm. Ankara, 45(3): 524-534, 2021

MATERIAL AND METHOD

Laboratory Studies

Plant samples were collected from Duhok (Irag). Soil and dust particles were removed from the
root parts of the plant. It was then dried under suitable conditions. After drying the plant parts were
pulverized and weighed 30 g. It was then extracted with ethanol for about 6 hours, for example at 50

°C. The solvents of the extracts were removed in a rotary evaporator and crude extracts were obtained.

Antioxidant Parameters

The antioxidant and oxidant status of the plant extract was determined using Rel Assay TAS and
TOS kits. TAS tests were performed according to the protocol specified in Erel [14] and Trolox was
used as a calibrator. Results are shown in mmol Trolox equiv./L. TOS tests were performed according
to the protocol specified in Erel [15] and hydrogen peroxide was used as a calibrator. Results are shown
as umol H>O; equiv./L. The oxidative stress index (OSI) was determined by proportioning the TOS
value to the TAS value [16].

Antimicrobial Activity Tests

The antimicrobial activity of the root parts of the plant against EtOH extract bacteria and fungus
strains was determined using the agar dilution method [17-19]. The plant extract was adjusted with
distilled water at 800-12.5 pg/mL concentrations. Bacterial strains were set in Muller Hinton Broth
medium. Staphylococcus aureus ATCC 29213, S. aureus MRSA ATCC 43300, Enterococcus faecalis
ATCC 29212, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853 and
Acinetobacter baumannii ATCC 19606 were used as bacterial strains. Fungus strains were pre-cultured
in RPMI 1640 Broth medium. Candida albicans ATCC 10231, C. krusei ATCC 34135 and C. glabrata
ATCC 90030 were used as fungus strains. The extract concentration that inhibits the growth of bacteria

and fungus strains was determined as the MIC value. Results were expressed in pg/mL [20-22].

Antiproliferative Activity Tests

The antiproliferative activity of the EtOH extract of the plant was determined by MTT test on
Ab549 lung cancer cells. Cells were separated after 70-80% confluence using 3.0 mL of Trypsin-EDTA
solution (Sigma-Aldrich, MO, USA). It was then planted on plates and incubated for 24 hours. The plant
extract (25, 50, 100, 200 pg/mL) was then adjusted at different concentrations. After the incubation
period, the supernatants were dissolved in growth medium and replaced with 1 mg/mL MTT (Sigma).
It was then incubated at 37 °C until a purple precipitate formed. The supernatants were then removed
and dissolved by adding dimethyl sulfoxide (DMSO) (Sigma-Aldrich, MO, USA) to MTT absorbed by
cells. Subsequently, plates were read at 570 nm using an Epoch spectrophotometer (BioTek Instruments,
Winooska, VT) [23].
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RESULT AND DISCUSSION

Antioxidant Activity

In recent years, it is known that the basis of many diseases are due to oxidative stress caused by
reactive oxygen species. Oxidative stress is due to the disproportion between the formation and
neutralization of prooxidants [24]. The level of endogenous oxidant compounds resulting from
environmental factors as a result of metabolic activities is highly toxic when they accumulate in
organisms. The antioxidant defense system plays a role in reducing the effects of oxidant compounds.
If the antioxidant defense system is insufficient, oxidative stress occurs. In such cases, supplemental
antioxidants are important in reducing the effect of oxidative stress. In this context, it is very important
to identify new natural antioxidant agents [25]. In our study, the antioxidant and oxidant potentials of

G. glabra were determined. The results obtained are shown in Table 1.

Table 1. Antioxidant and oxidant status of G. glabra.

TAS (mmol/L) TOS (umol/L) OSlI
G. glabra 8.770+0.171 14.590+0.191 0.167+0.005

* Values are presented as mean+S.D.

In previous studies of G. glabra, it was reported that agueous, methanol, ethanol extracts have
antioxidant potential using different methods (Inhibition of b-carotene-linoleate bleaching,
Hypochlorous acid-scavenging activity, Inhibition of myeloperoxidase-chlorinating system, Nitric
oxide radical scavenging activity, Superoxide anion scavenging activity, Hydroxyl radical scavenging
activity, DPPH radical scavenging activity, ABTSe+ cation Radical Scavenging, Fe+2/ascorbate
induced lipid peroxidation assay, Reducing power) [26-29]. In our study, TAS, TOS and OSI values
were determined for the first time by using Rel Assay Kits of G. glabra. As a result of the studies, it has
been determined that G. glabra has an important antioxidant activity. In addition, TAS values of R.
coriaria var. zebaria, M. longifolia subsp. longifolia, A. calocephalum, S. papposa, F. platycarpa, T.
spicata, G. tournefortii, R. crispus and A. millefolium reported in the literature were reported as 7.342,
3.628, 5.853, 5.314, 5.688, 8.399, 6.831, 6.758 and 2.436 mmol/L, respectively. TOS values were
reported as 5.170, 4.046, 16.288, 24.199, 15.552, 6.530, 3.712, 5.802 and 2.839 umol/L, respectively.
OSI values were reported as 0.071, 0.112, 0.278, 0.456, 0.273, 0.078, 0.054, 0.086 and 0.083,
respectively [30-38].

Compared to these studies, the TAS value of G. glabra was determined to be higher than R.
coriaria var. zebaria, M. longifolia subsp. longifolia, A. calocephalum, S. papposa, F. platycarpa, T.
spicata, G. tournefortii, R. crispus and A. millefolium. TAS value shows all of the antioxidant
compounds produced in the plant [30]. As seen in our study, it has been determined that G. glabra has

a very important antioxidant potential.
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When TOS values were examined, it was determined that G. glabra was lower than S. papposa
and F. platycarpa, and higher than Rhus coriaria var. zebaria, Mentha longifolia subsp. longifolia, A.
calocephalum, T. spicata, G. tournefortii, R. crispus and A. millefolium. The TOS value indicates all of
the oxidant compounds produced by the environmental effects in the plant [30]. It is seen that the oxidant
levels of the plant used in our study are at normal levels.

When OSI values were examined, it was determined that G. glabra was lower than A.
calocephalum, S. papposa and F. platycarpa, and higher than R. coriaria var. zebaria, M. longifolia
subsp. longifolia, T. spicata, G. tournefortii, R. crispus and A. millefolium. The OSI value shows how
much oxidant compounds produced in the plants are suppressed by the antioxidant defense system. A
low OSI value indicates that the antioxidant defense system of the plant works well [30]. In our study,
it was determined that the antioxidant defense system of G. glabra was sufficient in suppressing oxidant

compounds. As a result, it was determined that G. glabra has significant antioxidant activity.

Antimicrobial Activity

Today, many diseases occur due to microorganisms. Antibiotics are used extensively in the
treatment of microorganism-based diseases. Today, resistant strains are emerging due to the unconscious
use of antibiotics [39]. Antibiotics used against resistant microorganisms are insufficient. In addition,
due to the possible side effects of chemical antibiotics, the tendency towards natural products is
increasing. In this context, the discovery of new antimicrobial drugs is inevitable [40]. In this study, the
activities of G. glabra against bacteria and fungi were investigated. The results obtained are shown in
Table 2.

Table 2. Antimicrobial Activity of G. glabra.

A B C D E F G H J

EtOH 50 50 100 200 100 25 25 25 50

* (A) S. aureus, (B) S. aureus MRSA, (C) E. faecalis, (D) E. coli, (E) P. aeruginosa, (F) A. baumannii, (G) C. glabrata, (H)
C. albicans, (J) C. krusei

*200, 100, 50 and 25 pg/mL extract concentrations

In previous studies, it has been reported that methanol extracts of G. glabra are effective against
Staphylococcus aureus, Bacillus megaterium, B. subtilis, Sarcina lutea, Salmonella paratyphi, S. typhi,
Escherichia coli, Shigella dysenteriae, Vibrio minicus, V. parahemolyticus and Psedomonas aeruginosa
at different concentrations [41]. In a different study, ethanol extracts of G. glabra were reported to be
effective against Candida albicans, Staphylococcus aureus, Bacillus subtilis, Enterococcus faecalis,
Escherichia coli, Pseudomonas aerouginosa and Klebsiella pneumoniae [42]. Ethanolic, hexane
fraction, ethyl acetate fraction and methanol fraction of G. glabra have been reported to be effective
against Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus mutans, Bacillus subtilis,

Enterococcus faecalis, Klebsiella pneumoniae, Salmonella typhi, Yersinia enterocolitica, Enterobacter
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aerogens and Escherichia coli [43]. In our study, G. glabra was determined to be effective against A.
baumannii, C. glabrata and C. albicans at 25 ug/mL, S. aureus, S. aureus MRSA and C. krusei at 50
ug/mL, E. faecalis and P. aeruginosa at 100 pg/mL, E. coli at 200 pg/mL extract concentrations. As a
result, it was determined that G. glabra has antibacterial and antifungal activities.

Antiproliferative Activity

Cancer is one of the leading causes of death in the world where uncontrolled growth is seen in
one or more cells and surgery, chemotherapy and/or radiotherapy are applied in treatment steps [44].
Today, as a result of the increase in cancer incidence due to different reasons, treatments using cytotoxic
drugs have become widespread [45]. Demand for cytotoxic drugs is expected to increase, especially in
the coming years, due to the increase in the population sensitive to cancer. In this context, the detection
of new natural anticancer agents is of great importance. Plants are important natural agents thanks to the
metabolites they contain [46, 47]. In our study, the activity of EtOH extract of G. glabra on Lung

Carcinoma Cell Line (A549) was determined. The findings obtained are shown in figure 1.

EtOH

3
2,5
2
15
1

0,5 l
0

SF DMSO 25 50 100 200

Figure 1. Antiproliferative activity of G. glabra

In previous studies, chloroform, methanol and water extracts of G. glabra were reported to be
effective against MCF7 cell line [48]. Essential oil of G. glabra has been reported to be effective at
different levels on MCF-7 and HT29 cell lines [49]. In our study, it was determined that EtOH extract
of G. glabra exhibited strong cytotoxic effects on the A549 cell line due to the dose increase. The
strongest activity was seen at 200 ug/mL concentration. As a result, it has been determined that G.

glabra can be used as a natural anticancer source.
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Conclusion

In this study, some medicinal properties of the root parts of G. glabra were determined. As a
result of the studies, it was determined that the root extracts of the plant exhibit significant antioxidant,
antimicrobial and antiproliferative activity. As a result, it is thought that G. glabra can be used as a

natural material in pharmacological designs.
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ABSTRACT

Objective: In present work, we developed a new wavelet method (HAAR-CWT) to determine the amounts
of irbesartan (IR) and hydrochlorotizide (HC) active compounds simultaneously in an antihypertensive
formulation, and after validating this method, we successfully applied it to the assay of tablets containing the
above-mentioned compounds.

Material and Method: The absorption spectra of mixtures and tablet solutions in the spectral range 200-
305 nm were measured by a Shimadzu UV-1601 dual-beam UV-VIS spectrophotometer.

Result and Discussion: Due to the strong overlapping spectra of the mentioned components, the HAAR-
CWT method has been proposed and successfully applied to the ratio spectra of IR-HC mixtures and tablets.

Keywords:  Spectrophotometry, quantitative determination, wavelet transform, irbesartan,
hydrochlorothiazide

0z

Amac: Bu ¢alismada, bir antihipertansif formiilasyondaki irbesartan (IR) ve hidroklorotizid (HC) aktif
bilesiklerinin miktarlarint ayni anda belirlemek icin yeni bir dalgacik yontemi (HAAR-CWT) gelistirdik ve bu
yontemi dogruladiktan sonra, yukarida bahsedilen bilesikleri i¢eren tabletlerin analizine basariyla uyguladik.

Gerec ve Yontem: 200-305 nm spektral araligindaki karisimlarin ve tablet ¢ozeltilerinin absorpsiyon
spektrumlari, bir Shimadzu UV-1601 ¢ift ismli UV-VIS spektrofotometresi ile ol¢iilmiistiir.

Sonu¢ ve Tartisma: Bahsedilen bilesenlerin giiclii sekilde ortiisen spektrumlari nedeniyle, HAAR-CWT

yontemi onerilmis ve IR-HC karisimlarinin ve tabletlerinin oran spektrumlarina basariyla uygulanmustir.
Anahtar Kelimeler: Spektrofotometri, kantitatif tayin, dalgacik doniisiimii, irbesartan, hidroklorotiyazid
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INTRODUCTION

Nowadays, researchers seek to meet the needs of better scientific measurements or to evolve more
efficient procedures and increase the reliability of existing analytical methods to achieve the desired
analytical results in many disciplines [1-3].

For analytical studies, LC and CE methods have been used in conjunction with different
spectroscopic systems (separate technigues, namely LC-MS and CE-MS) to obtain more chemical data
and reduce the complication of multicomponent substance analysis. Furthermore, these combined unit
methods involve high costs and time for analysis [4-6]. Analytical methods such as spectrophotometry
[7], mass-spectrometry [8], chromatography [9] and electrophoresis [10], electrochemistry [11] and their
joint devices have been used for analytical purposes. Because of the disadvantages of the mentioned
separation techniques or combination analyzers, analytical chemists opt to use spectroscopic methods
(rather than separation techniques) to enable rapid analysis at low cost. Nowadays, applications of
wavelet transform (CWT) methods to the spectrophotometric data gaining popularity because it can be
used in the analysis of components in complex systems without the need for any separation process.
Therefore, CWT methods can offer suitable solutions for such cases. [12-14]. Several analytical methods
for the analysis of IR and HC have been reported in pharmaceutical and biological studies, including
spectrophotometric methods [15-19] and chromatographic methods [20-23].

In this study, we focused on developing a wavelet transform method in order to perform
simultaneous analysis of the specified active ingredients in a tablet formulation containing irbesartan

and hydrochlorothiazide, without the need for a pre-separation method.

MATERIAL AND METHOD

The absorption spectra of mixtures and tablet solutions in the spectral range 200-305 nm were
measured by a Shimadzu UV-1601 dual-beam UV-VIS spectrophotometer with a constant gap width (2
nm). When applying the methods, Microsoft EXCEL and Wavelet Toolbox in Matlab 7.0 software were

applied for calculations.

Commercial Tablet Product
A pharmaceutical tablet (KARVEZIDE® Tablet, Sanofi-Aventis. Ind., Istanbul, Turkey)
including 150 mg IR and 12.5 mg HC per tablet was gathered from the Turkish market. IR and HC pure

compounds were give away by National Pharm. Ind. Company, Turkey).

Standard Solutions
Standard IR and HC stock solutions were arranged respectively by dissolving 10 mg of each drug

in 100 mL of methanol. A calibration ranges between 4.0-32.0 ug ml* for IR and 2.0-9.0 ug mI* HC in
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solvent was prepared for spectrum analysis from standard stock solutions for each active ingredient.

Sample Solutions Preparation

For testing tablets; twenty tablets of IR and HC were weighed and powdered. Transfer an equal
amount of powder to a 100 ml volumetric flask and solved with methanol. The contents of the flask
were mechanically stirred. After filtration, the supernatant is diluted with methanol to an ultimate

concentration. This pocedure was repeated ten times.

RESULT AND DISCUSSION

The purpose of this work is to apply the HAAR-CWT method to the ratio-spectra of IR and HC in
mixtures and preparations for the simultaneous assay. The IR and HC standards and the UV spectra of the
tablet solution were measured between 200 and 305 nm as can be seen in Figure 1.
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Figure 1. The UV-Absorption spectra of 4.0-32 pg mL? IR (---) and 2.0-9.0 ug mL™* HC (—) in
methanol

HAAR Continuous Wavelet Transform-Ratio Spectra Method (HAAR-CWT-RS)

For the analysis of artificial mixtures and tablets containing IR and HC compounds by the HAAR-
CWT-RS method, calibration mixtures were prepared as described in the above section, using methanol
as a solvent in a linear concentration range of 4.0-32.0 ug mL™* for IR and 2.0-9.0 ug mL™* for HC. The
original UV spectra of these calibration solutions were recorded in the 200-305 nm wavelength range
with AL = 0.1 nm intervals and were coded and saved. The HAAR-CWT method applied to the ratio
spectra of IR and HC (Figure 2 and Figure 3). Regression equation, correlation coefficient and their

statistical data were shown in Table 1. The calibration equation of the HAAR-CWT-RS method was
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validated by using the quantitative assay of artificial mixtures. Recovery results and with relative

standard deviation were shown in Table 2.
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Figure 2. Ratio-spectra of IR (---) and HC (=) in methanol (Div: 16 pg mL* IR)
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Figure 3. Ratio-spectra of IR (---) and HC (—) in methanol (Div: 4 pg mL™* HC)

The outcome of the regression analysis obtained are shown in Table 1. The amounts of IR and

HC in the samples were computed using the calibration equations obtained from the linear regression

analysis in Table 1.
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Tablel. Statistical outcome for the HAAR-CWT-RS method

Method HAAR-CWT-RS
Parameter IR HC
236.7 266
A (nm) (Div : 4 pg mL HC) (Div : 16 ug mL! IR)
m -0.8931 -0.0128
n -0.6052 -0.0128
r 0.9997 0.9997
SE(m) 0.0088 0.0012
SE(n) 0.0588 0.0070
SE(r) 0.0229 0.0076
LOD (ug mL%) 0.56 0.50
LOQ (ug mL?) 1.86 1.68
m = Slope of the linear regression equation; n = Intercept of the linear regression equation; r = Correlation coefficient;

SE(m) = Standard error of slope; SE(n) = Standard error of intercept; SE(r) = Standard error of correlation coefficient;
LOD = Limit of detection (ug mL1); LOQ = Limit of detection (ug mL?)

Validation of the Proposed Methods

A validation kit consisting of 16 artificial solutions of dissimilar concentrations in methanol in a
working range of 4.0-36.0 pg ml? for IR and 2.0-9.0 pg mI* HC was produced. This validation set
tested the accuracy and precision of the HAAR-CWT-RS method. The results gathered by performing

the HAAR-CWT-RS method to artificial mixtures prepared as a verification set are shown in Table 2.

Table 2. Recovery outcome calculated by using artificial mixtures

HAAR-CWT-RS
Added Found Recovery
(ng mL™) (ng mL™Y) (%)

IR HC IR HC IR HC
30 2.0 29.07 | 2.07 | 96.9 | 103.4
30 3.0 28.86 | 3.01 | 96.2 | 100.2
30 4.0 29.14 | 4.03 | 97.1 | 100.7
30 5.0 28.99 | 5.06 | 96.6 | 101.1
30 6.0 29.13 | 6.02 | 97.1 | 100.4
30 7.0 29.05 | 7.02 | 96.8 | 100.3
30 8.0 29.20 | 7.88 | 97.3 | 985
30 9.0 29.08 | 8.88 | 96.9 | 98.6
4.0 2.5 3.80 | 253 | 95.0 | 101.3
8.0 2.5 7.83 | 248 | 97.8 | 99.1
12 2.5 12.05 | 2.57 | 100.4 | 102.8
16 2.5 16.25 | 2,50 | 101.6 | 100.1
20 2.5 20.31 | 2.47 | 1015 | 98.9
24 2.5 2417 | 2,51 | 100.7 | 100.3
28 2.5 28.07 | 2.54 | 100.2 | 101.7
32 2.5 31.70 | 254 | 99.1 | 101.6
Mean | 100.6 | 100.9

SD |093 |1.41

RSD | 0.93 | 1.39

SD= Standard deviation; RSD = Relative standard deviation
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To appraise the accuracy and precision of the HAAR-CWT-RS method, precision and accuracy
survey were applied daily at three dissimilar concentrations (4, 16 and 30 ug ml? for IR -2, 5 and 8 ug
ml* for HC) during the calibration of the HAAR-CWT-RS method. Thus, 6 dissimilar solutions were
used and the prepared solutions were used for intra-day and inter-day studies. The results can be seen in
Table 3.

Table 3. Intra-day and inter-day outcome by the HAAR-CWT-RS method

Intra-day Results
Added Found SD RSD RE Recovery
(ng mL*) (ng mL™) (%)
4 3.91 007 | 1.69 2.27 97.7
IR 16 15.88 015 | 094 0.74 99.3
30 29.69 039 | 1.32 102 100.1
2 1.97 004 | 1.8 158 98.4
HC 5 4.92 009 | 178 157 98.4
8 7.98 007 | 082 0.21 99.8
Inter-day Results
4 3.96 005 | 1.31 -1.02 99.0
IR 16 15.82 013 | 084 113 98.9
30 29.30 013 | 045 2.33 97.7
2 1.99 003 | 126 0.61 99.4
HC 5 4.90 009 | 1.92 2.01 98.0
8 7.93 007 | 084 -0.88 99.1

RE = Percent relative error

Before the HAAR-CWT-RS method was implemented to the commercial tablet preparation, a
standard addition technique was used to test the interference effects of tablet excipients on IR and HC.
The results can be seen in Table 4.

Recovery and other calculations for IR and HC were performed by subtracting the quantity of IR
and HC from the tablets. These surveys were performed with five replicas at three dissimilar

concentration grades.



J. Fac. Pharm. Ankara, 45(3): 535-544, 2021 Ustiindag and Ding 541

Tablet Analysis

The outcomes gathered by applying the proposed technique to the IR-HC commercial preparation
solutions are shown in Table 5. Accomplished results have been gathered for the quantification of tablets
containing IR and HC. In the determination of tablets, no interference with the tablet excipients in the
determination of the concerned compounds was monitored when the HAAR-CWT-RS method was

applied to commercially available tablets.

Table 4. Standard addition outcome by the HAAR-CWT-RS method

IR HC
Added (ug mL™)
4 8 12 2 4 8
No. Found (ung mL™?)
1 3.97 8.06 12.21 2.03 4.13 8.05
2 4.02 8.27 12.40 2.05 4.13 7.99
3 4.03 8.05 12.51 2.06 4.14 8.01
4 3.95 8.13 12.35 2.09 4.07 8.02
5 4.08 8.23 12.37 2.07 4.10 7.99
Recovery (%)
No. IR HC
1 99.3 100.8 101.7 101.6 103.3 100.6
2 100.4 103.3 103.4 102.3 103.1 99.8
3 100.7 100.6 104.2 103.1 103.4 100.1
4 98.7 101.6 103.0 104.7 101.7 100.2
5 102.0 102.9 103.1 103.7 102.6 99.9
Mean 100.2 101.9 103.1 103.1 102.8 100.1
SD 1.29 1.23 0.90 1.22 0.70 0.29
RSD 1.29 1.21 0.87 1.18 0.68 0.29
RE 0.24 1.85 3.06 3.08 2.82 0.13

RE = Percent relative error
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To summarize the study briefly, the HAAR-CWT-RS method we have developed has been
successfully applied to the spectral analysis of artificial mixtures and tablet formulations containing IR
and HC. This method we have developed can be applied without requiring any pre-separation in cases
where the spectra overlap each other in the same spectral region as in this study (see Figure 1). It was
performed with analytical validation parameters to indicate the validity and applicability of the method.
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ORIGINAL ARTICLE / OZGUN MAKALE

VALIDATION STUDY OF A SPECTROPHOTOMETRIC BINARY
MIXTURE ANALYSIS

BIR SPEKTROFOTOMETRIK IKILI KARISIM ANALIZININ DOGRULAMA CALISMASI

Ozgiir USTUNDAG"" (), Erdal DINC?

1 Ankara University, Faculty of Pharmacy, Department of Analytical Chemistry, 06560, Ankara,
Turkey

ABSTRACT

Objective: A rapid spectrophotometric analysis by applying a signal processing method was validated
by intra-day and inter-day experiments, standard addition technique, recovery study and analysis of variance
(ANOVA). For this purpose, a binary pharmaceutical formulation was evaluated consisting of candesartan
cilexetil (CC) and hydrochlorothiazide (HT).

Material and Method: The absorption spectra of mixtures and tablet solutions in the spectral range
200-305 nm were measured by a Shimadzu UV-1601 dual-beam UV-VIS spectrophotometer with a constant gap
width (2 nm).

Result and Discussion: Intra-day and inter-day experiments, standard addition technique, recovery
study and analysis of variance (ANOVA) studies were carried out by using artificial mixtures were prepared
for this purpose. These studies have shown that the validity and applicability of the method is good.

Keywords: Binary mixture, quantitative determination, signal processing, validation

oz

Amag: Bir sinyal isleme yontemi uygulanarak hizli bir spektrofotometrik analiz, giin i¢i ve giinler arasi
deneyler, standart ekleme teknigi, geri kazanim ¢alismasi ve varyans analizi (ANOVA) ile dogrulanmistir. Bu
amagla, kandesartan sileksetil (CC) ve hidroklorotiyazidden (HT) olusan ikili bir farmasotik formiilasyon
degerlendirildi.

Gerec ve Yontem: 200-305 nm spektral araligindaki karigimlarin ve tablet ¢ézeltilerinin absorpsiyon
spektrumlari, sabit bir bosluk genisligine (2 nm) sahip bir Shimadzu UV-1601 ¢ift isinlt UV-VIS
spektrofotometresi ile dl¢giilmiistiir.

Sonuc ve Tartisma: Giin i¢i ve giinler aras: deneyler, standart ekleme teknigi, geri kazanim ¢alismasi
ve varyans analizi (ANOVA) ¢alismalar: yapilmis ve bu amagla yapay karisimlar hazirlanmistir. Bu ¢alismalar
yéntemin gegerliliginin ve uygulanabilirliginin iyi oldugunu géstermigtir.

Anahtar kelimeler: /kili karisim, kantitatif tayin, sinyal igleme, validasyon
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INTRODUCTION

Modern analytical methods are important for in clinical, biomedical, pharmaceutical analysis,
industrial manufacturing quality control, environmental monitoring and forensic medicine. To this end,
analytical chemists seek to meet the needs of better chemical measurements or to evolve more efficient
procedures and increase the reliability of existing analytical methods to achieve the desired analytical
results in many disciplines and the aforementioned fields. [1-3].

Analytical methods such as spectrophotometry [4], mass-spectrometry [5], chromatography [6]
and electrophoresis [7], electrochemistry [8] and their joint devices have been used for analytical
purposes. Mainly, LC and CE methods have been used in conjunction with different spectroscopic
systems (separate techniques, namely LC-MS and CE-MS) to obtain more chemical data and reduce the
complication of multicomponent substance analysis. Furthermore, these combined unit methods involve
high costs and time for analysis [9-11]. Herewith the disadvantages of the mentioned separation
techniques or combination analyzers, analytical chemists opt to use spectroscopic methods (rather than
separation techniques) to enable rapid analysis at low cost when success is possible. In particular,
derived spectrophotometry and its modified versions have been widely used for rapid quantitative
separation of multicomponent mixtures without separation steps. In any case, these spectral methods
cannot lead to good analysis because of strongly overlapping composite spectra, noise peaks at the main
peaks, fundamental problems, reduced signal intensity and deterioration of the ratio of signal/noise (S/N)
for higher orders [12]. Current progresses in signal processing methods have given us more opportunities
to find prefable solutions for complex analytical problems [13, 14]. One of the latest introductions is the
derived spectrophotometry (DS) application for spectral assay of components in preparations [15].
Several analytical methods for the analysis of CC and HT have been reported in pharmaceutical and
biological studies, including derived spectrophotometric methods [16-19] and high performance liquid
chromatography methods [20-22].

MATERIAL AND METHOD

The absorption spectra of mixtures and tablet solutions in the spectral range 200-305 nm were
measured by a Shimadzu UV-1601 dual-beam UV-VIS spectrophotometer with a constant gap width (2
nm). When applying the methods, Microsoft EXCEL and Wavelet Toolbox in Matlab 7.0 software were

applied for calculations.
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Commercial Tablet Product
A pharmaceutical tablet (ATACAND PLUS® Tablet, AstraZeneca Pharm. Ind., Istanbul, Turkey)
including 16 mg CC and 12.5 mg HT per tablet was gathered from the Turkish market. CC and HT pure

compounds were given away by National Pharm. Ind. Company, Turkey.

Standard Solutions

Standard CC and HT stock solutions were arranged respectively by dissolving 25 mg of each drug
in 100 mL of methanol. A calibration range between 2.0-20.0 pg ml?* for CC and HT in the above
solvent was prepared for spectrum analysis from standard stock solutions for each active ingredient. For
the standard addition method, sample solutions were arranged by adding the stock solution of each
component to the tablets with three different collection rates for the six replicas to appraise the effect of
the excipients in the analysis. Moreover, six synthetic sample solutions were prepared in three different

sampling stages for analysis during the day and between days.

Sample Solutions Preparation

For testing tablets; twenty tablets of CC and HT were weighed and crushed to a fine powder.
Transfer an equal amount of powder to a 100 ml volumetric flask and solved with methanol. The
contents of the flask were mechanically stirred for 30 minutes. After filtration, the supernatant was

diluted with methanol to an ultimate concentration. This sample preparation was repeated ten times.

RESULT AND DISCUSSION

The purpose of this work is to validate a rapid derivative spectrophotometric method (DS) for the
simultaneous assay of CC and HT in mixtures and preparations. The CC and HT standards and the UV

spectra of the tablet solution were measured between 200 and 305 nm as can be seen in Figure 1.

First-Derivative Spectrophotometry (DS)

In the application of this method, the first derivative spectra were obtained by using a AA=10 nm
interval to calculate the derivative data of the original spectra of samples (Figure 2). The calibration
graph, which was obtained by measuring the dA/dA values at 263.4 nm for CC and 249.6 nm for HT
were used for the analysis. Regression equation, correlation coefficient and their statistical data were
shown in Table 1. The calibration equation of the DS method was validated by using the quantitative
assay of artificial mixtures. Recovery results and with relative standard deviation were shown in Table
2. The DS was applied to strongly overlapping spectra in the wavelength range 200.0 to 305.0 nm and
the resulting spectrum is also shown in Figure 2.

The outcome of the regression analysis obtained are shown in Table 1. The amounts of CC and
HT in the samples were computed using the calibration equations obtained from the linear regression

analysis in Table 1.
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Figure 2. DS of CC (---) (2.0-20.0 ug mL™*) and HT (—) (2.0-20.0 ug mL?) in methanol (AA=10 nm)

Table 1. Statistical outcome for the DS method

Method DS
Parameter CcC HT
A (nm) 264.3 249.6
m -0.0081 0.0249
n -0.0121 0.0024
r 0.9989 0.9999
SE(m) 1.56x10-4 1.22x10-3
SE(n) 2.93x10-4 9.82x10-5
SE(r) 2.83x10-3 1.78x10-3
LOD (ug ml?) 0.34 0.46
LOQ (ug ml?) 1.15 1.55

Validation of the Proposed Methods
A validation kit consisting of 16 artificial solutions of dissimilar concentrations in methanol in a

working range of 2.0-20.0 ug ml* for CC and HT was produced. This validation set tested the accuracy
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and precision of the DS method. The results gathered by performing the DS method to artificial mixtures
prepared as a verification set are shown in Table 2.

Table 2. Recovery outcome calculated by using artificial mixtures

DS
Found Recovery
(pg mL™) (%)

CC HT CC HT
1.91 6.25 95.3 104.1
3.87 6.26 96.7 104.3
5.68 6.35 94.7 105.8
7.45 6.26 93.1 104.3
9.84 6.20 98.4 103.3
12.10 6.15 100.8 102.4
13.99 6.19 100.0 103.2
15.84 6.06 99.0 101.0
17.70 5.99 98.3 99.8
19.64 6.04 98.2 100.7
7.75 2.00 96.9 100.1
8.39 4.14 104.9 103.5
7.62 6.19 95.3 103.1
7.73 8.40 96.6 105.1
7.55 10.40 94.4 104.0
7.64 12.45 95.4 103.8

Mean 97.1 103.1

SD 2.70 1.58

RSD 2.78 1.53

To appraise the accuracy and precision of the DS method, precision and accuracy survey were
applied daily at three dissimilar concentrations (2.0, 8.0 and 16.0 pg ml* for CC, HT) during the
calibration of the DS method. Thus, 6 dissimilar solutions were used and the prepared solutions were
used for intra-day and inter-day studies. The results can be seen in Table 3.

Before the DS method was implemented to the commercial tablet preparation, a standard addition
technique was used to test the interference effects of tablet excipients on CC and HT. The results can be
seen in Table 4.

Recovery and other calculations for CC and HT were performed by subtracting the quantity of
CC and HT from the tablets. These surves were performed with five replicas at three dissimilar

concentration grades.

Variance Analysis (ANOVA)

For comparison purposes, ANOVA test was performed for the results obtained from 6 different
samples for each concentration in order to statistically evaluate the accuracy and precision of the analysis
results obtained intra-day and inter-day with the DS method. It was determined that (with % 95 of

confidential limit) there was no significant difference between the analysis results obtained (Table 5).
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Table 3. Intra-day and inter-day outcome by the DS method

Intra-day Results
Added Found SD RSD RE Recovery (%)
(ng mL™) (ng mL*)
cC 2 1.97 0.05 2.60 -1.06 98.3
8 7.80 0.19 2.48 -1.01 97.5
16 15.87 0.13 0.81 -0.33 99.2
HT 2 2.04 0.04 1.77 0.72 101.9
8 8.10 0.17 2.15 0.88 101.3
16 16.02 0.14 0.85 0.35 100.1
Inter-day Results
cC 2 1.98 0.04 1.87 -0.76 98.8
8 7.76 0.17 2.18 -0.89 97.0
16 15.85 0.19 1.22 -0.50 99.0
HT 2 2.04 0.06 2.89 1.18 101.9
8.19 0.23 2.80 1.14 102.3
16 16.03 0.16 0.97 0.40 100.2

Table 4. Standard addition outcome by the DS method

cC | HT
Added (ug mL™)
3 | 7 | 12 3 | 6 | 10
No. Found (ng mL?)
1 2.95 7.07 12.38 3.10 6.01 10.22
2 2.93 6.83 12.34 2.99 6.24 10.20
3 2.89 7.33 12.40 2.88 6.00 9.87
4 2.99 7.08 12.36 3.00 6.20 10.46
5 2.89 6.92 12.31 2.98 5.89 10.20
Recovery (%)
No. CC HT
1 98.4 101.1 103.1 103.4 100.2 102.2
2 97.8 97.6 102.8 99.7 103.9 102.0
3 96.4 104.8 103.3 96.0 100.0 98.7
4 99.8 101.1 103.0 100.1 103.3 104.6
5 96.5 98.9 102.6 99.3 98.1 102.0
Mean 97.8 100.7 103.0 99.7 101.1 101.9
SD 1.42 2.73 0.28 2.62 2.42 211
RSD 1.45 2.71 0.27 2.63 2.40 2.07
RE -2.23 0.68 2.99 -0.29 1.12 1.91

Tablet Analysis

The outcomes gathered by applying the proposed technique to the CC-HT commercial preparation
solutions are shown in Table 6. Accomplished results have been gathered for the quantitative
determination of tablets containing CC and HT. In the determination of tablets, no interference with the
tablet excipients in the determination of the concerned compounds was monitored when the DS method

was applied to commercially available tablets.
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In a brief conclusion, a rapid approach, DS, was applied to the simultaneous spectral
quantification of CC and HT in their artificial mixtures and tablets. It was performed with analytical
validation parameters to indicate the validity and applicability of the method.

Table 5. Results of ANOVA test

Compound Source of SS df MS F- P-value F-crit
p Variation calculated
Between 36.86 5 7.37 1.10 0.38 2.53
o groups
o Within 200.45 30 6.68
groups
Total 237.31 35
Between 26.48 5 5.30 1.20 0.33 2.53
- groups
T Within 132.71 30 4.42
groups
Total 159.20 35

Table 6. Tablet assay by the DS method

Method DS
CC (mg) HT (mg)
Mean 15.80 12.76
SD 0.13 0.22
RSD 0.82 1.71
SE 0.04 0.07
CL 0.08 0.14

16.0 mg of CC and 12.5mg of HT per tablet
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ABSTRACT

Obijective: Plants are known to have many biological activities. In this study, the antioxidant, oxidant,
antimicrobial and antiproliferative activities of Galium aparine L. were investigated.

Material and Method: The antioxidant and oxidant potentials of the plant, the aerial parts of which
were extracted with ethanol in a Soxhlet device, were measured using Rel assay kits. Antimicrobial activity
against bacteria and fungi was determined using the agar dilution method. Lung carcinoma cell line (A549)
was used to determine the antiproliferative activity.

Result and Discussion: As a result of the studies, total antioxidant status (TAS) value of plant extracts
was determined as 5.147 + 0.237, total oxidant status (TOS) value as 18.679 + 0.245 and oxidative Stress
index (OSI) value as 0.346 + 0.018. Plant extracts were found to be effective against test microorganisms at
concentrations of 50-200 ug/mL. In addition, it was determined that the antiproliferative activity of the plant
extract showed potent effects depending on the increase in the extract concentration. Finally, it was
determined that Galium aparine has high biological activity and can be used as a natural pharmacological
agent in this context.
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Amag: Bitkilerin bir¢ok biyolojik aktiviteye sahip oldugu bilinmektedir. Bu ¢alismada Galium aparine
L.'nin antioksidan, oksidan, antimikrobiyal ve antiproliferatif aktiviteleri arastirildi.

Gere¢c ve Yontem: Toprak iistii kisimlart Soxhlet cihazinda etanol ile ekstrakte edilen bitkinin
antioksidan ve oksidan potansiyelleri Rel test kitleri kullanilarak 6lciildii. Bakteri ve mantarlara karsi
antimikrobiyal aktivite, agar seyreltme yontemi kullanilarak belirlendi. Antiproliferatif aktiviteyi belirlemek
icin Lung Carcinoma Cell Line (A549) kullanildi.

Sonug ve Tartisma: Calismalar sonucunda bitki ekstraktlarinin toplam antioksidan seviyesi (TAS) degeri
5.147 = 0.237, toplam oksidan seviyesi (TOS) degeri 18.679 + 0.245 ve oksidatif stres indeksi (OSI) degeri
0.346 £ 0.018 olarak belirlenmistir. Bitki ekstraktlarinin 50-200 ug/mL konsantrasyonlarinda test
mikroorganizmalarina karst etkili oldugu bulundu. Ayrica bitki ekstraktimin antiproliferatif aktivitesinin
ekstrakt konsantrasyonundaki artisa bagl olarak gii¢lii etkiler gosterdigi belirlendi. Sonug¢ olarak Galium
aparinin yiiksek biyolojik aktiviteye sahip oldugu ve bu baglamda dogal bir farmakolojik ajan olarak
kullanilabilecegi belirlendi.

Anahtar Kelimeler: Galium aparine, tibbi bitkiler, antioksidan, antiproliferatif

INTRODUCTION

The use of herbs in alternative medicine for different purposes goes back to ancient times. Plants
are natural resources that contain compounds that have many different biological effects. These
compounds have been found to have many different effects such as antibacterial, antiviral, antioxidant,
antimutagenic, anticarcinogenic, antidepressant and anti tumor. Therefore, it has been stated that those
who regularly consume herbs suffer less from cancer and cardiological disorders [1, 2].

Galium aparine L.(Rubiaceae), which is common in temperate regions, is a climbing plant native
to Asia, Europe, and North America [3]. G. aparine, which draws attention with its detrimental effect
on potential yield, is an undesirable plant species in cereal, rapeseed and sugar beet fields [4]. However,
it has traditionally been used in numerous medical applications for a variety of health conditions. All
plant parts (stem, leaves, flowers and seeds) have been used in fever and urinary tract infections, eczema
or skin diseases, ulcers, chronic wounds. It has also been used to reduce swelling, infection, and
inflammation, increase lymphatic flow, and stop bleeding [5]. It is also used as a local tea by boiling the
herb. According to some reports, the active ingredients of G. aparine are flavonoids, polyphenolic acids,
tannins, anthraquinones, iridoids, alkanes, fatty acids, aromatic compounds, chlorophylls, carotenoids,
iridoids, sesquiterpenoids, squalene, polyphenol, phytosterols and vitamin C. These active ingredients
contribute to the intake of natural antioxidants [6-12]. Researchers reported that G. aparine was used in
the treatment of cancer, fever, leukemia, jaundice, lymph swelling, tonsillitis, wounds, scurvy and
hypertension [13]. Also, roasted seeds of G. aparine were used as a coffee substitute in Sweden [4].
Roasted young shoots are eaten [14] and used to coagulate milk in Turkey, being known as “yogurt
herb” [7,8]. Although it has a long history in phytotherapy and is used as a diuretic by modern herbalists,
there are few pharmacological studies to support this efficacy.

Oxidation provides energy to the organism for vital activities. There is a balance between the
amount of free radicals produced in the organism and the antiradicals that protect and remove the body

from their harmful effects [15]. Free radicals, including hydrogen peroxide, superoxide anions and
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hydroxyl radicals, play an important role in oxidative damage at the cellular level. Studies show that
biochemical changes induced by reactive oxygen species (ROS) are determinants of various diseases
such as diabetes mellitus, atherosclerosis, cancer, arthritis, inflammation and neurodegeneration [16].
The human body has developed many mechanisms, both enzymatic and non-enzymatic, to inactivate
ROS, but these may not be sufficient to struggle severe oxidative stress conditions. Many studies have
been carried out to prevent oxidative stress diseases. The most studied subjects in the fight against
oxidative stress are to reduce the effect of oxidative stress on the body by providing more natural
antioxidants that can be obtained by increasing the use of vegetables and fruits. Natural antioxidants are
safe and also exhibit biological and pharmacological activities. Therefore, extensive studies have been
carried out recently to identify herbs with antiradical ability that humans can consume [17].

Plants such as medicinal, aromatic and spice plants contain a wide variety of free radical
scavenging molecules with antioxidant properties. For this reason, medicinal and aromatic plants have
been evaluated as an alternative treatment method in recent years and studies in this field have been
increasing. Most of the herbal extracts have antioxidant properties that prevent oxidative stress. Natural
antioxidants that increase the power of antioxidants in plasma reduce the incidence of certain diseases
such as heart disease, cancer and stroke. The aim of our study is to determine the antioxidant,

antimicrobial and antiproliferative activities of Galium aparine L. plant collected in Gaziantep, Turkey.

MATERIAL AND METHOD

Plant Material and Extraction

The plant samples of G. aparine were collected in Gaziantep province. After aerial parts were
reduced to powder. 30 gr of dry samples were weighed and extracted with EtOH at 50 °C for
approximately 6 hours (Gerhardt EV 14). The extracts obtained are concentrated with a rotary

evaporator (Heidolph Laborota 4000 Rotary Evaporator).

Antioxidant, Oxidant and Oxidative Stress Index Tests

The total antioxidant status (TAS), total oxidant status (TOS) and oxidative stress index (OSI) of
the plant extracts we used in our study were determined using Rel Assay Kits (Rel Assay Kit
Diagnostics, Turkey). TAS value was expressed as mmol Trolox equiv./L and Trolox was used as the
calibrator [18]. The TOS value was expressed as pumol H>O; equiv./L and hydrogen peroxide was used
as the calibrator [19]. The OSI (Arbitrary Unit) was calculated with the formula below [20].

TOS (umol H20; equiv./L)

OSI (AU) =
TAS (mmolTrolox equiv./L) X 10
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Antimicrobial Activity

The most recognized standards are provided by the Clinical and Laboratory Standards Institute
(CLSI) and the European Committee on Antimicrobial Susceptibility Testing (EUCAST). Antimicrobial
activity tests of plant EtOH extracts were performed using the agar dilution method recommended by
CLSI and EUCAST. The minimum inhibitory concentrations (MIC) of the extract against standard
bacterial and fungal strains were determined. The following microorganisms were used for this purpose:
Staphylococcus aureus ATCC 29213, Staphylococcus aureus (MRSA) ATCC 43300, Enterococcus
faecalis ATCC 29212, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853 and
Acinetobacter baumannii ATCC 19606 were used as gram-negative bacteria. Furthermore, Candida
albicans ATCC 10231, C. krusei ATCC 34135 and C. glabrata ATCC 90030 were used as fungi and
were obtained from the American culture collection. Bacteria strains were pre-cultured in Muller Hinton
Broth medium and fungal strains were pre-cultured in RPMI 1640 Broth medium. To obtain standard
inoculum, the turbidity of the bacteria and fungi was set based on the McFarland 0.5 scale. All extracts
were tested at 800-12.5 pg/mL concentrations and distilled water was used in all dilutions. Solvents used
in the extracts were individually tested for antimicrobial activity. Amphotericin B and Fluconazole were
used as reference drugs against fungi. Amikacin, Ampicillin and Ciprofloxacin were used as reference
drugs for bacteria. The lowest concentration that inhibits the growth of fungi and bacteria was

determined as the minimum inhibitory concentration (MIC) [21-26].

Determination of Antiproliferative Effects

The MTT assay (3-[4,5-dimethylthiazol-2-yl] -2,5-diphenyl-tetrazolium bromide) was conducted
on the Lung Carcinoma Cell Line (A549) of the EtOH extract obtained from plant samples to determine
cell viability. Cells were separated with 3.0 mL Trypsin-EDTA solution (Sigma-Aldrich, MO, USA)
after 70-80% coalescence. The product was cultured in plates after separation and incubated for 24
hours. Then the extracts were diluted at different concentrations (25, 50, 100, 200 pg/mL) and the cells
were incubated for 24 hours. Controls were administered in growth medium not supplemented with fetal
calf serum (FCS). After 48 hours of incubation, the supernatants were dissolved in growth medium and
replaced with 1 mg/mL MTT (Sigma) and incubated at 37°C until purple precipitate formed. The
extracted supernatants were then solubilized by adding dimethyl sulfoxide (DMSO) to MTT (Sigma-
Aldrich, MO, USA) absorbed by the cells. Plates were then read at 570 nm with an Epoch
spectrophotometer (BioTek Instruments, Winooska, VT) [27].

RESULT AND DISCUSSION

Antioxidant and Oxidant Status
In recent years, there has been an increasing interest among researchers towards antimicrobial
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compounds and antioxidants that are natural and safe to use. Numerous herbs and spices are described
as sources of antioxidants and antimicrobial substances. In recent studies, it has been reported that
polyphenols in diet and herbal products prevent oxidative stress. The preventive ingredients of these
foods are especially anthocyanins, polyphenols and flavonoids. An antioxidant compound is a substance
that at low concentrations delays or prevents oxidation of a substrate. Living organisms produce reactive
oxygen species as a result of environmental influences and metabolic activities. ROS produced at high
levels can be harmful to living organisms. Antioxidant compounds suppress the negative effects of ROS.
Oxidative stress occurs when antioxidant compounds are insufficient. Parkinson's, Alzheimer's, cancer
or cardiological disorders occur in humans as a result of oxidative stress. Complementary antioxidants
can be used to reduce the effects of oxidative stress [28- 30]. In this study, the antioxidant and oxidant

potential of G. aparine was determined. The findings obtained are shown in Table 1.

Table 1. TAS, TOS and OSI Values of Galium aparine

TAS (mmol/L) TOS (umol/L) osl
G. aparine 5.147+0.237 18.679+0.245 0.346+0.018

* Values are presented as mean+S.D.

TAS, TOS and OSlI values of G. aparine were determined for the first time in this study. In studies
conducted on different plant species, the TAS value of Rhus coriaria var. zebaria was reported as 7.342,
TOS value 5.170 and OSI value 0.071 [31]. TAS value of Mentha longifolia subsp. longifolia was
reported as 3.628, TOS value as 4.046 and OSI value as 0.112[32]. The TAS value of Calendula
officinalis was reported as 5.55 [33]. The TAS value of Allium calocephalum has been reported as 5.853,
the TOS value as 16.288 and the OSI value as 0.278 [34]. TAS value of Scorzonera papposa has been
reported as 5.314, TOS value as 24.199 and OSI value as 0.456 [35]. The TAS value of Ferulago
platycarpa was reported to be 5.688, TOS value 15.552 and OSI value 0.273 [36]. TAS value of
Thymbra spicata was 8.399, TOS value was 6.530 and OSI value was 0.078 [37]. TAS value of Gundelia
tournefortii was reported as 6.831, TOS value as 3.712 and OSI value as 0.054 [38]. The TAS value of
Rumex crispus was reported as 6.758, TOS value as 5.802 and OSI value as 0.086 [39]. Compared to
these studies, the TAS value of G. aparine was higher than Mentha longifolia subsp. longifolia, and
lower than Rhus coriaria var. zebaria, Calendula officinalis, Allium calocephalum, Scorzonera
papposa, Ferulago platycarpa, Thymbra spicata, Gundelia tournefortii and Rumex crispus. TAS value
shows the whole of antioxidant effective compounds produced in the body of the organism. In this
context, the higher TAS value, the higher antioxidant property of the plant. As a result, it was determined
that G. aparine has significant antioxidant activity.

TOS value shows the whole of oxidant compounds produced as a result of environmental effects

and metabolic activities in living organisms. As the TOS value increases, the oxidative stress of the plant
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increases. OSI value shows how much oxidant compounds produced by environmental effects in living
organisms are suppressed by endogenous antioxidants. As the OSI value increases, plant oxidant
compounds are insufficient to suppress and oxidative stress occurs.

The TOS and OSI values of G. aparine were higher than Rhuscoriaria var. zebaria,
Menthalongifolia subsp. longifolia, Allium calocephalum, Ferulago platycarpa, Thymbra spicata,
Gundelia tournefortii and Rumex crispus, and lower than Scorzoner apapposa. In this context, it is seen
that G. aparine is at high levels in terms of oxidant compound. In addition, it was determined that the
oxidative stress levels of G. aparine were at normal levels.

In previous studies, the antioxidant activities of methanol extract of G. aparine and its n-hexane,
ethyl acetate, butanol and aqueous extracts were examined in vitro. Studies revealed that all fractions
exhibited remarkable antioxidant activity, but clearly demonstrated that the aqueous fraction of G.
aparine strongly scavenged DPPH, ABTS, hydroxyl, hydrogen peroxide and superoxide radicals [6, 8].
In our study, it was determined that EtOH extract of G. aparine has antioxidant activity using Rel Assay

kits. As a result, it was determined that G. aparine has significant antioxidant activity.

Antimicrobial Activity

Living organisms interact with many microorganisms depending on their environmental
conditions. In their natural environment, they provide resistance against microorganisms with the
secondary metabolites they produce as a result of this interaction. In this context, these natural products
can be used by humans as an antimicrobial source. In our study, the effects of G. aparine against standard

bacteria and fungi were investigated. The results obtained are shown in Table 2.

Table 2. Antimicrobial Activity of G. aparine

A B C D E F G H J
G.aparine 100 | 100 | 200 | 100 | 200 | 100 | 50 50 50

The MIC values are presented in units of ug/mL

A: S. aureus, B: S. aureus MRSA, C: E. faecalis, D: E. coli, E: P. aeruginosa, F: A. baumannii, G: C. albicans, H: C. glabrata,

I: C. krusei

*200, 100, 50 and 25 pg/mL extract concentrations

In previous studies, it was reported that hydromethanolic extract of Galium aparine has
antimicrobial activity against Enterobacter cloacae, Escherichia coli, Listeria monocytogenes,
Micrococcus flavus, Salmonella enteritidis, Salmonella typhimurium, Staphylococcus aureus,
Aspergillus versicolor, Aspergillus ochraceus, A. niger, Candida krusei, Penicillium funiculosum, P.
ochrochloron and P. verrucosum var. cyclopium [40].

It has been reported that analysis of ethanol and chloroform extracts of Galium verum L., Galium
salicifolium Klokov, Galium dasypodum Klokov, Galium aparine L, Galium carpaticum Klokov and
Galium pseudomollugo Klokov are effective at different concentrations against Escherichia coli,

Bacillus subtilis, Proteus vulgaris, Pseudomonas aeruginosa, Staphylococcus aureus and Candida
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albicans [41]. It has been reported that chloroform, methanol and hexane extracts of Galium mexicanum
have antimicrobial activity against Bacillus subtilis, Staphylococcus aureus, Staphylococcus aureus
MRSA, Streptococcus pyogenes, Candida albicans, Cryptococcus neoformans and Trichophyton
rubrum [42]. In our study, it was determined that EtOH extract of Galium aparine was effective against
S. aureus, S. aureus MRSA, E. coli and A. baumannii at concentrations of 100 pg/mL, E. faecalis and
P. aeruginosa at 200 ug/mL, C. albicans, C. glabrata and C. krusei at 50 ug/mL. The result of the study
showed that Galium aparine EtOH extract is more effective against fungal strains. Finally, it was
determined that plant extracts can be an important natural resource in preventing the growth of

microorganisms.

Antiproliferative activity

In parallel with the history of humanity, plants have been used by all cultures due to their health-
supporting and disease-curing properties. It is estimated that approximately 80-85% of the human
population trust on traditional medicine. A large part of traditional treatment goes through the use of
herbal extracts. Many studies have reported that plants have anticancer properties. In addition, it has
been reported that plants have achieved very important results especially in supportive treatments
applied in cancer treatment. In our study, the effects of EtOH extract of G. aparine on lung carcinoma

cell line (A549) were investigated. The findings obtained are shown in Figure 1.
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Figure 2. Antiproliferative activity of Galium aparine
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In our study, it was determined that EtOH extracts of G. aparineexhibited strong cytotoxic effects
on the A549 cell line depending on the dose increase. In previous studies, it was reported that methanol
and ethyl acetate extracts of G. aparine were effective against Human breast cancer cells and Human
colon cancer cells [10]. In a different study, G. aparine's MeOH extract was reported to have a cytotoxic
effect against breast cancer cell lines MCF-7 and MDA-MB-23 [43]. In this study, A549 cell line was
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used and it was determined that it has strong cytotoxic effects. As a result, it was determined that G.
aparine can be used as an anticarcinogenic.

In conlusion, medicinal plants are used in the treatment of many diseases. The biological activities
of the Galium aparine plant were determined in our study. As a result of the studies, it was determined
that the plant extract has an important antioxidant potential. In addition, it was found that it has
antimicrobial activity against microorganisms and especially high antifungal activity. In addition, it was
determined that the plant exhibited significant anticancer effect against lung carcinoma cell line. As a
result, it was determined that the plant has a high biological activity and can be used as a natural agent

in pharmacological studies.
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MOLECULAR DOCKING STUDIES ON SOME 4,5-DIHYDRO-1H-
PYRAZOLE DERIVATIVES AS CYCLOOXYGENASE INHIBITORS

SIKLOOKSLJIENAZ INHIBITORLERI OLARAK BAZI 4,5-DIHIDRO-1H-PIRAZOL
TUREVLERI UZERINDE MOLEKULER DOKING CALISMALARI
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Suleyman Demirel University, Faculty of Pharmacy, Department of Pharmaceutical Chemistry, 32000,

Isparta, Turkey

ABSTRACT

Objective: To examine the interactions of some 4,5-dihydro-1H-pyrazole derivatives, which are thought
to have antiinflammatory effects, with cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2) enzymes,
docking studies were carried out on these enzymes.

Material and Method: COX-1 enzyme (3KK6) and COX-2 enzyme (3LN1) were selected from the
protein data bank for docking studies. The ligand and protein constructs were prepared using Autodock 1.5.6.
AutoDock Vina was used to determining the binding affinity, and Discovery Studio 3.5 was utilised to analyse
and display the docking results.

Result and Discussion: As a result of the docking process on COX-1 and COX-2 enzymes, 4,5-Dihydro-
1H-pyrazole derivatives were observed to interact with both enzymes. The 4,5-dihydro-1H-pyrazole ring was
found to be important in its interactions with the COX-2 enzyme. The inclusion of a bulky group in the
construct did not cause any problems in interaction with the COX-1 enzyme but eliminated some interactions
with the COX-2 enzyme. To better elucidate the inhibition properties of enzymes, this study should be
supported by in vitro and in vivo COX inhibition tests.

Keywords: Cyclooxygenase-1, cyclooxygenase-2, 4,5-dihydro-1H-pyrazole, inflammation, molecular
docking

oz

Amac: Antiinflamatuvar etkileri oldugu diistiniilen bazi 4,5-dihidro-1H-pirazol tiirevierinin siklooksijenaz
1(COX-1) ve siklooksijenaz 2 (COX-2) enzimleri ile etkilesimlerini incelemek amaciyla bu enzimler tizerinde
docking calismalart yapilmigtir.

Gerec ve Yontem: Doking ¢alismalari igin protein veri bankasindan, COX-1 enzimi igin (3KK6) ve COX-
2 enzimi i¢in (3LN1) se¢ilmistir. Ligand ve proteinin yapilart Autodock 1.5.6 kullanilarak hazirlanmistir.
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Baglanma afinitesini belirlemek icin AutoDock Vina, doking sonu¢larint analiz etmek ve gériintiilemek icin ise
Discovery Studio 3.5 kullamlmigtir.

Sonuc ve Tartisma: COX-1 ve COX-2 enzimleri iizerine yapilan doking islemi sonucunda 4,5-dihidro-
1H-pirazol tiirevlerinin her iki enzimle de etkilesime girdigi goriildii. 4,5-Dihidro-1H-pirazol halkasinin COX-
2 enzimi ile etkilesimde onemli oldugu bulundu. Yapiya hacimli bir grubun dahil edilmesi, COX-1 enzimi ile
etkilesimde herhangi bir soruna neden olmazken, COX-2 enzimi ile bazi etkilesimleri ortadan kaldird:.
Enzimlerin inhibisyon ozelliklerinin daha iyi aydinlatilabilmesi i¢in bu ¢alismanin in vitro ve in vivo COX
inhibisyon testleri ile desteklenmesi gerekmektedir.

Anahtar Kelimeler: Siklooksijenaz 1, siklooksijenaz 2, 4,5-dihidro-1H-pirazol, inflamasyon, molekiiler
doking

INTRODUCTION

Inflammation, which is the body's protective response, occurs after an injury and/or an infection
aims to heal the tissue and can be chronic or acute. Acute inflammation includes a highly coordinated
physiological response, beginning with constructing soluble mediators such as chemokines and
cytokines. Simultaneously, circulation of leukocytes and endothelial cells are provided to the
injured/infected tissue. Nonsteroidal antiinflammatory drugs target the phase of the inflammation by
inhibiting cyclooxygenase (COX) enzymes [1,2].

COX enzymes classified in the myeloperoxidase family are therapeutic targets for nonsteroidal
antiinflammatory drugs (NSAID) [3-5]. All clinically used NSAIDs, except aspirin modify the COX
protein noncovalently. These enzymes, which play a role in the catalysis of prostaglandin biosynthesis,
consist of two basic isozymes, COX-1 and COX-2 [6]. NSAIDs display their activities on both of the
COX isozymes. Since the inhibition of the COX-1 enzyme is responsible for the gastrointestinal and
renal adverse effects of NSAIDs, it was thought that these side effects could be eliminated only by
inhibiting the COX-2 enzyme [2]. When selective inhibition of the COX-2 enzyme appeared to cause
serious cardiovascular problems, a balanced inhibition of both isozymes became important [7,8].

COX-1 and COX-2, which are homodimers of each other and have almost superimposable 3D
structures, contain 3 and 4 high mannose oligosaccharides, respectively [6]. The active site of COX-2,
unlike COX-1, includes a side pocket [9]. COX-2 enzyme has a broader substrate specificity than COX-
1 [6]. These enzymes, most of which are located in the lumenal region of the endoplasmic reticulum,
are bifunctional [9]. Each COX monomer includes three domains: the epidermal growth factor domain,
the membrane-binding domain, and the catalytic domain [6,9]. The catalytic domain, which is the site
of action of nonsteroidal antiinflammatory drugs, has peroxidase and cyclooxygenase active sites
[4,6,9]. Arachidonic acid is oxygenated in the cyclooxygenase active site, while prostaglandin G2
(PGG2) is reduced in the peroxidase active site [9].

The pyrazole ring, a 5-membered ring system containing two nitrogen atoms, and its
monounsaturated derivative, the 4,5-dihydro-1H-pyrazole ring, are in the structure of many nonsteroidal

antiinflammatory drugs (NSAIDs) such as antipyrine, phenazone, metamizole and phenylbutazone [2].
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These ring systems inhibit cyclooxygenase enzymes, particularly the COX-2 enzyme [10-16]. It is
thought that these compounds, whose antidepressant and antimicrobial activities we have previously
published [17-19], may inhibit the COX enzymes because of their similarity to celecoxib (Figure 1),
which is a selective COX-2 inhibitor in terms of chemical structure and also carrying a 4,5-dihydro-1H-
pyrazole ring in their structure. In this study, molecular docking interactions of some 4,5-dihydro-1H-
pyrazole derivatives with COX-1 and COX-2 enzymes were investigated.

Figure 1. Formula of celecoxib

MATERIAL AND METHOD

The X-ray crystallographic structure of COX-1 (PDB: 3KK6) and COX-2 (PDB: 3LN1) were
provided from Protein Data Bank [20]. 3KK®6 is the crystal structure of COX-1 in complex with
celecoxib, while 3LN1 is the construct of celecoxib bound at the COX-2 active site. 3KK6 has two
chains. Chain A was selected. 3LN1 is composed of four symmetric chains and active sites of the protein
present in all chains [21]. Chain A selected, and other chains were deleted.

For preparing the protein and ligands (Tablel) and determining the Grid map, Autodock 1.5.6
[22] was used. Chain A was selected. Then, the water was deleted, and polar hydrogens and Gasteiger
charges were added. A grid map was determined. ChemDraw Ultra 12.0 was utilised to draw the 2D
formula of the compounds. Energy minimisation was applied with Avogadro software [23]. The docking
process was realised with Autodock Vina [24], and visualisation of interactions was made by Discovery
Studio 3.5 [25]. To optimise the docking process, crystal structures of celecoxib (CEL) were compared
with the predicted conformations of docking results. Superimposition of crystallised form and docking

results of CEL was given in Figure 2.

RESULT AND DISCUSSION

Molecular docking interactions of 4,5-dihydro-1H-pyrazole derivatives were elucidated, and it
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was observed that compounds interacted with both the COX-1 and COX-2 enzymes. When 4,5-dihydro-
1H-pyrazole derivatives and celecoxib were docked in the 3KK6 enzyme, various interactions with

Table 1. The formula of ligands tested in molecular docking

Rl
OH N R
RS
R2
’}\N
o—
R (Ring 3)

Compound | R! R? R? R* R® R®
BE1 -H -Br -OCHs | -H -H Pyridine-4-yl
BE2 -H -Cl -OCHs | -H -H Pyridine-4-yl
BE3 -Cl -Cl -OCHs | -H -H Pyridine-4-yl
BE4 -H -Cl -OCHs; | -H -H Phenyl
BE5 -Cl -Cl -H -H - CHs Phenyl
BE6 -H -Br -H -H -OCHzs Phenyl
BE7 -H -Br -OCH; | -H -H Phenyl
BES8 -H -Cl -H -H -benzyloxy Pyridine-4-yl
BE9 -H -Cl -H -OCH; |-H Pyridine-4-yl
BE10 -H -Cl -H -OCH; |-H Furan-2-yl
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Figure 2. Superimposition of crystal form and docking result of celecoxib
A. For 3KK®, B. For 3LN1

HIS386, GLU454, PHE210, THR212, HIS207, ASP450, ASN382, LYS211, VAL291, VAL447,
HIS388, ASP314, ARG307, ARG311, LYS573, GLU260, VAL261, TYR254, LYS251, TYR385,
PR0O218, ARG469, ILE124, ILE137, ILE46, LEU152, PRO125, GLU289, HIS274, LEU294, HIS446
amino acids were determined (Table 2). Binding energies of ligands were found between -7.3 and -9.1
kcal/mol for the COX-1 enzyme (Table 2). Celecoxib, the native ligand, interacted with THR212,
PHE210, HIS446, VAL447, HIS207 and ASN382 amino acids (Figure 3A) with a binding energy of -
7.6 kcal/mol. All compounds except BE6 and BE10 showed lower binding energies than celecoxib.
Compound BES8 exhibited the best binding energy (-9.1 kcal/mol) with COX-1 enzyme and interacted
with TYR385, VAL291, PRO218, HIS386, HIS207, GLU454, HIS388 amino acids through phenyl,
pyridine, methyl and methylene groups of the molecule (Figure 3B). Compounds BE2, BE3 and BE4,
displayed good interactions with the COX-1 enzyme with a binding energy of -8.1 kcal/mol. BE2
interacted with ASN382, HIS386, THR212, HIS207, VAL291, VAL447, PHE210 amino acids through
phenyl, pyridine, chloro, hydroxy and methoxy groups. It made hydrogen bonds with hydroxy and
methoxy groups (Figure 3C). BE3 interacted with ASN382, THR212, LYS211, VAL291, HIS207,
H1S386, HIS388, PHE210 amino acids through phenyl at the 3rd position of 4,5-dihydro-1H-pyrazole
ring, pyridine, chloro and hydroxy groups. BE4 interacted with HIS386, VAL291, HIS207, VAL447,
PHE210, amino acids through phenyl, chloro and methoxy groups. The celecoxib was found to form
two hydrogen bonds with THR212 and PHE210 inside the COX-1 enzyme. All compounds made 1 to
3 hydrogen bond interactions and some other interactions, except BE8, as shown in Table 2.
Compounds made interactions with HIS193, HIS374, PHE196, TYR371, ASN368, VAL277,
VAL433, HIS372, ASN28, GLU27, LYS454, LYS64, LEUG65, LYS459, PHE49, GLN440, LEU284,
VAL281, LEU280, VAL430, ALA436, ARG46, ARG29, LEU60, THR47, TYR108, THR198,
LYS197, LEU394, MET444, GLN189, ILE260, SER457, LEU458 amino acids in the active binding
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site of COX-2 enzyme (Table 3). Binding energies of compounds were found between -7.7 and-9.0
kcal/mol.

Table 2. Binding energy values and interaction properties of celecoxib and 4,5-dihydro-1H-pyrazole
derivatives for the COX-1 enzyme

Compound Binding Conventional | Carbon Alkyl/n- | &- Halogen
energy Hydrogen Hydrogen | Alkyl Interactions
(kcal/mol) | Bond bond
BE1 -1.7 HIS386, THR212?, | LYS211, | HIS207?,
GLU454, HI1S207%, | VAL291 | HIS386
PHE210? ASP450,
ASN3822
BE2 -8.1 ASN382, THR212?, | HIS207%, | PHE210?,
HIS386 HIS386 VAL291, | HIS207?,
VAL447% | HIS386
BE3 -8.1 ASN382 THR2122 | LYS211, | HIS207?,

VAL291, | HIS386,
HI1S2078, | HIS388,
HIS386, PHE210%
HIS388,
BE4 -8.1 HIS386 - VAL291, | HIS2072,
HI1S2078, | HIS386,
VAL447* | PHE210?

BE5 -8.0 ASP314, - ARG311, | GLU260,
ARG307 LYS573, | VAL261,
ARG307 | TYR254
BE6 -7.3 ARG307 - ARG311, | GLU260,
TYR254, | VAL261,
LYS251,
LYS573
BE7 -8.0 HIS386 THR212?, | VAL291, | PHE210?,
ASN382% | VAL447* | HIS2073,
HIS386
BES8 9.1 TYR385 | VAL291, | HIS386,
PRO218 | HIS207?,
GLU454,
HIS388
BE9 -7.8 ARG469 ILE124 ILE137, ARG469
ILE46,
LEU152,
PRO125
BE10 -1.5 GLU289 THR212% | LYS211, | HIS386,

HIS274, PHE210?,
LEU294, | VAL291

VAL291
CELECOXIB | -7.6 THR212?, HI1S446, H1S2072 ASN382?2
PHE210? VALA447?,
HI1S2077,
PHE210?

a. Bold amino acids show the same amino acid interactions with celecoxib
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H.Bonds

Donor

Acceplor B

Figure 3. Molecular interactions of the COX-1 enzyme
A. Docked pose of celecoxib, B. Docked pose of compound BE8, C. Docked pose of compound BE2

The celecoxib was found to form two hydrogen bonds to ARG29 and ARG46, halogen bonds, n and
alkyl interactions (Figure 4A) inside the COX-2 enzyme with a binding energy -8.1 kcal/mol (Table 3).
All compounds except BE1, BE7 and BE10 exhibited lower binding energies than celecoxib. BE5 and
BES had the highest binding affinity for the COX-2 enzyme with -9 and -8.9 kcal/mol binding energies,
respectively. The carbonyl group of BE5 made a hydrogen bond to THR198. Phenyl rings at the third
and fifth positions of the 4,5-dihydro-1H-pyrazole ring of this compound made =- interactions with
HI1S193 and HIS372. While the phenyl ring attached to the carbonyl group made pi-alky interactions
with amino acids, the methyl and chlorine groups in the compound BE5 made alkyl interactions (Figure
4B). The phenyl ring of BES, attached to the p-position of the phenyl ring at the 5th position, made =
interactions with HIS372 and MET444. Also, BE8 made alkyl and n-alkyl interactions with chloro and
the phenyl ring at position 3 of 4,5-dihydro-1H-pyrazole, respectively (Figure 4C).

A chlorine atom in ring one enhanced common interactions when the compounds were evaluated
for their co-interactions with celecoxib for the COX-1 enzyme. The best mutual interactions occurred
when chlorine was in the 1st ring, methoxy in the ortho position of the 2nd ring, and pyridine in the 3rd
ring. The ortho position of the methoxy group in the second ring is essential for common interactions.
These interactions reduced when the o-substitution in the 2nd ring shifted to the meta or para positions.
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Table 3. Calculated binding energy values and interaction properties of celecoxib and 4,5-dihydro-1H-
pyrazole derivatives for the COX-2 enzyme

Compound Binding Conventional | Carbon Alkyl/n- | =- Halogen
energy Hydrogen Hydrogen | Alkyl Interactions
(kcal/mol) Bond Bond
BE1 -8.0 HIS193, TYR371, | VAL277, | HIS372,
HIS374, ASN368 | VAL433 | HIS374,
PHE196
BE2 -8.3 ASN282, LYS4542, | PHE49
GLu27 LYS642,
LEUG5?,
LYS459
BE3 -8.5 TYR371, GLN440, | VAL277, | VALA433,
HIS374, HIS372 LEU284, | HIS193,
VAL281, | HIS372,
LEU280,
VALA430,
ALAA436
BE4 -8.3 ARGA462 ARG29%, | LYS642,
LEU60 THR47,
TYR1082
BE5 -9.0 THR198 VAL281, | HIS193,
LEU280, | HIS372,
LYS197,
VAL277,
HIS374,
VALA430,
PHE196,
HIS193,
HIS372,
BE6 -8.2 PHE196, HIS193 LEU394, | HIS372,
HIS374 VAL281, | HIS374,
VAL433, | HIS193
VAL277
BE7 -8.0 ASN282 LEU652, | PHE49
LYS4542
BE8 -8.9 VAL277, | HIS372,
LYS197 | MET444
BE9 -8.2 PHE196, ASN368, | LEU280, | HIS372,
HIS374, HIS193, VAL281, | HIS193,
GLN189 TYR371 | VAL277, | HIS374
VALA433,
ILE260
BE10 -1.7 ASN282 LYS642, | PHE49
LEU65?,
LYS4542,
LYS459
CELECOXIB | -8.1 ARG29, LYS642 | LEUGS?, ASN282,
ARG462, TYR108?, LYS4542,
ARG29 SER457,
LEU458

a. Bold amino acids show similar interactions with celecoxib
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H-Bonds
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Figure 4. Molecular interactions of the COX-2 enzyme
A. Docked pose of celecoxib, B. Docked pose of compound BES5, C. Docked pose of compound BE8

Instead of o-methoxy substitution to the 2nd ring, p-benzyloxy substitution decreased common
interactions. In contrast, these interactions increased when the p-benzyloxy substitution was made to the
2nd ring instead of m-methoxy substitution. While there is chlorine in the 1st ring and o-methoxy in the
2nd ring, replacing pyridine with phenyl in the third ring decreased the mutual interactions with
celecoxib. When there is the bromine in the 1st ring and 0-methoxy substitution in the 2nd ring, replacing
the pyridine with phenyl in terms of co-interactions with celecoxib didn't make much difference. When
the methoxy attached to the 2nd ring was in the meta position, and there was chlorine in the 1st ring,
replacing the pyridine in the third ring with furyl increased the mutual interactions. Co-interactions with
celecoxib disappeared when the 2nd ring had a methyl or methoxy group at the para position, and the
3rd ring was phenyl. A bromine atom in the 1st ring or two chlorine atoms in the 3rd and 5th positions
did not make a big difference in mutual interactions.

When the interaction similarities of the compounds with celecoxib were evaluated in terms of the
COX-2 enzyme, it was observed that replacing the chlorine atom in the 1st ring with bromine decreased
the common interactions. In the presence of chlorine atoms in the 3rd and 5th positions of the 1st ring,
these interactions were disappeared. While there was chlorine in the 1st ring and m-methoxy in the 2nd
ring, the common interactions vanished due to the displacement of the furan with pyridine as the 3rd
ring. In the presence of bromine in the 1st ring and o-methoxy in the 2nd ring, these interactions

disappeared when the phenyl in the 3rd ring was replaced by pyridine. While the 1st ring was substituted
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with chlorine, the 2nd ring with an o-methoxy group, the 3rd ring is phenyl or pyridine did not make a
big difference in mutual interactions. When the p-benzyloxy group replaced the methoxy group in the
ortho position of the second ring, the common interactions disappeared. While there was chlorine in the
1st ring and pyridine in the 3rd ring, these interactions were lost when the methoxy group in the 2nd
ring moved from the ortho position to the meta position.

Consequently, the compounds interacted with both of the COX-enzymes. The phenyl ring in the
3rd position of the 4,5-dihydro-1H-pyrazole is essential in interaction with the COX-1 and COX-2
enzymes, and this phenyl interacted with amino acids in all compounds. Compounds made hydrogen
bonds to their methoxy, hydroxy or carbonyl groups for the COX-1 enzyme. With the introduction of a
bulky group such as benzyloxy into the structure of the BE8 compound, the interaction between the
pyridine ring and amino acids for the COX-2 enzyme has disappeared. The introduction of the bulky
group into the structure did not abolish the interaction between the pyridine ring and amino acids for the
COX-1 enzyme. The compounds' methoxy, hydroxy, carbonyl, and 4,5-dihydro-1H-pyrazole groups
made hydrogen bonds with the COX-2 enzyme. While the 4,5-dihydro-1H-pyrazole ring did not interact
with the COX-1 enzyme, it played a role in interactions with the COX-2 enzyme. The 4,5-dihydro-1H-
pyrazole ring is essential in interactions with the COX-2 enzyme, and this ring made hydrogen bonds
with ASN28 in these interactions. In vivo and in vitro COX inhibition tests of these substances are
required to obtain more detailed information about their inhibition properties.
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ABSTRACT

Objective: Opopanax W. Koch genus is included in Apiaceae family. The genus can be distinguishable
with its compound basal leaves, glabrous fruits, yellow flowers, tall stem with glochidate and stellate hairs. It
is known with the name “Hercules’ all-heal” throughout the world. 1t was used for the treatment of epilepsy,
infertility in women, hemorrhoids and paralysis traditionally. This present research was designed to assess in
vitro antioxidant and anti-inflammatory activity of Opopanax hispidus (Friv.) Griseb.

Material and Method: Methanol extracts were prepared from the aerial parts and flowers of the plants.
Their antioxidant activities were analyzed through a number of chemical assays: 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS) and 2,2-diphenyl-I-picrylhydrazyl (DPPH) free radical
scavenging assays. Anti-inflammatory activities of the extracts were compared and evaluated using human red
blood cell membrane stability testing.

Result and Discussion: Aerial parts exhibited stronger ABTS and DPPH free radical scavenging activities
than flowers. Howver, flowers were found to be more active than aerial parts in terms of anti-inflammatory
effects (ICs0=3,32 mg/ml and 4,75 mg/ml; respectively). These data suggest that flowers and aerial parts of
Opopanax hispidus exhibited antioxidant and anti-inflammatory effects. More research studies are necessary
to determine the active ingredients in charge of this activity.
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Amag: Opopanax W. Koch cinsi, Apiaceae familyasinda yer alwr. Cins, bilesik bazal yapraklari, tiiysiiz
Meyveleri, sari ¢icekleri, glosidat ve yildizsi tiiyleri olan uzun gévdesi ile aywt edilebilir. Diinya ¢apinda
“Herkiil'iin her seyi iyilestireni” adwla bilinir. Halk arasinda epilepsi, kadinlarda kiswlik, hemoroid ve felg
tedavisi i¢in kullamilir. Bu arastirma, Opopanax hispidus (Friv.) Griseb'in in vitro antioksidan ve anti-
inflamatuar aktivitesini degerlendirmek icin tasarlanmistir.

Gere¢ ve Yontem: Bitkinin foprak iistii kisimlarindan ve ¢igeklerinden metanol ekstreleri hazirland:.
Antioksidan aktiviteleri bir dizi kimyasal deneyle analiz edildi: 2,2'-azino-bis-3-etilbenzotiazolin- 6-siilfonik
asit (ABTS) ve 2,2-difenil-I-pikrilhidrazil (DPPH) serbest radikal siipiirme deneyleri. Ekstrelerin anti-
inflamatuar aktiviteleri insan kirmizi kan hiicresi membran stabilite testi kullanmilarak karsilastrildi ve
degerlendirildi.

Sonu¢ ve Tartisma: Toprak iistii kisimlari, ¢igeklerden daha giiclii ABTS ve DPPH serbest radikal
temizleme aktiviteleri sergiledi. Ancak anti-inflamatuvar etki agisindan ¢igeklerin toprak iistii kisimlardan daha
aktif oldugu bulundu (IC50=3,32 mg/ml ve 4,75 mg/mi, sirasiyla). Bu veriler, Opopanax hispidus'un ¢i¢ek ve
toprak iistii kistmlarimin antioksidan ve anti-inflamatuar etkiler sergiledigini gostermektedir. Bu aktiviteden
sorumlu aktif icerikleri belirlemek igin daha fazla arastirma ¢alismasi gereklidir.

Anahtar Kelimeler: ABTS, anti-inflamatuvar, anti-oksidan, DPPH, Opopanax hispidus

INTRODUCTION

Apiaceae is known as parsley or carrot family having more than 300 genera with not less than
3000 species. They grow naturally in the northern hemisphere [1]. This large family attracts attention
due to its diverse secondary metabolites, and also its great economic and medical value [2].

Opopanax species are known with the names Kaymakotu, Kaymacik and Kirkozar in Turkey [3]
and with the name “Hercules’ all-heal” in the world. English name of genus give us a hint about its
usage. When etimologically examined the word “Opopanax”, it is derived from the words “opos” and
“panax”. The word “opos” means usare (vegetable juice) and the word “panax” (panacea) means all-
healing, universal remedy [4].

Opopanax W. Koch, a genus of the Apiaceae family has 4 species: Opopanax hispidus (Friv.)
Gris., Opopanax chironium (L.) W. Koch, Opopanax persicus Boiss., and Opopanax siifolius (Boiss. &
Heldr.) Menemen. Opopanax species are traditionally being used both in Turkey and throughout the
world due to their medical effects. Gum derived from O. chironium’s stem is used in the treatment of
epilepsy among people in Iran [5]. O. chironium was used in the treatment of epilepsy during the
Renaissance period [6]. As a result of an excavation conducted in Cairo, O. chironium was found that
this species was used in colic and colds, eye diseases, convulsions, tetany and to strengthen erections in
the Middle Ages [7]. It has been reported that the ointment prepared with the mixture of fat-gum-resin
(oleogumresin) obtained from O. chironium used against all cancers in traditional Islamic medicine [8].
O. chironium has been used for antinociceptive against headache, joint pain and rhematoid arthritis, as
well as, diuretic in traditional Iranian medicine [9]. O. hispidus is consumed as food in and around
Kazdagi [10]. In a study conducted in the Ilicali region of Erzurum, it was reported that the fresh bodies
of O. hispidus were eaten and thus used to treat female infertility [11]. In the study conducted in Egirdir,

powdered leaves of O. hispidus were found to be used in the treatment of hemorrhoids by eating [12].
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In Turkey, O. hispidus is located in a group of plants known as “Mayasil otu” and has been reported to
be used in the treatment of hemorrhoids [13]. In “Dynameron” writting around 10™-11" centuries, O.
hispidus was reported to be used as an antidote [14]. It has been reported that the stem, leaf and
inflorescence of O. hispidus are utilized as antiseptic by smoking [15]. There is information about the
resin obtained from O. persicus is used to treat paralysis from nasal way, but no more details are given
[16]. There is no information about O. siifolius (Crenosciadium siifolium).

Since these species have been used for antinociceptive effects against headache and joint pain, in
this study we aimed to investigate antioxidant and anti-inflammatory activities of O. hispidus that grows

naturally in Turkey.

MATERIAL AND METHOD

Plant Samples

Plant samples were gathered from the following locality and voucher specimens are kept in AEF
(Herbarium of Ankara University, Faculty of Pharmacy):

C3: Akseki, Sadiklar Village entrance, near the fields, 978 m, H. Duman, C.S. Kilig, 20/6/2016.

O. hispidus’ aerial parts and flowers, first macerated with methanol for 8 hours 3 times, were
evaporated with a rotary evaporator (Heidolph WB 2000&VV2000).

Chemicals

Trolox, acetylsalicylic acid (ASA), butylated hydroxytoluene (BHT), 2,2-diphenyl-I-
picrylhydrazyl (DPPH), 2,2’- azino bis-(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) were bought
from Sigma-Aldrich. Dimethyl sulfoxide (DMSO), methanol and the other solvents were bought from
Merck.

Antioxidant Activity

ABTS™" Free Radical Scavenging Activity

ABTS radical cation decolorization assay was utilized to measure the total antioxidant activity of
the samples [17]. ABTS was prepared by the reaction of 7 mM ABTS+ aqueous solution with 2.45 mM
potassium persulfate. The experiment mixture was left to wait for a night (12 to 16 h) in the dark with a
temperature of 25°C before usage. To assign an absorbance value of 0.700+0.02 at 734 nm, the resultant
strongly-colored ABTS radical cation was diluted with ethyl alcohol, pH 7.4. The compound was diluted
100x with the ABTS solution to a total volume of 1 ml. After addition, the experiment mixture was left
to wait 6 min at room temperature. Then the absorbance was measured spectrophotometrically at 734
nm and inhibition percentage was computed. The assay was conducted three times for one extract. On
a regular time basis (every five days) fresh stocks of ABTS " solution were made available for avoiding
self-degradation of the radical. Trolox, that is the water-soluble a-tocopherol analogue, was utilized as

a standard. The findings were presented as radical scavenging activity percentage (%) of the ABTS,
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defined by the below formula:[(A. —As)/As] x 100; which is A, means the absorbance of the control and
As is the absorbance with the sample or standard. For each plant extract and standard, half-maximal
inhibitory concentration (1Cso) values were figured from a calibration curve.

DPPH’ Free Radical Scavenging Activity

The DPPH free radical scavenging activities of the plant methanolic extracts were assessed by
their capacity to decolorize the stable radical DPPH [18]. Various concentrations of the extracts and
100 uM DPPH in methanol constituted the reaction mixture. The mixture was first shaken, then left to
wait in dark for half an hour at the aforementioned temperature (25°C). Then at 517 nm, the absorbance
was measured and free radical scavenging activity was computed as the percentage of radical reduction.
The absorbance of the prepared solution was adapted to 0.700 + 0.02 at 517 nm. BHT was chosen as a
reference compound. Each experiment was conducted in triplicate. Percentage of DPPH radical
scavenging activity was computed by the below formula; [(Ao —As)/Aq] x 100, which is A, means the
absorbance of the control and As is the absorbance with the sample or standard. 1Cso values were
calculated from a calibration curve for each plant extract and standard compound.

Anti-inflammatory Activity (*)

Preparation of Human Red Blood Cells Suspension

A healthy human volunteer without a record of anti-inflammatory or steroidal drug use for the
past 2 weeks before the experiment provided fresh whole human blood which was later transmitted to
centrifuge tubes. The tubes were centrifuged for 10 min at 3000 rpm. The appropriate volume of sterile
isosaline (0.85%, pH 7.2) was used to wash the packed cells. The blood volume was measured and
remade as 10% v/v suspension with isosaline [19; 20].

Heat-Induced Hemolysis

The human erythrocyte hemolysis assay which is induced by heat evaluated membrane stabilizing
activity of the samples, using previously described methods with slight modifications [19; 20]. Test
samples (methanolic extracts) and 10% red blood cell suspension constituted the experiment mixture.
The only solvent was used as a negative control. Each centrifuge tube including the experiment mixture
was incubated in a water bath for half an hour at 56°C. At the end of the incubation period, the centrifuge
tubes were left for cooling under running water. The available mixture was centrifuged for 5 mins at
2500 rpm, then the supernatant absorbance was measured at 560 nm. This experiment was carried out
three times for each sample. ASA was utilized as the reference drug. Percentage of protection was
computed by the below formula; 100 — [(As/Ac)x100], which is A, means the absorbance of the control
and A is the absorbance with the sample or standard. The results were represented as 1Cso for each plant

extract and the standard compound.
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Statistical Analysis

All of the experiments were conducted three times and the findings were displayed as mean
ICs0+£SD. IBM SPSS Version 25.0 was used to carry out statistical analyses, namely one-way analysis
of variance (ANOVA) and post hoc Tukey test with 95% confidence level for normally distributed
groups. The results, which were accepted as statistically significant, were p-values less than 0.05.

RESULT AND DISCUSSION

Antioxidant Activity

ABTS™" Free Radical Scavenging Activity

ABTS free radical scavenging activities of the flowers and aerial parts of O. hispidus and the
reference compound were presented in Table 1. Trolox was found more active than the extracts
(p=0.0001). The maximum antioxidant capacity was detected for aerial parts by ABTS free radical
scavenging assay with an 1Cso value of 0,33+0,02 mg/ml. Flowers showed lower ABTS scavenging

activity than aerial parts (I1Cs,=0,40+0,02 mg/ml).

Table 1. ABTS free radical scavenging activity of flowers and aerial parts of O. hispidus

1C50 (mg/ml)

Plant extract Mean + SD
Flower 0,3958 £ 0,018
Aerial parts 0,3245+0,016
Trolox 0,0150 + 0,001

DPPH’ Free Radical Scavenging Activity

DPPH free radical scavenging activities of the flowers and aerial parts of O. hispidus and the
reference compound were presented in Table 2. BHT was found more active than the extracts
(p=0.0001). Similar to the findings of previous activity (ABTS), the highest antioxidant potential was
detected for aerial parts by DPPH free radical scavenging assay with an ICsp value of 0,50+0,01 mg/ml.

Flowers showed lower DPPH scavenging activity than aerial parts (1Cs,=0,54+0,01 mg/ml).

Table 2. DPPH free radical scavenging activity of flowers and aerial parts of O. hispidus

1C50 (mg/ml)
Plant extract Mean < SD
Flower 0,5405 +0,0127
Aerial parts 0,5022 +0,0075
BHT 0,0188 +0,0004
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Anti-inflammatory Activity

Human Red Blood Cell Membrane Stabilizing Activity

The cell membrane stabilizing activities of flowers and herbs of O. hispidus were presented
in Table 3. Contrary to the results of ABTS and DPPH free radical scavenging activities, the maximum
membrane stabilization activity was detected for methanol extracts of flowers with an ICsy value of
3,32+0,03 mg/ml. Aerial parts exhibited lower membrane stabilizing activity than flowers with ICsg
values of 4,750,003 mg/ml. Flowers of O. hispidus are more effective than aerial parts of O. hispidus.
ASA was more effective on that activity than the extracts significantly (p=0.0001).

Table 3. The cell membrane stabilizing activity of flower and herbs of O. hispidus

1C50 (mg/ml)
Plant extract Mean + SD
Flower 3,3177 £ 0,0255
Aerial parts 4,7533 £ 0,0034
ASA 0,2910 + 0,008

Opopanax genus has been used in traditional medicine for numerous reasons. In previous studies
for methanol extracts of aerial parts of O. hispidus, antioxidant capacity was found as follows: ABTS:
0.08 + 0.032 mmol Trolox equivalent g* extract [21]. Mateji¢ et al reported that methanolic extracts of
inflorescences of Opopanax hispidus showed the highest scavenging activities on DPPH and ABTS free
radicals compared to aerial parts and fruits (ICso=1.157 mg/mL and 3.14 £+ 0.006 Vit C/g, respectively)
[22]. Similarly, the greatest total phenolic (89.95 + 0.005 mg GA/g) and total flavonoid content (24.06
+ 0.004 mg Qu/g) was found in methanol extracts of inflorescences parts [21]. In another study, radical
scavenging potentials of the ethanol extracts of aerial parts of O. hispidus were found 88.27 + 0.45 mg
Trolox equivalent/g extract for DPPH and 138.07 = 1.48 mg Trolox equivalent /g extract for ABTS
[23].

We examined radical scavenging and erythrocyte membrane stabilization capacities of different
parts of O. hispidus. To our knowledge, this article is the first report to showing the anti-inflammatory
capacity of this plant. ABTS and DPPH radical scavenging activities were found higher for aerial parts
than flowers, but not a serious margin. Naturally-occurring plant pigments, phenolic compounds,
terpenes are secondary metabolites of plants that are the best known for their ability to scavenge free
radicals [17, 24]. Phenolic substances are known to be responsible for the antioxidant effect that
medicinal plants possess [25, 26]. The antioxidant effect may be due to its rich content. On the contrary
of antioxidant activity, flowers were found to be more effective in anti-inflammatory assay than aerial

parts. Flowers and especially yellow flowers are known to be rich in flavonoids [27]. There is strong
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evidence suggesting that flavonoids prevent and reduce inflammation by means of multiple mechanisms.
This plant secondary metabolites reduce inflammatory cytokine production, decrease inflammation-
promoting cells' recruitment, and modulate inflammatory pathways [28]. Therefore, it is not surprising
that flowers were found to be more effective than aerial parts in anti-inflammatory activity assay. Further
studies should be conducted to clarify the phytochemical content, flavonoid and phenolic profile of this

species.
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DERLEME MAKALE / REVIEW ARTICLE

ANTEP FISTIGI (PISTACIA VERA L.) MEYVE KABUGU: BIYOAKTIF
BILESIKLER iCIN POTANSIYEL KAYNAK

PISTACHIO (PISTACIA VERA L.) FRUIT HULL: POTENTIAL SOURCE FOR BIOACTIVE
COMPOUNDS

Muhammed Mesud HURKUL"

Ankara Universitesi, Eczacilik Fakiiltesi, Farmasotik Botanik Anabilim Dal1, 06560, Ankara, Tiirkiye

0z

Amac: Bu derleme ¢alismasi, ekonomik 6neme sahip olan Antep fistigi (Pistacia vera L.) meyvesinin ticari
bakimdan degersiz bir atik tiriinii olan meyve kabuklarinin eczacilik agisindan degerlendirilmesi ve ekonomiye
katki saglayacak sekilde farkly iiriinlere déniistiiriilebilme potansiyeli arastirilmistir. Bu amagla, simdiye kadar
yapilan fitokimyasal ve biyolojik aktivite ¢calismalart derlenmigtir.

Sonuc ve Tartisma: Yapilan fitokimyasal ¢alismalar bitkinin meyve kabuklarimin gallik asit ve tiirevieri,
flavonoitler ve anakardik asitler icerdigini gostemistir. Ayrica yapilan biyoaktivite ¢alismalart Antep fistig
meyve kabuklarimin antioksidan, antimikrobiyal, antienflamatuvar, anti-tirozinaz, anti-kanser ve yara iyi edici
aktivitelerinin oldugunu géstermistir. Bu derleme c¢alismasi tarimsal gida atigr olan Antep fistigt meyve
kabuklarindan elde edilecek biyoaktif molekiillerin eczacilik alaninda degerlendirilebilme potansiyelinin
oldugunu gostermistir.

Anahtar Kelimeler: Biyolojik aktivite, derleme, kimyasal i¢cerik, meyve kabugu, Pistacia vera, yan iiriin

ABSTRACT

Objective: In this review, the evaluation of the pistachio (Pistacia vera L.) fruit hull, which is an
economically worthless by-product, in terms of pharmacy and the potential to be transformed into different
products to contribute to the economy was investigated. For this purpose, the results of phytochemical and
biological activity studies were evaluated.

Result and Discussion: Phytochemical studies have shown that the fruit hull of the plant contain gallic
acid and its derivatives, flavonoids and anacardic acids. In addition, bioactivity studies have shown that
pistachio fruit hulls have antioxidant, antimicrobial, anti-inflammatory, anti-tyrosinase, anti-cancer and wound
healing activities. This review study has shown that bioactive molecules obtained from pistachio fruit hulls,
which are agricultural food waste, have the potential to be utilized in the field of pharmacy.

Keywords: Biological activity, review, chemical content, fruit hull, Pistacia vera, by-product
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GIRIS

Anacardiaceae familyasinda yer alan Pistacia L. cinsi tropik Asya, Avrupa, Afrika, Giiney
Amerika, Kuzey Amerika ve Asya'nin iliman bolgelerinde dogal olarak yetigir. Bu cins diinya genelinde
11 tiir ile temsil edilir. Merkez Asya’dan Afganistan’a kadar uzanan alanda (Afganistan, Kazakistan,
Kirgizistan, Tacikistan, Tiirkmenistan, Ozbekistan) dogal olarak yetisen Pistacia vera L. (Antep
fist11)’nin, Tiirkiye, Fransa, Yunanistan, Iran, italya, Libya, Fas ve Ispanya’da kiiltiirii yapilmaktadur.
10 m.’ye kadar boylanabilen antepfistig1 agaci tek tohumlu bir meyveye sahiptir. Tohum, ince bir testa
ile sarili, etlenmis iki kotiledondan olusur, bunu kemiksi, sert yapiya sahip endokarp sarar, epikarp ve
mezokarp ise meyvenin kabuk kismini olusturur. Tiirkiye’de bitkinin “Uzun”, “Kirmiz1”, “Halebi” ve
“Siirt” olmak tizere 4 kiiltiir varyetesinin ekimi yapilmaktadir, bu varyeteler meyve dis kabuk renginden
sirastyla “morumsu pembe”, “kirmizimst mor”, “kiraz pembesi”’ ve “ates rengi” olarak ayirt
edilebilmektedir [1-4].

Antep fistig1 gida olarak kullanilan biiyiik ekonomik dneme sahip bir tarim iirliniidiir. Diinya
genelinde, 2018 yilinda iran (551.307 ton) ve Amerika Birlesik Devletleri (447.700 ton)’nden sonra
Tiirkiye 240.000 ton ile antepfistig1 tiretiminde tigiincii sirada gelmektedir [5]. Tiirkiye’de 2019 yilinda
ise toplam 52.061 tane meyve veren antep fistig1 agacindan toplamda 85.000 ton iiriin elde edilmistir
[6].

Antep fistig1 meyvesinden elde edilen tohum diinya genelinde cerez seklinde gida olarak
kullanilmakta ve ticareti yapilmaktadir. Bunun disinda antep fistigi tohumlart islenerek hamur isi,
dondurma, ¢ikolata, sekerleme gibi ticari iiriinlerin {iretiminde kullanilmaktadir. Bu igleme sirasinda
meyve kabugu, antep fistiginin en biiyiik atik {iriinii olarak (meyvenin yaklasik %35-45 kismi) ortaya
¢ikar. Bu durumda iireticiye ek masraf ¢ikaran ve ticari degeri olmayan biiyiik miktarda atik olusur.
Ortaya ¢ikan bu yan iriiniin degerlendirilmesi ve ekonomiye katki saglayacak sekilde farkli {irinlere
doniistiiriilmesi ekonomik bir kazanim olarak diisiiniilebilir [7-8]. Gida ve Tarim Orgiitii (FAO), her yil
diinyada insan tiiketimi i¢in {iretilen tiim gidanin yaklasik iigte birinin kayboldugunu veya israf
edildigini tahmin ediyor [9]. Bu tarimsal gida yan tirtinleri tizerine yapilan arastirmalar, nutrasétiklerin,
fonksiyonel gidalarin ve gida katki maddelerinin iiretimi i¢in miikemmel bir molekiil havuzu saglayan
genis bir yapi ve islevsellik ¢esitliligi de dahil olmak tizere ¢ok gesitli dogal biyoaktif bilesikleri ortaya
cikarmigtir. Tarimsal gida atiklarindan degerli biyomolekiillerin (vitaminler, mineraller, proteinler,
alkaloitler, antioksidan polifenoller, lipitler, sekerler, pektin, diyet lifleri ve ugucu bilesikler gibi)
cikarilmast ve bu biyomolekiillerin eczacilik alaninda degerlendirilmesi bitkisel kaynakli ilag
hammaddeleri i¢in hem bir kaynak, hem de yeni molekiillerin bulunup degerlendirilmesi i¢in biiyiik bir

sans olarak goriilmektedir [10].
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Antep Fistigi Meyve Kabugunun Kimyasal I¢erigi

P. vera meyve kabuklarindan hazirlanan metanol ekstresi ile yapilan HPLC analizinde,
ekstrenin rutin (1.6 pg/g), eriyodiktiyol (10.2 pg/g), kersetin (14.9 pg/g), luteolin (10.0 pg/g),
naringenin (1.2 ug/g) ve apigenin (0.2 ug/g) fenolik bilesiklerini igerdigi tespit edilmistir [11]. Bitkinin
meyve kabuklarindan hazirlanan 9%80’lik metanol ekstresinin, kloroform fraksiyonundan 3-
Epimastikadiyenolik asit izole edilmis ve kimyasal yapist spektrometrik yontemlerle aydinlatilmistir
[12]. 7 farkl1 etanol-su karisimi [100:0, 90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90,
0:100 (v:v)] ile hazirlanan antep fistig1 meyve kabugu ekstrelerinin toplam fenolik madde icerigine
Folin-Ciocalteu yontemi kullanilarak bakilmis ve ekstrelerin toplam fenolik madde igerikleri gallik asit
esdegeri olarak 21.07-39.03 mg/g ekstre aralifinda bulunmustur. Sonuglar, %40°lik etanoliin fenolik
bilesikleri elde etmek i¢in en iyi ¢oziicli karisimi oldugunu ortaya koymustur. En diisiik fenolik igerik
ise %100 etanol ile elde edilmistir [13].

P. vera meyve kabugunun, 110 ve 190 °C araliginda 6.9 MPa basingta ve 4 ml/dakika akig
hizinda siiperkritik su ekstraksiyonu (SCW) ve ultrasonik banyo ile metanol/su/formik asit (80/19/1,
v/v/v) ekstresi hazirlanmistir, HPLC-DAD-ESI/MS" ile ekstreler analiz edilmistir. Toplam flavonol ve
toplam gallotannen verimleri SCW ekstrelerinde su-metanol ekstresinden 6nemli 6l¢iide daha yiiksek
oldugu belirtilmistir. Toplamda 49 bilesik tanimlanmigtir. Bunlar gallik asit ve tiirevleri, flavonoitler ve
anakardik asitler olarak gruplandirilmistir. SCW ekstrelerinde toplam 24 farkli gallik asit tiirevi
belirlenmistir. SCW ekstrelerinin ana fenolik bilesen olarak gallik asit igerdigi (6.31-22.2 g/kg meyve
kabugu kuru agirligi), su-metanol ekstresinde ise f-glukogallin (4.39 g/kg meyve kabugu kuru agirligi)
ile galloil kinik asit (1.76 g/kg meyve kabugu kuru agirligi) miktarinin gallik asitten (1.68 g/kg meyve
kabugu kuru agirhig) yiiksek oldugu rapor edilmistir [14]. Asidik ekstraksiyon verimi ve esterlesme
derecesi, pH (0.5-2.5), sicaklik (50-90 °C), ekstraksiyon siiresi (30-150 dakika) ve sivi/kati oran1 (10-
50 v/w) sartlarinda optimize edilerek incelenen antep fisti§i meyve kabugu arastirmasinda, pektin
veriminin %7.31-19.02 ve esterlesme derecesinin %26-53.01 arasinda degistigi rapor edilmistir. Pektin
ekstraksiyon kosulunun optimizasyonunda optimal kosulun pH 0.5; 90 °C sicaklik; 30 dakika; sivi/kati
oran1 50 v/w oldugu belirtilmistir. Deneysel verim %22.1 olarak hesaplanmistir. Ayrica, optimal
ekstraksiyon kosulu altinda, pektinin galakturonik asit i¢erigi yaklasik %65 olarak hesaplanmistir [15].
20 tane farkli genotipte (G1-G20) Iran'da kiiltiirii yapilan P. vera meyve kabuklarmin toplam fenolik
madde igerigine hazirlanan metanol ekstresi ile bakilmistir. 20 farkli genotipin toplam fenolik madde
igeriginin 5.34-35.69 mg/g (kuru numunenin grami bagina mg gallik asit esdegeri) arasinda degistigi
rapor edilmistir [16].

Diklorometan ve metanol ekstrelerinin fitokimyasal analizi yapilan antep fistigi meyve
kabuklarmin, diklorometan ekstresinin GC-MS ile analizinde 100 g kuru meyve kabuklarmin yag

asitlerinden miristik asit (6.54 mg), palmitik asit (144.43 mg), margarik asit (2.85 mg), stearik asit (39.06
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mg), elaidik asit (22.88 mg), oleik asit (535.38 mg) ve linoleik asit (748.97 mg) yaninda, anakardik
asitler (3197.70 mg), fitosteroller (192.22 mg), karotenoitler (4.93 mg) ve tokoferoller (8.83 mg) de
icerdigi belirtilmistir. Metanol ekstresinin  HPLC-ESI-IT-TOF-MS ile analizinde, ana fenolik
maddelerin kersetin 3-O-glukozit, kersetin 3-O-galloilglukozit, kersetin 3-O-glukuronit, mirsetin 3-O-
glukozit oldugu belirtilmistir. Ayrica 100 g kuru meyve kabuklarimin igerdigi toplam fenolik madde
(gallik asite esdeger) ve toplam flavonoit (kersetine esdeger) miktarlari da sirasiyla, 4343.41 mg ve
345.34 mg olarak hesaplanmigtir [17]. P. vera meyvelerinin kabuklarindan elde edilen ugucu yag GC
ve GC/MS ile incelenmistir. a-pinen (%54.40) ana bilesen olmak iizere 54 bilesik tanimlanmustir [18].
P. vera “Uzun” varyetesinin kuru yesil ve kirmizi meyve kabuklarindan hazirlanan metanol
(%80) ekstrelerinin karsilastirmali HPLC-DAD-ESI-MS" ve HPLC-ESI-HR-MS analizinde toplamda
66 tane fenolik bilesik tespit edilmistir. Bu maddeler gallotanenler, flavonoitler ve anakardik asitler
olarak gruplandirilmistir. Kirmizi meyve kabuklarinin kuru yesil meyve kabuklarindan farkli olarak
antosiyaninleri barindirdigi rapor edilmistir [7]. P. vera “Uzun” ve “Ohadi” olmak tizere iki varyetesinin
meyve kabugunda fenolik bilesikler, toplam fenol icerigi ve ugucu bilesikler ol¢iilmiistiir. Fenolik
bilesik analizi i¢in hazirlanan %75°lik metanol ekstreleri LC-ESI-MS/MS ile analiz edilmistir, ana
fenolik bilesigin gallik asit oldugu orneklerde 11 bilesik (gallik asit, protokatesik asit, katesin,
epikatesin, rutin, eriyodiktiyol 7-O-glukozit, naringin, luteolin, eriyodiktiyol, kersetin, naringenin)
tanimlanmig ve miktar1 saptanmustir. “Uzun” ve “Ohadi” varyetelerinde sirasiyla, gallik asit (5505.33 +
236.72 pug/kg; 4994.41 £ 214.75 pg/kg), protokatesik asit (207.07 £ 4.76 pg/kg; 206.68 + 4.75 ug/kg),
katesin (1920.65 + 32.65 pg/kg; 1892.46 + 32.17ug/kg), epikatesin (22.59 + 0.67 pug/kg; 16.42 + 0.49
pg/kg), rutin (428.87 + 17.58 pg/kg; 424.85 + 17.41 pg/kg), eriyodiktiyol 7-O-glukozit (1341.23 + 57.67
ug/kg; 1326.23 + 57.02 ug/kg), naringin (254.19 + 5.84 ug/kg; 236.19 + 5.43 pg/kg), luteolin (3.98 +
0.06 ug/kg; 2.71 £ 0.04 ug/kg), eriyodiktiyol (149.99 + 4.49 ug/kg; 96.95 + 2.9 ug/kg), kersetin (169.44
+6.94 ug/kg; 169.34 £ 6.94 png/kg), naringenin (119.15 + 3.57 ug/kg; 115.86 = 3.47 pug/kg) miktarlarinda
saptanmustir. Toplam fenolik madde igerigi igin Folin-Ciocalteu yontemi kullanilmistir, “Uzun” ve
“Ohadi” varyetelerinde gallik asite esdeger olarak sirasiyla, 33.27 + 0.03 mg/kg ve 31.43 = 0.02 mg/kg
olarak hesaplanmigtir. Meyve kabugunun aromatik bilesimi diklorometan ile elde edilmis ve GC-MS ile
analiz edilmistir. Terpenler, asitler, alkoller, fenoller ve benzenler dahil olmak {izere aromatik
bilesikleri, her iki varyetede tanmimlanmistir. Ucgucu bilesiklerin toplam konsantrasyonu “Uzun”
varyetesinde 13.7978 ng/kg, “Ohadi” varyetesinde ise 10.0216 pg/kg olarak hesaplanmustir. “Uzun”
varyetesinde toplam 11 terpen, “Ohadi”de ise 10 terpen tanimlanmis ve miktari belirlenmistir. a-pinen,
kamfen, y-terpinen, a-terpinen ve limonen, her iki varyetenin ana bilesenleri olarak tespit edilmistir. a-
pinen (“Uzun”: 91.021 pg/kg; “Ohadi”: 54.002 pg/kg) her iki varyetenin ana bilesigi olarak
belirlenmistir [19]. “Uzun” (yesil ve kirmizi), “Siirt” ve “Ohadi” varyetelerinden elde edilen ekstreler

ile yapilan fitokimyasal ¢alismada, metanol/su/formik asit (80/19/1, v/v/v) ile hazirlanan ekstrelerin
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toplam fenolik igeriklerinin 61.2 + 0.45 ile 100 £+ 0.48 g/kg kuru bitki arasinda degisiklik gosterdigi
belirtilmigtir. Fenolik bilesikler arasinda, anakardik asitler (toplam fenolik maddelerin %64.6-80.4'i)
baskin olup, ardindan f-glukogallin, gallik asit ve penta-O-galloyil-5-D-glukoz ve flavonol glikozitleri
(%5.7-16.3) gibi gallotanenlerin (%13.4-21.2) bulundugu bildirilmistir [20]. Farkli sanayi isleme
yontemleri uygulanarak hazirlanan P. vera “Ohadi” ve “Uzun” varyetelerinin meyve kabuklarindan
hazirlanan metanol ekstresinin LC-DAD-ESI-MS/MS analizinde 10 tanesi flavonoit ve ikisi fenolik asit
olmak iizere toplam 12 fenolik bilesik tanimlanmustir. Gallik asit, katesin, eriyodiktiyol 7-O-glukozit ve
eriyodiktiyol tiim ekstrelerin ana fenolik bilesikleri olarak tespit edilmistir. Sonuglar "Uzun"
varyetesinin gallik asite esdeger olarak, toplam fenolik bilesik miktarmin (11.46 mg/kg) "Ohadi"
varyetesinden (10.55 mg/kg) daha yiiksek oldugunu gostermistir. Ayrica kavurma islemi uygulanan
ekstrelerin toplam fenolik madde igeriginin kavurma islemi gérmemis meyve kabuklarina oranla daha
yiiksek oldugu tespit edilmistir [21].

P. vera “Bronte” varyetesinin taze kurutulmamis meyve kabuklarindan hazirlanan metanol/su
(2/1) ekstresinin, toplam flavonoit, toplam flavonol, toplam antosiyanin ve proantosiyanidin icerigi
arastirilmigtir. Toplam flavonoit icerigi, katesin esdegeri olarak g taze bitkide 70.27 mg, toplam flavonol
icerigi, kersetin esdegeri olarak g taze bitkide 0.99 mg, toplam antosiyanin igerigi, siyanidin 3-O-
glukozit esdegeri olarak g taze bitkide 4.86 mg, toplam proantosiyanidin igerigi, siyanidin klorit esdegeri
olarak g taze bitkide 27.56 mg olarak hesaplanmustir. Toplam fenolik madde igerigi ise Folin-Ciocalteau
yontemi kullanilarak g taze bitkide gallik asit esdegeri olarak 116.32 mg olarak hesaplanmistir.
Ekstrenin HPLC analizinde gallik asit (1453.31 ug/g), siyanidin 3-O-galaktozit (5865.12 pg/g),
siyanidin 3-O-glukozit (32.56 pg/g), katesin (377.45 ng/g), epikatesin (104.8 pg/g), eriyodiktiyol (63.17
ug/g), naringenin (11.44 pg/g), eriyodiktiyol 7-O-glukozit (365.68 pg/g), naringenin 7-O-
neohesperidozit (118.82 ug/g), kersetin (17.75 pg/g), kemferol (0.95 ug/g), kersetin 3-O-rutinozit (5.05
ug/g), luteolin (18.97 pg/g) tespit edilmistir [22]. Aymi varyetenin meyve kabuklarindan hazirlanan
metanol/su (2/1) ekstresinin HPLC analizinde ise gallik asit (5703.22 pg/g), siyanidin 3-O-galaktozit
(16,439.32 ug/g), siyanidin 3-O-glukozit (167.32 pg/g), katesin (1390.40 pg/g), epikatesin
(542.02 pg/g), eriyodiktiyol (244.51 pg/g), naringenin (57.99 upg/g), eriyodiktiyol 7-O-glukozit
(1120.66 pg/g), naringenin 7-O-neohesperidozit (328.68 nug/g), kersetin (71.15 pg/g), kemferol (6.04
ng/g), kersetin 3-O-rutinozit (28.53 pg/g), luteolin (85.14 pg/g) tespit edilmistir, ayrica Folin-
Ciocalteau yontemi ile yapilan toplam fenolik madde igerigi ¢alismasinda ise g ekstrede, gallik asite
esdeger olarak 320.42 mmol olarak hesaplanmistir [23]. Ayn1 varyete ile yapilan bir baska caligmada
metanol ekstresinin toplam fenolik madde igerigi (gallik aside esdeger), toplam flavonoit icerigi
(kersetine esdeger) ve proantosiyanidin igerigi (siyanidin klorite esdeger), sirastyla 11.7 = 0.48 uM,
0.688 £ 0.0197 mg/g, 0.177 £+ 0.004 mg/g olarak, etanol ekstresinin ise, sirastyla 6.74 + 0.42 uM, 0.341
+0.0062 mg/g, 0.088 = 0.001 mg/g olarak hesaplanmustir [8]. Metanol/su/asetik asit (70/29.5/0.5, v/vIv)
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ile hazirlanan “Bronte” varyetesine ait meyve kabugu ekstresinin RP-HPLC-DAD analizinde siyanidin
3-O-galaktozit ve siyanidin 3-O-glukozit miktarlar1 100 g kuru bitki materyalinde, sirasiyla 2.55 mg ve
0.02 mg olarak hesaplanmigtir [24]. P. vera “Bronte” varyetesinin meyve kabuklarindan elde edilen
ucucu yagin analizi GC-MS ile yapilmis ve ana bilesenler 4-karen (%31.743), a-pinen (%23.584), d-
limonen (%8.002) ve 3-karen (%7.731) olarak tespit edilmistir [25].

P.vera’nin “Ahmad Aghaei” varyetesinin meyve kabuklarindan hazirlanan sulu ekstresinin RP-
HPLC-DAD ile analizinde ana bilesikler floroglukinol (26.20 £+ 0.80 g/kg), gallik asit (9.40 + 0.05 g/kg),
naringin (1.40 + 0.07 g/kg), vanilik asit (1.28 + 0.08 g/kg), katesin (1.20 + 0.02 g/kg) ve protokatesik
asit (0.30 £ 0,05 g/kg) olarak tespit edilmistir [26].

P. vera “Fandoghi” meyve kabugundan hazirlanan etil asetat, metanol ve su ekstrelerinden
toplam fenolik madde igerigi tannik asite esdeger olarak kuru agirlikta en yiiksek su ekstresi (34.7 mg/g)
olarak tespit edilmistir [27].

Antep Fistigi Meyve Kabugunun Biyolojik Aktivitesi

Antioksidan Aktivite

P. vera meyve kabuklarinin 7 farkli etanol-su karisimi [100:0, 90:10, 80:20, 70:30, 60:40, 50:50,
40:60, 30:70, 20:80, 10:90, 0:100 (v:v)] ile hazirlanan ekstrelerin antioksidan kapasiteleri DPPH, ORAC
ve f-karoten agartma testleri ile arastirilmigtir. DPPH testinde askorbik asite kiyasla, etanol
konsantrasyonunun %40'a kadar yiikselmesi ile ekstrelerin ICsp degerleri azalmistir. Etanol
konsantrasyonunda %70'den %100'e artis, ekstrelerin radikal siiplirme aktivitesini énemli Ol¢iide
diistirmiistiir. Sonuglar, %40 etanol ekstresinin en diigiikk ICso degeriyle (0.70 + 0.04 mg/ml) en iyi
antioksidan aktiviteye sahip oldugunu gdstermistir. DPPH testi kullanilarak, en yiiksek ICso degerine
(2,73 £ 0,07 mg/ml) sahip %100 etanol i¢in en az antioksidan aktivite elde edilmistir. ORAC testinde
%350 etanol ile elde edilen ekstrenin en yiiksek antioksidan aktiviteye sahip oldugu (Trolox’a kiyasla)
tespit edilmistir (260.86 + 6.01 umol TE/g ekstre). En diisiik ORAC degeri %100 etanolden elde
edilmigtir (51.80 + 3.16 umol TE/g ekstre). S-karoten agartma testinde etanol konsantrasyonunun %40'a
kadar yiikselmesi ile ekstrelerin antioksidan aktivitesi artmistir. 5000 mg/l'de (%96.88 + 1.74) %40
etanol ekstresinin aktivitesi, 1250 mg/lI'deki Tert-butilhidrokinon'a neredeyse esdeger olarak
hesaplanmistir [13]. iran'da kiiltiirii yapilan 20 tane farkli genotipte (G1-G20) P. vera meyve
kabuklarmin antioksidan aktivitesi DPPH testi ile arastirilmistir. 20 farkli genotipin meyve
kabuklarindan hazirlanan metanol ekstresinin radikal siipiiriicii potansiyelinin o-tokoferol’a kiyasla
%68.5-90.87 arasinda degistigi hesap edilmistir [16]. 110 ve 190 °C araliginda 6.9 MPa basingta ve 4
ml/dakika akis hizinda siiperkritik su ekstraksiyonu (SCW) ve ultrasonik banyo ile metanol/su/formik
asit (80/19/1, v/v/v) ekstresi hazirlanan antep fistig1 meyve kabugu antioksidan kapasite ¢aligmasinda
ABTS, DPPH ve FRAP testleri uygulanmis, meyve kabugu kuru agirligi Trolox’a oranla 0.68 ila 1.2
mmol/g arasindaki degerlerde kapasiteye sahip oldugu belirtilmistir. Su-metanol ekstresi, SCW



592 Hiirkul Ankara Ecz. Fak. Derg., 45(3): 586-597, 2021

ekstreleri i¢in elde edilen degerlere kiyasla (P<0.05) en diisiik antioksidan kapasite (0.47-0.51 mmol/g)
gostermistir [14].

P. vera “Uzun” ve “Ohadi” varyetelerinin meyve kabugundan hazirlanan %75’lik metanol
ekstreleri DPPH ve ABTS testleri kullanilarak antioksidan kapasiteleri test edilmistir. “Uzun” ve
“Ohadi” varyeteleri igin DPPH testi sirasiyla 55.77 = 0.02 mM Trolox/kg ve 52.35 + 0.05 mM Trolox/kg
olarak, ABTS testi i¢in ise sirastyla 52.65 £+ 0.04 mM Trolox/kg ve 48.16 £ 0.03 mM Trolox/kg olarak
hesaplanmistir [19]. Ayni varyetelerin metanol ekstresi ile ABTS ve DPPH testleri kullanilarak yapilan
antioksidan kapasite ¢alismasinda, Trolox’a oranla “Uzun” varyetesinin ekstrelerinin (ABTS: 28.28
mM/kg; DPPH: 13.58 mM/kg) “Ohadi” varyetesine (ABTS: 5.95 mM/kg; DPPH: 5.56 mM/kg) gore
daha cok etkiye sahip oldugu, ayrica kavurma islemi gerceklestirilen meyve kabuklarinin ekstrelerinin
kavurma islemine tabi tutulmayan ekstrelerden daha fazla etkiye sahip oldugu belirtilmistir [21].

P. vera, “Bronte” varyetesinin taze kurutulmamis meyve kabuklarindan hazirlanan metanol/su
(2/1) ekstresinin, antioksidan aktivitesi DPPH, trolox esdegeri antioksidan kapasite testi ve siiperoksit
dismutaz aktivite testi ile arastirilmistir. DPPH testinde SEso: 0.019 £ 0.001 mg, trolox esdegeri
antioksidan kapasite testinde 2.19 = 0.14 mmol (Trolox/g yas meyve kabugu) ve siiperoksit dismutaz
aktivite testinde ise ICsp: 0.25 + 0.02 mg olarak hesaplanmigtir [22]. Ayni varyetenin meyve
kabuklarindan hazirlanan metanol/su (2/1) ekstresi demir (III) iyonu indirgeyici antioksidan giicil testi,
f-karoten agartma testi ve lipozomal membranlarda UV kaynakli peroksidasyon testinde antioksidan
kapasitesi arastirilmistir. Demir (III) iyonu indirgeyici antioksidan giicii testinde g ekstrede, askorbik
asite esdeger olarak aktivitesi 2.69 £+ 0.18 mmol, f-karoten agartma testinde ICso degeri 0.26 £+ 0.02
mg/ml, lipozomal membranlarda UV kaynakli peroksidasyon testinde ise ICso degeri 2.49 + 0.18 mg/ml
olarak hesaplanmustir [23].

Antimikrobiyal Aktivite

P. vera kurutulmamis ve kurutulmus meyve kabuklarindan soxhlet ekstraksiyonu ile hazirlanan
n-hekzan ekstresinin antibakteriyel, antifungal ve antiviral aktivitesi test edilmistir. Antibakteriyel
aktivite Escherichia coli (ATCC 35218), Pseudomonas aeruginosa (ATCC 10145), Enterococcus
faecalis (ATCC 29212), Staphylococcus aureus (ATCC 25923), Candida albicans (ATCC 10231) ve
C. parapsilosis (ATCC 22019)'in hem standart hem de izole suslarina karg1 mikrodiliisyon yontemi ile
taranmigtir. Vero hiicre hatt1 kullanilarak ekstrelerin antiviral aktivitesinin belirlenmesi i¢cin hem Herpes
simplex (DNA) hem de Parainfluenza viriisleri (RNA) kullanilmistir. Kontrol ajani olarak ampisilin,
ofloksosin, ketokonazol, flukonazol, asiklovir ve oseltamivir se¢ilmistir. Ekstreler, 128-256 pg/ml
konsantrasyonlar1 arasinda ¢ok az antibakteriyel aktivite gdsterirken, ayn1 konsantrasyonlarda belirgin
antifungal aktivite gostermistir. Bunun yaninda ekstreler antiviral aktivite gostermemistir [28].

P.vera “Bronte” varyetesinin meyve kabuklarindan elde edilen ugucu yagm Staphylococcus
aureus ATCC6538, Escherichia coli ATCC10536, Pseudomonas aeruginosa ATCC9027, S. aureus
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MRSA ATCC43,300, S. Aureus 74CCH, S. aureus 7786, S. aureus 815 mikroorganizmalari {izerinde
antimikrobiyal aktivitesi ¢aligilmug ve P. aeruginosa ATCC9027 disinda ugucu yagin 7.11 mg/ml

konsantrasyonda etkili oldugu belirlenmistir [25].

Antienflamatuvar Aktivite

P. vera meyve kabuklarindan hazirlanan diklorometan ekstresi-NP (2 g) ve bu ekstreden
hekzan-etil asetat (1:1) ile elde edilen 10 alt fraksiyonun [NP1 (0.26 g), NP2 (0.57 g), NP3 (0.12 g),
NP4 (0.10 g), NP5 (0.10 g), NP6 (0.05 g), NP7 (0.11 g), NP8 (0.02 g), NP9 (0.04 g), NP10 (0.02 g)]
makrofaj hiicreleri kullanilarak yapilan aktivite ¢alismasinda, ekstrenin lipopolisakkarit ile uyarilan
RAW 264.7 makrofaj hiicrelerinde nitrik oksit (NO) ve reaktif oksijen tiirlerinin (ROS) salinimini giiglii
bir sekilde inhibe ettigi goriilmiistiir. Antienflamatuvar sitokin COX-2'nin mRNA ekspresyon seviyeleri,
NP2-NP5 fraksiyonlar1 tarafindan 6nemli 6lgiide inhibe edilirken, 1L-6 sadece NP3 fraksiyonu
tarafindan inhibe edildigi bildirilmistir. Ayrica ekstre, makrofajlarda iltihaplanma tepkisi ile iliskili

mitokondriyal olmayan oksidatif tepkiyi 6nemli dl¢iide azaltmigtir [17].

Anti-tirozinaz Aktivite

P. vera’nin “Ahmad Aghaei” varyetesinin meyve kabuklarindan hazirlanan sulu ekstrenin anti-
tirozinaz aktivitesi test edilmis ve tirozinaz inhibitorii olarak bilinen askorbik asit ile karsilastirilmistir.
Ekstrenin farkli konsantrasyonlarinin (%0.05-0.80) ve askorbik asitin tirozinaz aktivitesi tizerindeki
inhibe edici etkilerine bakilmigtir. Ekstre askorbik asite (ICso: 0.3 g/L) oranla anti-tirozinaz (ICso: 0.7

g/L) aktivite gostermistir [26].

Antiprotozoal Aktivite

P. vera kurutulmamig ve kurutulmus meyve kabuklarindan soxhlet ekstraksiyonu ile hazirlanan
n-hekzan ekstresinin 0.8 ve 4.8 pg/ml derisimlerde Trypanosoma brucei rhodesiense, Leishmania
donovani, Plasmodium falciparum’a karsi, 9.7 ve 1.6 pg/ml derisimlerde ise Trypanosoma cruzi’ye karsi
aktivitesi melarsoprol, benznidazol, miltefosin, artemisinin ve klorokin standartlari kullanilarak test

edilmistir Kullanilan derisimlerde ekstrelerin antiprotozoal aktivitesine raslanmamustir [29].

Anti-kanser Aktivite

P. vera meyve kabuklarindan elde edilen hekzan, etil asetat, metanol ve su ekstrelerinin insan
kolon kanseri (HT-29 ve HCT-116), meme adenokarsinomu (MCF-7), akciger adenokarsinomu (H23),
karaciger hepatoseliiler karsinomu (HepG2), servikal kanser (Ca Ski) ve normal fibroblast (BJ-5ta)
hiicreleri {izerine sitotoksik etkileri MTT hiicre canlilik deneyi kullanmilarak degerlendirilmistir. Etil
asetat ekstresi, 72 saat sonra MCF-7, HT-29 ve HCT-116'ya kars1 sirasiyla 21.20+1.35, 23.00£1.2 ve
25.15+1.85 pg/ml'lik bir ICsq degeriyle baskilayici bir etki gdstermistir. Morfolojik degerlendirme ve
akis sitometrisi analizi, etil asetat ekstresinin apoptozu indiikleme potansiyeli oldugunu ve en yiiksek

konsantrasyondaki etil asetat ekstresi, kontrol grubu ile karsilastirildiginda anjiyogenezin 6nemli 6l¢iide
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inhibe edildigini gdstermistir. Ayrica Bax ekspresyonu artmig ve Bcl-2 ekspresyonu uygulamanin

yapildigi MCF-7 hiicrelerinde azalmustir [30].

Yara lyi Edici Aktivite

P. vera kabuklarimin ham ekstresinin (MeOH %80), NIH/3T3 murin fibroblast hiicreleri
iizerinde ¢izme deneyi ile yara iyilestirme aktivitesini degerlendirmek icin gerceklestirilen ¢aligsmada,
fraksiyonlar/alt fraksiyonlar ve saf bilesik elde etmek i¢in sivi-siv1 partisyon, kolon kromatografisi,
preperatif ince tabaka kromatografisi ve kristallestirme kombinasyonu kullamlmustir. Izole edilen
bilesigin yara iyilestirme potansiyeli, sirasiyla ¢cizme deneyi ve CFSC seyreltme deneyi kullanilarak
fibroblast gocii ve proliferasyonu ile incelenmistir. Ek olarak, Real Time PCR kullanarak iyilesme
stirecine dahil olan bazi inflamatuvar belirteglerin gen ekspresyonunu degerlendirilmistir. Aktif bilesigin
kimyasal yapisi spektrometrik yontemlerle aydinlatilmigtir. CHClz fraksiyonunun daha yiiksek yara
iyilestirme aktivitesi nedeniyle, aktif bilesigi vermek i¢in ardisik kromatografik tekniklerle fraksiyonlara
ayrilmis ve 3-Epimastikadiyenolik asit izole edilmistir. Bu aktif bilesik (200 pg/ml), fibroblast
proliferasyonunu ve gogiinii 6nemli dlgtide artirarak ¢izik alaninin yaklasik %45 oraninda azalmasina
neden olmustur. IL-6 ve TNF-a'nin gen ekspresyonu iizerinde giiclii bir inhibitor etki ve ayn1 dozda NF-

kB gen ekspresyonu tizerinde bir stimiilasyon etki gostermistir [12].

SONUC VE TARTISMA

Gida olarak kullanilan ve biiyiik ekonomik 6neme sahip olan Antep fistiginin (Pistacia vera L.)
bir yan {irlinii olan meyve kabuklar1 ¢gogunlukla atik olarak kullanilmaktadir. Bu yan iiriiniin biyoaktif
bilesiklerinin degerlendirilip ekonomiye katki saglayacak sekilde farkli {irlinlere doniistiiriilebilmesi
biiyiik bir kazanim olarak goriilmektedir. Yapilan fitokimyasal ¢aligmalar bitkinin meyve kabuklarinin
gallik asit ve tiirevleri, flavonoitler ve anakardik asitler igerdigini gostemistir. Ayrica yapilan
biyoaktivite calismalar1 Antep fistig1 meyve kabuklarinin antioksidan, antimikrobiyal, antienflamatuvar,
anti-tirozinaz, anti-kanser ve yara iyi edici aktivitelerinin oldugunu gostermistir. Bu derleme ¢alismasi
tarimsal gida atig1 olan Antep fistigi meyve kabuklarindan elde edilecek biyoaktif molekiillerin eczacilik

alaninda degerlendirilebilme potansiyelinin oldugunu géstermistir.
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CIKAR CATISMASI BEYANI

Yazar bu yazi i¢in gergek, potansiyel veya algilanan ¢ikar ¢atismasi olmadigini beyan etmistir.
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ABSTRACT

Obijective: Development of methods for the synthesis, studies of chemical, physico-chemical and
biological properties of 1,2,4-triazole derivatives, in particular compounds with heterocyclic scaffolds and
complex compounds as potential biologically active substances.

Result and Discussion: In this review, 40 scientific papers reporting the properties of 1,2,4-triazole
derivatives were evaluated. Each class of compounds described in the review was reported with the prospect of
forming the direction for further research.Because of there is no enough studies about biological action of
1,2,4-triazole derivatives in human, it encourages further research.

Keywords: Biological activity, bibliosemantic method, organic synthesis, 1,2,4-triazole
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Amag: 1,2 4-triazol tiirevierinin, ézellikle heterosiklik iskelete sahip ve biyolojik olarak aktif bilesiklerin,
sentezi, kimyasal, fizikokimyasal ve biyolojik ézelliklerinin incelenmesi i¢in yontemlerin gelistirilmesi.

Sonug ve Tartisma: Bu derlemede, 1,2,4-triazol tiirevierinin ozelliklerinin bildirildigi 40 bilimsel makale
degerlendirilmistir. Verilenher bilesik sinifi gelecekteki ¢alismalara yon verecek sekilde bildirilmistir.1,2,4-
triazol tiirevierinin insandaki biyolojik etkileri hakkinda yeterli ¢alisma olmamasi, bu alanda daha fazla
calisma yapilmasini tesvik etmektedir.
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INTRODUCTION

Modern world pharmaceutical science is based on the following main areas: search for new
original drugs (including synthesis of biologically active compounds and their biological screening),
manufacture (selection and development of dosage form, development of production methods),
standardization (development of quality control methods for the substance), preclinical and clinical
trials. Also one of the main directions is marketing research. All of the above allow the introduction of
new original drugs in general pharmaceutical and medical practice.

To implement the project of drug development, first of all it is necessary to determine the matrix
for further stages of implementation. It is for this purpose that we conducted this literature review.

The synthetic school of 1,2,4-triazole derivatives was created by Professor of Zaporizhzhia State
Medical University Yevhen Hryhorovych Knysh. He has developed and introduced many drugs derived
from 1,2,4-triazole into medical, pharmaceutical and veterinary practice. As followers of the school of
triazoles under the leadership of Professor of Zaporizhzhia State Medical University Kaplaushenko
Andriy Hryhorovych, scientists of the Department of physical and colloidal chemistry carry out research
in this synthetic direction.

This review aims to systematize the literary data on 1,2,4-triazole derivatives and to determine
the further vector of scientific studies.

Today, 1,2,4-triazoles synthesized by scientists of Zaporizhzhia State Medical University are
considered promising research directions. This is justified by the simplicity of synthesis, the availability
of reagents, high biological activity and low molecular toxicity.

Also, the modern pharmaceutical and medical community pays considerable attention to
coordination complexes, as the processes of coordination, dissociation of complexes and intercomplex
rearrangement are important in the biological processes of the organism. That is why highly effective
mono- and disubstituted 1,2,4-triazoles at the 4th and 5th positions of the nucleus were chosen as objects
of the research. The article is also considered promising options for obtaining coordination compounds
based on 1,2,4-triazoles, which in the future will allow to obtain new highly efficient biologically active
complexes. According to the authors, the analysis will allow to combine bioactive fragments of triazoles
into coordination structures, which may have a greater biopotential.

We reviewed 40 scientific papers for a more detailed look at the triazole research aspects. The
review includes the results of scientific works which describe molecules that are not difficult to obtain,

have high results of biological action, and recommended by the authors for further research.

RESULT AND DISCUSSION

Synthesis and Some Pharmacological Properties of 1,2,4-triazole Derivatives
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Scientists [1] synthesized a series of five-membered heterocyclic systems (Fig. 1) containing three
heteroatoms from the parent compound (Felbinac) [1]. When designing the molecules of the starting
compounds, the aromatic structure of biologically active compound (hereinafter BAC) of Felbinac was
preserved. The carboxy group was synthetically converted to the nucleus of 1,2,4-triazole and further
modified to create anti-inflammatory compounds drugs. Biological activity was studied in laboratory
animals. The carrageenan model was chosen to determine the anti-inflammatory effect. The biological
effect of the synthesized compounds was compared with ibuprofen and yield matrix after 120 minutes
and 180 minutes. The test compounds showed excellent anti-inflammatory activity. Low rates of acute

toxicity of compounds are a prospect for further research.

H,80,
C,H,OH

O R:C(‘H4'OCH3 (0, m, p),
O oo C¢H,-CH; (0, m, p);
Qe\b\ C6H4'Cl (0. p)

Figure 1. Synthesis 1,2,4-triazole derivatives of Felbinac [1]

In the study conducted by the authors [2], a series of new systems with condensed heterocycles
were synthesized. The compounds were synthesized from the initial 4-(4-X-phenylsulfonyl)phenyl)-4H-
1,2,4-triazol-3-thiols (Fig. 2, where X=H, ClI, Br).

To synthesize a series of new compounds, the initial triazoles were subjected to interaction, in the
presence of ethanoic acid and its anhydride, with 4-fluorobenzaldehyde, a-chloroethane acid, and
sodium acetate.

The corresponding ethanones were obtained by treating the initial triazoles with 2-bromo-4’-
fluoroacetophenone. Cyclic forms of 1,2,4 triazoles (at the 3 and 2 positions of the heterocyclic nucleus)
were obtained by cyclizing S-alkylated 1,2,4-triazoles in H.SO4 medium, at 0 °C.

The composition of the synthesized compounds was confirmed by elemental analysis. The
structure was confirmed by mass spectrometry, IR, *H (*C)-NMR. The synthesized compounds
demonstrated antimicrobial and antifungal activity [2].

The scientific publication of authors [3] (Fig. 3) describes the synthesis of new S-substituted 1H-
3-R-5-thio-1,2,4-triazoles on cancer cells of the HT29 line. Among all synthesized structures, 55.7 TZ
was developed as a possible inhibitor of phospholipid-dependent kinase 1, which exhibits significant
cytotoxic activity against HT29. 55.7 TZ cells along with two other BACs (ciphers 53.7 TZ and 3A.7
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TZ), led to a significant delay in the cell cycle. This study reveals the prospects for the development of
new agents containing a 5-thio-1,2,4-triazole framework with antiproliferative activity.
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Figure 2. Synthesis scheme of cyclocondensation of 3-thio-1,2,4-triazoles [2]
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Figure 3. Modification of 1,2,4-triazoles at the S-position [3]

JO@ I
_\_/OQ =
had,

Bacterial resistance to antimicrobials requires new antimicrobial BACs that are more effective
and less toxic [4]. Triazole and thiazoleylidenhydrazides are considered the key matrices in medical
chemistry. The derivatives of 1,2,4-triazole synthesized by the researchers [4] (Fig. 4) showed an effect
similar to ciprofloxacin. Antimicrobial enhancement is also expressed in some compounds against
Listeria monocytogenes. Derivatives have pronounced minimum inhibitory concentration (MIC) values.
Compounds with fluorophenyl, bromphenyl, nitrophenyl, and methoxyphenyl substituents strongly
inhibited growth of Pseudomonas aeruginosa. The synthesized BACs were screened in silico for their
absorption, distributive, metabolic, elimination, and toxicity properties. Based on the results of virtual
screening, the authors [4] concluded that thiazolyl-triazoleylidenhydrazide with a hydroxyphenyl

substitute is the best candidate for a leader compound that exceeds the action of ciprofloxacin [4].
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/CH
Ar

Ar= -24-diCl-phenyl; -2,6-diCl-phenyl; -2,3-diCl-phenyl; -3-di-phenyl; -4-Br-phenyl; -4-F-phenyl;
- 2-OH-phenyl; -3-OH-phenyl: -4-OH-phenyl; -3-NO,-phenyl; -4-NO,-phenyl; -2-OCHs-phenyl;
-3-OCH;-phenyl; -2-thienyl; -4(CH;),N-phenyl;

Figure 4. Structures of new thiazolyltriazole Schiff bases [4]

The authors [5] showed that Bi(NO3)3 - SH20 or ZrCl4 catalyzed the opening of the nucleophilic
ring of dicyanooxyrans together with 5-thio-1,2,4-triazole-3-phenyl. The catalysts are inexpensive,
highly efficient, and can be used repeatedly (Fig. 5). This study is promising for further identification
of biologically active agents, since the combination of several electron-donor groups in one structure at

the same time can lead to an increase in the cytoprotective effect.

R, R, g ) E ;9
Ph Bi(NO;);+5H,0
CN HS orZCly o ZCl \
R3 CN+ \<I\\["E/ (Il(N R, T J\ >_Ph

lab O 2

1'a,3c=R,=Ry=H, R,=Cl
1 b, 3 d i R|:R3:OCH3‘ RZZH

Figure 5. Condensation reaction of 5-mercapto-3-phenyl-4H-1,2,4-triazole [5]

The therapeutic use of 1,2,4-triazole prompted the authors [6] to create new BACs. Two series of
S-substituted derivatives were synthesized and their biological potential was evaluated. The initial thiol
was transformed by the action of an alkyl halide in a neutral solvent (Fig. 6). Intermediate electron
acceptors were synthesized by the interaction of N-substituted alkyl/arylamines and 2-bromoacetyl
bromide under dynamic pH control. The structures were established using IR, EIMS, *H, and 3C NMR
spectral methods. Most of the synthesized derivatives were found to be potent inhibitors of the enzyme
glucosidase and are even better than the commercial analog of acarbose.

Targeted changes in the structure significantly affected the results of bioactivity. Synthesized

BACs can be considered for drug development programs for the treatment of type Il diabetes.
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The authors [7] synthesized a new matrix based on 1,3-bi-1,2,4-triazole-5,5-diamine (Fig 7.). The
synthesized compound is characterized by various analysis methods, such as IR, NMR spectrometry,
and HPLC [7].

o 0C,H BB N,
\V’ OCHs 1 \V/ o N NH,
+ - TN
HN )
N S\R S 0 H S
. " \j/ v Q0 N J(
Vs N \\// S\ NN
EN N H
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c (
(6]
R,—NH, 2 \\’/
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a

Reagents & conditions: (I) 5% Na2CO3 soln. / H20 / pH 9{10 / stirring for 3{4 h. (IT) N2H4 / MeOH / reuxing for 5{6 h. (Il) Phenyl isothiocyanate
MeOH / reuxing for 3 {4 h. (IV) 10% NaOH / reuxing for 2{3 h. (V) DMF / NaH / stirring for 2{3 h. (VI) Aq. 5% Na2CO3 / stirring for 30 min. (VII) DMF
NaH / stirring for 2{3 h.

R = C,Hs n-C3H;, iso-C3H; n-C4Hy sec-C4Ho n-CsH, sec-CsHyy n-CoH,s n-CgH,, C3Hs
R) = CgHs. CH,-CgHs 2-CH3-CgHs, 3-CH3-CoHs 4-CH3-CgHs, 2-CoHs-CoHs_ 4-CoHs-CgHs. 2-OC,Hs-CgHs. 4-OC,Hs-CgHs.

Figure 6. Synthesis of S-substituted derivatives of 5-thio-3-Ar-4-phenyl-4H-1,2,4-triazole [6]
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Figure 7. Synthetic route to 1,3-bi-1,2,4-triazole-5,5-diamine derivatives [7]

Taking into account that the scientific work was aimed at studying the energy properties of the
molecule, it should be noted that its biological potential remains appropriate.

Due to the simple synthesis of available reagents and potentially biologically active functional
groups of the molecule combined with two 1,2,4-triazole cycles, this compound and its synthetic
analogues can be recommended for further pharmacological screening.

The authors [8] also developed and synthesized a series of derivatives of the 1,2 4-triazole
heterocyclic system (Fig. 8). Their structures were proved using modern analytical methods. Biological
effects (antimicrobial/antifungal) were evaluated in vitro. A BAC with a methoxyphenyl substitute in

position 5 and a chlorophenyl fragment showed the highest activity [8].
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Compounds that had a methoxyphenyl fragment showed the most powerful activity against
Staphylococcus aureus. Synthesized BACs showed an antifungal effect against Candida albicans.
Studies also showed that they can act as inhibitors of Mycobacterium fortuitum. The synthesized
compounds can be useful as medium-to high-level disinfectants or antiseptics. They are non-toxic to the

skin/mucous membranes.

0]
N—NH »\Ha
N—NH N-NH O | )—n ~Ib
l />\NH2 | />—N N d
N N R,
I 11 R
—_ —_
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R;=4-Cl; 4-F; 4-NO,: 4-OCHj: 4-CHj,
[Reagents and conditions: (I) Ar-CHO, HOAe, reflux 1012 h; (II) mercaptoacetic acid, THF, pinch ZnC12; reflux, 12 h.

Figure 8. Synthesis of some new 4-thiazolidinones [8]

The conducted studies of scientists [9] indicate the prospects for using 1,2,4-triazole derivatives
as excipients in the manufacture of dosage forms. The authors synthesized a series of 1,2,4-triazoles
with a 3,4,5-trimethoxyphenyl radical and substituents in position 4 (Fig. 9). The structure is confirmed
by a complex of modern analytical methods. Prospects for further research for scientists [9] are the high
antimicrobial and antifungal effects of ylidenhydrazides in combination with the 1,2,4-triazole core.

The scientific work of the author [10] confirms the relevance of the direction. High rates of
antimicrobial and antifungal activity in compounds with 1,2,4-triazole nucleus and 3,4,5-
trimethoxyphenyl substituent are shown. Therefore, compounds in scientific work [9] are relevant in
terms of finding BAC.

\>~SH \>~5H
CHO [10” relux, 4 h
+/©/
||(|

[R=Me, NO, OMe, NMe,|

Figure 9. Synthesis of of 1,2 4-triazoles with a 3,4,5-trimethoxyphenyl radical and substituents in
position 4 [9]
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The authors [11] developed and created a number of new myrtenal derivatives with a 1,2,4-
triazole core (Fig. 10). The derivatives were synthesized by multi-stage reactions to produce powerful
BACs. The structures of compounds were confirmed using modern analytical approaches.

The antifungal activity of synthesized BACs against various strains of pathogenic fungi was
evaluated for compounds taken at a dose of 50 g/ml. Compounds with isopropyl, ethyl, and ortho-
nitrophenyl radicals (Fig. 10.) showed activity with an inhibition rate of more than 96.3% against
Physalospora piricola. Azoxystrobin showed less activity than the synthesized compounds [11].

Inhibition of the control group was no more than 96.0% [11].

COOH  cocl 5
HN, J\ _CH; 51 {l] >\
Se0, / EtOH, NaCl0, H,0, SOCl, h D h MK S

0

R= Et; n-Pr; i-Pr; n-Bu; R=Bn; 0-MeBn; m-MeBn; p-MeBn;
0-CIBn; m-CIBn; p-CIBn; 0-NO,Bn; m-NO,Bn; p-NO,Bn

-z

Figure 10. Synthesis of thioethers based on 5-R-4-methyl-1,2,4-triazole [11]

Scientists [12] paid great attention to the synthesis of 3-thio-1,2,4-triazoles with subsequent
conversion to the corresponding S-glucosides. The compounds were created by combining D-glucose
with thiogroups of 3-thio-4-R-5(2'-aminophenylen substituted)-1,2,4-triazoles (Fig. 11). The structure
of the compounds was determined by IR, UV, and *H,*3C)-NMR spectrometry. The initial compounds
and the S-glycoside representative were tested in vitro for Gram-positive and Gram-negative bacteria

[12]. They showed considerable activity. Amikacin was used as a standard.
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Figure 11. Synthesis of N- and S-triazologlycosides [12]

The study by scientists [13] describes the synthesis and study of 3-hydroxy-2-naphtholine

hydrazide derivatives (Fig. 12). Thiosemicarbazide derivatives were synthesized by the interaction of 3-
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hydroxy-2-naphthoid hydrazide and the corresponding isothiocyanates. Thiones were synthesized by
Alkaline cyclization of the corresponding thiosemicarbazides in an alkaline medium. *H, *C-NMR
spectrometric analysis established the structure of the BAC. Antimicrobial screening showed a high
antibacterial effect against gram-positive bacteria. Cefuroxime was half as active as synthesized BACs.
Ampicillin was 4 times less active than the synthesized analogues [13].

C,Hs

sn
NH lIN R H,C=CHCH,
RNCS _2%NaOH _ 2-CH30CgH,4
“Eon 3-CH;0CgH,
OH 4-CH;0C¢H,
O 4-CH,CH30CH,

Figure 12. Synthesis scheme of naphtoid-1,2,4-triazole compounds [13]

=

3-Thio-1,2,4-triazole derivatives attracted attention of the scientists [14] due to their perspective
in biological research. Alkyltio-1,2,4-triazoles have three nucleophilic centers ready to react with
electronoacceptors. Thus, isomeric forms of benzylsulfanyl-1,2,4-triazole were synthesized with various
dihaloalkanes (Fig. 13). Regional selectivity was determined by X-ray crystallography and NMR.

@lﬂ:x% @1%*“@ — - A

Figure 13. Products obtained from reaction of dihaloalkanes and 1,2,4-triazole derivatives [14]

When S-substituted forms of thiotriazoles interact with various alkylating agents, only N1 and N2
attack electron-acceptor carbon atoms. Mainly molecules with the participation of N2 atoms are formed.
In a study [15], a number of new derivatives of hydrazone and 1,2,4-triazole sulfonamide were
synthesized. Initially, the authors treated 3-thio-1,2,4-triazoles with ethyl acetate to obtain thioethers,

which were subsequently converted to hydrazides by a hydrogenolysis reaction. The synthesized
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hydrazides were converted into the formula of the corresponding sulfonamides and hydrazones. The
structure of the synthesized compounds was characterized by 1H, 13C-NMR spectrometry. Elemental
composition was established by elemental analysis.
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Figure 14. Synthesis of derivatives 1,2,4-triazole, transformated to hydrazones and sulphonamides
[15]

In addition, the anticoagulant effect was studied for synthesized BACs. Synthesized compounds
increased the time of plasma rectification and bleeding. Screening of synthesized compounds proves
that this matrix can be used in medical practice for more detailed research.

The authors [16] reported the synthesis of new derivatives of 1,2,4-triazole with benzodioxane in
the fifth position. The desired amidomethylthio derivatives were synthesized by replacing the potassium
salt of triazolotyol with various primary arylalkylamines [16] (Fig. 15).
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Figure 15. Transformation of 1,4-benzodioxanyl-1,2,4-triazoles [16]

According to the authors [16], derivatives of 5-(1,4-benzodioxanyl)-1,2,4-triazole-3-thiol have
antitumor effects. The compounds also showed antimicrobial and antiviral effects. The authors also
synthesized triheterocyclic compounds (Fig. 16). The individuality and structure were proved by modern
analytical methods.

The authors [17] synthesized a number of compounds based on 1,2,4-triazole, combining
heterocyclic systems of benzofuran, pyrazole and quinoline (Fig. 17). The elemental composition of the

synthesized BACs was determined by elemental analysis. 1H, 13C-NMR spectrometry allowed to
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establish the structure which was finally confirmed by mass spectrometry. Antimicrobial action
indicators were established for synthesized BACs. Chloramphenicol, as a standard, showed the worst
result.
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Figure 16. Obtaning triheterocyclic structures, 1,2,4-triazole derivatives [16]

[R=OCH;, CH; Cl, Br|

Figure 17. Synthesis of compounds based on 1,2,4-triazole, combining heterocyclic systems of
benzofuran, pyrazole and quinoline [17]

Review of Complex Formation of 1,2,4-triazole Derivatives and Prospects for Their Application

Scientists [18] investigated five new complex compounds based on the heterocyclic system of
1,2,4-triazole and palladium. Enantiomeric pairs turned out to be anti-cancer agents. Antiproliferative
properties were inherent in all synthesized complexes. In particular, this was expressed in the
deactivation of MCF7 cells. The study revealed that the enantiomers of all synthesized complexes show
almost the same activity, which indicates the absence of the effect of chirality on their antiproliferative
activity. It is important to emphasize that the compounds show very low toxicity to non-cancerous cell
lines.[18].

The authors [19] synthesized two complexes with complexing agent Cu (Il). Scientists [19] used
Azocenol as a ligand of complex. All complexes show greater activity for the inhibition of fungi than
the Azocenol, which indicates the potential use of these complexes as antifungal agents. In addition, the
complex of Cu(ll), [CuLs - (Hz)2] - 2NOs - 2CH3OH - has a stronger antifungal activity than [CuL; -
(CHsCOO0)] [19].

In studies [20], a water-soluble diamino-1,2,4-triazole complex with complex ion Cu (II) was
obtained, corresponding to the structure indicated in Figure 18. The Cu-triazole complex in solution is

very unstable. The structure of the complex compound depends on the exact state of the reaction. It is
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important to note that copper chelate complexes are important because they can be used to increase the
formation of collagen and connective tissues of the skin, bones and cartilages.

.
HoN OH,,  H,0 NHyf S04

Figure 18. The structure of diamino-1,2,4-triazole complex with complex ion Cu (11) [20]

Continuing the study of complex compounds [21], the authors investigated new Anderson-type
polyoxometalates and organometallic complexes based on octamolybdates with triazole ligands. The
basis for the creation of complexes included a combination with Co (11). Theoretically, these compounds
can be used to enhance the synthesis of vitamin B12 in the human body.

The researchers [22] proposed two coordination complexes Fe [22] (Fig. 19), which combine two
different types of ligands.

From the point of view of researches of these complexes on biological activity, it is possible to

note with confidence that they have a great potential, considering redox processes of an organism.
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Figure 19. Structures of the Fe complex with 1,2,4-triazole ligands [22]

Researchers [23] studied the adsorption of alkylthio derivatives of 1,2,4-triazole on the surface of
metal plates, which led to the formation of complex compounds. Interpolating research into the medical
and pharmaceutical fields, it should be noted that these compounds, due to their anticorrosive effect,
may be useful because they can affect the oxidative function.

Complexes obtained by the authors [24] (Fig. 20) can be a promising material for the study of

biological properties of 1,2,4-triazole compounds.
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A series of metal complexes of Lanthanum and Thorium were synthesized by the authors [25]
using 1,2,4-triazole ligands. Ligands were created by condensation of 1,2 4-triazole and coumarin
derivatives. The structure of the complexes was proved by elemental analysis and spectroscopic
methods. All synthesized compounds are soluble in dimethylformamide and dimethylsulfoxide. All
ligands and their complexes were also tested for their antibacterial (Escherichia coli, Staphylococcus
aureus, Staphylococcus pyogenes and Pseudomonas aeruginosa) [25] and antifungal properties. [25].
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Figure 20. Experimentally-determined 1,2,4-triazole complexes [24]
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Figure 21. Complexes with 1,2,4-triazole ligands and central ions of La (Th) [25]

The authors [26] investigated a number of complex compounds based on 1,24-triazole.
According to the researches, the obtained complexes have a fairly high resistance and are quite resistant
to light.

After analyzing a number of scientific studies of scientists [1-32], we can conclude that studies
of 1,2,4-triazole derivatives occupy an important place in the Ukrainian pharmaceutical industry [27-
32]. The articles show that scientists have a fairly broad approach to the modification of 1,2,4-triazole
heterocycle [27-30]. Aspects of studies of the biological action of 1,2,4-triazole derivatives are also
covered. The scientists pay special attention to histological [33] and pharmacokinetic studies [34],
studies of actoprotective action [35] and other types of screening tests [36-40]. Based on the heterocyclic
system of 1,2,4-triazole, many drugs with antifungal, antibacterial, antioxidant and hepatoprotective

effects have been developed and introduced into medical practice.
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As aresult of the review, a vector of further research has been formed. It represents the formation
of complex structures from bioactive derivatives of 1,2,4-triazoles.

To create bioactive structures, it is appropriate to combine 1,2,4-triazoles with heterocyclic
systems. As a rule, biological activity depends on the number of electron-donor atoms in the heterocyclic
system. The processed data allows to conclude that it is appropriate to emphasize the creation of new
Schiff bases, new thioacetic acids and their water-soluble salts.

According to the methods presented in the review, it is proposed to investigate the coordination
complexes and to correlate between the new coordination compounds and salts of 1,2,4-triazole-3-

thioacetic acids, with the same cations as in the complex compounds.
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ABSTRACT

Objective: Indole derivatives are one of the most flexible and common nitrogen-based skeletons and often
used in the synthesis of numerous heterocyclic compounds, having biological or medicinal importance. Many
indole derivatives have been isolated naturally from plants, fungi, and marine organisms and are highly
important due to their pharmaceutical activities. They also play a significant character in polymer and dye
industries as well as in the agriculture sector. There exists an immense potential for designing and methodology
development for the synthesis of indole based heterocyclic scaffold structure with desire chemical and
biomedical relevance.

Result and Discussion: In this present review, we outlined the recent applications of indoles in the one-
pot multi-component reaction using metal free catalysts for the preparation of various heterocyclic scaffolds
and their corresponding biological activities are also discussed.

Keywords: Indole derivatives, metal free catalyst, one pot multi-component reaction, synthesis

oz

Amag: Indol tiirevieri azot bazli iskeletlerden biridir ve biyolojik veya tibbi 6nemi olan bir¢ok heterosiklik
bilesigin sentezinde siklikla kullamilir. Bir¢ok indol tiirevi bitkilerden, mantarlardan ve deniz
organizmalarindan dogal olarak izole edilmistir ve farmasétik aktiviteleri nedeniyle olduk¢a énemlidirler.
Ayrica polimer ve boya endiistrilerinde ve tarim sektoriinde de onemli rol oynarlar. Istenen kimyasal ve
biyomedikal ézelliklere sahip indol bazli heterosiklik iskelet yapisinin sentezi igin tasarim ve metodoloji
gelistirmeye ihtiyag¢ vardir.

Sonu¢ ve Tartisma: Bu derlemede, cesitli heterosiklik yapt iskeletlerinin hazirlanmast i¢in metal

icermeyen katalizorlerin kullamldigi, tek kap ¢ok bilesenli reaksiyonlarla indollerin son wuygulamalari
Ozetlenmistir ve bunlara karsilik gelen biyolojik aktiviteler tartisilmistir.
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Anahtar Kelimeler: Indol tiirevleri, metalsiz katalizér, sentez, tek potal ¢ok bilesenli reaksiyon

INTRODUCTION

Heterocyclic compounds have a high significance in the synthesis of medicinal and/as well
organic synthesis and have a widespread application in the field of polymer, agriculture, medicine and
in many industries. Multi-component reactions (MCRs) [1] are the key tool to prepare various
heterocyclic derivatives with different properties by deploying several functional groups and creating
numerous carbon-carbon, and carbon-heteroatom linkages. Over several years MCRs get significant
attention due to easy process, efficient to produce a good yield, and cost-effectiveness. Indoles (Fig. 1),
imidazoles, thazines, pyrroles, quinolones, and pyridine derivatives are pharmacologically interesting
heterocycles which show biological activity and antimicrobial activity [2].

Indole derivatives have attracted attention over a few decades, because of many activities such
as antimicrobials [3], pharmacological, anti-fungals [4], and anti-tumor [5], anti-inflammatories,
antivirals [6], antibiotics drugs [7], and anticancer [8] (Fig. 2). Recently, Arvelexin (a 3-substituted
indole derivative) is used as an anti-influenza agent. Hien T. Le and co-workers demonstrate indole-3-
carbinol having activity against human protease cancer cells. Some indole derivatives work as an anti-

oxidant agent through trapping free radicals and reduce the risk of cancer and cardiovascular diseases.

Reaction on the C-3 atom

@ Antimicrobial
3 Reaction on the C2-C3 pi bond
> 3

Cycloaddition Aniieigadi
\2/‘ \ Anticancer
Reaction on the C2-N bond
N

\_/ Cycloaddition H Anti-HIV

Cardiovascular
@ : Electrophiles @
Reaction on the nitrogen atom Anti-inflammatory
(a) (b)

Figure 1. a) Reactive sites of Indole and b) Bio-activity of indole derivatives
In this study we addressed recent developments in organic synthesis methodology for
multicomponent reactions for the preparation of substituted indole derivatives with a more

environmentally friendly metal free catalysis, as well as their corresponding applications in recent
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decades. The rate of substitution is highest at C-3 position, followed by N-position to produce N-
substituted indole and it is least at C-2 position.

Br

Br

\ Br \
N
> \ R ;
H
Gliotoxin Camalexin
2,3,5.6-tetrabromo indole
(R= H, OH, O-hex, O-hex-malonyl)
(Antimicrobial) (Antibiotic) (Antifungal)
(\O
5 N/_/& COOCH;
/ o N
NH OH
HN
‘\ O,N
o
o e
(R= Me,Et, iPr)
(X= H. Me) (Antitumor)
(E)-3((1H-indol-3-yl)methylene)- Compounds with cardiovascular

Indolyl aryl sulfones as anti-HIV agent S-methoxy-6-methylindolin-2-one nctivity

Figure 2. Example of some biologically active indole derivatives

This review focuses mainly on the reactivity at C-3 sites of indole as well as the corresponding
properties of products in detail. Few miscellaneous multi-component reactions with indole have also

been reviewed.

Methods for Preparation of Indole Derivatives

A variety of methods have been established to successfully production of a library of indole
derivatives using metal-catalyzed reactions, multi-component synthesis, microwave synthesis,
ultrasonication method, etc. Among them most feasible metal-free multi-component synthesis is our

main interest.

Brief Review on Multicomponent Reactions of Indoles
Multi-component reaction (MCR) is a process where three (e.g. Passerini reaction) or more than
three (e.g. four component Ugi reaction) components are used in a suitable solvent for a single reaction

to obtain an ultimate substrate proposing superior opportunities or potentials for molecular diversity
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with greater efficiency of reactions and reduction of time, effort and cost. Indole containing one benzene
ring and one five-membered pyrrole type moiety can easily participate in multi-component reactions,
by reactions through its various reactive sites. Indole undergoes substitution reactions at the N1, C2, and
C3 sites, as well as cycloaddition reactions via the C2—C3 and C2—N sigma bonds.

Multicomponent Reactions at the C-3 Position

Bhattacharjee and co-workers [10] have introduced ammonium chloride for the synthesis of 9-
(1H-indol-3-yl)-3,3-dimethyl-2,3,4,9-tetrahydro-1H-xanthen-1-one as a catalyst for the one-pot three-
component synthesis of indole with aldehyde(o-hydroxy) and dimedone(1,3-dione) compounds
(Schemel). Ganguly et al. [11] re-investigated the same procedure, in which L-proline was used as a
catalyst in an aqueous solvent for 2 hours.

NH4Cl

o 0
CHO
H20,rt. 5h
A\ ’ &
.
N\H OH

Scheme 1. Represents the indole (three-component) reaction, which consists of indole,

salisaldehyde, and dimedone [11]

Jiang and Yan [12] achieved the synthesis of 3-substituted indole using a one-pot three-
component reaction. They synthesized 3-1-[2-(1H-indol-3-yl)ethyl]-4,5,6,7-tetrahydro-1H-indol-3-
ylindolin-2-ones by condensation of 2-(1H-indol-3-yl) ethanamine with 3-phenacylidene oxindoles and
dimedone in acetonitrile under refluxing conditions with p-toluene sulfonic acid catalyst (Scheme 2).

Klenc et al. [13] and Fatma et al. [14] have demonstrated an efficient synthetic route for indol-
3-yl substituted with pyran derivatives using ultrasonic irradiation and a reaction with piperidine activity
as a catalyst. A sharp enhancement of yield was observed for the same reaction in presence of
cetyltrimethylammonium bromide (CTAB) and thiamine hydrochloride (vitamin B1l) as catalyst
(Scheme 3).

The earlier method (1-pot 3-component) condensation was introduced for the synthesis of
indole-based tetra-arylimidazoles by Naureen’s group [16]. In this approach 2-arylindole-3-
carbaldehydes are reacted with aniline and benzyl in the presence ammonium acetate and acetic acid

(Scheme 5). The synthesized compounds has shown anti-urease activity.



J. Fac. Pharm. Ankara, 45(3): 615-630, 2021 Dangietal. 619

0
R H, p-TSOH
A MeCN i
© R — A/
Reflux
R N

R!=H, OMe; R?=H, Cl, F, Me; R® = H, Bn; Ar = Ph, 4-CICsHa, 4-OMeCsHa; p- TsSOH: p- Toluenesulfonic acid

Scheme 2. Synthesis of three components of 3-{1-[2-(1H-indol-3-yl)ethyl]-4,5,6,7-tetrahydro-1H-
indol-3- yl}indolin-2-ones [12]

CN
Ry
g:%el—rlidme \ NHz
CN l52--1‘;0mm e \ o}
Re + R CHO + < - ¥
CN R; \ R:

—Z

1

R! =H, Me; R2= H, Ph; R = 5-Br, 7-Me; R* = Ph, 4-MeCsHa, 4-MeOCsHa, 2,4-Cl2CsHs, 2-BrCeHa, 3-NO2CsHa, 4-NO2CsH,
2-Naphthyl
Scheme 3. Synthesis of indole derivatives(3-substituted compounds) [14]

Pipenidine

\ (o] Ar

+ (o]
N Y ‘ YCN , CH:COO'NH;* ——— =
\ H .

Scheme 4. Multi-component condensation reactions (one-pot) of aromatic aldehydes, ethyl cyano-

acetate, 3-acetylindole and ammonium acetate using piperidine as catalyst [15]
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CHO

o
NH,0AC
\ - + e
a. CH,COOH
N Ry
\ Ry Reflex, 5-6 h
H

R!=H, 5-Br; R? = H, 4-Cl, 4-CF3; R® = H, 4-Me, 4-OMe, 3-F, 4-Cl, 4-Br
Scheme 5. Reaction of 2-arylindole-3-carbaldehydes with substituted anilines and benzyl in the

presence of ammonium acetate and acetic acid [16]
Chen et al. [17] prepared a variety of C-3 substituted compounds, including polysubstituted 6'-
(1H-indol-3-yl) -1',7'-dihydrospiro[indoline-3,4'pyrazolo[3,4-b]pyridine]-2-one derivatives in acetic

acid/water using a simple atom-saving method involving a one-pot three-component condensation

reaction (Scheme 6).

oN
o
o
H,0 HOAC (1'l V)
/ \ 140C 120

R, A\ ¥ X o v N NH, —
N
N N\ l
¥: 4] 3

R!=H, 6-CHs; R?= H, CHs; R3= Ph, CHs; X=5-Br, 6-Br, H

Scheme 6. A three-component one-pot reaction of involving 3-cyanoacetyl indoles, isatins,
and 1H-pyrazol-5-amines in H20/ HOAc [17]

Indole, acenaphthylene-1,2-dione, and enaminone were combined in a one-pot three-component
reaction in the presence of piperidine and p-TSA as catalyst to produce indole derivatives (Scheme 7)
[18].

Borpatra et al. [19] have synthesized a one-pot 3-component indole derivatives in the presence
of base catalysts with the reaction of indole and benzaldehyde at room temperature and sodium
hydroxide in EtOH-H20 as solvent after the reaction formation of 3-indolylalcohols (Scheme 8). To

obtain the desired product in its purest form, the material was purified using column chromatography.
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Fawzy et al. [20] synthesized some indole derivatives by the reaction of 1H-indole-3-
carbaldehyde, aniline derivatives and malononitrile ethanol using triethylamine as a catalyst. The
mixture was continuously stirred. Using thin-layer chromatography, the reaction's progress was tracked,
and a precipitate was developed. The pure products were obtained by filtering the precipitate, washing
with ethanol, and drying (Scheme 9).

1) Pipendine

2) p-TSA
" / EtOH. reflux
R: & OO
—
Ry NH /

Scheme 7. Synthesis of bis-indoles [18]

R

R Squential addition O
NaOH, EtOH-H,O
N\ . + NuH - Nu
@ @ Acidified by AcOH
\ . ‘ N
N

\H

Scheme 8. Represents a three-component reaction synthesis of 3- substituted indole derivatives [19]

CHO R
e R oN EtOH/TEA
* . £ —
N CN
\ "
H

Scheme 9. Represents a three component reactionof indole derivatives [20]

Wang et al. [21] were performed bicyclization reaction method to produce a catalyst free product

called oxazolo[5,4-b]indoles by using microwave-assisted three-component. The reaction conditions
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include: arylglyoxal (2.0 mmol, 2.0 equiv), cyclic enaminone (1.0 mmol, 1.0 equiv), alanine (1.0 mmol,
1.0 equiv), solvent (2.0 mL), air, and microwave heating (Scheme 10).

& - HOOC
o Scl\ert t
Tolyl-P J\<OH?‘ 7@\ . HsN~—~_COOH ..&
OH NH 0 Y-Tolyl
4-FPH L5 Tolyl
4-FPH

Scheme 10. A microwave-assisted three-component bicyclization [21]

Lin etal. [22] used aniline (1 mmol), arylglyoxal monohydrate (1 mmol), cyclic 1,3-dicarbonyl
compound (1 mmol), and CF3COOH (0.2 mmol) to make indoles under microwave irradiation. They
combined all the compounds in a 10 ml initiator reactor vial, followed by ethanol (2 ml), and water (2
ml). After that, the reaction was close-up, pre-stirred for 10 seconds, and microwave-irradiated for 40
minutes at 90 °C (Scheme 11). Thin-layer chromatography was used to track the reaction (3:1 ratio
mixture of petroleum ether and ethyl acetate). The reaction mixture was cool to room temperature until
the solvent was vaporised at a low pressure. The crude product was purified using column

chromatography with petroleum ether and ethyl acetate as eluents.

EtOH' H.0
) CF:COOH

MWI, 90°C
OH 40 min.
R . Ar + ——
NH.

Scheme 11. Indole synthesis is based on a three-component reaction under microwave irradiation [22]

Zeng et al. [23] established a multi-component reaction for the synthesis of indole carboxamide
amino amides using 4-nitrobenzaldehyde, aniline, indole-N-carboxylic acid, and benzyl isocyanide
(Scheme 12).

Indole or N-methyl indole or substituted indole, aldehyde or substituted aldehyde, and
malononitrile were reacted to form the novel 3-substituted indole, according to Singh et al. [24] catalyst
free reaction presence of an electrolyte and ethanol as solvent. These environmentally friendly,
electrochemical reaction procedure was simple, efficient and reaction condition were mild. This
synthesis has therapeutic applications (Scheme 13).

The development of new methodologies for the synthesis of one-pot four- component rection of

3-(1H-indol-3-yl)-3-oxopropanenitrile, aldehydes, 3-acetyl-2H-chromenones, and ammonium acetate in
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acetic acid (Scheme 14). These reaction highly functionalized and advantages less reaction time under
metal-free reaction condition [25].

e}
H \ o}
Bn-CN E—_
+ Ph-NHa + * .
O,N 1 N
ol

Yoo

NO,

\Bn

Scheme 12. Represent a four component chemical reaction [23]

Electrolysis
10-13mA | Solvent

Electrolyte
CN )
Ph-CHO + e * \

Solvent = MeOH, EtOH, n-PrOH, CH3CN; Electrolyte = LiClO4, NaBr, KBr, BusNCIO4
Scheme 13. Synthesis of 3-substituted indole in a three-component reaction [24]

Acetc acid

CH,COONH, -

R = Aromatic, Heteroaromatic and Aliphatic: R! = H, Br, OH, N(Me)2, N(Et)2, OMe, OEt
Scheme 14. Represent a four component reaction [25]

Mazzotta et al. synthesized 3-amino-alkylated indoles by heating the mixture of indole and
aldehydes with morpholine in ethylene glycole at 90°C for 1 hour, then cooling it at room temperature
and filtering it under vacuum.To extract ethylene glycol, the rough solid was partitioned between
chloroform and water.The eluent was N-hexane/ethyl acetate (3:1), which was then distilled using flash

column chromatography (Scheme 15). In this region, indole derivatives have shown to be effective anti-
inflammatory agents [26].
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The efficient and advantageous synthesis of indole in the presence of ethanol as a solvent react
one-pot multi-component reaction of 2,5-disubstituted indole-3-carbaldehyde, isoniazid, and
naphthalen-2-ol, quinolin-8-ol, or 4-hydroxy-2 H-chromen-2-one by Rathod et al. In vitro anti-
tubercular activity was observed with these compounds [27] (Scheme 16).

R,
R, R,
H Aromatic aldehyde
O A
T=90"C
\ . ethylene glycole
N

Yoo
Indole Marpholine
H H
oW,
R,

Q

-

4

Indole-3-carboxvaldehyde :{

Scheme 15. Multi-component synthesis of GLYC compounds [26]

Dhuguru and Skouta [29] have developed an indole-chalcone derivative that binds to tubin and
inhibits cancer cell development. In the presence of piperidine as a catalyst, the condensation reaction
between the acetophenone derivative and the indole-3-carboxaldehyde yields FC77 (Scheme 18).

A domino reaction between arylglyoxals, acetylacetone, indole, and aliphatic amines in water
without any catalyst was performed to produce a four-component one-pot synthesis of pyrrole
functionalized indole derivatives by Mousavizadeh et al. [30] (Scheme 19).

Kumari et al. described the efficient synthesis of the carbohydrate related pyrazoline and
isoxazole bridged C-glycoside (O-linkages) of indole hybrids identified a unsaturated-C-glyosidic
ketone molecule that can be synthesised using C-glycoside as a substrate. The resulting-unsaturated-C-
glyosidic ketone molecule can then be nucleophilically added to hydrazine hydrate/hydroxyl amines at
room temperature or at elevated temperatures, and transformed into the desired pyrazoline or isoxazole
bridged C-glycoside of indole by dehydration [31] (Scheme 20).
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Yang and Li et al. [32] synthesized indole derivatives in the presence of potassium hydroxide,
benzylidene malononitrile (Scheme 21). The benzylidene malononitrile reacts with indole at inert N2
gas, product by micheal addition was obtained in 65% yield, and the oxidative cross-coupling product
were detected in traces. Moreover, michael addition product was readily converted into cross-couping
product in high yield under the standard conditions. This meant that the michael addition product may
be a potential intermediate in the reaction of malononitrile with indole to produce cross-couping product,
and that air is needed for its formation. In the presence of potassium hydroxide, these intermediates are

dehydrated, yielding cross-couping product as the final product [32].

R' nrl o Conventional heating
\ or MW-asststed
R? +
H N

Scheme 16. The indole and isoniazid derivatives were synthesised with the aid of microwaves [27]

NC

DMF. 120°C, 10n

cHO HN/< Et,\ 0.25 mmol \\ /L
.
l N §N/ 74

Scheme 17. Synthesis of novel 7-substituted-5-(1H-Indol-3yl)tetrazolo[1,5-a]pyrimidine-6-
carbonitrile in a three-component reaction [28]
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Scheme 18. An indole-chalcone derivative is synthesised in the presence of piperidine as a catalyst
[29]

OCHs

HO

o o 0
In, 60°C
//Jl\\l//on ///ﬂ\\,//u\\\ [:::::I::j§> + RNH _—
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" N

Scheme 19. The reaction of arylglyoxals, acetylacetone, indole, and aliphatic amines yields
indolylpyrrole derivatives [30]

Scheme 20. Synthesis of various indole C-glycosides [31]

In conclusion, this review encapsulates recent signs of progress in the synthesis of
pharmaceutically significant indole heterocyclic skeletons. Here we count simple, cheap, atomically
efficient, less time and effort consumable processes with metal-free organic acid/base catalyzed
synthesis of highly functionalized indoles. From the last few decades, a heterocyclic compound with
indole linkage has gained significant importance in medicinal, natural product chemistry, and
pharmaceutical industries. In all of the above mentioned one pot multi-component reactions indicates a
large potential for the synthesis of biologically beneficial molecules, through C-H activation and
condensation reactions. Our review provides an overview of the plausible synthetic procedure of indole
derivative that can help for deciding the future strategy for the preparation of a library of indole

derivatives with medicinal importance.
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H %
N {OH, N» CN
CN BOH, N> =
A X —
/ 1.4-dioxane, 60°C, 2 h CN &N
N

Michael addition product

n N
O Vi O /
CN CN
KOH, ar

Q CN 1.4-dioxane, 60°C. 2 h O N

Scheme 21. Synthesis of indole- functionalized arylidenemalononitriles [32]
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TIBBi KENEVIR VE SAGLIK: FARMAKOLOJIK BiR DERLEME

MEDICAL CANNABIS AND HEALTH: A PHARMACOLOGICAL REVIEW

Ozge BALPINAR * (), Selim AYTAC

Ondokuz Mayis Universitesi, Kenevir Arastirmalar1 Enstitiisii, 55270, Samsun, Tiirkiye

07/

Amac: Kenevir antik ¢aglardan bugiine dek tedavi amag¢l kullanilmakta olan bir bitkidir. Her ne kadar
kullamimu igerdigi psikoaktif bilesenler dolayisiyla simirlandrilmis olsa da, kenevirin tibbi yéniine dair
aragtirmalar literatiirde olduk¢a yogundur. Cannabis sativa L., icerdigi fitokannabinoidler ile
endokannabinoid sistemde gen diizeyinde pek ¢ok degisiklige sebep olabilmektedir. Endokannabinoid sistemin
pek ¢ok patolojik durumda potansiyel bir terapétik hedef olabilecegine dair kanitlarin derlenmesi hedefiyle bu
calisma ortaya koyulmustur.

Sonug ve Tartisma: Endokannabinoid sistem icerisinde yer alan reseptérler, endokannabinoidler veya
enzimlerin ekspresyon seviyelerinde meydana gelen degisiklikler, Parkinson, Alzheimer, Huntington gibi
hastaliklarin patolojileriyle iliskili olabilmektedir. Ayni zamanda endokannabinoid sistemde meydana gelen
degisikliklerin kanser hiicrelerinin metastazi, yayilimi, proliferasyonunu etkileyebilmektedir. Buna ek olarak
kannabinoidlerin, dolayisiyla kenevirin, néropatik agrinin tedavisinde rol oynadigi gosterilmistir. Giintimiizde
kemoterapiye bagli bulanti ve kusma tedavisinde kullanilan dronabilon ve nabilon kapsiilleri gibi bazi kenevir-
temelli tedavi preparatlart pek ¢ok iilkede onaylanmis, kullanima sunulmugstur. A9tetrahidrocannabinol/
cannabidiol oromukozal sprey gibi preparatlar da pek ¢ok bélgede kanser hastalarinda analjezik olarak ya da
multiple skleroz hastalarimin kas spastisitelerinin giderilmesinde kullanimi onaylanan preparatlardandir.
Ancak endokannabinoid sistemin terapotik etkinlik iizerindeki énemi dikkate alindiginda, daha pek ¢ok tibbi
durum igin kenevirin standardize edilmis preparatlarina ve bu dogrultuda daha fazla aragtirmaya ihtiyag
duyulmaktadr.

Anahtar Kelimeler: Kannabinoid, kanser, kenevir, norodejeneretif hastaliklar.

ABSTRACT

Obijective: Cannabis sativa L. is a plant that has been used for therapeutic purposes since ancient times.
However, its use has been limited due to its content. Cannabis causes many changes at the gene level in the
endocannabinoid system with the phytocannabinoids it contains. The aim of this study was to provide evidence
that the endocannabinoid system could be a potential therapeutic target in many pathological conditions.
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Result and Discussion: The change in the expression levels of receptors, endocannabinoids or enzymes
in the endocannabinoid system may be associated with the pathologies of diseases such as Parkinson,
Alzheimer, and Huntington. Besides, changes in the endocannabinoid system can affect the migration,
proliferation of cancer cells. Also, cannabinoids, have been shown to play a role in the treatment of neuropathic
pain. Today, some cannabis-based treatment preparations such as dronabilon and nabilon capsules used in the
treatment of chemotherapy-induced nausea and vomiting have been approved and available in many countries.
Preparations such as A9tetrahydrocannabinol/cannabidiol oromucosal spray are also among the preparations
approved for use as analgesic in cancer patients or for the relief of muscle spasticity in multiple sclerosis
patients. However, standardized preparations of cannabis and further research are needed for many other
medical conditions.

Keywords: Cancer, cannabinoid, cannabis, neurodegenerative diseases

GIRIS

Kenevir (Cannabis sativa L.), 104’ii tanimlanmis kannabinoid olmak iizere 500’den fazla
bilesik iceren psikoaktif etkilere sahip bir bitkidir. Kannabinoid bilesiklerinin ismi de kenevirin latince
isminden koken almaktaktadir. Bu bitki psikoaktif etkileri sebebiyle ¢cok eski zamanlardan bu yana tibbi
amaglarla kullanilmaktadir [1, 2].

Geleneksel Cin tibbinda astim, sitma ve gut hastalifi tedavisi icin kullanilan kenevirin,
Hindistan’da migren, konviilsiyonlar ve nevralji i¢in kullanildig1 belirlenmistir [3, 4]. Ondokuzuncu
yiizyilda Avrupa ve Amerika’da kenevirin etanolden elde edilmis ekstraktlarinin olduk¢a popiiler bir
konuma eristigi bilinmektedir. Bu ekstraktlar hayati tehdit eden yenidoganlarda konviilsiyonlar, tetanos,
kolera ve kuduz gibi hastaliklarin tedavilerinde kullanilmistir. Ancak yirminci yilizyilin ilk yarisindan
itibaren kenevirin bu sekilde terapotik kullanimlari, belirli bir standartta kenevir preparatlarinin
hazirlanamamasi sebebiyle ortadan kaybolmustur [5].

Kanada, Amerika Birlesik Devletleri ve Ingiltere’deki eczanelerin raflarinda yillarca yer
almakta olan kenevir, psikoaktif etkileri sebebiyle elestirilere maruz kalmis, su¢ sayilmig ve 1970’li
yillarda yasadigi bir uyusturucu olarak listelenmistir. Bunun sebebi igeriginde yer alan
tetrahidrokannabinol gibi bazi fitokannabinoidlerin psikoaktif niteliklerinin suistimal edilmesi, kotiiye
kullanilmasi, bagimliliga yol acabiliyor olmasidir. 2014 yilinda tarim yasasinin yiriirliige girmesiyle
birlikte “endiistriyel kenevir” tanim yapilmig, bu dogrultuda en fazla % 0,3 oraninda
tetrahidrokannabinol igerigine sahip kenevir bitkilerinin arastirma amagli yetistirilmesine izin
verilmistir. Ancak son 15-20 yil igerisinde ¢esitli rahatsizliklar ve hastaliklar i¢in kenevirin terapotik
etkileri degerlendirilmek istenmis, bu siire¢ de esrar igerigi ile kendisinden s6z ettiren kenevirin pek ¢ok
yerde su¢ olmaktan cikarilmasi, yasal bir forma eristirilmesi ve bitkiye yonelik ilginin artirilmasi ile

sonuglanmistir [6].

Kenevir Bitkisinin Botanik Ozellikleri
Kenevir, botanik tanimlamasi Cannabis sativa L. olan, iilkemizde b6lgeden bolgeye degisen

kendir, ¢etene, kinnap, kendirik tanimlamalarina sahip bitkidir [7]. Urticales takiminin Cannabinaceae
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familyasi icerisinde Cannabis cinsi kapsaminda yer almaktadir. Dioik bir bitki olan kenevirde, erkek ve
disi ¢igekler ayni zamanda ¢icek agmamaktadir. Tarimi yapilan kenevir bitkisinin kromozom sayisi
2n=20 olarak belirlenmistir [8].

Kazik koklii, dik govdeli bir bitki olan kenevirin yiiksekligi 1-6 m arasinda degisiklik
gostermektedir. Karsilikli veya alternan olarak dallanan bitkinin kdkleri 30-60 cm derinlige ulasirken,
gevsek topraklarda bu 6l¢iim 2.5 metreye kadar ¢ikabilmektedir [9]. Tohumlar1 3-6 mm uzunluk, 2-4
mm genislige sahiptir. Tiirden tiire degismekle birlikte tohum renkleri genellikle gri, siyah, yesilli koyu
tonlardadir, tohum kabugu incedir [10].

Kenevir iceriginde kannabinoidlere ek olarak, 20’den fazla flavonoid tanimlanmistir. Bitki
iceriginde yer alan flavonoidlerin anti-enflamatuvar, anti-alerjik ve sitoprotektif etkilere sahip oldugu
belirlenmistir. Flavonoidlere ek olarak kenevirde yer alan bir diger fitokimyasal grubu da terpenlerdir.
Terpenler kenevirin karakteristik kokusunun kaynagi olarak bilinmektedir. Hem monoterpenler hem de

seskuiterpenler kenevirin koklerinde ve iist yapilarinda tespit edilmistir [11].

Kannabinoidler ve Endokannabinoid Sistem

Kenevir icerigindeki en giiclii ve ana bilesen olarak bilinen madde A9-tetrahidrokanabinoldiir
(THC). Cannabis sativa L. igerisinde THC ye ek olarak A8-tetrahidrokanabinol (A8-THC) , kannabinol
(CBN) gibi fitokannabinoidler de bulunmaktadir. Bu maddelerin kenevir igeriginde THC’ye kiyasla
daha diisilk oranda bulundugu ve endokannabinoid sistem reseptorlerine daha diisiik afinite ile
baglandiklar1 bilinmektedir [12,13]. Bunlara ek olarak son dénem bilimsel ¢alismalarda sik¢a goriilen,
popiiler bir fitokannabinoid olmasiyla pek ¢ok Cannabis preparatinda da yer alarak adindan sikca s6z
ettiren bir diger kannabinoid kannabidioldiir (CBD). Kannabidiol THC nin %10’u kadar aktivite sergiler
ve psikoaktif bir bilesen degildir [8]. Ayrica CBD, anksiyolitik ve antipsikotik 6zellikler sergilemektedir
[14,15]. CBD’nin THC etkisi ile ortaya ¢ikan psikotropik 6zellikleri hafifletebilme potansiyeline sahip
oldugu bilinmektedir [16].

1990’11 yillarda, yukarida sozii edilen bilesiklerle iliskili spesifik reseptorlerin varligi tespit
edilmistir. Boylece kannabinoidlerin membran reseptorleri araciligi ile etkilerini ortaya koyduklari
belirlenmistir. Reseptorlerin kesfedilmesi, reseptorlerin aktiflesmesini saglayan endojen nitelikli
kannabinoidlerin yani endokannabinod ligandlarin arastirilmasina onciiliik etmistir. Bugiin kannabinoid
terimi ile hem bitkisel kaynakli fitokannabinoidler hem endokannabinodiler hem de her iki grubun
sentetik analoglar1 ifade etmektedir. Bugiine kadar CB1 ve CB2 olmak iizere iki adet kannabinoid
reseptorii lizerinde yogunlasilmistir [17,18]. CB1 reseptoriiniin biiyliik ¢ogunlukla merkezi sinir
sisteminde (MSS) yer aldig1, buna ek olarak periferik sinir hiicrelerinin terminallerinde de bulundugu
belirlenmistir. CB1 noronal olmayan dokularda da yayilima sahiptir; rahim, prostat, testis, mide,
vaskiiler endotelyal sistem ve iskelet sistemi gibi dokularda da CB1 reseptoriintin yaygin bir bigimde

dagilim sergiledigi goriilmektedir. CB2 reseptorii ise CB1’e kiyasla daha sinirhi bir dagilima sahiptir.
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CB2 reseptorleri temel olarak immiin sistemde yer almakta, hem immiin sistemle iligkili dokularda hem
de immiin sisteme ait hiicrelerde bulunmaktadir [19,20]. Ancak CB2 reseptorleri inflamasyon gibi bazi
durumlar ortaya ¢iktiginda MSS’de yer alan glial hiicrelerde de goriilmektedir [21,22].

Kannabinodilerin tamami etkilerini yalmizca CB1 ve CB2 reseptorleri iizerinden
sergilememektedir. Bu siirecte hem endokannabinoidler hem de bitkisel kaynakli kannabinoidlerin
tamami1 GPRS55 ve GPR19 gibi G-protein kenetli reseptorler iizerinden etkilerini gosterebildigi gibi,
TARPA1, TRPV1 ve TRPV2 gibi katyon kanallar iizerinden de etkilerini sergileyebilmektedir. GPR55
reseptoriiniin  CB1 ve CB2 reseptorleri gibi endokannabinoid sistemin bir parcast oldugu
diistintilmektedir [23].

Endokannabinoid sistem igerisinde, kannabinoid reseptorleri, endokannabinoidler ile bu
maddelerin biyosentezi ve yikimlarindan sorumlu enzimler yer almaktadir. Endokannabinoid sistem,
son doneme ait pek cok caligmada patolojik durumlarin muhtemel bir terapotik hedefi olarak
degerlendirilmistir. Bu sistemin enerji dengesinin saglanmasi, istah uyarimi, kan basinci, analjezi,
bulanti ve kusmanin kontrol altina alinmasi, hafiza, 6grenme, bagisiklik sisteminin tepkilerinin
diizenlenmesi gibi pek ¢ok fizyolojik siiregte katilim gosterdigi bilinmektedir [24-27].

Bunlara ek olarak endokannabinoid sistemin bazi patolojik durumlarda koruyucu rol tistlendigi
de bilinmektedir. endokannabinoid maddelerin seviyelerinde meydana gelen degisiklikler Parkinson,
Huntington ya da multiple skleroz (MS) gibi norolojik hastaliklara sebep oldugu gibi istahsizlik veya
irritabl bagirsak sendromu gibi durumlara da sebep olabilmektedir. Endokannabinoid sistem igerisindeki
degisiklikler kontrolsiiz proliferasyon, migrasyon ile karakterize kanser hastaliklariyla da

iliskilendirilmektedir [28-32].
Kenevir ve Norolojik Hastahklar

Multiple Skleroz (MS)

Multiple skleroz hastalarinda MS hastalig1 ile birlikte endokannabinoid sistem igerisinde bazi
sistem iiyelerinin ekspresyon seviyelerinde degisimler oldugu tespit edilmistir. Oliim sonrasi MS
dondrlerinin beyin dokularinda CB1 ve CB2 reseptor ekspresyonlarinda artis gézlendigi kaydedilmistir
[33]. Farkl1 alt tiplerde MS hastaligina sahip hastalardan alinan plazma 6rneklerinde, tiim numunelerde
birka¢ endokannabinoid seviyesinde artis oldugu kaydedilmistir. Yalmizca ilerleyici MS (Primer
progresif MS) hastalarinda CB1 ve CB2 reseptorlerine ait ekspresyon seviyelerinde artig tespit
edilmistir. Ikincil MS hastalarinda ise endokannabinoidlerin bir kismmin yikimmdan sorumlu bir
enzimin ekspresyon seviyesinin azaldigi goriilmiis, buna bagli olarak bu hastalarin plazmalarinda ilgili
endokannabinoid seviyesinin arttig1 belirlenmistir [34].

Kenevirin ve kannabinoidlerin MS hastaligindaki etkisini ve 6nemini belirlemek, hastaligin
tedavisinde, semptomlarin kontrol altina alinmasindaki yerini ortaya koyabilmek adina ¢esitli klinik

calismalar gergeklestirilmistir. 2,5 ve 5 mg dozlarinda oral yolla kullanilan Cannabis sativa L.
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ekstraktlari ile A9-THC’nin MS hastaliginda ortaya ¢ikan kas spastisitesini iyilestirmede yetersiz kaldig1
tespit edilmistir [35]. Bu konuda gozle goriiliir bir iyilesme kaydedebilmek adina 7,5 mg dozunda A9-
THC kullaniminin gerekli oldugu belirlenmistir [36].

Kenevir ekstraktinin tedavide kullanildigt MS hastalarinda kas sertliginde plasebo grubuna
kiyasla iki kata yakin bir gelisim goriildiigii kaydedilmistir [37]. Kas spastisitesinde test edilen
THC/CBD oromukozal sprey olan SativexTM‘in kenevir ekstraktlart veya THC’nin oral
uygulamalarina kiyasla etki seviyesinin daha diisiik oldugu belirlenmistir [38, 39].

Multiple Skleroz ile iliskili kaslarda ortaya ¢ikan sertlik, spastisite gibi semptomlarda kontrol
gruplarina kiyasla kannabinoid ile tedavi goren hastalarda goreceli bir iyilesmenin oldugu
kaydedilmistir. Yapilan ¢alismalardaki sonug farkliliklari, ¢alismalarin tasarimlarinin, kullanilan tedavi
dozlarinin farkliligi ile iliskili oldugu diisiiniilmektedir. Bunlara ek olarak calismalarda MS tedavisi i¢in
kannabinoid kullanan hastalarda bas donmesi, uyku hali, bas agris1, agiz kurulugu gibi advers etkilerin

ortaya ¢ikt1g1 goriilmiistiir [40].

Epilepsi

Epilepside ortaya ¢ikan eksitotoksisite (glutamatin sinaptik aralikta anormal ve asir1 artist)
durumuyla iligkili olarak endokannabinoid sistemin bir role sahip olup olmadig: aragtirmalara konu
olmustur. Bu amagla gergeklestirilen bir ¢alismada fare modellerinde CB1 reseptorlerinin kainik asit
kaynakli eksitotoksisiteye karst korumada rol sahibi oldugunu ifade etmistir. Bu dogrultuda CB1
reseptoriine ait geni ihtiva etmeyen farelerin, CB1 reseptdriine sahip farelere kiyasla ¢ok daha siddetli
nobetler gecirdigi kaydedilmistir. Buna ek olarak CB1 reseptoriine sahip farelerde endokannabinoid
olan aragidonil etanolamin (Anandamid; AEA) seviyelerinin hipokampus bélgesinde arttig1 gézlenmis,
bu durumun da endokannabinoid sistemin eksitotoksisiteye karst koruyuculugu ile iliskili oldugu
diistintilmiistiir [41].

Preklinik calismalarda endokannabinoid sistemin epileptik nobetlerle, eksitotoksisiteye karsi
koruma saglamasiyla iliskili olarak elde edilen verilerin akabinde epilepsi hastalariyla da bazi klinik
calismalar gerceklestirilmistir. Girisimsel olmayan birka¢ caligmada antiepileptik ilaglarla birlikte
kenevirin hava yolu ile tilketiminin ndbetlerin kontroliinde etkili bir yaklagim olabilecegi bildirilmistir
[42-44]. Buna benzer baska bir galigmada ise kenevirin benzer kullaniminin epilepsi hastalarinin
nobetlerini etkilemedigi ifade edilmistir [45].

Kenevir ekstraktlariyla yapilan bir c¢alismada cocuk epilepsi hastalar1 {izerinde CBD ile
zenginlestirilmis kenevir ekstraktlari test edilmistir. Elde edilen verilere gore gerceklestirilen tedavi ile
hastalarin %84’iinde nobet sikliginin azaldigr kaydedilmistir. Buna ek olarak uygulanan tedavinin
davranis, uyku ve uyaniklikla ilgili de iyilesme sagladig1 belirlenmistir [46, 47].

EpidiolexTM CBD oral soliisyonunu kullanan febril ndbetli epilepsi hastas1 7 kisiden 6’sinda
ndbet sikliginin ve siiresinin iyilestigi bildirilmistir [48]. Yiiksek THC, diisiik CBD igerigine sahip
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keneviri kullanan epilepsi hastast c¢ocuklarda, kullanmayanlara kiyasla daha siddetli ndbetlerin
gerceklestigi  belirlenmistir. Calismalardaki farkli sonuglarin, kullanilan kenevir ekstraktlarin
icerigindeki etken maddelerin oranlarinin degisikligiyle iliskili oldugu ifade edilmektedir. Bu durumda

nobetlerin tedavisinde CBD en umut verici kannabinoid olarak goriilmektedir [49].

Parkinson

Endokannabinoid sistemin 6zellikle bazal ganglionlarda yiiksek ekspresyon seviyesine sahip
oldugu goOriilmiistiir. Bu durumun hareket kontrolii ile iliskisinin incelenmesi neticesinde,
endokannabinoid sistem aktivasyonunun motor inhibisyonla iligkili oldugu belirlenmistir [50, 51].
Parkinson hastas1 bireylerden 6liim sonrasi alinan beyin oOrneklerinde bazal ganglianin bazi
boliimlerinde CB1 reseptorlerinin ekspresyonlarinda azalma gozlendigi ifade edilmistir. Niikleus
akiimbens, 6n ile arka ventral putamen ve substantia nigra boliimlerinde ise CB1 reseptorii ekspresyon
seviyesi degisiklik arz etmemistir [52].

Parkinson hastaliginin farkli asamalarinda olan hastalardan alinan beyin omurilik sivist
ornekleri incelendiginde, AEA endokannabinoidinin seviyesinin hastalik evresinden bagimsiz bir
bicimde normale kiyasla iki kat artig gosterdigi kaydedilmistir [53].

Parkinson modeli olusurulmus siganlarda yapilan bir ¢alismada CB1 reseptoriiniin bloke
edilmesi antiparkinson etki meydana getirmistir. Rimonabant olarak bilinen (SR141716A) CBI1 reseptor
antagonistinin striatum, globus pallidus ve subtalamik ¢ekirdege uygulanmasiyla parkinsonlu farelerde
motor asimetrinin azaldig1 ortaya koyulmustur [54]. Bir bagka c¢alismada rimonabantin orta diizey L-
DOPA tedavisinin etkisini artirdigi ortaya konulmus, tedaviye eklenmesi gerektigi one stiriilmiistiir [55].
Ancak ayni ilacin kemirgenlerdeki etkisinin aksine, primatlarda antiparkinson aktivite sergilemedigi
goriilmiistiir [56]. Konu ile iligkin vaka raporlarina rastlamak miimkiin olsa da, Parkinson hastaligi ile

iligkili olarak kontrollii bir klinik ¢aligmanin eksikligi literatiirde géze ¢arpmaktadir.

Alzheimer

Alzheimer hastalarindan elde edilen beyin dokusu orneklerinde endokannabinoid sistem
iiyelerinin ekspresyonlar1 incelenmistir. Amiloid beta Ipaklar1 bakimindan zengin olan beyin
bolgelerinde AEA endokannabinodinin yikimindan sorumlu olan yag asidi amid hidrolaz (FAAH)
enzimi ile CB2 reseptoriiniin genlerinin ekspresyonlarinda artis kaydedilmistir. FAAH enzim
aktivitesinin de arttig1, ancak CB1 seviyesinin degismedigi belirlenmistir [57]. Buna ek olarak bagka bir
calismada CB1 reseptor ekspresyonunun azaldigi da ifade edilmistir [58].

Alzheimer hastaligi ile artan CB2 reseptor ekspresyonu seviyesini iliskilendiren ¢aligmalarin
ardindan [59, 60]; yeni terapétik yaklasimlar i¢in CB2 agonistlerinin kullanimi spesifik olarak
hedeflenmistir. Secici bir CB2 agonisti olan JWH-015 in vitro olarak gergeklestirilen bir ¢alismada

amiloid beta plaklarinin insan dokularindan uzaklagmasini saglamstir [61].
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Selektif bir CB2 agonisti olan MDA-7 etken maddesi, 14 giin siireyle alzheimer hastaligina
sahip siganlara intraperitoneal yolla uygulanmistir ve bu siirenin sonunda amiloid beta birikiminde
azalma ile kognitif bozuklukta iyilesmeler gézlenmistir [62].

Reseptor agonisti etken maddelerine ek olarak, bu reseptorlere diisiik afiniteye sahip CBD de
Alzheimer hastalifi i¢in faydali etkiler ortaya koymustur. 7 giin siireyle 2,5 veya 10 mg/kg/gilin
dozlarinda intraperitoneal yolla CBD alan Alzheimer hastalarda amiloid beta birikimi ile uyarilan

noroinflamasyonun azaldigi kaydedilmistir [63].

Huntington

Huntington hastalig1 ile iliskili beyin bolgelerinde endokannabinoid sisteme dair yapilarin
ekspresyon seviyelerinin degistigine dair pek ¢ok ¢aligma mevcuttur. Bu ¢alismalar endokannabinoid
sistemin huntington hastaliginin patolojisinde rol sahibi oldugunu diisiindiirmektedir. Huntingtona sahip
hastalarin beyinlerinin 6liim sonrasi incelenmesi ile gergeklestirilen bir calismada bazal ganglia ile
ozellikle globus pallidusta CB1 reseptorlerinin ekspresyon seviyelerinin %97,5 kadar azaldig
kaydedilmistir [64, 65]. Kemirgen modellerini iceren huntington calismalar1 da bu sonucu destekler
niteliktedir [66-68].

Yapilan bazi klinik ¢alismalarda hem oral CBD hem de THC/CBD oromukozal sprey
uygulamalari test edilmistir. Yapilan ¢caligmalarda huntington hastalarinda motor, biligsel ve fonksiyonel

semptomlarda bir iyilesme kaydedilememistir [69, 70]. Ancak yapilan bir baska klinik pilot ¢aligmada

nabilonun kognitif sorunlarin giderilmesinde etki kaydedildigi ifade edilmistir [71].

Kenevir ve Agn

Agrinin tedavisi i¢in esrar igerikli kenevirin kullanimi 5000 y1l 6ncesine dayanmaktadir. Ancak
kullanimi bu kadar eskiye dayaniyor olmasina ragmen, etki mekanizmalari ile iliskili olarak yeterli bilgi
mevcut degildir. Kannabinoidler ya da kannabinoid igeren farmasdtik preparatlar ¢ogunlukla
somatosensor sistemi etkileyen lezyonlar ile hastaliklarla iligkili olarak ortaya ¢ikan néropatik agrinin
hafifletilmesi ig¢in kullanilmaktadir [72]. Yapilan ¢alismalar THC nin néropatik agriy1 hafifletmek tizere
etkili bir ajan oldugunu ortaya koymustur. Ancak elde edilen verilerde THC’ nin endise verici yan
etkileri oldugu kaydedilmistir [73-75].

Kannabinoidlerin analjezik olarak kullanimi, daha c¢ok opioid gibi diger analjezik ilaglara
alternatif bulma hedefi dolayisiyla ortaya c¢ikmistir. Hava yoluyla kenevirin kullanimininin agrn
iizerindeki etkisini arastiran bir ¢alismada artan THC oraniyla birlikte katilimcilarin hissettikleri agri
derecesinin de azaldigini bildirdigi kaydedilmistir [76]. Genel olarak kenevirin analjezik etkisinin hafif
oldugu, o6zellikle bu amagla recete edilen GABA reseptor agonistleri gabapentin ve pregabalin gibi
ilaglar kadar etkili olmadig ifade edilmektedir. Bu sebeple kenevirin dolayisiyla kannabinoidlerin tek
baslarma kullanimi1 yerine mevcut analjezik ilaglarla birlikte kullaniminin daha etkili oldugu

disiiniilmektedir. Mevcut agr1 kesici ilaglarla birlikte kullanilan SativexTM ticari adiyla bilinen
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Nabiximols (Esit derecede THC ve CBD igerir.) gibi oromukozal spreylerin agr1 yogunlugunda énemli
Olciide azalmaya yardimei oldugu kaydedilmistir [74, 77, 78].

Tibbi kenevirin analjezik etkinligi lizerine klinik ¢alismalarin sistematik olarak sonuglar
incelendiginde, tibbi kenevirin néropatik agriy1 azaltmada akut etkisinin mevcut oldugu ifade edilmistir.
Plasebo ile kiyaslandiginda, agrinin giderilmesi noktasinda % 30 kadar bir analjezik etkiden s6z etmenin
miimkiin oldugu bir ¢aligmada, mevcut agn kesici ilaglarla kiyaslama yapildiginda istatistiksel olarak
anlaml1 bir farklilik gézlenememistir [79].

Romatizmal agrilarin giderilmesinde kannabinoidlerin etkisi ile iligkili verilerin yeterli diizeyde
olmadig diisiiniilmektedir. Fibromiyalji, romatoid artrit, kas/iskelet agris1 gibi durumlarda kullanilan
THC/CBD oromukozal spreylerinin tedavisini arastiran birkag randomize klinik ¢alismada elde edilen
veriler, analjezik olarak kullanim amaciyla kannabinoidlerin 6nerilmesi i¢in yeterli olarak goriilmedigini

ortaya koymustur [80, 81].

Kenevir ve Kanser

Cesitli kanser tiirlerinde endokannabinoid sistem iiyelerinin ekspresyon seviyelerinde degisiklik
oldugu kaydedilmis ve bu degisikliklerin kanser tedavisi icin potansiyel bi gelismeye zemin
hazirlayabilecegi ifade edilmistir [82].

Yapilan calismalarda hem glioblastoma kanser tiirinde hem de pediatrik gliomalarin erken
evrelerinde CB1 reseptorlerinin  asir1  seviyede eksprese edildigi kaydedilmistir [83, 84].
Glioblastomalarda ve astrositomlarda ise CB2 reseptorlerinin yiiksek seviyede eksprese edildigi ve bu
ekspresyon seviyelerinin tlimériin i¢erisinde bulundugu evre ile de iliskili oldugu belirlenmistir [84-87].
Beyin kanseri hiicre hatlar1 (U87, 251, C6, H4) ile gerceklestirilen bir in vitro ¢alismada anandamidin
antiproliferatif etki sergiledigi tespit edilmistir. Buna ek olarak ayni materyalin migrasyon ile yayilimim
da engelledigi belirlenmistir [88, 89]. Diger endokannabinoidlerin test edildigi bir bagka ¢alismada C6
glioma hiicrelerinin gogalmasinin kannabinoid reseptorleri araciligiyla engellendigi kaydedilmistir [90,
91].

Gogiis kanseri hiicrelerinde CB2 reseptorlerinin asir1 ekspresyonu bildirilmistir. HER-2 pozitif
olan gogiis kanseri dokularinin %90’indan fazlasinda CB2 reseptorlerinin asiri ekspresyonuna
rastlanmistir [92]. In vitro bir ¢alismada test edilen endokannabinoidlerin CB1 reseptorlerini kullanarak
meme kanseri hiicrelerinde antiproliferatif etki sergiledigi gosterilmistir [93, 94]. Benzer sekilde hem
bazi fitokannabinoidlerin (THC ve CBD dahil) hem de sentetik kannabinoidlerin (WIN-55,212-2 ve
JWH-133 gibi) kannabinoid reseptdrlerini kullarak antiproliferatif etki sergiledigi tespit edilmistir [95,
96].

Prostat kanseri dokusunun, saglikli prostat dokusu ile kiyaslandiginda hem CB1 hem de CB2
reseptorlerinin artan ekspresyonuna sahip oldugu belirlenmistir. CB1 reseptorlerinin asir1 eksprese

edilmesinin hem metastaz sikligin1 hem de Gleason skorunu etkiledigi ifade edilmistir [97-100].
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Gergeklestirilen ¢aligmalar kannabinoidlerin prostat kanseri dokusunda antiproliferatif etki sergiledigini
ortaya koymustur. Primer in vitro kiiltiirii gerceklestirilen prostat kanseri kiiltiirii ile PC-3, DU145,
LNCaP prostat hiicre hatlarinda anandamidin CB1 reseptdriiniin araciligi ile antiproliferatif etki
sergiledigi belirlenmistir [99, 101, 102].

Hepatokarsinomda endokannabinoid sistem ekspresyon seviyelerinin arastirildigi ¢alismalarda;
saglikli karaciger dokusu ile kiyaslandiginda hem CB1 hem de CB2 reseptorlerinin sirasiyla 3.07 ve
5.44 kat fazla eksprese edildigi belirlenmistir. Anadamid ise karaciger kanser dokusunda
endokannabinoid sistem reseptorlerinden bagimsiz bir bicimde proliferasyonu engelleyici etki
sergiledigi kaydedilmistir [103, 104]. Buna ek olarak fitokannabinoidler ile sentetik kannabinoidlerin
sitotoksik etkilerinin CB2 reseptorleri araciligiyla gergeklestigi tespit edilmistir [105-107].

Kenevir ve Bulanti/Kusma

Kenevir bulant1 kusma tedavisi i¢in ilk defa 1975°te yapilan bir ¢alisma ile kemoterapi alan
hastalarda test edilmistir. THC nin oral formunun antiemetik 6zelliklerini arastiran calismada, ilgili
maddenin bulantinin tedavisinde etkili bir ajan oldugu tespit edilmistir [108].

Sivri fare (Cryptotis parva) hayvan modelinde yapilan bir ¢alismada CB1 reseptorlerinin
antiemetik etkinlikteki rolii tespit edilmeye calisilmistir. Bu amagla CB1 reseptorlerinin spesifik
antagonistler kullanilarak antagonize edilmesinin kusmaya sebep oldugu kaydedilmistir. CBI
reseptoriine spesifik olan secici agonistlerin (A9-THC, CP 55,940 ve WIN 55,212-2 kullanimiyla kusma
etkisi geri dondiiriilebilmistir [109].

Gergeklestirilen farkli galismalarda da benzer sonuglar elde edilmistir. Fare hayvan modelinde
sisplatin kaynakli kusmanin tedavisinde intraperitoneal olarak uygulanan A9-THC’nin, hem farelerde
kusmay1 hem de kusma sikligini azalttig1 belirlenmistir. Ayni ¢aligma sivri fare (Cryptotis parva) hayvan
modelinde de benzer sonuglar ortaya koymustur [110].

Yapilan bir klinik ¢alismada bulant1 ve kusmanin kontroliinde Nabilonun (CesametTM) (1 mg)
etkisi test edilmistir. Elde edilen bulgulara gére kemoterapi oncesinde ve kemoterapi esnasinda oral
olarak kullanilan proklorperazin veya domperidon (20 mg) ilaglarina kiyasla Nabilonun daha etkili
oldugu belirlenmistir [111]. Kemoterapiye bagli bulant1 ve kusmay1 engelleme amaciyla gerceklestirilen
bir klinik ¢alismada MarinolTM, SyndrosTM ticari preparatlari icerisinde de yer alan Dronabinol etken
maddesi test edilmistir. Oral yoldan kullanilan Dronabinoliin (2,5 mg) intravendz olarak uygulamasi
gerceklestirilen ondansetronla (16 mg) kiyaslandiginda benzer etki sergiledigi goriilmiistiir. Her iki ilag
da birlikte kullanildiginda elde edilen etkide bir artig gozlenmedigi ifade edilmistir [112].

Losemi, lenfomalar, beyin karsinomlar: dahil pek ¢ok kanser tiiriine sahip 18 yas alt1 gocuklarla
gerceklestirilen bir ¢caligsmada, kemoterapi kaynakli bulanti ve kusmanin tedavisinde nabilonun etkisi
incelenmistir. Tedavide uygulanan antiemetik ajanla kombine olarak kullanilan oral uygulanan

Nabilonun antiemetik etkisinin zayif oldugu tespit edilmistir. Kannabinoidlerin diger yaygin etkileri
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(bag donmesi, 6fori, gevseme vb.) Nabilon alan hastalarda tespit edilmistir. Elde edilen bu verilerin
farkli olmasinin uygulanan kemoterapi programlariyla iliskili oldugu diistiniilmiistiir [113].

Ameliyat sonrast bulanti kusma tedavisi i¢in kannabinoidlerin etkisinin incelendigi bir
calismada, A9-THC’nin intravendz uygulamalarinin hedeflenen antiemetik etkiye ulasmadigi
kaydedilmistir. A9-THC diisiik antiemetik etkinin yaninda, hastalarda psikotropik yan etkiler de ortaya
cikarmigtir [114].

Kenevir ve Inflamasyon

Cannabis sativa L. iceriginde yer alan kannabinoidler anti-inflamatuar potansiyellerinin
belirlenmesi adina arastirmalara konu olmaktadir. Anti-inflamatuar etkinlik olarak kenevir iceriginde
yer alan kannabinoidlerden hem A9-THC’nin hem de CBD gibi psikoaktif olmayan kannabinoidlerin
rol iistlendigi belirlenmistir.

CBD’nin anti-inflamatuar etkisinin kannabinoid reseptorleri, adenozin A2A reseptorleri,
TRPV1 reseptorleri, GPR55 reseptorleri CB2/5SHT1A heterodimerizasyonu {izerinden etki
gosterebilecegi diigiiniilmektedir [115]. Sicanlarda kimyasal katki maddesi E-407 (Karragenan) ile
indiiklenen bir inflamasyon modelinde CBD’nin COX aktivitesini, PGE2, nitrik oksit ve monoaldehit
iiretimini de azalttig1 kaydedilmistir [116]. Buna ek olarak CBD’nin HaCaT hiicreleri kullanilarak
olusturulan in vitro alerjik dermatit modelinde sitokin tiretimini 6nemli 6l¢iide azalttig tespit edilmistir
[117].

Bagisiklik sisteminin aktif hiicreleri arasinda yer alan monositler, makrofajlar, bazofiller,
lenfositler, dendritic hiicreler gibi hiicrelerde endokannabinoid sistem {irlinlerine, enzimlerine ve
reseptorlerine rastlanmistir. Kannabinoidlerin bu hiicreler tizerindeki rollerinin bagisiklik sistemini
otokrin ve parakrin olarak module etmek oldugu bilinmektedir [118].

Sentetik kannabinoid olan JWH-018’in CB2 reseptorleri iizerindeki tam agonist etkisi
araciligiyla immiin sistemin diizenlenmesinde hatta immiin sistemin baskilanmasinda rol sahibi oldugu
ifade edilmektedir. Hatta bu sentetik kannabinoidin indometazinle kiyaslandiginda daha yiiksek anti-
inflamatuvar yanit olusturdugu kaydedilmistir [119]. Yine ayni sentetik kannabinoid analogunun
arastirildig bir diger calismada Hepatit B viriisiine kars1 antikor yanitinin olusturulmasinda ve bu yanitin

siddetinin belirlenmesinde test edilen JWH-018 kannabinoidinin etkili oldugu belirlenmistir [120].

Kenevir ve Toksisite

Kenevir preparatlariin, 6zellikle sentetik kannabinoidlerin kullanimindan dolay1 gelisen
komplikasyonlar da mevcuttur. Kullanima bagli olarak anksiyete, uyku bozukluklari, hiperaktivite,
ajitasyon, agresiflik gibi semptomlar bildirilmistir. Akut intoksikasyon durumunda kisa siireli hafiza
kayb1 gibi biligsel bozukluklarn goriildiigii kaydedilmistir. Manik durumlara rastlanabilecegi gibi,
paranoya, intihar egilimleri gibi durumlara da sebebiyet verme ihtimallerinin mevcut oldugu ifade

edilmektedir [121].
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Iceriginde CBD yer alan preparatlarin A9-THC’nin CB1 ve CB2 reseptorleri iizerinden
gerceklestirdigi fizyolojik ve toksikolojik etkilerin daha dengeli bir profil sergiledigi goriilmektedir.
Sentetik kannabinoid preparatlarinin CBD igerip icermemesi kadar, CB1 ve CB2 reseptorlerine yonelik
daha yiiksek afinite sergiliyor olmalar1 da farkli farmakolojik, fizyolojik ve toksikolojik etkinliklerini
agiklar niteliktedir [121].

Kenevir praparatlarinin intoksikasyonu durumunda hem gocuklar hem de yetiskinlerde tipik
olarak hipertansiyon, tasikardi, nystagmus, solunuma dair sikintilar, uyku hali, ataksi, konusma
bozuklugu gibi anormalliklere rastlanmaktadir. Bebeklerde ise intoksikasyon durumunda
ensefelopatiden acik komaya kadar degisen aralikta semptomlar goriilebilmektedir [122].

Son donemlerde genellikle sentetik kannabinoid analoglarinin kullanimi  dolayisiyla
intoksikasyon vaka sayilarmin artisi dikkat c¢ekmektedir. Intoksikasyon durumlarinda genellikle

vakalarin hipertensiyon, tagikardi, haliisinasyon ve ajitasyon bulgular1 ortaya koydugu goriilmektedir
[123].

SONUC VE TARTISMA

Elde edilen tiim bu bulgularin ardindan sonug olarak; kenevir antik ¢aglardan bugiine tedavi
maksatli olarak pek ¢ok kullanim imkanina sahip olmustur. Kenevirin daha yaygin kullanima sahip
olmasinin 6niine psikoaktif 6zelliklere sahip olan A9-THC fitokannabinoidi ge¢mistir. Bu sebeple ¢esitli
sinirlamalara maruz kalan kenevirin, giiniimiizde dikkat ve 6zenle hazirlanmis formiilasyonlar ile
psikoaktif 6zelliklerden ari bir sekilde terapdtik etkinlik sergileyen preparatlari da mevcuttur.

Noropatik agridan kansere, norodejeneratif hastaliklardan bulanti/kusmaya kadar genis bir
hastalik skalasinda arastirmalara konu olan kenevir, umut verici sonuglar sergilemistir. Gergeklestirilen
arastirmalarin biiylik cogunlugu deneysel fazda yer alirken, daha kapsamli aragtirmalara ihtiya¢ duyulan
terapotik endikasyonlardan da s6z etmek miimkiindiir. Kenevir igerigindeki fitokannabinoid
bilegenlerinden A9-THC’nin MS hastaliginda gézlenen kas spastisitesi ile kemoterapiye bagl bulanti
ve kusmada etkili oldugu, noropatik agri tedavisinde de faydali olabilecegi belirlenmistir. Ayni sekilde
bir diger fitokannabinoid olan CBD’nin ise epilepside faydali veriler ortaya koydugu goriilmektedir. Bu
bilgiler dogrultusunda ilgili endikasyonlar i¢in kenevir temelli ilaglarin onaylandig: bilinmektedir.

Sonug olarak, kenevir ve icerigindeki fitokannabinoidler terapétik etkinlik bakimindan oldukca
genis yelpazede endikasyona hitap etmesi ile tip diinyasinin yogun bir bi¢imde ilgisini ¢ekmektedir.
Icerdigi psikoaktif bilesenlere ragmen, uygun dozlarla dogru bir bicimde standardize edilmis
preparatlarin, kenevirin terap6tik bir ajan olarak degerlendirilmesi yolculugunda 6nemli bir mihenk tasi
olacag diistiniilmektedir. Fitokannabinoidler ve kenevir ile iliskili olarak; hem farkli endikasyonlar igin
hem de ayn1 endikasyonlarda daha kapsamli, daha ayrintili veriler elde etmek i¢in daha fazla ¢aligsma ve

aragtirmaya ihtiya¢ duyulmaktadir.
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Igerdigi fitokannabinoidlerle tibbi yonden pek gok patolojik durumla iliskilendirilebilen kenevir
bitkisi, son donemde tip diinyasinin literatiir verilerinde kendisine siklikla yer bulmustur. Bugiine kadar
elde edilen verilere ek olarak, kenevir ve kannabinoidlere dair heniiz giin yiiziine ¢ikarilmamus bilgiler
g0z Oniine alindiginda kenevirin terapdtik potansiyelinin oldukga yiiksek oldugu 6ngoriilmektedir. Bu
sebepledir ki; kenevirin gelecek yillarda hem sahip oldugu potansiyel dolayisiyla artan bir ilgiyle
kargilasmaya devam edecegi hem de bilimsel arastirmalarda siklikla kendisine yer bulacagi

diisiintilmektedir.
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DERLEME MAKALE / REVIEW ARTICLE

RESVERATROLUN BULUNDUGU KAYNAKLAR VE TIBBi ONEMIi
SOURCES OF RESVERATROL AND ITS MEDICINAL SIGNIFICANCE
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oz

Amag: Resveratrol (trans-3,5,4 -trihidroksi-stilben) diziim, asma, yer fistigi, kizilcik, yaban mersini gibi
bir¢ok bitkisel kaynakta bulunan polifenolik bir bilesiktir. Resveratrol ile ilgili daha énceki arastirmalar
kardiyovaskiiler sistemler, inflamasyon ve karsinogenez/kanser gelisimi ile ilgili farmakolojik etkileri iizerine
odakliyken son zamanlarda arastirmalarin biiyiik ¢ogunlugu yaslanma siireci, diyabet, alzheimer ve diger
norodejeneratif hastaliklar iizerinde potansiyel etkileri kesfedilerek genisletilmistir. Bu derleme kapsaminda
resveratrol hakkinda genel bilgilerin, bulundugu kaynaklarin ve ozellikle son yillarda iizerinde ¢alisilan
biyolojik etkilerinin (in vitro, in vivo) derlenmesi amac¢lanmigstir.

Sonu¢ ve Tartisma: Resveratroliin yapisal olarak trans- formu baskindiwr. Bitkilerde daha stabil ve
oksidatif bozunmaya karsi dayanikli olan glikozitleri halinde bulunmaktadir. Resveratrol eldesinde siklikla
kullanilan Polygonum cuspidatum bitkisinin cesitli ekstreleri, ticari 6nemi olan iiriinlerin ortaya ¢ikmasini
saglamigtir. Resveratrol baslica antienflamatuvar, antioksidan, antikanser ve kardiyoprotektif etkilere sahip bir
molekiildiir. Yapilan farmakokinetik ¢alismalarda resveratroliin iyi absorbe edildigi, ilk gegis etkisi nedeniyle
stilfat ve glukuronit konjugatlar: seklinde hizla metabolize edildigi ve idrarla elimine edildigi bildirilmistir.
Ayrica resveratroliin iyi tolere edildigi ve belirgin bir toksisite gostermedigi rapor edilmistir. Gida/nutrasotik
veya ilag seklinde alinabilen resveratroliin insan saghgi iizerine olan ¢esitli etkilerinden faydalanmak amaciyla
biyoyararlanimi goz oniine alindiginda iyi formiile edilmis resveratrol tasityan tablet, kapsiil, nanopartikiil
formiilasyonlarimin hazirlanmast ve kullanilmas: gerektigi sonucuna varilmistir.

Anahtar Kelimeler: Antioksidan, kardiyoprotektif, noroprotektif, resveratrol, tibbi bitki

ABSTRACT

Objective: Resveratrol (trans-3,5,4'-trihydroxy-stilbene) is a polyphenolic compound found in many
plant sources such as grapes, vine, peanuts, cranberries, blueberries. While previous research on resveratrol
has focused on its pharmacological effects on cardiovascular systems, inflammation, and carcinogenesis/cancer
development, most of the research has recently been expanded by exploring its potential effects on the aging
process, diabetes, Alzheimer's, and other neurodegenerative diseases. Within the scope of this review, it is aimed
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to compile general information about resveratrol, its sources, and especially its biological effects (in vitro, in
vivo) studied in recent years.

Result and Discussion: Resveratrol is structurally dominated by the trans- form. It is found in plants as
glycosides that are more stable and resistant to oxidative degradation. Various extracts of the Polygonum
cuspidatum plant, which are frequently used in the production of resveratrol, have led to the emergence of
commercially important products. Resveratrol is a molecule that has mainly anti-inflammatory, antioxidant,
anticancer, and cardioprotective effects. In pharmacokinetic studies, it has been reported that resveratrol is
well absorbed, rapidly metabolized in the form of sulfate and glucuronide conjugates due to its first-pass effect,
and eliminated in the urine. Besides, resveratrol has been reported to be well-tolerated and to show no apparent
toxicity. Considering the bioavailability of resveratrol, which can be taken as food/nutraceutical or as a
medicine, to benefit from the various effects on human health, it was concluded that tablet, capsule, and
nanoparticle formulations containing well-formulated resveratrol should be prepared and used.

Keywords: Antioxidant, cardioprotective, medicinal plant, neuroprotective, resveratrol

GIRIS

Fenolik madde gruplarindan birisi olan stilbenler, bulunduklan bitkide fitoaleksin olarak da
gorev yapan molekiillerdir. Fitoaleksinler, stres kokenli faktorlere karsi yanit olarak sentezlenen diisiik
molekiiler agirlikli sekonder metabolit gruplaridir [1, 2]. Resveratrol (trans-3,5,4'-trihidroksi-stilben),
1940 yilinda Takaoka tarafindan Veratrum grandiflorum kéklerinden ilk kez izole edilmistir, daha sonra
bu amagla Polygonum cuspidatum kokleri kullanilmigtir [3]. Geleneksel Japon ve Cin tibbinda halk ilaci
olarak kullanilan, “kojo-kon” adli1 ilag Polygonum cuspidatum koklerini icermekte ve damar tikanikligi,
hipertansiyon, alerji ve cilt iltihab1 gibi bir¢ok hastaligin tedavisinde kullanilmaktadir [4]. Resveratrol
admin, izolasyonunda kullanilan bitki kaynagi ve kimyasal yapisindaki hidroksil(-OH) gruplari(-ol)
kombinasyonundan ileri geldigi diisliniilmektedir [5]. Resveratrol, 34 familyaya ait 100 bitki tiiriinde
bulunmustur. Resveratrol icerdigi tespit edilen familyalardan; Vitaceae, Moraceae, Dipterocarpaceae,
Mpyrtaceae, Fagaceae, Cyperaceae, Fabaceae, Pinaceae ve Liliaceae spermatofitler boliimiine aittir [6,
7].

Resveratrol dogada liziim, yer fistig1, asma, dut, yaban mersini, kizilcik gibi bircok kaynakta
bulunan bir polifenolik antioksidandir. Bulundugu baslica besin kaynaklari arasinda: tiziim (Vitis
vinifera), dut (Morus rubra), yer fistig1 (Arachis hypogaea) ve uzun zamandir Japonya ve Cin'de kalp
hastalig1 ve inme igin geleneksel bir bitkisel ilag olarak kullanilan Japanese knotweed/Itadori ¢ay1
yaygin adlariyla bilinen Japon madimagi (Polygonum cuspidatum) vardir [8, 9].

Resveratrol biyosentezinde ana enzim, bir p-kumaroil-KoA (4-kumaroil-KoA) ve ii¢ malonil-
CoA molekiilinii yogunlastiran stilben sentazdir [10, 11]. Resveratroliin dogada, trans- ve cis-
izomerleri vardir, cogunlukla trans- formda bulunmaktadir [12, 13]. Bu durumun saraplarda farklilik
gOstermesi ve Cis- izomerin yiiksek miktarlarda bulunmasi dikkat ¢eken bir durumdur [14, 15].
Saraplarda gorillen bu farkliligin, yapimi esnasinda trans-resveratroliin izomerizasyonundan

kaynaklanabilecegi ileri siiriilmektedir [16].
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Resveratrol; antioksidatif, antienflamatuvar, antitiimér, antiviral, antidiyabet, kardiyoprotektif,
g0z hastaliklarina kars1 koruyucu, fitoostrojen ve yasam uzatici 6zellikleri nedeniyle birgok yonden tibbi
degeri olan, yaygin olarak incelenen fitokimyasallardan biridir [9, 17-21]. Ozellikle koroner kalp
hastaliklar1 iizerinde koruyucu etkisi oldugu ve Fransiz toplumunda yag/kolesterol bakimimdan zengin
besinlerin siklikla tiiketilmesine ragmen koroner kalp hastaliklarina bagh oliimlerin az goriilmesinde,
orta diizeyde sarap tiiketimiyle resveratrol aliminin etkisi oldugu diistiniilmektedir (Fransiz paradoksu)
[22]. Son yillarda resveratrol ile ilgili arastirmalarin biiyliik ¢ogunlugu kanserde farkli yolaklarda
gosterdigi etkiler lizerine yogunlagmustir.

Bu calismada; resveratrol hakkinda genel bilgiler verilmis, tibbi énemi ve bu alanda umut

vadeden ¢alismalar iizerinde durulmustur.

Kimyasal Yapi

Resveratrol(trans-3,5,4'-trihidroksi-stilben;5-[(1E)-2-(4-Hidroksifenil)etenil]-1,3-benzenediol)
etilen kopriisii ile bagl iki aromatik halka ve ii¢ hidroksil grubu icermektedir [23, 24]. Resveratroliin
hem cis- hem de trans- izomerlerinin glikozit formlar1t mevcuttur. Resveratroliin major formu olarak
bilinen glikozit trans-resveratrol-3-O-B-D glikozittir ve "piseit veya polidatin® olarak da
adlandirilmaktadir ( Sekil 1) [23, 25].

HO OH Glu-0O

OH

trans-Resveratrol cis-Resveratrol trans-Resveratrol-3-0-R-D-glukozit
(Piseit, Polidatin)

Sekil 1. Trans-resveratrol, cis-resveratrol ve piseit formiilii [26]

Resveratroliin dimer, trimer ve tetramer yapisindaki farkli stilben bilesikleri bulunmaktadir.
Uziimdeki major oligomer g-viniferin, resveratrol dehidrodimeridir. Asmada g-viniferinden tiiretilen
dimerler (ampelopsin B, D ve F ve palidol), trimerler (a-viniferin) ve tetramerler (B-viniferin ve
umutafenoller) dahil olmak iizere gesitli resveratrol oligomerleri tanimlanmistir [27].

Resveratroliin trans- ve cis- formlarmin aglikon ve glikozit konsantrasyonlarinin bir¢ok

degiskene (mantar, UV radyasyon, kimyasal etkenler) bagli oldugu gosterilmistir [28]. Farmakokinetik
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caligmalarda resveratroliin agiz yoluyla alindiktan hemen sonra sindirildigi ve 6zellikle glukuronit
konjugati halinde hizla kana karistig1 bildirilmistir. Ayrica resveratroliin glikozillenmis formunun daha
stabil ve oksidatif bozunmaya kars1 daha dayanikli oldugu, insan gastrointestinal sisteminden absorbe
oldugunu bildiren g¢alismalar mevcuttur [29, 30]. Chukwumah ve arkadaslarinin yaptig1 ¢alismada;
haglanmis ve kavrulmus yer fistiginin in vitro sindirilmesi ile hazirlanan misellerindeki trans -
resveratrol'iin insan kolon epitelyal hiicresi Caco-2'deki absorpsiyonu Olglilmiistiir. Caligmanin
sonucunda kavrulmus yer fistigindan elde edilen resveratroliin haglanmis yer fistigindaki resveratrolden
daha iyi absorbe edildigi gbzlemistir [31]. Resveratroliin antioksidan 6zelligi, hidroksil gruplarinin
stilben iskeleti iizerinde konumlandirilmis olmasindan kaynaklanir. Resveratrol tiirevli dimerler
rezorsinol yapisina sahiptir ve antioksidan, noroprotektif, anti-HIV [32], anti-tirozinaz ve sitotoksik

aktivite gosteren oksidatif baglanma ile olusurlar [33].

Resveratroliin Farmakokinetigi ve Toksisitesi

Resveratroliin farmakokinetigine dair yapilan in vitro/in vivo ¢alismalarda; uygulanan doz ile
birlikte dozaj formunun, uygulama yolunun ve diyetin resveratrol absorpsiyonunu etkiledigi
gosterilmistir. Resveratrol, oral uygulamayi takiben gastrointestinal sistem tarafindan hizla absorbe
edilir ve maksimum plazma konsantrasyonuna (Cmax) yiiksek doz ve diisiik dozda sirasiyla 30 dk ve 1,5-
2 saat igerisinde ulagmaktadir [34]. Resveratroliin ex vivo perkiitan absorpsiyonunun 6l¢iildiigii bir
calismada, 20 mg resveratrol igeren, siirekli salim saglayan emiilsiyon formda kremin uygulanmasi ile
24 saatin sonunda 12,53 mg resveratroliin plazmaya gectigi gézlenmistir [35]. Resveratroliin dagilimi
tam olarak karakterize edilememis olsa da yapilan in vivo ¢alismalarda daha ¢ok karaciger, beyin,
bagirsak ve adipoz dokularda yogunlastig1 bildirilmistir [36]. Resveratroliin metabolizasyonu ile ilgili
genel goriis; oral uygulama sonrasinda enterositlerin ve hepatositlerin baglica metabolize edici hiicreler
oldugu yoniindedir. Resveratroliin bu hiicrelerde ilk gecis etkisine ugrayarak glukuronidasyona ugradig
bilinmektedir [37]. Resveratroliin biyotransformasyonunda Faz II metabolik enzimlerin ve bagirsak
mikrobiyotasinin kritik éneme sahip oldugu belirtilmektedir. Ozelikle UDP-glukuronoziltransferaz
(UGT) ailesi, resveratrol metabolizmasinda etkin rol almaktadir. Resveratrol-3-O-glukuronit ve
resveratrol-O-glukuronit, resveratroliin ana glukuronitleri olarak; resveratrol-3-O-siilfat, resveratrol-O-
stilfat ve resveratrol-3-O-disiilfat ise resveratroliin ana siilfatlar1 olarak rapor edilmistir [38]. Resveratrol
ve metabolitleri esas olarak idrarla elimine edilirler. Ozellikle resveratrol formunun eliminasyonu
etkiledigi, mikro partikiil ve nanokapsiil formuna getirilmis resveratroliin standart formdan daha yavas
elimine edildigi bildirilmistir [34]. Crowell ve arkadaslarinin siganlar {izerinde yaptigi toksisite
calismasinda; 0,3, 1 ve 3 g/kg/glin trans-resveratrol 4 hafta boyunca uygulanmistir (bu miktarlar
sirasiyla 70 kg'lik insanda 21, 70, ve 210 g/giin trans-resveratrol uygulanmasina tekabiil etmektedir.).
En yiiksek doz alan 40 sigandan yalnizca ikisi resveratrol tedavisine bagl olarak 6lmiistiir. Yan etkilerin

¢ogu yiksek doz kaynakli ve nefrotoksisiteye bagli olarak goériilmiistiir. Resveratroliin 0,3 g/kg/giin
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olarak uygulandig1 hayvanlarin karacigerinde herhangi bir histolojik degisiklik goriilmemistir [39].
Williams ve arkadaslari tarafindan in vivo olarak resveratroliin diisiik ve 750 mg/kg/giin'e kadar yiiksek
dozlan fare ve tavsanlar iizerine 3 ay boyunca uygulanmigtir. Caligmalar sonucunda arastirmacilar
tarafindan, resveratroliin iyi tolere edildigi ve toksik etki gostermedigi, erkek ya da disilerin lireme

kapasitesi ve embriyofetal 6zellikler iizerinde toksik etki gdstermedigi saptanmustir [40].

Resveratrol Iceren Bitkisel Kaynaklar

Resveratroliin i¢inde bulundugu kaynaklar arasinda iizlim, asma, yer fistigi, yaban mersini,
bogiirtlen, cilek, antep fistig1, kizilcik ve mor iiziim suyu gibi 6nemli sayida besinlerin basta geldigi
bildirilmistir [7, 23]. Asma diger bitki tiirleri ile karsilastirildiginda; yiliksek resveratrol kapasitesi ve
taze veya iglenmis iiriinlerinin (sarap, sirke, kuru {iziim, pekmez vb.) yaygin tiikketimi nedeni ile 6nem
kazanmaktadir. Resveratroliin, 6zellikle renkli iiziim cesitlerinin kabuklarinda yiiksek miktarda
bulundugu kayithidir (0,30-14,10 mg/g yas; 9,30-78,50 mg/g kuru agirlik) [41]. Uziim icerigindeki
resveratrol miktarinin, iiziimiin ¢esidine ve cografik kdkenine bagli olarak farklilik gosterdigi, mantar
enfeksiyonu ve UV radyasyona maruz kalma durumlarinda arttigi bilinmektedir. Kirmizi sarap
icerisindeki resveratroliin major formu olan trans- izomerin konsantrasyonu 0,1-15 mg/L arasinda
degismektedir [28]. Fistikta bulunan resveratrol icerigi sarap ile karsilastirildiginda fistigin sarapta
bulunan miktarin yaris1 kadar resveratrol i¢erdigi bulunmustur. Bogiirtlenin resveratrol icerigi yaban
mersiniyle karsilastirildiginda ise bogiirtlenin yaban mersininde bulunan miktarin iki kati resveratrol
igerdigi gosterilmistir. Isinin kararli olmadigi durumlarda, pisirme ya da diger termal uygulamalar
resveratrol igeren meyveler ilizerine uygulandiginda resveratrol iceriklerinin azaldigi goriilmiistiir [29].
Amerika'da en ¢ok satilan 19 farkli ¢ikolata ¢esidinin trans-resveratrol igerigini tayin eden Hurst ve
arkadagslari, kakao igeren triinlerin ve ¢ikolata {irinlenin diyette en yiiksek toplam trans-resveratrol
seviyesine sahip olan gidalarda kirmiz1 saraplar ve {iziim suyundan sonra ikinci sirada yer alacagini
belirtmiglerdir [42]. Resveratrol igeren baslica besin, bitki kaynaklar1 ve trans-resveratrol diizeyleri
Tablo 1’de verilmistir.

Tablo 1'de yer alan bitkilerin yan1 sira Archontophoenix alexandrae, Bauhinia racemosa,
Belamcanda chinensis, Exbucklandia populnea, Fallopia multiflora, Gnetum parvifolium, Rumex
japonicus, Smilax sp., Syzygium jambos ve Veratrum nigrum tiirlerinin de diisiik konsantrasyonlarda

resveratrol icerdigi bildirilmistir [7].

Resveratroliin Tibbi Onemi

Giliniimiizde resveratrole olan ilgi biiylik oranda artmistir. Resveratroliin bircok hastaligin
temelinde rol oynayan antioksidan ve antienflamatuvar etkiye sahip oldugu bilinmektedir. Kanser, kalp
hastaliklari, diyabet, obezite ve yaslanmaya bagli goz hastaliklar1 gibi kronik hastaliklarin
profilaksisinde/tedavisindeki potansiyel 6nemi in vitro ve in vivo olarak kanitlamistir [23, 63-65].

Yapilan metabolizma ¢alismalarinda iyi absorbe edildigi ve ilk gecis etkisi nedeniyle hizla metabolize
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oldugu bildirilmistir [29]. Ayrica resveratroliin iyi tolere edildigi ve belirgin bir toksik etkisinin olmadig
rapor edilmistir. Son yillarda yapilan galismalara bakildiginda 6zellikle resveratroliin kanser hiicreleri

tizerine sitotoksik etkisi dikkat cekmektedir.

Tablo 1. Resveratrol igeren kaynaklar

Latince Bitki Adi- Trans-Resveratrol Konsantrasyonu Kavnak
Familya/Tiirkce Ad1 pg/g Y
Polygonum cuspidatum 523,0 [9]
Polygonaceae (Japon madimagi) 68,0 pg/mL(Itadori cay1)
Morus rubra -
Moraceae (Dut) 50,61 (kuru agirlik) [43]
Arachis hypogaea 5,10 (haglanmus); 0,01-1,92 (taze) [9, 44-46]
Fabaceae (Yer fistig1) 0,27-0,75 (ezmesi); 0,06 (kavrulmus) '
Vitis vinifera 0,16-3,54 [9, 47, 48]
Vitaceae (Uziim) 1,35-15,47 mg/kg (siyah iiziim kabugu) T
Phoenix dactylifera
Arecaceae (Hurma) 3,0 [49]
Solanum lycopersicum i
Solanaceae (Domates) 0.2-2.1 [49]
Pistacia vera
Anacardiaceae (Antep fistig1) 0,09-1,67 [46]
Vaccinium myrtillus 0,8 [50-52]
Ericaceae (Yaban mersini) 0,93 nmol/g (taze suyu)
Fragaria L.
Rosaceae (Cilek) 0.2 [49]
Paeonia sp. 0,02-0,87 [7]
Ranunculaceae (Sakayik)
Ananas comosus 0,01 [7]
Bromeliaceae (Ananas)
mg/kg
Humulus lupulus 0,5-1,0 [53, 54]
Cannabaceae (Serbetgi otu)
Bitter cikolata 0,4 [55]
mg/L
Kirmiz1 sarap 0,10-14,32 [56-59]
Beyaz sarap 0,03-2,58 [57, 59, 60]
Kirmizi iiziim suyu 0,09-1,09 [25, 61,62]
Beyaz iiziim suyu 0,03-0,19 [25]

olusan

Antioksidan Etki

Resveratroliin antioksidan rolii {i¢ farkli mekanizma ile agiklanmistir: koenzim Q ile yarigma ve

stiperoksit radikalini

yakalama ve fenton

reaksiyon iriinleri

ile

reaktif oksijen tiirleri (ROS) olusum yerinde oksidatif zincir kompleksini azaltmasi, mitokondride

indiiklenen lipit
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peroksidasyonunun inhibisyonu. Bir¢ok caligmada resveratroliin hem siiperoksit hem de hidroksil
radikali yakalama kapasitesinin oldugu belirtilmistir [66]. Resveratroliin hidroksil, siiperoksit,
metal/enzimatik kokenli ve hiicresel olarak iiretilen radikalleri igeren cesitli sistemler tizerindeki
etkisinin arastirildigi bir caligmada; bu radikaller {izerinde oldukga etkili olmasi yaninda ROS {ireten
hiicrelerde antioksidan etki gosterdigi bildirilmigtir. Calismanin sonucunda; resveratroliin, hiicre zarinda
meydana gelen lipit peroksidasyonuna ve ROS'un yol ac¢tig1t DNA hasarina kars1 koruyucu bir etkinlige
sahip oldugu ayrica hiicrelerin metal kdkenli radikallere maruziyetinden sonra niikleer faktor kappa B
(NF-kB) sinyal yolu iizerinde inhibitor etki sergiledigi sonucuna varilmistir [67]. Viicudumuzdaki
prooksidan-antioksidan dengesi, saglikli bir yasam siirdiirebilmemiz adina biiyiik 6nem tagimaktadir.
Organizmadaki serbest radikallerin meydana gelisindeki artis ve/veya antioksidan sistemdeki
bozukluklar sonucu oksidatif stres gelismektedir [68]. Resveratroliin pro-oksidatif genleri (nikotinamid
adenin diniikleotid fosfat (NADPH) oksidaz ve miyeloperoksidaz gibi) baskilayarak ve siiperoksit
dismutaz (SOD), tiyoredoksin rediiktaz, glutatyon peroksidaz (GSH-Px), hem oksijenaz ve katalaz dahil
olmak iizere antioksidan enzimleri ya da substratlarini indiikleyerek ROS olusumunu inhibe ettigini
gosteren bircok calisma mevcuttur. Ek olarak artan yagda ¢oziiniirliiglinabsorpsiyonu attirdigi
caligmalar g6z Oniine alinarak, resveratrol, tirozol ve bunlarin asetillenmis tiirevlerinin in
vitro antioksidan aktiviteleri arastirilmistir. Kimyasal olarak sentezlenen asetillenmis tiirevler, DPPH
radikallerini temizleme, enzimatik olmayan linoleik asit peroksidasyonunu inhibe etme, bakir iyonlar
varliginda insan serum oksidasyonunu inhibe etme ve lipoksijenaz aktivitesini inhibe etme yetenekleri
bakimindan degerlendirilmistir. Caligmanin sonucunda; resveratroliin tirozolden daha yiiksek
antioksidan aktivite gosterdigi, asetilasyon ile artan lipofilikligin, enzimatik olmayan lipit

peroksidasyon deneylerinde fenolik bilesiklerin antioksidan aktivitesini artirdig: tespit edilmistir [69].

Antienflamatuvar Etki

Resveratroliin uzun dénemde mide hasar1 olusturabilen aspirin yerine kronik enflamasyonun
gecerli tedavilerinde kullanilabilecek bir alternatif olabilecegi belirtilmistir [26]. Cui ve arkadaslari
tarafindan yapilan bir deneyde resveratroliin, dekstran siilfat sodyum (DSS) fare kolit modelinde
indiiklenebilir nitrik oksit sentaz (iNOS), siklooksijenaz-2 (COX-2) ve timor nekroz faktorii-o. (TNF-
a) gibi enflamasyon belirteclerini 6nemli 6lciide inhibe ettigi gosterilmistir [18, 70]. DSS ile indiiklenen
kolit modeli kullanilarak yapilan benzer bir ¢caligmada da resveratrol desteginin interlokin-1 beta (IL-
1b), IL-10, prostaglandin E sentazlari-1 (PGES-1), TNF-a, iNOS ve COX-2, p38 MAPK (mitojenle
aktiflestirilen protein kinazlar) sinyal yolunun agagi regiilasyonu yoluyla kronik kolon enflamasyonunu
azalttig1 tespit edilmistir [63]. Ayrica Lee ve arkadaslarinin yaptigi bir in vitro c¢alismada, giiglii
antienflamatuvar aktiviteye sahip biyoaktif bir flavonoit olan apigeninin (50 mg/kg) ile resveratroliin
(25 mg/kg) aym anda uygulanmasinin, farelerde karragenan kaynakli enflamasyonun neden oldugu

pence ddemini %23,81-61,20 oraninda azalttig1 ve apigeninin plazma konsantrasyonunda énemli bir
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artis gozlendigi (452,996 + 155,857 ng/mL'den 1084,600 + 243,508 ng/mlL'ye) bildirilmistir. Bu
bulgular resveratroliin, apigeninin antienflamatuvar aktivitesini giiclendirmede sinerjistik etki

saglayabilecegini gostermistir [71].

Ateroprotektif ve Kardiyoprotektif Etki

Resveratroliin ateroprotektif ve kardiyoprotektif etkisi ile ilgili ¢ok fazla in vivo ve in vitro
bilimsel aragtirma bulunmaktadir. In vivo c¢aligmalarda resveratroliin izole sigan Kkalplerinde
iskemi/reperfiizyon'a kars1 koruyucu oldugu kanmitlanmustir. Iskemik sonuglarin alinmasindan &nce
organin 10 puM resveratrol ile 10-15 dk perfiizyona ugratilmas: ile kan basincinin ve aortik akisin
diizenlendigi, malondialdehit konsantrasyonunun ve enfarkt boyutunun azaltildig1 gosterilmistir [72].
Yapilan epidemiyolojik ¢aligmalarda resveratrol bakimindan zengin Akdeniz diyetinin, kardiyovaskiiler
hastalik riskini belirgin olarak azalttigi gosterilmistir. Resveratroliin nitrik oksit (NO) modiilasyonuyla,
vazodilatasyona ve endotelyal disfonksiyonda azalmaya yol actig1 bulunmustur. Resveratrol tarafindan
kardiyoprotektif etki mekanizmalar1 5'-adenozin monofosfat-aktive edilmis protein kinaz- aracili NO
artigl, tetrahidrobiopterin seviyesinde artigla endotelyal NO sentez artis1 ve vaskiiler oksidatif streste

azalma seklinde gosterilmistir [73].

Kolesterol ve Trigliserid Seviyeleri Uzerine Etki

Yapilan bir in vivo galismada, hiperlipidemi gelistirmek {izere subkiitan enjeksiyonla AHI09A
sican asit hepotoma hiicre hatt1 yerlestirilmis olan Donryu siganlarina 20 giin boyunca oral yoldan 10-
50 ppm resveratrol verilmistir. Resveratroliin, AHI09A hiicre hattinda proliferasyonu ve metastazi
engelledigi bildirilmistir. Ayrica resveratroliin doza bagimli olarak serum trigliserit, ¢ok diisiik dansiteli
lipoprotein ile diisiik dansiteli lipoprotein (VLDL+LDL), kolesterol seviyelerini baskiladig
gbzlenmistir. Caligmanin sonucunda resveratroliin hipokolesterolemik etkisi, kismen noétral sterollerin
ve safra asitlerinin digkiya bosalmasini azaltmasina baglanmustir [ 74]. Resveratroliin, total kolesterol ve
diisiik yogunluklu lipoproteinlerde bulunan kolesterolii (LDL-C) diisiirmede kismen sorumlu oldugu ve
ateroskleroz gelisim mekanizmasindan sorumlu tutulan LDL oksidasyonunu (bu bilesigin antioksidan
0zelligi sayesinde) engelledigi konusunda pek ¢ok ¢aligma vardir [41]. Wang ve arkadaslarinin yiiksek
kolesterollii (%]1,5) diyetle beslenen tavsanlarda yaptigi in vivo bir c¢alismada, resveratroliin (3
mg/kg/glin) aterosklerotik plaklarin olusumunu azalttigi ve akis aracili dilatasyonu restore ettigi

gosterilmistir [75].

Kanser Hiicreleri Uzerine Sitotoksik Etki
Resveratroliin, hiicre dongiisiiniin durdurulmasini ve apoptoz aracili hiicre Oliimiinii
indiikleyerek karsinogenezisin ii¢ ana basamagi olan; baglangi¢, cogalma ve metastaz ile iliskili hiicresel

olaylar1 inhibe ettigi bilinmektedir [78]. In vitro ortamda ¢esitli kanser hiicreleri {izerinde biiylimeyi
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inhibe edici etkisi gosterilmistir. Bunlar arasinda kolon [77], prostat [78, 79] meme [80], lenfoma ve

l6semi [81] kanser hiicreleri bulunmaktadir [82].

Immiin Sistem Uzerine Etki

Tip I diyabet, aktive edilmis T lenfositlerin ve monositlerin pankreastaki Langerhans
adaciklarina infiltrasyonu ile karakterizedir ve insiilin iireten B hiicrelerinin iltihaplanmasi ve akabinde
yikimi ile sonuglanir. Non-obez diyabetik farelerin izlendigi bir ¢aligmada; diyet sonrasi kontrol grubu
%71 diyabetli seyrederken, diyabet insidansinin %1'lik liyofilize liziim tozu ile beslenen farelerde %33'e
indirgendigi ve bu farelerden alinan splenositlerin (dalak sinuslarinda yerlesik mononiikleer makrofaj
hiicrelerin), lipopolisakkarit (LPS) stimiilasyonundan sonra nispeten daha diisiik TNF-o. iiretimine sahip
oldugu tespit edilmistir. Bu aragtirmanin sonucuna gore resveratroliin, otoimmiin diyabetin baglangicin
ve patogenezini azaltmada potansiyel etkili oldugu diisliniilmiistiir [70]. Arastirmacilarin resveratrol ve
tiirevleri iizerine yonelen ilgisi bu molekiillerin yer aldig1 ¢ok sayida patenti de beraberinde getirmistir.
Bu patentlerin arasinda, hiicresel bagisiklik hiicrelerinin doza bagl olarak (diisiik dozlarda immiin
sistemi uyarici etki ve daha yiliksek dozlarda immiinosupresif etki) resveratrol ve tiirevleri ile modiile
edilebilecegine isaret eden bilgiler yer almaktadir. Bu calismalar umut vermekle birlikte,
fitokimyasallarin otoimmiin bozukluklarda kullanilabilmesi konusunda ileri aragtirmalara ihtiyac vardir

[83].

Antiviral Etki

Resveratrol iizerinde in vitro ve in vivo antiviral aktivite ¢aligmalarin yapildigi 6nemli bir
polifenolik bilesiktir. Antiviral etkileri; viral replikasyon, protein sentezi, gen ekspresyonu ve niikleik
asit sentezinin inhibisyonlar: ile iliskilidir. Influenza viriisii enfeksiyonunda, resveratroliin MDCK
hiicrelerinde viral riboniikleoproteinlerin niikleer-sitoplazmik translokasyonunu aktif olarak bloke
ettigi, boylece protein kinaz C ile iliskili yollarin inhibisyonu ile ilgili ge¢ viral proteinlerin
ekspresyonunu azalttigi gosterilmistir [84].

Resveratrol'iin MERS ile enfekte Vero E6 hiicrelerinde, MERS-CoV enfeksiyonunu ve
enfeksiyondan sonraki uzun siireli hiicresel hayatta kalmay1 6nemli 6l¢lide inhibe ettigi gosterilen bir
calismada resveratrol tedavisinden sonra MERS-CoV replikasyonu i¢in gerekli olan niikleokapsid (N)

proteinin ekspresyonunu da azalttig1 gozlenmistir [20].

Antidiyabetik Etki

Resveratroliin diyabet {izerindeki etkileri genel olarak kan sekerini diigiirmesine ve pankreastaki
insiilin saliniminin gergeklestigi beta () hiicrelerini korumasina atfedilmektedir [85]. Do ve arkadaglari,
resveratrol (% 0,02 w/w) ile beslenen C57BL/KsJ-db/db fareleri kullanilarak 6 haftalik bir ¢aligma
yapmustir ve resveratrol ile tedavinin, antidiyabetik bir ila¢ olan rosiglitazon benzeri bir hipoglisemik

etki gostererek aglik kan sekerini ve hemoglobin Alc (HbAlc)'yi 6nemli oOlgiide azalttigini
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gozlemlemislerdir. Ayrica resveratroliin, hepatik glikolitik gen ekspresyonunu, fosfoenolpiruvat
karboksikinazi (PEPCK) ve glukoz 6-fosfat (G6P) ekspresyonunu etkili bir sekilde bastirdigini, piruvat
kinaz1 (PK) ve karacigerde glikojen sentezini azaltmaya yol acan, sterol diizenleyici eleman baglayici
protein 1c'yi (SREBPI1c) artirdigini ifade etmislerdir [86]. Resveratroliin diisiik biyoyararlanimini
tyilestirildigi ve pankreatik § TC hiicre hattindaki antidiyabetik etkisinin arastirildigi bir caligmada; lipit
bazli, vezikiiler olmayan yeni ilag tagiyici sistemlerinden nanokohleatlar kullanilmigtir. Bu ¢alismadaki
resveratrol yiiklii nanokohleatlarla, streptozosin ile indiiklenen diyabetik hiicrelerde insiilin
sekresyonunun %85'e kadar ¢iktig1 ve glukoz konsantrasyonun 317 mg/dL'den 207,7 mg/dL'ye diistiigi
kaydedilmistir [85]. Resveratrol ve kersetinin, diyabet ve komplikasyonlari iizerine olan olumlu
etkilerinden yola cikilarak yapilan bir ¢calismada ise: resveratrol (10 mg/kg) ve kersetin (30 mg/kg)
kombinasyonunun, streptozotosin (50 mg/kg) ile indiiklenmis diyabetik Sprague-Dawley sicanlari
tizerindeki antidiyabetik etkisi arastirilmistir. Bu kombinasyonun diyabetik siganlarda hipoglisemik etki
gosterdigi ve serum lipit (LDL ve VLDL gibi) seviyelerini diisiirerek diyabetik komplikasyonlara bagl

gelisen dislipideminin kontroliinde faydali etkilere sahip oldugu gosterilmistir [87].
Noroprotektif Etki

Alzheimer Uzerine Etki

Resveratroliin akut noroprotektif etkileri, birgok nérodejenerasyon modeli {izerinde in vitro ve
in vivo olarak tanimlanmistir. Yapilan bir ¢alismada, uzun dénem resveratrol diyet takviyesi uygulamasi
ile farelerin davraniglari, nérokimyasal ve serebrovaskiiler seviyeleri iizerinde gozlem yapilarak,
noroprotektif etkisi incelenmistir. Calismalarda resveratroliin, yaslanan farelerin biligsel fonksiyonlarini
korumada etkili oldugu gosterilmistir [88]. Astrositlerin (Glia hiicresi), sinir sisteminde en fonksiyonel
gruplardan biri olup glutamaterjik metabolizma, iletim, sinaptik plastisit ve néron koruma ile iligkili
oldugu gosterilmistir. Resveratroliin 6zellikleri ve beyinsel degisikliklere yol acan 6nemli astroglial
parametrelerindeki oksidatif hasara karsi olusturdugu cevaplar lizerinde durulan bir ¢alismada, bu
cevaplara 6rnek olarak glutamat alimini, glutamin sentez aktivitesini ve glutatyon igerigini etkilemesi
gosterilmistir. Resveratroliin astrositler ve etkileri {izerinden néron koruyucu etkisinin oldugu
diisiiniilmiis ve bununla birlikte Alzheimer, Parkinson gibi hastaliklarda da bu sayede etkili olabilecegi
diistiniilmiistiir [89]. Kiiltiir ortamina uygulanan resveratroliin, néronlarin tip ve ¢esitliligini strese baglh
6limlerden korudugu goésterilmistir. Yine diyetle alinan resveratroliin farelerde akut ve kronik strese
bagli noronal hasar ve 6limii iyi yonde diizelttigi gosterilmistir. Bir¢ok deneysel veride resveratroliin
oksidatif hasar olusumunu azalttig1 gdsterilmistir [90].

Amiloid plaklarin hiicre dist birikimi Alzheimer hastaligi gelisiminde erken patolojik lezyon
olarak tanimlanmaktadir. Alzheimer hastalig1 i¢in resveratroliin yararh etkileri, f amiloid plaginin
azaltilmasinin yani sira mitokondriyal fonksiyonu iyilestirmesi, ROS aktivitesini artirmasi ve SIRT1

yolunu aktive ederek noronal hiicre sag kalimin1 arttirmasi sonucu ortaya ¢ikmistir [91].
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Parkinson Uzerine Etki

Parkinson hastaliginda oksidatif stresin dopaminerjik ndronlarin apoptik Sliimiine yol agtig1
bilinmektedir. Yapilan in vitro bir ¢aligmada; resveratroliin sigan PCI12 hiicrelerinde mRNA
seviyelerini, Bax ve Bcl-2 genlerinin protein ekspresyonunu modiile ettigi gozlenmistir. Ayrica
resveratroliin kullanilmasiyla dopaminerjik noronlar lizerinde oksidatif stres olugturan Parkinson toksini

metil fenil piridin (MPP)’in iizerinde iyilestirici etki gozlenmistir [92].

Fitoostrojen Etki

Resveratroliin fitodstrojen yapilarla benzerlik gostermesi nedeniyle, yiiksek dozlarda meme
kanserine kars1 sitotoksik Ozellik gosterdigi bulunmustur. Bowers ve arkadaslar1 tarafindan,
resveratroliin alfa (o) ve p-Ostrojen reseptorlerinde agonist ve antagonist aktivite olusturdugu
gosterilmistir [93]. Bu bilgilerin 15181nda, resveratrol ve dstradiol kombinasyonunun tedavide dstrojen
reseptoril (ER) pozitif hiicre hattt MCF-7 ve ER negatif hiicre hattt MDA-MB-468 {izerinde yapilan bir
calismada; 10 umol/L konsantrasyonda resveratroliin meme kanserindeki MCF-7 hiicrelerinde 1 nmol/L
Ostrodioliin uyardig1 hiicre biiyiimesini otokrin biiylime modiilatorlerinin ekspresyonunu degistirerek
inhibe ettigi gosterilmistir. Ayn1 zamanda ER negatif olan meme kanseri hiicre hattt MDA-MB-468
iizerinde de hiicre proliferasyonunu alternatif bir mekanizma ile otokrin biiyiime modiilatorlerini ve
reseptorlerini etkileyerek inhibe ettigi bulunmustur [94]. Yapilan bir in vivo ¢alismada; yumurtaliklart
saglam disi siganlarda, resveratrol tiiketimi sonucu viicut agirhiginda azalma, Ostrojen siklusunda
bozulma ve yumurtalik hipertrofisinde uyarilma meydana gelmistir. Overektomi yapilan disi sicanlarda,
resveratrol (10-1000 pg)enjeksiyonu sonucu 17B-6stradiolbenzoat (EB)'da oldugu gibi davranigsal
kaynakli tepkiler, onu izleyen ostrojen duyarliligi ve sosyoseksiiel davranig goriilmemistir. Mevcut in
vitro caligsmalar, son in vitro bulgularda yer alan; resveratroliin diger fitoGstrojenlerden farkli olarak
agonist/antagonist karigik olarak etki ettigi, uygunluguna baglh olarak tireme sistemindeki ve disi sican

beynindeki spesifik Ostrojen reseptdr izoformlarinda lokalize oldugu bilgilerini desteklemektedir [95].

Goz Uzerine Etkisi

Resveratroliin vaskiiler giiclendirici 6zellikleri sayesinde go6ziin mikro sirkiilasyonunda etkili
olabilecegi ve yasa bagli makula dejenerasyonu, diyabetik retinopati ve glokom gibidiinya ¢apinda
gorme kayb1 yayginligindan sorumlu hastaliklarin 6nlenmesine yardimcei olabilecegi cesitli caligmalarla

gosterilmistir [21].

Yasam Siiresini Uzatma Etkisi

Howitz ve arkadaglari tarafindan yapilan bir ¢aligmada, resveratrolin DNA stabilitesini
artirdigin1 ve kalori kisitlamasimin etkilerini taklit eden sirtuin ailesinin bir tiyesi olan Sir2'yi aktive
ederek tomurcuklanan maya Saccharomyces cerevisiae'nin émriinii % 70 uzattig1 belirtilmistir [96].

Ayrica resveratrol, Drosophila melanogaster ve Caenorhabditis elegans'ta Sir2'nin aktivasyonu ve C.
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elegans'ta SIRT1'e bagli otofajinin indiiklenmesi yoluyla émrii uzatmistir [97, 98]. Diger bir deyisle
resveratroliin yasam siiresini uzatan sirtuin deasetilaz genlerinden SIRT1, SIRT3, SIRT4 genlerinin ve
FoxOl, Foxo3a, PBEF gibi genlerin ekspresyonunu uyardigi gosterilmistir [99]. Rascon ve
arkadaslarinin 2012 yilinda yaptig1 bir ¢alismada da, 30 um ve 130 mM resveratrol uygulamalarinin bal
arilarinin ortalama Omriinii sirasiyla %38 ve %33 uzattigi gosterilmistir [100]. Diyet ile alinan
resveratroliin, yiiksek kalorili diyetle beslenen farelerin 6mriinii; artan insiilin duyarliligi, azalmig IGF-
I seviyeleri, artmis AMPK ve PGC-la aktiviteleri, yiiksek mitokondri sayis1 ve gelistirilmis motor
fonksiyonu dahil olmak iizere saglikla iligkili fizyolojik kosullarini iyilestirerek 6nemli 6l¢iide artirdig
gosterilmistir [26]. Hernandez-Hernandez ve arkadaslarinin yaptig1 bir calismada da yagh farelere (18
aylik) viicut agirliklarina gore giinliik 20 mg/kg resveratroliin 60 giin siireyle oral yoldan verilmesinin;
prefrontal korteks, dorsal hipokampus ve dentat girusda dendritik morfolojinin modifikasyonunu 6nemli
Olciide indiikledigi gosterilmistir. Bilim insanlar1 bu etkilerle resveratroliin yaslanma ve Alzheimer

hastaligindaki terapotik etkisini agiklayabilecegini 6ne siirmiislerdir [101].

Enzimler Uzerine Etki

Yapilan in vitro calismalarda resveratroliin enzimatik aktivitesinin, sitokrom P450s (CYPs)
inhibisyonu iizerinden gerceklestigi ayni zamanda aril hidrokarbon reseptorlerinin (AHR)
antagonizmasina bagli olarak transkripsiyonu bloke ettigi gosterilmistir [102]. Ayrica ornitin
dekarboksilaz enzimini (ODC) direkt inhibe etmedigi, fakat enzimin in vivo ekspresyonunu ve

karsinojenler tarafindan indiiksiyonunu azalttigi belirtilmistir [ 103].

SONUC VE TARTISMA

Resveratrol; liziim, yer fistig1, asma, ¢ilek, kizilcik, yaban mersini, dag mersini, antep fistigi,
hurma, domates gibi besin kaynaklarinda bulunmakta ve 6zellikle renkli liziim varyetelerinin kabuk
kisimlarinda yiiksek oranda sentezlenmektedir (Tablo 1). Uziim igerigindeki resveratrol miktarimin;
iiziimiin ¢esidine, cografik kdkenine ve olasi bir mantar enfeksiyonu gegirmis olmasina bagl olarak
farklilik gosterdigi saptanmistir. Resveratroliin yapisal olarak trans- formu baskin olmak iizere cis- ve
trans- formlarinda bulundugu ve aynmi zamanda glikozillenmig formunun daha stabil ve oksidatif
bozunmaya kars1i dayamikli oldugu gosterilmistir. Bu nedenle resveratroliin bitkilerde genellikle
glikozitleri halinde bulundugu bildirilmistir. Resveratrol eldesinde Onemli bir yere sahip olan
Polygonum cuspidatum bitkisinin ¢esitli ekstreleri, ticari onemi olan iiriinlerin ortaya g¢ikmasini
saglamistir.

Resveratrol {izerinde yapilan ¢alismalar ilk yillarda resveratroliin kardiyoprotektif 6zellikleri
iizerinde yogunlasmustir. Bu 6zellikler resveratroliin kirmizi sarapta yiiksek konsantrasyonda bulunmasi

ve bunun lizerine ‘Fransiz Paradoksu’ kavraminin ortaya atilmasiyla 6ne ¢ikmistir. Bu kavrama gore



664 Giindogdu ve ark. Ankara Ecz. Fak. Derg., 45(3): 652-673, 2021

Fransiz toplumunun kalp ve damar hastaliklari oraninin az olmasi, Fransiz toplumunun sikca tiikettigi
kirmizi sarap igerigindeki resveratrole baglanmistir. Bir¢ok ¢alisma ile resveratroliin antienflamatuvar
etkilerini TNF-a, iNOS ve COX-2'yi inhibe ederek gosterdigi, IL-1b, 1L-10, PGES-1, p38 MAPK sinyal
yolunun asagi-regiilasyonu yoluyla kronik enflamasyonda azalmaya katki sagladigi ortaya konmustur.

Resveratroliin bir¢ok tibbi etkisinin altinda temel olarak antioksidan etkisi yatmaktadir ve LDL
oksidasyonunu engelledigi konusunda birgok arastirmaci hemfikir olmustur. Yine resveratroliin
noroprotektif ve norodejenerasyon iizerindeki olumlu etkisini de antioksidan 6zelligiyle sagladigi bu
sayede Alzheimer, Parkinson gibi nérodejeneratif hastaliklarda da 6nem kazandig1 bulunmustur. Ayrica
resveratroliin yasam siiresini uzatan sirtuin deasetilaz genlerinden SIRT1, SIRT3, SIRT4 genlerinin ve
FoxO1, Foxo3a, PBEF gibi genlerin ekspresyonunu uyardig1 ve alt organizmalarin yasam siiresini
uzatma etkisine sahip oldugu belirtilmistir. Tip II diyabetik hastalarda da HbAlc ile sistolik kan
basicini 6nemli dl¢iide azaltmasi, tedavide yer alabilecegini gostermektedir.

Son yillarda ise daha ¢ok resveratroliin antikanser 6zelligi iizerinde yogunlasilmistir. Kolon,
prostat, yumurtalik, cilt, meme, akciger, pankreas, lenfoma ve 16semiye ait kanser hiicreleri iizerinde
caligmalar mevcuttur [82].

Resveratroliin MERS-CoV enfeksiyonundan sonraki uzun siireli hiicresel hayatta kalmay1 6nemli
Ol¢iide inhibe etmesi ve MERS-CoV replikasyonu icin gerekli olan N proteini ekspresyonunun
azalmasina yardimct olmasi umut vadetmektedir. Ayrica resveratrol, Influenza viriisii
enfeksiyonundareplikasyon, protein sentezi, gen ekspresyonu ve niikleik asit sentezinin inhibisyonlari
ile iliskili olarak antiviral etkinlik sergilemektedir.

Son yillarda resveratroliin 1513a maruz kaldiginda kararsiz bir yapi sergilemesi nedeniyle,
biyolojik etkisini koruyabilmesi i¢in kati lipit nanopartikiiller gibi enkapsiilasyon teknikleri kullanilarak
hazirlanan, kontrollii salinimi1 olan ve daha etkili formiilasyonlarla ilgili ¢esitli aragtirmalarin yapilmakta
oldugu goriilmektedir [104]. Ozellikle resveratroliin stabilitesini ve oral biyoyararlanimini iyilestirmek
amaciyla giivenli ve etkili tagiyici olarak hazirlanan zein nanopartikiilleri de 6ne ¢ikmaktadir [105].

Sonug olarak; resveratrol iilkemizde de bulunan birgok besinde ve bitkisel kaynakta dnemli
miktarda yer almakta, diisiik dozda belirgin bir toksisite gostermemekte ve doza baglh olarak énemli in
vitro/in vivo biyolojik etkinlikleri bulunmaktadir. Giinliik hayatimizda gerek gida/nutrasétik gerekse ilag
seklinde alinabilecegi, cagimizin en dnemli sorunlarindan olan kanser basta olmak iizere, kalp, beyin,
g0z sagligi icin koruyucu olarak kullanilabilecegi ve gelistirilecek formiilasyonlarinin daha iyi etkinlik

saglayacagi kanaatine varilmustir.
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Amag: Aloe barbadensis Miller veya bilinen adiyla Aloe vera, sukulent tiirii, etli ve dikenli yaprakiar
olan ¢ok yullik bir bitkidir. A. vera yapraklarindan elde edilen jel ve usarenin kimyasal bilegen yapist ve kullanim
alanlari birbirinden oldukg¢a farklidir. Bu ¢alismada, yapraklardan elde edilen bu iirtinlerin iyilestirici veya
saghgin korumasi amaglariyla dahilen veya haricen kullanildigr alanlar incelenmistir.

Sonug¢ ve Tartisma: A. vera’min genis kimyasal bilesen icerigi oldugu ve bitkiden saflastirilan bu
bilesenlerle iligkilendirilen biyolojik aktiviteler bulundugu bilinmektedir. Genel olarak varilan yargi, bitki
biitiiniiniin ¢ogu farmakolojik etkinlikte, saflastirilan bilesenlerin tek basina gésterdigi aktiviteden daha gii¢lii
oldugu ve bitki bilesenlerinin hep birlikte sinerjik etki gésterdigi yoniindedir. Gelisen teknoloji ile birlikte, bitki
yapraklarinin yara iyilesmesini destekleyici, antienflamatuvar ve antimikrobiyal etkilerinin, daha genis
uygulama alanlarina g1k tuttugu goriilmektedir. Ozellikle jelin, nanoteknoloji ve diger ileri yontemler
kullanilarak yara pansuman malzemelerinin, kumagslarin, antibakteriyel iiriinlerin, kisisel bakim iiriinlerinin
icerigine eklenmesi, bitkinin bu terapotik ozelliklerinden faydalanabilecegimiz daha genis kullanim alanlar
Yaratmaktadwr. Endiistri alamindaki gelismelerin takip edilerek, bitkinin tedavi edici niteliklerinden en iist
seviyede yararlanabilecegimiz, etkili, giivenli ve dogal icerikli iiriinlerin gelistirilmesi i¢in multidisipliner
calismalarin yiiriitiilmesi gerekmektedir.

Anahtar Kelimeler: Aloe vera, Aloe vera jel, Aloe vera usare, Fitoterapi

ABSTRACT

Obijective: Aloe barbadensis Miller, also known as Aloe vera is a perennial succulent plant with fleshy
and jagged leaves. The chemical composition and usage areas of A. vera leaf products, gel and latex, are
quite different from each other. The present study aims to investigate usage of the leaf products as topical and
oral therapeutic and disease prevention.
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Result and Discussion: A. vera has a wide content of chemical components and biological activities
associated with these components purified from the plant. Generally reached judgment is that the whole plant
is stronger in most pharmacological activity than the extracted ingredients alone, and that the plant components
together exert synergistic effect. With the advancing technology, it is seen that the anti-inflammatory and
antimicrobial effects of plant leaves that support wound healing shed light on wider application areas.
Especially the addition of gel to the content of wound dressings, fabrics, antibacterial products and personal
care products using nanotechnology and other advanced methods creates wider areas of use where we can
benefit from these therapeutic properties of the plant. By following the developments in the field of industry,
multidisciplinary studies should be carried out in order to develop effective, safe and natural products that we
can benefit from the therapeutic qualities of the plant at the highest level.

Keywords: Aloe vera, Aloe vera gel, Aloe vera latex, Phytotherapy

GIRIS

Aloe barbadensis Miller veya bilinen adiyla Aloe vera, anavatam Afrika, Arap Yarimadasi ve
Hint Okyanusu Adalar1 olan, skulent tiirli bir bitkidir. Ait oldugu familya zaman iginde birkac kez
degistirilse de, gilincel siniflandirmada Asphodelaceae olarak kabul edilmistir. Yunan kokenli “aloe
(aloi)” kelimesinin, “ac1” anlamina gelen Arapca “alloeh” veya “alloek” ya da Ibranice “allal”
kelimelerinden tiiredigi disiiniilmektedir. Latince olan “vera” ise yine Arapca’da gercek, hakiki

3

anlamma gelen “wahre” kelimesinden tliremistir. Kilig¢ seklinde olan yapraklarindan dolay1 halk
arasinda kullanilan adi Arapga “saber” (kili¢) kelimesinden gelmekte ve genellikle sar1 renkli ¢igcekler
actigindan Anadolu’da “sarisabir” olarak amilmaktadir. Ulkemizde Antalya’nin Demre ilgesinde ve

glineybati sahillerinde dogal olarak yetismektedir [1-5].

Genel Ozellikleri

Aloe vera, ¢ok yillik, etli ve dikenli yapraklari olan bir bitkidir. Kokii, agik kahverengi, giiclii ve
lifli dokudadir. Alt yapraklari soyuldukea ortaya ¢ikan, 25-30 cm’e kadar uzayabilen odunsu bir gévde
ve bu govdede 25’e yakin sikisik yerlesmis dikey yapraklar bulunmaktadir [6-8]. Bitkinin boyu 60-100
cm arasinda olabilmektedir [9].

Aloe vera yapraginin enine bir kesiti mikroskop altinda incelendiginde, epidermis, klorenkima ve
damar demetleri (damarli tabaka) ile jeli iceren renksiz i¢ parankima dokusundan olustugu
gortilmektedir (Resim 1) [6]. Parankima hiicreleri tarafindan depolanan A. vera jelinin bulundugu seffaf
ve yapigkan boliim “jel”, “6z”, “musilaj tabaka”, “sulu doku” veya “mezofil” olarak da isimlendirilir
[6,10,11]. Yapragin kabuk kismui ile i¢ kismui arasinda, yaprak i¢i boliimiiniin ¢eperini bastan sona

kaplamus olan, “usare”, “lateks”, “Aloe suyu” veya “aloe” de denen A. vera 6zsuyunun iiretildigi damar

demetleri bulunmaktadir. [6].

Kimyasal Bilesimi ve Biyolojik Aktiviteleri
A. vera yaprak kiitlesinin % 20-30’unu kabuk tabakasinin; % 70-80’ini yaprak i¢i (6z) kisminin
olusturdugu bildirilmistir. Yaprak i¢i boliimiiniin ¢esitli mekanik islemlerle ezilip sikilmasiyla da

yaklasik % 70 verimle (100 g yaprak ici 6ziinden 70 g) jel elde edilmektedir [12,13].



676 Tuncay ve Kaya Ankara Ecz. Fak. Derg., 45(3): 674-698, 2021

A. vera yapraklarinin % 99-99,5’ini su olustururken; geri kalan kat1 madde boliimii ise yaklagik
200 ¢esit biyolojik aktif bilesen icermektedir [6]. Bitkide yer alan bilesenler, polisakkaritler, sekerler,
lipidler, steroller, yag asitleri, aminoasitler, glikoproteinler, enzimler, hormonlar, organik asitler,
vitaminler, mineraller, antron ve antrakinonlar, kromonlar, flavonoidler, tanenler, kumarinler, diger
fenolik bilesenler ve saponinler olarak dzetlenebilmektedir [6,14]. A. vera yapraginda tanimlanmis olan

kimyasal bilesenler Tablo 1°de gosterilmistir [6,10,14-19].

Tablo 1. Aloe vera yapraginda tanimlanmig kimyasal bilesenler

Polisakkaritler Antron ve Yag asitleri Vitaminler Aminoasitler Mineraller
Antrakinonlar

Asetillenmis Aloe-emodin Kaprik asit B-Karoten Arjinin Potasyum

glukomannan

Asidik galaktan Aloin A Laurik asit B1 Aspartik asit Sodyum
(Barbaloin)

Mannan Aloin B Miristik asit B2 Glutamik asit Bakir
(1zobarbaloin)

Glukomannan 7-Hidroksialoin Pentadekanoik asit | B6 Serin Cinko

Arabinogalaktan Homonataloin Palmitik asit C Histidin Krom

Arabinan Krisofanol Margarik asit Kolin Lizin Selenyum

Glukogalakto- Antranol Stearik asit D Treonin Aliiminyum

mannan

Seliiloz Krisofanol glikozit | Palmitoleik asit E (o-tokoferol) | Valin Magnezyum

Pektinler Tetrahidro- Hekzadekadien- Folik asit Metionin Kalsiyum
antrasen glikozit oik asit

Politironit Helmintosporin Oleik asit K Losin Manganez

Sekerler Aloesaponarin | Linoleik asit Niasinamid Izolosin Klor

Glikoz Kromonlar Linolenik asit Organik Fenil alanin Stlfur

asitler

Mannoz Aloesin Enzimler Malik asit Triptofan Demir

Arabinoz (Aloeresin B) Amilaz Sukkinik asit Histidin Lipidler

Ramnoz Aloeresin A, C Oksidaz Laktik asit Glutamin Kolesterol

Fruktoz ve D Karboksi- peptidaz | p-Kumarik asit | Prolin Kampesterol

Siikroz p-Kumarolaloesin | Katalaz Salisilik asit Alanin Sitosterol

Ksiloz izorabaikromon Lipaz Uronik asit Tirozin Trigliseritler

Glukuronik asit Ferulolaloesin Alkalen fosfataz Urik asit Sistein Lupeol

Fukoz Aloeson Seliilaz Sinnamik asit Asparajin Kamferenol

Galakturonik asit | Flavonoidler Aliinaz Fumarik asit Glisin

Hormonlar Ligninler Gloksalaz Saponinler Lektinler Kumarinler

A. vera yapraklarinin jel iceren yaprak i¢i boliimii ile usareyi iceren kabuk boliimii, kimyasal
bilesen igerigi bakimindan birbirlerinden oldukga farklidir. Usarede, aloin A ve aloin B isimli antronlar
basta olmak tlizere, yaklasik 80 c¢esit fenolik bilesen bulunmaktadir. Daha ¢ok ikincil metabolitlerin
kaynagi olan usarede, antron, antrakinon ve kromonlar gibi fenolik bilesenlerin yaninda; kuru agirlik

tizerinden % 16-63 oraninda asitte ¢éziinmeyen regine (resin), 6nemli miktarda kiil (% 24,5), usarenin
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ac1 tadindan sorumlu olan az miktarda ugucu yag, polisakkarit ve serbest seker bulunmaktadir [6,20,21].
Jeli igeren yaprak ici boliimiinde ise yaklasik % 72 oranla en ¢ok bulunan bilesen karbonhidratlar
(sekerler ve polisakkaritler) olup, bunu mineraller (% 16), lipidler (% 4), protein (% 7), fenolik bilesikler
(% 1) takip etmektedir [22].

A. vera jelinde bulunan polisakkaritler, A. vera yapragindaki karakteristik bilesenlerdir. Ozellikle
de ‘“asemannan” olarak bilinen asetillenmis polisakkaritler, bir¢cok farmakolojik aktiviteyle
iligkilendirilmistir ve diger jel bilesenlerinden ayr1 olarak, tek basina da biyolojik aktivite

gosterebildikleri bilinmektedir [23].

Aloe Vera Bitkisinin Farmakolojik Etkileri
A. vera bitkisinin ¢esitli rahatsizliklarda tedavi edici olarak harici ve dahili yolla kullanilan
boliimleri, bitki yapragmin biitiinii, damar demetlerinden salgilanan usaresi ve yapraklarin etli

boliimiinde bulunan jelidir.

Laksatif Etki

Aloe vera usaresi; antron, antrakinon, serbest antron, diantron ve az miktarda serbest
antrakinonlar gibi antrasen bilesenlerinin karigimini igermektedir [24]. Usaredeki major C-glikozitleri
barbaloin (aloin A) ve izobarbaloin (aloin B) metabolitleri, usarenin insanlar ve bazi hayvanlarda
bagirsaklar tizerindeki katartik etkisinden sorumlu temel ajanlardir [13]. Kurutulmus toz olarak veya
cesitli ekstreleri hazirlanarak oral yolla alinan A. vera usaresinin su ve sodyumun geri emilimini azaltip,
kalin bagirsakta hareketliligi uyararak kolon transitini hizlandirdigi; mukus ve kloriir salinimin
uyararak kolonda sivi salinimimi artirdigt; kolon néronlarini direkt ve dolayli yoldan uyararak kolonda

hareketliligin artmasini sagladigi ve bu yollarla laksatif etki gosterdigi belirtilmektedir [25,26].

Yara lyilestirici Etkisi

A. vera jelinin yara iyilestirici etkisi, igerigindeki polisakkarit, seker, organik asit, sterol, enzim,
hormon, vitamin ve mineraller gibi bilesenlerin bir arada gosterdigi aktiviteye dayandirilmaktadir (Sekil
1) [27]. Hiicre yenilenmesi ve yara iyilesmesinde etkili olan bu bilesenler, anjiyojenik (kan damarlarinin
olusumunu uyarici), mitojenik (mitoz boliinmeyi uyarici), epitel hiicrelerin biiylimesini ve hiicre
cogalmasini uyarici etkiye sahiptir [28-30]. Bunlara ek olarak jelin antimikrobiyal, antienflamatuvar ve
immiinstimiilan 6zellikleri de yara iyilestirici etkisini destekleyici niteliktedir. Yapilan ¢aligmalar gerek
taze jelin, gerekse P-sitosterol ve asetilmannan (asemannan) gibi bilesenlerinin, biiyiime faktorii
iiretimini, anjiyojenezi, kollajen tiretiminden sorumlu hiicreler olan fibroblastlarin ¢ogalmasini, yara
iyilesme siirecinde rol oynayan hiicrelerin gogiinii ve kollajen {iretimini stimiile ettigini ve kollajen
yapisinin giiclenmesini saglayarak yara iyilesmesini hizlandirdigini1 gostermistir [13,27,31-33]. A. vera
bitkisinin yaprak biitiinii ile jelinin yara iyilestirme etkinliklerinin karsilastirildig1 bir ¢alismada, jelin,

yaprak biitiiniine gore yara iyilesmesini daha fazla hizlandirdig1 ortaya konmustur [34].
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Histopatolojik acidan bakildiginda, yara iyilesme siirecinde A. vera jeli yassi epitel hiicrelerin
hizla biiyiimesini uyarmakta, dermal fibrovaskiiler ve kollajen dokunun yeniden sekillenmesini ve
mikrosirkiilasyonun artmasini desteklemekte, antiseptik, antibakteriyel ve antienflamatuvar 6zelligi ile
enflamatuvar hiicre infiltrasyonunu azaltabilmekte ve yara alaninin temiz kalmasina destek olmaktadir.
Bu etkileri neticesinde yaniklarda, derideki yara ylizeyinde daha erken epitelizasyon gozlenmesini ve
kismi deri kalinliginin artmasini saglayabilmektedir [35,36].

Jelde bulunan polisakkaritlerin biiyiik bolimiinii olusturan glukomannanlar, yara iyilestirme ve
hiicre ¢ogalmasinda etkili jel bilesenlerinden biridir [37]. Bir glukomannan tiiri olan asemannanin en
dikkat cekici biyolojik aktivitelerinden biri, makrofajlar1 aktive etmeleri ve T hiicrelerini stimiile

etmeleridir. Bu immiinstimiilatér etkileri aynm1 zamanda yara iyilesmesini de desteklemektedir
[25,38,39].

Sakkaritler
Sap?ni'n e Glikoprotein
Lignin
Antrakinon . . Y?ra T
iyilestirmede
etkili jel
bilesenleri
Elektrolitler
iz Steroller
Vitaminler
Bradikininaz Giberellin ve

Oksin

Sekil 1. Yara iyilestirmede etkili Aloe vera jeli bilesenleri

Antioksidan Etkisi
A. vera’nin yapraklar ile gigekleri antioksidan etki gostermektedir. Yapraklarinda bulunan a-

tokoferol, karotenoidler, askorbik asit, flavonoidler, tanenler, C, E, B (tiamin), B (riboflavin), Bs
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(niasin) vitaminleri, kolin, folik asit, aloesin, aloeresin A, aloeson, aloe-emodin ve bazi polisakkaritlerin
antioksidan 6zelligi oldugu; bitkideki glutatyon peroksidaz ve siiperoksit dismutaz enzimlerinin de
antioksidan aktiviteden sorumlu olduklari belirtilmistir [40,41].

A. vera, icerdigi bilesenleri sayesinde ortaya koydugu dogrudan antioksidan etkisinin yaninda,
viicudun kendi antioksidan enzim sistemlerini de aktive edebilmektedir [40]. Jelin, oral yolla
alinmasiyla doza bagimli olarak gosterdigi antioksidan etkisinin, bir¢ok rahatsizlikta tedavi edici olarak
kullanilmasinda 6nemli rol oynadigi; oksijen radikallerinin olusumunu engelleyen bu 6zelligi ile ayni
zamanda immiinomodiilator etki ortaya koydugu [20,21] ve immiin sistemi aktive etmesinin de ayni

zamanda yara iyilestirici 6zelligiyle de iligkili oldugu bildirilmistir [40,42].

Antienflamatuvar EtkKisi

A. vera bilesenlerinden asemannan, bazi polisakkaritler, B-sitosterol, kolesterol, kampesterol,
lektin, [aspirin benzeri yapida olan] salisilik asit, giberellin, aloin, aloeresin A, B, D ve E gibi bazi
antrakinon ve kromonlar ile fenolik bilesenler antienflamatuvar etki sergilemektedir [9,25,43-46].

A. vera’nin, prostanoidlerin (siklooksijenaz iiriinleri), polimorfoniikleer 16kosit (graniilosit)
infiltrasyonunun ve histamin olusumunun engellenmesi, icerdigi bradikinaz enzimiyle bradikinin
aktivitesinin inhibe edilmesi [25,43,47], giberellin aktivitesi, mannozdan zengin karbonhidratlarin
iltihapl dokulara notrofil gogtinii [44] ve 16kosit adezyonunu engellemesi [33] mekanizmalari ile 6demi

azaltarak antienflamatuvar etkinlik gdsterdigi diisiiniilmektedir.

Immiinstimiilan Etkisi

Immiin sistemi dogrudan etkileme 6zelligine sahip olan A. vera’nin immiinomodiilator (bagisiklik
sistemini diizenleyici) etkinligi, jeldeki mannanlarla; 6zellikle de asemannanla iliskilendirilmektedir
[25]. Mannanlar, hem hiicre yiizeyinde hem de hiicre iginde mannanlar i¢in spesifik reseptorlere sahip
oldugu bilinen makrofajlar aktive eder ve T hiicrelerini uyarir [27]. A. vera’nin makrofajlar aktive edici
bu 6zelligi, ayn1 zamanda yara iyilesmesini de hizlandirmaktadir. Makrofajlar aktive ederek nitrik oksit
ve sitokinlerin iiretimini uyarir, fagositozu, dolasimdaki monosit ve makrofaj sayisini, spesifik antikor
iiretimini arttirir, apoptozu (planli hiicre 6liimil) uyarir, antienflamatuvar etkinlik gosterir ve bu

mekanizmalarla A. vera immiinomodiilator etkinlik gosterir [9,25,27,44].

Antimikrobiyal Etkisi

A. vera’nin bakteri, virlis ve mantarlara karsi antimikrobiyal etkisinden, hem jel, hem de
usaresindeki cesitli bilesenler sorumludur. Patojenlere yonelik bu etkisini dogrudan veya immiin sistem
hiicrelerini uyararak dolayli yoldan gergeklestirmektedir [13,33]. Polisakkaritler, asemannan, aloin,
aloe-emodin, saponinler, lupeol, salisilik asit, p-kumarik asit, askorbik asit, pirokatekol, sinnamik asit,
fenoller ve siilflir, bitkide yer alan antibakteriyel, antifungal ve antiviral ajanlar olarak cesitli

kaynaklarda tanimlanmistir [38,48,49].
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Antitiimor Etkisi

Cesitli laboratuvar ve hayvan calismalarinda, A. vera yaprak biitiiniiniin iceriginde bulunan
bilesenler sayesinde dogrudan veya antioksidan ve immiinomodiilator etkileri araciligiyla tiimor karsiti
etkinlik gosterdigi belirtilmistir [50-52]. Yapilan ¢alismalarda 6zellikle aloe-emodin, aloin, lektinler,
asemannan ve aloesin bilesenlerinin, 4. vera nin antitimor etkinliginde 6ne ¢ikan bilesenler oldugu
goriilmektedir [47,48]. A. vera yaprak biitliniindeki bilesenlerin timor biiylimesini engelledigi veya
timor boyutunu azalttigi cesitli in vivo ve in vitro ¢alismalarla ortaya konmus olup [53]; yaprak
biitiiniiniin, bitkiden saflastirilan bilesenlerin tek basina gosterdigi aktiviteden daha yiiksek antitiimor

etkinlik gosterdigi belirtilmektedir [51,54].

Diger Etkileri

Bu etkilerinin yani sira, A. vera’nin karboksipeptidaz enzimi, antrakinonlar ve tiirevleri, salisilik
asit ve steroller sayesinde analjezik (agr1 kesici) [14,22,27,47]; santral ve periferal sinir sisteminde
sedatif, hipnotik, periferal analjezik ve antioksidan ve antienflamatuvar 6zellileriyle sinir koruyucu [55—
57] etkisi oldugu belirtilmistir. Jel ekstresinin karanlik ortamda 3-10 giin depolanmasiyla agiga gikan
prostanoidler sayesinde antiastmatik etkisi bulunmaktadir [43,47,58]. Bunlara ek olarak, prostoglandin,
tiroid, kalsitonin, paratiroid, ve dstrojen hormon diizeyleri [9,16,23,59] ile kan basinci [16] lizerinde de

etkisi oldugu cesitli caligmalarda rapor edilmistir.

Aloe vera Bitkisinin Terapotik Amach Kullanim Alanlari
A. vera jeli ve yaprak biitiiniinden elde edilen preparatlar, genis ¢apta farmakolojik etkileri

sayesinde, harici ve dahili olarak genis kullanim alanina sahiptir. Kullanim alanlarinda genellikle birden

fazla farmakolojik 6zelliginin bir arada terapdtik etki gosterdigi diisiiniilmektedir. A. vera’nin terapotik

amacl kullanim alanlar1 ve kullanilan yaprak boliimleri asagida maddeler halinde 6zetlenmistir:

a) Konstipasyonda laksatif olarak kullanimi (Usare - Dahili kullanim)

b) Yaralarda ve yaniklarda kullanimi (Jel - Harici kullanim)

c) Cilt rahatsizliklarinda kullanimi (Jel ve yaprak biitiinii - Harici kullanim)

d) Antidiyabetik ve antihiperlipidemik amaglh kullanimi (Jel ve saflastirilmis yaprak biitlinii - Dahili
kullanim)

e) Gastrointestinal sistem rahatsizliklarinda kullanimi (Jel - Dahili kullanim; Yaprak biitiini ve jel -
Harici kullanim (hemoroid ve anal fissiirde))

f) Oral mukoza rahatsizliklarinda ve oral hijyen amach kullanimi (Jel ve yaprak biitiinii - Harici ve
dahili kullanim)

Konstipasyonda Laksatif Olarak Kullanimi
A. vera’nin oral olarak kabizlikta kullanimi, bitkinin bilinen en eski kullanim alanidir [10,24].

Ancak, igeriginde bulunan antron, antrakinon, serbest antron, diantron gibi hidroksiantrakinon
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tiirevlerinden dolay1 kolonu uyarici laksatif etkisi bulunan A. vera usaresinin, oral olarak kullaniminda
sagliga zararli etkisi olabileceginden ciddi uyarilar bulunmaktadir. Bu tiir laksatiflerin yalnizca kisa
stireli konstipasyon durumlarinda kullanilabilecegi belirtilmekte, kullanim siiresinin 1 - 2 haftadan uzun
olmamasi ve haftada 2-3 kereden fazla kullanilmamasi tavsiye edilmektedir [26,60]. Bununla birlikte,
usarede bulunan hidroksiantrakinon tiirevlerinin olas1 toksik ve kanserojen etkilerinden dolay1, A. vera
usaresi igeren Uuriinlerin oral olarak tiiketiminin kisitlandirildigi ve genel olarak oOnerilmedigi

goriilmektedir [61,62].

Yaniklarda ve Yaralarda Kullanim

A. vera jelinin yaniklarda ve ¢esitli sebeplerle olusan yaralarda kullanimiyla ilgili insanlar
tizerinde yapilmis bir¢ok klinik ¢alisma bulunmaktadir. Bu rahatsizliklarda A. vera’nin yara iyilestirici,
analjezik, immiin sistemi aktive edici, antienflamatuvar, antibakteriyel ve nemlendirici 6zelliklerinin bir
arada etkinlik gosterdigi diistiniilmektedir [63,64].

Yaniklarda ve yaralarda jelin genel olarak yara iyilesme siiresini kisalttigi, hasar gormiis deri
yiizeyinde epitelizasyon hizin1 ve iyilesme oranimi arttirmakta oldugu belirtilmistir. Tablo 2’de A.

vera’nin yara iyilestirme etkisiyle ilgili yapilan klinik ¢alismalardan bazilarina yer verilmistir.

Cilt Rahatsizliklarinda Kullanim

Sedef: Harici olarak kullanilan A. vera ektresi veya jelinin insanlardaki sedef hastaligina ve
radyasyon kaynakli dermatitlere etkisinin incelendigi klinik ¢aligmalarda, A. vera’nin iyilestirici
etkisinin go6zlendigi sonuglar oldugu gibi [70-73]; herhangi bir olumlu etkisinin gozlenmedigi
sonuglarin da [74—77] bulundugu goriilmektedir.

Radyasyon dermatiti: Radyoterapi sonrasi epitel doku ve alt katmanlarinin zarar gérmesi sonucu
olusan bu cilt rahatsizliginda, A. vera jelinin dermatit olusumunu 6nleyici veya olusan dermatitleri
tedavi edici etkinligini inceleyen cesitli klinik ¢alismalar yapilmistir. Bu ¢aligmalarin bazilarinda
dermatit olusumunu 6nlemede ve tedavi edilmesinde A. vera jelinin etkili oldugu sonucu bulunurken
[72,73,78]; bazilarinda anlamli bir iyilestirici veya koruyucu etkisi bulunamamigtir [76,79-81].

Atopik dermatit: Atopik dermatitte A. vera jelinin etkinliginin inceleyen klinik ¢aligmalarin
bazilarinda, semptomlar1 azaltici ve yatistirict etki gosterebilecegi belirtilmistir [82].

Akne vulgaris: Kizariklik, akne yogunlugu ve lezyon miktarinin azaltilmasinda topikal olarak
kullanilan jelin olumlu etkisi oldugunu gosteren klinik ¢alismalar bulunmaktadir [83,84].

Genital herpes: Genital herpes {izerinde yapilan iki farkli klinik ¢aligmada, A. vera ekstresi (%
0,5) igeren kremin iyilestirici etkisi oldugu rapor edilmistir [85,86].

Inflamatuvar deri rahatsizhklari: Seboreik dermatitte [87] ve bebeklerle cocuklarda yaygmn
olarak goriilen bebek bezi dermatitinde [88,89] A. vera ekstresi ve jelinin olumlu etkisinin gorildigi

bildirilmistir.
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Tablo 2. A. vera’nin yara iyilestirme etkisiyle ilgili yapilan bazi klinik ¢caligmalar

Materyal Arastirma tasarim Bulgular Kaynak
A. vera jel Diyabetik ayak iilseri/ randomize, cift kor Sonug olarak iki grup arasinda Total Ulser [65]
klinik aragtirma Skoru arasinda anlamli fark oldugu, AVJ
40 kisi (n:20 deney, n:20 kontrol grubu). kullanilan deney grubunda iilser yiizeyinin
Rutin tedaviye ek 4 hafta boyunca giinde 2 daha ¢ok kiiciildiigii; ancak yara
kere deney grubuna A. vera jel (AVJ), derinliginde iki grup arasinda anlaml fark
kontrol grubuna plasebo jel uygulanmustir. olmadigi gozlenmistir.
A. vera jel Yamk/ Olgu raporu Uzun siiredir iyilesmeyen yanik yaralari [66]
17 yasinda kadin, %30-40 2. derece yanik bulunan hastada, AVJ uygulamasi
ve bundan kaynakli kronik iilserlesmis sonrasinda deri kizarikli1 ve yara
yaralar (uygulama oncesi 40 giin klinikte sekresyonlarinda azalma gozlenmis ve 21
yatmis) giin boyunca yanik bolgelerde enfeksiyon
Yanik bdlgelerine 21 giin boyunca 12 saatte olusmamustir. AVJ dncesi doneme gore yara
bir topikal olarak A. vera jel (AV]J) ile iyilesmesinin daha hizli oldugu
hazirlanan karigim uygulanmusgtir. belirtilmistir.
A. vera jel Kronik yaralar/ kontrollii klinik 3 ayin sonunda AVJ ve kontrol grubunda [67]
arastirma strastyla iyilesme oran1 % 93,3 ve % 46,7;
60 kisi (n:30 deney, n:30 kontrol grubu). hastanede yatis siiresi 35.2+6.4 ve 67.4+8.9
Kontrol grubuna sadece konvansiyonel glin; yara iyilesmesi i¢in gegen siire
tedavi, deney grubuna buna ek olarak giinde 31.25+11.2 ve 63.2420.4 giin olarak
2 kez A. vera jel (AVJ) uygulanmstir. 3 ay bulunmustur.
boyunca takip edilmistir.
A. vera + Kronik yaralar/ randomize, ¢ift kor, 30 giin sonunda yara biiytikliigii, derinligi, [68]
zeytinyagi kontrollii klinik arastirma sinirlari; nekrotik hiicre tipi ve orani; s1zinti
kremi 60 kisi (n:30 deney, n:30 kontrol grubu). 30 tipi ve orani; yara bolgesi rengi, periferal
(yaprak giin boyunca deney grubuna A. vera + doku 6dem skoru degerlendirilmistir.
boliimi zeytinyagl (AVZY) kremi, kontrol grubuna Yara iyilesmesi her iki grupta da gelisim
bilgisi standart uygulama fenitoin merhem gosterirken, degerlendirme parametrelerinde
verilme- uygulanmustir. AVZY kremin daha etkili oldugu
mistir) bildirilmisgtir.
A. vera jel Sezaryen yaralarl/ randomize, ¢ift kor, AV] uygulamasinin yan etkisi [69]
kontrollii klinik arastirma gozlenmemistir. § giiniin sonunda iki
90 kisi (n:45 deney, n:45 kontrol grubu). grubun yara iyilesme skoru arasinda anlaml
Sezaryen sonrasi 8 giin boyunca kontrol fark olmadig1 ancak AVJ grubunda ilk 24
grubuna normal pansuman, deney grubuna saatteki yara iyilesme hizinin, kontrol
A. vera jel (AVJ) ile pansuman grubundan daha yiiksek oldugu
uygulanmigtir. Agr1 ve yara iyilesmesi takip bulunmustur.
edilmistir.

Antidiyabetik ve Antihiperlipidemik Amach Kullanimi

Cesitli klinik caligmalarda edinilen bulgulara gore, oral yolla alinan A. vera jeli veya saflagtirilmig
(icerigindeki antrakinonlari uzaklastirilmis) yaprak biitiinii, aglik kan sekeri, hemoglobin Alc (HbAlc),
trigliserit, total kolesterol ve LDL kolesterol diizeylerinin diismesini ve HDL kolesterol diizeyinin
yiikselmesini saglayabilmektedir [90]. Obeziteden kaynaklanan metabolik degisimlere karsi koruyucu
etkisi ve antioksidan aktivitesi ile A. vera jelinin, adipoz yag birikimini azalttig1 ve agirlik kaybini
sagladig1 yapilan gesitli ¢alismalarda ortaya konmustur [91].

Ancak, A. vera jelinin lipid ve glukoz metabolizmasinda anlamli degisikliklere yol agmadigini
rapor eden c¢alismalar da mevcuttur [92,93]. Jelin antidiyabetik veya antihiperlipidemik etki
gostermemekle birlikte, tam tersi, kan sekerini yiikseltici etki gosterebildigini bildiren; bunun sebebinin

jelin igerigindeki sekerlerden dolay1 oldugunu ileri stiren ¢alismalar bulunmaktadir [46,94,95]. Tablo
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3’te A. vera’nin metabolik sisteme etkisi {izerine son yillarda yapilmis klinik ¢aligmalardan bazilarina

0zet olarak yer verilmistir.

Gastrointestinal Sistem Rahatsizliklarinda Kullanim

Gastrik iilser: Fareler iizerinde yapilan cesitli calismalarda, A. vera jelinin asitle indiiklenen
gastrik ilser lezyonlarini azalttigi [96]; jelin alimiyla midedeki asit sekresyonunun, mide sivisindaki
protein ve karbonhidratlarin azaldig1 ve bu yolla {ilser kargitt mide koruyucu etki gosterdigi [97], yaprak
biitiiniinlin sulu ekstresinin farelerde gastrik asit sekresyonunu azalttig1 [98] rapor edilmistir.

Gastroozofageal reflii (GOR): 79 hasta ile yiiriitillen randomize, kontrollii bir klinik ¢alismada,
hastalar {i¢ gruba ayrilarak iki gruba standart tedavide kullanilan iki farkl ilag tedavisi uygulanirken,
diger gruba standardize edilmis (5 mg polisakkarit/mL) A. vera jel iceren suruptan giinde bir kez 10 mL
verilmistir. Dort hafta boyunca devam eden tedavi sonunda, jelin iyi bir sekilde tolere edildigi ve
yalnizca iki kiside yan etki (mide agris1 ve vertigo) goriildiigii; A. vera jelinin GOR semptomlarini,
standart tedavide kullanilan ilaglarla kiyaslanabilir diizeyde azalttig1 belirtilmistir [99].

Irritabl bagirsak sendromu (IBS): A. vera’nin iBS’de etkinligi iizerine yapilmis randomize
kontrollii klinik ¢aligmalar inceleyen bir sistematik derlemede, A. vera’nin iBS’de plasebo tedavisine
gore daha etkin oldugu ve kisa siireli oral kullanima uygun oldugu sonucuna varilmigtir [100].

Ulseratif kolit: Hafif-orta siddetli iilseratif koliti olan 44 hasta ile yiiriitiilen randomize, ¢ift kor,
plasebo kontrollii bir klinik ¢alismada, A. vera jel tiiketen grupta, plasebo grubuna oranla {ilseratif kolit
ve histolojik skorlarinda anlamli diisiis oldugu, daha olumlu bir klinik yanit alindig1 gézlenmistir [101].

Anal fissiir: Prospektif, ¢ift kor bir klinik ¢alismada yaslar1 20-70 arasinda degisen 60 kisilik
hasta grubunda, A. vera jeli igeren krem uygulananlarda, kontrol grubuna gére agri hissinde ve
hemorajide anlamli 6l¢lide azalma oldugu ve yara iyilesmesinde anlamli gelisme oldugu rapor edilmistir

[102].

Agiz Saghginda Kullanim

Cesitli calismalarda A. vera’ nin antienflamatuvar ve immiinomodiilatér etkileriyle agiz iginde
olugan cesitli enflamatuvar hastaliklarda; antienflamatuvar, yara iyilestirici ve immiinomodiilator
etkileriyle radyasyon tedavisinin yan etkilerinden olan agiz i¢i mukozasinda olusan yaralarda ve
antibakteriyel etkisiyle agiz i¢i hijyeninin saglanmasinda etkinlik gosterdigi ortaya konmustur
[107,108].

Son Yillarda One Cikan Kullanim Alanlan
Gelisen teknolojiyle birlikte bitkinin kullanim alanlar1 da genislemektedir [46]. Son yillarda doku
miihendisligi, rejeneratif tip ve biyomedikal alanlarinda yapilan ¢alismalarda, hiicre yenilenmesini,

hiicre ¢ogalmasini, anjiyojenezi ve yara iyilesmesini destekleyen ozellikleri sebebiyle A. vera jeli,
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laboratuvar ortaminda hiicre olusturmada kullanilan doku iskelelerinin yapisina katilmaya baslanmis ve
hiicre cogalmasinda etkili sonuglar alinmigtir [109].

A. vera jeli gibi antienflamatuvar, antimikrobiyal ve hiicre yenileyici bilesenler iceren dogal
kaynakli materyallerin, nano fiber yapili dokularda kullanilarak hem yara iyilesmesini destekleyen, hem
de yara alaninda olusabilecek enfeksiyonlari Onlemede etkili olan pansuman ve yara Ortiisii
malzemelerinin tretildigi goriilmektedir [110]. Benzer amagla, yarali bélgeye uygulanmak iizere
hazirlanan A. vera jel igeren polimerik filmlerin de, yara iyilesmesini destekledigi ortaya konmustur
[111].

Yine son yillarda yapilan c¢aligmalarda; A. vera jelinin mikroenkapsiilasyon yontemi ile
kiyafetlere tatbik edilerek, jelin antiseptik, antibakteriyel, antifungal ve yara iyilestirici 6zellikleri
sayesinde ¢esitli cilt rahatsizliklarinda iyilesmeye yardimei kiyafetler tretildigi [112]; jel ekstresinin
kitre zamkiyla kaplanmasi sonucu nanokapsiillerin elde edilerek, yara bolgelerinde topikal olarak
kullanimi giivenli, antimikrobiyal ve yara iyilesmesini destekleyici iriinler ortaya c¢ikarildigi
goriilmektedir [113]. Benzer sekilde, nanoteknoloji kullanilarak bir araya getirilen A. vera yaprak
biitiinii ekstresi ve glimiis nanopartikiillerden oldukea etkili bir antibakteriyel nanomateryal elde edildigi

belirtilmektedir [114].

Kullanilmamasi Gereken Durumlar, flac¢ Etkilesimleri, istenmeyen Yan Etkileri ve Toksisitesi
Kullanilmamasi Gereken Durumlar

A. vera usaresinin hamilelik, emzirme donemi, 12 yasindan kii¢iik ¢ocuklar, duyarliligi olanlar,
bagirsak tikanikligi ve darligi, atoni, apandisit, inflamatuvar bagirsak hastaliklari, sebebi bilinmeyen
abdominal agri, su ve elektrolit kaybiyla seyreden ishal durumlarinda kullanilmamasi gerektigi
belirtilmistir. Antrakinon laksatiflerinin fazla miktarda ve uzun siireli tiiketimi, ishale, su ve elektrolit
(6zellikle potasyum) kayiplarina ve bu yolla hipokalemiye yol agabilmektedir [7, 11, 26, 60]. Jelin oral
olarak hamilelikte ve emzirme doneminde kullanimu ile ilgili yapilan klinik ¢alisma bulunmamakla
birlikte, kullanimi 6nerilmemektedir [115]. Oral olarak A. vera kullanimi, ameliyat sirasinda kanamay1
arttirabileceginden, ameliyatin en az 2 hafta 6ncesinden kullaniminin birakilmasi [47] ve bilinen alerji

durumunda dahilen veya haricen kullanilmamasi gerektigi belirtilmistir [14].

flac Etkilesimleri

A. vera usaresinin uzun siire kullanilmasi nedeniyle olusabilecek potasyum eksikligi durumunda
kardiyak glikozitlerle birlikte alinmasinin, hipokalemiden kaynakli aritmiye sebep olabilecegi ve diger
istenmeyen etkiler dogurabilecegi belirtilmistir [38,49,115]. A. vera jeli hipoglisemik etki
gosterdiginden, jelin insiilin ve oral antidiyabetiklerle beraber kullanildiginda hipogliseminin artmasina
yol acabildigi [14,116], jelin oral yolla tiiketilmesinin diisiik biyoyararlanimi olan bazi ilaglarin
emilimini artirma potansiyeli oldugu [47] belirtilmistir. A. vera jelin topikal olarak uygulanmasinin,

hidrokortizon gibi steroid kremlerin etkinligini arttirabildigi bildirilmektedir. Antidiyabetik, ditiretik,
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laksatif etkili ilaglarla birlikte veya sevofluran ya da digoksin kullanilan durumlarda, jelin diizenli olarak

uygulanmasi tavsiye edilmemektedir [14].

Tablo 3. Aloe vera’ nin metabolik sisteme etkisi tizerine son yillarda yapilmis klinik ¢aligmalar

Materyal Arastirma tasarim Bulgular Kaynak
300 mg veya 500 | Cift kor, randomize Kklinik ¢calisma Aclik kan gekeri (AKS) ve HbAlc, 4. hafta [103]
mg standardize A. | 72 prediyabetik hasta ii¢ gruba sonunda her iki A. vera grubunda azalirken,
vera jel ekstresi béliinerek 8 hafta boyunca giinde 2 kontrol grubunda anlamli bir degisiklik
kapsiili kere tok karnina 300 mg veya 500 olmamustir. 500 mg kapsiil grubunda 4. hafta
mg A. vera kapsiil veya plasebo sonunda TG ve 8. hafta sonunda toplam
kapsiil verilmistir. Hastalarin kan kolesterol ve LDL’de anlamli diistis; HDL’de
sekeri ve lipid profili anlamli artis olmustur. Herhangi bir yan etki
degerlendirilmistir. goriilmedigi bildirilmistir.
1000 mg Cift kor, randomize klinik calisma A. vera grubundaki diyabet hastalarinin 2 aylik [104]
standardize A. En az 6 aydir tip 2 diyabet tanili 44 kullanim sonrasi aglik kan sekeri, HbAlc, toplam)
vera yaprak hasta iki gruba boliinerek 2 ay kolesterol, TG, HDL ve LDL degerlerinde
ekstresi tableti boyunca giinde 1000 mg A. vera anlaml fark bulunmamigtir. Ayrica her iki
ekstresi tableti veya plasebo tablet gruptaki hastalarin kan sekeri ve lipid profili
verilmigtir. Hastalarin kan sekeri ve arasinda anlamli fark bulunmamugtir. Yan etki
lipid profili degerlendirilmistir. bilgisi verilmemistir.
700 mg Randomize klinik ¢alisma Caligmanin sonunda A. vera grubunda viicut [92]
standardize A. Prediyabetik ve tedaviye agirhgi ve viicut yag kiitlesinde anlamli azalma
vera yumugak baslanmamis diyabetli 136 hasta iki oldugu, insiilin duyarliliinin anlamli olarak
kapsiil gruba boliinmiistiir. Deney grubu 8 artt181; kontrol grubunda ise bu parametrelerde
hafta boyunca giinde 2 kere A. vera herhangi bir degisim olmadigi rapor edilmistir.
kapsiil, kontrol grubu ise plasebo Ancak iki grupta aclik kan sekeri ve HbAlc
kapsiil tiiketmistir. Hastalarda diizeyleri arasinda anlamli fark bulunamamustir.
obezite ve diyabetle ilgili metabolik Bir advers etki goriildiigii bildirilmistir.
degisimler incelenmistir.
300 mg Cift kor, randomize klinik ¢calisma A. vera grubunda glikoz, HbAlc,toplam [105]
saflagtirilmisg 67 tip 2 diyabet hastasi iki gruba kolesterol ve LDL degerlerinin kontrol
standardize boliinmiistiir. Deney grubuna 2 ay grubuna gore anlaml olarak daha diisiik
A. vera jeli boyunca oral yolla giinde 2 adet 300 bulundugu belirtilmistir. Herhangi bir yan
kapsiilii mg A. vera jel kapsiilii; kontrol etki goriilmedigi bildirilmistir.
grubuna ise ayni dl¢iide plasebo
kapsiil verilmistir. Kan sekeri ve
lipid profili parametreleri
incelenmistir.
A. vera jelinden Klinik ¢aliyma Yiksek molekiil agirlikli  bilesenlerden [106]
saflastirilan Tip 2 diyabetli ve ilag tedavisi olusan sivinin tiiketimiyle 12 haftanin
yiiksek molekiil goren 15 hastaya, tedavilerinin sonunda, tamamu fazla kilolu olan hastalarin
agirlikl yaninda 12 hafta boyunca oral yolla baslangica gore AKS degerinde % 32; TG
bilesenlerden giinde 3 kere 0,05 g s1v1 igecek degerinde % 35; HbAlc degerinde % 20
(polisakkaritler, verilmistir. diistis gozlenmistir. Kolesterol, AST, ALT ve
verektin ve < 10 Aclik kan gekeri (AKS), HbAlc, serum kreatininde ise anlamli degisiklik
ppm barbaloin) TG, kolesterol, AST, ALT ve serum gozlenmemistir. Herhangi bir yan etki
olusan sivi icecek | kreatinin diizeyleri incelenmistir. goriilmedigi bildirilmistir.

istenmeyen Yan Etkileri

A. vera usaresinin déhili kullanim ile ilgili, usarenin icerigindeki aloin A ve aloin B gibi
antrakinon metabolitlerinin sebep oldugu diisiiniilen abdominal agr1 ve spazm goriilebildigi; hamilelikte
kullaniminda ise uterus kaslarinin kasilmasini uyarabilecegi belirtilmistir [115]. Oral yolla iki hafta ila

yaklasik bir yil boyunca gesitli A. vera iriinlerinin kullanimi1 sonrasinda akut hepatit ve karaciger
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fonksiyon bozuklugu gelisen; T3 Ve T4 tiroid hormonlarinin seviyesi diisen; hipokalemi ortaya ¢ikan;
sarilik, halsizlik, bitkinlik, tist abdomen rahatsizlig1, deri kasintisi, bulant1 ve kusma sikayetleri ile saglik
kurulusuna basvuran birbirinden farkli olgular rapor edilmistir [117-121]. Jelin harici kullaniminin ise
genellikle iyi tolore edildigi bildirilmis; ancak, bazi olgularda yanma, kisa siireli agri hissi, hafif
derecede iritasyon, hafif kagint1 ve kontakt dermatit, alerjik reaksiyon ve kontakt iirtiker rapor edilmistir
[11, 115, 122].

Toksisitesi

A. vera bitkisinin toksisitesi ile ilgili hayvanlar lizerinde yapilan ¢alismalarda, A. vera usaresi ve
yaprak biitiiniinlin, igerdikleri aloin A ve B ile aloe-emodin gibi hidroksiantrakinon bilesiklerinden
kaynaklandigi diisiiniilen kanserojen ve genotoksik etkileri oldugu ve bu sebeple insanlar i¢in oral yolla
tilkketiminin toksik ve kanserojen etkiler yaratabilecegi kanaatine varilmigtir. Nitekim, tilkemizde ve
diinyada konu ile ilgili resmi kurumlar tarafindan yapilan diizenlemelerde, A. vera usaresinin ve usare
bilegenlerini ihtiva eden yaprak biitiinii Uriinlerinin oral olarak tiiketiminin kisitlandirildigi veya
genellikle Onerilmedigi goriilmektedir. Antrakinon bilesenleri uzaklastirilmis olan A. vera yaprak
iiriinleriyle ilgili yiiriitiilen toksikolojik ¢alismalarin genelinde, dahili ve harici kullanimin toksik veya
kanserojen etki gosterdigine dair herhangi bir bulguya rastlanmadigi sonucuna varilmistir

[10,61,62,123].

Aloe vera Bitkisinden Elde Edilen Preparatlar ve Kullanimyla flgili Yasal Diizenlemeler

A. vera vyapraklarimin bitiinii, usaresi veya jeli; ezme, Ogiitme, filtrasyon,
dekolorizasyon/saflagtirma/renksizlestirme (usaredeki laksatif Ozellikte olan antrakinonlari ve
bunlardan kaynaklanan acims tat ile yesilimsi rengi uzaklagtirmak i¢in aktif karbonla uygulanan bir
islem), stabilizasyon, 1s1l igslem gibi ¢esitli asamalardan gegirilerek tablet, toz veya sivi formda dahili
veya harici kullanima uygun gesitli tirtinler elde edilmektedir. Bu firlinler arasinda en giivenilir olan
kullanim seklinin, jelin harici kullanimi oldugu kabul edilmektedir [10,61]. Bitkinin farkli kisimlarindan
farkl1 islemler sonucu elde edilen tirtinlerle ilgili iilkemizde ve diinyada devlet otoriteleri ve Aloe vera
iiriinlerinin sahip olmasi gereken kalite standartlarin1 ve analizlerle ilgili parametreleri belirleyerek
tirtinleri buna goére onaylayan kar amaci glitmeyen bir organizasyon olan IASC (International Aloe

Science Council) tarafindan kabul edilen ¢esitli diizenlemeler bulunmaktadir. Bu diizenlemeleri

Ozetlemek gerekirse;

e Ulkemizde de T.C. Tarim ve Orman Bakanligi Gida ve Kontrol Genel Miidiirliigii tarafidan
hazirlanan “Aloe vera (L.) Burm. f.’nin Yapraklarindan Elde Edilen Aloe vera Jel ve
Renksizlestirilmis Yaprak Usaresi’nin Gidalarda Kullamminin  Giivenilirliginin
Degerlendirilmesi Hakkinda Bilimsel Goriis” raporunda, oral tiiketim tiriinleri olarak yalnizca
saflastirilmig A. vera yaprak biitiinii ile A. vera jelinden elde edilen iiriinler degerlendirmeye

almmistir. Yapilan degerlendirmede, bu iiriinlerin gidalarda kullammmi ic¢in “gidalarda
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kullamilabilecegi, ancak bunlari iceren iiriinlerde aloin miktarimin sumirlandirdmast ve belirli
tiiketici gruplart i¢in uyarilara yer verilmesi gerektigi”, son iirlindeki toplam antrakinon oraninin
IASC tarafindan belirlenmis sinir olan 10 ppm’i agsmamasi gerektigi ve Urlinlerin iizerinde
“Hamileler, emzirenler ve 12 yasin altindaki cocuklar tarafindan tiiketilmemelidir. Ila¢ kullanan
bireyler, tiiketmeden once doktora danismalidir” uyarisinin bulunmasi kosulu ile pozitif (P) olarak
belirlenmesi yoniinde tavsiye karar1 alinmusgtir [61].

e |ASC tarafindan yalnizca saflagtirilmis A. vera yaprak biitiniinii ve A. vera jeli irtnleri oral
tilketime uygun olarak kabul edilmis ve iceriklerindeki aloin, asetile mannanlar vb. bilesenler i¢in
insan sagligina en uygun olacak sekilde alt veya {ist limitler belirlemistir. Ayrica iirlinlin yapragin
hangi boéliimiinden elde edildigi bilgisinin ve yapraga uygulanan islemlerin {iriin etiketinde
belirtilmesi kosulu getirilmistir. [124, 125].

e Amerika’da FDA (Food and Drug Administration) yasal bir diizenlemeye giderek, A. vera usaresini
ve usarede bulunan laksatif bilesenler olan aloe-emodin ve barbaloin (aloin) i¢eren laksatif tiriinleri,
stimiilan oral laksatif ila¢ olarak degerlendirmis ve bu ilaglarin kullanilmasina kisitlama getirerek,
tiriinlerin igeriklerinin degistirilmesine ya da piyasada satiglarinin durdurulmasina karar vermistir
[62]. Amerika Saglik Bakanligi’na bagli resmi kurumlardan olan “The National Center for
Complementary and Integrative Health (NCCIH)” tarafindan yayimlanan bilgilendirme notunda,
jelin topikal kullaniminin giivenilir goriindiigii belirtilmis; ancak diger yaprak tiriinlerinin oral
tiketiminin bazi yan etki ve ila¢ etkilesimleri olabildiginden dikkat edilmesi uyarisinda
bulunulmustur [126].

e Avrupa’da EFSA (European Food Safety Authority) tarafindan usaredeki hidroksiantrasen
tiirevlerinden dolay1 kullaniminda dikkat edilmesi uyarisinda bulunulmus [127]; EMA (European
Medicines Agency), usarenin kontrendikasyonlara ve uyarilara dikkat edilerek, miimkiin olan en
az dozda, kisa siireli kabizlikta kullanilabilecegini belirtmistir [128]. Avrupa Komisyonu tarafindan
hazirlanan gida katki maddeleri kodeksinde A. vera, kodekste belirlenen giivenilir miktar sinirlart
dahilinde kullanilabilecek katki maddelerinden biri olarak yer almaktadir [129].

e Diger diinya iilkelerinde de genellikle antrakinon (aloin, aloe-emodin) miktarinin sinirlandirilmasi
kosuluyla, saflastirilmis yaprak biitiinii ve jelden elde edilen {iriinlerin haricen ve gida olarak

kullanimina izin verildigi goriilmektedir [61].

SONUC VE TARTISMA

A. vera’nmin genis kimyasal bilesen icerigi oldugu ve bitkiden saflagtirilan bu bilesenlerle
iligkilendirilen biyolojik aktiviteler bulundugu bilinse de; genel olarak varilan yargi, bitki biitiintiniin

¢ogu farmakolojik etkinlikte, saflastirilan bilesenlerin tek basina gosterdigi aktiviteden daha giiglii



688 Tuncay ve Kaya Ankara Ecz. Fak. Derg., 45(3): 674-698, 2021

oldugu ve bitkide yer alan bilesenlerin hep birlikte sinerjik etki gosterdigi yoniindedir [9,23,130].
Yaprak biitiiniiniin daha gii¢lii oldugu farmakolojik etkiler arasinda, yara iyilestirici etki ve laksatif etki
birer istisna olarak goriilmektedir. Oyle ki; jelin iyilestirici etkisinin, yaprak biitiiniine kiyasla daha
yiiksek oldugu [131] ve laksatif etkinin de, igerdigi antrakinon bilesenlerin yogunlugundan dolay1
usarede daha giiclii oldugu bilinmektedir.

Cesitli A. vera tirtinleri hem tilkemizde, hem de diinya ¢apinda farkli rahatsizliklarda iyilestirici
veya sagligin korumasi gibi amagclarla dahilen veya haricen kullanilmaktadir. A. vera’nin kullanilan
yaprak boliimiine (usare, jel veya yaprak biitiinii) ve yaprak boliimiiniin islenmesinde kullanilan teknige
gore, kimyasal kompozisyonu ve kullanim alanlar1 birbirinden farkli olan iiriinler elde edilmektedir. Bu
bitkisel iirlinlerin ilgili otoriteler tarafindan belirlenen kriterlere uygun olarak tiretilmesi, giivenilirlik
degerlendirmesi agisindan belirleyici niteliktedir. Ancak bu agamada, kalite sertifikasina sahip olsa da
iiriinlerin depolama siirecinde iceriginde kayiplar olabilecegi yapilan bazi calismalarla ortaya konmustur
[13]. Bu sebeple, iiriinlerin ¢esitli amaglarla oral yolla alinmasinin, gerek ilag¢ etkilesimleri ve
olugabilecek yan etkiler, gerekse iiretim ve isleme agamalarinda antrakinon bilesen igeriginin
giderilmemesi gibi riskler, literatiirde bir¢ok bilimsel ¢alismada lizerinde durulmus olan hususlardandir.

A. vera’nin yara iyilesmesini destekleyici, antienflamatuvar ve antimikrobiyal etkilerinin, gelisen
teknoloji ile birlikte daha genis uygulama alanlarma 151k tuttugu goriilmektedir. Ozellikle jelin,
nanoteknoloji ve diger ileri yontemler kullanilarak yara pansuman malzemelerinin, kumaglarin,
antibakteriyel {irlinlerin, oral saglik iriinleri ve kisisel bakim malzemelerinin igerigine eklenmesi,
bitkinin bu terapdtik 6zelliklerinden faydalanabilecegimiz daha genis kullanim alanlar1 yaratmaktadir.
Endiistri alanindaki gelismelerin takip edilerek, bitkinin tedavi edici niteliklerinden en {ist seviyede
yararlanabilecegimiz, etkili, giivenli ve dogal igerikli riinlerin gelistirilmesi i¢in multidisipliner
caligsmalarin yiritiilmesi gerekmektedir. Bitkinin bir¢ok farmakolojik etkisi oldugu bilinse de, heniiz
birgogunun mekanizmasi tam anlamiyla agiklanamamaktadir. A. vera’nin ¢esitli rahatsizliklarda
etkisiyle ilgili yeterli sayida klinik ¢alisma bulunmamaktadir. Bununla birlikte, klinik ¢aligmalarda
kullanilan iiriinlerin ticari hazir {iriinler ya da taze yapraktan hazirlanan iirlinler olmasinin da sonuglari
etkiledigi diistiniilmekte [132] ve birbiriyle ¢eliskili sonuglarin alindig1 gériilmektedir. Bitkinin ¢esitli
rahatsizliklardaki etki mekanizmalarinin, olasi yan etkilerinin, islenmis A. vera tiriinlerinin etkinliginin
ve kullanim giivenligi konularimin tam olarak anlagilabilmesi icin, bu konularda daha ¢ok bilimsel
calismanin yapilmasina ve kullanima sunulan bitkisel {riinlerle ilgili daha genis kapsamda yasal

diizenlemelerin getirilmesine ihtiya¢ duyulmaktadir.
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Amac: Topikal veya sistemik etki saglamak i¢in deriye uygulanan formiilasyonlarin tasariminda ve
optimizasyonunda deri modellerinin kullanumi biiyiik 6nem tasimaktadir. Etken maddelerin deriden penetrasyon
/ permeasyon ¢alismalarinda si¢an veya domuz derisi siklikla kullanilmakta ancak hayvan derisinden elde edilen
sonuglarin insan derisi ile uygunlugu sorgulanmaktadir. Diger taraftan insan derisinin kullanimi ise, temininin
genellikle zor olmast ve etik kaygilar nedeniyle sinirlidir. Bu durum, in vitro deriden permeasyon testlerinin
onemini artirmaktadir. Bu derlemede, en sik kullanilan in vitro deri modellerinin avantajlar: ve dezavantajlari
vurgulanarak, bu modeller ile gerceklestirilen giincel ¢calismalar incelenmistir.

Sonug¢ ve Tartisma: Yapay membranlar, tekrar iiretilebilirlik, diisiik maliyet, kullamim kolayligi ve
modifiye edilebilir olmasi gibi bir¢ok avantaji sebebiyle insan ve hayvan derisi yerine tercih edilmektedir.
Yeniden yapilandirilmig insan derisi esdegerlerinin ise, veri tekrarlanabilirliginin yiiksek olmasi, etik kurul izni
gerekmemesi, deri metabolizmasinin, deri korozyonunun ve fototoksisitenin degerlendirilebilmesi gibi
avantajlart bulunmaktadr. Yeniden yapiandirilmis insan derisi esdegerlerinin biitiin bu avantajlarina ve
gelistivilmesindeki onemli adimlara ragmen, etken maddelerin deriden absorpsiyonunun in vivo tahmini igin
insan veya hayvan derisinin yerini tamamen almalari heniiz tam anlamiyla miimkiin degildir. Yeniden
yapilandwrilmis deri modellerin kullanimini simirlayan en onemli faktorlerin basinda, yiiksek maliyet ve diisiik
bariyer fonksiyonlar: gelmektedir.

Anahtar Kelimeler: Deriden penetrasyon / permeasyon ¢alismalari, in vitro deri modelleri, yeniden
yapuandirimig insan derisi esdegerleri, yapay deri modelleri

ABSTRACT

Obijective: The use of skin models is of great importance in the design and optimization of formulations
applied to the skin for topical or systemic effects. Although rat or pig skin is often used in skin
penetration/permeation studies of active substances, the compatibility of results obtained from animal skin and
human skin is questioned. On the other hand, the use of human skin is limited since it is difficult to attain and
due to the ethical concerns. This situation increases the importance of in vitro skin permeation tests. In this
review, the advantages and disadvantages of the most commonly used in vitro skin models were emphasized, and
current studies performed with these models were reviewed.
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Result and Discussion: Artificial membranes are preferred over human and animal skin due to many
advantages such as reproducibility, low cost, ease of use and able to modify. Reconstructed human skin
equivalents have advantages such as high data repeatability, honnecessity of ethics committee approval and
availability for the evaluation of skin metabolism, corrosion and phototoxicity. Despite all these advantages of
reconstructed human skin equivalents and important steps in their development, it is not yet entirely possible
replacing human or animal skin completely for in vivo estimation of absorption of active ingredients through the
skin. The most important factors limiting the use of reconstructed skin models are their high cost and low barrier
functions.

Keywords: Atrtificial skin models, in vitro skin models, reconstructed human skin equivalents, skin
penetration/permeation studies

GIRIS

Cok sayida etken / aktif madde, deride terapétik veya kozmetik etki olusturmak amaciyla
uygulanmaktadir. Deri, etken madde absorpsiyonu igin kolayca erigilebilen bir yilizey alani sunmaktadir.
Ancak derinin sahip oldugu bariyer fonksiyonu, maddelerin deri yoluyla uygulanmasini sinirlandiran
onemli bir faktordiir [1].

Topikal veya sistemik etki saglamak i¢in deriye uygulanan formiilasyonlarin tasariminda ve
optimizasyonunda, formiilasyonun &zelliklerini degerlendirebilmek i¢in deri modellerinin kullanimi
biiylik 6nem tagimaktadir. Etken madde penetrasyonuna katkida bulunan kritik formiilasyon 6zellikleri
belirlendikten sonra formiilasyonun optimizasyonu miimkiin hale gelmektedir [2].

Eksizyonla elde edilen insan derisi, kimyasallarin transdermal ve topikal verilisini
degerlendirmek i¢in “altin standart” olarak kabul edilen dokudur [3]. Bununla birlikte, insan dokusunun
temininin genellikle zor olmasi ve etik kaygilar, uygulamalarda birtakim kisitlamalara neden olmaktadir.
Ayrica donoriin cinsiyeti, 1rki, yasi ve anatomik bolgesi ile ilgili varyasyonlar sonucu standardizasyonun
diisiik olmas1 da 6nemli bir dezavantajdir [4]. Hayvan derisinin kullanimi, hem yeni etken maddelerin
gelistirilmesinde hem de deriye uygulanmaya ydnelik yeni ilag formiilasyonlarinin tasariminda temel
yaklasim olmustur [5]. Domuz derisi, insan derisine kiyasla daha diisiik bariyer iglevine sahip olmasina
ragmen insan derisinin permeabilitesini tahmin etmek i¢in uygun bir doku olarak kabul edilmistir [4, 6,
9]. Diger taraftan literatiirde, sigan (rat) derisi kullanilarak penetrasyon / permeasyon incelemelerinin
gerceklestirildigi ¢cok sayida caligmada da mevcuttur [10-14]. Hayvan derisi kullaniminda siklikla
karsilasilan problemler arasinda permeabilite, hiicre tipi, lipit bilesimi ve organizasyonu ve diger
fizyolojik 6zellikler agisindan insan derisine kiyasla farklilik géstermeleri sayilabilmektedir [15]. Diger
taraftan Avrupa Birligi, insan dokusu kullanarak finansal kazang elde edilmesini ve 2009 yilindan bu
yana da, kozmetik iirlinler ig¢in toksikolojik veri toplamak amaciyla hayvanlarin kullanilmasini
yasaklanistir [16]. Ayrica 2018'de, Avrupa flag Ajansi'nin topikal iiriinlerin kalitesi ve esdegerligi
hakkindaki taslak kilavuzu, bitmis bir topikal dozaj formunun performansini daha iyi anlamak ve
karakterize etmek i¢in sentetik membranlarin kullanilmasini 6nermektedir [17]. Bu durum, in vitro

deriden penetrasyon / permeasyon testlerinin 6nemini biiyiik 6l¢iide artirmaktadir.
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Deri ve Derinin Bariyer Ozellikleri

Deri, insan viicut agirhigmin yaklasik % 16'sin1 olusturur ve yetiskinlerde yaklasik 2 m? yiizey
alanina sahiptir [18]. Dis cevreye karsi fiziksel bir bariyer olusturur, su, elektrolit ve 1s1 kaybini
onleyerek homeostazi saglar ve viicudu mikroorganizmalara, toksik ajanlara ve ultraviyole 1sinlara karst
korur. Deri epidermis, dermis ve hipodermis olmak {izere ii¢ temel katmandan olusur. Deri ekleri olarak
tanmimlanan saglar, tirnaklar, yag bezleri ve ter bezleri (apokrin ve ekrin bezler) deriden koken alir.
Derinin kalinligi bireyin yasina ve anatomik bolgeye gore degisir [19, 20].

Derinin temel bariyer 6zelligi, en iist tabaka olan stratum korneum (SC)’dan ileri gelmektedir
[21, 22] ancak biitiin olarak epidermisin roli ihmal edilmemelidir [23]. Deriden etken maddenin gegisi
transepidermal yolla veya deri ekleri araciligiyla gergeklesebilmektedir (Sekil 1) [24, 25]. Etken
maddeye ait fizikokimyasal parametreler (molekiil agirlig1, hidrojen bag1 yapma kapasitesi ve oktanol-
su partisyon katsayis1 gibi) maddenin deriye penetrasyon potansiyelini belirlemektedir [24]. Etken
maddenin deriden penetrasyonu, dogru tasiyici secimi ile arttirilabilmektedir. Tasiyic1 ve etken madde

arasindaki etkilesimler, formiilasyon gelistirme ¢alismalarinda oldukg¢a 6nemli bir yere sahiptir [26].

Transepidermal yol Folikiiler yol Ter kanal

Hiicreler arasi yol Transcellular yol

Hidrofilik etkin madde

Lipofilik etkin madde \—’_—_——»
g@ SO

Sekil 1. Transdermal gegis yollar:: transepidermal yol (hiicreler arasi ve

transselliiler yol) ve diger yollar (folikiiler yol ve ter kanali) [28]

Deriden gegis pasif difiizyonla olmaktadir, bu nedenle in vitro deri modelleri bu siireci oldukg¢a
uygun bir sekilde taklit edebilmektedir. Ancak, herhangi bir modellemede taklit edilmesi oldukg¢a zor
olan ozellik, 6zellikle epidermisin canli kistmlarinda meydana gelen ve hedeflenen sistemik etki i¢in

molekiiliin biyoyararlanimini 6nemli 6l¢iide azaltan metabolik faaliyetlerdir [27].

Deri Modelleri
In vitro deri modelleri, yapay deri modelleri ve yeniden yapilandirilmis insan derisi esdegerleri

olmak tizere iki ana bagslik altinda siniflandirilabilir.
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Yapay Deri Modelleri

Etken madde permeasyonunu incelemek igin basit ve tekrarlanabilir bir alternatif sunan yapay
model membranlar, etkili bir formiilasyon tasarimi ve optimum penetrasyon arttirici se¢imi i¢in 6nemli
olan tastyici-membran etkilesimlerini degerlendirmek amaciyla tercih edilmektedir [29, 30]. Yapay
modellerin ¢ogu, saglam bariyer 6zelliklerine sahip saglikli deriyi taklit etmek i¢in kullanilir. Nispeten
az sayidaki yapay model, biitiinliigii bozulmus deriyi taklit etme potansiyeli sunmaktadir [31]. Ilk yapay
modeller, deride bulunan lipit faz1 yerine, filtre kagidina izopropil miristat (IPM) emdirilmesi ile elde
edilmis membranlar olmustur [32]. Deriden permeasyonu modellemek i¢in kullanilan diger lipitler,
tetradekan, linoleik asit ve IPM icindeki fosfolipit dispersiyonlarini icermektedir [33]. In vitro
permeasyon ¢aligmalari, poli (dimetilsiloksan) gibi polimerik membranlarla da gergeklestirilmistir [34,
35, 36]. Literatiirde Franz difiizyon hiicreleri ile siklikla kullanilan sentetik membranlar seliiloz bazli ve
polimerik bazli membranlar olmak {izere iki ana gruba ayrilabilmektedir Seliiloz bazli membranlar
seliiloz asetat, seliiloz nitrat ve rejenere seliilozdan (Visking®, Cuprophan®, SpectraPor®) iiretilmektedir.
Polimer bazli membranlardan en ¢ok kullanilanlari ise naylon, polisiilfon (Tuffryn®, Supor®) ve
polikarbonat (Nuclepore®, Cyclopore®) membranlardir. Bu membranlar genel olarak gozenekler
icermeleri, kimyasal olarak nispeten inert ve ¢oziiciilerle biiyiik 6l¢iide gecimli olmalar1 ve ticari olarak
temin edilebilmeleri gibi avantajlara sahiptirler ve topikal iirlinlerin kalite kontrolii igin gergeklestirilen
in vitro salim deneylerinde siklikla kullanilmaktadirlar [37, 38]. Bu sentetik membranlarla
gercgeklestirilen ¢aligmalar, formiilasyondaki etken maddenin termodinamik aktivitesini aragtirmak icin
yararlidir ancak, deri ile madde arasindaki spesifik etkilesimler hakkinda fikir verme konusunda yetersiz
kalmaktadir [8]. Son yillarda, silikon membranlar gibi lipit esasli olmayan modeller [29, 39-41] ve lipit

esasli modeller gibi gesitli yaklasimlar ile giivenilir deri modelleri gelistirilmeye ¢aligilmugtir.
Lipit Esash Olmayan Deri Modelleri

Silikon Model Membranlar

Poli(dimetilsiloksan) (PDMS) veya silikon membranlar, farkli tagiyicilarin (sivaglarin) deriden
etken madde penetrasyonu {iizerindeki etkilerini degerlendirmek i¢in kullanilmaktadir [29]. 1970'de
Nakano ve Patel, bes farkli merhem sivagindan salisilik asit salimini incelemek i¢in silikon membranlari
kullanmig ve in vitro salim profillerinin, literatiirde rapor edilen in vivo verilerle uyumlu oldugunu
bildirmislerdir [42]. Dias ve ark. (2007), ¢ok sayida tasiyici (mineral yag, IPM, oleik asit, dekanol,
oktanol, butanol, etanol, propilen glikol, benzoik asit, gliserin, su ve bunlarin karigimlar1) kullanarak,
kafein ve salisilik asidin permeasyonu lizerine bir ¢aligsma yiiriitmistiir [34]. Bir diger calismada, hem
hidrofilik hem de lipofilik tasiyicilarin (su, etanol, propilen glikol, mineral yag, Miglyol 812) ibuprofen
penetrasyonu iizerindeki etkisi incelenmistir [43-44]. Oliveira ve ark. (2012), dermal formiilasyonlarda

yaygin olarak kullanilan farkli tasiyicilarin (etanol, izopropil miristat, dimetil izosorbit, PEG 200 ve



Ankara Ecz. Fak. Derg., 45(3): 699-721, 2021 Yedikaya ve Badilli 703

PEG 400 ve Transcutol P) silikon model membranlar ile etkilesimlerini degerlendirmek i¢in membran
transport ve partisyon ¢aligmalari gerceklestirmistir [36].

Bu membranlarin, lipofilik bilesiklerin deriden gecisini tahmin etmek i¢in kullanilabilecegi
ancak hidrofilik bilesikler i¢in kullanimlarinin ¢ok uygun olmadigi 6nerilmis ve modeli gelistirmek i¢in
PDMS ve PEG 6000 kopolimer emdirilmis bir membran sistemi gelistirilmistir. Bu gelistirilen model
ile sadece sulu ¢ozelti seklindeki formiilasyonlar test edilmis ancak formiilasyon gelistirmedeki

potansiyeli heniiz agikliga kavusturulamamistir [46].

Strat-M

EMD Millipore tarafindan ticari olarak piyasaya siiriilen Strat-M®, hem lipofilik hem de
hidrofilik etken madde permeasyonunu o6ngorebilen sentetik bir membrandir [47]. Strat-M®
membranlari, insan epidermisine benzer yapisal ve kimyasal 6zellikleri tasimaktadir. insan derisinin ¢ok
katmanli yapisini ve lipit organizasyonunu taklit edecek sekilde tasarlanmustir. Her Strat-M® membranin
kalinlig1 yaklasik 300 pm'dir; tek bir poliolefin destek iizerinde iki tabaka por6z polieter siilfon ile
desteklenen cok siki bir ist tabakadan olugmaktadir. Membranin bu ¢ok tabakali yapisi, insan derisinin
farkli katmanlarin1 (epidermis, dermis ve subkutan doku) taklit ederek, insan derisine benzer bir
morfoloji elde edilmesine olanak tanimaktadir. Por6z membran, sentetik lipitlerin uygun bir karigimi ile
muamele edilmistir. Bu sentetik membran, insan SC'sinde bulunanlara benzer belirli oranlardaki
lipitlerin (seramidler, kolesterol, serbest yag asitleri ve diger bilesenler) kombinasyonunu i¢ermektedir
[48, 49]. Strat-M® membrani, seriden seriye yiiksek varyasyon, giivenlik ve depolama gibi
dezavantajlar1 ortadan kaldiran, insan derisinden difiizyonu tahmin etmeyi saglayan sentetik bir
polimerik membrandir [47].

Kaur ve ark. (2018), insan, sigan ve domuz kulak derisi ile Strat-M® membran kullanarak yiiksek
molekiil agirlikli bir etken madde olan amfoterisin B’yi igceren nanoformiilasyonlar ile deriden
permeasyon ¢alismasini gergeklestirmislerdir. Amfoterisin B’nin Strat-M® ile elde edilen permeasyon
profillerinin insan derisine benzerliginin sigan ve domuz derisine kiyasla daha yiiksek oldugunu
bildirmislerdir [50]. Bir bagka ¢alismada, rivastigmin i¢eren piyasa preparatindan (Exelon® Patch) etken
madde salimimi degerlendirmek igin farkli sentetik polimerik membranlar ve domuz kulak derisi
kullanilarak Franz difiizyon hiicresinde permeasyon galismalari yapilmustir. Strat-M®, domuz kulak
derisine benzer bir rivastigmin permeasyon profili gdstermistir [51].

Haq ve ark. (2018), yaptiklar1 bir ¢alismada, gesitli penetrasyon arttiricilarin model bilesik olan
nikotinin deriden permeasyonunu nasil etkiledigini degerlendirmislerdir. Franz difiizyon hiicresi
yontemiyle gergeklestirdikleri ¢alismada, insan kadavra derisi ve Strat-M® membrani ile elde edilen
verilerin iyi bir korelasyon gosterdigi sonucuna varmiglardir [49]. Uchida ve ark. (2015), Strat-M®i,
insan ve hayvan derisine bir alternatif olarak kimyasal bilesiklerin deriden geg¢islerini tahmin etmek

lizere kullanmustir. Strat-M®, insan derisi ve tiiysiiz sigan derisi kullanarak farkli molekiil agirliklarina
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ve oktanol/su partisyon katsayisina sahip on {i¢ farkl bilesigin permeasyon profillerini belirlemislerdir.
Calismada Strat-M® ile elde edilen sonuglarin, insan derisi ve sigan derisi ile elde edilenlere benzer
oldugunu bulmuslardir. Bu sonuglar, Strat-M®'in permeasyon ¢aligmalarinda hayvan veya insan derisine
alternatif olarak kullanilabilecegini ortaya koymustur. Daha tutarli ve tekrarlanabilir sonuglar, kolay
kullanilabilirlik ve insan derisine kiyasla daha diisiik varyasyon gibi ozellikleri, Strat-M®'in deriden

permeasyon ¢aligsmalari i¢in iyi bir alternatif olabilecegini gostermektedir [52].
Lipit Esash Deri Modelleri

Paralel Yapay Membran Permeabilite Tayini (PAMPA) Modeli

Paralel Yapay Membran Permeabilite Tayini (PAMPA) modeli, Kansy ve ark. (1998) tarafindan
etken maddelerin membranlardan permeasyonunu incelemek i¢in gelistirilmistir [53]. Bu in vitro model,
ilk olarak transseliiler bagirsak permeabilitesinin hizli bir sekilde degerlendirilmesi i¢in kullanilmistir.
Orijinal PAMPA modeli, dondr ve akseptér bolmelerini ayiran bir membran bariyeri ile n-dodekan
icinde ¢oziilmiis fosfatidilkolin ile kaplanmis hidrofobik bir filtre igeren yapay bir membrandan olusur
ve bu yapay membranin bilesimi modifiye edilebilmektedir (Sekil 2). Ancak membrandaki lipit - ¢oziicii
karigimlar1 iyi karakterize edilmemistir ve biyolojik membranlarda bulunan lipit ¢ift tabaka
katmanlarindan yoksundur [54]. PAMPA, gastrointestinal membrandan [55] ve kan beyin bariyerinden
[56] etken madde gegisini incelemek i¢in kullanilmigtir. PAMPA tekniginin deriden gegisin tahmini i¢in
kullanimu, ilk olarak Ottaviani ve ark. (2006) tarafindan gerceklestirilmistir. Bu galismada, insan
derisinin bariyer 6zelligini taklit etmek i¢in kullanilan membranlar, IPM veya silikon yag1 veya iki

bilegenin karigimlari ile olusmus filtrelerdir [41].

Manyetik kanstiric Akseptor

kompartiman

Membran
et

Donér
kompartiman

IOTMMONO®>»

Sekil 2. Paralel Yapay Membran Permeabilite Tayini (PAMPA) sematik gosterimi [57]

Sinko ve arkadaslari, SC'de bulunan dogal olarak bulunan seramidlerin sentetik analoglar1 olan
sertramidleri kullanarak, deri-PAMPA'y1 gelistirmistir [57, 58]. Sertramidler, daha uzun saklama
stiresine sahiptir ve dogal seramidlere kiyasla daha ucuz alternatiflerdir [59]. Sertramidler seramidlerden

yapisal olarak farkli olmalarina ragmen, kiyaslanabilir molekiil agirliklar1 ve hidrojen akseptdr / dondr
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kapasiteleri nedeniyle, PAMPA sandvi¢ membran modelinde kolesterol, stearik asit ve silikon yagi ile
birlikte lipit bilesen olarak kullanilabilmektedir [57, 58].

Deri-PAMPA ile test edilen gesitli model etken maddelerin penetrasyon profilleri, farkli veri
tabanlarindaki insan derisine ait penetrasyon verileri ile korele sonuglar gostermistir. Deri-PAMPA ve
epidermis arasindaki korelasyon zayif iken, deri-PAMPA ile tam kalinliktaki deri arasinda iyi bir
korelasyon elde edilmistir [S8]. PAMPA modeli ile ¢ozelti ve jel gibi farkli dozaj sekillerinden etken
madde saliminda gbzlenebilen belirgin farkliliklar, diger modellerde gézlenmemistir [61, 61].

Karadzovska ve Riviere (2013) tarafindan yapilan ¢alismada, farkli etken maddelerin deriden
penetrasyonu lizerine tasiyicilarin etkilerini degerlendirmek i¢in deri-PAMPA, lipid esasli olmayan deri-
PAMPA ve Strat-M® membran kullanilmustir. Elde edilen veriler, domuz derisi kullanilarak yapilan
difiizyon hiicresi verileriyle karsilagtirilmistir. Bu {i¢ membran i¢inde deri-PAMPA’nin SC’un lipit
matrisini en iyi temsil eden model oldugu bildirilmistir [62].

Tsinman ve Sinko (2013), ibuprofen igeren silikon bazli anhidr jel formiilasyonu, silikon ve bir
akrilik kopolimer iceren formiilasyon ve ibuprofenin piyasa preparatini kullanarak deri-PAMPA'nin
farkli topikal formiilasyonlarinin deriden penetrasyon profillerini ayirt edebilme yetenegini
degerlendirmislerdir. Elde edilen sonuglarin, insan derisi ile elde edilen permeasyon verileri ile uyumlu
oldugunu bildirmislerdir [59].

Vizseralek ve ark. (2015), transdermal ve lokal etkili terapotik yamalar test etmek i¢in orijinal
deri-PAMPA yo6ntemini modifiye ederek kullanmiglardir. Yapilan ¢alismada dort farkli etken maddenin
(nikotin, fentanil, rivastigmin ve ketoprofen) transdermal ve lokal etkili yama formundaki piyasa
preparatlarini incelemislerdir. Calismanin sonucunda, deri-PAMPA sisteminin transdermal terapotik
sistemlerin geligim siirecinde permeasyon ¢aligmalari i¢in kullanilabilecegini ifade etmislerdir [60].

Zhang ve ark. (2019), niasinamidin deriden permeasyonunu tahmin etmek i¢in deri-PAMPA
modelinin uygunlugunu arastirmislardir. Niasinamidin domuz derisi, insan derisi ve deri-PAMPA
modeli ile elde edilen permeasyon profilleri, PAMPA’nin biyolojik dokulara kiyasla daha disiik bir
bariyer fonksiyona sahip oldugunu ortaya koymustur. Diger taraftan, deri-PAMPA'nin deriden
penetrasyonu tahmin potansiyelini tam olarak belirleyebilmek icin, daha genis bir etken madde
yelpazesinin incelenmesi gerektigini ifade etmislerdir [63].

Kerns ve ark. (2004), PAMPA ve tek tabakali hiicre (Caco-2 ve MDR1-MDCKII) yontemlerini
kullanarak bir grup bilesigin permeasyon profillerini karsilastirmislardir. Etken maddelerin pasif
difiizyon ile permeasyonunda, PAMPA ve tek tabakali hiicre yontemlerinin arasinda yiiksek bir
korelasyon oldugunu gostermislerdir. ki ydntemin dzellikleri géz 6niine alindiginda, PAMPA ve Caco-
2'nin etken madde permeasyonunun etkili ve hizli bir sekilde arastirilmasi igin sinerjik olarak

uygulanabilecegini 6nermislerdir [64].
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Luo ve ark. (2016), insan ve domuz derisinin yanisira PAMPA modeli ve silikon membran
kullanarak in vitro permeasyon caligmast yapmiglardir. Ticari ibuprofen formiilasyonlarinin ve
ibuprofen ¢ozeltilerinin kullanildigi ¢calismalarda 6 saatin sonunda ibuprofen permeasyonun PAMPA'da
insan derisinden daha fazla oldugu goriilmiistiir. PAMPA ve silikon membrandan elde edilen sonuglarin
degiskenliginin diisiik olmasi, bu membranlarin 6zelliklerine atfedilmistir. Domuz ve insan derisi ile
elde edilen sonuclarin, biyolojik membranlarin karmasik yapisi nedeniyle daha degisken oldugu ifade
edilmistir [8].

Bu yonteme endiistrinin ilgisi, ¢ogunlukla yontemin diisiik maliyeti ve yiiksek veriminden
dolayi, son yillarda biiyliik Ol¢iide artmistir. PAMPA'nin, Onformiilasyon calismalarinda aday
molekiillerin erken asamada fiziksel 6zelliklerinin belirlenmesi i¢in iyi bir ara¢ oldugunu gosteren

bir¢cok makale yayinlanmistir [65].

Fosfolipit Vezikiil Esash Permeasyon Tayini (PVPA) Modeli

Fosfolipit Vezikiil Esasli Permeasyon Tayini (PVPA) modeli, biyolojik membranlardan pasif
difiizyon ile etken madde gecisini tahmin etme firsati sunan bir yontemdir. Biyolojik membranlar1 taklit
eden bariyer, bir filtre destegi ilizerinde ¢ok siki ve yogun bir lipozom tabakasindan olugmaktadir.
Orijinal PVPA, bagirsak gecirgenliginin degerlendirilmesi i¢in gelistirilen bir modeldir [66]. Sekil 3'de
gosterildigi gibi bariyerde hem daha kiiciik tek katmanli ve daha biiylik ¢ok katmanli yapilarin
bulundugu PVPA modelinin, yiiksek verimli bir model olarak calisma potansiyeline sahip oldugu
gosterilmistir [67]. Kullanilan lipozomlarin bilesimi, ¢esitli absorpsiyon bolgelerindeki bariyerleri taklit
edecek sekilde ayarlanabilir.

Son zamanlarda, derinin SC bariyerini taklit eden yeni bir PVPA modeli gelistirilmistir. Orijinal
PVPA modeli iizerinde, deriden etken madde penetrasyonu tahmininde kullanilmak {izere modifikasyon
yapilmigtir. Modifikasyonla hazirlanan modeller, kolesterol ve yumurta fosfatidilkolinden yapilmis
lipozomlar kullanilarak hazirlanan PVPA. ve deride bulunan ana lipit siniflar1 (seramid, kolesterol,
serbest yag asidi ve kolesteril siilfat ve yumurta fosfatidilkolin) kullanilarak hazirlanan PVPAs’tir (Sekil
3). iki PVPA deri modelinde alt1 bilesigin (flufenamik asit, ibuprofen, indometazin, salisilik asit, kalsein
ve FITC-dekstran) permeasyon profili degerlendirilmistir. Permeasyon deneylerinden elde edilen
sonuclarin, bir deger disinda, hayvan derisi penetrasyon deneylerinden elde edilen verilerle uyumlu
oldugu gosterilmistir. Buna ek olarak, PVPA modelinin bariyer fonksiyonunun kontrollii bir sekilde
modifiye edilebildigi ve hazirlama kosullar1 degistirilerek, potansiyel olarak farkli derecelerde bozulmus
deriyi temsil eden farkli sizint1 derecelerine sahip lipit esasli bariyerlerin tekrarlanabilir sekilde
hazirlanabildigi ifade edilmistir [68].

Bir bagka ¢alismada, lipozom formiilasyonlarinin diklofenak sodyumun deriden penetrasyonu
iizerindeki etkisini degerlendirmek i¢in SC'yi taklit eden PVPA modeli kullanilmistir. Diklofenak

sodyum igeren geleneksel, deforme olabilen ve propilen glikol i¢eren lipozomlarin PVPA modelinden
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permeasyonlari incelenmistir. PVPA; ile yapilan permeasyon deneylerinden elde edilen sonuglar ile,
etken madde permeasyonunun lipit bilesiminden etkilendigi ve lipozomlar igerisindeki penetrasyon
arttiricilar ve kenar aktivatorlerinin varliginda beklendigi gibi arttig1 gosterilmistir [69].

Shakel ve ark. (2019), insan SC tabakasina yakin bir lipit bilesimine sahip PVPA bariyeri
(PVPAsc) hazirlayarak kalsein permeasyonunu incelemislerdir. Elde edilen verilerin, domuz kulag
modeli ile iyi bir korelasyon gosterdigini bildirmislerdir. Ayrica yeni PVPAsc modelinin -20 °C'de 2
haftaya kadar saklanabildigini, pH 2.0 ila 8.0 araliginda ve DMSO, oleik asit ve Cremophor® gibi
¢oziiciilerin varliginda bitiinligiini kaybetmeden kalabildigini rapor etmiglerdir [70].

Moniz ve ark. (2020), nanopartikiillere yiiklenmis olan siklosporin A’nin deriden
permeasyonunu incelemek amaciyla SC’un lipit yapisimi taklit eden PVPAsc modelinin
uygulanabilirligini degerlendirmislerdir. PVPAsc modelinin kullamim kolayligi, tekrarlanabilirlik,
uygun maliyet, nanopartikiillere yiiklii halde bulunan etken maddenin permeasyonundaki farkliliklar:
tayin edebilme kapasitesi ve hayvan kullaniminin azaltilmasini saglamasi gibi 6nemli avantajlar
sundugunu bildirmislerdir [71].

Ozetlenecek olursa deriyi taklit etmek amaciyla gelistirilen PVPA bariyerleri, farkli derecelerde
lipofilisiteye ve penetrasyon potansiyeline sahip bilesiklerin permeasyonunun ve ¢esitli penetrasyon
arttiricilarin etkinliginin degerlendirilmesi i¢in kapsamli olarak kullanilmaktadir [72]. Deri PVPA
modellerinin, kullanim kolaylig1, verimlilik, maliyet ve uzun siireli saklama potansiyeli gibi 6zellikleri

nedeniyle, erken ilag gelistirme asamasinda 6nemli avantajlar sagladigi dnerilmektedir [68].

Tlag tasryic sistem Lipofilik e.m.

¢ Hidrofilik e.m.

Seramidler
Kolesterol
Palmitik asit
Kolesteril siilfat
Fosfolipid f 3

Sekil 3. Stratum corneum'u taklit eden Fosfolipid Vezikiil Esasli Permeasyon Tayini (PVPA)
modeli, bir seliiloz ester filtre destegi lizerine lipozomlarin yerlestirilmesiyle elde edilen siki bir

bariyerden olusur [2].

Yeniden Yapilandirilmis insan Derisi Esdegerleri
Son yillarda, etken maddelerin deriden permeasyon 6zelliklerinin incelenmesi amaciyla gesitli

doku kiiltiirii temelli insan derisi modelleri gelistirilmis ve ticari olarak piyasaya siiriilmiistiir [28].
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Deriyi temsil eden ilk modeller, kutandz iritasyon ¢aligsmalari igin tasarlanmistir. Bu modellerde
normal insan keratinositleri (NiK'leri), de-epidermize edilmis dermiste bilyiitiilmiistiir [74]. Sonraki
yillarda destekleyici membranlar {izerinde NiK'lerinin biiyiitiilmesiyle, yeniden yapilandirilmis insan
epidermisi modellerinin gelisimi hiz kazanmistir [28]. Yeniden yapilandirilmis insan derisi esdegerleri,
yeniden yapilandirilmig insan epidermis esdegeri modelleri (6rn. EpiSkin®, SkinEthic®, EpiDerm®,
LabSkin®) ve canli deri esdegeri modelleri (GraftSkin®, EpiDermFT®, Pheninon®) olarak
siniflandirilmaktadir. Bu modeller, doku kiiltiirii olarak iiretilen insan hiicreleri ve normalde deride
bulunan matris esdegerlerinden olusmaktadir [75, 76]. Yeniden yapilandirilmis insan epidermis
modelleri, fototoksisite, korozivite ve iritasyon testlerinin yani sira permeasyon calismalarinda da
kullanilan faydali araglardir. Bu modeller ayni zamanda tasiyici bilesenlerinin optimizasyonu ve

formiilasyon tasariminda da kullanilmaktadir [28].

Yeniden Yapilandirilmis insan Epidermis Esdegeri Modelleri

Gilinlimiizde, bircok yeniden yapilandirilmis insan epidermis esdegeri modeli ticari olarak
mevcuttur. Bunlar ilag ve kozmetik endiistrisinde hayvan derilerine alternatif olarak kullanilmaktadir.
Bu modellerin bazilar iyi karakterize edilmistir, morfolojik 6zellikleri ve epidermal lipit bilesimi
acisindan ex vivo insan derisi ile karsilagtirilmistir [77]. Morfolojik olarak insan derisine benzer
olmalarina ragmen, lipit organizasyonlar1 normal deriden biraz farklidir. Insan derisinden farkli olarak,
bu modeller kan damarlari, kil kokleri veya ter bezleri gibi yapilar icermemektedir. Bu nedenle,
penetrasyon yollar1 sadece hiicreler arasi (interseliiler) ve hiicre i¢i (transseliiler) yol ile sinirhidir [28].
Piyasada bulunan ii¢ model SkinEthic® (SkinEthic Laboratories, Nice, Fransa), EpiDerm® (MatTek
Corporation, Ashland, MA, ABD) ve EpiSkin® (L'Ore’al, Paris, Fransa) (Sekil 4) deriden absorpsiyon
calismalarinda siklikla kullanilmaktadir [76].

EXx vivo insan derisi modelleri ile karsilastirildiginda, yeniden yapilandirilmig insan epidermis
esdegerleri onemli dlglide daha gegirgendir ancak permeabilite agisindan olduk¢a degisken olan insan
derisine kiyasla daha tekrarlanabilir sonuglar vermektedir [76, 80]. Deri modelleri ile elde edilen
verilerin tekrarlanabilir olmas1 ¢ok Onemli bir avantajdir. Genel olarak, yeniden yapilandirilmis
epidermis esdegeri modelleri kullanilarak yapilan permeasyon deneylerinden elde edilen sonuglardaki
vasyasyon, domuz derisi ve ex vivo insan derisi ile yapilan deneylere kiyasla daha diistiktiir [81, 82]. Bu
modellerin en dnemli dezavantajlari ise oldukca yiiksek maliyetleridir [2].

Dreher ve ark. (2002), s/y emiilsiyonu, y/s emiilsiyonu, lipozomal dispersiyonu ve hidrojel gibi
cesitli tagiyict sistemler igine yiiklenen kafein ve alfa-tokoferoliin deriden permeasyonunu EpiDerm® ve
EpiSkin® modellerini kullanilarak degerlendirmigler ve sonuglart ex vivo insan derisi ile
kiyaslamislardir. Birbirinden oldukca farkli fizikokimyasal 6zelliklere sahip iki etken maddenin
permeasyon Ozelliklerinin, yeniden yapilandirilmis insan epidermis esdegeri modelleri ile dogru bir

sekilde tahmin edilebildigini ifade etmislerdir [83]. Labouta ve ark. (2013), bu modellerin
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nanopartikiillerin davranigini belirlemek ve insan derisine penetrasyon davraniglarini incelemek igin
uygun olabilecegini bildirmistir [84]. Schifer-Korting ve ark. (2008), EpiSkin®, SkinEthic® ve
EpiDerm® modellerinin, deriden etken madde penetrasyon — permeasyon ¢aligmalarinda kullanmak igin
insan ve domuz derisine uygun alternatifler oldugu sonucuna varmiglardir. Bu modeller ve domuz derisi
ile elde edilen permeasyon verilerinin, insan derisinden permeasyon sonuglarini yansittigini
belirtmisglerdir [81].

Lotte ve ark. (2002) EpiDerm®, EpiSkin® ve SkinEthic®in seri i¢i ve seriler arasi tekrar
iiretilebilirligini arastirmiglardir. Bu amagla, farkli fizikokimyasal 6zelliklere sahip ti¢ bilesigin (laurik
asit, mannitol ve kafein) deriden permeasyonunu bu deri modelleri ile incelemislerdir. Biitiin deri
modelleri i¢in, seri i¢i tekrar {iretilebilirlik seriler arasi tekrar iiretilebilirlikten daha yiiksek bulunmustur.
Diger taraftan, degerlendirilen ii¢ bilesigin deriden permeasyon sonuglari, ex vivo insan derisi ile
beklendigi sekilde elde edilmistir. Sonug¢ olarak, bu deri modellerinin perkiitan absorpsiyonu
degerlendirmek i¢in umut verici oldugu ifade edilmistir [85].

Deri modellerinin sadece deriden permeasyon ve penetrasyonu degil, metabolizasyona ugrayan
etken maddeler i¢in 6zellikle nem tasiyan ila¢ metabolizmasini da tahmin etmesi 6nemlidir [86]. 1999
yilinda yapilan bir calismada iki topikal glukokortikoid olan prednikarbat ve betametazon 17-valeratin
penetrasyonu ve metabolizasyonu SkinEthic® modeli ile incelenmistir. Yeniden yapilandirilmig insan
epidermis esdegeri modelindeki esteraz aktivitesinin insan derisi ile korele oldugu ve
glukokortikoidlerin metabolizasyonunun SkinEthic® modelinde iyi bir sekilde yansitildig1 gosterilmistir
[80]. Mahmoud ve ark. (2005), SkinEthic® modelinde dstradiol metabolizmasini arastirmislar ve 17b-
estradioliin, 17b-hidroksisteroid dehidrojenaz enzimi ile estrona metabolize edilmesinin insan derisine
benzer sekilde oldugunu bulmuslardir [88]. Testosteronun metabolizasyonu da yeniden yapilandirilmig
epidermal bir model iizerinde arastirilmis ve normal insan derisinde oldugu gibi polar ve polar olmayan

metabolitler rapor edilmistir [89].

Cogu arastirmact, yeniden yapilandirilmis deri modellerinin, metabolizasyonun etken madde

penetrasyonuna etkisini yeterince temsil eden uygun modeller oldugu sonucuna varmistir.
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Canh Deri Esdegeri Modelleri

Canli deri esdegeri modelleri, genellikle epidermis ve dermisten tabakalarindan olusur [90]. Bu
modeller, keratinositler ve fibroblastlardan olusur; bir epidermis ile insan derisi 6zelliklerine ¢ok yakin
morfoloji ve doku islevselligi gdsteren bir dermise sahiptir [91].

Canli deri esdegeri modelleri; Phenion® Full Thickness Modeli (Sekil 5) (Phenion, Diisseldorf,
Almanya); GraftSkin® (Apligraf; Organogenesis, MI, ABD); EpiDermFT® (MatTek Corporation,
Ashland, MA, ABD) ve Vitrolife-Skin™ modeli (Kyoto, Japonya) ticari olarak piyasada bulunmaktadir
[93]. Bu modeller daha ¢ok yanik ve yaralanmalarda derinin yerini tutan (replacement) doku olarak
kullanilirken, fototoksisite, korozivite ve deri iritasyon testleri ve transdermal permeasyon ¢alismalari
gibi alanlarda da degerlendirilmektedir [94]. Bu modeller in vivo kosullara daha iyi uyum

gostermektedir.

7

Phenion® FT modelinin bariyer fonksiyonu, dort bilesigin permeasyonlar1 ve gecikme siireleri
incelenerek diger deri modelleri ve domuz derisi ile karsilastirilmistir. Sonug olarak Phenion® FT
modelinin, EpiDerm®, SkinEthic® ve EpiSkin®’e kiyasla benzoik asit, nikotin ve kafeine kars1 biraz
daha zayi1f bir bariyer fonksiyonuna sahip oldugunu gosterirken, yiiksek oranda lipofilik bir bilesik olan
testosteronun permeasyonu bu spesifik modelde daha etkili bir sekilde gecikmistir [81].

Ozetlenecek olursa, yeniden yapilandirilmis insan derisi esdegeri modellerinin insan derisi ve
hayvan derisi i¢in iyi alternatifler olabilmesini saglayan avantajlari su sekilde siralanabilir [28].

. Kullanima hazir modellerdir, ¢ok sayida etken maddenin permeasyonunun kolay ve hizli bir

sekilde incelenmesini saglamaktadir.
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. Veri tekrarlanabilirligi yiiksektir.

. Gecikme siiresi kisa ve sabit oldugundan deneylerin 6 - 8 saat iginde ger¢eklestirilmesine imkan
verir. Sonsuz ve sonlu dozlarin test edilmesi miimkiindiir.

. Deri metabolizmasinin degerlendirilmesinde kullanilabilir.

. Etken maddelerin deriden penetrasyon / permeasyon davranisi lizerine ilag tasiyici sistemlerin
etkisini incelemeye olanak saglar.

Yeniden yapilandirilmis insan derisi esdegeri modellerinin biitiin bu avantajlarina ve
gelistirilmesindeki 6nemli adimlara ragmen, etken maddelerin deriden absorpsiyonunun in vivo tahmini
icin insan veya hayvan derisinin yerini tamamen almalari heniiz tam anlamiyla miimkiin degildir.
Yeniden yapilandirilmis insan derisi esdegeri modellerin kullanimini sinirlayan en 6nemli faktorlerin
basinda maliyet gelmektedir. Ticari yeniden yapilandirilmis insan derisi esdegeri modellerinin
kullanildig1 permeasyon ¢alismalari, tilysiiz SKH-1 fareleri kullanilarak gerceklestirilen calismalardan
en az iki kat daha maliyetlidir. Benzer sekilde, domuz derisi veya eksize edilmis insan derisi yerine
yeniden yapilandirilmis insan derisi esdegeri modelleri kullanildiginda da, aragtirma giderleri ¢ok daha
yiiksek olmaktadir. Domuz derisinin mezbahalardan elde edilebilir olmasi ve insan derisinin de
maliyetsiz olmasi avantaj iken, her zaman kolayca bulunabilir olmamasi da énemli bir sorundur. Diger
taraftan, insan veya hayvan derisi ile ¢aligmak icin etik kurul onayi alinmasi gereklidir. Yeniden
yapilandirilmis insan derisi esdegeri modelleri kullanilirken etik kurul izninin gerekmemesi de oldukca

onemli bir avantajdir [28].

Insert

Hava-sti arayiizeyi
Epidermis
Membran

Kolajen matrise
gomiilii fibroblast

Sekil 6. (A) Epidermis ve (B) canli deri esdegeri (tam kalinlikta yeniden
yapilandirtlmig) modellerinin gosterimi ve histolojik gortintiileri [77,78]
Sonug olarak, incelenen in vitro modellerin ve insan derisinin avantajlari ve sinirlamalar1 Tablo 1'de

Ozetlenmistir.
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Tablo 1. Topikal formiilasyonlarin optimizasyonu i¢in kullanilan farkli deri modellerinin avantajlar ve

siirlamalari [2,95].

Deri Modeli

Silikon model membranlar

PAMPA

PVPA

Avantajlar

Tekrar
tiretilebilirlik/Tekrarlanabilirlik
Diisiik maliyet
Uzun siireli depolama

Tekrar
tiretilebilirlik/Tekrarlanabilirlik
Uzun siireli depolama
Diisiik maliyet

Tekrar

Smmirlamalar

Lipit esasli degil
SC'ye diisiik benzerlik
Biyolojik kokenli degil

Sentetik lipitler / lipit esasli degil
Lipit organizasyonu karakterize
edilmemis / SC'ye diisiik benzerlik
Biyolojik kokenli degil

Lipid organizasyonu karakterize

uretilebilirlik/Tekrarlanabilirlik
Lipit bilesimi kolayca modifiye
edilebilir
Nispeten diigiik maliyet
Uzun siireli depolama
Insan derisine kiyasla permeasyon
verilerinde tutarlilik

edilmemis
Biyolojik kokenli degil

Insan derisine kiyasla yiiksek
gecirgenlik
Tartismaya acik bariyer iglevi
Yiiksek maliyet

Yeniden yapilandirilmis insan
derisi esdegerleri

Etik izinler
Domuz kulag1 derisine gore daha
yiiksek degiskenlik
Farkli kaynaklar, yas, cinsiyet, ik,
plastik cerrahi, amputasyon, kadavra
Farkli anatomik kisimlar: abdominal,
gogis, sirt vb.
Depolama zorlugu

insan derisi Altin standart model

SONUC VE TARTISMA

Molekiillerin deriden permeasyonunun belirlenmesi, dermal veya transdermal tasiyici sistemlerin
degerlendirilmesinde 6nemli bir adimdir. Deriye uygulanmasi amacglanan farmasétik ve kozmetik
formiilasyonlarin penetrasyon c¢aligmalarinda, "altin standart" olarak kabul edilmesine ragmen, insan
derisinin kullanimi her zaman miimkiin olamamaktadir. insan derisinin her zaman ulasilabilir olmas1
genellikle zordur ve etik kaygilardan dolay1 uygulamalarda birtakim kisitlamalar igerir. Diger taraftan,
deney hayvanlarimin kullaniminda karsilasilan bazi kisitlayici faktorler de bulunmaktadir. Bu durum,
alternatif in vitro deriden permeasyon modellerinin gelistirilmesi ve bu konuda yapilan ¢alismalarin
artmas1 sonucunu dogurmustur.

Yapay membranlar; tekrar tiretilebilirlik, diisiikk maliyet, kullanim kolaylig1, saklama kosullar1 ve
modifiye edilebilir olmasi gibi bir¢ok avantaji sebebiyle insan ve hayvan derisi yerine tercih

edilmektedir. Yeniden yapilandirilmig insan derisi esdegerleri ise; kullanima hazir modeller olmalari,
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yiiksek veri tekrarlanabilirliginin olmasi, etik kurul izni gerekmemesi ve deri metabolizmasinin, deri
korozyonunun ve fototoksisitenin degerlendirilmesinde kullanilabilir olmalar gibi avantajlari nedeniyle
onemli hayvan derisi alternatifleri olarak kabul edilmektedir. Bununla birlikte, yeniden yapilandirilmis
insan derisi esdegerlerinin, diisiik bariyer fonksiyonlar1 ve yiiksek maliyetleri nedeniyle, permeasyon
caligmalarinda hayvan veya insan derisinin yerini tamamen alip alamayacagi halen tartigmalidir.
Standart hale getirilmesi kolay, yiiksek tekrarlanabilirlige sahip, ila¢ kesfinin erken asamalarinda ve
kozmetik aragtirmalarda deriden etken madde penetrasyonunu tahmin etmeye yonelik ve geleneksel
yaklagimlara alternatif olabilecek in vitro deri modellerinin gelistirilmesine yonelik ¢aligsmalar biiyiik

Onem tasimaktadir.
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DERLEME MAKALE / REVIEW ARTICLE

KARBONMONOKSIT ZEHIRLENMELERINDE POSTMORTEM
DEGISIKLIKLER
POSTMORTEM CHANGES IN CARBON MONOXIDE POISONING
Aysegiil KOCYIGIT (», Benay CAN EKE”

Ankara Universitesi, Eczacilik Fakiiltesi, Farmasotik Toksikoloji Ana Bilim Dali, 06560, Ankara,
Tiirkiye

0z

Amag: Bu c¢alismada karbonmonoksit gazi ile zehirlenme sonucu goriilen oliimlerde postmortem
degisikliklerin derlenmesi amacglanmigtir.

Sonug ve Tartisma: Karbonmonoksit zehirlenmesi sonucu cilt yiizeyinin spesifik bir kirmizt renk almasi
en karakteristik ozellik olarak belirtilmistir. Genel olarak, COHb konsantrasyonlari % 30'v astiginda ortaya
ctkmaktadir. Otopsi, COHb ve COMb olusumuyla benzer spesifik kirmizi renge sahip kan, organ ve kaslart
ortaya ¢tkarmaktadir. Akciger 6demi ve genellesmis organ tikanikligr da gézlenmektedir CO zehirlenmesinin
semptomlart ve otopsi bulgulart nonspesifik olarak ortaya ¢ikmaktadir. Bu nedenle kanda COHb saptanmasi
ile teshis konulmasi onemlidir. CO maruziyeti, % COHb'nin% 10-50 oldugu éliimlerde katkida bulunan bir
faktor olabilecegi goriilmiistiir. Bu ¢calismada inceledigimiz kaynaklara gore, kan, kas, beyin, akciger ve bobrek
gibi dokularin, oliimciil CO'ya maruz kalma nedeniyle 6liim teghisi i¢in en uygun dokular oldugu ve bunun icin
kullanilabilecegi goriilmiistiir. Mevsimsel olarak soba kullanimi ve gribal enfeksiyonlarin yaygin olmasi ile
daha ¢ok ks aylarinda bu sikayetlerle basvuran hastalar detayli sorgulanmall ve tani koymada ge¢ kalmanin
sonucunda 6liim olabilecegi unutulmamalidr.

Anahtar Kelimeler: Karbonmonoksit, zehirlenme, postmortem

ABSTRACT

Objective: In this study, it was aimed to review postmortem changes in deaths caused by carbon monoxide
poisoning.

Result and Discussion: It has been stated that the most characteristic feature of carbon monoxide
poisoning is that it causes a specific red color of the skin surface. In general, it occurs when COHb
concentrations exceed 30%. Autopsy reveals blood, organs, and muscles with a cherry red color similar to the
formation of COHb and COMb. There is also generalized organ obstruction and pulmonary edema. Symptoms
and autopsy findings of CO poisoning emerge as non-specific. Therefore, detecting COHb in the blood is
essential for diagnosing.CO exposure has been shown to be a contributing factor in deaths where% COHb is
10-50%. According to the sources we examined in this study, it has been observed that tissues such as muscle,
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blood, lung, brain, and kidney are the most appropriate tissues for the diagnosis of death due to exposure to
fatal CO and can be used for this. Because of the seasonal use of stoves and the prevalence of influenza
infections, patients who report these symptoms mostly in the winter months should be examined closely. It should
be kept in mind that delayed diagnosis may result in death.

Keywords: Carbon monoxide, poisoning, postmortem

GIRIS

Karbonmonoksit (CO), organik bilesiklerin tam olmayan yanmasi sonucu ortaya ¢ikan, irritan
olmayan, renksiz, kokusuz ve tatsiz gaz formundadir. CO zehirlenmeleri giindelik hayatta en ¢ok
karsilasilan zehirlenmelerden olup, intihar amacli veya kaza olarak o6liimle sonuclanan zehirlenmeler
arasinda ilk siralardadir. Karbonmonoksit zehirlenmesini donemsel hastaliklardan ayirt etmek ve tani
koymak oldukea giictiir [1,2].

CO, organik bilesik igeren yakitlarin tam yanmamasi sonucu ortaya ¢ikmaktadir [3]. CO; soba,
kombi, sofben, odun, sémine, diger yakitlar ve komiir kullanilmakta olan sistemlerde maddelerin
tamamen yanmamasindan veya havalandirilmasi iyi olmayan ortamlarda jeneratorlerin ve motorlu
araclarin egzoz dumanindan ortaya cikabilmektedir. Ote yandan dogal gaz kullanmakta olan araglar,
tiner, sprey boyalar ve yangin CO zehirlenmesine yol agabilmektedir [4].

Ulkemizde CO zehirlenmeleri ¢ogunlukla soba ve sofben gibi 1sitma amacli kullanilmakta olan
sistemler nedeniyle olugsmaktadir ve intihar vakalari nadir goriilmektedir [5]. Gelismis iilkelerde ise CO
zehirlenmeleri sanayi ve egzoz gazlari kaynakli goriilmektedir. Intihar amagh karsilasilan CO
zehirlenmeleri sonucunda &liim vakalar1 daha yaygin gériilmektedir [6,7]. Ulkemizin baz1 bélgelerinde
yapilan arastirmalarda zehirlenme kaynaklari igerisinde en sik gozlenenler soba ve sofben olarak

bildirilmistir [5,8,9].

Tarihge

1857 yilinda ilk kez Claude Bernard, doku hipoksisi ile ortaya ¢ikan toksik etkileri agiklamustir.
1865 yilinda ise Klebs, CO’e maruziyeti sonucu ratlarda goriilen patolojik ve klinik bulgular
tanimlamigtir. Haldane ise 1895 yilinda CO toksisite mekanizmasini agiklamistir [10,11]. 1924 yilinda
Pineas tarafindan globus pallidus da klasik bilateral lezyonlar ve diffuz subkortikal demiyelinizasyon
aciklanan ve 1925 yilinda ise Grinker tarafindan parkinsonizm ile CO zehirlenmesi iliskilendirilmistir.
Haldane tarafindan ortaya ¢ikarilan toksisite-hipoksi teorisini destekleyecek sekilde kopeklerde yapilan
deneyde CO toksisitesinin hiicresel diizeyde oldugunu Goldbaum ve arkadaslari 1976 yilinda
belirtmislerdir [10,12].

CO Toksikokinetigi

CO oda sicakliginda gaz halde bulunur ve akcigerlerden solunarak kan dolasimina geger. CO'nun
hemoglobine (Hb) afinitesi, oksijenden 200-300 kat fazla oldugundan, eritrositlerde
karboksihemoglobin (COHb) olusur. Kandaki COHb, solunan CO konsantrasyonu, CO maruziyet
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stiresi, pulmoner ventilasyon, egzersiz ve saglik durumu gibi ¢ok ¢esitli faktorlere bagli olusmaktadir
[11, 12, 13]. In vivo olarak hem protein yikim ile az miktarda CO iiretilmektedir [12]. Inhalasyondan
sonra CO neredeyse tamamen oksitlenmemis halde kalir ve solunan CO'nin %0.1'den az1 karbondioksite
dontstr [14].

Karbonmonoksit, hemoglobine hizl bir sekilde baglanir ve Hb’deki O ile izl yer degistirmesi
sonucunda COHb olugmaktadir. COHb, kanin O, tasima hacmini azaltarak doku hipoksisine neden
olmaktadir. Oksijen baglanma bolgelerinde COHb, O.’ye yiiksek affinite gostermektedir ve bu
bolgelerde baglanan O dokulara iletilememektedir. Bu artmig affinite Haldane etkisi olarak
adlandirilmaktadir. Haldane etkisi, O, ’in dokularda Hb’den ayrilmasini zorlastirmaktadir [15]. COHb
olusumu; CO’in konsantrasyonu, maruziyet siiresi ve alveolar ventilasyona bagl olarak degismektedir.
CO toksisite sebebi olarak, CO’in Hb i¢in oksijenle yaris1 oldugu diisiiniilse de, ana mekanizmanin
hiicresel diizeyde direct CO hasar1 ve doku hipoksisi kombinasyonu oldugu diisiiniilmektedir [16].

CO ile Hb baglanmasi geri doniisliidiir ve viicuda alinan CO’in oda havasinda yarilanma siiresinin
yaklasik 320 dakika oldugu bilinmektedir. Bu yarilanma siiresi %100 O ile 90 dakikaya ve 3 atmosfer
basincinda ise %100 O: ile 23 dakikaya disiiriilebilmektedir. Atmosferdeki %1’lik konsantrasyonda
bulunan CO takriben 10 dakika icerisinde dliime yol agcabilmektedir. Aktif bireyler, yash hastalar ve
cocuklar daha hizli etkilenmekte olup, stres, anemi ve egzersiz yatkinligi arttirmaktadir. Atmosferdeki
yiiksek konsantrasyon ve maruziyet siiresinin uzun olmasi goz éniinde bulundurulmasi gereken 6nemli
faktorlerdendir. Oksijen ihtiyacinin yiiksek olmasi beyin, kalp ve bobrekleri CO zehirlenmesinin
hipoksik etkilerine karsi hassas hale getirmektedir. CO zehirlenmesindeki semptomlarin bir ¢ogundan
santral sinir sistemi (SSS) tutulmasi sorumlu bulunmaktadir [14,17].

CO inhale edildiginde viicutta iki durum olusmaktadir; Doku hipoksisi ve inflamatuar ve
immiinolojik etki ile direkt hiicre hasar1 [18]. CO’in Hb’e afinitesi O2’den 200-300 kat daha fazladir.
Hb’e baglanan CO, COHDb olusturur. Oksijen dagiliminin bozulmasi ile 6ncelikle oksijene en ihtiyag
duyan organlar olan beyin ve kalp dokusunda hipoksi meydana gelmektedir. Hipoksinin siddetine gore
belirtiler ortaya ¢ikmaya baslamaktadir. CO zehirlenmesinin direkt toksik etkisi sonucunda hem grubu
tagiyan proteinler (miyoglobin, guanilsiklaz, sitokromlar) etkilenmektedir. Bunlar sonucunda ise
rabdomyoliz, laktik asidoz ve hiicre nekrozu gozlenmektedir [19, 20].

Karbonmonoksit zehirlenmesindeki patofizyolojik temel tam agik olmamakla beraber son
zamanlarda ¢alismalar CO’in sebep oldugu toksisitede farkli mekanizmalarm rol aldigim
diistindiirmektedir. Bu mekanizmalardan biri CO’in neden oldugu hipoksiye ilaveten reoksijenizasyon
stireci ile SSS’de meydana gelen hasardir. Hiperoksijenizasyon ise parsiyel rediikte oksijen
radikallerinin olusumuna neden olmakta ve bu radikaller esansiyel protein ve niikleik asitleri
oksitlemekte ve doku kanlanmasini azaltan hasarlar ortaya c¢ikarmaktadir. Buna ek olarak CO

maruziyetinin lipid peroksidasyonuna yol ag¢tigi gosterilmistir, 6rnegin doymamis yag asitlerinin
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degredasyonu SSS lipidlerinin geri doniislii demiyelinizasyonuna sebep oldugu kanitlanmigtir. CO
maruziyeti bununla beraber hiicreler {izerinde ksantin dehidrogenazin, ksantin oksidaza déniismesi ile
O- radikallerinin olugmasi hiicreler i¢in substansiyal oksidatif stres yaratmaktadir [21].

Respiratuvar pigmentler, enzimler ve proteinler (miyoglobin, Hb, sitokrom aa3 ve sitokrom P450)
ile birlesen CO’in , ¢6ziinmiis halde direkt, elektron transport zincirinde terminal enzim olarak bilinen
sitokrom-a3 gibi, sitokrom oksidaz enzimleriyle baglanmasi sonucu etki gosterdigi diistiniilmektedir.
Hipoksi ve kan akiminda goriilen azalma, karbonmonoksidin sitokrom c oksidaza baglanip inhibe
etmesine ve mitokondriyal diizeyde hiicresel solunumu bozmasina yol agmaktadir [3,22]. Bunlarin
neticesinde aerobik olarak ATP fiiretilmesi bozulmakta ve tedbir alinmadikc¢a hiicrelerin anaerob
solunuma baglamasiyla hiicrelerde laktik asidoz ve oliim goriilmektedir. Metilen mavisi, sitokrom c
rediiktaz elektronunu alarak kompleks I ve kompleks III’lin (sitokrom c¢ rediiktaz) proton
pompalamasina izin vermesi ile ATP sentezinin devami saglanmaktadir. CO sitokrom P450
hemoproteinine baglanabilir. Bu iligski sayesinde CYP 450 enzimlerinin spektroskobik ozellikleri
calisilmalarda kullanilmistir [3].

Mitokondriyal diizeyde yapilan solunum zinciri igerisinde hem grubu igermeleri nedeniyle
kompleks-I11 (suksinat-koenzim Q reduktaz) ve kompleks-IV (sitokrom ¢ oksidaz)’te bulunan
sitokromlar CO’e affinite gostermektedir. Sitokrom c oksidaz aktivitesi COHDb seviyelerinden normale
daha uzun siirede donebilmektedir ve bu sebeple ge¢ ndronal hasarda sitokrom c oksidazin rol oynadigi
diistiniilmektedir. Karbonmonoksit aynm1 zamanda iskelet kasi ve kardiyak miyoglobinine
baglanmaktadir. Karboksimiyoglobin (COMb) ayrilmast COHb’e gore daha uzun siirede
gergeklestiginden CO’in miyoglobinden ayrilmasi ve Hb’e baglanmasi nedeni ile COHb yiikselmesinin
gecikmis bir sekilde gozlenebilecegi unutulmamalidir [3].

Klinik

CO zehirlenmesi kalp, bobrek, beyin, iskelet kasi, periferal sinir ve deri gibi nerdeyse biitiin
organlari etkilemektedir [22,23]. CO zehirlenmesinde ortaya ¢ikan semptom ve bulgular erken dénemde
goriilebilecegi gibi haftalar sonra da gozlenebilmektedir. Beyin ve kalp, O2 tiiketimi yiiksek olan
organlar olmasindan dolay1 baslica semptomlar ndropsikiyatrik ve kardiyovaskiiler semptomlardir [23].

Akut donemde belirtiler halsizlik, dispnesi, letarji, ¢arpinti, gogiis agrisi, st solunum yolu
enfeksiyon semptomlari, konfiizyon, haliisinasyon, depresyon, ajitasyon, diare, kusma, karin agrisi, basg
agrisi, konflizyon, bag donmesi, gérme bozuklugu, hafiza ve yiiriiylis bozuklugu, ndbet, senkop, tiriner
inkontinans, norolojik semptomlar ve koma seklinde goriilebilmektedir [24]. Kronik zehirlenmelerde
ise akut semptomlara ilaveten ilerleyen ndropskiyatrik semptomlar ve kognitif fonksiyon bozuklugu
gelisebilmektedir [22].

CO zehirlenmelerinde baglangigta bas agrisi, halsizlik, bas donmesi, kusma, bulanti gibi

nonspesifik bulgular nedeniyle gastroenterit, besin zehirlenmesi, gribal enfeksiyon gibi tanilar ile
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karigtirilabilmektedir [24,25]. CO zehirlenmelerinde mortalite nedeni ¢ogunlukla norolojik sekeller ve
ventrikiiler disritmiler olarak belirtilmektedir. Oliim nedeni olarak cogunlukla ventrikiiler disritmiye
baglh kardiyak arrest oldugu belirtilmektedir [28]. Norolojik ve psikiyatrik bulgulardan en ¢ok
konfabulasyon ile beraber olan anterograd ve retrograd amneziyi igeren bozukluklar goriilebilmektedir.
Hastalarda yargi bozuklugu, duygu degisikligi ve kognitif fonksiyonlarda azalma goriilebilmektedir.
Diger bulgular hastalarda uyusma, duyarsizlik, koma, rijidite, yiiriime ve hareket bozukluklar1 olarak
gozlenebilmektedir. Hasta reflekslerinde sertlesme, apraksi, agnozi, tik bozukluklari, psikoz, korliik ve
isitme vestibuler disfonksiyon goriilebilmektedir. Uzun siiren ve siddetli maruziyetler sonrasinda
siklikla noropsikiyatrik sekeller gelismektedir. Ek olarak, bazi hastalarda gecikmis ndropsikiyatrik
belirtiler goriilebilmektedir. Koma g¢ogunlukla siddetli maruziyetle iliskilendirilmektedir [26]. CO
zehirlenmesinde taniyr COHb diizeylerinin yiiksekligi desteklese de COHDb diizeyleri ile klinik bulgular
ve prognoz arasinda iliski kurmak saglikli sonuglar vermemektedir [24, 27, 28]. Maruziyet siiresi ¢ok
onemlidir. Karbonmonoksit zehirlenmelerinde kronik maruziyetlerde diisiik COHb diizeyleri izlense
bile akut CO zehirlenmelerinde goriilen yiiksek COHb diizeylerine sahip tablodan daha agir
seyredebilmektedir [27].

Tablo 1. Kandaki COHb diizeyine gore klinik bulgular

Kandaki COHb diizeyi Semptom ve bulgular

% 0- 10 Semptom yok

% 10-20 Hafif bas agrisi, cilt ylizeyinde damarlarda genisleme, bulanti,
yorgunluk, tasipne, duygusal dengesizlik, konfiizyon, sakarlik

% 21-30 Sakakta zonklayict agr1, efor dispnesi, anjina, gérme duyusunda
degisiklikler, tehlike aninda tepki vermede zayiflik, gii¢ kayb,

duyularda zayiflama
% 31-40 Siddetli bas agrisi, bulanik gérme, kollaps, gii¢siizliik, bas donmesi,
bulanti, visne kirmizi renk cilt ve dudaklar, sersemlik, kusma, karar
almada yetersizlik

% 41-50 Bayilma, biling degisiklikleri, unutkanlik, tasikardi, tagipne

% 51-60 Nobetler, koma, belirgin asidoz, 6liimle sonuglanabilir.

> % 60 Oliim

Tam

Tamda hastaligin hikayesi en 6nemli etmendir. Hastalarin %30’unda semptomlar spesifik
olmadig1 i¢in gbzden kacabilmektedir [9]. Gastroenterit, infantil kolik veya gribal enfeksiyon ile siklikla
karigabilmekte ve bas agrisi, takipne, tasikardi, letarji, kusma, bulanti gibi semptomlarla gribal
enfeksiyonu diisiindiirebilmektedir [4, 30]. Mevsimsel olarak soba kullanimi ve gribal enfeksiyonlarin
yaygin olmast ile daha ¢ok kis aylarinda bu sikayetlerle bagvuran hastalar detayli sorgulanmali ve tani

koymada ge¢ kalmanin sonucunda 6lim olabilecegi unutulmamalidir. Bazen g¢ocuklarda kronik
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zehirlenmelerde gérme bozuklugu, okul basarisinda gerilik, karin agrisi, gogiis agris1 gibi spesifik
olmayan semptomlar goriilebilmektedir. CO zehirlenmesi, ayirici tanida goz ardi edilmemelidir [4,31].

Hastalarda solunum sistemi etkilenmemis ise nabiz oksimetre ile 6l¢iilmekte olan O satiirasyonu
genellikle normal aralikta bulunmaktadir. Bu nedenle kesin tani nabiz oksimetre ile konulamamaktadir.
Venoz ve arteriyel kanda COHb diizeyinin %3’iin {istiinde olmasi tanida yararlidir ancak sigara i¢en
hastalarda %10 diizeyine ¢ikabilmektedir. Hasta acil servise ge¢ getirilmis veya acil servise gelmeden
az da olsa oksijen tedavisi almis ise COHb diizeyinin yiiksekligi goriilmeyebilir. Sonug olarak COHb
yiiksekligi onemli iken diisiik olmasi taniyr eleyemez ve tedaviye ihtiyag duyulmayacagini da
gostermez. Ciinkii rabdomiyoliz, coklu organ yetmezligi, nonkardiyojenik pulmoner 6dem, dissemine
akut tiibiiler nekroz, intravaskiiler koagiilasyon defekti, inkontinans, gecikmis noropsikiyatrik
komplikasyonlar kronik donemde ortaya ¢ikabilmektedirler. Klinik siiphe hayati 6nem tasimaktadir
[30]. Ayrica COHDb seviyesi hastalifin tedavisinde belirte¢ olarak kullanilabilmektedir. Hastalarda
metabolik asidoz ve serum laktat artis1 varsa uzun siireli maruziyet akla getirilmelidir [29,30]. Organ
yetmezligi ve doku hipoksisi agisindan karaciger fonksiyon testleri, hemogram, kas enzimleri, bobrek
fonksiyon testleri, kardiyak enzimleri ve idrar tetkiki istenmesi olduk¢a Onemlidir. Klinik siiphe
durumlarinda akciger grafisi ve beyin goriintiileme yontemlerine basvurulmalidir. Zehirlenme i¢in cilt
ve mukozal katmanlarin kiraz kirmizis1 rengi tam1 koymak igin yeterli olmakla beraber ancak 6liim

sonrasi ortaya ¢iktig1 i¢in tanisal degeri bulunmamaktadir [32].

Postmortem Degisiklikler

Karbonmonoksitin Hb ile birleserek dokulara oksijen taginmasina engel olarak bir tiir anemik
tipte bir asfiksiye (anemik hipoksi) yol actig1 kabul edilmektedir. Kaslardaki miyoglobine olan afinitesi
oksijenden 17 kez fazla olup, miyoglobin ile birlesir [33].

Cildin kiraz kirmizis1 renklenmesinin viicut yiizeyinin en karakteristik goriinimii CO
zehirlenmeleridir. Olii lekelerinin parlak kirmizi renk almasi tani i¢in ¢ok yararli bir bulgudur. Koyu
tenli kurbanlarda, konjonktivalarda, tirnak yataklarinda ve dudak mukozasinda renk degisikligi
belirgindir. Ayni sekilde tirnak altlar1 ve dudaklar da yiliksek CO saturasyonlarinda agik pembe renk alir.
Ancak bu renk anemik olgularda ve yaslilarda hemoglobin miktarinin azalmasi nedeniyle belirgin
olmayabilmektedir ve ayni renk degisikligi, soguga maruz kalma, donma ve siyaniir zehirlenmesinde de
goriilebileceginden dikkatli olunmasi1 gerekmektedir. Bu CO zehirlenmesine bagli renk degisikligi
genellikle %30'u asan COHb konsantrasyonlarinda goriliir.

Otopsi sonucunda, COHb ve COMD olusumuyla kiraz kirmizisi rengine sahip kan, organ ve kaslar
dikkat ¢ekmektedir. Ayrica akciger 6demi ve genellesmis organ tikamkhgi da gozlenmektedir. Ig
muayenede biitiin i¢ organlar, mukozalar ve seréz yapilar, damar i¢ ylizeyleri agik pembe renkli
goriiniimdedir. Kan akici 6zellikte olup bir sulandirildiginda karmen rengine donmektedir. Kanin rengi

acik ortamda bir ylizeye yayilip bekletildiginde acilir. Akcigerler sis, 6demli, agik kirmizi renkte olup,
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¢ok sayida subplevral kanama odaklar1 icermektedir ve kesitlerinden bol miktarda kopiiklii, kanli 6dem
stvist geldigi gozlenmistir. Bu sivi hava ile temasta belirgin olarak karmen kirmizisi rengi (6dem
karmine) almaktadir. Petesiler, plevra disinda; perikard, sacli deri alti, meninksler, beyin dokusu iginde
de gorilmustir [33, 34, 35].

Globus pallidum nekrozu, uzun siire meydana gelen CO zehirlenmelerinde gozlenmektedir. Altta
yatan mekanizmalarin hipoksik beyin hasarimin yani sira apoptozu da igerdigini disiindiirmektedir
diisiiniilmektedir [35, 37, 38].

CO zehirlenmesinin semptomlar1 ve otopsi bulgular1 nonspesifik olarak ortaya ¢ikmaktadir. Bu
sebeple teshis kanda COHb diizeyinin saptanmasi ile konulmalidir [37]. Baz1 kaynaklardada 6liimle
sonlandig: bildirilen en diisik COHb seviyesinin %33.6 gozlendigi ve 6liimiin siklikla %40-49 COHb
seviyesinde bulundugunu belirtilmistir. Diisiik COHb seviyesinde goriilen dliimlere kalp ve akciger
hastaliklarinin eslik ettigini bildirilmistir [39, 40]. Ayrica COHb diizeyinin %20 seviyesini astig1 anda
goriilen ani 6liimlerde ciddi ateroskleroza neden olabildigi bildirilmektedir [39].

Yapilan literatiir taramas1 sonucu Cantiirk ve arkadaglarinin ¢alismasinda COHb seviyesi %30 un
altinda ve CO zehirlenmesi nedeniyle 6liimiin meydana geldigi diisiiniilen iki olgu bulunmaktadir. Bu
iki olguda 6liime sebep gosterilecebilecek herhangi bir patolojik ve ya travmatik neden saptanmamis
olup iki olguda da akcigerde ¢ok spesifik olmayan 6dem harici bir bulgu tespit edilememistir. Akciger
ya da kalp hastaligi olanlarda ve yaslilarda %25 gibi diizeylerde oliimiin gergeklesebilecegi ve CO’e
olan duyarliliklarinin bireylerde degisken olabilecegi bildirilmektedir [41].

Otomobil egzoz gazi inhalasyonu durumunda, nitrojen oksidin solunmasi methemoglobin
(MetHb) tiretimine yol agmaktadir ve bunun COHb'ye ek olarak dikkate alinmasi gerekmektedir. Bazi
vakalarda yiiksek MetHb konsantrasyonlar1 rapor edilmistir, ancak methemoglobinemi yaygin
goriilmemektedir [42-44]. Saldirt vakalarinda, yanma sirasinda oksijen tiiketiminden kaynaklanan diger
toksik gazlarin varligi (siyaniir ve fosgen gibi) ve oksijen eksikligi gibi ilave degerlendirmeler
yapilmaktadir. Siyaniir MetHb'ye baglanarak detoksifiye edildiginden, toksisiteyi degerlendirirken
kurbanin kanindaki MetHb konsantrasyonuna dikkat edilmelidir ve yangin kurbanlarindan
stiphelenildiginde COHDb, siyaniir ve MetHb o6l¢iilmelidir [45].

Tiim kurbanlarin ciddi yaralanmalar olmaksizin yangina karistig1 vakada duman ve 1sinin etkisini
tartigmak i¢in caligmalar yapilmistir. Ac¢ik hava atesinde hayatim kaybedenlerin kalp kanindaki
postmortem COHb seviyeleri %30'un altinda iken, ev yangimi sonucu hayatim1 kaybedenlerde COHb
seviyeleri degiskenlik gostermektedir. Yangin ortamindaki kisinin alevler ulasgtiginda canli olup
olmadiginm1 degerlendirirken %10’un iizerindeki COHb seviyesi kisinin canli oldugunu yani nefes
aldigini gosteren onemli bir bulgu olarak kabul edilir. Yangin kurbanlarinda CO tayini i¢in en iyi 6rnek,

yangin yerinde atmosferik CO ile daha az kontamine olan i¢ damarlardan ve kalpten alinan kandir [46].
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Ancak ciddi kan kaybi oldugunda dalak kanmi ve dalak sikismasi alternatif ornekler olarak
kullanilabilmektedir [47].

Postmortem araligi uzun olan bir vakadan alinan bir numunede ¢liriimeye bagli 6liim sonras1 CO
olusumu bildirilmistir. Bu, hemoglobin ve miyoglobin gibi hem-proteinlerinin bozunmasina
baglanmigtir. Postmortem CO olusumu da kosulsuz ve uzun siire suya daldirma gibi Ornekler
bildirilmistir. CO inhalasyonu olmaksizin bogulma vakalarinda bazen plevral efiizyonda %10'un
iizerindeki COHb degerleri gozlenmektedir. Postmortem CO olusumu i¢in indikator
tanimlanmadigindan, siddetli ¢iirlime iceren durumlarda CO 6l¢iimii i¢in viicut boslugu sivilarim
kullanilmamasi 6nerilmektedir [46-51].

Postmortem donemde g¢evre havasindaki CO, kana ulasamamaktadir. Bir arastirmada ceset 42
saat CO'e maruz birakilmis ve kan CO seviyesinde bir degisiklik bulunmamistir. Yangina bagh
Oliimlerin postmortem incelemelerinde kalbin sag ve sol ventrikiillerinde COHb seviyeleri arasinda
anlamli bir fark bulunamamistir. Bunun sebebi muhtemelen COHb'nin yavas yikilmasi ve boylece tiim
dolasimda esit konsantrasyonlarin bulunmasidir. Ayrica CO'e maruz kalmis ve COHb'nin yikilmasi i¢in
yeterli siire yasamis kisilerde COHb oran1 %10'un altinda bulunabilir. Oliim sebebi yine de CO
zehirlenmesidir [52, 53].

CO'ya maruz kalma derecesi en ¢gok COHb olglimleriyle, en sik klinik spektrofotometrik
yontemlerle degerlendirilir [54, 55]. 1960'lardan beri gaz kromatografi (GC) yonteminin kullanimi adli
toksikoloji laboratuvarlarinda daha yaygmn hale gelmistir [55-60]. Bununla birlikte, uygun,
otomatiklestirilmis yontemler, 6rnek kalitesini iyilestirmek i¢in ditiyonit azaltma, homojenlestirme ve
deterjan islemi gibi bazi 6n islemler kullanilmis olsa da, olduk¢a saglam kan analizi ile simirlidir [54,
56]. Ayrica, yaslanmis, pithtilasmis kismen bozulmus ve/veya 1stya maruz kalmig 6liim sonrasi kanin
analizi genellikle bu yontemlerin kapasitesinin disindadir. Bununla birlikte, genellikle kan, canli
deneklerden elde edilebilen tek Ornektir. Bunun tersine, 6len deneklerde, CO maruziyetinin 6lim
nedenine katkida bulunup bulunmadigini 6grenmek i¢in analiz i¢in kan veya diger dokular toplanabilir.

Baz1 durumlarda sadece kati organlar bulunabilir ve kan yerine analiz yapilabilmektedir [60].

SONUC VE TARTISMA

Cildin kiraz kirmizist renklenmesinin viicut yilizeyinin en karakteristik goriiniimi CO
zehirlenmeleridir. Bu genellikle %30'u asan COHb konsantrasyonlarinda gériilmiistiir. Otopsi, COHb
ve karboksimiyoglobin olusumuyla benzer kiraz kirmizis1 rengine sahip kan, organ ve kaslar1 ortaya
cikarmaktadir. Akciger 6demi ve genellesmis organ tikaniklig1 da gézlenmektedir.

CO zehirlenmesinin semptom ve otopsi bulgularinin spesifik olmadigi calismalarda belirtilmistir.
Bu nedenle kanda COHb saptanmast ile teshis konulmasi dnemlidir. CO maruziyetine bagli dlimler

genis bir %COHD araliginda kaydedilmis olsa da, CO zehirlenmesinin 6liim nedeni olarak belirtilen
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¢ogu 6liim, %50'den fazla %COHDb ile iligkili bulunmustur. CO maruziyeti, %COHb'nin %10-50 oldugu
oliimlerde katkida bulunan bir faktor olabilecegi goriilmiistiir.

Kandaki CO analizi, en yaygin olarak, IL CO-Oksimetre gibi bir klinik analizor veya ultraviyole
goriiniir spektrofotometre kullanilarak bir spektrofotometrik teknik kullanilarak ger¢eklestirilmektedir.
Spektrofotometrik yontemler CO'yu COHD olarak dlger ve bu nedenle Hb'ye baghidir.

Ayrica, yaglanmig, pihtilagsmis kismen bozulmus ve / veya 1siya maruz kalmig 6liim sonrasi kanin
analizi genellikle bu yontemlerin kapasitesinin disinda kalmistir. Bununla birlikte, genellikle kan, canli
deneklerden elde edilebilen tek 6rnektir. Bunun tersine, 6len deneklerde, CO maruziyetinin Sliim
nedenine katkida bulunup bulunmadigmmi 6grenmek igin analiz i¢in kan veya diger dokular
toplanabilmektedir. Bazi durumlarda sadece kati organlar bulunabilir ve kan yerine analiz
yapilabilmektedir.

Bu ¢alismada inceledigimiz kaynaklara gore, kan, kas, beyin, akciger ve bobrek gibi dokularin,
6limciil CO'ya maruz kalma nedeniyle 6liim teshisi i¢cin en uygun dokular oldugu ve bunun igin
kullanilabilecegi goriilmiistiir.

CO zehirlenmeleri 6nlenebilir kazalardandir. Karbonmonoksit iiretebilecek 1sitma ve i1sinma
sistemlerinin diizenli bakimi ve kontrolii saglanarak; kullanilan yakitlarin, bacalarin, havalandirma
sisteminin standartlara uygun olmasi ve toplumun bu konudaki farkindalig1 saglanarak bu halk saglig:
sorunun Oniine gecilmesi diisliniilmektedir.

Eve kurulan alarmli CO monitdrleri nispeten ucuz ve potansiyel olarak hayat kurtaricidir. CO
duvarlardan, ahsaplardan kolayca diflize olabildigi igin tim evlerin bir CO monitériine sahip olmasi
onerilmektedir. Binalarin menfez, baca ve tesisatlarinin usuliine uygun yapilmasi ve siirekli denetimi
cok oOnemlidir. Baca ve tesisat ustaligi yapanlarin ustalik, g¢iraklik egitimi ve sertifikasyonu
saglanmalidir. Imkanlar dahilinde sobali evler yerine kaloriferli evlere gecilmelidir.

Mevsimsel olarak soba kullanimi ve gribal enfeksiyonlarin yaygin olmasi ile daha ¢ok kis
aylarinda bu sikayetlerle bagvuran hastalar detayli sorgulanmali ve tani koymada ge¢ kalmanin

sonucunda 6liim olabilecegi unutulmamalidir.
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CIKAR CATISMASI BEYANI

Yazarlar bu yaz icin gercek, potansiyel veya algilanan ¢ikar ¢atismasi olmadigini beyan

etmislerdir.
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Yayim Kosullar:

1.

Ankara Universitesi Eczacilik Fakiiltesi Dergisi (Ankara Ecz. Fak. Derg. — J. Fac. Pharm. Ankara)
yilda ii¢ kez (Ocak-Mayis-Eyliil) yayimlanir.

Dergiye Eczaciligin her alaninda daha once hi¢ bir yerde yaymlanmamis, Tiirkge veya yabanct
dilde (Ingilizce, Fransizca, Ispanyolca ve Almanca) olarak hazirlannms makaleler kabul edilir.
Deneylerde, insan icin “the Declaration of Helsinki” ve hayvan i¢in “European Community
Guidlines™’a bagh kalinmalidir.

Yayin Komisyonuna gelen makaleler en az 2 danismana gonderilir.
Makaleler yayia kabul edilis sirasina gore yayinlanir.

Danismanlar tarafindan onerilen diizeltmelerin yapilmasi i¢in yazar/ yazarlara geri gonderilen
makaleler, diizeltilip yayinlanmak tizere 3 ay iginde tekrar yaym kuruluna gonderilmezse, yeni
bagvuru olarak iglem goriir. Makale yayimlandan dnce yazarlarin yayimciya makalenin “Copyright
Transfer Form’unu doldurarak telif hakkin1 gondermesi gerekmektedir.

Yayimlarda intihal olup olmadig1 kontrol edilmelidir.
Dergimize asagidaki makale tiirleri kabul edilir:

a) Arastirma makalesi: Tirkge veya ingilizce hazirlanmis, sekiller ve tablolar dahil tamami en
cok 20 A4 kagidi sayfasi olan, orjinal arastirmalarin bulgu ve sonuglarimi agiklayan
makalelerdir.

b) Derleme: Tiirkge veya ingilizce hazirlanmis, sekil ve tablolar dahil tamami en ¢ok 25 A4
kagidi sayfasi olan, yeterli sayida bilimsel makale taranarak, o giine kadarki gelismeleri
Ozetleyerek ortaya koyan ve sonuglarini yorumlayarak degerlendiren makalelerdir.

c¢) Onbilgiler: Devam etmekte olan bir calismanin bulgularini zaman kaybetmeden duyurmak
icin Tiirkce veya ingilizce yazilan en ¢ok 5 A4 kagidi sayfasi olan makalelerdir.
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10.

11.

Metinler, A4 normunda (21 x 29,7 cm) yazilmis olmalidir.

Metinler A4 normundaki sayfanin sag ve sol tarafindan 2,5 cm., iist ve alt kenarlarindan 3 cm.
bosluk birakilarak (ilk sayfada yukaridan 5 satir aralig1) 1,5 satir aralikla yazilmalidir. Yayim
kabul edilen makaleler dogrudan “Microsoft Word” dosyas1 halinde online olarak sisteme
yiiklenecektir (online submission). Ana metin yazi karakteri “Times New Roman” ve 11 punto
olmalidir.

Sayfa numaralar1 makalede belirtilmemelidir.

Paragraf baglar1 1 cm iceriden baslamalidir. Paragraflar arasi ilave bosluk birakilmamalidir.
Baslik sayfasinda yayin adi, yazar/yazarlarin adlar1 ve yazisma yapilacak yazarin acik adresi,
telefon ve faks numaralari, varsa e-mail adresi belirtilmeli ve ortali yazilmalidir. Sorumlu
yazarin soyadinin iistiine (*) isareti konularak belirtilmelidir. Bu kisinin Ad1 Soyadi, agik adresi,
faks numarasi, telefon numarasi ve e-mail adresi baslik sayfasinin en altinda belirtilmelidir.
Yazar Ad (ilk harfi biiyiik digerleri kii¢iik harf) ve SOYADI (tamamu biiyiik harf) koyu
olarak basligin altina ii¢ 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, 06100,
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 (JPG formatinda) makale iginde yerlesmis ve resimler yiiksek
¢Oziiniirlilkte olmalidir. En yiiksek baski kalitesini saglamak icin sekilleriniz miimkiin olan en
yiiksek ¢oziiniirliikte (300 dpi veya daha yiiksek) JPEG formatinda gonderilmelidir. Uzerinde
oynanmis (parlaklik, kontrast, gama ayar1 vb.) sekillerde sekil alt1 metninde yapilan ayarlar
belirtilmelidir. Yazarlar, 6nceki makalelerinden alintilanmig olsalar bile, diger kaynaklardan
herhangi bir goriintiiyii ¢ogaltmak icin ilgili yayincilardan yazili izin almalidir.

Tablo basliklar1 Tablolarin Gstiine ve iki yana yasli ve bunlarin genisligini asmayacak sekilde
11 punto yazilmalidir. Tabloya ait agiklama varsa tablonun altina bosluk birakmadan 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. Tablo ve Sekiller metin i¢ine
yerlestirilirken metin ile aralarinda net ayirimi saglayacak kadar bosluk birakilmalidir.

Ornek tablolar i¢in bakimz.
e Tiim satir ve siitun ¢izgileri yer almali.
e Tablo tasarinm tiim makalede tek tip ve diiz olmali, herhangi bir
renklendirme/g6lgelendirme kullanilmamalidir.
e Tablo iginde yer alan bagliklar bold/koyu renkte yazilmalidir.



Tablo 1. Tiirlere ait morfolojik 6zellikler

Bitki kisim* C. nummularia C. integerrimus

Yaprak Genisge 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 354 x 1-2 mm, koyu | 3-4x1.5-2 mm, agik kahverengi
kahverengi

*Aciklama: 9 punto, 1 aralik olmali. A¢iklama ile tablo bitiminde bosluk birakilmamalidir.

Tablo 2. Hastalarin ozellikleri

Demografik bilgiler A grubu* B grubu C grubu
Erkek cinsiyet 10 (%30) 20 (%60) 10 (% 30)
Sigara kullanimi 20 (%60) 10 (%30) 20 (%60)

*Agiklama: 9 punto yazilmalidir.

Ornek sekil;

Sekil 1. C. nummularia’nin genel goriiniisii

12. Makalelerin boliimleri BASLIK (Tiirkce ve ingilizce), OZ, ABSTRACT, GIiRiS, 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 boliimler birbirlerinden 2 satir aralik
ile ayrilmalidir. Bu boliimleri ifade eden bagliklar (Makalenin ilk basligi hari¢) 12 punto ile
koyu olarak biiyiik harflerle ve sayfanin solundan baslanarak yazilmalidir. Ana
basliklardan 6nce ve sonra sirasiyla 18 nk ve 6 nk aralik olmalidir. Béliim basliklar: ile metin
arasinda belirtilenin disinda ayrica aralik_birakilmamahdir.

e BASLIK: Tiirkce ve ingilizce olarak biiyiik harf ve ilk bashk (Tiirkce makalelerde Tiirk¢e
baslik, Ingilizce makalelerde ingilizce baslik ilk basliktir) 14 punto, koyu ve ikinci baslik
12 punto, italik olarak yazilmalidir. Baslik metine uygun, kisa, ¢alismayi tanitict ve agik
ifadeli olmalidir.

e OZve ABSTRACT: Tiirk¢e (OZ) ve Ingilizce (ABSTRACT) olarak makalelerin basinda
200’er kelimeyi gecmeyecek sekilde 10 punto ile italik olarak ve ¢erceve iginde



yazilmalidir. Yabanci dilde yazilmis makalelerde 6nce ABSTRACT daha sonra mutlaka
Tiirkce olarak OZ bulunmalidir. OZ ve ABSTRACT basliklar1 12 punto ve koyu yazilip
kendi i¢lerinde alt basliklar halinde makalenin 6zeti sunulmalidir. Her bir alt baglik 10 punto,
koyu, normal ve 1 cm igerden baslayarak yazilmalidir. OZ ve ABSTRACT 16 cm
genisligindeki kutucukta yer almalidir.

Ozgiin makalelerde;
0z icin kullanilacak alt bagliklar:

Amac: Metin italik yazilmalidir.

Gerec¢ ve Yontem: Metin italik yazilmaldir.

Sonug ve Tartisma: Metin italik yaziimaldir.

Anahtar Kelimeler: Metin italik yazilmalidir, alfabetik siralama gozetilmelidir
ABSTRACT igin kullanilacak alt bagliklar:

Objective: Metin italik yazilmalidir.

Material and Method: Metin italik yazilmalidr.

Result and Discussion: Metin italik yazilmalidir.

Keywords: Metin italik yazilmalidir, alfabetik siralama gézetilmelidir

Derleme makalelerde;
OZ i¢in kullanilacak alt baghklar:
Amac: Metin italik yazilmalidir.
Sonug ve Tartisma: Metin italik yaziimaldir.
Anahtar Kelimeler: Metin italik yazilmalidwr, alfabetik siralama gozetilmelidir
ABSTRACT i¢in kullanilacak alt bagliklar:
Objective: Metin italik yazilmalidir.
Result and Discussion: Metin italik yazilmalidir.
Keywords: Metin italik yazilmaldwr, alfabetik siralama gozetilmelidir
o Anahtar Kelimeler (Keywords): En fazla 5 s6zciikten olusmali, ilgili dilde alfabetik,
italik olarak, yalnizca ilk anahtar sdzciigiin ilk harfi biiytik olacak sekilde (biiyiik harf
kullanilarak yapilan kisaltmalar harig) aralara virgiil konularak yazilmali son anahtar
sOzclikten sonra ise bir imla isareti Kullamlmamahidir.

e METIN: Orijinal tirkce makalede metin kism: GIRIS, GEREC VE YONTEM,
SONUC VE TARTISMA olmak {izere 3 ana basliktan olugmalidir. Bu ana basliklarin
tamami 12 punto, biiyiik harflerle ve koyu olacak sekilde yazilmalidir. Derleme
makalelerde ise GIRIS ile SONUC VE TARTISMA ana bashklar1 olmal, diger
basliklar yazarin belirleyecegi sekilde her kelimenin ilk harfi biiyiik digerleri kiiciik ve
koyu olacak sekilde yazilmalidir. Alt basliklar 11 punto, 1,5 satir aralik, bold/koyu
yazilmali ve sola dayali olmalidir Alt bagliklarda numaralandirma sistemi
kullanilmamahdir.

o GIRIS: Aragtirmanin amaci ve konuyla ilgili caligmalarm yer aldig1 boliim olmalidir.

e GEREC VE YONTEM: Kullanilan gereg belirtilerek, uygulanan yéntem hakkinda
gerekli bilgiler acikca ifade edilmelidir. Bilesiklerin karakterizasyonu ayr bir paragraf ile
gosterilmeli ve yeni bilesiklerin safliklar1 ve yapi aydinlatilmalari saglanmalidir. Eger
calismada hayvan ya da insan 6rnekleri/goniilliiler kullaniliyorsa, arastiricilar tiim islemlerin
ilgili kanun ve kurumsal kilavuzlara uygun sekilde gergeklestirildigine ve uygun idari kurul
tarafindan bu iglemlerin onaylandigina ve Etik Kurul onay1 alindigina dair ifadenin ¢alisma



icinde yer almasini saglamalidirlar. Etik Kurul onayinin zorunlu oldugu ¢alismalarda, etik kurul
onay1 alinan kurumun adi ve etik kurul onay numarasi, gere¢ ve yontem kisminda belirtilmelidir.
Ayrica, kullanilan protokol ve prosediirlerin etik olarak goézden gecirildigi ve onaylandigi,
makalenin gere¢ ve yoOntem boliimiine eklenmelidir. Detayli bilgi igin liitfen
http://journal.pharmacy.ankara.edu.tr/en/ethical-principles-and-publication-policy/ web
sayfasini ziyaret ediniz.

SONUC VE TARTISMA: Bulgularin verilerek degerlendirildigi boliimdiir.
e Metinde sonuglar (conclusions) basligi yer almamahdir.

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 katkis1 yazarlar tarafindan imzalanan
Telif Hakki Devir Sozlesmesi (Copyright Transfer Agreement) uyarinca, ¢ikar gatismasi
bildiriminden hemen 6nce, makalede yer alan isim siras1 gozetilerek yazilmalidir. Liitfen bu
bildirim i¢in acik ad ve soyad yerine asagidaki 6rnekte oldugu gibi yazarlarin bas harflerini
kullaniniz.

Ornek:
YAZAR KATKILARI

Kavram: 1.Y., MM.H., C.H.,, K.B.; Tasarim: 1.Y., C.H., 1.0O.G., O.U.; Denetim: C.H.,
10.G., MM.H., K.B.; Kaynaklar: O.U., ZK., KB, MM.H., AK., LA, GA.G., B.G.,, BK;
Malzemeler: 1.0.G., B.E., G.A.G., BK., D.C.P.; Veri Toplama ve/veya Isleme: 4.K., O.U.,
MK, AS., D.C.P., T.C.S.T.; Analiz ve/veya Yorumlama: O.U., B.G., T.C.S.T., E.K.S.; Literatiir
Taramasi: B.K., D.C.P, B.G., B.E.; Makalenin Yazilmasi: 4.K,, LA, T C.8.T.; Kritik Inceleme:
LY, B.G,O0.U, [A.;Diger: 1Y, AK.

CIKAR CATISMASI BEYANI

Cikar catismasi varsa ne sekilde oldugu acik¢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 alinmigsa hangi kurumdan ve
ne zaman alindigi onay numarasi ile mutlaka belirtilmelidir.

KAYNAKLAR: Kaynak yazim stili Amerikan Psikoloji Dernegi’ne (APA) goredir. Yazi
karakteri “Times New Roman” ve 11 punto, “1” aralik, iki yana yasli. Metinde, ge¢is sirasina
gore koseli parantez iginde, drnegin: [1,2,...] gibi numaralandirilmali ve metin sonunda bu
numaralara gore siralanmalidir. Alt basliklarin yanina kaynak belirtilmemelidir. Tablo iginde
kaynak bildirilmesi gerekiyorsa metin i¢inde verildigi gibi belirtilmelidir. Kaynaklar asagidaki
orneklere uygun olarak aralarinda 1 satir bosluk birakilarak yazilmahdir.

e Makale i¢in: Yazarin soyadi, adinin bas harfleri (Birden fazla adi olan yazarin her bir
isminin bas harfinden sonra nokta konmali ve arada bosluk birakilmamalidir. Birden fazla
yazarlarin arasinda virgiil yer almalidir. Son yazar ile bir onceki yazar arasinda “ve”
kelimesi veya “&” sembolii kullanlmamalidir.), makalenin tam bashig1 derginin adi
(italik), cilt no (italik), varsa say1 no (parantez i¢inde), baslangi¢ ve bitis sayfa numarasi, yil
yazar isimlerinden sonra (parantez i¢inde) yazilmalidir. Birden fazla yazar varsa hepsi



about:blank

yazilmahdir. Makalenin adi1 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 numarasim koprii olarak giriniz.

https://doi.org/10.1016/0006-2952(89)90403-6

Ornekler:

Moncada, S., Palmer, R.M.J., Higgs, E.A. (1989). Biosynthesis of nitric oxide from L-
arginine. A pathway for the regulation of cell function and communication. Biochemistry
and Pharmacology, 38(11), 1709 — 1715. [CrossRef]

Macedo, T., Ribeiro, V., Oliveira, A.P., Pereira, D.M., Fernandes, F., Gomes, N.G.M,,
Andrade, P.B. (2020). Anti-inflammatory properties of Xylopia aethiopica leaves:
Interference with pro-inflammatory cytokines in THP-1-derived macrophages and flavonoid
profiling. Journal of Ethnopharmacology, 248, 112312. [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/ Erigsim tarihi: 14.03.2021

e  Web sitesi icin:
Ornek:

Clinical Pharmacology Web site. (2001). From http://cpip.gsm.com/ Erisim tarihi:
14.03.2021.

e Kitap i¢in: Yazarin soyadi, adinin bas harfleri, kitabin adi, cilt no (varsa), kitabevi,
yayinlandigi sehir, sayfa no, basildigi y1l (parantez i¢inde) yazilmalidir.

Ornek:
Franke, R. (1984). Theoretical Drug Design Methods, Elsevier, Amsterdam, p.130.

o Kitap béliimii icin: Yazarin soyadi, adinin bag harfleri, bolimiin bagligi, editdr/editorlerin
soyadi, admin bag harfleri, (Ed./Eds.) ibaresi, kitabin adi, varsa cilt no, kitabevi,
yayinlandigi sehir, sayfa no, basildigi y1l (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 bag harfleri, y1l yazar isimlerinden sonra (parantez i¢inde)
yazilip nokta isareti konmalidir. Ne tiir tez oldugu belirtildikten sonra tezin bashigi, 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.
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Guide for Authors

1.

The Journal of Faculty of Pharmacy of Ankara University (J. Fac. Pharm. Ankara) is published
three times (January-May-September) a year.

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 a
foreign language (English, French, Spanish or German). The experiments used have to be adhered
to the Declaration of Helsinki for humans and European Community Guidlines for animals.

All manuscripts will be submitted to a review process by the editors and by qualified at least 2
outside reviewers.

Manuscripts are published in order of final acceptance after review and revision.

If a manuscript 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, the by authors are considered to
transfer all rights of the manuscript to the Publisher.

Manuscript will be controlled using plagiarism checker.
Manuscripts with the following charactheristics are accepted:

a) Research article: Articles written in English or Turkish in scientific format presenting original
research. Articles should be printed on A4 size papers not exceeding 20 pages (including tables
and figures).

b) Review: 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 25
pages (including tables and figures).

¢) Rapid communication: Rapid announcement of the results of a continuing research written
in English or Turkish, no longer than 5, A4 size pages.
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10.

11.

Texts must be written in A4 norm (21 x 29.7 cm).
Texts should be written with 1.5 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 (5 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 name of the publication, the names of the author / authors, the full address
of the correspondent author, telephone and fax numbers, e-mail address, if available, should be
written and centered. It should be indicated by placing (*) above the surname of the
corresponding author. Name, surname, full address, fax number, 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, 06100, 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.) and Arabic numbers (Figure 1., Table 2.) below them 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 JPG format) must be placed in the article and pictures must be in high
resolution (300 dpi or higher). 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 without
leaving any space 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. While placing tables and figures in the text, enough space should be left to provide
clear separation from the text.

See for below examples for tables:
e 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.



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. There should not be any space between end of the table and
the explanation.

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. There should not be any space between the end of the table and the
explanation.

Example for figure:

Figure 1. General view of C. nummularia

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. These sections should be separated from each other by 2 line spacing. 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 and 6 nk intervals,
respectively, before and after the main headings. Between the chapter titles and the text, a
separate space should not be left other than the specified one.

e 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.

e 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 placed in the box of 16 cm
width.

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:
Amac: 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 maximum of 5 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 CONCLUSION
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 in the study. In studies for which Ethics Committee
approval is mandatory, the name of the institution for which the ethics committee approval
was obtained and the ethics committee approval number should be specified in the materials
and methods section. It should also be included in the materials and methods section of the
article that the protocols and procedures used are ethically reviewed and approved. For



detailed information, please visit http://journal.pharmacy.ankara.edu.tr/en/ethical-
principles-and-publication-policy/ web page.

RESULT AND DISCUSSION: This is the section where findings are given and
evaluated.
e The title of conclusions should not be included in the text.

ACKNOWLEDGMENTS: If any, the organization supporting the research and the
people who contributed can be acknowledged briefly in this section prior to the Authors'
Contribution.

AUTHOR CONTRIBUTIONS: Contribution of the authors in the article should be
written just before the conflict of interest notification, in accordance with the Copyright
Transfer Agreement signed by the authors. Please use the initials of the authors for this
notice instead of the full name and surname as in the example below.

Example:
AUTHOR CONTRIBUTIONS

Concept: .Y., MM.H., C.H., K.B.; Design: 1.Y., C.H., 1.0.G., O.U.; Control: C.H.,
10.G., MM.H., K.B.; Sources: O.U., ZK., K.B., MM.H., AK, LA, GAG., B.G., BK.
Materials: 1.0.G., B.E., G.A.G., B.K., D.C.P.; Data Collection and / or Processing: A.K.,
O.U, MK, A.S., D.C.P., T.C.S.T.; Analysis and / or Interpretation: O.U., B.G., T.C.S.T.,
E.K.S.; Literature Review: B.K., D.C.P, B.G., B.E.; Manuscript Writing: 4.K., 1A4. ,
T.C.S.T.; Critical Review: LY., B.G., O.U., I.A.; Other: Y., A.K.

CONFLICT OF INTEREST

If there is a conflict of interest, it should be clearly declared in what form it is. If not,
"The authors declare that there is no real, potential, or perceived conflict of interest for this
article.” They should use the expression.

ETHICS COMMITTEE APPROVAL

If the ethics committee approval is obtained before the sources at the end of the study,
the approval number must be specified from which institution and when it was obtained.

REFERENCES: Bibliography style is according to the American Psychological
Association (APA). Typeface "Times New Roman" and 11 font size, "1" spacing, justified.
In the text, it should be numbered in square brackets according to the order of appearance,
such as: [1,2,...] and listed according to these numbers at the end of the text. Reference
should not be given next to the subtitles. If it is necessary to provide a source in the table,
it should be specified as given in the text. References should be written in accordance with
the examples below, with 1 line space between them.

e For the article: Author's surname, the initials of the name (There should be a period
after the initial letter of each name of the author with more than one name, and there
should not be a space in between. There should not be “and” between the last author
and the previous author. The “&” symbol should not be used. The full title of the
article should be written as the name of the journal (italic), volume number (italic), if
available, the number (in brackets), the beginning and ending page number, the year
after the author names (in parentheses). If there is more than one author, all of them


about:blank
about:blank

should be written. While writing the name of the article, the first letter of the first word
should be capitalized and the first letter of the other words should be written in
lowercase. Journal names given in references should be written clearly without
abbreviation. Add the [CrossRef] sign at the end of each reference and enter the
DOI number as a hyperlink with the right click in the format below.
https://doi.org/10.1016/0006-2952(89)90403-6

Examples:

Moncada, S., Palmer, R.M.J., Higgs, E.A. (1989). Biosynthesis of nitric oxide from L-
arginine. A pathway for the regulation of cell function and
communication. Biochemistry and Pharmacology, 38(11), 1709 — 1715. [CrossRef]

Macedo, T., Ribeiro, V., Oliveira, A.P., Pereira, D.M., Fernandes, F., Gomes, N.G.M.,
Andrade, P.B. (2020). Anti-inflammatory properties of Xylopia aethiopica leaves:
Interference with pro-inflammatory cytokines in THP-1-derived macrophages and
flavonoid profiling. Journal of Ethnopharmacology, 248, 112312. [CrossRef]

Online articles:
Example:
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
ttp://www.bmj.com/cgi/content/full/317/7150/ Retrieved August 12, 2005

e Web sites:

Example:
Clinical Pharmacology Web site. (2001). Retrieved June 16, 2004, from
http://cpip.gsm.com/. Accessed date 14.03.2021.

Books: The surname of the author, the initials of the name, the name of the book, volume
number (if any), the bookstore, the city where it was published, the page number, the year it
was published (in parentheses) should be written.

Example:
Franke, R. (1984). Theoretical Drug Design Methods, Elsevier, Amsterdam, p.130.

Book chapters: Author's surname, initials of the name, the title of the section, the editor /
editors' surname, the initials of the name, the phrase (Ed./Eds.), The title of the book, if any,
the book house, the city where it was published, the page number, the year it was published
(in parentheses) should be written.

Example:
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.

For the thesis: The surname of the author, the initials of the name, the year should be written
(in parentheses) after the author's names and a full stop. After specifying the type of thesis,
the title of the thesis and where it was made should be written.

Example:
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.
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