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RESEARCH ARTICLE

Competency of Lyophilization and Spray Drying
Techniques to Improve the Solubility of Bosentan
Monohydrate: A Comparative Study

Safvan Ali CHEMBAN', Lakhvir KAUR™,

Gurjeet SINGH™,

Ravi Kumar DHAWAN™" Anureet KAUR™ and Lovepreet SINGH™

Competency of Lyophilization and Spray Drying Techniques
to Improve the Solubility of Bosentan Monohydrate: A
Comparative Study

SUMMARY

The present study focused on comparing the efficacy of two novel
techniques, lyophilization and spray drying, which were proposed
to overcome the solubility drawbacks of the highly effective
antibypertensive drug, bosentan monohydrate. Solid dispersion
approach is the most globally acknowledged and successful method for
improving solubility. Poloxamer 188 was used as the carrier to prepare
the solid dispersions. The results indicated that the particle size,
solubility, and dissolution profiles of formulated amorphous systems
varied significantly. Lyophilized solid dispersions demonstrated
the highest level of solubility in the prepared solid dispersions.
The solid dispersion formulations FL10 and FS10 prepared using
yophilization and spray drying techniques were optimized using
a 32 full factorial design approach. The resulting amorphous solid
dispersions were characterized using Fourier-transform infrared
spectroscopy (FTIR), particle size analysis, differential scanning
calorimetry (DSC), X-ray diffraction (XRD), scanning electron
microscopy (SEM), and transmission electron microscapy (TEM).
The optimized solid dispersion (FL10) prepared via lyophilization
had an average particle size of 450.9 nm in particle size analysis.
X-ray diffraction analyses of both FL10 and FS10 revealed a decrease
in peak intensity compared to the drug and polymer, indicating the
transformation of the crystalline form to amorphous. The outcomes of
this study allow us to conclude that even though lyophilization and
spray drying can be used to enhance solubility, lyophilization showed
superior results.

Key Words: Solid dispersion, lyophilization, spray drying, solubility

enhancement, hypertension

Bosentan  Monohidrann  Coziiniirliigiinii  Artirmak  igin
Liyofilizasyon ve Piiskiirtmeli Kurutma Tekniklerinin Yeterliligi:
Karsilastirmal: Bir Caligma

0z

Bu calyma, yiiksek etkili antibipertansif bir ilac olan bosentan
monohidratin ¢oziiniirliik sorunlarinin iistesinden gelebilmek icin 2
yeni teknik olan liyofilizasyon ve piiskiirterek kurutma tekniklerinin
etkileri tizerine odaklanmugstir. Kat: dispersiyon yaklasims, ¢oziiniirliik
arttirmak igin diinya ¢apinda en cok kabul goren bagardr bir
yontemdir. Poloxamer 188, kan dispersiyonlar: hazirlamak igin
tagwyic olarak kullanilmisar. Sonugclar gostermektedir ki formiile
edilmis amorf sistemlerin partikiil boyutu, ¢ozindirligii ve ¢oziinme
profilleri onemli olgiide degismistir. Liyofilize katr dispersiyonlar,
hazirlanan kati dispersiyonlarda en yiiksek coziiniirliik seviyesini
gostermigtir.  Liyofilizasyon ve  piiskiirterek  kurutma  teknikleri
kullanilarak hazirlanan katr dispersiyon formiilasyonlars FL10 ve
FS10, 32 tam faktiriyel tasarim yaklasimi kullanilarak optimize
edilmistir. Hazirlanan amorf kan dispersiyonlar Fourier-transform
kizilotesi  spekiroskopisi  (FTIR), partikiil =~ biiyiikligii ~ analizi,
diferansiyel taramaly  kalorimetri (DSC), X-isini  difraksiyonu
(XRD), taramals elektron mikroskobu (SEM) ve transmisyon elektron
mikroskobu (TEM) kullanilarak karakserize edilmistir. Liyofilize
edilmis optimum kati dispersiyonlarin (FL10) ortalama partikiil
biiyiikliigii 450.9 nm'dir. Hem FLIO hem de FS10un X-iimi
kirinim  analigleri, ilaca ve polimere kuyasla tepe yogunlugunda
bir azalma ortaya cikarmigtir ve bu, fkristalli formun amorfa
dondigiimiinii gostermetedir. Bu ¢aligmanin sonuglars, ¢oziiniirligii
arttirmak i¢in liyofilizasyon ve piiskiirterek kurutma kullanilabilse
de liyofilizasyonun daha iyi sonugclar gosterdigi sonucuna varmamiz:
saglar.

Anabhtar Kelimeler: Kat: dispersiyon, liyofilizasyon, piiskiirterek
kurutma, ¢oziiniirliigii artirma, hipertansiyon
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INTRODUCTION

Hypertension refers to persistently increased
blood pressure (BP) in the systemic arteries.
According to the Global Burden of Disease study,
non-optimal blood pressure continues to be the single
most significant risk factor contributing to the global
burden of disease and all-cause mortality, accounting
for 9.4 million deaths and 212 million lost healthy life
years (8.5% of the global total) each year (Forouzanfar,
2015). Worldwide, hypertension is the most prevalent
preventable risk factor for cardiovascular disease
(CVD), chronic kidney disease, and cognitive
impairment, and is the single leading cause of death
and disability of all reasons (Forouzanfar, 2015).

One type of hypertension that affects the lungs
and the heart is pulmonary arterial hypertension
(PAH), which falls

hypertension classification. PAH is defined as a

under the pulmonary
persistent elevation of pulmonary arterial pressure to
greater than 25 mm Hg at rest or greater than 30 mm
Hg during exercise, with a mean pulmonary capillary
wedge pressure and a left ventricular end-diastolic
pressure less than 15 mm Hg (Gaine, 1998). This differ
from having normal blood pressure. When the small
arteries in the lungs become narrowed or obstructed
in a patient with PAH, blood has a more challenging
time flowing through them, increasing the blood
pressure in the lungs (Farber, 2004). PAH is a well-
established multifactorial clinical condition that is
severe and occasionally fatal. Because endothelial
dysfunction, vasoconstriction, inflammatory
responses, and platelet aggregation are the primary
pathophysiological arms of PAH, specific therapeutic
techniques have been developed to suppress these
disorders. These therapies are highly effective at

treating the disease.

Bosentan Monohydrate (BM) is a dual endothelin
receptor antagonist that can be effectively used to
treat PAH by inhibiting the action of endothelin
molecules that cause blood vessel narrowing and
hypertension in the absence of endothelin molecules.
It improves patients” exercise capacity and slows the

rate of clinical deterioration. Patients with PAH have
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elevated endothelin levels in their plasma and lung
tissue, which is a potent vasoconstrictor (McLaughlin,
2006). BM prevents endothelin from binding to its
receptors, neutralizing its detrimental effects. It is
a water-insoluble compound having 50% absolute
bioavailability (Dingemanse, 2004). It possess several
limitations like insufficient absorption, fluctuating
bioavailability, and gastrointestinal toxicity due to
its water insolubility. As a result, increasing drug
solubility is vital for achieving the desired drug

concentration in the systemic circulation.

Solid dispersionisan effective technique toenhance
solubility and thus increases the bioavailability of
drugs. Reduced particle size, improved wettability,
and increased porosity are just a few of the advantages
of solid dispersion (Singh, 2011). Solid dispersions
can easily be formulated into tablets or capsules for
oral administration and ensure the stability of the
drugs even in amorphous form (Chiou, 1971). Solid
dispersions can be prepared by numerous techniques
like solvent evaporation method, fusion method,
melting method, kneading method, co-grinding
method, melt agglomeration and hot-melt extrusion,
etc. All the methods have been reported to enhance
the solubility of poorly water-soluble drugs. Still,
an attempt has been made in the present study to
compare the efficacy of lyophilization and spray
drying techniques.

MATERIALS AND METHODS

Bosentan monohydrate was purchased from
Pure Chem Pvt. Ltd., Gujarat. Poloxamer 188 was
purchased from Alfa Aesar, Massachusetts, United
States. Methanol was obtained from Qualikems Fine
Chem. Pvt. Ltd., Gujarat. Chloroform was purchased
from Merck Specialities Pvt. Ltd., New Delhi. All

other chemicals used were of analytical grade.
Solubility study

The solubility of BM in various solvents was
evaluated using the shake flask method. An excess of
the drug was added to screw-capped vials containing
10 ml of each solvent and then kept in a water bath
shaker at 37+1°C for 48 h. Then the saturated solutions
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were filtered through 0.45 pum sized membrane filters
and analyzed using a UV spectrophotometer (UV-
1800, Shimadzu Corporation, Kyoto, Japan) at 268
nm and resolution 0.2 nm (Patel, 2008). The method
was validated for linearity, accuracy, and precision.
The linearity range was found to be 5-40 ug/ml, with
a % RSD(Relative standard deviation) value less
than two, which indicates the method is precise. The
methods sensitivity was found by determining LOD
(lower limit of detection) and LOQ (lowest limit of
quantification). The LOD and LOQ values were 0.95
and 2.88 ug/ml, respectively.

Drug-excipient compatibility studies

While designing the solid dispersions, it is
imperative to consider the compatibility of drugs
and polymers used within the systems. It is therefore,
necessary to confirm that the drug does not show any
incompatibility with the polymer under experimental
conditions (40+5°C and 75+5% RH) for at least three
weeks. The desired quantity of drug with specified
excipient poloxamer 188 (P188) was taken in the ratio
of 1:5 and mixed thoroughly, sieved, and filled in dried
vials. The vials were examined daily at regular intervals
for discoloration, clump formation, and liquefaction.
Also, the FTIR spectra of pure drug, polymer, and
solid dispersion were obtained to determine the
compatibility. For FTIR, a sample of approximately 4
mg was kept in an FTIR spectrometer, and the spectra
were recorded (Maximiano, 2011).

Preparation of solid dispersion

Lyophilization (freeze-drying method)

Solid dispersions were prepared by the freeze-
drying method. BM was dissolved in a sufficient
quantity of methanol to form phase I. Similarly,
(P188) were dissolved separately in water to form
phase II, and both phases were mixed. Methanol
was evaporated and the resulted solution was frozen
in a quick/deep freezer at —20°C and was then
lyophilized in a freeze dryer (LyoQuest-55 Azbil
Telstar Technologies, Terrassa, Spain) at temperatures
of —30°C to —40°C and a vacuum of 0.200 mbar. The

freeze-dried mass was then sieved through sieve no.
86 and stored in a desiccator (Betageri, 1995; Abdul-
Fattah, 2002).

Spray drying method

Solid dispersions were also prepared by the spray
drying method. BM was dissolved in a sufficient
quantity of methanol to form phase I. Similarly,
P188 was dissolved separately in water to form phase
I1, and both phases were mixed and sonicated for 2
minutes. The resultant solutions are then spray-dried
using a spray dryer (Spray Mate Lab Spray Dryer, JISL,
Mumbai, India) at inlet temperatures of 90°C to 110°C
with an outlet temperature of 80°C at a feed rate of 10
ml/min and aspiration speed of 35 mbar. The spray-
dried mass was then sieved through sieve no. 86 and
stored in a desiccator (Paradkar, 2004; Ha, 2014).

Characterization of solid dispersion formulation

The drug content of all the prepared solid
dispersions was determined by dissolving solid
dispersions equivalent to 10 mg of BM according to
their ratio prepared in methanol. It was then diluted
to obtain a theoretical concentration of 10 ug/ml. The
solution was then filtered through membrane filters
and analyzed with a UV spectrophotometer. Then the
percentage vield of each formulation was determined
according to the final weight of solid dispersions.

. Practical weight of solid dispersion
Percentage yield = - - —— — % 100
Theoretical weight of solid dispersion

Solubility

formulations

of prepared solid dispersion

The solubility of solid dispersion in distilled
water was evaluated. Excess of the solid dispersions
was added to screw-capped vials containing 10 ml of
distilled water and then kept on a water bath shaker
at 37+1°C for 48 h. Then the saturated solutions were
filtered through 0.45 pm sized membrane filters and

analyzed using a UV spectrophotometer.
In vitro drug release study

In vitro drug release of prepared solid dispersions
and the pure drug was performed in triplicate using a
dissolution apparatus (DS 8000, Labindia Analytical
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Instruments Pvt. Ltd., Navi Mumbai, India) in PBS
pH 6.8 at 37+0.5°C using USP type II apparatus at
100 rpm. Powdered solid dispersions equivalent to
62.5mg of BM were added to the dissolution medium.
At appropriate time intervals, 5 ml of the sample was
withdrawn and replaced with a fresh dissolution
The

withdrawn samples were filtered using a membrane

medium to maintain the sink conditions.

filter and analyzed for drug content using a UV
spectrophotometer. The dissolution efficiency (DE%)
after 120 min was determined via the trapezoidal
method and was calculated as the percentage area of a
rectangle divided by the area of 100% dissolution at a
particular time (Potluri, 2011; Krupa, 2017).

Experimental design of solid dispersions

Optimization of the lyophilization process and
spray drying process

A 37 full factorial design (Design-Expert version
11; State Ease Inc., USA) was used to determine the
optimized formulation to target percentage yield and
highest percentage dissolution efficiency in the case of
lyophilized and spray-dried solid dispersions. In this
design, two factors were evaluated, each at three levels
and experimental trials were performed at all nine
possible combinations. For the lyophilization process,
the drug to polymer ratio (X) and temperature (X,)
was considered as independent variables, whereas,
DE , % and Yield% were taken as dependent variables.
In the case of the spray drying process, the drug to
polymer ratio (X,) and inlet temperature (X)) were
considered as independent variables, whereas, the
DE , % and Yield% were taken as dependent variables.
In both cases, a checkpoint batch was prepared to
prove the validity of the evolved mathematical model.
In addition, contour plots were used to graphically
represent the effect of independent variables (Singh,
2017).

The desirability of all solid dispersions using

optimization software

A numerical optimization technique utilizing the

desirability functions approach was used to generate
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the optimum settings for the process conditions
of both preparation methods of solid dispersions.
All response variables were optimized using the
desirability functions approach with the Design-
expert software version 11. The solid dispersion having
the maximum desirability value was considered as the

optimal formulation.

Characterization of optimized formulations

using different techniques
IR spectral analysis

The chemical interactions and compatibility of BM,
P188, and optimized formulations were determined
using FTIR analysis. The samples were mixed with 80
mg of dry potassium bromide (KBr), and the mixture
was compressed into discs. Later, the discs were

scanned in the wavelength of 4000-500 cm™.
Particle size and size distribution analysis

The particle size of the optimized solid dispersions
was determined using a particle size analyzer
(Malvern Zetasizer Nano ZS90, United Kindom). The
samples were suspended in triple distilled water and
subjected to particle size analysis. This method also
depicted the polydispersity index, which is a measure

of uniformity in size distribution.
Differential scanning calorimetry (DSC)

DSC analysis was performed using an automatic
differential scanning calorimeter (DSC822e, Mettler
Toledo, Ohio, United States). Each sample of 3 mg was
weighed and analyzed in pierced aluminum pans at a
heating rate of 10°C/min and temperature range of 10
to 300°C.

X-ray diffraction (XRD)

The crystalline nature of the drug can be confirmed
using an X-ray diffractometer (D/max r-B, Rigaku,
Japan). XRD analysis of drug, polymer, and solid
dispersions was performed using Cu-Ka radiation at
an of angle 26 range from 5° to 80° with a step size of
0.02°, a step time of 18.7 min, and a scanning speed

of 5°/min.
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Scanning electron microscopy (SEM)

A scanning electron microscope (SUPRA-55;
Zeiss, Germany) was used to examine the morphology
of pure drug, polymer, and prepared solid dispersions
at an accelerating voltage of 10 kV and an aperture of
20 pm. The sample powder was mounted on a brass
stub with graphite glue and then slathered with gold

under vacuum before being viewed under SEM.
Transmission electron microscopy (TEM)

The morphology (particle shape and size) of the
optimized solid dispersion was determined using
TEM. The solid dispersion was dispersed in triple
distilled water. A drop was placed on a carbon-coated
copper grid and dried before being examined under
a transmission electron microscope (HRTEM, JEM
2100, JEOL Ltd., Tokyo, Japan), which was operated at
a 200 kV accelerating voltage and a beam current of
100 pa (Ricarte, 2015).

Stability study of optimized solid dispersion

During the preparation of solid dispersions,
the drug undergoes a transition from crystalline
form to amorphous form. But during storage, they
are widely reported to recrystallize. So, accelerated
stability studies were conducted. The optimized solid
dispersions were stored at room temperature for 3
months. The dispersions were analyzed for changes in
physical appearance and drug content after a period
of 0, 30, 45, 60, and 90 days. After a storage period of
3 months, X-ray diffraction and particle size studies
were conducted to determine any changes in particle

size and crystallinity.
Statistical analysis

The data is provided as the mean and standard

deviation of three sets of results. Analysis of variance

(ANOVA)wasused to examine the statistical difference
between solubility and dissolution efficiency, followed
by Tukey’s test (Sigma stat 3.5; STATCON). At the 0.05
level of probability, significance was determined. A 32
full-factorial design (Design-Expert version 11; State
Ease Inc., USA) was used to investigate the influence
of formulation variables on the optimization process

to obtain the desired formulation.
RESULTS AND DISCUSSION
Solubility profiles
The solubility of the BM in a variety of solvents

was determined, including distilled water, methanol,
phosphate buffer 6.8, and phosphate buffer 1.2. The
lowest solubility of the BM was found to be 10.19+0.3
pg/ml in distilled water, while the highest solubility
was found to be 3090.7+15.6 pg/ml in methanol.
The solubility of the BM in phosphate buffer 6.8 and
phosphate buffer 1.2 was found to be 48.1+2.1 and
10.54+0.5, respectively. The results show that the
drug is completely soluble in methanol, insoluble in
water, and shows pH-dependent solubility as reported
(Krupa, 2017).

Drug-excipient compatibility studies

In the drug-excipient compatibility study, the
desired quantity of drug with excipients was kept
under observation for three weeks for any physical
changes. There were no physical changes for three
weeks. As shown in Figure 1, FTIR confirmed that
characteristic peaks of BM and P188 seem to be
preserved in prepared solid dispersion, which proves
that there was no chemical interaction between the

drug and the excipient.
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Figure 1. FTIR of bosentan monohydrate, poloxamer 188, and bosentan monohydrate-poloxamer 188

BM: Bosentan monohydrate, P188: Poloxamer 188

Preparation of solid dispersions

The solid dispersions were prepared by using
lyophilization and spray drying methods. Lyophilized
solid dispersions were prepared at the drug to
polymer ratios of 1:1, 1:2, and 1:3 and at temperatures
of -30°C, -35°C, and -40°C. Whereas, spray-dried
solid dispersions were prepared with the drug to
polymer ratios of 1:1, 1:2, and 1:3 at 90°C, 100°C, and
110°C inlet temperatures. Nine formulations using

each technique were prepared where lyophilized
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solid dispersions were coded as FL1, FL2,..FL9 and
similarly spray-dried solid dispersions were coded as
FS1, FS2,..FS9. Compositions of all solid dispersions

are shown in Table 3.

Then the percentage yield (Yield %) and
percentage drug content (DC %) of each formulation
were determined. As shown in Table 3, it was found
that as the amount of polymer increased, the Yield
% decreased. It might be due to the sticky nature of
P188. Solid dispersion formulations prepared by
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using lyophilization have shown a higher Yield %
than the solid dispersion formulation prepared by the
spray drying method. All formulations have shown an
average DC % of 95% regardless of their Yield %.

The solubility of all solid dispersions prepared
using lyophilization and spray drying was evaluated in
distilled water. As depicted in Table 1, both methods

demonstrated a significant increase in solubility as

the amount of polymer increased. However, there
was no significant increase in solubility after the drug
to polymer ratio 1:2 in either method. When the
preparation methods were compared, lyophilization
outperformed spray dryingatthe same drugto polymer
ratios. This may be because the lyophilization process
produces a porous and fluffy product, increasing the
surface area and thus the surface free energy, resulting

in increased solubility (Betageri, 1995).

Table 1. Composition and characterization of prepared solid dispersions of bosentan monohydrate

Composition Characterization
Formulation Drug: :I‘emperature/ ‘ Satlfr.ation
code Polymer ratio inlet tempera- %Yield %DC solubility (ng/ %DE ,,
ture (°C) ml)
Bosentan monohydrate (Pure Drug)
BM - - - - 10.19+0.3
Lyophilization
FL1 1:1 -30 93.7£1.8 98.1+1.9 213£1.9 19.5£1.03
FL2 1:1 -35 94.6+1.3 97.1£1.0 219+2.35 23.9+1.07
FL3 1:1 -40 93.1+0.8 99.0+1.5 222+1.26 26.62+0.80
FL3 1:2 -30 88.3+0.4 96.8+1.4 308+2.73 41.36£1.99
FL4 1:2 -35 87.1+1.1 99.0+1.4 310+4.28 43.72£1.55
FL5 1:2 -40 86.1+0.6 99.4+1.9 313£2.82 46.9+0.55
FL6 1:3 -30 79.2+1.1 97.3+1.6 326+4.16 38.43+0.46
FL8 1:3 -35 78.1£1.6 98.5£0.9 327+3.47 40.64+1.48
FL9 1:3 -40 77.6£0.9 97.9£1.1 329+2.62 43.94+1.97
Spray drying method

FS1 1:1 90 74.2+0.8 97.2+1.3 195+2.76 21.85+0.39
FS2 1:1 100 73.3+1.1 94.9+1.8 201+1.22 23.8+0.64
ES3 1:1 110 74.9£0.6 95.7+1.9 205+1.76 25.86+1.68
ES3 1:2 90 61.3+1.5 98.5+1.1 296+4.16 38.63+1.46
FS4 1:2 100 63.4+0.9 98.2+1.4 302+2.89 40.61+1.18
FS5 1:2 110 62.2+1.0 97.1%£1.5 308+3.01 41.75+0.94
FS6 1:3 90 60.5+0.2 96.3+1.2 322+3.98 38.2%1.12
FS8 1:3 100 59.3+1.8 96.1+1.1 326+3.56 38.71+1.58
FS9 1:3 110 58.4+0.9 95.4+1.1 328+3.15 39.53+0.89

Data are expressed as mean +SD (n=3); Yield %: Percentage yield, DC %: percentage drug content, DE , %:

Dissolution efficiency after 120 min
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In vitro dissolution studies

In the case of BM, it showed a percentage
cumulative drug release of 15.30%, whereas all solid
dispersions showed an extended drug release rate over
the period of 120 min. In the case of lyophilized solid
dispersions, it showed percentage cumulative drug
release ranging from 24.31% to 54.34%, whereas, in the
case of spray-dried solid dispersions, they have shown
the percentage cumulative drug release ranging from
25.13% to 44.88%, as shown in Figure 2. Over a period
of 120 min, neither pure drug nor solid dispersions
have shown a 100% cumulative drug release. In all

solid dispersions, as the amount of polymer increased,

the DE , % also increased as shown in Table 3. When
we compared the solid dispersions, the lyophilized
solid dispersions have shown an increased DE %
compared to the spray-dried solid dispersions at the
same drug to polymer ratios. This increase in the
dissolution rate can be attributed to an increase in
solubility, which was found to be better in the case
of spray-dried solid dispersions. To deep root these
findings, the formulations were further optimized and
tested for other parameters like particle size analysis,
differential scanning calorimetry (DSC), X-ray
diffraction (XRD), scanning electron microscopy
(SEM), and transmission electron microscopy (TEM)
(Dangre, 2017).
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Figure 2. Graphical representation of dissolution release profile of pure bosentan monohydrate and solid
dispersions prepared by (A) lyophilization and (B) spray drying
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Experimental design of solid dispersions
Optimization of the lyophilization method

A 37 full factorial design approach was used
to determine the optimized formulation having
maximum Yield % and maximum DE % by using
design expert software (Design-Expert 11). Drug to
polymer ratio (X,) and temperature (X,) were taken
as two independent variables. A statistical model
incorporating both interactive and polynomial
terms was used to estimate the response by using the

equation.
Y=b,+bX +bX +b
Y is the dependent variable (Y, = Yield % and Y,

X X

12771772

+b X +b2X?

= DE_, %), b, is the arithmetic mean response of all 9
runs, b and b, are estimated coefficients for X and X,
respectively. Here X and X, provide the average result
on varying a single factor at one time, whereas X X is
the interaction term that illustrates how the response
changes when 2 factors are changed simultaneously.
Both polynomial termsi.e., (X,)*and (X,)*are included

in determining nonlinearity.

The blueprint and results of lyophilized solid
dispersions are shown in Table 2. There was a
significant difference in Yield% (94.6£1.3% to
77.6+£0.9%) and DE | % (19.5£1.03% and 46.9+0.55%)
in all the prepared formulations.

120

Table 2. Blueprint of 3*full factorial design (lyophilized solid dispersions)

Variable levels in coded
Formulation code form Yield% DE, %
X, X,
FL1 -1 -1 93.7+1.8 19.5%£1.03
FL2 -1 0 94.6+1.3 23.9+1.07
FL3 -1 1 93.1+0.8 26.62%0.80
FL4 0 -1 88.3+0.4 41.36+1.99
FL5 0 0 87.1+1.1 43.72+1.55
FL6 0 1 86.1+£0.6 46.9+0.55
FL7 1 -1 79.2+1.1 38.43+0.46
FL8 1 0 78.1£1.6 40.64+1.48
FL9 1 1 77.6+£0.9 43.94+1.97
TCP (check point) 0.19 1.0 90.8+0.9 43.2+0.61
Coded values .Actual values
X, (Ratio) X, (Temp.)
-1 1:1 -30°C
0 1:2 -35°C
1:3 -40°C

Data are expressed as mean +SD (n=3); Yield%: Percentage yield, DE,, %: Dissolution efficiency after 120 min

Table 3. Regression analysis data of lyophilized
solid dispersions

Yield% DE , %
Response

FM RM FM RM
b, 92.40 91.97 43.97 36.11
b, -4.25 -4.25 8.83 8.83
b, -0.23 -0.23 3.03 3.03
b, -0.25 -11.82
b, -0.40 0.03
b, 0.25 -0.40

Yield%: Percentage yield, DE  %: Dissolution
efficiency after 120 min, FM: Full model, RM:
Reduced model

It is depicted from Table 2 that both the chosen
independent variable have a significant effect on
Yield% and DE,, %. The fitted equation (full and
reduced model) relating different responses, Yield%,
and DE , % to the transforming factor is revealed in
Table 3.

The polynomial equations can be utilized to draw
conclusions from the magnitude of coefficient and
positive or negative sign. The results of the ANOVA
as depicted in Table 4 were executed to identify the
insignificant factors. The value of correlation was near
1 for both Yield% and DE , %, thereby indicating a
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good fit for all the dependent variables. Among both
dependent variables, regression analysis suggests that

b
in predicting Yield% and DE,, %. Hence these terms

coeflicients b and b , (P=0.05) were insignificant

11’ 722’

were omitted from the full model to generate the

reduced model.

Both coefficients b, and b, bear a negative sign as
shown in multiple linear regression analysis (reduced
model), which indicates that upon increasing the drug
to polymer ratio or temperature, Yield% decreases.
On the contrary, the increase in drug to polymer
ratios and the temperature increased the DE , % as

the coefficients b, and b, bear positive signs.

Table 4. Analysis of variance of the full model and the reduced model for the dependent variables in the case
of lyophilized solid dispersions of bosentan monohydrate

For Yield%
Full model
df SS MS f R?
Regression 5 109.40 21.88 33.43 0.9824
Residual 3 1.96 0.65
Reduce model
Regression 2 108.70 54.35 122.67 0.9761
Residual 6 2.66 0.44
Full model For DE,,,%
df SS MS f R?
Regression 5 803.17 160.63 492.87 0.9988
Residual 3 0.977 0.032
Reduce model
Regression 2 523.01 261.51 5.58 0.9504
Residual 6 281.13 46.86

df: Degree of freedom, SS: Sum of squares, MS: Mean of squares, f: Fischer’s ratio, R: Regression coefficient

Optimization of formulation variables of

lyophilization method

The optimization of lyophilized solid dispersions’
components (Drug to polymer ratio and temperature)
was done to target the Yield% and DE, % of 93% and
45%, respectively. The optimized amount determined
with the help of software is depicted in surface
response curves as shown in Figure 3. A checkpoint
batch (TCP) was prepared at X, = 0.19 level and X, =
1.0 level at which Yield% and DE,, % were 90.8+0.9
and 43.2+0.61, respectively. The optimized batch
(TCP) depicted the expected results. The desirability
of the optimized batch was 0.914727.

From the optimization conducted, it has displayed
the optimized data in a coding form. The coded
responses to X, and X, from the input data in the 3
full factorial design were 0.19 and 1.0, respectively.
The responses were decoded and were found to be
1:2.2 and -40, i.e., for maximum %Yield and %DE ,,
the drug: polymer ratio and the temperature of the
lyophilization method should be 1:2.2 and -40°C,
respectively. To evaluate the prediction capability of
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the models and to verify the optimization process,
lyophilized solid dispersions were prepared based on
optimal process variable settings.

Optimization of the spray drying process

Using design expert software (Design Expert 11),
a 3? full factorial design approach was used to find
the optimal formulation with maximum Yield% and
DE , %. Two independent variables were used and
they are drug: polymer ratio and inlet temperature. A
statistical model incorporating both interactive and
polynomial terms was used to estimate the response
by using the equation.

Y=b,+bX +bX +b XX +b>X?+b>X?

Y is the dependent variable (Y, = Yield% and Y,
= DE , %), b, is the arithmetic mean response of all 9
runs, b, and b, are estimated coefficients for X, and X,,
respectively. Here X, and X, provide the average result
on varying a single factor at one time, whereas X X is
the interaction term that illustrates how the response
changes when 2 factors are changed simultaneously.
To determine nonlinearity, both polynomial terms
(X,)*and (X,)* are used.
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Figure 3. Response surface plots of (A) percentage yield, (B) percentage dissolution efficiency, and all

response surface plots of (C) lyophilized solid dispersions using optimization software

The blueprint and results of spray-dried solid DE % (21.85+£0.39% and 39.53+0.80%) in all the

dispersionsareshownin Table 5. There wasasignificant
difference in Yield% (74.2+0.8% to 58.4+0.9%) and

prepared formulations.
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Table 5. Blueprint of 32full factorial design (spray-dried solid dispersions)

Variable levels in coded
Formulation code form Yield% DE,, %
X, X,
FS1 -1 -1 74.2+0.8 21.85+0.39
ES2 -1 0 73.3+1.1 23.840.64
FS3 -1 1 74.9+0.6 25.86+1.68
FS4 0 -1 61.3+1.5 38.63+1.46
ES5 0 0 63.4+0.9 40.61+1.18
ES6 0 1 62.2+1.0 41.75+0.94
FS7 1 -1 60.5+£0.2 38.2+1.12
FS8 1 0 59.3+1.8 38.71+1.58
FS9 1 1 58.4+£0.9 39.53+0.80
TCP (check point) 0.29 0.99 68.4+0.7 40.210.5
Actual values
Coded values X, (Ratio) Tii; g;llet
-1 1:1 90°C
0 1:2 100°C
1 1:3 110°C

Data are expressed as mean +SD (n=3); Yield%: Percentage yield, DE,, %: Dissolution efficiency after 120 min.

It is portrayed clearly from Table 5 that both
the chosen independent variables have a significant
effect on Yield% and DE , %. Table 6 shows the fitted

equation (full and reduced model) relating various
responses, Yield %, and DE,, % to the transforming

factor.

Table 6. Regression analysis data of spray-dried solid dispersions

Yield% DE %

Response — M - M
b, 68.51 69.69 40.38 34.33
b, -5.70 -5.70 7.49 7.49
b, -0.46 -0.46 1.41 1.41
b, 0.23 -9.00
b, 1.53 -0.07
b, 0.30 -0.67

Yield%: Percentage yield, DE, %: Dissolution efficiency after 120 min, FM: Full model, RM: Reduced model

The polynomial equations can derive conclusions
based on the coefficient magnitude and positive or
negative sign. ANOVA results, as shown in Table
7, were used to identify insignificant factors. The
correlation value was close to one for both Yield%
and DE , %, indicating a good fit for all dependent
variables. Regression analysis showed that coefficients
b, b,, and b, (P>0.05) were insignificant in

predicting Yield% and DE,, % among both dependent

variables. As a result, these terms were omitted from
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the full model to generate the reduced model.

Both coefficients b, and b, bear a negative sign as
shown in multiple linear regression analysis (reduced
model), which indicates that upon increasing the
drug: polymer ratio or inlet temperature, Yield%
decreases. On the contrary, the increase in drug to
polymer ratios and inlet temperature increased the

DE , % as the coefficients b, and b, bear positive signs.
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Table 7. ANOVA results of the full model and the reduced model for the dependent variables in the case of
spray-dried solid dispersion of bosentan monohydrate

For Yield%
Full model
df SS MS f R?
Regression 5 201.42 40.28 18.28 0.9882
Residual 3 6.61 2.20
Reduce model
Regression 2 196.25 98.12 49.97 0.9434
Residual 6 11.78 1.96
Full model For DB, %
df SS MS f R?
Regression 5 512.36 102.47 1590.10 0.9996
Residual 3 0.19 0.06
Reduce model
Regression 2 348.38 174.19 6.37 0.9797
Residual 6 164.18 27.36

df: Degree of freedom, SS: Sum of squares, MS: Mean of squares, f: Fischer’s ratio, R: Regression coefficient

Optimization of formulation variables of spray depicted in surface response curves as shown in
drying method Figure 4. A checkpoint batch (TCP) was prepared at
The optimization of spray-dried solid dispersions X, = 0.29 level and X, = 0.9 level at which Yield% and
components (drug to polymer ratio and inlet DE;% was 68.4+0.7 and 40.2+0.5, respectively. The
temperature) was done to target the Yield% and optimized batch (TCP) depicted the expected results.
DE, % of 70% and 41%, respectively. The optimized The desirability of the optimized batch was 0.917003.

amount determined with the help of software is
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Figure 4. Response surface plots of (A) percentage yield, (B) percentage dissolution efficiency, and all
response surface plots of (C) spray-dried solid dispersions using optimization software
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From the optimization conducted, it has shown
optimized data in a coding form. Based on the input
data, it showed a 0.29 and 0.99 coded response to X,
and X, in the 3° full factorial design. The responses were
decoded and found to be 1:2.3 and 109.9, respectively.
he
drug: polymer ratio and spray drier inlet temperature
should be 1:2.3 and 109.9°C, respectively. To evaluate

In other words, for maximum %Yield and %DE ,, t

the prediction capability of the models and to verify
the optimization process, spray-dried solid dispersions
were prepared based on optimal process variable
settings.

Characterization of optimized formulations

IR spectral analysis

Initially, the FTIR spectrum of a drug can be used
to determine the functional groups in that compound.

As shown in Figure 5, FTIR spectra of pure bosentan
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cm™ for C-H stretch aliphatic, 1577.83 c¢cm™ for
N-H bend, 1341.95 cm™* for S=O, and 1170.85 cm™
for sulfonamide. The FTIR spectra of formulations
showed a slight shift in the peaks 2883 cm™ and
2880 cm™! (C-H stretch aliphatic) for FL10 and FS10,
respectively, without any other significant changes.
This could be due to possible intermolecular hydrogen
bonding in the formulations (Dangre, 2017). The
IR spectrum of poloxamer 188 is characterized by
principal absorption peaks at 2885.13 cm™ (C-H
stretch aliphatic), 1342.56 cm™ (in-plane O-H bend),
and 1108.31 cm™ (C-O stretch). Characteristic peaks
of bosentan monohydrate and poloxamer 188 seemed
to be preserved in the prepared solid dispersion,
which proved that there was no chemical interaction

between the drug and the excipient.
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Figure 5. FTIR spectral analysis of bosentan monohydrate (BM), poloxamer 188 (P188), and optimized
formulations FL10 and FS10
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Particle size and size distribution analysis

The particle size of the optimized solid dispersions
was determined using a particle size analyzer. The
samples were dissolved in triple distilled water and
subjected to particle size analysis. This method also

depicts the polydispersity index (PDI), which is a

measure of uniformity in size distribution. As shown
in Figure 6, the average particle size and the PDI of
FL10 were 450.9 nm and 0.401, respectively. And in
the case of the FS10, the average particle size and the
PDI were found to be 550.8 nm and 0.590, respectively.

Result quality : Refer to quality report

Size (d.nm): % Intensity: St Dev (d.n...
Z-Average (d.nm): 4509 Peak 1: 230.5 94.2 15.88
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Figure 6. Particle size and size distribution of solid dispersions (A) FL10 and (B) FS10

143



Chemban, Kaur, Singh, Dhawan, Kaur, Singh

Differential scanning calorimetry (DSC)

DSC curves of pure drug, P188, and prepared
solid dispersions (FL10 and FS10) with P188 are
shown in Figure 7. For pure BM, a sharp endothermic
peak is observed at 128.64°C, characterizing the
melting point of BM, which indicates that the pure
drug was in crystalline form. P188 showed a melting
endothermic peak at 58.07°C. Upon the formation
of solid dispersions of drug with P188, there was
a disappearance of the drug melting endotherm

in the solid dispersions, which could be due to the

amorphous form of BM in the solid dispersions. But in
both solid dispersions, the sharp peak corresponding
to polymer remained and was at a slightly lower
temperature than that of pure P188 (58.07°C). It might
be due to the reason that drug molecules get dispersed
in the P188 matrix of the solid dispersions and the
thermal property was changed, or it might be due to
the formation of eutectic mixtures in solid dispersions
leading to the depression of melting point (Zhai,
2017). Further, to deep root these findings, XRD of

pure drug and its solid dispersions was carried out.
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Figure 7. DSC of bosentan monohydrate (BM), poloxamer 188 (P188), and optimized solid dispersions
prepared with poloxamer 188 by lyophilization and spray drying methods (FL10 and FS10)
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X-ray diffraction (XRD)

X-ray diffraction patterns were used to confirm the
crystalline nature of the drug. As shown in Figure 8,
pure BM exhibited distinct sharp peaksat 26 diffraction
angles of 18.42° 9.1°, 22.5°, and 16.48°, which were
intense and displayed sharp intensities of 7535, 4153,
4090, and 3495, respectively, indicating its crystalline
nature. In comparison, P188 showed sharp crystalline
peaks at 23.18° and 19°. Both solid dispersions
prepared with P188 exhibited the disappearance of
some high-intensity drug peaks and a reduction in

the intensity of polymer peaks. Compared to FSI10,

the lyophilized FL10 solid dispersion showed low-
intensity peaks of corresponding drug and polymer.
Hence, there was a reduction in crystallinity in both
solid dispersions prepared using both methods. The
disappearance or decrease in intensity of the peaks
at the same diffraction angles in solid dispersions
prepared with P188 indicates that BM may have
undergone a transition from crystalline to amorphous
form or crystallinity was reduced. Moreover, the
high-intensity peaks of P188 indicating its crystalline
nature also got diminished.
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Figure 8. XRD of bosentan monohydrate (BM), poloxamer 188 (P188), and optimized solid dispersions
prepared with poloxamer 188 by lyophilization and spray drying methods (FL10 and FS10)
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Scanning electron microscopy (SEM)

The SEM photomicrographs of pure BM, P188,
and optimized solid dispersions prepared using
lyophilization and spray drying methods (FL10 and
ES10) are shown in Figure 9. The pure drug appeared
as crystals, whereas P188 and solid dispersions

revealed amorphous particles. Solid dispersion
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188km W13
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prepared with P188 using lyophilization technique
(FL10) showed the formation of a porous and flufty
product that increases the surface area and in turn,
the surface free energy, resulting in higher solubility
and dissolution. For further analysis of FL10 and to
confirm its amorphous state, it was subjected to SEM

analysis at higher magnification as shown in Figure 10.

alag 1Ky

UAC R
il -1

Figure 9. SEM of (A) pure bosentan monohydrate, (B) poloxamer 188, (C) solid dispersion FL10, and (D)
solid dispersion FS10
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Figure 10. SEM of optimized solid dispersion formulation FL10 in magnifications of (A) 250x and (B)
1500x

Transmission electron microscopy (TEM)

As FL10 showed improved properties in previous
tests, A TEM of FL10 was carried out to further
determine its particle shape and particle size. As
shown in Figure 11, the particle size of optimized
solid dispersion FL10 prepared with P188 was found
to be 505.68 nm. The reduced particle size of solid
dispersion FL10 confirms why lyophilized solid
dispersions were showed improved solubility and
dissolution rate as compared to the solid dispersion
prepared using the spray drying method. Additionally,
FL10 demonstrated an acceptable shape, indicating

that it may exhibit good flow properties.

Figure 11. TEM of solid dispersion formulation

FL10 prepared with poloxamer 188

Stability study of optimized solid dispersion

An accelerated stability study of optimized solid
dispersion FL10 at room temperature was conducted
for 3 months and any physical changes were analyzed.
The results of stability studies of optimized solid
dispersions of BM are shown in Table 8. There were
no changes observed in the physical appearance of
the solid dispersions during the storage period of 3
months. The drug content also showed no significant
difference. Two characterization studies, i.e., XRD and
particle size analysis were conducted to determine
any change in the amorphous nature of prepared
dispersions during storage. In the case of XRD studies
of optimized dispersion, no sharp endothermic
peaks were observed and the high-intensity peaks of
the corresponding drug were absent. No significant
changes were observed in both analyses up to 3

months of storage.
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Table 8. Stability study of optimized solid dispersion FL10

Days
Formulation oo
Characterization
code
0 30 45 60 90
Physical
No change No change No change No change No change
appearance
%DC 98.9 +1.1 97.8 1.3 97.08 +2.4 96.89 +1.3 96.51 +1.6
No significant
FL10 XRD changes in the
intensity of peaks
No significant
Particle size analysis change in particle
size

Data are expressed as mean +SD (n=3); %DC: Percentage drug content, XRD: X-ray diffraction.

CONCLUSION

Solid dispersions of bosentan monohydrate
were prepared to enhance its aqueous solubility
and determine the effect of using lyophilization or
spray drying method on solubility enhancement.
Solid dispersions were prepared by using poloxamer
188 as the carrier. It was found that the particle size
and solubility of the dispersions were significantly
affected by the type of method used. According to the
analytical study results, the lyophilization technique
was more effective at preparing solid dispersions. The
optimized solid dispersion prepared with poloxamer
188 by the lyophilization technique (FL10) showed
a smaller particle size and was subjected to different
characterization studies. The findings of this study
substantiate the notion that solid dispersion reduces
the particle size and crystallinity of a drug while
increasing its aqueous solubility. The study also
demonstrates that the lyophilization technique is
better as compared to spray drying due to improved
solubility, dissolution, reduced particle size, a
significant reduction in crystallinity as indicated by
XRD and formation of more amorphous product as
indicated by SEM. Hence, it can be concluded that
lyophilization technique shows superior results as
compared to spray drying in the preparation of solid
dispersions.
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Potential Use of Breadfruit (Artocarpus altilis) Leaf

Extract to Recover Hepatic and Renal Damage in
Alloxan-Induced Diabetic Rats
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Potential Use of Breadfruit (Artocarpus altilis) Leaf Extract
to Recover Hepatic and Renal Damage in Alloxan-Induced
Diabetic Rats

SUMMARY

The antihyperglycemic effect of breadfruit leaf (Artocarpus altilis)
extract has been demonstrated in a preclinical study using an alloxan-
induced diabetic model. This study aimed to examine whether
breadfiuit leaf extract also ameliorated liver and kidney injury in
alloxan-induced diabetic rats. Male Wistar rats (n=35) were used
in the study. All other animals except control group (group I, n=5)
were injected with alloxan (155 mglkg body weight). After 3 days,
the hyperglycemic rats with blood glucose >200 mgld] were divided
into 4 treatment groups: placebo (alloxan group), Breadfruit Leaf
(BL) extract 100 mglkg, BL extract 200 mglkg, and BL extract 400
mglkg. Treatments were administered daily for 14 days, and blood
samples were drawn at baseline, after alloxan injection, and following
treatments to obtain serum glutamic pyruvic transaminase (SGPT)
and creatinine levels. Alloxan was found to cause a significant
increase in rat blood glucose, SGPT, and creatinine levels three days
post alloxan injection (P<0.01). After treatment, rats that received
200 mglkg and 400 mg/kg BL extracts had significantly lower SGPT
levels compared to those treated with placebo alone (P<0.05). Liver
histological damage was also significantly alleviated, especially with
the 400 mglkg dose of BL extract. Although serum creatinine level
was restored, alloxan-induced tubular degeneration in renal tissue
was still evident. In conclusion, BL extract at a dose of 400 mg/
kg improved alloxan-induced liver dysfunction and tissue damage
but was less effective ar alleviating kidney damage. This result may
support the use of breadfiuit leaf extract as herbal drug with a
hepatoprotective effect.

Key Words: Breadfruit leaf, Artocarpus altilis, diabetic rats, alloxan,
liver damage, kidney damage

Alloxan Nedenli Diyabetik Sicanlarda Hepatik ve Renal Hasart
lyilestirmek Igin Ekmek Meyvesi (Artocarpus altilis) Yaprak
Ekstresinin Potansiyel Kullanim:

0z

Ekmek — meyvesi  yapragi  (Artocarpus  altilis)  ckstresinin
antihiperglisemik etkisi, alloksan nedenli diyabet modeli kullanilarak
yapilan in vivo bir ¢aligmada gosterilmistir. Bu ¢alisma, ekmek meyvesi
yaprak ekstresinin, alloksan nedenli diyabetik sicanlarda karaciger ve
bibreke hasarins iyilestirip iyilestirmedigini incelemeyi amaglamagtir.
Calismada erkek Wistar sicanlars (n=35) kullanilmistrr. Kontrol
grubu (grup I, n=5) disindaki tiim diger hayvanlara alloksan (155
mglkg viicut agirligy) enjekte edilmistiv. Ug giin sonra, kan sekeri
>200 mgldl olan hiperglisemik sicanlar 4 tedavi grubuna ayrilmigtir:
plasebo (alloksan grubu), ckmek meyvesi yaprak (BL) ekstresi 100
mglkg, BL ekstresi 200 mglkg; ve BL ekstresi 400 mglkg. Tedaviler
14 giin boyunca giinlitk olarak wygulanmas ve baslangicta, alloksan
enjeksiyonundan sonra ve tedavileri takiben serum glutamik piruvik
transaminaz (SGPT) ve kreatinin diizeylerini belirlemek icin kan
dornekleri alinmagtir. Alloksanin, enjeksiyondan 3 giin sonra sican kan
sekeri, SGPT ve kreatinin seviyelerinde inemli bir artiga neden oldugu
bulunmugstur (P<0.01). Tedaviden sonra, 200 mglkg ve 400 mg/kg BL
ekstreleri wygulanan sicanlarin, tek basina plasebo ile tedavi edilenlere
kiyasla nemli ilciide daha diisiik SGPT seviyelerine sahip oldugu
goriilmiigtiir. (P<0.05). Karaciger histolojik hasar: da, ozellikle 400
mglkg dozda BL ekstresi ile inemli olgiide azalmigtir. Serum kreatinin
diizeyi eski haline gelmesine ragmen, bobrek dokusunda alloksan
nedenli tibiiler dejenerasyonun hala belirgin oldugn gozlenmistir.
Sonug olarak, 400 mglkg viicut agirlig: dozunda wygulanan BL
chstresi, alloksan nedenli karaciger fonksiyon bozuklugunu ve doku
hasarini iyilestirmis, ancak bobrek hasarini iyilestirmede daha az
etkili bulunmugstur. Bu sonug, hepatoprotektif etkili bir bitkisel ilag
olarak ekmek meyvesi yaprag ekstresinin kullanimin: destekleyebilir.

Anabtar Kelimeler: Ekmek meyvesi yapragi, Artocarpus altilis,
diyabetik sicanlar, alloksan, karaciger hasari, bobrek hasar:.
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INTRODUCTION

The  breadfruit
(Parkinson) Fosberg) is a tropical plant that belongs
to the family Moraceae (Akanbi, et al., 2009). The

yellowed breadfruit leaves have been used as tea to

plant  (Artocarpus  altilis

reduce blood pressure and asthma in the West Indian
region. The tea is also known for its therapeutic benefit
to control diabetes, which may be derived from
its complex organic acid contents (Ragone, 2018).
The mechanism of antidiabetic effect of A. altilis
aqueous extract is believed to be associated with the
inhibition of carbohydrate metabolizing enzymes and
the stimulation of glucose cellular uptake (Sairam &
Urooj, 2012). The aqueous extract of A. altilis leaves is
safe to use at the dose up to 2000 mg/kg body weight
(Sairam & Urooj, 2014).

The therapeutic effects of A. altilis leaf ethanolic
extract have been studied in diabetic animal models.
It has been shown that the aqueous extract of A. altilis
leaf can reduce blood glucoselevels in alloxan-induced
diabetic mice and rats (Thubasni, et al., 2012; Djabir,
et al,, 2021). In addition to the anti-hyperglycemic
effect, the ethanolic extract of breadfruit leaves at a
dose of 400 mg/kg body weight (BW) has been shown
to improve insulin expression in pancreatic beta cells
(Indrowati, et al., 2017) and reduce histopathological
injury in the pancreatic tissue (Sari, et al., 2020).
It is believed that the antioxidant constituents of
A. altilis significantly contribute to its therapeutic
effects on diabetes mellitus since its pathogenesis is
predominantly triggered by free radicals and oxidative
stress (Ceriello & Motz, 2004).

Many of the chemical compounds of A. altilis
leaves have been identified years ago. These include
tannins, phenols, glycosides, saponins, steroids,
terpenoids, and anthraquinones (Graham & De
Bravo, 1981). More recently, Sikarwar and co-workers
(2014) have listed a range of specific phytochemical
constituents of A. altilis, including artocarpetin,
cycloartinone,

cyclogeracommunin, cycloartenyl

acetate, cyclocommunol, norartocarpetin, and

oxydihydroartocarpesin (Sikarwar, et al, 2014b).
152

These phytochemicals are believed to mediate a range
of biological activities, including antioxidant and

anti-hyperglycemic activities (Sikarwar, et al., 2014a).

One of the diabetogenic agents that are popularly
used to induce diabetes mellitus in animals is alloxan
(2,4,5,6-tetraoxypyrimidine). The molecule structure
of alloxan that resembles glucose molecules enables
its uptake through glucose transport GLUT-2 in beta
cells of the pancreas. This facilitates the selective
entry of alloxan into beta cells of the pancreas and
ultimately damages these insulin-producing cells.
As a result, the animals injected with alloxan will
experience a decrease in insulin production, leading

to hyperglycemia (Ighodaro, et al., 2017).

Although alloxan was initially thought to merely
damage the pancreatic beta cells (Gorus, et al,
1982), a number of studies have shown that alloxan
injection is not only toxic to pancreatic beta cells
but also toxic to other organs expressing GLUT-2,
including liver hepatocytes and kidney tubular cells
(Gargouri, et al., 2016; Terayama, et al., 2016). Thus, it
is often found that alloxan-induced diabetic animals
also experience liver and kidney dysfunction. Since
alloxan hydrogen toxicity is mediated by reactive
oxygen species, including superoxides, peroxides, and
radical hydroxyl (Lenzen, 2008), it is believed that
plant extract that is rich in antioxidant compounds
may reduce the oxidative damage induced by alloxan.
Therefore, this study aimed to explore the potential
use of A. altilis leaf extract to reduce hepatic and renal
injury in diabetic rats induced by alloxan.

MATERIAL AND METHODS
Chemicals preparation

Alloxan monohydrate (Sigma Aldrich, Singapore)
and other chemicals, including 70% ethanol, were
purchased through official chemical distributors in
Makassar, Indonesia. Reagents for Glutamic-Pyruvic
Transaminase (GPT (ASAT) IFCC mod.liquiUV) and
Creatinine (creatinine liquicolor) measurements were
purchased from HUMAN Diagnostic Worldwide
(Germany).
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Breadfruit leaf collection

Breadfruit (Artocarpus altilis (Parkinson) Fosberg)
leaves were collected at 8-10 am in Timbuseng Village,
Patallassang District, Gowa Regency, South Sulawesi
in July 2019. The herbarium specimen was stored in
Pharmacognosy Laboratory, Faculty of Pharmacy,
Hasanuddin University, Indonesia. The plant was
authenticated and confirmed by Dr. A. Mu'Nisa from
the Laboratory of Biology, State University of Makassar,
Indonesia (No. 096/SKAP/LAB.BIOLOGI/VII/2019)

Breadfruit leaf extract preparation

The collected leaves are thoroughly washed with
running water and sorted from foreign materials. The
leaves were then washed, dried, and cut into simple
0.5 cm pieces before being macerated with 70%
ethanol (1:10 ratio) for five days. Ethanol (70%) was
chosen as the maceration solvent to allow optimal
extraction of the phenolic compounds of A. altilis (Sao
Mai, 2015). The maceration process was protected
from sunlight. The resulting ethanolic extract was
concentrated to dryness using a rotary evaporator
(Heidolp®) and stored at room temperature (25°C)
in a vacuum desiccator to remove the extra solvent.
Prior to administration, the extract was prepared
in 1% sodium carboxymethyl cellulose (Na CMC)
suspension to facilitate extract administration in

animals.
Animal preparation

Thirty-five 12-week-old (180-300 g) male Wistar
rats were obtained from a rodent breeding facility (UD
Wistar, Yogyakarta, Indonesia) and transferred to the
laboratory where the experiment was conducted.
Rats were housed in plastic cages with wood-shaving
bedding in the laboratory with 12-hour light and dark
cycle. The animals had free access to food and water.
Animals were adapted atleast 14 days before the start of
the experiment. All animal protocols were performed
in accordance with the Guide for the Care and Use
of Laboratory Animals. The experiment received
ethical approval from the Institutional Animal Ethics
Committee of the Faculty of Medicine, Hasanuddin
University, with the ethical number UH19050277.

Experimental protocols

Before starting any treatment, rats were
anesthetized by placing the rat one by one in a chamber
(2200 cm?) filled with 0.5 ml ether-impregnated
cotton balls until the rat was fully anesthetized. Blood
samples were drawn from all rats to obtain baseline
data. Blood samples (3 ml) were taken from the
lateral vein and placed in blood collection tubes (BD

vacutainer®) containing EDTA.

Except for healthy controls (n=5, Group I), all
other rats (n=30) were injected intraperitoneally
(i.p) with alloxan at a dose of 155 mg/kg body weight
(BW) to induce diabetes mellitus. Approximately
10 minutes after alloxan injection, 5% glucose
solution (2 ml/200 g BW) was administered orally
to prevent acute hypoglycemia. Blood glucose level
measurements were made after daily injection of
alloxan using a digital glucometer (Nesco®). After
72 hours (three days) of alloxan injection, rats were
anesthetized via inhalation with ether and 2 ml
blood samples were taken to analyze blood glucose
levels using Humalyzer 3500 (Human®). Only rats
with blood glucose levels >200 mg/dl at 3 days after
alloxan injection (n=20) were then assigned to receive
one of the following treatments: Na CMC suspension
without extract (Group II, n=>5), Breadfruit leaf (BL)
extract 100 mg/kg BW (Group III, n=>5), Breadfruit
leaf (BL) 200 mg/kg BW extract (Group IV, n=5), and
Breadfruit leaf (BL) 400 mg/kg BW (Group V, n=5).
Treatments were administered for 14 days before final
blood samples were taken to measure blood glucose,
serum glutamic pyruvic transaminase (SGPT), and
At the end of the
experiment, all animals were euthanized by cervical

creatinine levels after treatment.

dislocation and the livers and kidneys were collected

for histopathological analysis.
Biomarker analysis

Blood samples were immediately centrifuged at
3000 rpm for 20 minutes to obtain serum and placed
in the refrigerator (-20°C) until further analysis. Blood
glucose, SGPT, and creatinine levels were analyzed
using reagent kits for Humalyzer 3500 (Human®)

according to the kits’ instructions.
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Histopathological analysis

Rat livers and kidneys were washed with
phosphate buffer solution (PBS) before fixing with
10% formaldehyde. Tissue samples were processed
in a tissue processor and prepared in paraffin blocks.
Tissue blocks were sliced approximately 4-5 pm thick
using a microtome, and then tissue sections were
stained with standard Hematoxylin and Eosin (HE)
staining. The presence of histopathological changes was
analyzed under the light microscope by an anatomical
pathologist blinded to the treatment groups. Levels of
histopathological injuries were determined according
to the area and intensity of necrosis, tissue degeneration,
and inflammation using methods described in the
Gibson-Corley, et al. (2013) study.

Statistical analysis

Obtained data such as blood glucose, SGPT, and
creatinine levels were tested for normal distribution
with the Kolmogorov-Smirnov test. To determine the
significant difference for group treatments, repeated
measured analysis of variance (ANOVA) statistical
testing was performed at 95% confidence level,
followed by post hoc Tukeys honestly significant
difference (HSD) test.

RESULTS AND DISCUSSION
Rat blood glucose levels and body weight

Alloxan is a potent diabetogenic agent that can
acutely induce hyperglycemia in rats 6 hours after i.p
injection. In this study, the initial blood glucose level
of rats ranged from 82-110 mg/dl. After three days
from alloxan injection, rats’ blood glucose levels rose

to 261 - 372 mg/dl, which is 2-3 times of the blood
glucose level of the healthy controls (Table 1).

There are three mechanisms by which alloxan
induces hyperglycemia: 1) it selectively inhibits
insulin secretion through glucokinase inhibition, 2)
it stops the detection of sugar by beta cells, and 3)
it induces the generation of reactive oxygen species
(ROS), causing its selective necrosis in beta-pancreatic
cells, leading to an insulin-dependent diabetes state
(Lenzen, 2008). Two recent studies have reported the
presence of inflammation and necrosis in pancreatic
tissue of rats treated with alloxan (Sari et al., 2020),
as well as shrinkage of pancreatic islets (Djabir et
al., 2021). However, induction of hyperglycemia by
alloxan has not always been 100% successful. Ten out
of 30 animals (33%) did not experience a significant
increase in blood glucose levels and were therefore

excluded from this study.

Rats with blood glucose levels of >200 mg/dl were
then randomly assigned to either receive placebo or
BL extract treatments as presented in Table 1. In the
alloxan group, which only received placebo, the level
of blood glucose was constant above 300 mg/dl after 14
days of treatment. In contrast, a significant reduction
of blood glucose level was found (from 372 + 63.2 to
118 +26.1 mg/dl) in rats treated with BL extract at a
dose of 400 mg/kg BW (p<0.05). Meanwhile, the lower
doses (100 and 200 mg/kg BW) were not adequate to
alleviate the alloxan-induced hyperglycemia. Hence,
the blood glucose levels of those groups remained
>200 mg/dl after 14 days of treatment (Table 1).

Table 1. Rat blood glucose levels and body weight before injection, after three days from alloxan injection, and

following 14 days of treatment.

Blood glucose level (mg/dl) Body weight (g)
Before After Before After
Treatment group injection After injection treatment injection After injection treatment
Control (no alloxan) 104 £ 4.0 136 +22.5 116 +£10.9 196 £11.5 201 +11.7 217 +16.0
Alloxan 107 £5.2 276 +26.6* 273 +419 224 +26.2 212 +26.7 204 + 259
Alloxan + BL 100 103 £ 6.4 292 +43.7* 279+43.2 236 +15.1 220+21.3 215+29.4
Alloxan + BL 200 107 + 4.8 261 +25.3% 252 +69.5 234+229 221+255 219 +18.6
Alloxan + BL 400 111+ 45 372 £ 63.2* 118 £ 26.1 206 +£3.3 197+£7.3 205+ 17.2

*p<0.05 compared to blood glucose level before injection; “p<0.05 compared to blood glucose level after injection
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Alongside hyperglycemia, weight loss is also one
of the important features of diabetic rats. It is often
that diabetic rats lose>10% of their body weight and
are accompanied by lethargy and soft stool (Wang-
Fischer & Garyantes, 2018). These symptoms were
also observed in this study after rats receiving alloxan
injection. The baseline body weights of rats ranged
from 180-300 g then slightly decreased following
alloxan injection. The average of weight loss of alloxan-
treated groups was 9 g to 16 g after three days from
the injection, while the control group gained weight
as much as 5 g on average (Table 1). Indeed, following
14 days of treatments, the rat body weight continued
to drop in 80% of rats in the alloxan group. On average
the rats in alloxan group had lost 9% of their baseline
body weight. Meanwhile, only 40% of rats treated with
BL extract 400 mg/kg experienced further weight loss
and only lost 0.5% of their body weight. This may
indicate an improvement of metabolic function in rats
that received BL extract 400 mg/kg.

Liver function and tissue structure post alloxan

injection and following treatments

The SGPT levels of rats before, after and 14 days
after alloxan injection were presented in Figure 1.
Alloxan has been shown to significantly increase
the level of SGPT after three days of injection. The
increase in the mean level of SGPT in alloxan group,
alloxan + BL 100, alloxan + BL 200, and alloxan + BL

300 1
250 A

200 A

SGPT (U/L)
=
s

100 A #

400 were 62%; 100%; 34%; 113%, respectively. Indeed,
the SGPT level of rats in the alloxan group continued
to rise to >200 mg/dl after 14 days of treatment, which
was five times higher than baseline (p<0.05).

The result of this study shows that breadfruit leaf
(BL) extract treatment can preserve the liver function
of alloxan-injected rats, as the use of BL extract can
prevent the increase of SGPT levels (Figure 1). The
most effective dose was found to be 200 and 400 mg/
kg rat body weight. With the administration of BL
extract, the SGPT levels returned to normal despite
the initial increase after alloxan injection (p< 0.05).
The post-treatment SGPT level was also lower in the
alloxan + BL extract 100 mg/kg group compared to
the alloxan group. Still, the reduction in SGPT was
less noticeable with 100 mg/kg BL extract compared
with the higher doses.

Increased SGPT level is a specific indicator of
liver dysfunction and liver injury, as this enzyme
is normally contained in the hepatocytes (Djabir
et al.,, 2020). The presence of liver injury following
alloxan injection may be triggered by the direct effect
of ROS generation or indirectly by uncontrolled
hyperglycemia (Gargouri et al., 2016). Increased
ROS production eventually leads to hepatocyte cell
degeneration and cellular necrosis (Lucchesi et al.,
2015), resulting in increased GPT release from the

cytoplasm of hepatocytes into the circulation.

OBaseline
M Post alloxan injection

B Post treatment

*

i -4[.
0 - T
Controls  Alloxan

Alloxan
+BL 100

Alloxan
+BL 400

Alloxan
+BL 200

Figure 1. SGPT level of treated rats at baseline, post alloxan injection and post 14 days of treatments.

*shows p<0.05 compared to the baseline level. “shows p<0.05 compared to the alloxan group post-treatment.
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In this study, liver histology of all rats injected
with alloxan was found to show fatty and hydropic
degeneration. Still, among all groups, the alloxan
group experienced the most extensive necrosis in
their livers (Figures 2B and 2C). Oral administration
of breadfruit leaf ethanol extract appeared to improve
hepatocyte cell structure. At a lower dose (100
mg/kg body weight), rat liver presented hydropic
degeneration affecting 50% of liver tissues observed
(Figure 2D). As for the 200 mg/kg (Figure 2E) and 400

mg/kg BW (Figure 2F) groups, some hepatocytes still
showed signs of hydropic change but had significantly
fewer necrotic cells overall compared to the alloxan
group. Characteristics of liver injury in rats treated
with alloxan can range from inflammation to necrosis
(Bilal et al., 2016). The improvement in liver structure
seen with BL extract might be enhanced by potent
antioxidants and high phenolic content in breadfruit

leaves which stabilize the ROS produced by alloxan
(Leng et al., 2018).

Figure 2. The photomicrograph of liver tissues of rats following 14 days of treatments (H&E stained, 400X magnification).

A) The control group showed a normal architecture of hepatocytes and portal triad. B) Alloxan group showed an

infiltration of inflammatory cells in liver tissue (*). C) Diffuse necrotic area and necrotic cells were found scattered

in Alloxan-treated rats (black arrow). D) The liver from the rat treated with Alloxan + BL extract 100 mg/kg showed

hydropic degeneration (yellow arrow) and dilated sinusoid (blue arrow). E) Rat’s liver treated with Alloxan + BL extract

200 mg/kg mostly showed hydropic changes (yellow arrow). F) Rat’s liver treated with Alloxan + BL extract 400 mg/kg

showed hydropic degeneration (yellow arrow).

Renal function and tissue structure post alloxan
injection and following treatments

Figure 3 depicts the serum creatinine levels at
baseline and those initially treated with alloxan

156

three days after alloxan injection and 14 days after
treatment. After the injection of alloxan, creatinine
levels were significantly elevated in all rats injected
with alloxan compared to normal controls (p< 0.05).

Alloxan-treated rats experienced at least a 120% rise
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in creatinine on day three after alloxan injection. It given, the creatinine level of alloxan-treated rats
is believed that elevated creatinine levels are due to was simultaneously reduced by 50% (Figure 3).
the accumulation of glycogen in the distal tubules Spontaneous recovery of creatinine levels was also
of the kidneys during persistent hyperglycemia observed by another study after 30 days of alloxan
(Terayama et al., 2016). Regardless of the treatment injection in diabetic rabbits (Ahmad et al., 2014).

1.400 A * *

O Baseldine
1.200 A *

B Past alloxan injection

H Past treatment

Creatinine {mg/dl}

TR

D.200 -

0.000 - T T T T
Controks  Allean Alloan Alloxan Allean
+BL100D +BL20D +BLA0D

Figure 3. Serum creatinine level of rats at baseline, post alloxan injection, and post 14 days of treatments. *shows p<0.05

compared to the baseline level.

Figure 4. The photomicrograph of renal tissues of rats following 14 days of treatments (H&E stained, 400X magnification). A)
The control group showed normal architecture of renal tubules. B) Alloxan group showed substantial lipid degeneration in the
tubules. C) Alloxan group experienced degeneration in the renal tubule (*). D) Rat treated with Alloxan + BL extract 100 mg/
kg showed lipid degeneration (black arrow). E) Rat treated with Alloxan + BL extract 200 mg/kg showed hydropic degeneration
(yellow arrow). F) Rat treated with Alloxan + BL extract 400 mg/kg showed hydropic degeneration (yellow arrow).
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The increase in creatinine is more likely to reflect
acute renal dysfunction rather than permanent
kidney damage as it returned to baseline 14 days after
injection. Interestingly, renal histological changes
were still prominent in placebo-only treated rats
(alloxan group, Figures 4B and 4C) (25% to 50% of
the field of view at 400X magnification). In this group,
both fatty degeneration and hydropic changes were
observed in the renal tubules. Application of the BL
extract seemed to slightly reduce the severity of kidney
injury since the damage was not as intense as in the
alloxan group. Although some lipid degeneration was
still observed with BL extract treatment at 100 mg/
kg (Figure 4D), BL extract 200 mg/kg and 400 mg/
kg treatment had less intense injury with scattered
hydropic degeneration (Figures 4E and 4F). The
discrepancy between the corrected serum creatinine
level and the presence of histopathological changes
in the renal tubules of alloxan-induced rats suggests
that serum creatinine may not be the best biomarker
for tubular damage (Chu et al., 2016). Further studies
should include other biomarkers to quantify the extent

of kidney injuries due to alloxan injection.
CONCLUSION

The injection of alloxan 155 mg/kg in rats led to
hyperglycemia at three days post injection. Liver
and kidney injuries were observed in the alloxan-
induced diabetes model in rats. The administration
of BL extracts at a dose of 200 mg/kg and 400 mg/
kg were shown to reduce the SGPT level, indicating
its potential role in improving alloxan-induced liver
dysfunction. Breadfruit extract, especially at 400 mg/
kg dose, significantly alleviated liver tissue injuries,
and renal damage to a lesser extent. Due to the
spontaneous recovery of serum creatinine level, it
was difficult to assess the implication of BL extract in

alloxan-induced renal dysfunction.
ACKNOWLEDGEMENTS

This research has been funded by The Indonesian
Ministry of Research, Technology and Higher

Education.

158

CONFLICT OF INTEREST
The authors declared no conflict of interest
AUTHOR CONTRIBUTION STATEMENT

HS was responsible for conducting experiment,
data acquisition and analysis, as well as writing the
manuscript. YY as the project leader was responsible
for designing the research protocols and concept,
data interpretation, and manuscript revision. HH
was responsible for sample extraction, biomarker
analysis, and data editing. SL was responsible for data
interpretation and revising the manuscript. HC was
responsible for histopathological analysis result and

interpretation
REFERENCES
Ahmad, A., Patel, I., Mohanta, G., Balkrishnan, R.

(2014). Evaluation of self medication practices in
rural area of town Sahaswan at Northern India.
Ann Med Health Sci Res. 4(Suppl 2), S73-8. doi:
10.4103/2141-9248.138012.

Akanbi, T., Nazamid, S., Adebowale, A. (2009).
Functional and pasting properties of a tropical
breadfruit (Artocarpus altilis) starch from Ile-Ife,
Osun state, Nigeria. Int Food Res ], 16(2), 151-157.

Bilal, H.M., Riaz, E, Munir, K., Saqib, A., Sarwar,
M.R. (2016). Histological changes in the liver
of diabetic rats: A review of pathogenesis of
nonalcoholic fatty liver disease in type 1 diabetes
mellitus. Cogent Medicine, 3(1), 1275415. doi:
10.1080/2331205X.2016.1275415

Ceriello, A., & Motz, E. (2004). Is oxidative stress
the pathogenic mechanism underlying insulin
resistance, diabetes, and cardiovascular disease?
The common soil hypothesis revisited. Arterioscler
Thromb Vasc Biol. 24(5), 816-823. doi: 10.1161/01.
ATV.0000122852.22604.78.

Chu, X., Bleasby, K., Chan, G.H., Nunes, I., Evers,
R. (2016). The complexities of interpreting

reversible elevated serum creatinine levels in drug



FABAD ]. Pharm. Sci., 47, 2, 151-160, 2022
Doi: 10.55262/fabadeczacilik. 1134528

development: does a correlation with inhibition of
renal transporters exist? Drug Metab Dispos. 2016
44(9), 1498-509. doi: 10.1124/dmd.115.067694.

Djabir, Y.Y., Arsyad, A., Usmar, U., Wahyudin, E., Arwi,
H., Rupang, I.S. (2020). The stages of development
of liver and renal injuries in rats induced by fixed
dose combination of antituberculosis regimen.
FABAD ] Pharm Sci, 45(1), 29-35.

Djabir, Y.Y., Hardi, H., Setiawati, H., Lallo, S., Yulianty,
R., Cangara, M.H., Hadju, V. (2021). Artocarpus
altilis leaf extract protects pancreatic islets and
improves glycemic control in alloxan-induced
diabetic rats. ] Rep Pharm Sci, 10(1), 87-93. doi:
10.4103/jrptps.JRPTPS_57_20

Gargouri, M., Magné, C., El Feki, A. (2016).
Hyperglycemia, oxidative stress, liver damage
and dysfunction in alloxan-induced diabetic
rat are prevented by Spirulina supplementation.
Nutr Res, 36(11), 1255-1268. doi: 10.1016/j.
nutres.2016.09.011.

Gibson-Corley, K.N., Olivier, A.K., Meyerholz,
D.K. (2013). Principles for valid histopathologic
scoring in research. Vet Pathol, 50(6), 1007-1015.
doi: 10.1177/0300985813485099.

Gorus, EK., Malaisse, WJ., and Pipeleers, D.G.
(1982). Selective uptake of alloxan by pancreatic
B-cells. Biochem ], 208(2), 513-515. doi: 10.1042/
bj2080513.

Graham, H.D., & De Bravo, E.N. (1981). Composition
of the Breadfruit. ] Food Sci, 46(2): 535-539. doi:
10.1111/j.1365-2621.1981.tb04904.x

Ighodaro, O.M., Adeosun, A.M., Akinloye, O.A.
(2017). Alloxan-induced diabetes, a common
the

potential of therapeutic compounds and plants

model for evaluating glycemic-control

extracts in experimental studies. Medicina, 53(6),
365-374. doi: 10.1016/j.medici.2018.02.001.

Indrowati, M., Pratiwi, R., Rumiyati, Astuti, P. (2017).
Levels of blood glucose and insulin expression of
beta-cells in streptozotocin-induced diabetic rats
treated with ethanolic extract of Artocarpus altilis
leaves and GABA. Pak J Biol Sci, 20(1): 28-35. doi:
10.3923/pjbs.2017.28.35.

Leng, LY., Nadzri, N.B., Yee, K.C., Razak, N.B.A,,
AR. (2018). Antioxidant and Total
Phenolic Content of Breadfruit (Artocarpus altilis)
Leaves. MATEC Web of Conferences. doi:10.1051/
matecconf/201815006007

Shaari,

Lenzen, S. (2008). The mechanisms of alloxan- and
streptozotocin-induced diabetes.
51(2): 216-226. doi: 10.1007/s00125-007-0886-7.

Diabetologia,

Lucchesi, A.N., Cassettari, L.L., Spadella, C.T. (2015).
Alloxan-induced diabetes causes morphological
and ultrastructural changes in rat liver that
resemble the natural history of chronic fatty liver
disease in humans. J Diabetes Res, 2015, 494578-
494578. doi: 10.1155/2015/494578

Ragone, D. (2018). Breadfruit—Artocarpus altilis
(Parkinson) Fosberg in Exotic Fruits (pp. 53-60):
Academic Press. Elsevier. https://doi.org/10.1016/
B978-0-12-803138-4.00009-5

Sairam, S., & Urooj, A. (2012). Effect of artocarpus
altilis on carbohydrate hydrolyzing enzymes and
glucose uptake by yeast cells: An ex-vivo study. J
Herbs Spices Med Plants,18(2):140-151. doi:10.108
0/10496475.2011.652297

Sairam, S., & Urooj, A. (2014). Safety evaluation of
Artocarpus altilis as pharmaceutical agent in wistar
rats. ] Toxicol, 2014, 1-8. doi: 10.1155/2014/980404

Sao Mai, D. (2015). Study on the extraction of

polyphenol from Artocarpus altilis  with
ultrasonic wave technology optimized by central
composite design-response surface method. ]
Food Nutr Sci, 3(1-2), 115-118. doi: 10.11648/j.

jfns.s.2015030102.32

159



Setiawati, Djabir, Hardi, Lallo, Cangara

Sari, D.R.A.P,, Ahmad, EFE, Djabir, Y.Y., Yulianty,
R. (2020). Breadfruit leaves extract (Artocarpus
altilis) effect on pancreatic damage in diabetic type
ITanimal model induced by alloxan—nicotinamide.
Medicina Clinica Prdctica, 3,100099. doi: 10.1016/j.
mcpsp.2020.100099

Sikarwar, M.S., Hui, B.J., Subramaniam, K,
Valeisamy, B.D., Yean, L.K. Balaji, K., (2014a). A
review on Artocarpus altilis (Parkinson) Fosberg
(Breadfruit). ] App Pharm Sci, 4(08), 091-097. doi:
10.7324/JAPS.2014.40818

Sikarwar, M.S., Hui, B.J., Subramaniam, K., Valeisamy,
B.D.,, Yean, L.K., Balaji, K. (2014b). Antioxidant
activity of Artocarpus altilis (Parkinson) Fosberg
leaves. Free Radicals ¢ Antioxidants, 4(2), 33-39.
doi: 10.5530/fra.2014.2.7

160

Terayama, Y., Kodama, Y., Matsuura, T., Ozaki, K.
(2016). Acute alloxan renal toxicity in the rat
initially causes degeneration of thick ascending
limbs of Henle. J Toxicol Pathol, 30, 7-13. doi:
10.1293/t0x.2016-0035.

Thubasni, K., Samsul, B., Fattepur, S., Hallijah, H.
(2012). Screening aqueous extract of Artocarpus
altilis (Breadfruit) leaves for anti-diabetic effect
in alloxan-induced diabetic mice. Archives of
Pharmacy Practice, 3(1), 49.

Wang-Fischer, Y., and Garyantes, T. (2018). Improving
the reliability and utility of streptozotocin-induced
rat diabetic model. ] Diabetes Res, 2018, 8054073-
8054073. doi: 10.1155/2018/8054073.



FABAD ]. Pharm. Sci., 47, 2, 161-174, 2022
Doi: 10.55262/fabadeczacilik.1134533
RESEARCH ARTICLE

Design and Characterization of Fluconazole Loaded
Elastic Liposome Based Gel for Treatment of

Keratomycosis

Ravika NANDA', Mehak™, Ramandeep Singh NARANG™, Jasjeet Kaur NARANG™

Design and Characterization of Fluconazole Loaded Elastic
Liposome Based Gel for Treatment of Keratomycosis

SUMMARY

Fungal corneal ulcers, also known as keratomycosis, occur due to
a breach in the corneal epithelium. According to WHO, it is the
leading cause of blindness. The eye consists of a variety of different
structures having different  physiological  functions that make
it highly resistant to external substances, thus resulting in low
bioavailability of drugs from most of the conventional dosage forms.
1o improve drug effectiveness, a series of research groups have tried
a variety of strategies. The majority of these modifications provide
some benefit over traditional dosage forms, but they have their own
set of drawbacks. 1o overcome the side effects of the formulations
mentioned above, Fluconazole-loaded elastic liposome-based gel was
prepared. The elastic liposomes were prepared by rotary evaporation
method using soya lecithin and sodium deoxycholate. The elastic
liposomal suspension was then incorporated into optimised gelling
agent (carbopol 934) to have sufficient contact time of the drug in
the eye. The elastic liposome-based gel was then characterized for pH,
drug content, rheological study, homogencity and grittiness, in vitro
release study, ex vivo permeation study, toxicity study, bio adhesion
study and antifungal activity. The optimized formulation had pH
7.0 + 0.01, drug content 98.5 + 3.9%, viscosity 7217 + 340 mPa.s,
in vitro release 80.5+ 0.32%, ex vivo permeation 72.27+0.65
% and the bio adbesion time of the optimized formulation was
Jound to be significantly higher (p< 0.05) as compared to marketed
gel. Antifungal activity of the optimized gel was also found to be
significantly higher (p< 0.05) as compared to the marketed gel. The
Fluconazole-loaded elastic liposome gel was prepared successfully and
was found to be a good choice over conventional gel formulation for
the treatment of keratomycosis.

Key Words: Fungal corneal ulcers, Fluconazole, elastic liposomal
gel, antifungal activity.

Keratomikoz Tedavisi Igin Flukonazol Yiiklii Elastik Lipozom
Bazls Jelin Tasarimi ve Karakterizasyonu

0z

Keratomikoz olarak bilinen mantar kaynakly kornea iilseri, korneal
epitelyumunun  yirtslmas:  sonucu  ortaya cikar. WHOYya gire
keratomikoz kirligiin onde gelen nedenidir. Goz, dis faktorlere kars:
oldukea direngli olmasini saglayan farkls fizyolojik fonksiyonlardaki
Jarkls yapilardan olusur, bu durum cogu  konvansiyonel dozaj
Sormunun diisiik ilag biyoyararlanimi gistermesine neden olur. llag
etkinligini artirmak amacyla bircok arastirma grubu cesitli stratejiler
denemiglerdir. Bu modifikasyonlarim  biiyiik bir kism: gelencksel
dozaj formlarma kiyasla bazi yararlar saglamiglardir ancak kendi
dezavantajlar: vardir. Yukarida babsedilen formiilasyonlarin yan
etkilerinin iistesinden  gelmek amaciyla, flukonazol yiiklii elastik
lipozom temelli jel hazirlanmsnr. Elastik lipozomlar, soya lesitin
ve sodyum deoksikolat kullanilarak diner evaporasyon metodu ile
hazirlanmiglardir. Sonrasinda ilacin giz ile yeterli temasini saglamatk
amactyla elastik lipozomal siispansiyonlar optimize edilmis jellestirme
ajani (karbopol 934) ile birlestirilmistir. Daba sonra elastik
lipozom temelli jel pH, ilag icerigi, reolojik ¢aligma, homojenite ve
siiriilebilirlik, in vitro salim calismasi, ex vivo permeasyon calsmasi,
toksisite ¢alismasi, biyoadhezyon calismasi ve antifungal aktivite
agisindan  karakterize edilmistir. Optimize formiilasyon 7,0 +
0,01 pH degerine, %98,5 + 3,9 ilag icerigine, 7217 + 340 mPa.s
viskoziteye, %80,5+ 0,32 oraninda in vitro salima, %72,27+0,65 ex
vivo permasyon degerine sahiptir ve biyoadhezyon siiresi piyasa jeli ile
karsilasairildiginda anlamly derecede (p< 0,05) yiiksek bulunmugtur.
Optimize jelin antifungal aktivitesi de ticati jel ile karsilastirildiginda
anlamly derecede (p< 0,05) yiiksek bulunmugtur. Flukonazol yiiklii
elastik lipozom jel basarily bir sekilde hazirlanmis ve keratomikozis
tedavisi igin konvansiyonel jel formiilasyonlarina gire iimit verici bir
secenek olarak bulunmugtur.

Anabtar Kelimeler: Fungal kornea iilserleri, Flukonazol, elastik
lipozomal jel, antifungal aktivite.
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INTRODUCTION

Fungal corneal ulcers, also known as keratomy-
cosis, are marked by stromal infiltration produced
by fungi. Since the corneal epithelium acts as a bar-
rier to microorganisms, these fungi induce infection
when there is a breach in the epithelium (Chandra et
al., 2013). The development of problems is sometimes
preceded by a lack of suspicion and a delayed diag-
nosis, resulting in permanent eyesight loss or, worse,

enucleation (Sharma et al., 2014).

The tropical climate and agriculture as significant
occupation are the main causes of its high prevalence.
Because of their increased vulnerability to occupa-
tional trauma, Indians are at an increased risk of ker-
atomycosis. Annually, 1.5 to 2 million new cases of
keratomycosis are reported, and keratomycosis is the
leading cause of blindness, according to the World
Health Organization (WHO). Keratomycosis is said
to affects 44-47 percent of people in India (Chandra
etal., 2013).

Candida, Aspergillus flavus, Fusarium species, etc.,
are a few microorganisms responsible for the onset of
keratomycosis (Chandra et al., 2013).

The eye is an organ of vision and its physiology
and anatomy make it a unique organ. The eye consists
of various structures having different physiological
functions that make it highly resistant to external sub-
stances (Palani et al., 2010), thus resulting in the low
bioavailability of drugs from most of the conventional
dosage forms (Yu et al., 2015). Another reason for the
poor bioavailability of drugs from the conventional
dosage forms is the pre-corneal loss variables such
as insufficient residence time in the conjunctival sac,
tear dynamics and non-productive absorption (Budai
et al., 2007).

A series of research groups have tried a variety
of strategies to improve drug effectiveness, including
suspensions, ointments, inserts, hydrogels and poly-
meric micelles. The majority of these modifications
provide some benefit over traditional dosage forms.

Still, their drawbacks of obscured sight and patient
162

non-compliance are the primary cause behind their

lack of widespread acceptance (Yu et al., 2015).

To overcome the side effects associated with the
formulations mentioned above, Fluconazole-loaded
elastic liposomes were prepared for the treatment of
keratomycosis. As reported in various literature, elas-
tic liposomes have multiple advantages such as pa-
tient compliance due to painless administration of the
drug, systemic side effects associated with oral for-
mulations being bypassed, the drug is delivered to the
target site directly (Hussain et al., 2017) and their abil-
ity to squeeze through channels 1/10th of their size
and enter deeper tissues due to their elasticity (Ben-
son, 2009), ensures a sustained release of drug with

improved antifungal activity (Kumar et al., 2012).

However, due to their low viscosity, elastic lipo-
somes generally need to be integrated into a suitable
semi-solid dosage form for topical application and
ample exposure time to drug in the eye. It is crucial
to ensure product quality and production efliciency
by controlling the flow qualities. By loading elastic li-
posome suspension in gel, the rheological properties
of the suspension are improved (Dar et al., 2020) and
the retention time of the formulation within the eye is
increased (Sayeh et al., 2014).

In the current study, Fluconazole-loaded elastic li-
posomes were prepared to treat keratomycosis, using
a Rotary evaporator. To improve the rheological prop-
erties, the elastic liposomal suspension was loaded in
a gelling agent. The gel prepared was then evaluated

for various parameters.
MATERIALS AND METHODS
Chemicals

Fluconazole was provided kindly by Ramson
Remedies, Amritsar. Soya lecithin, sodium deoxycho-
late, carbopol 934 and sabouraud dextrose agar were
procured from Hi-Media, Mumbai, India; chloro-
form was purchased from Molychem, Mumbai, India;
methanol, sodium alginate and triethanolamine were

procured from Merck life sciences Pvt. Ltd. Mumbai,
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India. Carbopol 940 was purchased from Qualikems
Fine Chem, Pvt. Ltd., Vadodra, India; HPMC was
purchased from Thermo Fischer Scientific Pvt. Ltd.,
India. All the other chemicals and reagents were of

analytical grade.
Preparation of elastic liposomes

The Rotary evaporation method was used for the
development of drug-loaded elastic liposomes. Ac-
curately weighed amounts of soya lecithin (280 mg),
fluconazole (50 mg) and sodium deoxycholate (120
mg) were taken in a clean and dry round bottom flask
and then the mixture was dissolved in an optimized
quantity of organic solvent (Chloroform, 10 ml). The
organic solvent was then evaporated under reduced
pressure and high temperature (40° C) using a rotary
evaporator. The film obtained at the base of the flask
was then rehydrated with an aqueous phase (10 ml)
(Kumar et al., 2012).

Preparation of elastic liposome-based gel
Selection of gelling agent

For the preparation of elastic liposome-based gel,
different gelling agents (such as carbopol 934, car-
bopol 940, sodium alginate, and hydroxypropyl meth-
ylcellulose (HPMC)) were utilized at a concentration
of 1%. In elastic liposomal suspension, the gelling
agent was dispersed with constant stirring. In the case
of carbopol 934 and carbopol 940, triethanolamine
was utilized to alter the pH of the gel to 7 and was
stirred continuously till a clear gel was obtained. The
gels prepared were then characterized for physical
appearance, homogeneity, grittiness and consistency
(Kaur et al., 2018).

Formulation of elastic liposome-based gel

Four different concentrations (0.5%, 1%, 1.5%,
and 2%) of the optimized gelling agent were taken
and dispersed in elastic liposomal suspension. The
mixture was stirred continuously. Triethanolamine
was added under continuous stirring to adjust the pH
of the mixture to 7 and was added until clear gel was
obtained (Dar et al., 2020).

Evaluation of elastic liposome-based gel

Physical evaluation: Under normal daylight, the
different gel formulations prepared were analyzed for
physical changes (Abou et al., 2014). The experiment

was done in triplicate.

pH: The pH of different gel formulations was de-
termined using a digital pH meter (Tawfeek et al.,

2020). The experiment was done in triplicate.

Homogeneity and grittiness: By pressing a few
milligrams of gel between the thumb and index finger,
the homogeneity and grittiness of the prepared gel
formulations were assessed (Abdellatif et al., 2016).

The experiment was done in triplicate.

Drug content: By dissolving 1 g of properly
weighed gel in methanol, the drug content of the gel
was calculated. A UV spectrophotometer was used to
measure absorbance at 261nm after appropriate dilu-
tion. The slope of the standard curve was used to de-
termine the drug content (Phaldesai et al., 2014). The

experiment was done in triplicate.

Rheological studies: Rheometer (Anton- Paar)
was used for to analyze the rheological properties of
the different gel formulations prepared. At 25° C, the
viscosity of elastic liposome-based gel was measured
using a spindle 25 (PP 25). The number of data points
was set to 25, and the behaviour was set to ramp lin-
ear (Varges et al., 2019). The experiment was done in

triplicate.

In vitro drug release study: Franz diffusion cell
and treated dialysis membrane were used to deter-
mine the in vitro drug release of Fluconazole from dif-
ferent elastic liposome-based gels and drug solution
gel (plain gel). Simulated tear fluid pH 7.4 (Sodium
chloride = 0.670g, sodium bicarbonate = 0.2g, calci-
um chloride dehydrate = 0.008g, purified water = 100
ml) was used as a medium in the receptor chamber.
The dialysis membrane was positioned amid the re-
ceptor chamber and the donor chamber. 1 g of accu-
rately weighed gel was deposited on the dialysis mem-

brane in the donor chamber. The whole assembly was
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kept on the magnetic stirrer under constant stirring
and the temperature of the assembly was maintained
at 37°+ 2°C. Samples were taken at preset time inter-
vals and the amount withdrawn was restored with
an equivalent amount of fresh media. The collected
samples were filtered using a 0.45m membrane filter

prior to analysis.

UV spectrophotometer was used to determine
the drug content in the samples withdrawn at a wave-
length of 261 nm. A graph was plotted between the
cumulative percent of drug released and time (EIl-Gi-
zawy et al., 2020). The experiment was done in trip-

licate.

Ex vivo trans-corneal permeation study: Using
Franz diffusion cell and excised goat corneal mem-
brane, the ex vivo permeation study was carried out.
The elastic liposomal gel (1 g) was evenly applied to
the corneal membrane that separated the donor and
receptor compartments. Simulated tear fluid was
taken in the receptor region. The assembly was kept
on the magnetic stirrer under constant stirring. The
temperature was maintained at 37 °C. At pre-planned
time intervals, the samples were taken. The amount
of sample withdrawn was replenished with an equal
amount of fresh media. UV spectrophotometer was
used to evaluate the samples withdrawn at 261 nm.
The percent cumulative drug permeated was deter-
mined using a calibration plot (Tiwari et al., 2020).

The experiment was done in triplicate.

Data analysis (determination of flux and perme-
ability coefficient): The amount of Fluconazole that
permeated through the goat corneal membrane from
the elastic liposome-based gel (Q, g/cm?) was report-
ed as a function of time (hr). The slope and intercept
of the straight line generated by plotting the amount
of fluconazole permeated against time under steady-
state conditions were used to quantify the drug flux
(permeation rate) at a steady state (Jss, g/cm*/hr).
The flux was divided by the initial drug concentra-
tion (Co) in the donor compartment of the cell to ob-

tain the permeability coefficient (kp) (Tawfeek et al.,
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2020). The experiment was done in triplicate.

Determination of drug retention in the corneal
membrane: Cotton soaked in a 0.05% sodium lauryl
sulphate was used to remove the formulation that re-
mained on the excised goat corneal membrane. Then
the membrane was washed with distilled water. To ex-
tract fluconazole, the ocular membrane was weighed,
chopped into small pieces, and sonicated for 15 min-
utes with methanol. After centrifuging and filtering
the resultant solution, the drug concentration (g/cm?)
of the corneal membrane was measured using a UV
spectrophotometer (Pathak et al., 2020). The experi-

ment was done in triplicate.

Toxicity study: Toxicity studies were used to look
into the formulation’s safety. The following investiga-
tions were performed to see if the formulation had

any unfavorable effects on the cornea of the eyes.

Corneal Hydration Test: The corneal hydration
of goat corneas was determined using the same goat
corneas used in the permeation study. Each cornea
was weighed at the end of the experiment, then
dipped in 1ml methanol, dried night long at 90°C,
and was weighed again. The difference in weights
was used to calculate corneal hydration (Zubairu et

al., 2015). The experiment was done in triplicate.

Histopathological study: Each goat cornea was de-
tached from the Franz diffusion cell and was kept in
10% formalin solution in distilled water after the ex
vivo permeation study. Two untreated goat corneas
were kept in potassium chloride solution and nor-
mal saline solution, respectively, before being fixed
in 10% formalin solution. Following that, the slices
were cut and stained with eosin and hematoxylin
before being examined under a microscope (Zubairu
et al., 2015).

Effect of formulation on corneocytes: To gain a
better understanding of the tissue injury induced by
formulation on corneocytes, a comparative toxicity
study was performed. The assembly for the toxicity
study was set using the same approach as the ex vivo

permeation study assembly. In separate diffusion
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cells, the drug-loaded formulation, normal saline,
and a mixture of span 80 and soya lecithin were
introduced into the donor compartment. Tyrode
solution was poured into the receptor chamber. After
60 minutes, samples were obtained from the receptor
chamber and analyzed utilizing the LDH assay kit
from Coral clinical systems (Zubairu et al., 2015).

The experiment was done in triplicate.

Bio adhesion testing: The experiment was carried
out per the procedure reported in the literature by
Zubairu et al. (21) with slight modifications. An agar
plate was formulated. In the center of the plate, the
test sample was placed. The prepared agar plate was
attached to an IP disintegration test apparatus after
5 minutes after placing the test sample on it and was
pushed up and down in simulated tear fluid at 37° C
+ 1° C. At the lowest point, the sample on the plate
was immersed in the solution, and at the highest
point, it was out of the solution. The visual appear-
ance of the formulation over the plate indicated the
residence time of the elastic liposome-based gel on
the plate (Zubairu et al., 2015). The experiment was
done in triplicate.

Antifungal activity of the prepared gel by cup
and plate method: The suspension of Candida albi-
cans was prepared by taking a small quantity of the
lyophilized powder of Candida albicans in a test tube
containing 100 ml of nutrient broth and was incubat-
ed at 28° C for 24- 48 hours. After 24-48 hours, 50
ul of the suspension was added into 900 pl of sterile
water. 50 pl of the suspension, which was prepared in
sterile water, was grabbed and spread aseptically on
Sabouraud dextrose agar plates using a sterile cotton
swab, rotating the plates through a 60° C angle after
each application. Finally, the swab was pushed along
the agar surface’s margins. With the lid closed, the
plates were left to rest at room temperature. Then, us-
ing a sterile cork borer, three wells were bored into the
agar medium and filled with elastic liposome-based
gel (1g containing 5mg fluconazole), marketed gel (1g
containing 5 mg fluconazole) and placebo gel (1g),

respectively. To ensure equal drug distribution, the
plates were placed in the refrigerator for two hours.
The plates were incubated for 24-48 hours at 28° C.
Around the wells; assessments were done for zones
of inhibition. The inhibitory zones produced from
all of the formulations evaluated were compared and
results were reported (Kumar et al., 2012). The exper-

iment was done in triplicate.

Stability studies: The gel formulation was stored
at two different temperatures, at 4° C and room tem-
perature for three months. The formulation’s physical
stability was then determined by visual inspection
for phase separation. Additionally, pH, viscosity and
drug content of the gel formulations were also evalu-
ated (Shakeel et al., 2008).

Statistical analysis: Results were expressed as
mean + standard deviation (SD). The data obtained
from various groups were statistically analysed us-
ing Graph Pad Instat 3, using two- tailed unpaired

t-tests. Values at p < 0.05 were considered significant.
RESULTS
Preparation of elastic liposomes

Elastic liposomes were formulated using the ro-
tary evaporation method. The optimised elastic
liposomes exhibited particle size of 173.6 + 5.9 nm,
polydispersity index of 0.303 + 0.03 and zeta potential
of -10.0 £ (-0.311).

Preparation of elastic liposome-based gel
Selection of a gelling agent

To optimize the gelling agent, different gels were
prepared using a 1% concentration of different gelling
agents. Then the gels were characterized for various
parameters. The results of the characterization of gels
are given in Table 1 and based on the results of char-
acterization carbopol 934 was selected for the devel-

opment of elastic liposome- based gel.
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Table 1: List of different gelling agents used for gel formulations

S. No. Gelling agent Concentration (w/v) Observation Homogeneity
1 Carbopol 934 1% Very clear, stable, good consistency Homogeneous
2 Carbopol 940 1% Clear, hard Non-homogeneous
3 Sodium alginate 1% Phase separation Non-homogeneous
4 Hydroxyl propyl 1% Grittiness and phase separation Non-homogeneous
methyl cellulose

From the results, it was concluded that gels for-
mulated using carbopol 934 were clear, stable and ex-
hibited good consistency and therefore carbopol 934
was selected as the gelling agent. Further gels with

different concentrations of carbopol 934 (from 0.5%

to 2%w/v) were formulated.
Evaluation of elastic liposome-based gel

Physical evaluation: The different gels prepared
were evaluated for physical appearance under normal

daylight and the results are given in Table 2.

Table 2: Physical evaluation of different gel formulations

Property E2 containing 0.5% E2 containing 1% E2 containing 1.5% E2 containing 2%
carbopol 934 carbopol 934 carbopol 934 carbopol 934
Colour Slightly yellowish Slightly yellowish Slightly yellowish Slightly yellowish
Appearance Opaque Opaque Opaque Opaque
Odor Characteristic Characteristic Characteristic Characteristic
Washability Washable Washable Washable Washable
Consistency + ++ +++ +++
Type of smear Non greasy Non greasy Non greasy Non greasy

(+) = low, (++) = medium, (+++) = good

pH: The pH of the different gel formulations pre-
pared was determined and was found to be ranging

from 7.0 to 7.3, indicating that the formulations pre-

pared were safe for ocular administration. The results

are given in Table 3.

Table 3: pH, drug content and viscosity of different gel formulations

S. No. Gel formulations pH+ SD Drug content % + SD Viscosity (mPa.s) + SD
1 E2 (0.5% w/v) 7.1£0.01 88.3£ 2.5 4361+ 240
2 E2 (1% w/v) 7.3+0.02 95.1+ 1.8 4984+250
3 E2 (1.5% w/v) 7.0£0.01 98.5+3.9 72174340
4 E2 (2% w/v) 7.3+0.03 92.7£2.7 9969+410

Homogeneity and grittiness: Homogeneity and
grittiness of different gel formulations prepared were
determined and all the gel formulations were found to
be homogeneous and free from gritty particles, indi-
cating that the gel, when applied, would not cause any

discomfort.

Drug content: The Drug content of the different gel
formulations prepared was evaluated and was found

to be ranging from 88.3 % to 98.5%. The results of the
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drug content determined are given in Table 3. Elastic
liposome-based gel containing 1.5% w/v carbopol 934

exhibited a maximum drug content of 98.5%.

Rheological studies: The viscosity of the different
gel formulations was determined using a rheometer
(Anton- Paar). It was noticed that with the increase in
the concentration of the gelling agent in a gel formula-
tion, there was an increase in viscosity of the gel. The

viscosity of the different gel formulations was found to
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be ranging from 4361 to 9969 mPa.s. The results are
given in Table 3.

In vitro release study: The in vitro release of the
different gel formulations prepared was determined
utilizing Franz diffusion cell and treated dialysis
membrane. The percent cumulative drug release from
the plain gel formulation was found to be significant-
ly (p<0.05) more (91+1.42 %) when compared with
release from the elastic liposomal suspension gel over
a period of six hours. The percent cumulative drug

release from the different elastic liposomal gel formu-

lations containing different concentration (0.5% w/v,
1% w/v, 1.5% w/v and 2% w/v) of gelling agent was
found to be 86.45+0.107%, 85.4+0.18%, 80.5+0.32%
and 77.7+0.21% respectively. From the results, it was
noticed that with the rise in the concentration of the
gelling agent, there was a significant decrease (p<0.05)
in the release of the drug from gel formulations. The
elastic liposome-based gels showed continuous and
sustained release of Fluconazole. In vitro release pro-
file of different gel formulations and drug solution gel

(plain gel) is given in Figure 1.

100 +

% Cumulative drug released

=]
EE

——E2 (0.5% w/v)

——E2 (1% w/v)
E2 (1.5% wiv)
E2 (2% w/v)

—+#—Plain gel

150 200
Time (min)

100

250

300 350 400

Figure 1: In vitro release profile of various gel formulations and drug solution gel (plain gel) (n=3)

For further studies, elastic liposome-based gel E2

(153w Was chosen instead of elastic liposome-based
5% w/v)

gel E2 (2% w/v)
in the case of elastic liposome-based gel E2

2 to 3 days.

because phase separation was observed

(2% wiv) after

Ex vivo permeation study: The ex vivo permeation

study of the optimized gel formulation E2 was

1.5% w/v)
performed utilizing Franz diffusion cell and excised

goat cornea for a period of six hours. The permeation

of the optimized gel E2 was found to be signifi-

1.5% w/v,
cantly (p<0.05) more (72.271-)0.65 %) as compared to
the plain gel (44.120.33 %), which could be attributed
to the flexible and deformable nature of the elastic lipo-
somes. Percentage cumulative amount of drug perme-
ated versus time plot for optimized gel formulation E2

(1s% wivy @0d plain gel formulation is given in Figure 2.
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Figure 2: Percentage cumulative amount of drug permeated versus time plot for optimized gel formulation

E2 and plain gel formulation (n=3)

(1.5% w/v)

Data analysis (determination of flux and perme-
ability coefficient): Flux and permeability coefficient

of the optimized gel formulation E2 were de-

1.5% w/v)
termined. The flux and permeability coefficient of E2

(L5% wiy €lastic liposomal based gel was significantly
higher(p<0.05) as compared to plain gel formulation,
which exhibited low flux and permeability coeflicient.

The results are shown in Table 4.

Table 4: Flux (J ) and permeability coefficient (kp) of optimized gel formulation (E2 (5% W/V)) and plain gel
formulation
S. No. Formulations Flux (ug/cm?*/h) + S.D | Permeability coefficient
(n=3) (k )+ S.D (n=3)
1 Optimized formulation (E2 ., ) 519.5+0.110 0.1039 £ 0.002
2 Plain gel 367.8+ 0.125 0.07356 = 0.012
Determination of drug retention in the corneal Toxicity study

membrane: Determination of drug retention (mg)
and % drug retained in the corneal membrane was
determined and significantly higher (p<0.05) drug re-
tention was observed in the case of optimized gel for-
mulation 2,
retained in the case of optimized gel formulation E2
(15% wivy Was found to be 1.05% 0.23 mg and 21+0.547

%, respectively. Drug retention and % drug retained

Drug retention (mg) and % drug

in the case of plain gel were found to be 0.77+ 0.11 mg
and 15.4+ 0.236 %, respectively.
168

Corneal hydration test: Corneal hydration test was
carried out and hydration was found to be 76.78%=+
1.8%, which was within the range of (75- 80%)
(Zubairu et al.) (Zubairu et al., 2015), indicating that

the formulation did not damage the cornea.

Histopathological study: Histopathological study
was carried out and the examination revealed that the
exposure of goat cornea to potassium chloride solution

has shown considerable damage to the corneal tissues
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(Figure 3), whereas no remarkable change was noticed
in the corneal tissues treated with normal saline (Fig-
ure 4) and elastic liposomal based gel (Figure 5). The
results indicated that elastic liposomal based gel did

not cause any alteration in the structure of cornea thus

hﬂ

conserving the histological structure of all corneal lay-
ers: the epithelium, the stroma and the endothelium. It

was concluded that elastic liposome-based gel could be

safely applied to the eye (Zubairu et al., 2015).

Goat

saturated potassium chloride

Figure 3: cornea in

saline

Effect of formulation on corneocytes: Biochemical
estimation of LDH was carried out using a Coral clin-
ical systems kit for LDH. LDH release in case of sa-
line was found to be 11.9 + 1.8 units/ cm? and LDH
release in the case of elastic liposome-based gel was
found to be 12.1 £ 1.3 units/ cm? In the case of span
80- soya lecithin mix, high LDH release was observed
(18.62+ 1.45 units/ cm?) due to tissue destruction.
Thus, a complete toxicological examination disclosed
that the prepared elastic liposomal gel formulation

had lower toxic potential.

After testing the levels of LDH in the Tyrode solu-
tion present in the receptor compartment, the goat
corneas were homogenized using a tissue homogeniz-
er. The homogenate obtained after homogenization
was centrifuged. After centrifugation, the supernatant
obtained was used for testing the LDH level. However,
no significant difference was found in LDH levels in

the case of normal saline (332.2+ 1.2 units/ cm?) and

Figure 4: Goat cornea in normal

Figure 5: Goat cornea treated

optimized gel formulation

optimized elastic liposomal gel formulation (339.2
units/ cm?), indicating that the optimized formula-
tion was safe. On the contrary, span 80- soya lecithin
mixture had a significantly higher (427.52 units/ cm?)
LDH level as compared to normal saline, further con-
firming that the elastic liposomal gel formulation (E2

. ...) had lower toxic potential.
1.5% w/v p

Bio adhesion testing: Bio adhesion testing of the
optimized gel formulation was carried out, figure 6
shows the image of bio adhesion assembly. The bio-
adhesive potential of optimized elastic liposomal gel
was compared to the marketed formulation (Flucos
gel). From the results, it was observed that the opti-

mized gel formulation (E2 had a significantly

1.5 % wi/v, )

(p<0.05) higher (205+ 5.5 r(nin) b)io adhesion time on
the agar plate as compared to the marketed formula-
tion (Flucos gel) (17+ 0.5 min). The results indicated
that the optimized gel formulation had better bio ad-
hesion property than the marketed formulation.
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Figure 6: Bioadhesion testing assembly

Antifungal activity of the prepared gel by cup
and plate method: Zone of inhibition for different
formulations was determined. A significantly larger

(p<0.05) zone of inhibition was observed for elastic

liposome-based gel E2 compared to the mar-

(1.5% w/v)
keted formulation (Flucos gel) and placebo formula-
tion, after 48 hours of the study period. The results are

revealed in Table 5, Figure 7, and Figure 8.

Table 5: Zones of inhibition for Fluconazole loaded different formulations against Candida albicans

Formulations Zone of inhibition (mm)
24 hrs+ S.D (n=3) 48 hrs+ S.D (n=3)
Elastic liposomal gel (ELG) 28+0.9 34+1.4
Marketed gel (Flucos gel) (M.F) 18+1.1 20+1.0
Placebo gel (P.G) 0 0

Figure 7: Comparison of the zone of inhibition for various formulations evaluated against Candida albicans

after incubation of 24 hours

(Here, E1.G= Elastic liposome-based gel, P.G= Placebo gel and M.F= Marketed Formulation)
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Figure 8: Comparison of the Zone of inhibition for various formulations evaluated against Candida albicans

after incubation of 48 hours

Stability study: The stability study of elastic lipo-

150wy Was carried out. The elastic
5% wiv)

some-based gel E2.

liposome-based gel E2 | , (1g) was withdrawn at

1.5% w/v;

the end of 30, 60 and 90 days and was evaluated for

pH, viscosity and drug content. The results are re-

Table 6: Stability study of optimized elastic liposome-based gel E2

vealed in Table 6, Table 7, Figure 9 and Figure 10. No
significant difference was observed in pH, viscosity,
drug content and phase separation were not noticed
in the elastic liposomal gel formulation, kept for sta-
bility study at 4° C.

1.5% w/v,

,when it was kept at 4° C

Time pH+S.D Viscosity + | Drug content (mg) | % Drug remaining Log % drug Phase separation
(Days) S.D +S8.D remaining

0 7.0+0.036 7217+0.21 4.925+ 0.023 100 2 No

30 7.01+0.041 7214+0.24 4.923+ 0.025 99.96 1.9998 No

60 7.07+0.043 7213%0.29 4.919+0.029 99.87 1.9994 No

90 7.09+0.038 7211£0.25 4.915+0.031 99.8 1.9991 No

Figure 9: Gel formulation at the end of 90 days
when it was kept at 4° C

Figure 10: Gel formulation at the end of 30 days
when it was kept at room temperature
171



Nanda, Mehak, Narang, Narang,

Table 7: Stability study of optimized elastic liposome-based gel E2

(15% wy) WHeN it was kept at room temperature

Time pH+S.D Viscosity + | Drug content (mg) | % Drug remaining Log % drug Phase separation
(month) S.D +S.D remaining
0 7.0£0.025 7217£0.19 4.925+ 0.022 100 2 No

Phase separation was observed in elastic liposo-
mal gel formulation after 30 days, when kept at room

temperature.

So from the above results, it was concluded that
the elastic liposomal gel formulation was more stable
when kept at 4° C.

DISCUSSION
Preparation of elastic liposome-based gel

The optimized elastic liposomal suspension was
incorporated into the gel to increase the retention
time of the formulation in the eye. Enhanced reten-
tion would improve the therapeutic action by de-
creasing the lacrimal discharge of elastic liposomal

suspension (Sayeh et al., 2014).
Evaluation of elastic liposome-based gel

In vitro release study: From the results obtained,
it was observed that the elastic liposome-based gels
showed continuous and sustained release of Fluco-
nazole which may be because of the reservoir effect
of elastic liposomes due to a combination of release
from elastic liposomes first followed by diffusion
through the gelling agent. The entrapped fluconazole
molecules leaked out slowly from the vesicles into the
enclosing gel and then into the release media, there-
by providing a sustained effect. The advantage of sus-
tained-release could be reduced application frequen-
cy and increased patient compliance (El-Gizawey et
al., 2020).

Ex vivo permeation study: From the above ex vivo
trans-corneal permeation studies, maximum perme-
ation of Fluconazole was detected for the formulation
E2 4wy, Which was significantly higher (p<0.05)
than the plain gel formulation after 6-hour study. The
higher permeation of Fluconazole from the elastic li-

posomal formulation E2 ,could be attributed to

(1.5% wiv,

the presence of edge activators which render the for-
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mulation more flexible and permeable for transcorne-
al transport. The flux (519+ 0.110 pg/cm?*/h) and per-
meability coefficient (0.1039) of E2 (
posomal based gel were significantly higher (p< 0.05)

L iy €lastic li-
as compared to plain gel formulation which exhibited
low flux (367.8+ 0.125 pg/cm?*/h) and low permeabil-
ity coeflicient (0.07356).

The significantly higher (p< 0.05) permeation of

Fluconazole from formulation E2 )could be at-

1.5% wi/v
tributed to the smaller size of part(icles, the ability of
elastic liposomes to squeeze through channels 1/10™
of their diameter and their ability to penetrate deep-
er tissues (Benson, 2009). Another reason could be
the presence of an edge activator, which worked as a
permeation enhancer and played a significant role in

enhancing the permeation (Tiwari et al., 2020).

Determination of drug retention in the corneal
membrane: From the results obtained, a significantly
higher amount of Fluconazole was localized into the
cornea after application of elastic liposomal gel E2 |
as compared to plain gel formulation. More corne-

w/v)

al retention in the case of elastic liposomal gel E2 |

wny Was due to greater penetration of the drug from
elastic liposomal gel due to nanosized elastic lipo-
somal vesicles and their ability to penetrate through
smaller pores and to penetrate deeper tissues (Ben-
son, 2009). Besides this, another reason could be the
establishment of an interaction with the outer struc-
tures of the eye, which results in the accumulation of
elastic liposomes in the corneocytes. This interaction
could allow systems to be released for more than 24

hours (Cristiano et al., 2019).
Toxicity study

Effect of formulation on corneocytes: In the case of
span 80- soya lecithin mix, LDH release was observed
to be significantly higher (p< 0.05) (18.62+ 1.45 units/



FABAD ]. Pharm. Sci., 47, 2, 161-174, 2022
Doi: 10.55262/fabadeczacilik.1134533

cm?), which could be attributed to tissue destruction.
On the contrary, elastic liposomal gel formulation had
a significantly lower (12.1#+ 1.3 units/ cm?) LDH lev-
els. As reported in the literature by Negi et al. (Negi
et al., 2013), it may be due to the fact that surfactants
bound to the vesicular system had a lower potential to

cause cellular damage than free molecules.

Bioadhesion testing: The results indicated that the
optimized gel formulation had better bioadhesion
property than the marketed formulation. Due to bet-
ter bioadhesion, the formulated elastic liposomal gel
formulation would have better residence time on the
eye, thereby improving the therapeutic efficacy with a
reduction in dosing frequency.

Antifungal activity of the prepared gel by cup
and plate method: A significantly larger zone of in-
hibition was observed for elastic liposome-based gel
E2 | sy compared to marketed formulation (Flucos
gel) and placebo formulation, after 48 hours of the
study period. The larger zone of inhibition for elastic
could be attributed to

(1.5% w/v)

liposome-based gel E2
nanosized particles of Fluconazole contained in elas-
tic liposomes and due to the flexibility of elastic lipo-
somes and ability to penetrate through small pores,
which resulted in greater penetration through fungal
cell walls, to inhibit ergosterol synthesis (Basha et al.,
2013).

CONCLUSION

The elastic liposome gel was prepared successfully
and was satisfactory in terms of release, bioadhesion
and viscosity, with significantly higher penetration
and better corneal drug retention. The present study
endorsed that the elastic liposomal-based topical
ophthalmic gel formulation was a good choice over
conventional gel formulation for the treating kerato-
mycosis.
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Evaluation of Anti-Inflammatory Activity of Metronidazole
Treatment On Carrageenan Induced Paw Edema in Mice

SUMMARY

Metronidazole is a nitroimidazole derivative antibiotic that has
been used against protozoa and anaerobic organisms for a long time.

Furthermore, it has been used in non-infectious inflammatory diseases
such as acne, Crobns disease, periorificial dermatitis, rosacea and
seborrheic dermatitis recently. However, the studies about this issue are
very few and its mechanism of action is unknown. The aim of our study
is 1o evaluate the possible anti-inflammatory activity of metronidazole in

vivo by using the mice- carrageenan-induced paw edema method. Mice
were administered a single dose of 2, 20 or 200 mglkg metronidazole
via oral gavage. One hour later, 2% carrageenan was injected sub-

plantar to the hind paws. The paw thickness of mice was measured just
before the carrageenan injection and at 1, 2, 3, 4, 24 and 48 hours
after injection by dial thickness gauge. For comparison, another group

of mice received indomethacin (10 mglkg, orally) used as a rty‘f}l’me
drug. IL-1f and TNF-a. levels in the paws of mice were measured by the
ELISA method. ANOVA (post-hoc Bonferroni) and Students t tests were
used for statistical analysis. Metronidazole displayed equi-potent anti-
inflammatory activity with indomethacin in the carrageenan-induced
mouse paw edema model. It is shown that less edema occurred at all
doses (2, 20 and 200 mglkg) compared to the control group and no
differences were obtained in effect between the doses. It was observed
that in metronidazole treated groups, paw thickness returned to baseline
values 48 hours z/z/)‘er carrageenan injection, unlike the control group. IL-
1f and TNF-a. levels, which were increased with carrageenan injection,

were significantly decreased with metronidazole treatment. In our study,

metronidazole was found to be anti-inflammatory due 1o its effects on
relieving edema and redufin?gzpm—inszmmatory cytokines in the paws of
carrageenan-induced mice. The effectiveness of metronidazole in treating
various non-infectious diseases in recent years may be due to its anti-
inflammatory activity.

Key Words: Metronidazole, anti-inflammatory activity, mouse,
ey 7y
paw-edema test

Farelerde Karragenanla Indiiklenmis Penge Odem Modelinde Metronidazol
Tedavisinin Anti-inflamatuvar Aktivitesinin Degerlendirilmesi

0z

Metronidazol uzun yillardir protozoalara ve anaerob bakterilere kari
kullantlan nitroimidazol tirevi bir antibiyotiktir. Son yillarda bunlara
¢k olarak, akne, Crohn hastaligs, periorifisyal dermatit, rozase ve seboreik
dermatit gibi non-enfeksiyoz inflamatuvar hastaliklarda da kullanilmaya
baslanmistrr. Ancak bu konudaki calismalar simirlidir ve bu etkinin
mekanizmasi bilinmemektedir. Calismamizin amaci metronidazol’iin
olas: anti-inflamatuvar etkinliginin karragenan ile indiiklenen penge
ddemi yontemi kullanilarak farelerde in vivo olarak gosterilmesidir.
Deneylerde farelere gavaj yoluyla 2, 20 ya da 200 mglkg metronidazol
tek doz olarak uygulanmagtir. Bir saat sonra farelerin arka pengelerine
inflamasyon olusturmak icin sub-plantar %2 karragenan enjeksiyonu
yapilmag ve penge kalinligs karragenan enjeksiyonunun hemen oncesinde
ve enjeksiyondan 1, 2, 3, 4, 24 ve 48 saat sonra mikrometrik kompas
ile dlgiilmiigtiir. Metronidazol’iin etkinligi, ayr: bir grup fareye referans
ilag olarak verilen (10 mglkg, oral) indometazin ile karsilastirilmagtar.
Farelerin pengelerinde IL-1P ve TNF-o. diizeyleri ELISA yontemiyle
dleiilmiigtiir. Istatistiksel analiz varyans analizi (post-hoc Bonferroni) ve
Students t test ile yapilmasur. Farelerde karragenanla indiiklenen penge
ddemi modelinde metronidazol, indometazinle benzer derecede anti-
inflamatuvar etkinlik gistermistir. Metronidazol her di¢ dozda (2, 20 ve
200 mglkg) da kontrol grubuna kiyasla odem olusmasiny engellemigtir
ve etkide dozlar arasinda anlamly bir farklilik bulunmamisnr. Kontrol
grubunda 48. saatte hala bir miktar devam eden idem, metronidazol
gruplarinda kaybolmugtur. Karragenan enjeksiyonu ile artmag olan IL-1f
ve TNF-o. diizeyleri metronidazol tedavisi ile anlamly olarak azalmistrr.
Calssmamizda metronidazol farelerde karragenan ile indiiklenen penge
ddemini azaltics ve  pro-inflamatuvar sitokinleri - diigiiriicii ~ ethileri
nedeniyle  anti-inflamatuvar  bulunmugtur. - Metronidazol’iin  son
yzllzmiz cesitli non-enfeksiyoz hastaliklarin tedavisindeki etkinligi anti-
inflamatuvar aktivitesinden ileri gelebilir.

Anabtar Kelimeler: Metronidazol, anti-inflamatuvar aktivite,
Jare, penge-odem testi
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INTRODUCTION

Metronidazole is a nitroimidazole derivate
antibiotic drug that has been used against protozoa
and anaerobic bacteria for many years. It has been
used alone or in combination with other antibiotics
in many diseases such as pelvic inflammatory
diseases, endocarditis and bacterial vaginosis.
Besides its conventional use, it has been started to
use both topically and orally in different indications
such as acne vulgaris, Crohns disease, periorificial
dermatitis, rosacea and seborrheic dermatitis (Boeck,
Abeck, Werfel, & Ring, 1997; Nishimuta & Ito, 2003;
Pradhan, Madke, Kabra, & Singh, 2016; Seckin,
Gurbuz, & Akin, 2007; Zip, 2010). These diseases
are found to be related to inflammation (Dainichi,
Hanakawa, & Kabashima, 2014) and it has been
suggested that metronidazole has anti-inflammatory,
immunosuppressive and antipruritic properties as
well as antibacterial activity (Pradhan et al., 2016).
Although the usage of metronidazole has become
widespread, it is not known whether its effectiveness
in such a wide range of diseases is due to its antibiotic,
immunosuppressive or anti-inflammatory properties

(Nishimuta & Ito, 2003).

Thereareafewstudiesin theliterature investigating
the anti-inflammatory effect of metronidazole. In
one of them, metronidazole was shown to inhibit
leukocyte-endothelial cell adhesion (Arndt, Palitzsch,
Grisham, & Granger, 1994). In other studies,
metronidazole altered the neutrophil activity and
reduced the radical oxygen derivatives (Akamatsu
et al., 1990; Del Rosso & Baum, 2008; Miyachi,
2001; Miyachi, Imamura, & Niwa, 1986). However,
these studies are not sufficient for discussing the in
vivo anti-inflammatory effects of metronidazole.
Furthermore, the functional role of metronidazole on
acute inflammation is not known yet. Therefore, in
our study we aimed to induce inflammation acutely
in mice by using the carrageenan to investigate the
acute and long-time anti-inflammatory effect of

metronidazole at increasing doses. Furthermore, we
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also investigated the possible mechanism of anti-
inflammatory action of metronidazole, measuring

some important cytokine levels in inflammation.
MATERIAL AND METHODS
Animals

Male, 8-12 weeks old Swiss albino mice were used
in the experiments. Mice were housed in a room with
a 12-hour day/night cycle at constant humidity and
temperature (22 °C) and fed with a standard pellet
diet. All animal use was approved by the Kobay DHL
A.S. Local Ethics Committee (Decision approval date
and number: 11.09.2020 and 503). All the procedures
with animals were performed according to the rules
of the “Guide for the Care and Use of Laboratory

Animals”.
Metronidazole Treatment

Metronidazole (Flagyl® 125 mg / 5 mL Oral
Suspension, Ltd.  $ti,
Istanbul) was diluted to 0.3 mL of distilled water and

Sanofi  Saglik Uriinleri

administered to mice by gavage. The groups were
administrated with 2, 20 or 200 mg/kg metronidazole
as a single dose. Indomethacin (I7378, Merck,
Darmstadt, Germany), known to be a well-established
anti-inflammatory drug, was used as a reference drug
(orally;10 mg/kg). The same volume of water was
given to the control group mice by gavage. In each of

the groups, eight mice were used.

2, 20 and 200 mg/kg doses of metronidazole
were chosen in accordance with the dose previously
applied to rats and took into consideration of the
therapeutic dose for (Ganrot-Norlin,
Stalhandske, & Karlstrom, 1981; Reagan-Shaw, Nihal,
& Ahmad, 2008). Metronidazole, indomethacin,

and distilled water were administered to mice 1

patients

hour before carrageenan injection according to the
study showed that the metronidazole reaches the
maximum concentration in the blood one hour after

oral administration (Ralph, 1983).
Carrageenan-induced Paw Edema Test

In vivo anti-inflammatory activity was evaluated



FABAD ]. Pharm. Sci., 47, 2, 175-182, 2022
Doi: 10.55262/fabadeczacilik. 1134535

by a carrageenan-induced paw edema test (Posadas et
al., 2004). Inflammation was induced by sub-plantar
administration of 0.01 mL of 2% carrageenan (Sigma-
Aldrich, Germany) into the hind paws of mice. The
increase in paw thickness indicates inflammation-
related edema and the reduction in edema reflects the
anti-inflammatory activity of the administered drug.
A dial thickness gauge was used to measure the paw
thickness of mice (Dial Thickness Gauge, Ozaki Co.,
Japan; 0.01-1.0 mm). The paw measurements were
performed just before (x) and 1, 2, 3, 4, 24 and 48
hours after the carrageenan injection (x) (Murat Ulu,
2019). The calculations were performed according to

the formulas given below.

Change in paw thickness (A)=x- X,

Edema inhibition (%) = [(Control A - Treatment
A) / Control A] x 100

Potency was calculated according to the formula
below. Because edema occurred mostly 2 hours after
the carrageenan injection, the edema inhibition % of
the 2™ hour was selected for the potency calculations.

Potency = [% edema inhibition of metronidazole
of each animal (at 2" hour) / the mean of % edema

inhibition of indomethacin (at 2"¢ hour)] x 100

ELISA Assays

One series of mice were sacrificed at the second
hour of injection. Their paws were isolated and froze
immediately with liquid nitrogen. Tissues were kept
at -80 °C until experiment day. Interleukin-1p (IL-
1B) and Tumor Necrosis Factor alpha (TNF-a) levels
were measured using ELISA kits (Invitrogen IL-1
beta Mouse ELISA Kit #BMS6002 and TNF alpha
Mouse ELISA Kit #BMS607HS) according to the
manufacturer’s instructions.

Statistical analysis

Two-way repeated or one-way ANOVA and post
hoc Bonferroni test was performed for statistical
analysis. GraphPad Prism 5 Software (San Diego,
USA) was used for analysis. Results are given as mean
+ standard error of mean and a p value less than 0.05
is considered statistically significant.

RESULTS

Carrageenan-induced paw edema in the groups
administered with 2, 20, and 200 mg/kg metronidazole
was reduced at all measurement time points compared
to the control group (Figure 1.).

Edema reached its highest level in the second
hour in the control group and remained high until
the fourth hour.
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Figure 1. Changes of paw thickness after carrageenan injection

Figure 1. Time-dependent changes of paw
thickness after carrageenan injection in mice treated
with metronidazole (MTZ) (2, 20 and 200 mg/kg,
orally). Data are expressed as mean + standard error of
mean. Eight mice were used for each group. Statistical
analysis was performed with GraphPad Prism 5
Software. Two-way ANOVA on repeated measures
and post-hoc Bonferroni test was used (* p<0.05;
** p<0.01; *** p<0.001 compared to time matched
control group; #, p< 0.001 compared to initial paw

thickness of control group).

One hour after carrageenan injection, the
decrease of paw edema in metronidazole-treated
mice did not show a statistically significant difference
compared to the control group (Figure 1.). However,
in the following hours, metronidazole significantly

reduced carrageenan-induced paw edema at all doses

compared to the control group (Figure 1.). There is
no significant difference in edema relieving effect of

metronidazole between different doses.

The developed edema did not dissipate even after
48 hours (#, p=0.0019) in the control group, whereas
the paw thickness returned to the baseline values
after 48 hours in all metronidazole groups (Figure
1.). Indomethacin significantly reduced carrageenan-
induced paw edema compared to the control group
(Figure 1.). There was no statistically significant
difference between the metronidazole groups and
the indomethacin group (Figure 1.). Metronidazole
groups were found to be as potent as the indomethacin
group, comparing the edema inhibition % of the
metronidazole groups to the indomethacin group
(Table 1.).

Table 1. Edema inhibition % and potency of metronidazole (MTZ) groups

Indomethacin MTZ 2 mg/kg MTZ 20 mg/kg MTZ 200 mg/kg
% Edema inhibition® 49,92 +£9,23 49,06 + 11,54 47,19 £9,32 40,45 + 9,53
Potency* 100 + 18,50 98,28 + 23,12 94,53 + 18,68 81,02 + 19,08

*Comparison of edema inhibition % and potency of metronidazole (MTZ) groups with indomethacin group 2 hours

after carrageenan injection. Data are given as mean + standard error of mean.
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The carrageenan injection in the paws of mice
induced an inflammatory reaction in mice as shown
by significantly increased levels of IL-13 and TNF-a
(Figure 2.). Indomethacin decreased IL-1 and TNF-a

A :
, P
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4004

*kk

300+

200+

100

IL-1p (pg/mg protein)

0=
‘.\o"‘“’co‘\“‘;\l\.‘l‘lﬁqmﬂ.@ Wwi2? \nd®

Carrageenan injected

levels compared to the control group. Metronidazole
treatments at all doses also significantly reduced the
levels of IL-1p and TNF-a compared to the control
group (Figure 2.).

1500+ #
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Figure 2. The effects of carrageenan injection on pro-inflammatory cytokines

Figure 2. The changes of pro-inflammatory
cytokines after carrageenan injection in the paws of
mice treated with metronidazole (MTZ) (2, 20 and
200 mg/kg, orally) or indomethacin (Indo) (10 mg/
kg, orally). Data are expressed as mean + standard
error of mean. Four mice were used for each group.
Statistical analysis was performed with GraphPad
Prism 5 Software. One-way ANOVA and post-hoc
Bonferroni test were used (# p<0.001 compared to the

non-injected group; *** p<0.001 compared to control
group).
DISCUSSION

Metronidazole is an antibiotic that has been
prescribed for many years for its antibacterial and
antiprotozoal properties. The action mechanism
of metronidazole against anaerobic bacteria and
protozoa is microbial DNA damage and nucleic acid
synthesis inhibition (Edwards, 1993; Pradhan et al.,
2016; Seidler Stangova et al., 2019). It has been used
alone or in combination with other antibiotics in many
diseases such as amebiasis, trichomoniasis, giardiasis,
vaginitis, endocarditis, surgical chemoprophylaxis

or Helicobacter pylori eradication (Chey, Leontiadis,

Howden, & Moss, 2017; Petrin, Delgaty, Bhatt, &
Garber, 1998). Since metronidazole is included in
the first-line treatment known as triple therapy
with proton pump inhibitor and clarithromycin
for Helicobacter pylori infection, it is prescribed
frequently (Chey et al., 2017).

Metronidazole has also been used in various
non-infectious diseases in recent years (Khodaeiani
et al., 2012; Pradhan et al, 2016; Seidler Stangova
et al., 2019; Zip, 2010). Topical gels or creams are
effective in rosacea, acne wvulgaris, periorificial
dermatitis and seborrheic dermatitis (Boeck et al,,
1997; Del Rosso & Baum, 2008; Khodaeiani et al.,
2012; Nishimuta & Ito, 2003; Seckin et al., 2007; Zip,
2010). It has been suggested that the therapeutic
effect of metronidazole in rosacea and acne vulgaris
may be due to its anti-inflammatory effect rather
than its antibacterial effect (Nishimuta & Ito, 2003).
However, the action mechanism of metronidazole in
the treatment of various non-infectious diseases is
not fully understood. In one of the previous studies
about its anti-inflammatory activity, metronidazole

prevented leukocyte endothelial adhesion (Arndt et
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al., 1994). In other studies, it has been suggested that
metronidazole may have an anti-inflammatory effect
by changing neutrophil activity and reducing radical
oxygen derivatives (Akamatsu et al., 1990; Del Rosso
& Baum, 2008; Miyachi, 2001; Miyachi et al., 1986).

In our study, the anti-inflammatory activity of
metronidazole was investigated in a carrageenan-
induced paw edema model in mice. Metronidazole
showed significant anti-inflammatory activity at all
three doses via reducing carrageenan-induced edema
and two important pro-inflammatory cytokines. We
selected three doses of metronidazole for scanning
a large dose-effect range and assessing the dose-
response relation of metronidazole and its anti-
inflammatory activity of it. The 20 mg/kg dose was
chosen in accordance with the dose of metronidazole
used in various infectious diseases in the clinic. When
the body surface area normalization method was used
instead of a simple conversion based on body weight
for dose translation (Reagan-Shaw et al., 2008), the
dose of metronidazole was calculated as 200 mg/
kg for mice. Thus, a group of mice administered
200 mg/kg was also created. Finally, the low (2 mg/
kg) dose was administered to test the subclinical
effect. We found no difference in preventing edema
between the groups that received increasing doses of
metronidazole, suggesting that the anti-inflammatory
effect was not dose-dependent in this dose range.
According to our findings, it can be suggested that
metronidazole may have an anti-inflammatory effect
besides its antibacterial effect at the dose used in the
treatment of various bacterial diseases in the clinic

(e.g. 500 mg or 3x250 mg).

Acute inflammation is characterized by edema
that develops as a result of increased vascular
permeability, extravasation of fluids and proteins,
cellular infiltration and accumulation of leukocytes
in the inflammation area (Necas & Bartosikova,
2013; Posadas et al., 2004). The carrageenan-induced
paw edema model is a well-known and widely used

acute inflammation model (Necas & Bartosikova,
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2013; Xue, Wu, Wu, Li, & Wang, 2019). Carrageenan
injection develops edema, one of the five cardinal
signs of inflammation, without causing any injury or
damage to the inflamed paw (Necas & Bartosikova,
2013; Telli, Kazkayasi, & Uma, 2021). Indomethacin
is a non-steroidal anti-inflammatory drug with
strong anti-inflammatory activity. It has been used
as a reference drug in the carrageenan-induced paw
edema model (Akindele & Adeyemi, 2007). Therefore,
indomethacin was used as a reference drug in our
study and metronidazole groups were found to be as

potent as it is.

In the carrageenan-induced paw edema model, it
was observed that the control group developed severe
edema starting from the second hour of injection,
which is consistent with previous studies (Necas &
Bartosikova, 2013; Posadas et al., 2004). In our study,
measurements were continued until the 48" hour.
The paw thickness of control group did not return
to the initial values even 48 hours after injection. On
the other hand, the paw thickness of metronidazole
groups at 48th hour was not different from the initial
value, indicating that the anti-inflammatory effect

persisted.

IL-1B, which stimulates the local and systemic
inflammation responses of the body is a prototypical
cytokine. It stimulates the accumulation of
inflammatory cells by inducing the release of
adhesion molecules on endothelial cells. It also
triggers the synthesis of various enzymes, which
contribute to the release of inflammatory mediators
(Gabay, Lamacchia, & Palmer, 2010). In our study,
carrageenan injection increased IL-1(3 level which
was decreased by metronidazole treatments. Another
pro-inflammatory cytokine TNF-a, regulates vascular
endothelium and endothelial leukocyte interactions.
This interaction in combination with the release of
chemokines may lead to the recruitment of different
populations of leukocytes. In addition, TNF-a
contributes to the inflammation process by inducing

fever, vasodilatation and expression of pro-coagulant
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proteins (Bradley, 2008). Similarly, to IL-1p, we found
that carrageenan injection increased TNF-a level
which was decreased by metronidazole treatments.
In accordance with our results, it has been shown
that metronidazole incubation was shown to reduce
IL-1p and TNF-a levels in lipopolysaccharide-
induced human periodontal ligament cells (Rizzo et
al,, 2010). Thus, the mechanism underlying the anti-
inflammatory effect of metronidazole may be due to
its IL-1B and TNF-a reducing effect.

CONCLUSION

In conclusion, our study showed for the first time
that metronidazole has anti-inflammatory activity in
acute inflammation in vivo by using a carrageenan-
induced paw edema model in mice. Furthermore, it
has been shown that pro-inflammatory cytokines, IL-
1B and TNF-a, which were increased with carrageenan
injection, decreased with metronidazole treatment. If
its anti-inflammatory activity can be demonstrated in
different inflammation models with further studies,
the rationale for using metronidazole in various
non-infectious diseases may be attributed to its anti-
inflammatory activity and metronidazole can be used

in the treatment of many other inflammatory diseases.
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Studying the Protective Effect of Ellagic Acid
Against High Glucose-Associated Toxicity in H9C2

Cardiomyocytes

Elham KESHAVARZI', Azadeh AMINZADEH ™"

Studying the Protective Effect of Ellagic Acid Against High
Glucose-Associated Toxicity in HIC2 Cardiomyocytes

SUMMARY

Diabetes mellitus leads to an increased risk factor for cardiovascular
diseases. Accumulating evidence has demonstrated that high glucose
(HG) can promote massive apoptosis in cardiomyocytes. Oxidative
stress has been known as main factor responsible for HG-induced
apoptosis. Ellagic acid, a natural phenolic compound, exhibits
anti-inflammatory, ~anti-atherogenic, and antioxidant effects.
This study was carried out to evaluate the effects of ellagic acid on
HG-induced oxidative damage in HIC2 cells. The effect of ellagic
acid on the viability of cells was evaluated by the MTT method.
The oxidative stress parameters, including levels of malondialdehyde
(MDA), glutathione (GSH), total antioxidant capacity (TAC), and
superoxide dismutase (SOD) activity were also measured. The results
indicated that ellagic acid (10 pM and 20 pM) could remarkably
enhance the cell viability of HIC2 cells exposed to HG. In addition,
ellagic acid significantly improved the levels of intracellular GSH,
TAC, and SOD, whereas the levels of MDA were attenuated. These
results revealed a protective effect of ellagic acid on HG-induced
cytotoxicity, at least partially, by increasing antioxidant activity and
preventing oxidative stress.

Key Words: HIC2 cells, high glucose, ellagic acid, cardiotoxicity,

oxidative stress

HYC2 Kardiyomiyositlerde Yiiksek Glikoz Baglantil Toksisiteye
Kargi Elajik Asitin Koruyucu Etkisinin Incelenmesi

0z

Diabetes mellitus, kardiyovaskiiler hastaliklar icin riskin artmasina
neden olan bir faktordiir. Elde edilen veriler, yiiksek glikozun (HG)
kardiyomiyositlerde yaygin apoptozu tesvik edebilecegini gistermistir.
Oksidatif stres, HG'nin neden oldugu apoptozdan sorumlu ana
Jaktor olarak bilinmektedir. Dogal bir fenolik bilesik olan elajik
asit, anti-inflamatuar, ~anti-aterojenik ve anti-oksidan  etkiler
gostermektedir. Bu calisma, elajik asidin HIC2 hiicrelerinde HG nin
neden oldugu oksidatif hasar iizerindeki etkilerini degerlendirmek
igin yaptlmgtir. Elajik asitin hiicre canliligs vizerindeki etkisi MTT
yontemi ile degerlendirilmistir. Malondialdehit (MDA), glutatyon
(GSH), toplam antioksidan kapasite (TAC) ve siiperoksit dismutaz
(SOD) aktivitesini iceren oksidatif stres parametreleri de olgiilmiistiir.
Sonuglar, elajik asitin (10 uMl ve 20 uM), HGye maruz kalan
HIC2 hiicrelerinin hiicre canlibgini inemli iliide artrabildigini
gostermigtir. Ek olarak, elajik asit, hiicre ici GSH, TAC ve SOD
diizeylerini onemli dlgiide artirirken, MDA diizeylerini azaltmgtar.
Birlikte ele alindiginda, bu sonuglar, elajik asitin, en azindan kismen,
antioksidan aktiviteyi artirarak ve oksidatif stresi onleyerek, HG nin
neden oldugu sitotoksisite iizerinde koruyucu bir etkisini ortaya
koymugtur.
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INTRODUCTION

Diabetes mellitus (DM) is a leading cause of many
chronic conditions, including nephropathy, retinop-
athy, neuropathy, and cardiovascular diseases (Lin,
2014; Chawla, 2016). High glucose (HG), the most
important feature of DM, can cause the development
of cardiovascular diseases (Martin-Timén, 2014). It
has been shown that HG stimulates myocardial apop-
tosis through oxidative stress and inflammatory reac-
tions (Yan, 2011). It has been recently indicated that
HG leads to the overproduction of reactive oxygen
species (ROS), ultimately resulting in the activation
of the apoptotic pathway (Kumar, 2012). ROS are
chemically reactive chemical species containing oxy-
gen. Oxidative stress is a condition characterized by
increased intracellular levels of ROS. It is known that
oxidative stress has an essential role in the pathogene-
sis of cardiovascular complications of diabetes (Haid-
ara, 2006). Oxidative stress can result in the reduction
of antioxidant defense proteins such as glutathione
(Cnubben, 2001). Furthermore, free radicals cause
modifications in proinflammatory mediators such as
nuclear factor kappa B (NF-kB) and suppress nuclear
factor erythroid 2-related factor 2 (Nrf2), which are
major transcription factors implicated in antioxidant
capacity (Videla, 2009). These events ultimately lead to
ROS attack on proteins, lipid membranes, and DNA,
causing cardiac cell damage and apoptosis (Datta,
2000). Therefore, natural antioxidant scavengers such
as polyphenol compounds can be useful in reducing
the free radicals in cardiac cells. Studies have shown
that polyphenol compounds have beneficial effects on
cardiovascular diseases (Quiniones, 2013). Ellagic acid
is a natural polyphenolic compound found in black-
berry, strawberry, bayberry, pineapple, and pome-
granate (Amakura, 2000). It is reported to have im-
portant biological properties including antimicrobial,
anti-inflammatory, anti-atherogenic, and anti-muta-
genic effects (Rogerio, 2006; Abuelsaad, 2013). Ellagic
acid has been shown to have potent antioxidant activ-
ity that effectively scavenges ROS (Devipriya, 2007).

Moreover, studies have shown that ellagic acid exhib-
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its beneficial effects in the treatment of hypertension
and prevention of nephrotoxicity (Al-Kharusi, 2013;
Berkban, 2015). Studies have indicated that the an-
tioxidant activity of polyphenols plays an important
role against oxidative stress-induced injury in cardio-
myocytes (Mattera, 2017). Trolox, a vitamin E analog,
inhibits oxidative damage to H9C2 cells under HG
condition (Davargaon, 2019). Interestingly, one study
reported that ellagic acid provided more effective pro-
tection than vitamin E against oxidative stress damage
in embryonic and placental tissues of C57BL/6] mice
(Hassoun, 1997). H9C2 cells are proper in vitro mod-
el for cardiac research studies (Zordoky & El-Kadi,
2007). Therefore, the present study aimed to examine
the protective effects of ellagic acid on HG-induced
oxidative injury in H9C2 cells with a focus on its an-

tioxidant properties.
MATERIALS AND METHODS
Cell culture

The H9C2 cells were purchased from the National
Cell Bank of Iran (NCBI code: C585, Pasteur Insti-
tute of Iran, Tehran, Iran). The cells were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM, Gibco,
Invitrogen, Carlsbad, CA, USA) containing 4 mM
L-glutamine, 1 mM sodium pyruvate, 1500 mg/L
sodium bicarbonate, and 1000 mg/L glucose. The
culture medium was supplemented with 1% penicil-
lin-streptomycin (Gibco, USA) and 10% heat-inacti-
vated fetal bovine serum (FBS, Gibco, USA). The cells
were maintained in 5% CO2 and 37°C.

Determination of cell viability

The effect of ellagic acid on HG toxicity was mea-
sured via the analysis of viable cells using MTT colo-
rimetric assay. Briefly, 1x10* HOC2 cells were seeded
into each well of a 96-well plate. After 24 h incubation,
the cells were treated with different glucose concen-
trations (20, 35, 50, and 65 mM) for 24 h. The level of
50 mM glucose was chosen for the next steps. Then,
the cells were pretreated with various concentrations
of ellagic acid (5, 10, 20, and 30 pM, Sigma Aldrich,
St Louis, MO, USA) for 24 h and next, the cells were
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treated with HG (50 mM) for 24 h. After the above
mentioned time, 10 uM of MTT (5 mg/ml, Sigma,
USA) was added to each well and the plates were
incubated for 3-4 h at 37°C. Then, the medium was
removed and 100 pM of DMSO was added to each
well and the absorbance was measured with an ELISA

plate reader at 570 nm.

Thiobarbituric acid reactive substances

(TBARS) assay

Malondialdehyde (MDA), a three-carbon low mo-
lecular weight aldehyde, is one of the end products of
lipid peroxidation (LPO) in the cells. MDA level has
been implicated as a marker of oxidative stress and
antioxidant status (Gawel, 2004). After treatment, the
HI9C2 cell lines (3x10° cells) were washed twice with
PBS and then cells were centrifuged at 3000 g for 5
min. Then, 200 pl of the sample was mixed with 500
ul of 20% trichloroacetic acid (Sigma, USA), 400 pl of
thiobarbituric acid (TBA, Sigma, USA), and 500 pl of
sulfuric acid (Merck Company, Darmstadt, Germany).
Then it was heated for 30 min in a boiling water bath.
After cooling, samples were mixed with 0.8 ml of n-bu-
tanol (Merck, Germany), next centrifuged at 4100 g for
12 min. The quantification of MDA levels in the sam-
ples was measured in the absorbance of 532 nm.

Measurement of total thiol groups

The total thiol groups were determined by the HU
method (Hu, 1994). 5, 5-dithiobis-(2-nitrobenzoic
acid), also called DTNB or Ellman’s reagent, is a versa-
tile water-soluble compound for evaluating sulthydryl
groups in the solution. Briefly, the cell lysates were
added to Ellman’s reagent (5 mM, Sigma, USA), and
centrifuged for 10 min. The absorbance of the mixture

was measured at 412 nm.

Measurement of total antioxidant capacity
(TAC) levels

The TAC levels were determined by the ferric re-
ducing antioxidant power (FRAP) assay. This method
was based on the reduction of ferric ions (Fe**) to fer-

rous jons (Fe**) in the presence of tripyridyltriazine

(TPTZ) by the colorimetric method. Briefly, the FRAP
reagent containing TPTZ (10 mM, Sigma, USA), HC]
(40 mM, Merck, Germany), FeCl, (20 mM, Merck,
Germany), and acetate buffer was freshly prepared
and added to the samples. The mixture was incubated
for 5 min at 37°C, and the absorbance at 593 nm was

recorded using an ELISA plate reader.
Measurement of superoxide dismutase (SOD)

SOD is an essential antioxidant defense against
oxidative stress in the body. SOD is the first line of
physiological defense and most strong antioxidant in
the cells (Tsai, 2015). To assay for SOD activity, 610
pl of PBS and 90 ul of pyrogallol (Sigma, USA) were
added to the supernatant. The absorbance was mea-
sured at 420 nm (Marklund & Marklund, 1974).

Statistical methods

All data were represented as the mean *+ S.D in
GraphPad Prism 5.0 software (San Diego, CA, USA).
Statistical analyses were evaluated using the one-way
ANOVA followed by Tukey’s post hoc test. A P value
less than 0.05 was assumed to be statistically signifi-

cant.
RESULTS
Effect of high glucose on cell viability
To identify the effect of HG on cell viability, MTT

reduction assay was used. H9C2 cells were exposed
to different glucose concentrations (20, 35, 50, and 65
mM) for 24 h. The results showed that HG (35, 50,
and 65 mM) decreased cell viability in HOC2 cells in
a concentration-dependent manner. HG in the con-
centration of 50 mM was selected for experiments (P
< 0.001) (Figure 1).
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Figure 1. Cell viability of H9C2 cells after treatment with various concentrations of glucose. The values are
expressed by mean + S.D; n=5. "P < 0.05 and ""P < 0.001 compared with the control group.

Ellagic acid attenuated HG-induced loss of cell  viability as compared with the HG group. Because
viability in H9C2 cells ellagic acid at concentrations of 10 uM and 20 uM

The HOC2 cell lines were pre-incubated with el- produced significant protective effects, these concen-

lagic acid followed by exposure to HG. The results trations were chosen for use in this study (P < 0.001

showed that ellagic acid significantly increased cell for both concentrations) (Figure 2).

-
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Figure 2. Effects of ellagic acid (EA) on cell viability in HG-treated H9C2 cells. The values are expressed
by mean * S.D; n=5. **P < 0.001 compared with the control group; "P< 0.05, P < 0.01 and P < 0.001 were
compared with the HG group.
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Effect of ellagic acid on LPO in H9C2 cells

To evaluate whether ellagic acid is involved in
HG-induced LPO, the cells were pre-incubated with
ellagic acid and then treated with HG. Our results in-
dicated that HG increased the level of MDA. Treat-
ment of HOC2 cells with ellagic acid (10 uM and 20
uM) decreased MDA levels as compared with HG (P
< 0.001 for both groups) (Figure 3a).

a

MDA content (M)

Ellagic acid restored HG-induced decrease in
the activity of GSH

Our results showed that HG significantly reduced
GSH levels compared with control (P< 0.001), where-
as pretreatment with ellagic acid (10 pM and 20 uM)
for 24 h, significantly increased the GSH levels com-
pared with H9C2 cells exposed to HG (P < 0.001 for
both groups) (Figure 3b).
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Figure 3. Effects of EA on MDA and GSH levels in HG-treated H9C2 cells. The values are expressed by
mean * S$.D; n=3. **P < 0.001 compared with the control group; ™"P < 0.001 was compared with the HG group.
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Ellagic acid attenuated HG-induced decrease in
TAC levels

Effects of ellagic acid on TAC levels were studied
by FRAP assay. As shown in Figure 4a, results illus-
trated that the HG condition markedly reduced TAC
levels while ellagic acid (10 uM and 20 uM) signifi-
cantly enhanced TAC levels (P < 0.001 and P < 0.01,

respectively).

Ellagic acid increased HG-induced decrease in
SOD activity

As shown in Figure 4b, SOD activity is markedly
reduced in the HG-exposed group (P < 0.001). How-
ever, ellagic acid administration (10 pM and 20 uM)

effectively increased SOD activity as compared with
the HG group in HOC2 cells (P < 0.001 for both con-

centrations).

Total antioxidant power (mM) @

T

g

1004

o
<

SOD (% of control)

Figure 4. Effects of EA on total antioxidant capacity and SOD levels in HG-treated H9C2 cells. The values
are expressed by mean + S.D; n=3. **P < 0.001 compared with the control group; “P < 0.01 and ""P < 0.001

were compared with the HG group.
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DISCUSSION

This study was designed to examine the cardiopro-
tective effect of ellagic acid on HG-induced oxidative
stress in H9C2 cardiac cells. We observed that ellag-
ic acid prevented HG-induced cytotoxicity in HOC2
cells by decreasing the levels of MDA and increasing
the levels of intracellular GSH, SOD, and TAC.

Clinical studies have shown that cardiovascu-
lar disease (CVD) is a major cause of death in pa-
tients with diabetes (Martin-Timén, 2014). It has
been shown that oxidative stress has a crucial role in
CVD development (Haidara, 2006). Previous studies
demonstrated that HG stimulated apoptosis in vascu-
lar endothelial cells via the accumulation of ROS lev-
els (Kumar, 2012; Aminzadeh & Bashiri, 2020). Fur-
thermore, studies have shown that cardiac myocyte
apoptosis under pathological conditions plays a major
role in CVD. Experimental and clinical diabetic mod-
els have shown that oxidative stress mediated heart
injury (Haidara, 2006). Excessive oxidative stress is
an imbalance between ROS production and antiox-
idant defense systems, which plays an essential role
in inducing apoptosis. Several biomarkers are used to
evaluate oxidative stress conditions, such as levels of
lipid peroxidation, SOD, catalase, and GSH.

Antioxidants organize the primary defense sys-
tem that limits the toxicity associated with oxidative
stress. Some studies have previously shown that an-
tioxidant natural substances such as diallyl trisulfide
could prevent HG-induced apoptosis in cardiac cells.
It was shown that antioxidants could improve heart
disease in diabetic conditions after the administration
of streptozotocin (Kumar, 2013). It is also indicated
that polyphenolic compounds have protective roles
on different noxious stimuli, including rat model of
Parkinson’s disease and lipopolysaccharide-induced
inflammation in RAW264 cells (Baluchnejadmojarad,
2017; Du, 2019; Wang, 2019).

In this research, we demonstrated that HG induced
H9C2 cells injury while ellagic acid could prevent ox-
idative stress production in cardiac cells. H9C2 cells

were pre-incubated with various concentrations of

ellagic acid (5-30 uM) and the effect of ellagic acid on
viability was determined by MTT assay. Our results
showed that cell viability decreased when H9C2 cells
were incubated with HG. Pre-incubation with ellagic
acid successfully increased cell viability. This result is
in agreement with previous findings indicating that
ellagic acid enhanced cell viability and also provided
cytoprotection against oxidized LDL-induced apop-
tosis in primary human umbilical vein endothelial
cells (Ou, 2010).

Increasing documents in experimental and clini-
cal studies propose that free radicals lead to increased
lipid peroxidation and MDA content. The MDA lev-
el has been recognized as a circuitous parameter of
oxidative stress in cells. Lipid peroxidation has been
involved in the pathogenesis of various disorders
such as diabetes, atherosclerosis, fibrosis, and cancer
(Negre-Salvayre, 2010; Aminzadeh & Salarinejad,
2019). Lipid peroxidation can either directly degrade
enzymes by free radicals, or by chemical changes in
end products (Halliwell & Chirico, 1993). Our find-
ings revealed that HG enhanced the levels of MDA in
cardiac cells. A similar study reported that elevated
level of MDA in diabetic model was induced by low
dose of streptozoticin in rats (Yu, 2012). Moreover,
this study showed that ellagic acid prevents the in-
creased in MDA levels in HG condition. In line with
current results, evidence indicates that ellagic acid in-
hibited LPO and attenuated the high-fat diet/low dose
streptozotocin-induced diabetic nephropathy in rats
(Ahad, 2014).

GSH is a common molecule found in many tis-
sues and cells. GSH, a crucial regulator of intracellular
oxidative balance, has an important role in cell death
principally by binding to cysteine residues in proteins
(Anderson, 1998). In the present study, our results
showed that HG decreased GSH levels in HIC2 cells.
We observed that pretreatment with ellagic acid in-
creased GSH levels as compared with the HG group.
Our findings are consistent with reports indicating
that ellagic acid restored GSH levels on H,O,-induced
apoptosis in PC12 cells (Pavlica & Gebhardt, 2005).
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SOD is one of the most essential enzymes in the
antioxidant defense system (Yim, 1990). In the pres-
ent study, we observed that treatment of H9C2 cells
with HG decreased SOD activity, while ellagic acid
effectively increased SOD activity as compared with
the HG group. The results of the present study are in
agreement with studies indicating that ellagic acid
enhances the SOD levels to protect against 2, 2-di-
phenyl-1-picrylhydrazyl (DPPH)-induced toxicity in
V79-4 cells (Han, 2006).

CONCLUSION

Overall, the present study revealed a protective
role of ellagic acid against HG-induced cardiotoxicity
in H9C2 cells in vitro. Our results demonstrated that
pretreatment of HIC2 cells with ellagic acid reduced
the oxidative stress in HG condition. The antioxidant
role of ellagic acid could be responsible for this ac-
tivity.
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Digital Data Security Awareness: A Study with

Pharmacy Students
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Digital Data Security Awareness: A Study with Pharmacy
Students

SUMMARY

Technological developments lead to changes in the field of health
as well as in many areas. Although these developments bring many
advantages, there are also some potential risks. Increments in digital
healthcare and digitally stored information raise concerns about
data security. It is vital for pharmacists and pharmacy students to
be aware of data security, considering patient rights and ethical
principles. This study investigates the digital data security awareness
of pharmacy students and the effects of some variables on it. In this
context, a questionnaire was applied to pharmacy students, including
the “Digital Data Security Awareness Scale” developed by Yilmasz,
Sahin, & Akbulur (2015).  Firstly, exploratory factor analysis was
performed on the data obtained, and then the effects of some variables
on digital data security awareness were investigated via t-test and
analysis of variance. Digital data security awareness is found to be
higher in those who have an antivirus program on their smartphones.
Additionally, it was determined that the mean of the responses given
by the students to the statements on the scale was around three. As
a result, the awareness of pharmacy students on this issue needs to be
improved.

Key Words: Data security, pharmacy practices, ethics

Dijital Veri Giivenligi Farkindalygs: Eczacilsk Ogrencileri ile Bir
Caligma

0z

Teknolojik gelismeler, saglik alaninda da bircok alanda oldugu
gibi degisikliklere yol agmaktadir. Bu gelismeler beraberinde bircok
avantaj getirse de bazi potansiyel riskler de bulunmaktadsr. Dijital
saglk  hizmetlerindeki ve dijital olarak depolanan bilgilerdeki
artis, veri giivenligi  konusundaki endiseleri de  arttirmaktadsr.
Eczacilarin ve eczacilik grencilerinin, hasta haklar: ve etik ilkeler
de goz oniinde bulunduruldugunda, veri givenligi konusunda
Jarkindahga sahip olmalar: oldukca onem arz etmektedir. Bu
caligma, eczacilik ogrencilerinin dijital veri givenligi farkindaligini
ve bazi degiskenlerin buna etkilerini incelemektedir. Bu kapsamda
eczacilik dgrencilerine Yilmaz, Sahin, ve Akbulut (2015) tarafindan
gelistirilen “Dijital Veri Giivenligi Farkindalig: Olgegi”ni de igeren
bir anket wygulanmigtr. Elde edilen verilere ilk olarak aciklayici
Jaktor analizi yapilmis, ardindan bazi degiskenlerin dijital veri
glivenligi farkindaligs dizerindeki etkileri t-testi ve varyans analizi ile
aragtirilmstar. Akally telefonunda antiviriis program: bulunanlarda
dijiral veri giivenligi farkindaliginin daba yiiksek oldugu tespit
edilmistir. Ayrica, Grencilerin olgekteki ifadelere verdikleri yanitlarm
ortalamalarimin ii¢ civarmda oldugu belirlenmistir. Sonug olarak,
eczacilik dGrencilerinin bu konudaki farkindaliklarnin geligtirilmesi
gerekmektedir.

Anabtar Kelimeler: Veri giivenligi, eczacilik uygulamalars, etik
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INTRODUCTION

Usage of health information technology in
healthcare is stated to be important, and it has
benefits in costs, patient satisfaction, health outcomes
(Rothstein, 2007; Sykes, Venkatesh, & Rai, 2011; Kuo,
Ma, & Alexander,2014). Astime goes on, more dataand
information are available in the digital environment
and can be easily stored, copied, and moved on small
devices (Ogiit¢ti, Testik, & Chouseinoglou, 2016).
Today, health data are stored as electronic records by
hospitals and clinics (Wang, 2015). There is a growing
interest in using electronic health records instead
of paper-based records (Fernandez-Aleman, Seiior,
Lozoya, & Toval, 2013). It brings several advantages
such as improving data availability, reducing costs
and medical errors (Sun & Fang, 2010). The use of
electronic health records improves patient care with
immediate access and exchange of information, on
the other hand, some risks as unauthorized access and
use, raise concerns about confidentiality and privacy
(Sulmasy, Lopez, Horwitch, American College of
Physicians Ethics, Professionalism and Human Rights
Committee, 2017). The ethical principles of justice,
autonomy, privacy, and confidentiality are considered
in evaluating health technologies (Nesipoglu
& Ozding, 2021). Electronic data security and
information security management are sensitive issues
for organizations (Parsons, McCormac, Pattinson,
Butavicius, & Jerram, 2014). In the literature, the most
cited concerns are privacy and security (Chao, Hu,
Ung, & Cai, 2013; Sun & Fang, 2010; Lee, 2017; Haas,
Wohlgemuth, Echizen, Sonehara, & Miiller, 2011;
Wang 2015; Yiiksel, Kiipii, & Ozkasap, 2017). Lack
of security awareness threatens information security
(Karabatak & Karabatak, 2019). As digital healthcare
services increase around the world, the necessity of
making regulations has arisen. European Union and
the United States made regulations to protect health
data and ensure privacy (Treacy & McCaftery, 2016).

Similarly, in Turkey, Personal Data Protection Law,
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and Regulation on Personal Health Data entered into
force in 2016 and 2019, respectively (Official Gazette,
2016, No0:6698; Official Gazette, 2019, No: 30808).

Pharmacy is not apart from these developments
and changes in healthcare. Various studies exhibit
that health technologies have been taking part in
pharmacy practice (Stewart & Lynch, 2012; Williams,
Nunemacher, Holland, Rhodes, & Marciniak, 2019;
Martirosov, Seitllari, Kaurala, & MacDonald, 2020;
Westbrook et al., 2019; McNicol, Kuhn, & Sebastian,
2019; Burgin, O’Rourke, & Tully, 2014). Human
errors are one of the major problems in ensuring
information security, and raising awareness on this
issue is essential (Cetinkaya, Giildiiren, & Keser,
2017). In addition, considering the development,
management, and usage processes, the importance of
the human factor becomes evident (Karaoglan Yilmaz,
Yilmaz, & Sezer, 2014). In this regard, healthcare
providers’ responsibility and attention are important.
Hence, increment of pharmacists’ awareness about
data security is essential.

Importance should be given to cybersecurity to
protect health data (Wang, 2015). In a study conducted
with physicians, lack of knowledge and skills are
stated as significant challenges in using electronic
health record systems (Chao et al., 2013). Privacy
is at the forefront for people with high digital data
security awareness levels (Durak & Saritepeci, 2020).
In this context, improving healthcare professionals’
skills, knowledge, and awareness is essential. In the
literature, there are some studies about digital data
security awareness. For instance, Avci and Arslan
(2019) conducted a study with employees of a public
service organization and found a significant positive
relationship between information literacy levels and
digital data security awareness. Besides, Goldag (2021)
applied a study to university students and showed
a significant positive relationship between digital
literacy levels and digital data security awareness.

Moreover, in Giindiizalp’s (2021) study, the awareness
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of university employees about digital data security
and cyber security were determined.

Considering that pharmacists have ethical
responsibilities to patients, and health information
technologies are widely used, ensuring digital data
security is essential for pharmacists. As future
pharmacists, pharmacy students should pay attention
to this issue. Within the scope of the study, the status
of pharmacy students’ digital data security awareness
and the influences of some variables on digital data
security awareness are examined.

MATERIAL AND METHODS

This study was approved by Izmir Katip Celebi
University Social Research Ethics Committee (Permit
No: 2020/09-06). The questionnaire was applied
online between November and December 2020 to
pharmacy students in a pharmacy faculty. Informed
consent was taken from the participants. In total 403
students exist in the faculty, and 88 students answered
the questionnaire.

The questionnaire form consists of questions about
gender, grade, internet usage, antivirus programs, and
the Digital Data Security Awareness Scale developed
by Yilmaz, Sahin, & Akbulut (2015). The scale has one
dimension and five-point Likert type 32 items. The
Cronbach’s alpha coefficient of the scale is 0.945.

Data obtained from the study were analyzed with
IBM SPSS 24.0 package program. Descriptive statistics
were given. Besides, exploratory factor analysis
was conducted on the data, Cronbach’s alfa and
Kaiser-Meyer-Olkin (KMO) values were calculated.
T-test and variance analysis (ANOVA) were used to
determine the effects of the variables on the factor.

Also, the mean values of the items were investigated.

RESULTS AND DISCUSSION

The study results showed that most of the
participants were female (62.5% female, 37.5% male).
When examined according to the grades, 27.3% of
the students were in their first year. 19.3%; %14.8%;
22.7% and 5.9% of the students were in the second,
third, fourth, and fifth grade, respectively. In terms
of internet usage in a day, 40.9% of the participants
used for 3-5 hours, and 30.7% used for more than 5
hours. 23.9% used for 1-3 hours, 4.5% of them were
used for less than 1 hour. The status of having an
antivirus program on computers or smartphones was
examined. The study results showed that half of the
students (50%) have an antivirus program on their
computers, and 34.1% do not have. 15.9% expressed
that they don’t have a computer. Most of the students
(71.6%) don’t have an antivirus program on their
smartphones, while 28.4% have.

The KMO value was found as 0.913. Exploratory
factor analysis was performed and limited to one
factor, as indicated in Yilmaz, Sahin, & Akbuluts
(2015) study. According to the results, the factor
loadings of all expressions were found to be above 0.5,
and the explained variance ratio was 56.4%.

The Cronbach’s alpha coefficient of the scale was
determined as 0.974. The factor loadings of the items
were shown in Table 1. T-test and ANOVA analysis
were performed to determine whether there is a
difference according to gender, grade, internet usage,
and the antivirus program on smartphones. Only
those with an antivirus program on their smartphones
had a statistically significant difference p<0.05, and
their digital data security awareness was found to be

higher.
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Table 1. Factor Loadings

Table 2. Means (X) and standard deviations (SD)

Items Factor loadings Items Means (x) SD
i18 0.86 il 2.65 1.31
i2 0.85 i2 3.83 1.34
il5 0.85 i3 3.39 1.39
i32 0.84 i4 3.66 1.43
il4 0.83 i5 2.34 1.42
i17 0.83 i6 3.09 1.45
ill 0.82 i7 3.42 1.34
i28 0.82 i8 3.56 1.48
i22 0.81 i9 3.28 1.37
i25 0.80 i10 3.06 1.40
i19 0.80 i11 3.36 1.44
i13 0.79 i12 3.36 1.34
i26 0.78 i13 3.86 1.30
i12 0.78 i14 3.86 1.32
i30 0.77 i15 3.81 1.29
i27 0.77 il6 3.57 1.41
i8 0.76 i17 3.56 1.35
i16 0.75 i18 3.83 1.35
i7 0.74 i19 3.32 1.41
i6 0.73 i20 3.31 1.43
i24 0.72 i21 3.06 1.40
i23 0.72 i22 3.24 1.34
i21 0.71 i23 3.10 1.33
i20 0.70 i24 4.15 1.36
i9 0.70 i25 3.77 1.45
i10 0.70 i26 3.58 1.36
i3 0.68 i27 3.32 1.40
i4 0.66 i28 3.76 1.27
i29 0.65 i29 2.99 1.37
i31 0.62 i30 3.82 1.34
i1 0.54 i31 2.61 1.30
i5 0.51 i32 3.28 1.34

In Table 2, the means and standard deviation
values of the items were given. The items with the
least and highest means were found to be 2.34 and
4.15. According to the results, items with the least and
highest mean were about firewall software knowledge,
and awareness in setting passwords for devices to
prevent unauthorized access, respectively. The average

mean of all items was 3.4.
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The findings of this study revealed that gender,
grade, or internet usage did not make a statistically
significant difference in digital data security awareness
of pharmacy students. However, having an antivirus
program on smartphones makes a difference. The fact
that the average of the items is around three indicates
that the awareness of the pharmacy students should

be increased.
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In the literature, there are various studies
investigating the role of gender in security awareness.
In a study conducted with medical secretaries,
information security awareness of females was
found to be higher than males (Filik & Unalan,
2021). Information security awareness of hotel
managers did not differ according to gender (Okul,
Simsek, Haf¢1 & Barig, 2018). In a study applied
to university students, no difference was found in
cyber security behaviors by gender (Karaci, Akyiiz,
& Bilgici, 2017). Additionally, in employees’ digital
data security awareness, no significant gender
difference was exhibited (Giindiizalp, 2021). Besides,
studies exist indicating that digital data security
awareness is higher in males (Goldag, 2021; Yilmaz,
Sahin, & Akbulut, 2016; Korkmaz, 2018). In this
study, no statistically significant difference was
found in digital data security awareness in terms of
gender. Yilmaz et al. (2016) expressed that digital
data security awareness of teachers increases when
the daily internet usage time exceeds 3 hours a day.
However, the present study results showed that
no statistically significant difference was found in
digital data security awareness according to daily
internet usage. Parallel with this finding, there was no
difference in the information security awareness of
hotel managers in terms of internet usage times (Okul
et al.,, 2018). Mylonas, Kastania, & Gritzalis (2013)
found nearly one-quarter of smartphone users have
security software on smartphones; however, most
of them use security software on their computers,
additionally presented that approximately one-third
of the participants consider security software is not
essential for smartphones. Similarly, in the present
study, nearly one-third of pharmacy students use an
antivirus program for their smartphones, and half of
them have an antivirus program on their computers.
Bikmaz (2017) stated that approximately forty percent
of health management department students have

security software for smartphones, and nearly one-

third use security software for laptops.

In literature, some studies applied the Digital Data
Awareness Scale to university students. Goldag (2021)
stated that students have high digital data security
awareness. Korkmaz (2018) found the statements’
mean as generally close to four and the least mean
as 3.30. However, in the present study, pharmacy
students’ answers to the statements were lower, and
their awareness should be developed. Goéldag (2021)
stated that students have the highest awareness about
creating passwords for devices to prevent unauthorized
use. Similarly, in the present study, pharmacy students
have the highest awareness about it. Karaoglan
Yilmaz et al. (2014) applied a study with university
students and presented that nearly half of them used
username and password, and approximately one-
tenth used firewall to prevent others from accessing
their computer. The current study shows pharmacy
students have a low level of knowledge about firewall
software. In Okul et al’s (2018) study, according to
an open-ended question result, hotel managers were
found not sufficiently knowledgeable about how a
secure password should be. In the present study, the
statements about passwords are over three.

CONCLUSION

Considering the security importance in
healthcare, patient confidentiality, and privacy,
future pharmacists’ awareness of digital data security
is vital. According to the study results, pharmacy
students’ awareness should be increased. It is thought
that, in the light of current advancements, attaching
more importance to this subject in the pharmacy
curriculum will contribute to increasing the awareness
of students. This study is applied to pharmacy students
only. Thus for future studies, it may be conducted
with pharmacists. Also, the qualitative methodology
can be used for an in-depth examination. Seminars
may be given to pharmacists and pharmacy students

to increase awareness of this issue.
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Fabrication and Evaluation of Cationic Charged Magnetic
Nanoparticles for Enbhanced Gene Delivery

SUMMARY

Magnerofection; represents nucleic acid delivery by using magnetic
nanoparticles (MNPs) under the influence of a magnetic field:
gives promising results for gene delivery. However, pharmaceutical
and biomedical studies in this area are very limited. To meet this
need, we aimed to develop an effective magnetic gene delivery system
in this study. The in-situ surface coating method was handled to
develop cationic charged MNPs. Three different MINP formulations
were obtained and investigated in terms of characterization, DNA
binding, protection, and transfection ability. According to the
results, the obtained MNPs have particles under 150 nm with a
low PDI (<0.3), and positive zeta potential with a spherical shape.
The DNA binding and protecting ability from nucleases were shown
by agarose gel studies. No significant cytotoxicity was observed on
COS-7 cells in the concentration range of 4-20 pL/well. Moreover,
transfection studies revealed that the optimal system (GMS-MNP-1)
showed significantly higher transfection efficacy comparing the naked
plasmid or non-magnetic version of nanoparticle under a magnetic
field (p>0.05). Promising results have been obtained with the use
of obtained GMS-MNPs in terms of magnetic gene delivery. This
work can be extended to in vivo by using disease-specific therapeutic
genetic materials.

Key Words: Gene delivery, magnetofection, cytotoxicity, transfection

Gelismis Gen Teslimat: igin Katyonik Yiiklii Manyetik
Nanopartikiillerin Imalat: ve Degerlendirilmesi

0z

Manyetofeksiyon;  manyetik — alamin  etkisi  altinda  manyetik
nanopartikiiller (MNP ler) kullanilarak niikleik asit aktarimi olarak
tanimlanan, gen terapisi icin umut verici sonuglar veren bir tekniktir.
Ancak bu alandaki farmasitik ve biyomedikal calismalar oldukea
stnarldyr. Bu ibtiyaci karsilanmast icin ¢aligmamida etkili bir manyetik
gen aktarim sistemi gelistirmeyi amagladik. Katyonik yiiklii MINP lerin
gelistirilmesi igin yerinde yiizey kaplama yontemi lkullanildr. Ug farkls
MNP formiilasyonu elde edildi ve karakterizasyon, DNA ile kompleks
olusturma, koruma ve transfeksiyon etkinligi agisindan arastirilds.
Sonuglara gire, elde edilen MNPlerin 150 nm'nin altinda, diigiik
PDI degerinde (<0.3) ve pozitif zeta potansiyelde kiiresel partikiiller
olduklar: gisterildi. DNA ile kompleks olusturma ve niikleazlardan
DNAYy: koruma yetenegi, agaroz jel calismalar: ile gosterildi. 4-20
pLlkuyucuk konsantrasyon araliginda COS-7 hiicrelerinde inemli
bir sitotoksisite gozlenmedi. Ayrica, transfeksiyon ¢alismalars, optimal
olarak belirlenen sistemin (GMS-MNP-1), manyetik alan altinda
ciplak plazmir veya nanopartikiiliin manyetik olmayan versiyonuna
kiyasla onemli 6l¢iide daha yiiksek transfeksiyon etkinligi gisterdigini
ortaya koydu (p>0.05). Elde edilen GMS-MNPlerin manyetik
gen akwarims agisindan kullanidmasiyla wmut verici sonuglar elde
edilmistir. Bu ¢alsma, hastaliga ozgii terapitik genetik materyaller
kullanilarak in vivo olarak genigletilebilir.

Anabtar Kelimeler: Gen aktarim:, manyetofeksiyon, sitotoksisite,
transfeksiyon
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INTRODUCTION

Nanotechnology covers the applications of new
substances, materials, and methods developed by us-
ing nanometer-sized materials in medicine, engineer-
ing, pharmacy, physics, and many other sciences. It
finds wider application areas, especially in molecular
science and biomedicine (Kami et al., 2011). Since
nanoparticles are small enough to easily enter almost
all body areas, including the circulatory system and
cells, they have become the basis of basic biomedical
research, diagnostic science, and therapeutic applica-

tions of nanotechnology (Selmani et al., 2022).

In gene therapy, the therapeutic genes to be trans-
ferred have to deal with intracellular and extracellular
barriers. Intracellular barriers originate from the cell,
including the cell membrane, endosome, and nuclear
membrane. On the other hand, extracellular barriers
include serum proteins, nuclease enzymes, and the
body’s defense system. All these obstacles significant-
ly reduce the efficiency of gene transfer (Sharma et al.,
2021). Vector systems have been developed to over-
come these barriers and ensure efficient gene trans-
port (Foldvari et al., 2016).

Due to the safety and eflicacy problems encoun-
tered in various gene transfer techniques, magnetic
nanoparticle (MNP) applications have been orient-
ed towards gene transfer over time. The beginnings
of MNP-based transfection methods date back to the
research of magnetically targetable drug delivery sys-
tems by Widdler et al in the late 1970s (McBain et al.,
2008). This method is based on the principle that the
therapeutic agent is attached to micro or nano-sized
particle with magnetic properties or is entrapped in
these particles. By modifying the surface properties
of the MNP, it is possible to bind the drug or DNA on
it and direct it to the target tissues and cells. Target-
ing a cytotoxic treatment agent directly to the chemo-
therapy site or directing the therapeutic DNA to the
genetic disordered area are some examples of MNPs
applications (Bi et al., 2020).
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In many studies, it has been proven that gene
transfer under a magnetic field by using MNPs; also
called magnetofection; increases transfection efficien-
cy (Kami et al., 2011). This technique is based on the
binding of genetic material to MNPs. For MNP-based
in vitro transfection, the particle-DNA complex is
applied to the cell culture and a magnet or electro-
magnet is placed on the underside of this cell culture,
which can generate a magnet-like electromagnetic
field. Thus, the sedimentation and transfection rate of
the DNA-particle complex increases (Dowaidar et al.,
2017).

The total surface charge and the size of the MNP
nucleic acid complex play essential roles in the cellu-
lar uptake of cells (Jin & Kim, 2014). For this purpose,
cationic lipid coating strategies are applied to MNPs
to form complexes with oppositely charged nucleic
acids via electrostatic interaction, where nucleic ac-
ids are considered negatively charged molecules due
to their phosphate groups (He et al., 2007; Song et al.,
2010).

Many routes have been developed to synthesize
MNPs, which are popular options in medical applica-
tions. In this study, the in-situ surface coating method
was handled to develop cationic charged MNPs for
gene delivery. Three different MNP formulation was
obtained and investigated in terms of characteriza-
tion, DNA binding, protection, and transfection abil-
ity.

MATERIAL AND METHODS

Green fluorescent protein-encoding plasmid
(pEGFP-C1) was purchased from Invitrogen, USA.
The pEGFP-C1 was amplified in the DH5« strain of
E. coli and extracted by Gene Jet Endo-free plasmid
maxiprep kit (Thermo Scientific, USA).

Glyceryl monostearate (GMS) and Kolliphor
HS15 were obtained from BASEF, Germany. Ethanol,
Tween 80, FeCl, and FeCl, were provided by Mer-
ck- Co. (Hohenbrunn, Germany). Cremephor RH40,

Span 80, and dimethyl dioctadecyl ammonium bro-
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mide (DDAB) were purchased from Sigma-Aldrich
Co. (St. Louis, MO, USA). XTT cell proliferation assay
kit was obtained from Thermo Fisher Scientific (MA,
USA). African green monkey kidney fibroblast-like
cell line (COS-7) cell line was purchased from ATCC.

All other chemicals were used as an analytical grade.
MNP Synthesis

Three different MNP formulations were developed
by using the combination of microemulsion and mul-
tiple emulsion techniques. MNPs were synthesized in
the core of multiple emulsions. GMS and DDAB were
used as the main solid lipid and cationic lipid, respec-

tively for all three formulations as the 1:1 weight ratio.

As the first step for magnetic nanoparticle prepara-
tion, the triangle phase diagram of water in oil (w /o)

microemulsion was obtained at 10°C higher than the

solid lipid melting point (Akbaba et al., 2017). Dif-
ferent surfactant and co-surfactant components used
for magnetic nanoparticle synthesis was given in Ta-
ble 1. Fe*? and Fe** solutions were used as internal
water phase (w,/0) in all formulations. Transparent
regions belonging to w,/o microemulsion area were
drawn in phase diagrams. DDAB was incorporated
into the oil phase of the microemulsion for gaining
cationic property to the MNPs. The obtained micro-
emulsion was used as an interior emulsion of multiple
emulsions (w /o/w,). Then, by using an outer surfac-
tant and ultrapure water, multiple emulsion was ob-
tained. The pH of the system was increased by using
1 N NaOH and by leaking [OH] ions to the interior
water phase of the multiple emulsion, magnetic iron
oxide particles were synthesized in the core of cation-
ic lipids (Schmidts et al., 2010).

Table 1. Compositions of developed magnetic nanoparticle formulations. (S,:surfactant ; Co-S:co-surfac-

tant; S :surfactant, ; w/w: weight/weight)

Formulation code GMS DDAB Co-S S,:Co-S (w/w) S,

GMS-MNP-1 + + $80:T80 EtOH 1:3 T80
GMS-MNP-2 + + S80:HS15 EtOH 1:3 HS15
GMS-MNP-3 + + S80:RH40 EtOH 1:3 RHA40

As the last step for MNP development, 1 mL of hot
multiple emulsion with magnetic core was dispersed
into the ice-cold distilled water (0-2°C). MNPs were
formed when multiple emulsion droplets met with
cold water (Akbaba et al., 2018; Cavalli et al., 2000).
A neodymium magnet was used for the separation of
GMS-MNPs. GMS-MNPs were washed with UPH,O
two times and redispersed in UPH,O. The final con-
centration was 25 mg/mL, with respect to solid lipids
for all GMS-MNP formulations.

Characterization

Magnetic properties of GMS-MNPs were con-
firmed by using Lakeshore Vibrating Sample Mag-
netometer (VSM). Moreover, the particle size and
zeta potential of nanoparticles were evaluated with
the dynamic light scattering (DLS) method. For this

purpose, Zetasizer Nano ZS (Malvern Instruments,

Worcestershire, UK.) was used. Experiments were
carried out at least in triplicate. The morphology of
GMS-MNPs was further evaluated by Transmission
Electron Microscope (TEM, FEI Tecnai G2 Spirit
BioTwin CTEM, Oregon, USA) for visualizing the

samples.
Confirmation of complex formation ability

GMS-MNPs were complexed with pEGFP-C1
through electrostatic interactions between cation-
ic lipids in the nanoparticles and anionic phosphate
groups in the DNA. For this purpose, 3 uL GMS-
MNPs (containing 25 mg/mL with respect to solid
lipids) was added onto the 1 puL pEGFP-C1 solu-
tion (100 ng/puL) and incubated for 30 minutes on
a benchtop shaker at 25 °C. Complex formation was
checked by agarose gel electrophoreses. Agarose gel
was prepared in 1 x tris-acetate-EDTA (TAE) buffer
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as the final agarose concentration 1% (w/v) and the
gel was run for 60 minutes at 100 V. To visualize; the
gel was stained with ethidium bromide (0.5 pg/ml in
UpH,0) and photographed with UV transilluminator
(Syngene, UV Transilluminator, USA).

Evaluation of protection ability

Another important parameter to achieving gene
delivery is protecting the transported nucleic acids
against nuclease enzymes. To evaluate this ability,
GMS-MNPs and pEGFP-C1 were first complexed as
explained above. Following the complex formation,
0.4 IU DNase I (New England Biolabs, USA) was add-
ed per each 1 pg DNA and incubated for 30 minutes
in a 37 °C incubator to mimic body temperature (Ca-
pan et al., 1999; del Pozo-Rodriguez et al., 2009). At
the end of the incubation period, SDS (1%) was added
onto the complex to release the DNA (Erel-Akbaba
& Akbaba, 2021). The released pEGFP-C1 was visual-
ized by agarose gel electrophoreses and the degrada-
tion percentage was calculated via Image J software.
As a control, GMS-MNPs were also complexed with
the same amount of pEGFP-C1 and released by using

SDS without incubating DNase I for all formulations.
Cytotoxicity profiles

Cytotoxicity profiles of obtained GMS-MNPs and
GMS-MNP:pEGFP-C1 complexes were evaluated on
COS-7 cell line. For this purpose, the cells were cul-
tured in complete media containing Dulbecco’s Mod-
ified Eagle’s Medium (DMEM, low glucose) with 10%
fetal bovine serum (FBS) and penicillin- streptomy-

cin (100 UI/ml penicillin, 100 pg/ml streptomycin).

COS-7 cells were seeded into 96 well plates at the
concentration 1x10° cells/well and incubated over-
night in a 5% CO, atmosphere at 37 °C. The following
day, the medium was replaced with fresh DMEM that
contains 4, 8, 12, 16, and 20 pL/well formulations and
further incubated for 24 h. The highest three equiva-
lent doses for each GMS-MNP were also evaluated for

the complex forms in terms of cytotoxicity.

At the end of the incubation period, XTT cell

204

proliferation assay kit protocol (Biological Industries,
Israel) was performed by using Thermo Varioscan
multiplate reader (Thermo, USA). The viability of
cells was calculated by normalizing the fluorescence
of untreated cells. Experiments were performed in

quadruplicate.
Evaluation of transfection ability

The transfection ability of obtained formulations
was evaluated on COS-7 cell line by using fluores-
cence microscopy and flow cytometry. For this pur-
pose, cells were seeded in 6-well culture plates at a
density of 5x10* cells/ml and incubated overnight. To
perform transfection, the 2.5 ug pEGFP-C1 plasmid
was complexed with GMS-MNPs at the 3:1 volume
ratio and applied to the cells. As a control group, the
transfection ability of the naked pEGFP-C1 plasmid

was also evaluated.

The cells were incubated for 4 h with formula-
tions. At the end of the 4 h, the medium was removed
and a fresh growth medium was added. The cells were
allowed to grow and protein synthesis for a further 48
h. The transfection was first visualized by fluorescence
microscopy (IX71, Olympus, Tokyo, Japan). Subse-
quently, flow cytometric analysis was also performed
to detect the green fluorescence protein signal which
occurs in the transfected cells. For flow cytometry,
the cells were trypsinized and harvested, then washed
twice with phosphate-buffered saline (PBS) and
suspended in 100 pl FACs buffer (2% calf serum in
PBS) Flow cytometry was performed by BD Accuri™
C5 (AZ, USA). Data corresponding to 10,000 events
were collected for every group and analyzed with BD
CFlow software (AZ, USA).

Statistical analysis

Data were expressed as mean * standard error of
the mean (SEM). A non-paired t-test and one-way
variance analysis (ANOVA) followed by multiple
comparison tests were used to evaluate the statistical
analysis between the groups. A p-value < 0.05 was

considered as significant.
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RESULTS AND DISCUSSION

The multiple emulsion technique was handled in
this study to develop GMS-MNPs. For this purpose,
(w,/0) microemulsion phase diagrams were deter-

mined as given in Figure 1. According to the triangular

Triangle Phase.
o4

diagrams, the formulation ratios contained the largest
volume of inner water phase was selected and used for
the formation of magnetic nanoparticles. To ensure
the magnetic properties of the developed formulation,

VSM studies were performed as well (Figure 2).

GMS-MNP-1

GMS-MNP-2

GMS-MNP-3

Figure 1. Triangular phase diagram of w,/o microemulsion formed with GMS as oil phase, Fe*> and Fe** solu-

tions as water phase, and various S/Co-S mixtures. The Green area shows a transparent w,/o microemulsion region.

The regions of transparent microemulsion forma-
tion have a similar area for both formulations. The
main parameter of this formation is that the HLB val-
ues are the same for each surfactant mixture which
is equivalent to 5.58. Since the clear w /o microemul-
sion will then be used as the inner phase of the o/w,

emulsion, it is important that it should be stable.

Following stable w /o microemulsion formation,
the MNPs have formed as explained in the materials
and methods section. The obtained MNPs were char-
acterized in terms of size, polydispersity index (PDI),
and zeta potential (Table 2). The ideal nanoparticle
size may be different depending on the targeting tis-

sue, for example, smaller size nanoparticle produc-

tion is required to overcome the blood-brain barrier,
as well as bigger nanoparticles, are needed for lung ac-
cumulation. According to the characterization results,
the particle sizes of obtained GMS-MNPs were mea-
sured under 150 nm and PDI’s were under 0.3 which
is important for showing nanoparticles uniformity
in terms of the size distribution (Elsana et al., 2019).
Zeta potential values of GMS-MNPs were determined
positive (above +20 mV) for all three formulations as
expected. This charge is further used to complex pEG-
FP-C1 plasmid to the outer surface of nanoparticles
through electrostatic interactions (Ozder & Akba-
ba, 2021). Moreover, TEM images supported that all
GMS-MNPs are nano-sized and in globular structure
(Figure 2).

Table 2. Characterization results for prepared MNP formulations as mean + standard deviation (SD) (n=3).

Formulation Particle size PDI Zeta Potential
(nm + SD) (+SD) (mV * SD)
GMS-MNP-1 139.9+29 0.160 +0.023 41.1+1.6
GMS-MNP-2 1855+ 1.5 0.158 £0.011 20.7£0.8
GMS-MNP-3 214.4 £2.7 0.255 +0.076 20.2+2.7
GMS-MNP-1:pEGFP-C1 (3:1, v/v) 427.7 +21.5 0.327 +0.066 30.6 £ 1.07
GMS-MNP-2:pEGFP-C1 (3:1, v/v) 550,0 + 36.8 0.659 +0.062 37.8 £3.10
GMS-MNP-3:pEGFP-C1 (3:1, v/v) 397.7 £8.1 0.511 +0.027 29.4 +3.05
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GMS-MNP-1

GMS-MNP-2

GMS-MNP-3

Figure 2. Morphological examination of GMS-MNPs. Scale bars represent 50 nm.

The magnetic properties of the nanoparticles ob-
tained after the formation of the multiple emulsion
and subsequent pH increase and washing were ana-
lyzed by VSM. An ideal magnetic nanoparticle should
be paramagnetic (Gupta & Gupta, 2005; Tombacz et
al,, 2015). The magnetic properties such as saturation
magnetization (Ms), remanent magnetization (Mr),
and coercivity (Hc) were evaluated from the magne-
tization hysteresis of GMS-MNPs (Gupta & Gupta,
2005; Tombdécz et al., 2015; Zhi et al., 2006).

GMS-MNP-1

GMS-MNP-2

As seen in Figure 3, all three formulations are in
paramagnetic behavior and Mr and Hc values are ap-
proximately zero. According to the literature, satura-
tion magnetization of magnetite is higher than in the
coated samples we prepared. However, GMS-MNPs
have reasonably sufficient Ms values for magnetic tar-
geting of nucleic acids (Sun et al., 2008). Ms values
were measured as 15, 10, and 8 emu g for lipid-coat-
ed GMS-MNP-1, GMS-MNP-2, and GMS-MNP-3,

respectively.

GMS-MNP-3

~20 15

Magnetization (emu/g)
g
E
g
g
g
:
g
| I\l§] |

Magnetic field (Oe)

Figure 3. Magnetization hysteresis loops of GMS-MNP-1, GMS-MNP-2 and, GMS-MNP-3.

Agarose gel electrophoresis studies were carried
on to confirm the complex formation via pDNA and
determine the protection ability of the formulation
against the degradation of nucleases (Figure 4). All
three GMS-MNPs were interacted electrostatically
with the pEGFP-C1 plasmid and blocked the DNA
mobility on agarose gel electrophoresis at a ratio of
3:1 (v/v). The obtained GMS-MNP-1:pEGFP-C1 (3:1,
v/v) were further characterized. As seen in Table 2, the

particle sizes and PDI values of the complexed formu-

206

lations were increased. This was an expected result, as
DNA binds to the outer surface of the nanoparticles.
On the other hand, the zeta potential remained posi-
tive. This may be adventageus for transfection as the
positively charged nanoparticles could easily interact
with the negatively charged cell membrane (Gan et al.,
2005).

Stereological protection of the particles against

the degradation of the DNase enzyme is required for
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an effective transfection (Capan et al., 1999; del Po-
zo-Rodriguez et al., 2010). First of all, the efficacy of
SDS in releasing pDNA from the complex was eval-
uated. As seen in Figure 4b, the pEGFP-C1 was suc-
cessfully released from the complex with the help of

SDS, for all formulations.

Figure 4c shows the results of the gel electropho-
resis study involving the samples treated with DNase
I. The bands were observed and the integrity of the
GMS-MNPs were compared with a control of un-
treated pEGFP-CI in lane 1 and naked pEGFP-Cl

was threatened with the same amount of DNase I as
control of enzyme activity in lane 2. The band densi-
ties were quantified with Image] Software and degra-
dation percentages were calculated according to the
control groups. Naked pEGFP-C1 was totally degrad-
ed after DNase I treatment. However, GMS-MNPs
were protected pEGFP-C1 in various levels. The
non-degraded pEGFP-C1 percentage after complex
formation with GMS-MNP-1 was calculated as 71.7
%, for GMS-MNP-2 it was calculated as 77.9 %, and
for GMS-MNP-3 it was calculated as 23.5 %.

a. 2

% 4 2 8 4 3

e A s} “
TR N 5 <
F o P

ol oo

(;0

Figure 4. Gel retardation and DNase I protection studies agarose gel images. a. Confirmation of complex

formation ability of GMS-MNP-1,2, and 3 (Lanes from left 1: naked pEGFP-C1 (100 ng/well); 2-4: GMS-
MNP-1, 2, and 3 :pEGFP-C1 (3:1, v/v) complexes). b. Efficacy of SDS to release pEGFP-C1 from GMS-MNP:
pEGFP-C1 complexes (Lanes from left 1: naked pEGFP-C1 (100 ng/well); 2-4: released pEGFP-C1 from GMS-
MNP-1, 2, and 3 :pEGFP-C1 (3:1, v/v) complexes). c. DNase I degradation of GMS-MNPs. (Lanes from left 1:
naked pEGFP-C1 (100 ng/well); 2: naked pEGFP-C1 + DNase I enzyme; 3-5: GMS-MNP-1, 2, and 3 complexes

+ DNase I enzyme).

Non-cytotoxic behavior of the developed system
is another critical factor for formulation development
studies. (Abas et al., 2021; Erel-Akbaba et al., 2020).
According to the results of the cytotoxicity assay, no
significant cytotoxicity was observed on COS-7 cells
in the concentration range of 4-20 uL/well for GMS-
MNP-1 and GMS-MNP-3 formulations (Figure 5).
A dose-dependent decrease in cell viability was ob-
served for GMS-MNP-2 formulation. The highest
three equivalent doses for each GMS-MNP were also

evaluated for each complex form in terms of cytotoxic-
ity and the viability of the cells dramatically increased
for the GMS-MNP-2 formulation. Considering the
stereological protection and cytotoxicity studies, the
GMS-MNP-1 formulation was determined to be su-
perior to the GMS-MNP-2 and GMS-MNP-3 formu-
lations in both conditions. However, the efficiency of
transfection is one of the most important parameters

to evaluate.
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Figure 5. Cytotoxicity evaluation of GMS-MNPs and GMS-MNP:pEGFP-C1 (3:1, v/v) complexes

The ability and efficiency of transfection were
evaluated both qualitatively and quantitatively. EGFP,
which is the expression product of the pEGFP-C1
plasmid, has a single excitation peak centered at about
488 nm, with an emission peak wavelength of 509
nm excitation peak (del Pozo-Rodriguez et al., 2010).
EGEFP expressed by cells was visualized under an ap-
propriate filter using fluorescence microscopy (IX71,
Olympus, Tokyo, Japan) (Figure 6). Commercially
available magnetofection agent PolyMag was used as a
positive control. In order to observe the effect of mag-
netic field on transfection, the formulation containing

UPH,O instead of Fe solution in the inner aqueous

GMS-MNP-1:pEGFP-C1 GMS-MNP-2:pEGFP-C1

phase was also added to the experimental protocol as
a control together with naked pEGFP-C1 plasmid. Ac-
cording to fluorescence microscope images, although
it is relatively higher in the GMS-MNP-1 formulation,
similar levels of EGFP expression were observed in
the GMS-MNP-2 and GMS-MNP-3 formulations, as
well as PolyMag. The non-magnetic version of GMS-
MNP-1 (called as GMS-NPS-1) formulation showed a
significantly low level of transfection and no fluores-
cence signal was observed with the naked pEGFP-C1
(p<0.05). It can be deduced from the fluorescence
microscopy results that the application of a magnetic

field increases the transfection ability.

GMS-MNP-3:pEGFP-C1

PolyMag:pEGFP-C1

GMS-NPS-1:pEGFP-C1

pEGFP-C1

Figure 6. Qualitative magnetofection ability of GMS-MNPs, GMS-NP, and naked pEGFP-C1 plasmid. Images

of EGFP-positive cells under a fluorescence microscope.
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In order to demonstrate the transfection efficiency
quantitatively, flow cytometry was performed under
the blue laser (Figure 7). Obtained results are in par-
allel with the fluorescence microscopy images. Trans-
fection efficiency was measured as 30.1% for GMS-
MNP-1, 23.0% for GMS-MNP-2, and 26% for GMS-
MNP-3. The transfection efficiency of GMS-MNP-1 is
similar to the commercial product PolyMag (30.2%)

a. GMS-MNP-1:pEGFP-C1

GMS-MNP-2:pEGFP-C1

used as a positive control. The transfection efficiency
was found to be significantly lower for naked pEG-
FP-C1 (4.9 %).

Briefly, MNP-GMS-1 formulation is suggested as
an optimal formulation considering its characteris-
tics, stereological protection, toxicity, and magneto-

fection efficiency comparing MNP-GMS-2 and 3.

GMS-MNP-3:pEGFP-C1
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Figure 7. Representative flow cytometry histograms of transfection study groups (a). Quantitative analysis

of EGFP expression percentage in COS-7 cells by flow cytometry analysis (b).

Targeted therapy with magnetic nanoparticles
is an intriguing subject. As the novel genetic mech-
anisms were identified, the need for targeting these
structures in the tissues or cells is increasing propor-
tionally (Aslam et al., 2022). Magnetofection, one of
the active drug targeting methods, attracts the atten-
tion of researchers as an important method to over-

come this challenge.

In recent years, various studies on MNP-medi-
ated gene targeting, especially cancer cell targeting,
have been published. In one of these, polyethylene-
imine-coated magnetic nanoparticles were designed
to silence the overexpressed MUCI gene in breast

cancer. The developed MNPs have a particle size of

200 nm to 400 nm, similar to developed GMS-MNPs
in our study (Amani et al.,, 2021). Another study fo-
cused on magnetic nanoparticles to target CRISPR/
dCas9 ribonucleoproteins. MNP were coated with
chitosan to deliver the CRISPR/dCas9 ribonucleopro-
teins, however, particle size of the developed system
reached micron sizes (Lee et al.,, 2021). In another
study, researchers investigated the performance of
microcarriers as drug delivery systems that were ap-
plied to each branch of the lung under the influence of
a magnetic field in terms of delivery of the drugs after
the respiratory syndromes of Covid-19 (Ebrahimi et
al,, 2021). Although MNP synthesis using emulsion

technology is a known method, it should be noted as a
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novelty that no study has been encountered that pro-

vides lipid coating with in situ MNP synthesis.
CONCLUSION
To sum up, GMS-MNP formulations with 3 dif-

ferent surfactant compositions were developed and
evaluated in parallel. Obtained GMS-MNPs are para-
magnetic and have the ability to target genetic materi-
al under a magnetic field. However, GMS-MNP-1 for-
mulation is suggested as an optimal formulation con-
sidering its characteristics, stereological protection,
toxicity, and magnetofection efficiency in comparison
to GMS-MNP-2 and GMS-MNP-3. Expanding stud-
ies on therapeutic genetic material delivery under the
magnetic field and evaluating its in vivo potential are

the future goals of this study.
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A Cosmetic Nanoemulsion Against Seborrheic

Dermatitis: Development, Characterization and

Effectiveness
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A Cosmetic Nanoemulsion Against Seborrheic Dermatitis:
Development, Characterization and Effectiveness

SUMMARY

In this study, it was aimed to develop a rpically applicable
nanoemulsion (NE) that is expected to have an ameliorating effect in

seborrheic dermatitis (SD). The main purpose of the formulation is to
eliminate the disease factor, to repair the damage caused by the disease
on the skin and to smooth the skin appearance by moisturization. For
this reason, in vitro antimicrobial effect and in vivo effectiveness of
the formulation were tested. For this aim; essential oils from tea tree,

sage, cinnamon, oregano; extracts from Aloe vera, colloidal oatmeal,

liquorice; vegetable oils from grape seed and sesame, and honey were
used in a NE formulation. The NEs were prepared by ultrasonication

method. Preliminary stability tests were applied to all formulations
and  then, pH, conductivity, viscosity, average droplet size,

pobydispersity index (PDI), and zeta potential measurements were
taken on the selected NEs for 3 months. Finally, the antimicrobial
effect and. in vivo effectiveness of the optimum NE were tested. The
average droplet size, PDI, and zeta potential value of the optimum

Jformulation (F6P2) were 108.40 = 0.90 nm, 0.195 = 0.07, and
-21.40 + 1.45 mV, respectively. As a result, the moisture content of
the skin increased significantly (p < 0.001), the sebum and redness
values significantly decreased (p = 0.008 and 0.001, respectively)

and there was no significant change in the pH of the volunteers skin.

Accordingly, it can be concluded that the optimum NE formulation

developed in this study may be beneficial as a supplement for patients
with SD.

Key Words: Seborrheic dermatitis, nanoemulsion, herbal cosmetic,

efficacy tests, essential oils, plant extracts, vegetable oils, honey

Seboreik Dermatite Kars: Kozmetik Bir Nanoemiilsiyon:
Gelistirme, Karakterizasyon ve Etkinlik

0z

Bu ¢aligmada seboreik dermatitte (SD) iyilestirici etkisi olmas
beklenen topikal olarak uygulanabilir bir nanoemiilsiyon (NE)
gelistirilmesi amaglanmistsr. Formiilasyonun temel amact hastalik
Jaktoriingi ortadan  kaldirmak, hastaligin ciltte verdigi - hasar:
onarmak ve nemlendirerek cilt  goriiniimiinii  piiriizsiiz  hale
getirmektir. Bu nedenle formiilasyonun in vitro antimikrobiyal etkisi
ve in vivo etkinligi test edilmistir. Bu amag icin NE formiilasyonunda;
¢cay agaci, adacay, tarcin, kekik esansiyel yaglars; Aloe vera, kolloidal
yulaf ezmesi, meyan kikii ekstreleri; diziim cekirdegi ve susamdan elde
edilen bitkisel yaglar ve bal kullanibmistir. NEler ultrasonikasyon
yontemiyle hazirlanmagtir. Tiim formiilasyonlara on stabilite testleri
uygulanmis ve ardindan segilen NE ler iizerinde 3 ay boyunca pH,
iletkenlik, viskozite, ortalama damlacik boyutu, polidispersite indeksi
(PDI) ve zeta potansiyel dlgiimleri alinmigtir. Son olarak, optimum
NEnin antimikrobiyal etkisi ve in vivo etkinligi test edilmistir.
Optimum formiilasyonun (F6P2) ortalama damlacik boyutu, PDI
ve zeta potansiyel degeri sirastyla 108,40 + 0,90 nm, 0,195 + 0,07
ve -21,40 + 1,45 mV olarak bulunmugtur. Sonug olarak, cildin nem
igerigi onemli olgiide artmig (p < 0,001), sebum ve kizariklik degerleri
onemli dlgiide azalmus (siraswyla p = 0,008 ve 0,001) ve giniilliilerin
cildinin pH'inda onemli bir degisiklik meydana gelmemistir. Buna
gore, bu calismada gelistirilen optimum NE formiilasyonunun SD’li
hastalar i¢in ek olarak faydals olabilecegi sonucuna varilabilir.

Anabtar Kelimeler: Seboreik dermatit, nanoemiilsiyon, bitkisel
kozmetik, etkinlik testleri, ucucu yaglar, bitki ekstreleri, bitkisel
yaglar, bal
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INTRODUCTION

Seborrheic dermatitis (SD) is a common chronic
recurring inflammatory disease that most commonly
affects adults; however, a more transient infantile form
also occurs (Del Rosso, 2011). SD is characterized by
the presence of scratchy, erythematous areas with eas-
ily detachable, oily large scales. Although it can occur
in a variety of anatomical locations, it tends to occur
in areas containing multiple sebaceous glands, such as
the scalp, face (nasolabial folds, ears, and eyebrows),
upper chest, and back. Dandruff, a milder rash usually
characterized by smaller dry, flaky scales, may occur
on the scalp with SD (Berk & Scheinfeld, 2010). In
some patients with SD, inflammatory erythematous
folliculitis (possibly due to Malassezia) and blephari-
tis may develop. Malassezia species are thought to be
the main factor in the development of SD. Malasse-
zia species have been identified, seven of which have
been associated with the human skin flora and SD.
Malassezia furfur, Malassezia pachydermatis, Malas-
sezia restricta, Malassezia sympodialis, Malassezia
globosa, Malassezia obobtusa and Malassezia slooffiae
have been detected in the affected skin (Vijaya Chan-

dra, Srinivas, Dawson Jr, & Common, 2021).

Several treatment options can be effective in treat-
ing SD. The mechanism of action of the most com-
mon treatments includes inhibition of yeast coloni-
zation on the skin, reduction of itching and erythe-
ma, relaxation of crusts and scales, and reduction of
inflammation (Berk & Scheinfeld, 2010). Mainstays
of treatment for SD are antifungals, corticosteroids,
calcineurin inhibitors, among other agents (Berk &
Scheinfeld, 2010; Clark, Pope, & Jaboori, 2015; Gary,
2013). Current topical antifungals are largely safe and
effective, but at times may be ineffective due to the in-
creasing resistance of Malassezia to antifungal agents
and some of these agents can cause irritant and aller-
gic skin reactions. Moreover, even when their use is

successful, there is still a high rate of recurrence in
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superficial skin diseases (Pintas & LIO, 2018). SD can
also be treated with low or medium potency topical
corticosteroids or calcineurin inhibitors (e.g., tacro-
limus and pimecrolimus). These immunomodulato-
ry agents are highly effective as anti-inflammatory
agents, but long-term and prophylactic use seem to
be inappropriate because of the chronic and recurrent
nature of SD. Although steroids show efficacy and
safety in short-term treatments, they could lead to
frequent relapses shortly after the treatment discon-
tinues. Also, they have the risk of causing addiction
and steroid rosacea (du Vivier, 1976; Vardy, Cohen,
Tchetov, Medvedovsky, & Biton, 1999; Rigopoulos,
Ioannides, Kalogeromitros, Gregoriou, & Katsambas,
2004). Therefore, it may be important to identify nov-
el treatments that may be more appropriate for long-
term use without risk of these side effects (Pintas &
Lio, 2018).

Natural ingredients with anti-Malassezia activity,
have been anticipated to ensure patients with a wide
range of treatments. Compliance is one of the main
factors in the treatment of chronic conditions such as
SD. Therefore, formulations containing natural ingre-
dients with anti-Malassezia activity can be a promi-
nent part of long-term treatment as an alternative and
also for complementary management. In addition, it
would be satisfactory to use them prophylactically in

SD patients with mild symptoms (Han et al., 2017).

There are numerous advantages of using formu-
lations containing natural ingredients for the treat-
ment of SD, including patient compliance, fewer side
effects, easy availability, low cost, and multiple modes
of pharmacological action (Herman & Herman,
2016). Therefore, in this study, we developed a topical
non-pharmacological formulation in NE form to be
an alternative for synthetic drugs in SD therapy and
to improve clinical outcomes of the disease. Essential
oils from tea tree, sage, cinnamon, oregano; extracts

from Aloe vera, colloidal oatmeal, liquorice; vegeta-
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ble oils from grape seed and sesame, and honey were

used in the NE formulation.

Tea tree oil is essential oil from the Melaleuca al-
ternifolia tree, which is native to Australia (Beheshti
Roy et al,, 2014). This oil has been traditionally used
for treatment of burns, infections and SD (Chandler
& Osborne, 1998; Aburjai & Natsheh, 2003). Satchell
et al. studied 5% tea tree (TT) oil to 63 patients with
SD and observed a 41 percent improvement in symp-
tom severity score compared to only 11 percent in the
placebo group (Satchell, Saurajen, Bell, & Barnetson,
2002).

Essential oil of Salvia officinalis L. (sage) was
shown to have antifungal activity against dermato-
phyte strains. Nitric oxide production stimulated by
lipopolysaccharide in macrophages was inhibited by
the essential oil without affecting cell viability, in con-
centrations up to 0.64 uL/mL. Consequently, it has
been proposed as an appropriate bioactive agent in

antifungal therapy (Abu-Darwish et al., 2013).

It has been confirmed that Cinnamomum zey-
lanicum (cinnamon) essential oil can be effectively
down-regulated IL-1a , IL-6, IL-8 cytokines overpro-
duced by the SD-inducing cocktail. Additionally, it
also showed inhibitory effect on sebum lipid synthesis
from primary sebocyte and growth inhibitory effect
to Malassezia globosa yeast. As a result, Cinnamo-
mum zeylanicum essential oil suggested as a natural
herbal remedy to relieve or protect scalp SD (Kim,
Kim, Lee, Jeon, & Park, 2012).

The essential oil from Origanum vulgare L. (orega-
no) possess strong inhibitory effects against a variety
of phytopathogenic fungi and do not seems to cause
the development of resistance in microorganisms
(Vinciguerra, Rojas, Tedesco, Giusiano, & Angiolella,
2019). In a study conducted by Vinciguerra et. al., the
antifungal activity of Origanum vulgare and Thymus
vulgaris essential oils and carvacrol against 27 clini-

cal isolates of Malassezia furfur were reported. Essen-

tial oils and carvacrol were found to be more actives
against resistant or dose dependent to fluconazole

Malassezia furfur isolates (Vinciguerra et al.,, 2019).

The compounds found in Aloe vera gel contain
polysaccharides that are capable of reducing and re-
storing inflammation. It also has antimicrobial prop-
erties (Fozouni, Taghizadeh, & Kiaei, 2018). In a study
with 44 patients with SD, 24 adults used an emulsion
containing 30% Aloe vera extract, whereas 20 volun-
teers applied a placebo emulsion. After a four-week
application period, there was a significant decrease in
flaking (36.6% treatment vs. 17.6% placebo) and itch-
ing (21.5% vs. 5.3%) when compared with baseline. In
addition, 58% of the patients had complete resolution
or significant improvement in SD symptoms (Vardy

et al., 1999).

Avena sativa (colloidal oatmeal) has been used
for centuries to decrease itching in a variety of xerot-
ic dermatoses (Sur, Nigam, Grote, Liebel, & Southall,
2008). Studies have revealed that the dermal formula-
tions of natural colloidal oatmeal, especially avenan-
thramide, improves disease symptoms by restoring
the cutaneous barrier. It may also play an important
role in reducing the use of corticosteroids and calci-
neurin inhibitors in atopic dermatitis (Pigatto et al.,
1997; Eichenfield, Fowler Jr, Rigel, & Taylor, 2007; Ce-
rio et al., 2010).

Glycyrrhiza glabra (liquorice) has significant an-
ti-inflammatory and anti-allergic activity. Glycyr-
rhizin, a kind of flavone found in licorice, reinforces
cortisol’s inhibition of antibody formation, stress re-
action, and inflammation (Saeedi, Morteza-Semnani,
& Ghoreishi, 2003).

Grape seed oil comes from the seeds of Vitis vi-
nifera. It is rich in phenolic compounds, fatty acids,
and vitamins. Grape seed oil has beneficial properties
for health that are mainly detected by in vitro studies,
such as anti-inflammatory, cardioprotective, antimi-
crobial, and anticancer properties. Phytosterols pres-
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ent in grape seed oil which may prevent the release of
proinflammatory mediators by oxidized low-density
lipoprotein-stimulated macrophage during oxidative
stress and eicosanoid synthesis (Garavaglia, Markos-
ki, Oliveira, & Marcadenti, 2016; Lin, Zhong, & San-
tiago, 2018).

Sesame oil contains powerful, natural antioxi-
dants (sesamin, sesamol, sesamolin, and phytosterol)
which give the oil very good oxidative stability. It has
pronounced regenerative action due to its high unsa-
ponifiable content. Sesame oil has been reported to
have healing effects on certain skin conditions such as
seborrhea, eczema, psoriasis and sunburn (Rabasco
Alvarez & Gonzélez Rodriguez, 2000).

Honey has antibacterial, antifungal and antioxi-
dants activities and has high nutrient value. In a clin-
ical trial, crude honey has been demonstrated to im-
prove SD and associated hair loss and prevent relapse

when applied weekly (Al-Waili, 2001).

To develop innovative and superior dermatolog-
ical and/or cosmetic skin care products containing
bioactive compounds, it is necessary to depart from
the basic technology and use key technologies. Re-
cent advances in nanotechnology are promising for
the potential use of poorly soluble, poorly absorbed
and unstable plant extracts and phytochemicals in
cosmetics. A modern perspective can improve both
the aesthetics and effectiveness of a cosmetic product.
The application of new techniques can also increase
the effectiveness of herbs regarding their sustained
effect on the human body (Altuntas, Yener, & Ozkan,
2019).

One of the key technologies that will provide in-
novative products is NE. Nanoemulsions (NEs) can
also be termed as ultrafine emulsions, miniemulsions,
and submicron emulsions due to the formation of
droplets in the submicron range. The average droplet
size of NEs can range from 20 to 500 nm (Guglielmi-
ni, 2008). The small size of the droplets gives them a
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natural stability against creaming, sedimentation, and
aggregation, while ensuring effective delivery of active
ingredients to the skin (De Vleeschauwer & Van der
Meeren, 1999; Fang, Hong, Chiu, & Wang, 2001). NEs
have attracted considerable attention in recent years
for application in personal care products as potential
vehicles for the controlled delivery of cosmetics and
the optimized dispersion of active ingredients in par-
ticular skin layers (Guglielmini, 2008). The simplicity
of NE fabrication also attracted interest towards in-
creased loading, improved therapeutic efficacy and
stability of herbal drugs as compared to conventional
delivery systems (Harwansh, Deshmukh, & Rahman,
2019). Ultrasonic emulsification is a high energy
method to develop NEs. It utilizes sound waves with
frequency more than 20 kHz by using a sonotrode to
cause mechanical vibrations followed by the forma-
tion of acoustic cavitation. Collapse of these cavities
generates powerful shocks waves which breaks the
coarse droplets (Ghosh, Mukherjee, & Chandrase-
karan, 2013). Recent studies have shown that, in
emulsification process, ultrasound had emerged as an
excellent yet superior tool as compared to rotor stator
in terms of obtaining a smaller droplet size and high
energy efficiency (Abismail, Canselier, Wilhelm, Del-
mas, & Gourdon, 1999; Kentish et al., 2008). In ad-
dition, the results showed that the amount of surfac-
tant required to produce an emulsion of the desired
diameter was significantly reduced and the energy
consumption was considerably lower than with other
conventional mechanical devices (Tadros, Izquierdo,
Esquena, & Solans, 2004). More interestingly, all of
the acoustically formed emulsions are perfectly sta-
ble and more homogeneous compared to mechanical

methods (Abismail et al., 1999; Tadros et al., 2004).

In light of the above, we aimed to develop a der-
mal NE formulation that contains the combination
of oils and extracts of medicinal plants and honey

for providing synergistic or potentiating effects in
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the treatment of SD. For this purpose, dermatologi-
cal NEs containing essential oils from tea tree, sage,
cinnamon, oregano; extracts from Aloe vera, colloidal
oatmeal, liquorice; vegetable oils from grape seed and
sesame, and honey were prepared using ultrasonic
emulsification method. The prepared NEs were char-
acterised and physical stability of them was evaluated
for 3 months. Its antimicrobial activity was tested on
Candida albicans (C.albicans) strains. Finally, the op-
timized NE was tested clinically in terms of the effica-
cy and safety in the treatment of SD with non-invasive

biophysical techniques and subjective assessment.
MATERIAL AND METHODS
Materials

Cinnamon and oregano essential oils were pur-
chased from Arifoglu Inc. (Turkey). Sage essential
oil was provided from Vitarom Chemical Co. Ltd.
(Turkey). Extracts of Aloe vera, colloidal oatmeal and
liquorice and tea tree essential oil were supplied by
Surya Chemical Co. Ltd. (Turkey). Flower honey were
obtained from Balparmak (Turkey). Grape seed oil
and sesame oil were kindly donated from Zade Na-
turel (Turkey). Poloxamer 188 and tocopherol acetate
were obtained from Sigma (St. Louis, MO). Transcu-
tol' HP, Labrafac™ CC were purchased from Gatte-
fossé (France). Cremophor’ A25 was provided from
BASF (Germany). Neolone™ PE was acquired as a gift
from Kale Kimya Inc. (Turkey). All other chemicals

and solvents used were of pure analytical grade.
Preparation of Nanoemulsions

NEs containing oily phase with 3 different con-
centrations (%5, %6.68, %10 (w/w)) were prepared by

ultrasonic emulsification method. Two different sur-

factant and cosurfactant mixtures (Poloxamer 188/
Transcutol HP and Cremophor” A25/Transcutol HP)
with 1:1 (w/w) and 1:2 (w/w) surfactant and cosurfac-
tant ratios were evaluated to find a stable NE formu-
lation. Poloxamer 188 (5% w/w) and Transcutol’ HP
(10% w/w) was the only surfactant and cosurfactant
combination that resulted in a stable formulation and
therefore was chosen for further study. The formula-
tions and manufacturing parameters of the selected
NEs (1:2 (w/w) surfactant to cosurfactant ratio) are

given in Table 1.

Initially, the ingredients of water phase and oily
phase were weighed precisely in two separate bea-
kers. Coarse emulsion was manufactured with/with-
out pre-emulsification stage before ultrasonication
process. During pre-emulsification, coarse emulsion
was obtained using a rotor-stator type mixer (Witeg
HG-15D, Germany) for 5 minutes at a mixing speed
of 8100 rpm. The emulsion was then ultrasonical-
ly emulsified using a 20 kHz Sonicator (Ultrasonics,
USA) (750W Ultrasonic power supply). The ener-
gy input was delivered via a sonotrode containing a
piezoelectric crystal with a probe diameter of 13 mm.
The ultrasonication process was started after the son-
icator probe was placed vertically in the coarse emul-
sion. The process was applied with 50% amplitude, 30
s pulse on and 30 s pulse off, for two different sonica-
tion periods, 20 minutes or 30 minutes. To control the
temperature of the emulsion during sonication, the
beaker was placed in a larger container containing ice.
Subsequently, characterization studies of formulated
NEs were carried out and also the stability of selected

NEs was investigated.
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Table 1. The formulation compounds and the manufacturing parameters of the selected NEs.

Ingredients FORMULATION CODES
(% wiw) F4 (P1-P4) F5 (P1-P4) F6 (P1-P4)
Tea tree essential oil 1 0.56 0.33
Sage essential oil 1 0.56 0.33
Oregano essential oil 1 0.56 0.33
Cinnamon essential oil 0.50 0.28 0.17
)
[0}
E Grape seed oil 2 1.1 0.67
~
g Sesame seed oil 2 L1 0.67
Neolone™ PE 0.30 0.30 0.30
DL-alpha tocopherol acetate 0.20 0.20 0.20
Transcutol® HP 10 10 10
Labrafac™ CC 2 2 2
Poloxamer 188 5 5 5
= Colloidal oatmeal extract 2 2 2
<
jas
: Aloe vera extract 0.5 0.5 0.5
=)
% Liquorice extract 2 2 2
< | Honey 4 4 4
Distilled Water (d.w.) 66.50 69.82 71.50
Procedure 1 (P1): 20 min sonication without pre-emulsification
»
A Procedure 2 (P2): 20 min sonication with pre-emulsification (5 min at 8100 rpm)
Q
Q
E Procedure 3 (P3): 30 min sonication without pre-emulsification
Procedure 4 (P4): 30 min sonication with pre-emulsification (5 min at 8100 rpm)

Characterization of Nanoemulsions
Particle Size Analysis

The mean droplet size and PDI of the produced
NEs were measured by quasi-elastic light scattering
technique based on the measurement of Brownian
motion (movement in random direction) of sub-mi-
cron particles as a function of time. Light scattering
was monitored at room temperature (25°C) at a scat-
tering angle of 90° by Malvern Zetasizer Nano ZS
(Malvern Instruments, UK). Samples of NEs were
properly diluted with distilled water (1:100 v/v) pri-
or to analysis to reduce the multiscattering effect

(Rebolleda et al., 2015). Samples were considered
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polydisperse when the PDI was higher than 0.3 (He
etal., 2011).

Zeta Potential Measurement

Zeta potential is measured using the aforemen-
tioned Malvern Zetasizer Nano ZS device. To mea-
sure zeta potential value of the NEs, samples were
diluted with distilled water (1:100 v/v) and its value
is estimated from the electrophoretic mobility of oil
droplets (Rebolleda et al., 2015).

Rheological Characteristics

The viscosity of the NEs at different shear rates
was studied using Brookfield cone and plate viscom-

eter (Brookfield Engineering Laboratories, Inc., Mid-
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dleboro, MA) at 25 + 0.5 °C. The graphs were plotted
between viscosity versus shear rate to evaluate rheo-
logical characteristics of the NEs (Shakeel, Ramadan,
& Ahmed, 2009).

pH and Conductivity Measurement

The pH of the NEs was directly measured by a
portable pH meter (Hanna Edge, USA) at 25 £ 2 °C.
The electrical conductivity was determined at 25 + 2

°C using the same device.
Preliminary Stability Tests

The preliminary stability of the NEs were evaluat-
ed by centrifugation, thermal stress and heating-cool-
ing cycle tests. The NEs were analysed after centrifu-
gation and thermal stress tests by visual observation
regarding any physical instability issues. Afterwards,
the stable NEs were taken for the heating-cooling cy-
cle. These tests were carried out to predict the stable
NEs in a short time before performing the long-term
physical stability tests. Firstly, centrifugation was ap-
plied to 10 g of sample at 3500 rpm for 30 min with a
laboratory centrifuge (ThermoScientific, USA) to ac-
celerate possible instability issues (Altuntas & Yener,
2015). Subsequently, thermal stress test was applied
to the NEs that passed the centrifugation test suc-
cessfully. Glass tubes containing 10 g of sample were
submitted to a range of temperatures (from 40 up to
80°C, increasing by 5°C intervals) for 30 min at each
temperature point using a thermostatic water-bath
(Witeg WSB-30, Germany) (Altuntas & Yener, 2015).
A heating-cooling cycle test was performed to evalu-
ate the NEs’ stability at extreme temperature chang-
es. For heating-cooling cycle test, the selected NEs
were subjected to six cycles of heating and cooling.
The samples were kept at 4°C for 48 hours and then at
40°C for 48 hours. The stability of the NEs as a result
of the heating-cooling cycle was evaluated by visual
observation, particle size analysis and zeta potential

measurement (Shakeel et al., 2009). Only the NEs

which represented no instability problems were se-

lected for 3 months of physical stability tests.
Physical Stability Test

To investigate the physical stability of the select-
ed NEs, the freshly prepared samples were stored at
closed glass vials and placed at different tempera-
tures for a period of 3 months: 25 £ 2 °C and 60%
RH, 40 + 2 °C and 75% RH, and 5 + 3 °C. Samples
were characterized with respect to their particle size,
PDI, zeta potential, viscosity, pH and conductivity at
predetermined time intervals. All experiments were

performed in triplicate.
Microbiological Test

The antimicrobial effect of the selected NE formu-
lation (F6P2) on yeasts was determined by the micro-
dilution method reported by the Clinical Laboratory
Standards Institute (CLSI) (Gong et al., 2019). As the
yeast to be tested, C. albicans ATCC 10231 standard
strain and four C.albicans strains from skin samples
from Group Florence Nightingale Hospitals microbi-

ology laboratories were used.

In this study, to determine the Minimum Inhibi-
tor Concentration (MIC) value of test product against
C.albicans strains, inoculums (0.5 - 2.5 x 10° cfu/ml)
were prepared from fresh 24-48 hour cultures of stan-
dard and clinical C.albicans strains in MOPS buffered
RPMI-1640 (Sigma) medium. After adding yeast sus-
pensions to the test and market products, which were
serially diluted in a 96-well U-bottom microplate, the
microplates were incubated at 35°C for 48 hours. At
the end of the incubation period, the lowest concen-
tration without visible turbidity, which prevents the
growth of C.albicans strains, was evaluated as MIC. In
order to carry out a standardized study, the MIC val-
ues of fluconazole against the tested strains were also
determined and these values were found to be within

the quality control limits reported by CLSI.
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In Vivo Studies
Study Design

In order to test the in vivo effectiveness of the se-
lected NE formulation, the single-blind in vivo ana-
lyzes, compliance with the Helsinki Declaration, has
been conducted after approval by the ethics commit-
tee of the Turkish Medicines and Medical Devices
Agency affiliated to the Turkish Ministry of Health

(Decision number: 58307721-512.99-44027). The
study was initiated after 5 healthy volunteers aged 25-
65 signed the written informed consent form. The se-
lected volunteers applied the NE formulation as a thin
layer to the SD area twice a day for 4 weeks. Inclusion
and exclusion criteria for volunteers were determined

as shown in the Table 2.

Table 2. The criteria for inclusion and exclusion of volunteers in the in vivo study.

Persons must be male and female volunteers between the ages of 18 and 65 who have been diagnosed with SD.

People should not have any other disease other than SD on their skin.

The inclusion criteria

Individuals must agree to sign a written informed consent form.

No other product should be used at least seven days before the measurements.

Volunteers must be available at the measurement times during the study.

A different product should not be applied to the application area during the study period.

Pregnant and lactating women.

People using topical medication at the application site for any reason within the same period.

The exclusion criteria

Persons with known hypersensitivity to an ingredient in the formulation

Persons with major hepatic and renal impairment.

Persons involved in other clinical trials.

Persons unable to adapt to work.

Persons with hypersensitivity in the application area.

Dermatological Test (Skin Irritation Test)

In order to determine whether the formulation
had any adverse effects on the skin of the volunteers,
0.2 grams of the test product was placed on the patch
test material (IQ chamber) with an area of 1 cm? in
contact with the forearm area, before the product was
started to be applied. The volunteer was instructed to
avoid contact with water and direct sunlight during
the 48 hour observation period. At the end of the 48
hour period, the patch test material was removed and
the volunteers’ skin was checked for the presence of a
skin reaction such as itching, redness, irritation, and

edema (Altuntas & Yener, 2015).
Preparation of The Measurement Environment

While taking measurements from the application
areas of the volunteers based on the non-invasive bio-

physical methods, controlling the humidity and tem-
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perature of the measurement environment and pre-
venting the skin of the volunteers from being exposed
to direct sunlight are pivotal factors for the accura-
cy and reproducibility of the measurement results
(Jansen van Rensburg, Franken, & Du Plessis, 2019).
Therefore, the volunteers were tested after a 20-min-
ute rest period in an air-conditioned room at 20 °C +
2 temperature and 40 - 60% relative humidity in terms
of dermal parameters such as skin pH, sebum, mois-

ture and erythema.

Non-Invasive Biophysical Tests

Skin pH Measurement

To determine the effect of the test formulation on
the skin pH of the volunteers, the pH of the skin was
measured using the Skin-pH-Meter 900" (Courage &
Khazaka, Electronic GmbH, Germany) (Altuntas &

Yener, 2015). At the beginning of the measurements,
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the pH-meter was cleaned with distilled water. The
probe tip was placed perpendicular to the skin and
held on the skin for 3 seconds. After 3 seconds, the pH
value was recorded. 5 different measurements were
taken from the application area and the mean value

were calculated.
Skin Sebum Measurement

The effect of the test formulation on the sebum se-
cretion of the skin was determined by measuring with
Sebumeter” SM 815 (Courage & Khazaka, Electronic
GmbH, Germany) (Altuntas & Yener, 2015). The car-
tridge was pressed lightly on the measuring device
until the measuring time on the screen started count-
ing down. When the countdown started, the cartridge
was removed from the device and the measurement
was started. During the 30 second time, the cartridge
was held vertically in the measuring area on the skin.
At the end of the period, the cartridge was re-inserted
into the device and the measured value on the screen
was recorded. 3 different measurements were taken
from the application area and the mean value were

calculated.
Skin Moisture Measurement

In order to determine the moisturizing effect of
the test formulation on the skin, the water content
of the skin was measured by Corneometer' CM 825
device (Courage & Khazaka, Electronic GmbH, Ger-
many), which is based on the principle of electrical
capacitance method. The water content value on the
screen was recorded 1 second after the probe of the
device came into contact with the skin. The results
are given in arbitrary units (AU), where 1 unit of AU
is estimated to correspond to 0.2 - 0.9 mg of water per
gram of stratum corneum (De Melo & Maia Campos,
2018). 5 different measurements were taken from the

application area and the mean value were calculated.
Skin Erythema Measurement

The pathological parameter, erythema (hemo-

globin content), was evaluated photometrically with
a Mexameter 18 (Courage and Khazaka Electronic
GmbH, Cologne, Germany) according to the princi-
ple of remission (Yilmaz & Borchert, 2006). The ery-
thema value on the screen was recorded 1 second af-
ter the probe of the device came into contact with the
skin. 3 different measurements were taken from the

application area and the mean value were calculated.
Subjective Evaluation

After the end of the in vivo test period, the vol-
unteers were also subjected to a subjective evaluation
regarding the sensory and visual effects of the test for-
mulation on skin. The volunteers were asked to score
their preferences from 0 to 5 (dissatisfaction - most
satisfaction) for the first 10 questions and for the last
question, yes/no answers were received from the vol-
unteers according to questionnaires specifically de-

signed for the experiment.
Statistical Analysis

The in vitro data are expressed as means + stan-
dard deviation (SD) (n = 3). The tests used for the
statistical analysis of the results from the human
study depended on the type of sampling distribution
found, verified by tests of normality (Shapiro-Wilk
test, Histogram, QQ-plot and box plot) of distribu-
tion and homogeneity of the variances involved in the
experiment. Statistical differences were determined
by the software package SPSS for Windows, Version
21 (SPSS Inc., Chicago, IL, USA)., using the Wilcox-
on test to analyze the results from the human study.
P-value of less than 0.05 was considered statistically

significant.
RESULTS AND DISCUSSION

Preparation and Characterization of Na-

noemulsions

In our study, NEs containing oily phase with 3
different concentrations (%5, %6.68, %10 (w/w))

were successfully manufactured by ultrasonic emul-
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sification method. Two different surfactant and cos-
urfactant mixtures (Poloxamer 188/Transcutol’ HP
and Cremophor” A25/Transcutol’ HP) with 1:1 (w/w)
and 1:2 (w/w) surfactant and cosurfactant ratios were
tried. Poloxamer 188 (5% w/w) and Transcutol HP
(10% w/w) was the only surfactant and cosurfactant
combination that resulted in a stable formulation and
therefore was chosen for further study. The selected
NEs were then characterized and the stability of them
was studied. According to the results of the stabili-
ty tests, among the tested NE formulations, the NE
formulation with the least change in terms of particle
size, PDI and, zeta potential values was selected as the

optimum NE formulation.

There are various methods to making NEs, but
these are usually inconvenient or costly and a phase
diagram needs to be prepared to obtain a stable emul-
sion. However, NEs prepared with polymeric surfac-
tants can be stably produced with small droplet sizes
without a phase diagram (Wik, Bansal, Assmuth, Ro-
sling, & Rosenholm, 2020). In this study, Poloxamer
188, a triblock copolymer, was chosen as surfactant to
stabilize the NEs due to its well-known stabilization
property and FDA approval status for human use. This
polymeric surfactant has already been used in numer-
ous studies to make a stable NE formulation (Wulff-
Pérez, Galvez-Ruiz, De Vicente, & Martin-Rodriguez,
2010; Wulft-Pérez,
& Martin-Rodriguez, 2009). Transcutol, a potent,

Torcello-Gomez, Galvez-Ruiz,
non-toxic, biodegradable solvent, was also included
as a co-surfactant to obtain a steady liquid interfacial
film. Similar to our study, there are various researches
in the literature using Transcutol as a co-surfactant in
their formulations (Goyal, Arora, & Aggarwal, 2012;
Solanki, Sarkar, & Dhanwani, 2012).

As a result, all of the prepared formulations had
low viscosity, and exhibited a milky and bluish ap-
pearance. Characterization study revealed that the

average droplet diameter, PDI and zeta potential of
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all NEs were varied from 102.70 + 3.10 nm to 126.30
+ 0.90 nm, 0.147 + 0.01 to 0.253 + 0.01 and - 21.40
+ 1.45 mV to - 34.10 + 0.6 mV, respectively. In the
prepared NEs, the droplet sizes of less than 200 nm
of the dispersed oil phase, the PDI values of less than
0.3, and zeta potential values ({) of less than —20 mV,
indicate their high kinetic stability and they are con-
sidered to be convenient for topical applications (Ku-
mar, & Mandal, 2018; Pongsumpun, Iwamoto, & Siri-

patrawan, 2020).
Preliminary Stability Tests

NEs are thermodynamically unstable colloidal
disperse systems, and thus stability issues such as
creaming, sedimentation, coalescence or phase sepa-
ration are likely to arise on long-term storage (Wik,
Bansal, Assmuth, Rosling, & Rosenholm, 2020).
Therefore, accelerated stability tests (centrifugation
and thermal tests) were performed on NEs prepared
with Poloxamer 188 and Transcutol HP to accelerate
emulsion degradation. The test result was recorded by
observing any signs of physical stability issues. As a
result of the centrifuge test, it was observed that all the
tested formulations remained stable, indicating that
the NEs were durable to centrifugal forces. However,
thermal stress caused stability problems such as co-
alescence and creaming, which are frequently seen in
colloidal systems in formulations prepared with 10%
Poloxamer 188 and 10% Transcutol’ HP in this study.
On the other hand, it was determined that only the
NEs containing 5% Poloxamer 188 and 10% Transcu-

tol' HP remained stable after thermal stress test.

The heating/cooling cycle (H-C) test might be use-
ful to evaluate the NEs stability at extreme tempera-
ture changes (Mota Ferreira et al., 2016). In our study;,
we observed that the NEs did not show any signs of
instability issues after six H-C cycles. When the re-
sults were investigated, it was found that the droplet
sizes of the NEs maintained at the desired nano-size

range (min: 105.80 + 0.95 nm and max: 140.70 + 3.30)
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after six H-C cycles. While the average droplet diam-
eter of the selected NE formulation (F6P2) was 108.4
+ 0.90 nm before the test, it was found to be 128.00 +
2.30 nm with a slight increase after the test (Figure 1).
In addition, PDI values of the NEs remained under
0.3 after six H-C cycles. So, it can be concluded that all
NEs tested had a similar droplet size distribution even

under extreme conditions.
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Figure 1. Comparison of average droplet size
and PDI value of the selected NE formulation (F6P2)
before and after the H-C test (means + SD, n = 3).

Physical Stability Test

In order for the formulation to remain stable
throughout its shelf life, an appropriate production
process and formulation excipients should be selected,
but the formulation should also be resistant to envi-
ronmental conditions such as heat, humidity or light.
To test the stability of the NEs, physical stability stud-
ies were conducted on selected NEs over a 3-month
period in three different stability test environments.
Organoleptic control, average droplet diameter, PDI,
zeta potential, viscosity, pH and conductivity were
monitored by taking measurements at pre-deter-

mined time points during the storage period.

All selected NE formulations in physical stability
study remained in a homogenous state and showed
no physical or phase changes after 3 months under all
storage temperatures. According to Table 3, the drop-

let size, PDI, and zeta potential value of the selected

NE did not change statistically over three months in
three different storage environments. The droplet size
of the selected NE was maintained between 120.90
and 129.80 nm for 3 months. All selected NE have
low PDI values (below 0.2) during the 3-month test
period, indicating a narrow droplet size distribution
and superior stability of the system.The zeta poten-
tial of the selected NE scarcely changed in the range
of -20.50 to -29.20 mV during the 3 months of the
physical stability study. This indicated that the differ-
ent storage temperatures did not have a significant
effect on the repulsive forces between the droplets of

the NEs.

If the pH values of the NEs measured at different
time points are in the skin pH range (4 - 6), it can
be stated that the formulations can be used safely on
human skin (Muhammad, Akhtar, Haji, Mustafa, &
Murtaza, 2014). In our study, it can be clearly seen
that the change in pH of the selected NEs is negligible
at different measurement points under different stor-
age conditions and they are suitable for topical appli-
cation. Conductivity measurement is a useful tech-
nique for determining emulsion type and observing
changes during production or storage (Kildaci, Buda-
ma-Kilinc, Kecel-Gunduz, & Altuntas, 2021). Accord-
ingly, the conductivity measurement results showed
that there were no significant electrical conductivity
changes in any of the NEs in three different stability
environments during the 3 months. Korhonen et al.
reported that oil-in-water emulsions have higher con-
ductivity values compared to water-in-oil emulsions,
since the outer phase is water (Korhonen, Niskanen,
Kiesvaara, & Yliruusi, 2000). In line with this infor-
mation, high conductivity values of the NEs produced
in our study indicate the external phase of the NEs is

aqueous.
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Table 3. Physical stability test results of the selected NE formulation (means + SD, n = 3).

Average Polydisper- .
Formulation Temp. Time Droplet Size sity Ztei::i %’;t‘e/;l_ pH Co?‘i?ccltli‘)"ty
(nm) Index (PDI) "

T30 128.90 £2.10 | 0.166 +0.01 | -20.50 +0.70 4.57 +0.01 80.00 + 1.24

5°C T60 127.40 £ 1.60 | 0.149 £0.01 -23.80 +1.00 | 4.52+0.03 85.40 +2.57

T90 123.10 £ 2.10 0.165 + 0.04 -27.40 £ 0.90 4.51 +£0.03 86.30 + 3.44

T1 126.30 £0.90 | 0.147 £0.01 | -21.40 +1.45 4.58 £0.02 74.20 +2.86

F6P2 25°C T30 129.80 +1.00 | 0.159+0.01 | -23.30 +0.60 4.52+0.01 93.80 + 1.05
T60 125.50 + 2.30 0.160 + 0.04 -26.40 £ 3.10 4.56 +0.01 114.60 + 3.62

T90 123.60 £0.50 | 0.133+0.10 | -27.20 £0.70 4.52£0.02 129.50 + 4.23

T30 12590 +£2.40 | 0.165+0.017 | -22.00 +0.90 4.52 +0.02 107.20 +2.21

40°C T60 120.90 £0.70 | 0.165 +0.021 | -29.20 £ 0.50 4.53£0.03 152.30 + 0.96

T90 125.00 +2.80 | 0.159 +0.058 | -25.80 +0.60 4.61+0.01 157.30 +3.25

The results obtained from the rheological study for
the selected NE formulation is represented in Table 4.
It can be observed that the NE presented Newtonian

behavior characterized by the independence of viscos-

ity from the applied shear rate. Such rheological fea-
ture was observed in all NE formulations in this study.
Our experiments are consistent with previous results
(Shakeel, 2017; Erramreddy, Tu, & Ghosh, 2017).

Table 4. Viscosity measurements of the selected NE during the 3 months of the physical stability study at 5 + 3

°C; 25 + 2 °C and 60% RH; 40 + 2 °C and 75% RH.

Viscosity (cP)
Speed
T1 T30 T60 T90
(rpm)
25°C 4°C 25°C 40 °C 4°C 25°C 40 °C 4°C 25°C 40 °C
70 6.63 7.01 6.45 6.76 6.46 6.64 6.74 6.45 6.68 6.98
75 6.62 6.71 6.38 6.35 6.46 6.79 6.02 8.11 6.54 7.15
80 6.45 6.54 6.25 6.37 6.36 6.76 5.97 7.85 6.21 7.03
85 6.39 6.46 6.26 6.29 6.32 6.8 5.92 7.54 6.08 6.85
920 6.39 6.25 6.18 6.31 6.21 6.77 5.89 7.34 6.10 6.69
95 6.47 6.26 6.18 6.25 6.20 6.74 5.92 7.30 5.92 6.68
100 6.42 6.29 6.10 6.26 6.12 6.71 5.89 7.06 5.89 6.67
105 6.42 6.18 6.18 6.28 6.10 5.69 5.85 7.10 5.85 6.66
110 6.43 6.18 6.06 6.23 6.00 6.67 5.89 7.08 5.83 6.60
115 6.43 6.14 6.06 6.26 5.96 6.71 5.86 6.99 5.52 6.65
Microbiological Test important pathogen that is representative for yeast

The selected NE formulation was found to be effec-
tive on C.albicans in microbiological test. The MIC
values of the tested formulation are as shown in Table
5. According to these results, the selected formulation
F6P2 has showed good antifungal activity against C.

albicans, especially clinical strains. C. albicans is an
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fungi in many antifungal studies in the literature, and
the antifungal activity obtained from that studies, in-
dicates that the studied substance might be effective
against many yeasts, including M. furfur. This efficacy
was also similar to the antifungal activities of the ac-

tive essential oils’ in the NE formulation.
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Table 5. In vitro susceptibility of C.albicans and its clinical isolates to the selected NE formulation by micro-

dilution method.

MIC values (%)
Yeasts
Test formula (F P,)
C.albicans
6.75
ATCC 10231

Clinical isolate 1 1.6
Clinical isolate 2 0.4
Clinical isolate 3 0.8
Clinical isolate 4 3.1

In Vivo Studies

The tested NE formulation did not cause any visu-
al skin irritation after the skin irritation patch test at
the end of the 48 hour period. Thus, it can be conclud-
ed that the tested formulation was well tolerated and

compliance was achieved.

Non-invasive biophysical techniques are more
preferred by consumers and cosmetic researchers, are
more ethically acceptable and have great advantages
such as reproducibility. They enable the detection of
invisible changes in the skin or hair without causing
pain and discomfort. They are also more suitable for
statistical evaluation (Altuntas & Yener, 2015). There-
fore, we performed a single-blind in vivo assay to test
the safety and efficacy of the selected NE formulation
in SD patients using non-invasive biophysical tech-

niques.

Some external factors such as soap, detergent and
cosmetics can negatively change the normal pH of the
skin. Changes in skin pH can cause irritation or inhi-
bition of the keratinization process (Altuntas & Yener,
2015). In order to investigate the effect of the for-
mulation on skin pH, pH measurements were taken
from the application sites of the volunteers before the
test and after the 4-week product application period.
Consequently, there was no significant difference be-
tween the skin pH index, before and 4 weeks after the

application with the tested NE formulation (p >0.05)

(Table 6).

Suchonwanit et al. conducted a study to eval-
uate the biophysical and physiological profiles in
scalp SD (Suchonwanit, Triyangkulsri, Ploydaeng,
& Leerunyakul, 2019). As a result, they showed that
the mean skin moisture content was significantly
lower in SD patients compared to healthy volunteers
(p < 0.05). Skin surface lipid was also measured sig-
nificantly higher in SD group (p < 0.05). In line with
this study, we detected low moisture and high sebum
contents in the skin of patients with SD at the be-
ginning of the study. While the mean skin hydration
index significantly increased after the tested water
based formula was applied (17.12 versus 27.04 AU;
p = 0.001), the mean skin sebum content significant-
ly decreased (25.80 versus 18.90 mg/cm? p = 0.008)
(Table 6). The possible explanation for the increase in
moisture content in the application area can be made
as the changing epidermal barrier function of the skin
resulting from the inflammatory process is restored to
its healthy state with the emollients and humectants

included in the formulation composition.

The increase in the skin moisture content was ac-
companied by a decrease in skin erythema. After 4
weeks of application of the test formulation, there was
a statistically significant reduction of the mean skin
erythema index compared to baseline (T0) (585.60
versus 567.30; p = 0.001) (Table 6).
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Table 6. In vivo study variables results before and after treatment with the selected NE formulation.

Variable Before administration (mean) Four weeks after administration (mean) p value
Skin pH 5.70 £ 0.2 5.60 + 0.1 0.20
Skin sebum content (mg/cm?) 25.80 +19.0 18.90 +12.2 0.008
Skin hydration index (AU)* 17.12 £ 17.1 27.04+19.3 0.001
Skin erythema index (AU)* 585.60 + 40.5 567.30 + 34.0 0.001

*AU, arbitrary units

Also, when patients were asked to state their opin-
ions about the test formulation, they agreed that the
product was 80% effective in reducing skin redness,

84% in reducing dandruff, 72% in reducing skin itch-

ing, and 64% in reducing skin oiliness. 72% of the
volunteers expressed their satisfaction with the test

product they used.

Table 7: Questionnaire scores given by the volunteers (n = 5).

f;:el:?:ion The questions in the questionnaire Score percentage (%)

. Did the NE serum you used reduce the redness on your skin? 4.0 80

.§ Did the NE serum you used reduce the amount of dandruff on your skin? 4.2 84

‘é Did the NE serum you used reduce itching? 3.6 72

% Did the NE serum you used relief your skin? 3.4 68

é Did the NE serum you used moisturize your skin? 3.6 72

é Did the NE serum you used reduce the oiliness on your skin? 3.2 64

S Is the NE serum you used easily absorbed by your skin? 4.8 96

% Did the NE serum you used give your skin a soft feeling? 3.2 64

% Did the NE serum you used cause any allergic reaction such as redness, 02 4

n itching, burning on your skin? ’

2 Are you satisfied with the NE serum you used? 3.8 76

g Would you consider using the NE serum again? 41- EZS 80

ES

CONCLUSION crobiological study and in vivo non-invasive instru-

In this study, a herbal-based NE formulation was
successfully developed against SD. For this purpose, a
formulation in NE form with moisturizing, regenerat-
ing and healing effects was prepared in a stable form
using constituents known to have both antifungal and
antimicrobial activity (tea tree, sage, cinnamon and
oregano essential oils, and honey) together with other
antioxidant substances (extracts from Aloe vera, col-
loidal oatmeal, and liquorice; grape seed oil and ses-

ame oil).

This formulation was subjected to an in vitro mi-
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mental analyzes and a subjective questionnaire test to
demonstrate its therapeutic potential. When all find-
ings were evaluated, the herbal based NE formulation
was considered to be effective significantly against
SD. Since SD is an incurable disease, this study will
thought be a good reference for ongoing research on

the subject.
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Synthesis and Antibacterial Evaluation of Novel
Benzimidazole, Benzothiazole, Benzofurane, and
Naphtofurane Derivatives of Aminothiazoles

Zafer SAHIN™, Biisra Isil TOK”, Erol AKGUN™, Aysegiil CASKURLU"™,
Leyla YURTTAS*****’ Barkln BERK******, $eref DEMIRAYAK*******

Synthesis and Antibacterial Evaluation of Novel
Benzimidazole, Benzothiazole, Benzofurane, and
Naphtofurane Derivatives of Aminothiazoless

SUMMARY

The thiazole ring is the core of bioactive molecules that
generate broad activity. These activities include anticonvulsant,
antimicrobial, antituberculosis, antiviral, etc. In this work, starting
Jfrom seconder/cyclic amines, new compounds containing thiazole
and benzimidazole/benzothiazole/benzofurane/naphtofurane rings
were synthesized, and their antimicrobial effects were evaluated. 9
compounds were synthesized by converting the seconder and cyclic
amines to thiourea, and continued by thiazole ring closure. Ring
closure was achieved by methylene-carbonyl condensation except
conventional methods. Compound characterization was realized by
FT'IR, 'H NMR and >C NMR and HRMS. Compounds did not
show significant activity on bacterial strains. Nine aminothiazole
derivatives have been synthesized successfully. Compounds did not
show important antibacterial activity and thus were evaluated as
inactive.

aminothiazole,  benzothiazole,

Key Words:  antibacterial,
benzofurane, naphtrofirane

Aminotiyazollerin Benzimidazol, Benzotiyazol, Benzofuran
ve Naftofuran Tiirevlerinden Yeni Bilesiklerin Sentezi Ve
Antimikrobiyal Etkilerinin Degerlendirilmesi

0z

Tiyazol halkasi, bircok  alanda  biyolojik ~ aktivite olusturan
molekiillerin ¢ekirdegidir. Bu aktiviteler arasinda antikonviilsan,
antimikrobiyal, antitiiberkiilos, antiviral vb. farmakolojik etkiler
yer almaktadir. Bu calismada  sekonder/siklik  aminlerden  yola
¢tkilarak tiyazol ve benzimidazol/benzotiyazol/benzofuran/nafiofuran
halkalar: iceren yeni tiyazol tiirevleri sentezlenmis ve antimikrobiyal
etkileri degerlendirilmistir.  Bilesiklerin sentezinde, sekonder veya
siklik aminler tiyoiireye doniigtiiriilerek 9 bilesike sentezlenmis ve
tiyazol halka kapanmas: ile devam edilmistiv. Halka kapatma,
konvansiyonel yontemler disinda metilen-karbonil kondenzassyonuyla
gerceklesmistir. - Bilesiklerin  karakterizasyonu FI-IR, 'H NMR
ve PC NMR ve HRMS ile gerceklestirilmistir. Bilesikler, bakteri
suglar: iizerinde onemli aktivite gostermedi. 9 aminotiyazol tiirevi
basartyla sentezlenmistir. Bilesikler onemli bir antibakteriyel etki
gostermediginden inaktif olarak tansmlanmagtir.

Anabtar Kelimeler: antibakteriyel, aminotiyazol, benzotiyazol,

benzofuran, naftofuran
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INTRODUCTION

The discovery and clinical use of antibacterial
drugs are one of the most outstanding achievements
in the history of health (Gajdacs, 2019). Human lifes-
pan has increased since the 1850s, which was mani-
fested by the improvements that treated or prevented
infectious diseases (Hayward, 2016). Today, however,
bacterial resistance is growing with the decrease in
the development of antibacterial drugs, and as a re-
sult, treatment options become more limited (Nam-
biar, 2014). Over the past few years, there has been
increasing focus on the challenge of antimicrobial
resistance. Despite discovering of new developments,
there is still a long way to go to eliminate certain
threats (Tomasi, 2018).

Individual infectious diseases usually have their
specific bacterial strains. Among the microbial
strains, E. coli, which causes diseases such as urinary
tract infections, sepsis, meningitis, enteric, diarrhoeal
(Kaper, 2004); S. aureus, which causes diseases such
as bacteremia, infective endocarditis, pneumonia
(Dayan, 2016; Oliveira, 2018); Salmonella species
causes gastroenteritis, septicemia, and fever (Jajere,
2019).

Thiazole is the core of compounds with a wide
range of activities (Rouf, 2015; Chhabria, 2016;
Kashyap, 2018; Kumawat, 2018). These activities in-
clude anticonvulsant, antimicrobial, antituberculosis,
antiviral, etc. (Parekh, 2012; Ayati, 2015; Althagafi,
2019; Singh, 2020; Borcea, 2021; Petrou, 2021). Pre-
vious research revealed that thiazole derivatives will
be an essential basis for producing biologically active
compounds. Also, the activity of compounds with a
2-aminothiazole nucleus is present (Makam, 2014;
Wan, 2020; Elsadek, 2021). Besides, bicyclic heterocy-
clic rings are highly interested in drug discovery, with
their potential of making hydrophobic and hydrogen
bonding interactions. Benzimidazole, benzofurane,
benzothiazole, and naphtofurane are among these
rings, and they are present in drugs e.g., albendazole,
pramipexole, amiodarone, and rubicordifolin, respec-

tively. Conventional thiazole synthesis is realized by
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the Hantzsch method. However, there are also differ-
ent ring synthesis methods. In one, benzoyl thioureas
are reacting with bromoacetyl arenes, which include
two mechanistic steps; the first, include the attack
of sulfur to acyl bromide, and the second represents
the carbonyl-methylene condensation (Ried, 1976;
Sabbaghan, 2011; Belveren, 2017). Also, our group
previously synthesized a series of compounds with
this type of thiazole closure, and reported their ace-
tylcholinesterase inhibitory activity (Sahin, 2018;
Demirayak, 2019). In this study, cyclic and acyclic
amines are converted to thiourea, then reacted with
acyl bromides to obtain nine novel compounds. These
compounds structures were elucidated and antibacte-
rial activity was tested. A significant number of targets
exist for antibacterial activity, including DNA gyras-
es, cell membrane disruption, protein synthesis, nu-
cleic acid synthesis, biological metabolic compound
synthesis inhibitors, secA inhibitors, etc. Screening of
novel compounds such as in this study is essential to
find their activity and then investigate their mecha-
nism of action. However, as no significant activity is
observed in the compounds (1-9), the mechanism of
action is not investigated (Chen, 2010; Silver, 2016).

MATERIAL AND METHODS
Chemistry

Starting and intermediate compounds were sup-
plied from Sigma-Aldrich, VWR, or Honeywell. Melt-
ing points (m.p.) were determined by Stuart MP90
digital melting point apparatus. Synthesis steps were
checked by thin-layer chromatography (TLC) using
Silica Gel 60 F254 TLC plates. Spectroscopy was mea-
sured with the following instruments: Fourier trans-
form-infrared spectroscopy (FT-IR) (Perkin Elmer S,
Shimadzu Affinity 1S spectrophotometer (Shimadzu,
Tokyo, Japan); Nuclear magnetic resonance (NMR),
Agilent 300 MHz NMR spectrometer (Agilent Tech-
nologies, California, USA), in dimethyl sulfoxide
(DMSO)-d6. TMS was used as a standard. For high
resolution mass spectroscopy, M+1 peaks were de-
termined by Shimadzu 8040 Liquid Chromatography
with tandem mass spectrometry (LC/MS/MS) system
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(Shimadzu, Tokyo, Japan).

Bromination of 2-acetylbenzimidazole, 2-acet-

ylbenzofurane and 2-acetylnaphtofurane

Heterocyclic methyl ketones were dissolved in
acetic acid. An equal mole of bromine was diluted in
AcOH, added dropwise, and refluxed until the reac-
tion was complete. Then reaction left to cool, poured
into cold water, and precipitation was collected, and
recrystallized from ethanol. Checked for their melting

point and compared with literature data.
Bromination of 2-acetylbenzothiazole

Heterocyclic methyl ketones were dissolved in
ethyl acetate. An equal mole of copper (II) bromide
(CuBr,) were diluted in ethyl acetate, added dropwise,
and refluxed until the reaction was complete. Then
reaction left to cool, filtered off, and the liquid was
evaporated. Obtained solid materials were recrystal-
lized from ethanol. Checked for their melting point

and compared with literature data.

(¢]
<. <
N Br O Br
A \ ¢
N [¢]

EtOH / reflux

Synthesis of benzoylthioureas

Amines (dimethylamine, pyrrolidine, piperidine,
hexamethyleneimine, and morpholine) were treated
with NH, SCN and benzoyl chloride to obtain benzo-
ylthioureas (Figure 1). Firstly, ammonium thiocyanate
was dissolved in acetone. Benzoyl chloride (diluted in
acetone) was added dropwise at room temperature.
Then the equal mole of the corresponding amine is
added and mixed for 10 min at room temperature and
1 h reflux. Washed with warm ethanol and used as it

is for the next step.
Synthesis of tested compounds 1-9

Benzoylthioureas and bromoacetyl aryl deriva-
tives were refluxed in ethanol to get final compounds
1-9 by a methylene-carbonyl condensation (Demir-
ayak, 2019), as shown below (Figure 1). After the
reaction was complete, mixture was left to cool, and
precipitation was collected, and recrystallized from
ethanol. Compound characterization has been made
by IR, "HNMR, "CNMR, and HRMS spectra.

s h
3

ing / Amine

Benzoyl chloride %

- HN’

NH,SCN N

=

1 A/ hexamethyleneimine
2 B /hexamethyleneimine
3 C /pyrrolidine

4 C /hexamethyleneimine
5 C /morpholine

6 D/ dimethylamine

7 D /pyrrolidine

8 D /piperidine

9 D/ hexamethyleneimine

Figure 1. General synthesis of compounds

(2-(azepan-1-yl)-4-phenylthiazol-5-yl) (1-meth-
yl-1H-benzo[d]imidazol-2-yl)methanone (Com-

pound 1)

Yield 72%, light yellow, mp 230.3 °C. FT-IR dmax
(cm™): 3041 to 2857 (C—H), 1620 (C=0), 1539 to
1330 (C=C, C=N). 'H-NMR (300 MHz, DMSO-d,,
ppm) &: 1.56 (4H, brs, hexamethylene-CH,), 1.80 (4H,
brs, hexamethylene-CH,), 3.69 (4H, brs, N(CH,),),
3.96 (3H, s, N-CH)), 7.25-7.67 (9H, m, Ar-H).
"C-NMR (75 MHz, DMSO-d,, ppm) §&: 27.47, 32.23

(Benzimidazole-CH,), 111.57, 121.01, 123.49, 125.19,
127.78,129.00, 129.81, 136.57, 136.72, 141.10, 148.22,
152.37, 164.13, 173.22 (C=0). HRMS (m/z): [M+H]*
calcd for C H, N OS: 416.1784; found: 416.1786.

2477247 4

(2-(azepan-1-yl)-4-phenylthiazol-5-yl)(ben-
zo[d]thiazol-2-yl)methanone (Compound 2)

Yield 57%, light yellow solid, mp 176.1 °C. FT-
IR dmax (cm™): 3050 to 2848 (C—H), 1602 (C=0),
1520 to 1280 (C=C, C=N). 'H-NMR (300 MHz,
DMSO-d,, ppm) &: 1.58 (4H, brs, CH,), 1.83 (4H,
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brs, CH,), 3.75 (4H, brs, N(CH,) ), 7.23-7.50 (3H,
m, Ar-H), 7.51-7.80 (4H, m, Ar-H), 8.06-8.35 (2H,
m, Ar-H). "C-NMR (75 MHz, DMSO-d, ppm)
8: 27.49((CH,))), 54.55 (N(CH,),), 123.42, 125.15,
127.66, 127.91, 129.43, 130.05, 136.24, 142.50, 144.29,
153.53, 169.92 (C=0). HRMS (m/z): [M+H]* calcd
for C,;H, N OS : 420.1199; found: 420.1199.

Benzofuran-2-yl(4-phenyl-2-(pyrrolidin-1-yl)
thiazol-5-yl)methanone (Compound 3)

Yield 65.5%, orange solid, mp 166.8 °C. FT-IR
omax (cm™): 3108 to 2881 (C—H), 1542 (C=0),
1459 to 1299 (C=C, C=N). 'H-NMR (300 MHz,
DMSO-d,, ppm) &: 2.02 (4H, t, J: 6.66 Hz, pyrroli-
dine-CH,), 3.51 (4H, brs, N(CH,))), 7.15-7.28 (4H,
m, Ar-H), 7.30-7.39 (2H, m, Ar-H), 7.42-7.50 (2H,
m, Ar-H), 7.53-7.60 (1H, m, Ar), 7.64 (1H, d, J: 7.72
Hz, Ar). "C-NMR (75 MHz, DMSO-d,, ppm) &: 25.67
((CH,)),), 50.15 (N(CH,),) 112.11, 113.38, 123.39,
124.20, 127.09, 127.94, 128.10, 128.36, 128.45, 129.07,
129.50, 131.99, 136.35, 152.47, 154.63, 161.41, 168.27,
174.59 (C=0). HRMS (m/z): [M+H]* calcd for C, H-

N O.S: 375.1162; found: 375.1167.

18" 272

(2-(azepan-1-yl)-4-phenylthiazol-5-yl) (benzo-

furan-2-yl)methanone (Compound 4)

Yield 67.7%, yellow solid, mp 152.8 °C. FT-IR
omax (cm™): 3059 to 2925 (C—H), 1538 (C=0), 1464
to 1296 (C=C, C=N). 'H-NMR (300 MHz, DM-
SO-d,, ppm) &: 1.57 (4H, brs, hexamethylene-CH,),
1.81 (4H, brs, hexamethylene-CH,), 3.68 (4H, brs,
N(CHZ)Z), 7.15-7.83 (8H, m, Ar), 7.89 (1H, d, J: 7.71
Hz, Ar), 8.15 (1H, d, J: 0.74 Hz, Ar). *C-NMR (75
MHz, DMSO—ds, ppm) &: 25.23,27.47,111.39, 111.96,
112.11,112.82,113.42,115.12, 118.80, 122.91, 123.40,
124.20, 124.73, 127.94, 128.11, 129.09, 129.49, 136.30,
142.02, 179.17 (C=0). HRMS (m/z): [M+H]* caled
for C_ H N 0,S: 403.1475; found: 403.1480.

2477227 2

Benzofuran-2-yl(2-morpholino-4-phenylthi-

azol-5-yl)methanone (Compound 5)

Yield 69.8%, brown solid, mp 199.3 °C. FT-IR
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omax (cm™): 3014 to 2870 (C—H), 1593 (C=0),
1519 to 1329 (C=C, C=N). 'H-NMR (300 MHz,
DMSO-d,, ppm) &: 3.61 (4H, t, J:5.01 Hz, N(CH,))),
3.75 (4H, t, J:5.76 Hz, O(CH,))), 7.19-7.28 (4H, m,
Ar-H), 7.33-7.49 (5H, m, Ar-H), 7.65 (1H, d, J:8.02
Hz, Ar-H). "C-NMR (75 MHz, DMSO-d,, ppm) &:
4832(N(CH,),), 65.79(0(CH,))), 112.17, 114.01,
119.57,123.53, 124.30, 127.05, 128.20, 129.20, 129.47,
136.0, 152.27, 154.75, 160.36, 175.0 (C=0). HRMS
(m/z): [M+H]* caled for C_,H N,O.S: 391.0507;
found: 391.0508.

(2-(Dimethylamino)-4-phenylthiazol-5-yl)
(naphtho[2,1-b]furan-2-yl)methanone (Com-

pound 6)

Yield 71.3%, yellow solid, mp 181.7 °C. FT-IR
omax (cm™): 3055 to 2882 (C—H), 1583 (C=0), 1542
to 1302 (C=C, C=N). 'H-NMR (300 MHz, DMSO-d,,
ppm) &: 3.20 (6H, s, N(CH,),), 7.13-7.19 (3H, m, Ar-
H), 7.39-7.55 (4H, m, Ar), 7.61-7.67 (1H, m, Ar-H),
7.90 (1H, d, J: 9.07 Hz, Ar-H), 8.01 (1H, d, J:7.76 Hz,
Ar-H), 8.06 (1H, s, Ar-H), 8.26 (1H, d, J:8.03 Hz,
Ar-H). "C-NMR (75 MHz, DMSO-d,, ppm) &: 41.5
(N(CHa)z), 112.72, 113.25, 113.28, 120.02, 122.87,
124.16, 125.91, 126.44, 127.21, 127.73, 127.93, 128.11,
129.01, 129.31, 129.48, 130.45, 131.02, 136.45, 151.96,
152.83, 160.66, 171.72, 174.36 (C=0). HRMS (m/z):
[M+H]* caled for C,H N O,S: 399.1162; found:
399.1158.

Naphtho[2,1-b]furan-2-yl(4-phenyl-2-(pyrroli-
din-1-yl)thiazol-5-yl)methanone (Compound 7)

Yield 64.6%, brown solid, mp 186.3 °C. FT-IR
omax (cm™): 3054 to 2961 (C—H), 1541 (C=0), 1458
to 1311 (C=C, C=N). 'H-NMR (300 MHz, DM-
SO-d,, ppm) 6: 2.02 (4H, brs, (CH,),), 3.48 (4H, brs,
N(CH,),), 7.09-7.26 (3H, m, Ar-H), 7.40-7.74 (5H, m,
Ar-H), 7.87 (1H, t, J:9.03 Hz, Ar-H), 7.98-8.02 (2H,
m, Ar-H), 8.25 (1H, d, J: 8.04 Hz, Ar-H). ®*C-NMR
(75 MHz, DMSO-d,, ppm) &: 25.68 ((CH.),), 50.15
(N(CHz)z)’ 108.53, 112.17, 112.71, 113.10, 122.87,
124.14, 125.89, 128.09, 129.49, 130.45, 131.81, 136.54,
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140.22, 152.03, 152.79, 160.93, 168.20, 174.28(C=0).
HRMS (m/z): [M+H]" caled for C, H, N OS:
425.1318; found: 425.1321.

Naphtho[2,1-b]furan-2-yl(4-phenyl-2-(piperi-
din-1-yl)thiazol-5-yl)methanone (Compound 8)

Yield 83.9%, brown solid, mp 169.1 °C. FT-IR
omax (cm™): 3106 to 2857 (C—H), 1573 (C=0),
1541 to 1336 (C=C, C=N). 'H-NMR (300 MHz,
DMSO-d,, ppm) 6: 1.64 (6H, brs, (CH,),), 3.62 (4H,
brs, N(CH,),), 7.08-7.20 (3H, m, Ar-H), 7.39-7.58
(4H, m, Ar-H), 7.64 (1H, t, J: 7.05 Hz, Ar-H), 7.89
(1H, d, J: 9.11 Hz, Ar), 8.0 (1H, d, J:8.08 Hz, Ar-H),
8.08 (1H, brs, Ar-H), 8.26 (1H, d, J: 7.91 Hz, Ar-H).
P"C-NMR (75 MHz, DMSO-d,, ppm) &: 23.81, 25.26,
49.44(N(CH)))), 112.72, 113.36, 119.40, 122.89,
124.16,125.91, 127.74, 127.94, 128.11, 129.03, 129.30,
129.46, 129.52, 130.46, 136.39, 151.98, 152.88, 160.50,
171.39, 174.42(C=0). HRMS (m/z): [M+H]" calcd for
C _H,_N.O.S: 439.1475; found: 439.1477.

2777227 272

(2-(Azepan-1-yl)-4-phenylthiazol-5-yl) (naph-
tho[2,1-b]furan-2-yl)methanone (Compound 9)

Yield 77.5%, yellow solid, mp 186.7 °C. FT-IR
dmax (cm™): 3107 to 2877 (C—H), 1519 (C=0), 1475
to 1311 (C=C, C=N). 'H-NMR (300 MHz, DMSO-d,,
ppm) &: 1.56 (4H, brs, hexamethylene-CH,), 1.81 (4H,
brs, (CH,),), 3.68 (4H, brs, N(CH,),), 7.07-7.22 (3H,
m, Ar-H), 7.41 (1H, dd, J: 9.04 Hz, 0.60 Hz, Ar), 7.45-
7.58 (3H, m, Ar-H), 7.64 (1H, t, J.7.05 Hz, Ar-H), 7.88
(1H, d, J: 9.08 Hz, Ar), 8.01 (1H, d, J: 9.03 Hz, Ar-H),
8.08 (1H, d, J: 0.74 Hz, Ar-H), 8.26 (1H, d, J:7.97 Hz,
Ar-H). "C-NMR (75 MHz, DMSO-d,, ppm) &: 26.32,
27.49, 28.26, 51.20(N(CH,),), 112.70, 113.13, 119.33,
122.88, 124.16, 125.89, 127.71, 127.94, 128.08, 128.98,
129.29,129.41, 129.50, 130.45, 136.50, 152.04, 152.79,
160.69, 170.98, 174.31(C=0). HRMS (m/z): [M+H]*
caled for C,;H, N,O,S: 453.1631; found: 453.1649.

2877247 2

Antimicrobial activity
Minimum inhibitory concentration assay

Gram-positive and gram-negative bacterial strains
such as E. coli (ATCC8739), S. aureus (ATCC6538),
Salmonella sp. (ATCC700623) were incubated and
compounds were tested on these microorganisms. A
previous procedure that was previously performed by
this group is followed. Experiments were performed
in triplicate (Giray, 2019).

RESULTS AND DISCUSSION
Chemistry

Compounds were synthesized in a 55%-85% yield.
Carbonyl peaks were observed around 1600 cm™and
C-H stretchings were observed between 2800-3100
cm™ in IR spectra. '"H NMR and “C NMR spectral
data were consistent with expectations. Compounds
are consist of aromatic and aliphatic hydrogens. In
the compound containing the 1-methylbenzimidaz-
ole structure, the hydrogens attached to the nitrogen
attached to the methyl have a peak at 3.96 ppm in sin-
glet form. Structures of the synthesized compounds

are given below (Table 1).

Methylene hydrogens bound to the dialkylamine
nitrogen have a peak around 3 ppm in '"H NMR. The
aromatic hydrogen peak in the five-membered re-
gions of the benzofurane and naphthofurane rings is
located between the peaks in the multiplet region, so
the specific singlet is not separately observed. In PC
NMR, the peak of the carbonyl carbon is observed be-
tween 173-175 ppm. The *C NMR peak of the meth-
ylene carbons adjacent to the dialkylamine nitrogen
is observed at around 50 ppm. The methyl carbon
attached to the 1 position of benzimidazole peaks
was observed at 32.23 ppm. A carbon peak at the 2nd
position of the thiazole was observed in the range of
164-171 ppm. Synthesized compounds are compati-
ble with HRMS calculated data.
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Table 1. Structures and some properties of the synthesized compounds

A B Yy v
L. O S "
R I s N eltin,
SATYS p s ) L § HRMS data
H,¢ \ ,(?' K . r\/?‘ N e point Yield
(found)
OC
1 2 6-9
416.1786
1 230.3 72%
5 176.1 57% 420.1199
3 166.8 65.5% 375.1167
4 152.8 67.7% 389.1318
5 199.3 69.8% 391.0508
6 181.7 71.3% 399.1158
7 186.3 64.6% 425.1321
g 169.1 83.9% 439.1477
9 186.7 77.5% 453.1649

Antibacterial activity

Antibacterial activity was tested by microdilu-
tion method against E.coli, S.aureus, and Salmonella
species. Compounds did not show activity until 100
uM. Thus, compounds were evaluated as inactive.
Antibacterial compounds generally have ionizable
groups. In our tested compounds, amine groups are
not good protonable groups as they are bound to ar-
omatic thiazole ring. Besides, heterocyclic nitrogens
are not protonable at medium pH’s 4-9. These facts
can be associated with the absence of the activity. For
the other side of the molecules, in a former study, we
have synthesized novel pyridine derivatives (Figure
2). Among them, 2 and 4- pyridyl derivatives showed
low-moderate activity compared to chloramphenicol
(Sahin, 2020). Following that, in this study, we have
synthesized bicyclic heterocycles; however, this did

not contribute to the activity. This can be the result of
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the blockade of the ring nitrogen hindrance by bicy-
clic structure, which would possibly interact with the
probable target. Besides, in another study, Thomas et
al. synthesized and tested similar structures. Similar
to our study, they did not find activity on S.aureus and
E.coli. They have discovered a close activity to peni-
cillin for B.subtilis (Thomas, 2008a; Thomas 2008b).

In literature, antibacterial compounds are dis-
cussed for potential targets. There is numerous targets
that change cell wall synthesis, protein synthesis, or
some essential enzyme activities. Among these en-
zymes, compounds target the ATP binding site. ATP
binding site ligands have amide, azomethine-NH, or
protonable cyclic/acyclic moieties. In a detailed study
performed on benzothiazoles mainly for Mycobacte-

rium tuberculosis, potential antibacterial targets were

evaluated with computational studies.
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Previous work

1 20 4-pyridyle derivatives have 3 3 o)
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16, 64 or 128 |1o/mL
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E.coli, S.aureus and Salmonella Thomas et al.
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B.subtilis by zone diameter
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(equivalent t penicillin)

Thomas, 2008a;
Thomas, 2008b

Figure 2. Summary of antibacterial activity

In this study, almost all of the active compounds
bear carboxylic acid and/or amide moieties; thus,
these or similar functional groups are essential for
antibacterial activity (Gjorgjieva, 2018). Our synthe-
sized structures do not have this kind of hydrophilic
sites, which can also be the reason for the absence of

antibacterial activity.
CONCLUSION

Consequently, nine novel thiazole derivatives were
successfully synthesized and characterized. Although
the similar compounds by this group were previously
reported with different activities, this chemical group
does not provide achievement in antibacterial drug
development. Sidechains should be replaced and en-

riched with functional ionizable groups in the future.
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REVIEW ARTICLES

Ilag Endiistrisinde Proses Validasyonu ve Tasarimla

Kalite (QbD) Yaklagimi

Filiz OZUL', Kiibra Rabia CAN™, Serkan BILGIC™, Sevda SENEL""™*

Process Validation in Pharmaceutical Industry and Quality
by Design (QbD) Approach

SUMMARY

Process validation, which is defined as documented evidence
that the process, operated within established parameters, can
perform  effectively and reproducibly to produce a medicinal
product meeting its predetermined specifications and quality
attributes. In the last decade, continuous process verification has
been introduced, which is based on a continuous monitoring
of manufacturing performance. This approach is based on the
knowledge from product and process development studies and/
or previous mzmuﬁzcturing experiences. Continuous process
verification may be applicable to both a traditional and enhanced
approach to pharmaceutical development. Process validation
incorporates a lifecycle approach linking product and process
development, validation of the commercial manufacturing
process and maintenance of the process in a state of control during
routine commercial production. Many pharmaceutical companies
are adopting the principles of Quality by Design (QbD) for
pharmaceutical development and manufacturing, which enables
enhanced process understanding, and a more systematic and
scientific approach to pharmaceutical development, so that better
controls can be implemented. QbD is considered in examining
validation within a product lifecycle framework. In this review,
after reviewing the process validation approaches that are described
in the current national and international guidelines, the focus
will be on QbD and its significance in process validation.

Key Words: Drug production, Process validation , Quality by Design
(QbD) ,PAT , Continuous process verification

Tlag Endiistrisinde Proses Validasyonu ve Tasarsmla Kalite (QbD)
Yaklasim:

0z

Proses validasyonu, belirlenmis parametreler dabilinde yiiriitiilen
prosesin, dnceden belirlenmi spesifikasyonlar: ve kalite ozellikleri-
ni karsilayan bir t1bbi iiriinii siretmek igin etkin ve tekrarlanabilir
bir sekilde performans gosterebildiginin belgelenmis kanitidir. Son
on yilda iiretim performansinin siirekli izlenmesine dayanan ke-
sintisiz proses dogrulamast ortaya atilmistir. Bu yaklagim, diriin
ve proses gelistirme calismalarindan velveya onceki iiretim dene-
yimlerinden elde edilen bilgilere dayanmaktadir. Kesintisiz proses
dogrulamast, farmasitik gelistirmeye yonelik hem gelencksel hem
de daha gelismis bir yaklasima wygulanabilir. Proses validasyonu,
iiriin ve proses gelistirmesi, ticari iiretim prosesinin validasyonu ve
rutin ticari tivetim sirasinda prosesin kontrol altinda rutulmasini
birbirine baglayan bir yasam dingiisii yaklasimini icermektedir.
Cogu ilag firmasi, daha iyi bir kontroliin wygulanabilmesi icin,
ileri proses anlayis ve daha sistematik ve bilimsel bir yaklagima
dayalr saglayan tasarimla kalite (QbD) ilkelerini benimsemekte-
dir. QbD yaklasiminda  validasyon, bir diriiniin yasam dingiisii
cergevesinde incelenmektedir. Bu derlemede, giincel ulusal ve ulus-
lararast kilavuzlarda aciklanan proses validasyonu yaklasimlar:
gozden gegirildikten sonra, QbD ve proses validasyonundaki one-
mi iizerinde durulacaktrr.

Anabtar kelimeler: lla¢ iiretimi, Proses Validasyonu, Tasarimla

Kalite (QbD), PAT, kesintisiz proses veriftkasyonu
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1. GIRIS

Ulusal ve uluslararas: yayimlanan ilgili kilavuzlar-
da miistahzar, beseri tibbi tirtin, tibbi tiriin, farmaso-
tik tirtin veya bitmis tiriin gibi farkli sekillerde ifade
edilen “ila¢”, hastalig1 tedavi etmek ve/veya 6nlemek,
bir teshis yapmak veya bir fizyolojik fonksiyonu dii-
zeltmek, diizenlemek veya degistirmek amaciyla, in-
sana uygulanan dogal ve/veya sentetik kaynakli etkin
madde veya maddeler kombinasyonu olarak tanim-
lanmaktadir (Beseri Tibbi Uriinler Ruhsatlandirma
Yonetmeligi, 2005; Beseri Tibbi Uriinler Imalathane-
leri Yonetmeligi, 2017). Ilag etkin maddesi ise, bir be-
seri tibbi tiriiniin dretiminde kullanilmasi planlanan,
dretiminde kullanildiginda fizyolojik fonksiyonlar:
diizeltmek, iyilestirmek, degistirmek veya tibbi teghis
amaciyla farmakolojik, immiinolojik veya metabolik
etki gostermek iizere tiriiniin etkin bileseni olan mad-
de ya da maddeler karigimi olarak tanimlanmaktadir
(Beseri Tibbi Uriinler Imalathaneleri Yonetmeligi,
2017; EMA Glossary-Medicinal Product 2021).

flacin nihai kullanici olan hastaya, istenen kalite,
etkililik ve giivenlilikle ulasmas: uluslararasi ve ulusal
kilavuzlar/yonetmeliklerle saglanmaktadir. Ilaglarin
giivenliligi ve etkililigi klinik arastirmalarla belirlenir.
Klinik aragtirmalar, bir veya birden fazla aragtirma
driniiniin klinik, farmakolojik veya diger farmakodi-
namik etkilerini ortaya ¢ikarmak ya da dogrulamak;
advers olay veya reaksiyonlarini tanimlamak; emilim,
dagilim, metabolizma ve atilimini tespit etmek; gii-
venliligini ve etkililigini aragtirmak amaciyla insanlar
tizerinde yiiriitiilen ¢alismalar olarak tanimlanmakta-
dir (Ilag ve Biyolojik Uriinlerin Klinik Aragtirmalari
Hakkinda Yonetmelik, 2013). Klinik arastirmalar da
ulusal ve uluslararas: ilgili mevzuat dogrultusunda
gerceklestirilmektedir (ilag ve Biyolojik Uriinlerin
Klinik Arastirmalar1 Hakkinda Yonetmelik, 2013; Tyi
Klinik Uygulamalar: Kilavuzu, 2015). Bir etkin mad-
de ve ilacin gelistirilmesi, iiretilmesi ve raf 6mrii so-
nuna kadar belirlenen 6zelliklere sahip olmasini i¢in

kalitesinin garanti edilmesi gerekmektedir.

Farmasotik kalite, bir #rtintin, sistemin veya
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prosesin 6nceden tanimlanmis olan 6zelliklerine ait
gereklilikleri karsilama derecesi olarak tanimlan-
maktadir (ICH QI0, 2008). Bir ilag iireticisini kalite
acisindan yonlendirmek ve kontrol etmek i¢in olus-
turulan farmasotik kalite sistemi, bir iirtiniin gelisti-
rilmesinden teknoloji transferine, ticari tiretimden
tiretimin durdurulmasina/sonlandirilmasina kadar
olan siireci, diger bir deyisle yasam doéngiisiinii kap-
samaktadir. Bu amagla uluslararasi ve ulusal yonet-
melikler/kilavuzlarla tanimlanmis Farmasétik Ka-
lite Sistemi uygulanmakta ve kalite bu gerekliliklere
uyumla saglanmaktadir (ICH Q10, 2008; Beseri Tibbi
Uriinler Imalathaneleri Iyi Imalat Uygulamalar: Kila-
vuzu, 2018). Kalite giivence sistemi, ilacin beyan edi-
len amacina uygun olarak kullaniminda gerekli olan
kaliteyi temin etmek amaciyla diizenlenmis uygula-
malar biitiiniidiir. Ulusal mevzuat, iireticilerin etkin
bir farmasoétik kalite glivence sistemi kurmalarini ve
yerine getirmelerini gerektirmektedir ve Iyi Imalat
Uygulamalar1 (IIU, Good Manufacturing Practice-
GMP) Kilavuzunda Uluslararas1 Uyum Konferansi
(ICH) terminolojisi ile tutarli olmak adina Farma-
sotik Kalite Sistemi terimi kullanilmigtir. Dolayisiyla
Kalite Giivence Sistemi ve Farmasétik Kalite Sistemi

esdeger terimlerdir.

[iU, beseri tibbi iiriin ve etkin maddelerin kul-
lanim amacina uygun, ruhsatina esas bilgilerin veya
tirlin spesifikasyonunun gerekli gordiigii sekilde, ka-
lite standartlarina uyumlu olarak siirekli imal edilme-
sini ve kontroliinii saglayan kalite giivence sisteminin
parcasidir (Begeri Tibbi Uriinler Imalathaneleri Y&-
netmeligi, 2017).

Farmasotik Kalite Sistemi, bir Giriintin tek bagina
veya toplu olarak kalitesini etkileyen tiim unsurlar
kapsayan, genis cerceveli bir kavramdir ve tibbi iiriin-
lerin amaglanan kullanimlar i¢in gerekli kalitede ol-
masini saglamak amaci ile yapilan organize diizenle-
melerin biitini anlamina gelmektedir(Commission
Directive (EU) 2017/1572, 2017; Beseri Tibbi Uriin-
ler Imalathaneleri lyi Imalat Uygulamalar1 Kilavuzu,
2018). Dolayistyla kalite yonetimi, IiU’yu kapsamak-
tadir.
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[iU prensipleri dogrultusunda, {iretim yeri izin
sahibinin tibbi iiriinlerin amaglanan kullanimlarina
uygun; ruhsatlandirma gerekliliklerinin saglandigs;
giivenlilik, kalite ve etkililik agisindan hastalar: riske
atmayacak gekilde tiretim gerceklestirmesi hedeflen-
mektedir. ITU gereklilikleri iilkemizde yasal otorite
olarak Tiirkiye Ilag ve Tibbi Cihaz Kurumu (TITCK)
tarafindan yiiriitilmektedir. TITCK, Tiirkiye Cum-
huriyeti Saglik Bakanligina bagl olarak gorev yapan
ve Bakanlik politika ve hedeflerine uygun olarak ilag-
lar, ilag tiretiminde kullanilan etkin ve yardimci mad-
deler, ulusal ve uluslararasi kontrole tabi maddeler,
tibbi cihazlar, viicut dig tibbi tani cihazlari, geleneksel
bitkisel tibbi iiriinler, kozmetik iiriinler, homeopatik
tibbi tirtinler, insan viicuduna dogrudan temas eden
biyosidal iiriinler ve 6zel amagl diyet gidalar hakkin-
da diizenleme yapmakla gorevli 6zel biitgeli, kamu
tiizel kisiligini haiz bir kamu kurumudur. Kasim 2011
tarihli 663 sayili Kanun Hitkmiinde Kararname ile
Saglik Bakanliginin yapilanmasina ve saglik sistemine
iliskin olarak yapilan kokli degisiklikler sonucunda
Saglik Bakanligina bagh Ilag ve Eczacilik Genel Mii-
dirligi yerine yine Saglik Bakanligina bagh olarak
kurulmustur (Saglik Bakanlig1 ve Bagl Kuruluslari-
nin Teskilat ve Gorevleri Hakkinda Kanun Hitkmiin-
de Kararname, 2011). TITCK insan odakli, bilimsel-
ligi esas alan deger iireten, uluslararas: alanda 6ncii

referans bir kurum olma hedefiyle ilerlemektedir.

[iUya dair diizenlemeler Amerika Birlegik
Devletlerinde Gida ve fla¢ Dairesi (FDA- Food and
Drug Administration) tarafindan, Avrupada ise Av-
rupa [lag Ajans1 (EMA-European Medicines Agency)
tarafindan yiiriitiilmektedir. FDA, insan ve veteriner
ilaglarinin, biyolojik tirtinlerin ve tibbi cihazlarin et-
kililik ve giivenliligini saglayarak halk saghgini ko-
rumaktan sorumlu kurulustur (FDA Mission, 2021).
Benzer sekilde, EMA, ilaglar1 bilimsel standartlara
gore degerlendirerek paydaslara ilaglar ile ilgili ba-
gimsiz ve bilimsel bilgiler saglayarak halk ve hayvan
sagligini koruma misyonuyla Avrupa Birligi (AB) ge-
nelinde ve kiiresel olarak ¢alismalar yiirtitmektedir.

flaglar icin iiretim sahalarinin IiU denetimlerinin

koordinasyonu ile IIU faaliyetlerinin AB diizeyinde
uyumlagtirilmasinda 6nemli bir rol oynamaktadir
(History of EMA, 2021).

Diizenleyici otoritelerin gerekliliklerinin uyum-
lagtirilmasi, otoriteler ve bolgeler arasi farkli uygula-
malarin Oniine gegilmesi amaciyla 1990 yilinda, Av-
rupa, Japonya ve ABD diizenleyici otoritelerinin ve
bu tilkelerdeki ilag iireticileri birliklerinin bir araya
gelmesiyle Uluslararas1t Uyum Konferansi (ICH: The
International Conference on Harmonisation of Tech-
nical Requirements for Registration of Pharmaceuti-
cals for Human Use) kurulmustur. 2015 yilinda ya-
pilan organizasyonel degisiklikler kapsamindan ICH
olarak yeniden yapilandirilmistir. 2017 Kasim ayinda
Konseye gozlemci statiisiinde katilan TITCK, tiyelik
kriterlerinin tamamini yerine getirerek 27 May1s 2020
tarihinde diizenleyici iiye otorite olarak kabul edil-

migtir.

Tibbi iiriinler alaninda uyumlastirilmig Tyi imalat
Uygulamalar: standartlarinin ve denetim otoriteleri-
nin kalite sistemlerinin uluslararas: gelisimini, uygu-
lanmasini ve stirdiirtilmesini saglamak amaciyla 1995
yilinda Farmasétik Denetim Isbirligi Plan1 (PIC/S-
Pharmaceutical Inspection Co-operation Scheme,)
organizasyonu kurulmustur (History of PIC/S, 2021).
TITCK da PIC/S iiyeligine 1 Ocak 2018 tarihi itiba-
riyla kabul edilmistir. Bu dogrultuda, TITCK, 1iU
gerekliliklerini, Diinya Saglik Orgiitii (WHO-World
Health Organization), ICH, EMA, PIC/S gibi kuru-
luslarca ve/veya ilgili diger otorite ve organizasyonlar
tarafindan belirlenmis kurallar gercevesinde yiiriit-

mektedir.

[iU gerekliligi olarak bir ilacin énceden belir-
lenmis spesifikasyonlar ve kalite 6zelliklerini karsi-
layacak sekilde tesis edilmis parametreler dahilinde
caligtirilan bir prosesle tekrarlanabilir sekilde tiretildi-
ginin proses validasyonu ¢aligmalari ile kanitlanmasi
gerekmektedir (Beseri Tibbi Uriinler Imalathaneleri
Iyi Imalat Uygulamalar1 Kilavuzu, 2018). Spesifikas-
yonlar, tiretim boyunca kullanilan ya da elde edilen

drlinlerin ya da materyallerin uymak zorunda oldu-
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gu gereklilikleri ayrintili olarak aciklamakta ve kalite
degerlendirmesine esas olusturmaktadir. Uretim pro-
sesinde kullanilan sistemler ve ekipmanlar da onay-
l1 proses yontemleri ve {iriin spesifikasyonlar: temel
alinarak etkin ve tekrarlanabilir bicimde ¢alistiklar:
kalifikasyon ¢alismalar1 ile dogrulanmaktadir. Ureti-
cilerin, dirtiniin ve prosesin yagam dongiisii boyunca
kalifikasyon ve validasyon statiilerinin devamliligini
ve siirdiiriilebilirligini saglamalar1 bir 11U gereklili-
gidir.

Proses validasyonu c¢alismalari, FDA, EMA ve
TITCK otoritelerince belirlendigi iizere, geleneksel
yaklasim, kesintisiz proses dogrulamasi ve hibrit ol-
mak tizere ii¢ farkli yontem ile gerceklestirilebilmek-
tedir (Guideline on process validation for finished
products, 2016; Beseri Tibbi Uriinler [malathaneleri
1yi Imalat Uygulamalar1 Kilavuzu, 2018). Kesintisiz
proses dogrulamasi, proses performansinin kesinti-
siz olarak izlendigi ve degerlendirildigi bir alternatif
proses validasyonu yaklagimidir (Beseri Tibbi Uriin-
ler Imalathaneleri lyi Imalat Uygulamalar1 Kilavuzu,
2018). Yasam dongiisii boyunca devam eden proses
dogrulamas: yaklasimi ise her ii¢ yaklasima da uy-
gulanabilmektedir. Bu yaklasim FDA kilavuzunda da
proses validasyonunun 3. asamasi olarak ele alinmak-
tadir (Guidance for Industry Process Validation: Ge-
neral Principles and Practices 2011; Pazhayattil et al.,
2018). Bu asamada iirtin kalitesinin saglanmasi icin
stirekli veri toplanmaktadir Toplanan proses ve ma-
teryal verileri ile kontrol durumunun siirdiraldagii-
ni garanti etmek icin ise istatistiksel kontrol araglari

kullanilmaktadir.

Geleneksel proses validasyonunda, primer amba-
lajlama dahil tiim {iretim asamalarindan gegen bit-
mis iirtin tizerinde yapilan testler ile iiriiniin kalitesi
test edilmektedir. Bu durumda {riiniin ozellikleri
ve kalitesi arasindaki iligkiler tam olarak anlagilmasi
miimkiin olmamaktadir. Bu yaklasim, {iriin kalitesi ile
ilgili beklentileri tam olarak karsilamak yerine serile-
rin her birindeki farkliliklarin saptanabilmesine katki

saglamaktadir. Sonug olarak, tiriin kalitesinin daha

244

¢ok test yapilarak artmayacaginin goriilmesi tizerine,
tasarimla kalite 2008 yilinda yayimlanan ICH Q8 ki-
lavuzu ile resmi olarak giindeme gelmistir. Otomotiv,
petrokimya gibi diger sanayi dallarinda hélihazirda
kullanilmakta olan bu kavram boylece ila¢ sektoriine
de girmistir. ICH Q8(R2) Kilavuzunda tasarimla kali-
te, “onceden tanimlanmig hedeflerle baglayip, tiriin ile
prosesin saglam bilim ve kalite risk yonetimine daya-
I1 olarak anlagilmasini vurgulayan sistematik bir ila¢
gelistirme yaklasimi” olarak tanimlanmis ve “kalite
iirtinde test edilmez, kalite tiriin i¢inde inga edilme-
lidir” ifadesi kullanilmistir (ICH Q8(R2) 2009; Beseri
Tibbi Uriinler imalathaneleri Tyi imalat Uygulamalar:
Kilavuzu, 2018). ICH Q8(R2) kilavuzunda iiriin gelis-
tirme ve tiretim i¢in “ampirik” ve “sistematik” olmak
tizere iki farkli yaklasimindan bahsedilmektedir (ICH
Q8(R2), 2009). Ampirik triin geligtirme, geleneksel
kabul edilen iiriinlerin {iretildikten sonra test edilme-
sine dayanan yaklasgim olarak belirtilmektedir. Tasa-
rimla kalite yaklasimi olarak da adlandirilan sistema-
tik yaklagimla tiriin gelistirmede ise kapsamli tiriin ve
tiretim prosesi tasarimi kullanilmaktadir. Bu sistem
drtiintin yagam dongiisit boyunca yenilenerek siirek-
li iyilestirilmesine olanak saglamay1 hedeflemektedir
(ICH Q8(R2) 2009; Guidance for Industry Process
Validation: General Principles and Practices 2011). Bu
yaklasimla, gelistirilen ve gelistirme sirasinda belirle-
nen kontrol stratejisinin yiiksek derece bir iiriin kalite
glivencesi sagladiginin bilimsel olarak ortaya koyan

kesintisiz proses dogrulamasi kullanilmaktadr.

Bu yaklasim kapsaminda ilacin kalitesinde en
bityiik rolii oynayan {iretim siireci ve bu siirecte goz
6niinde bulundurulan kalite 6zellikleri detayl1 olarak

goz ontinde bulundurulmaktadir.
2. PROSES VALIDASYONU

Ilag endiistrisinde iriin kalitesi hayati 6neme
sahiptir. Bitmis triiniin 6nceden belirlenmis kalite
ozelliklerini karsiladigindan emin olmak i¢in iiretim
ile ilgili kritik parametrelerin belirlenmesi ve proses
sirasinda takip edilmesi son derece énemlidir (Singh,

2020). “Proses validasyonu” terimi hentiz kullanimda
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degilken tiretilen farmasotik tirtinler, kalitesi kontrol
edilmeden dogrudan hastaya ulastirilmis ve bu du-
rum yan etkiler veya etkisizlik gozlenmesine sebep
olmustur. Karsilagilan sorunlar, giivenlilik ve etkililik
felaketlerini 6nlemek icin kalite kontrol testlerinin,
[IUnun, klinik ¢aligmalarin ve diger kontrollerin
olusturulmasini saglamistir. Ancak ilag tiretim pro-
sesleri zamanla daha karmagsik hale geldik¢e sadece
bitmis iriinii test etmenin yeterli olmadig: ve tirtinle-
ri tiretmek icin kullanilan proseslere daha fazla 6nem
verilmesi gerektigi fikri ortaya ¢ikmustir. Validasyon
kavramu ilk olarak 1979da ABDde iki FDA yetkilisi
tarafindan ilaglarin kalitesini iyilestirmek i¢in buytik
hacimli parenteral iiriinlerin sterilitesindeki bazi so-
runlara dogrudan ¢oziim olarak Onerilmistir (Agal-
loco, 1995). 1lk validasyon faaliyetleri, bu iiriinlerin
yapiminda yer alan proseslere odaklanmis olup za-
manla ¢evre kontrolii, besi yeri dolumu, ekipman
sanitizasyonu/sterilizasyonu ve saf su/enjeksiyonluk
su liretimi dahil olmak tizere ilgili proseslere de hizla
yayilmustir. 1982 yilinda, 12 yasinda bir kiz ¢ocugu-
nun ailesi tarafindan verilen Tylenol (asetaminofen)
kapsilii almasinin ardindan birkag saat iginde 6lmesi
ve ayni donemde ayni aileden 3 kisi ve bagkalar1 da
dahil 6 kisinin ayni sekilde olimiintin gergeklesmesi
sonrast iiriiniin 31 milyon sisesi piyasadan geri ¢ekil-
mistir (Immel, 2001). Incelemeler sonucunda bir kisi-
nin kapsiilleri a¢tig1 ve icine siyaniir ekleyerek tekrar
kapattig1 ortaya ¢ikmis ve sonug olarak 31 milyon gise
Tylenol imha edilmistir. Bu olaydan sonra FDA tara-
findan 6nce ambalaj malzemeleri diizenlemesi tizeri-
ne ardindan da degisik siiregler igin bir seri diizen-
leyici kilavuz yayimlanmistir. Bu kilavuzlara 6rnek
olarak 1987 yilinda yayimlanan proses validasyonu
kilavuzu verilebilir (Guidance for Industry Process
Validation: General Principles and Practices, 2011).
1987 yilinda FDAnin yayimlamis oldugu bu kilavuz-
da temel yaklagim, prosesin iiretim esnasinda diizgiin
islediginden emin olmak i¢in prosesi test etmek ve ¢a-
ligmaya devam ettiginden emin olmak igin de iiretim
prosesinin periyodik olarak yeniden test edilmesi yo-

niindedir (Guidance for Industry Process Validation:

General Principles and Practices 2011; Immel, 2001)
Ancak biyolojik/biyoteknolojik iiriinlerin {iretim pro-
seslerinin, belirli bir aralik iginde test edilerek dogru-
lugundan emin olunamayacak kadar karmasik yapida
olmasi nedeniyle bu kilavuzun gelistirilmesi gereklili-
&i ortaya ¢cikmustir. Ayrica, proses diizgiin ¢alismadi-
ginda derhal sinyal vermesini saglayacak sistemlerin
de gelistirilmesi gerektigi anlagilmistir. EMA ise 1996
yilinda yayimladigi “Bitmis Dozaj Sekillerinin imalatt
Hakkinda Kilavuz'da ilk defa olarak proses validas-
yonu ifadesine yer vermistir (Note For Guidance On
Manufacture of the Finished Dosage Forms, 1996).
Ardindan 2000’lerin ortasinda, endiistrinin yiiksek
kalitede iiriin tiretecek prosesler gelistirmesi i¢in te-
mel kavramlar1 saglamak adina ICH Q8 Farmasotik
Gelistirme Kilavuzu hazirlanmistir (ICH Q8(R2),
2009). 2009 yilinda minér degisiklikler ile son hali-
ni alan, ¢ok 6nemli bir proses validasyonu konsepti-
ni baglatan ve tasarimla kalite, tasarim alani, kontrol
stratejisi, gercek zamanl serbest birakma testleri gibi
kavramlarin tanimlandigi ICH Q8(R2) kilavuzu ya-
yimlanmistir (ICH Q8(R2), 2009).

Proses validasyonu, “Onceden belirlenmis spe-
sifikasyonlar1 ve kalite ozelliklerini kargilayan tib-
bi tiriinler tiretmek i¢in olusturulmus parametreler
dahilinde c¢alistirilan prosesin etkin ve tekrar iire-
tilebilir bicimde islediginin belgelenmis kanitidir”
seklinde tanimlanmaktadir. Uretim prosesinin, bir
triinin geleneksel bir yaklagimla veya gelismis bir
yaklagimla gelistirilip gelistirilmediginden bagimsiz
olarak, valide edilmesi gerekmektedir (Guideline on
process validation for finished products, 2016). Vali-
dasyon, piyasaya siiriilecek iiriiniin iiretimi icin kul-
lanilan tim dretim asamalarini ve tiim tiretim saha-
larini kapsamalidir. Proses validasyonu, kontrol stra-
tejisinin proses tasarimi ve triiniin kalitesi i¢in yeterli
oldugunu dogrulamalidir. Bir triintin farkl dozlar,
farkli seri ve ambalaj boyutlar1 i¢in yapilacak validas-
yon ¢alismalarinda bloklama (bracketing) yaklagimi
uygulanmasi miimkiindiir. Bloklama yaklagimi, pro-
ses validasyonlar1 esnasinda yalnizca, doz, seri biiyiik-
ligii ve/veya ambalaj bitytikliigii gibi 6nceden saptan-
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mus ve gerekeelendirilmis belirli tasarim faktorlerinin
u¢ degerlerindeki serilerin test edildigi bilimsel ve
risk bazli bir validasyon yaklagimidir. Bu yaklagim,
herhangi bir ara seviyenin validasyonunun, u¢ deger-
lerin validasyonuyla temsil edildigini varsaymaktadir.
Farkli dozlarin valide edilecegi durumlarda, dozlar
6zdes veya bilesimleri birbirine ¢ok yakinsa, bloklama
uygulanabilmektedir. Ornegin, farkli baski agirlikla-
rindaki tablet gamina, farkl biiytiklitklerdeki kapsiil
bloklarina veya ayni kap-kapak sistemindeki farkli
dolumlara uygulanabilmektedir(Beseri Tibbi Uriin-
ler imalathaneleri Iyi imalat Uygulamalar1 Kilavuzu,
2018).

Giincellenmis kilavuzlarda, geleneksel proses
validasyonuna alternatif olarak tiretim prosesi per-
formansinin siirekli olarak goézlemlenmesi ve de-
gerlendirilmesi olarak tanimlanan kesintisiz proses
dogrulamas: yaklagimi getirilmistir (Guideline on

process validation for finished products, 2016; Beseri

Tibbi Uriinler Imalathaneleri Iyi Imalat Uygulamalar1
Kilavuzu, 2018). FDA ve EMA otoriteleri tarafindan
yayimlanan kilavuzlarda proses validasyonu yakla-
sum1 temelde benzer olmakla birlikte yapisal olarak
bazi farkhiliklar gostermektedir (Tablo 1). FDAnin
ilgili kilavuzlarinda, proses validasyonu ti¢ temel asa-
mada ele alinirken, EMA kilavuzunda, {iriin yagam
dongiisii i¢ temel asamada agiklanmakta olup, proses
validasyonu bu {iriin yasam dongiisiiniin ikinci aga-
mast olarak degerlendirmektedir. EMA kilavuzunda,
FDAdan farkli olarak, proses validasyonunun gele-
neksel, kesintisiz ve hibrit olmak tizere ti¢ farkl yak-
lagimla uygulanabilecegi belirtilmektedir. Ulkemiz
yasal ilag otoritesi olan TITCK da EMA yaklagimina
benzer olarak geleneksel, kesintisiz ve hibrit olmak
tizere ii¢ farkli proses validasyonu yaklagimina yer
vermektedir (Beseri Tibbi Uriinler Imalathaneleri Iyi

Imalat Uygulamalar1 Kilavuzu, 2018).

Tablo 1. FDA, EMA ve TITCK kilavuzlarinda belirtilen Proses Validasyonu Yaklagimlar

FDA EMA

TITCK

Proses Validasyonu
Asama 1: Proses Tasarimi

Uriin yagam déngiisiiniin
1. Asamasi
Proses Tasarimi

Uriin yasam déngiisiiniin 1. Asamast
Proses Tasarimi

Proses Validasyonu

Uriin yasam déngiisiiniin

Uriin yagsam déngiisiiniin 2. Asamast

Asama 2:
Proses Kalifikasyonu

2. Asamasi

Proses Validasyonu

1. Geleneksel Yaklagim

2. Kesintisiz Proses
Dogrulamas:

3. Hibrit Yaklagim

Proses Validasyonu

1. Geleneksel Yaklagim

2. Kesintisiz Proses
Dogrulamasi

3. Hibrit Yaklagim

Proses Validasyonu

Asama 3: Devam Eden Proses Dogrulamas: | 3. Asamast

Uriin yagam dongiistiniin

Devam Eden Proses Dogrulamasi

Uriin yagam dongiisiiniin 3. Asamasi
Devam Eden Proses Dogrulamast

2.1 FDA Proses Validasyonu Yaklasimi

FDA proses validasyonunu, bir prosesin siirekli
olarak kaliteli irtin sunabilecegine dair bilimsel kanit
olusturan, proses tasarim agamasindan ticari tiretime
kadar verilerin toplanmasi ve degerlendirilmesi ola-
rak tanimlamaktadir (Guidance for Industry Process
Validation: General Principles and Practices, 2011).
Proses validasyonu, iiriin ve prosesin yasam dongiisii

boyunca gerceklesen faaliyetleri icermektedir. Proses
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validasyonu faaliyetleri proses tasarimi, proses kalifi-
kasyonu ve devam eden prosesin dogrulamas: olmak

lizere ii¢ agamada agiklanmaktadir.
2.1.1 Proses Tasarimi1 (Asama 1)

Proses tasarimi, planlanan ana iiretim ve kontrol
kayitlarina yansitilacak olan ticari tiretim prosesini
tanimlama faaliyetidir. Ticari iretim prosesi, gelistir-
me ve Olcek biiylitme (scale up) faaliyetleriyle kaza-

nilan bilgilere dayali olarak bu agamada tanimlanir.
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Bu agamanin amacy, kalite 6zelliklerini karsilayan bir
Urini sirekli olarak tiretebilecek, rutin ticari tiretime

uygun bir proses tasarlamaktir.
2.1.2 Proses Kalifikasyonu (PQ) (Asama 2)

Bu asamada, prosesin yeniden iiretilebilir ticari
tiretim yetenegine sahip olup olmadigini belirlemek
i¢in proses tasarimi degerlendirilir. Bu agamanin, tesi-
sin tasarimi ile ekipman/yardime tesislerin kalifikas-
yonu ve proses performans kalifikasyonu (PPQ) ol-
mak tizere iki unsuru vardir. Ticari riinlerin serbest
birakilmasindan énce Agama 2’nin basariyla tamam-
lanmasi gerekmektedir ve iiretilen {iriinler bu agama-

da uygun bulunursa dagitim icin serbest birakilabilir.

Tesisin Tasarumi ve Ekipman /Yardimci Tesislerin
Kalifikasyonu

Bir {iretim tesisinin uygun tasarimi, {IU Kilavuzu

Tesisler ve Ekipman Bolimii diizenlemeleri ve kila-
vuzun ilgili bolimleri kapsaminda, PPQdan 6nce
ve ticari Olgekte {iriin iiretmeden gergeklestirilmesi
beklenmektedir. Burada kalifikasyon terimi, yardim-
c1 tesislerin ve ekipmanlarin amaglanan kullanimlar
i¢in uygun oldugunu ve diizgiin bir sekilde ¢aligtigin

gostermek i¢in yapilan faaliyetleri ifade etmektedir.

Proses Performans Kalifikasyonu (PPQ)

PPQ, proses kalifikasyonunun ikinci unsuru olup,
ticari seriler iiretmek i¢in fiili tesisi, yardimei tesisleri,
her birinin kalifikasyonlar1 tamamlanmis durumda
olan ekipmanlari ve egitimli personeli, ticari iiretim
prosesi, kontrol prosediirleri ve bilesenleri birlestir-
mektedir. Basarili bir PPQ, proses tasarimini onay-
layacak ve ticari iiretim prosesinin beklendigi gibi
isledigini gosterecektir. Bu asamadaki basari, iriiniin
yasam dongiisiinde 6dnemli kilometre taslarindan biri
olarak kabul edilmektedir. Bir tiretici, ila¢ Griiniintin
ticari dagitimina baslamadan 6nce PPQyu basariyla
tamamlamalidir. Ticari dagitima baslama karari, tica-
ri 6lgekli serilerden gelen verilerle desteklenmelidir.
Laboratuvar ve pilot ¢calismalardan elde edilen veriler
ise ticari iiretim siirecinin beklendigi gibi ¢alistigina

dair sadece ek giivence saglayabilir.

PPQ, bilime, {ireticinin genel iiriin ve proses an-
layis1 ile kanitlanabilir kontrollere dayanmalidir. Tiim
ilgili calismalardan elde edilen kiimiilatif veriler (6r-
negin, tasarlanmis deneyler, laboratuvar, pilot ve ti-
cari seriler) PPQdaki tiretim kosullarini olusturmak

i¢in kullanilmalidur.
2.1.3 Devam Eden Proses Dogrulamasi (Asama 3)

Validasyonun 3. agamasinin amaci, ticari tiretim
sirasinda prosesin kontrol altinda (valide durum-
da) kaldigina dair siirekli giivence saglanmasidir. Bu
amaca ulasmak icin, proseste meydana gelebilecek
planlanmamis sapmalar: tespit etmek icin sistemle-
rin tasarlanmis olmasi esastir. Proses performansinin
degerlendirilmesi, sorunlar1 tanimlamak ve prosesin
kontrol altinda kalmasi i¢in sorunlar1 6ngérmek, 6n-
lemek ve diizeltmek i¢in eylemde bulunulmas: gere-
kip gerekmedigini belirlemektedir. Uriin kalitesiyle
ilgili iiriin ve proses verilerini toplamak ve analiz et-
mek i¢in devam eden bir program olusturulmalidir.
Toplanan veriler, ilgili proses egilimlerini ve gelen
malzemelerin veya bilesenlerin kalitesini, in-proses
malzemeleri ve bitmis iirtinleri icermelidir. Veriler
istatistiksel yonelimli olmali ve egitimli personel ta-
rafindan incelenmelidir. FDA tarafindan veri topla-
ma planini, proses stabilitesini ve proses yetenegini
(process capability, Cp) 6lecme ve degerlendirmede
kullanilan istatistiksel yontemler ile prosediirleri ge-
listirmede istatistik¢inin veya yeterli egitimi olan bir

kisinin gorev almast tavsiye edilmektedir.

Iyi proses tasarimi ve gelistirme igin, énemli de-
giskenlik (varyasyon) kaynaklarini énceden tahmin
etme ve uygun tespit, kontrol ve/veya hafifletme stra-
tejilerinin yani sira uygun uyari ve aksiyon limitleri
olusturulmalidir. Bununla birlikte, bir prosesin daha
once tespit edilmemis veya prosesin daha 6nce ma-
ruz kalmadig1 varyasyon kaynaklariyla karsilasmasi
muhtemeldir. Varyasyonu tespit etmek, karakterize
etmek ve temel nedeni belirlemek icin istatistiksel ve/
veya daha nitel olan bir¢ok ara¢ ve teknik, kullanila-
bilir. Seri i¢i oldugu kadar seriler aras1 varyasyonun
da incelenmesi kapsamli bir siirekli proses dogrulama

programinin pargasidir (Beseri Tibbi Uriinler Ima-
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lathaneleri Iyi Imalat Uygulamalari Kilavuzu, 2018).
Proseste varyasyon, kalite sikayetlerinin, spesifikas-
yon dis1 bulgularin, proses sapma raporlarinin, proses
verim varyasyonlarinin, seri kayitlarinin, gelen ham-
madde kayitlarinin ve advers olay raporlarinin zama-
ninda degerlendirilmesiyle de tespit edilebilmektedir.
Bu asamada toplanan veriler, prosesin veya {iiriiniin
caligma kogullari, proses kontrolleri, bilesen veya in-
proses malzeme dzellikleri gibi bazi yonlerini degisti-
rerek prosesi iyilestirme ve/veya optimize etme yollar:
onerebilir. Onerilen degisikligin tiriin kalitesini nasil
etkileyebilecegine bagli olarak, ek proses tasarimi ve

proses kalifikasyon faaliyetleri gerekli goriilebilir.
2.2 EMA Proses Validasyonu Yaklasimi

EMA Proses Validasyonu yaklagimina gore iri-
nin yasam dongisii ¢ asamada ele alinmaktadir
(Guideline on process validation for finished pro-
ducts, 2016). ilk asama, ICH Q8(R2) Kilavuzunda ta-
nimlanan proses tasarimi, ikinci agama EMA Proses
Validasyonu kilavuzunda detaylar: ile de belirtilen
proses validasyonu asamasi, tigiincii agama ise GMP
Kilavuzu Ek 15de ele alinan devam eden proses dog-
rulamasi agamasidir. EMA Proses Validasyonu Kila-
vuzu; ICH Q8(R2)de aciklandig gibi etkin bir kalite
sistemi altinda ve risk yonetimi araglariyla birlikte ge-
lismis proses anlayigini uygularken treticilerin ICH
Q8, Q9 ve Q10 da agiklanan yeni yaklasimlardan nasil
yararlanabileceklerini aciklamak amaciyla yayimlan-

mustir.

Proses validasyonu, iirtiin gelistirme yaklagimin-
dan bagimsiz olarak geleneksel bir yaklasgimla (ge-
leneksel proses validasyonu) gerceklestirilebilir. Di-
ger bir alternatif olarak, tiriin gelistirme asamasinda
ileri bir yaklasim uygulanmissa veya gegmis veriler
ve tretim deneyimi yoluyla 6nemli miktarda iirtin
ve proses bilgisi ve anlayis1 kazanilmigsa, kesintisiz
proses dogrulamasi uygulanabilir. Geleneksel proses
validasyonu ve kesintisiz proses dogrulamasinin bir
kombinasyonu (hibrid yaklasim) da kullanilabilmek-
tedir. Asagida bu yaklasimlardan daha detayl: olarak
bahsedilecektir.
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2.2.1 Geleneksel Proses Validasyonu

Geleneksel proses validasyonu normalde farma-
sotik gelistirme ve/veya proses gelistirme tamamlan-
diginda, 6lgek bitylitme agamasindan sonra ve bitmis
driiniin piyasaya stiriilmesinden 6nce gerceklestiril-
mektedir (Guideline on process validation for finis-
hed products, 2016). Proses validasyonu yasam don-
glisiiniin bir parcasi olarak, 6lcek biiyiitmeden 6nce
pilot 6lgekteki seriler tizerinde proses validasyonu ¢a-
ligmalar yiiriitillebilmektedir. Pilot seri boyutu, iire-
tim olgegindeki serinin en az %10>u olmalidir, diger
bir deyisle dl¢ek biiylitme i¢in ¢arpma faktord 10°u
gecmeyecek sekilde olmalidir. Kati oral dozaj sekille-
ri i¢in pilot seri boyutu genellikle maksimum iiretim
boyutunun %10’u veya 100.000 birim (hangisi daha
biiyiikse) olmalidir. Diger dozaj sekilleri i¢in pilot
seri boyutunun, hasta yoniiyle dozaj seklinin basarisiz
olma riski dikkate alinarak gerek¢elendirilmesi gerek-
mektedir. Pilot 6l¢ekli seriler izerinde tam validasyon
caligmalari yliriitmenin genel olarak yararli olmadig:
diigiiniilmektedir. Uretim 6lceginde (ticari olgekte)
her triin i¢in tam validasyon ¢alismasi tamamlan-
malidir ve bu ¢alismalarda bloklama yaklasimi kabul
edilebilmektedir.

Seri sayisi, prosesin degiskenligine, prosesisin/
triintin karmagikligina, gelistirme sirasinda kazani-
lan proses bilgisine, teknoloji transferi sirasinda ticari
olgekte destekleyici verilere ve ireticinin genel dene-
yimine dayanmalidir. Aksi gerekcelendirilmedikge,
en az {i¢ ticari 6lgekli seriye ait veriler sunulmalidir.
Ancak bir gerek¢e sunuldugu durumlarda, bir veya
iki ticari 6lgekli seriye iligkin verilerin, bunlarin pi-
lot 6lgekli serilerine ait validasyon verileri ile destek-
lenmesi geleneksel proses validasyonu yaklasiminda
yeterli goriilebilmektedir. Bununla birlikte, ilerleyen
bolimlerde detaylar: verildigi iizere, TITCK gele-
neksel proses validasyonu yaklasgiminda en az iig ti-
cari Olgekli seri gerekliligi yer almakta olup gerekge
sunularak pilot dl¢ekli seri(ler) ve ticten daha az ticari
olcekli seri(ler) ile proses validasyonunun tamamlan-

mast hususu yer almamaktadir.
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Geleneksel yaklagimin kullanildig: tiretim proses-
leri i¢in miimkiin olan durumlarda {iriiniin ruhsat-
landirilmasindan 6nce, ileriye doniik (prospektif) bir
validasyon programindan ge¢mesi gerekir. Bununla
birlikte; hasta lehine gii¢lii bir yarar-risk oraninin
bulundugu istisnai durumlarda, rutin iiretimin bas-
lamasindan 6nce bir validasyon programinin tamam-
lanmamas: kabul edilebilir ve eszamanli validasyon
kullanilabilir. Ayrica, tekrar tiretim ¢aligmalarindan
alman verilerin mevcut olmadigi, smirl sayida et-
kin madde serisinin iretildigi, etkin madde serileri-
nin diizensiz araliklarla iiretildigi veya etkin madde
serilerinin degistirilmis bir valide islem tarafindan
tiretildigi zamanlarda da yapilabilmektedir. Es za-
manli validasyon, validasyon protokoliintin validas-
yon serilerinin ticarilestirilmesiyle eszamanli olarak
icra edildigi istisnai kogullarda yapilan, anlamli hasta
yararinin bulunmasi temelinde gerekeelendirilen va-

lidasyon olarak tanimlanmaktadir.

Geriye doniik validasyon (retrospektif) ise artik
kabul edilebilir bir yaklagim olarak goriilmemektedir
(Guideline on process validation for finished pro-
ducts, 2016; Beseri Tibbi Uriinler Imalathaneleri Iyi
Imalat Uygulamalar1 Kilavuzu, 2018).

2.2.2 Kesintisiz Proses Dogrulamasi

Kesintisiz proses dogrulamasi, iiretim siireci per-
formansinin siirekli olarak izlendigi ve degerlendiril-
digi geleneksel proses validasyonuna alternatif bir yak-
lagimdir (ICH Q8(R2), 2009). Tasarimla kalite yakla-
simiyla gelistirilen ve gelistirme sirasinda olusturulan
kontrol stratejisinin yiiksek derecede bir {iriin kalite
glivencesi sagladiginin bilimsel olarak ortaya konul-
dugu durumlarda, geleneksel proses validasyonuna
bir alternatif olarak kesintisiz proses dogrulamasi kul-
lanilabilmektedir (Eudralex Volume 4 EU Guidelines
for Good Manufacturing Practice for Medicinal Pro-
ducts for Human and Veterinary Use Annex 15: Qu-
alification and Validation, 2015; Beseri Tibbi Uriin-
ler imalathaneleri Iyi imalat Uygulamalar1 Kilavuzu,
2018). Kesintisiz proses dogrulamasi, énceden tanim-

lanmis parametreler kapsaminda isleyen bir proses-

le tutarl bir sekilde tim kritik kalite 6zelliklerini ve
kontrol stratejisi gereksinimlerini karsilayan bir {iriin
tiretildigini dogrulamak ve gostermek icin bilime ve
riske dayal1 ger¢ek zamanli bir yaklasimdir (Guideli-
ne on process validation for finished products, 2016).
Kesintisiz proses dogrulamasini uygulamak icin, iire-
ticilerin kapsamli in-line, on-line ve at-line kontroller
gerceklestirmesi ve her seride proses performansini
ve iriin kalitesini izlemesi gerekmektedir. Baslangi¢
materyallerin veya bilesenlerin, proses i¢i materyal-
lerin ve bitmis triinlerin kalite 6zelliklerine iliskin
veriler toplanmalidir. Bu veriler, kalite 6zelliklerinin,
parametrelerin ve bitis noktalarinin dogrulanmasini
ve kritik kalite 6zelliklerini ve kritik proses paramet-
releri (critical process parameters-CPP) egilimlerinin
degerlendirilmesini de icermelidir.  Yakin infrared
(NIR) spektroskopisi ve Cok Degiskenli Istatistiksel
Proses Kontrolii (MSPC) gibi proses analitik teknolo-
jisi (PAT) uygulamalari, kesintisiz proses dogrulama-

sinin uygulanmasini kolaylastiran araglardir.

Kesintisiz proses dogrulamasinin desteklenmesi
i¢cin, daha once benzer iiriin veya proseslerin gelis-
tirilmesi ve iretilmesi sirasinda elde edilen bilgiler,
driniin gelistirme ¢aligmalar: ve ticari tiretim dene-
yimlerinden kazanilan proses anlayis orani, {iriin ve/
veya Uretim prosesinin karmagikligi, proses otomas-
yonu ve analitik teknolojilerin kullanilma seviyesi gibi
hususlarda yeterli seviyede proses bilgisi ve anlayist
gereklidir (Guideline on process validation for finis-
hed products, 2016). Kesintisiz proses dogrulamasi
stratejisinin uygunlugu ve fizibilitesine iliskin bilgiler,
izlenecek proses parametreleri ve malzeme 6zellikle-
rinin yani sira kullanilacak analitik yontemler de da-
hil olmak {izere validasyon dosyasina dahil edilmeli
ve en azindan laboratuvar veya pilot 6lgekli serilerden
elde edilen verilerle desteklenmelidir. Uretim &lce-
ginde kesintisiz proses dogrulamasi sirasinda iiretilen
gergek veriler, inceleme igin tesiste mevcut olmalidir.
Bagvuru sahibi, {iriiniin piyasaya siiriilmesinden 6nce
prosesin kontrol altinda sayildig1 asamayi ve tamam-
lanan validasyon ¢alismasini ve bu kararin hangi esa-
sa gore verilecegini tanimlamalidir. {lgili dokiimanlar,
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prosesin karmagikligina, beklenen degiskenligine
ve liretim tesisinin mevcut {iretim deneyimine da-
yali olarak kullanilacak parti sayis1 icin bir gerekge
icermelidir. Kesintisiz proses dogrulamasi, kesintisiz
prosesleri valide etmek i¢in en uygun yontem olarak
kabul edilmektedir.

Kesintisiz proses dogrulamasi, {iriiniin yasam
dongiisti icinde herhangi bir zamanda uygulanabilir.
[k ticari tiretim igin, ticarilegtirilmis {irtinleri proses
degisikliklerinin bir parcasi olarak yeniden valide et-
mek veya stirekli iyilestirmeyi desteklemek i¢in kul-

lanilabilir.
2.2.3 Hibrit Yaklasim

Uretim prosesindeki farkli agamalar i¢in gelenek-
sel proses validasyonu veya kesintisiz proses dogru-
lamas1 yaklagimlarini birlikte kullanmanin gerekli
oldugu durumlarda tek bir tiretim prosesi i¢in hibrit
yaklasim benimsenebilmektedir (Guideline on pro-
cess validation for finished products, 2016; Beseri
Tibbi Uriinler Imalathaneleri Iyi imalat Uygulamala-
r1 Kilavuzu, 2018). Bu durumda iiretim prosesindeki
hangi adim i¢in hangi validasyon yaklasiminin kulla-
nildiginin agikea belirtilmesi gerekmektedir (Guideli-
ne on process validation for finished products, 2016).
Validasyonun gereklilikleri seri boyutu ve seri sayisi
acisindan kesintisiz proses dogrulamasinin ne dl¢iide
kullanildigina gore belirlenmektedir. Kesintisiz pro-
ses dogrulamasinin kullanilmadig1 proses basamak-
larinda geleneksel proses validasyonu yaklagiminin
uygulanmasi, aksi halde gerekgelendirilmesi gerek-

mektedir.

Bu yaklasim ayni zamanda, degisiklikler sonrasi
herhangi bir validasyon aktivitesi igin veya iiriin bas-
langigta geleneksel yaklagim kullanilarak valide edil-
mis olsa da devam eden proses dogrulamas: boyunca
da kullanilabilmektedir.

2.2.4 Yasam Dongiisii Boyunca Devam Eden
Proses Dogrulamasi

Proses validasyonunun iigiincli agamast olarak

tanimlanan ve devam eden proses dogrulamas: ola-
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rak da tanimlanan yasam dongiisii boyunca devam
eden proses dogrulamasi, geleneksel, kesintisiz ve
hibrit yaklagim olan her ti¢ proses validasyonu yak-
lagimina da uygulanabilmektedir (Begeri Tibbi Uriin-
ler imalathaneleri Iyi Imalat Uygulamalar1 Kilavuzu,
2018). Yasam Dongiisii Boyunca Devam Eden Proses
Dogrulamas: yaklasiminda validasyon higbir zaman
tamamlanmayip, siirekli devam etmektedir. Uretici-
ler, tirtintin yasam dongisti boyunca bir kontrol du-
rumunun siirdiirildiigini garanti etmek igin {iriin
kalitesini, ilgili proses verilerinin yénelimlerinin de-
gerlendirilmesiyle birlikte izlemektedir. Uriin yasam
dongiisiiniin herhangi bir noktasinda, proses kavrayi-
sinin ve proses performansinin mevcut seviyesini he-
saba katarak gereksinimler uygulanmaktadir. Belirli
bir prosesin degiskenligine ve kapasitesine iligkin tiim
sonuclarin desteklenmesi ve bir kontrol durumunun
garanti edilmesi amaciyla istatistiksel araglar kullanil-

maktadir.

Istatistiksel araclardan biri olan Istatistiksel Proses
Kontrolii (Statistical Process Control-SPC); bir pro-
sesin kararli, 6ngoriilebilir ve istatistiksel kontrolde
olup olmadigini belirlemek i¢in kullanilabilmektedir
(“Technical Report No. 60 Process Validation: A Li-
fecycle Approach,” 2013). Bu kontrol, proses yetene-
ginin (C ) istatistiksel olarak hesaplanmasi ile uygu-
lanmaktadir (Esitlik 1).

_ (USL—LSL)

C,= & (Esitlik 1)

USL, iist spesifikasyon limiti (Upper Specification Limit),
LSL, alt spesifikasyon limitini (Lower Specification Limit),
s: standart sapma

Validasyonun ve devam eden proses dogrulama-
sinin amaci, hem seri i¢i hem de seriler arasi varyas-
yonlar1 belirlemektir. C, prosesin spesifikasyonlari
tutarl bir sekilde karsilayip karsilamadigini belirle-
mek igin kullanilmaktadir. Ornegin; 20 dakikada bir
alman tablet agirlig1 verileri i¢in veya her saat bag
yapilan pH kontrolleri i¢cin C | degeri kullamlmakta-
dir. Eger sadece belirli bir seriye ait ve o seriyi temsil
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eden veriler varsa, C degerleri hesaplanir ancak 6r-
negin bir y1l igerisinde iiretilen tiim serilere ait veriler
mevcut ise proses performans (P ) degerleri hesaplan-
maktadir. Pp hesabr i¢in de yine Esitlik 1 de verilen
denklem kullanilmaktadir, ancak bu defa standart
sapma icerisinde hesaplanacak olan veriler belirli bir
uzun doneme ait (6rn: 1 yil) veriler olacaktir. Hesap-
lama sonucu ortaya ¢ikan veri, proses performansini
ortaya koymaktadir. Dolayisiyla tiretilen her yeni se-
rinin verileriile P_degerleri degiskenlik gosterecektir.
P degerleri prosesin gelecegi ile ilgili bilgi vermeyip,
tretilen seriler ile elde edilen verilerin istatistiksel
olarak hesaplanmasi sonucu prosesin kontrol altinda

olup olmadig hakkinda bir bilgi saglamaktadir.
2.3 TITCK Proses Validasyonu Yaklagimi

TITCK, [iU kapsaminda EMA ile benzer proses
validasyonu yaklasimini benimsemektedir. EMAda
oldugu gibi ve yukarida detaylar1 verildigi sekilde
[iU Kilavuzunda da geleneksel proses validasyonu,
kesintisiz proses dogrulamasi ve hibrit yaklagim ol-
mak iizere 3 baglik altinda tanimlanmaktadir (Beseri
Tibbi Uriinler Imalathaneleri Iyi Imalat Uygulamalar:
Kilavuzu, 2018). Bu kilavuzda, proses validasyonu ile
ilgili gerekliliklerin, yukarida boliim 2.2'de bahsedilen
EMA Proses Validasyonu Kilavuzu gereklilikleri ile
birlikte degerlendirilmesi gerektigi belirtilmektedir.

Geleneksel proses validasyonu yaklagiminda,
tekrar tretilebilirligi dogrulamak amaciyla, bitmis
iriiniin birkag serisinin rutin tiretim sartlar1 altinda
tretildigi ve tiretilen en az ti¢ ardigik serinin, prosesin
istikrarli bicimde kaliteli iirtin ortaya koyma yetene-
ginde bulundugu gosterilmektedir (Eudralex Volume
4 EU Guidelines for Good Manufacturing Practice
for Medicinal Products for Human and Veterinary
Use Annex 15: Qualification and Validation, 2015).
Uretimdeki standart yontemlerin kullanilip kullanil-
madigini ve tesiste halihazirda benzer tiriinlerin veya
proseslerin kullanilip kullanilmadigini hesaba katarak
alternatif bir seri sayisinin da gegerliligi ispatlanabil-
mektedir. Ug seri ile yapilacak bir baglangi¢ validas-

yon uygulamasinin, devam eden proses dogrulamasi

uygulamasimin pargast olan ardisik serilerden elde
edilen verilerle desteklenmesi de gerekebilir. Her bir
tretici, prosesin istikrarli bicimde kaliteli tiriin ortaya
koyma yeteneginde bulundugunu yiiksek bir giivence
seviyesiyle gostermeye yeterli olacak seri sayisini be-

lirlemeli ve bunu gerekgelendirmelidir.

ICH Q8(R2) kilavuzu ile hayatimiza giren yeni
yaklagim, proses validasyonunun tek seferlik bir olay
olarak goriilmemesi gerektigini ve proses validasyo-
nunun ticari iriintin valide edilmesi ve ticari iiretim
devam ettigi siirece prosesin kontrol altinda olmasi
i¢in tirtin ve proses gelistirme arasinda bir bag ku-
ran yasam dongiisii yaklasimini icermesi gerektigini
vurgulamaktadir (ICH Q8(R2) 2009; Guideline on
process validation for finished products, 2016). Bu
dogrultuda, tiretim proseslerinin gelistirilmesinde
kesintisiz proses dogrulamas: yaklasimi, geleneksel
proses validasyonu yaklasiminin yerine veya onunla
birlikte kullanilabilmektedir (Guideline on process
validation for finished products, 2016; Beseri Tibbi
Uriinler Imalathaneleri Iyi Imalat Uygulamalar1 Kila-
vuzu, 2018).

[1U Kilavuzunda ana hatlar: verilen prensipler ve
gereklilikler tiim farmasotik dozaj sekillerinin iireti-
mine uygulanabilir. Bunlar, yeni proseslerin ilk vali-
dasyonunu, modifiye edilen proseslerin sonraki vali-
dasyonunu, tesis transferlerini ve devam eden proses
dogrulamasini kapsamaktadir. Etkili bir proses vali-
dasyonu ilag kalitesinden emin olunmasma 6nemli
bir katki saglamaktadir.

3. TASARIMLA KALITE (QbD - QUALITY BY
DESIGN)

[lag endiistrisi giivenilir, diigitk maliyetli, saglam
ve minimum safsizliga sahip tiriin saglama sorumlu-
lugunda oldugu igin, iiretim siirecinde meydana ge-
lebilecek sorunlarin olabildigince erken tespit edilme-
si gerekmektedir (Manzon, 2020). Bu nedenle etkin
madde ve iriinlerin tiretiminde yukaridaki boliim-
lerde anlatildig1 sekilde geleneksel kalite anlayis1 ta-
sarimla kalite (QbD) anlayisina doniigmiigtiir. Zaman
icinde QbD ile tiriin 6zellikleri ve proses parametre-
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lerinin kritiklik durumuna gore bir risk degerlendir-
me ¢aligmasi yapilmasi gerektigi anlasiimis ve “Kalite
Risk Yonetimi” ve bunu takiben “Farmasotik Kalite
Sistemi” ile ilgili kilavuzlar yayimlanmistir (ICH Q9,
2005; ICH Q10, 2008).

QbD, onceden tanimlanmis hedeflerle baslayip,
trtin ile prosesin bilimsel temellere ve kalite risk
yonetimine dayali olarak anlagilmasini vurgulayan,
sistematik bir ilag gelistirme yaklagimi olarak tanim-
lanmaktadir (ICH Q8(R2) 2009). QbD, 6nceden be-
lirlenmis kalitenin saglanmasi igin, @iriin tasarlama
ve tirtin gelistirme boyunca kullanilacak ilgili tiretim
proses asamalarini kapsar. Bilgi yonetimi ile kalite
risk yénetimi ise QbD’nin uygulanmasinda temel un-
surlardir. QbD, kilavuzlarda tanimlanan proses vali-

dasyonunun tamamlayict unsurlarindandir.

3.1. QbD Elementleri

Genel olarak, ilag triinii gelistirme ve tiretimi, 6n
formiilasyon, prototip formiilasyonu, pilot ya da temel
olgekli tiretim gibi birka¢ asamada gerceklesmektedir.
QbD’ nin uygulanmast i¢in, formiilasyon ve iiretim
proses degiskenlerinin iiriin kalitesini nasil etkiledi-
ginin anlasilmas: gerekmektedir. Kritik formiilasyon
ozelliklerini mevcut tiretim prosesi segenekleri ile bir-
likte degerlendirmek, iiretim siirecinin segimini ele
almak ve bilesenlerin uygunlugunu onaylamak yo-
niiyle 6nemlidir. Proses gelistirme ¢aligmalari, prose-
sin iyilestirilmesi, proses validasyonu, siirekli proses
dogrulamast ve proses kontrol gereklilikleri i¢cin temel
kabul edilmektedir. Proses gelistirme ¢aligmalarindan
elde edilen bilgi, bitmis {iriin spesifikasyonlarini dog-
rulamak i¢in de kullanilmaktadir. QbD, temelde asa-
g1da belirtilen elementlerden olugmaktadir:

- Hedef Uriin Kalite Profili (Quality Target Product
Profile- QTPP)

- Kritik Kalite Ozellikleri (CQA)

- Kritik Materyal Ozellikleri (Critical Material
Attributes-CMA)

- Kritik Proses Parametreleri (CPP)
- Kontrol Stratejisi
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- Tasarim Alani
- Deney Tasarimi (DoE)
- Risk degerlendirmesi

QbD uygulanmasinda uygulanan asamalar ve

QbD elementleri Sekil 1’ de 6zetlenmistir.

QbD yaklagiminda ilk adim, Kalite Hedef Uriin
Profilini (QTPP-Quality Target Product Profil) be-
lirlemektir (Beseri Tibbi Uriinler Imalathaneleri Iyi
[malat Uygulamalar1 Kilavuzu, 2018; Dahmash et al,,
2018; Pallagi et al., 2019; Manzon, 2020)). Sonraki
agamada, CQA ve CPP ile aralarindaki iligki belirlene-
rek tasarim alani olusturulmaktadir. Belirlenen tasa-
rim alani i¢inde prosesin kontrol altinda oldugundan
emin olunmasi i¢in risk degerlendirmesi ¢aligmalar:
ile uygun bir kontrol stratejisi olusturulmas: gerek-
mektedir. Kontrol stratejisi olusturulmus bir proses
ile iiretilen iirliniin yasam dongiisii boyunca da risk
degerlendirmesi ¢aligmalar: ile siirekli iyilestirilmesi
saglanmaktadir.

Hedef Uriin Kalite Profili (QTPP):

Hedef triin profilini ve bunun kalite kriterlerini
tanimlayan QTPP, ilag iirtintiniin giivenliligi ve etki-
liligi hesap edilerek, ideal olarak istenen kaliteyi sag-
lamak igin elde edilecek kalite 6zelliklerinin ileriye
doniik o6zetidir (ICH Q8(R2), 2009). QTPP se¢imi,
klinik beklentiler, hasta ve endistrinin ihtiyaglari,
diizenleyici otoritenin bakis acis: gibi ilgili taraflarin
gereksinimlerine dayanmaktadir. QTPP, uygulama
yolu, dozaj sekli, dagitim sistemleri ve kap kapak sis-
temi gibi genel 6zellikleri igerebilmektedir. Bununla
birlikte ¢oziinme gibi farmakokinetik ozellikler ile
saflik ve stabilite gibi kalite kriterlerini de igerebil-
mektedir. Uriine 6zel 6rnekler igin transdermal sis-
tem i¢in yapisma kuvveti veya topikal bir sistem i¢in
viskozite soylenebilir. QTPP spesifikasyon degildir
ciinkii spesifikayon serinin serbest birakilmasi i¢in
seride yapilmayan biyoesdegerlik veya stabilite gibi
testleri icermektedir (Aksu, 2013).
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Sekil 1. QbD asamalar1 ve elementleri (Dahmash et al., 2018’ den uyarlanmuistir)

Kritik Kalite Ozellikleri (CQA):

Istenen iiriin kalitesini giivence altina almak
i¢in onaylanmuis limit, aralik veya dagilim déhilinde
olmas1 gereken; fiziksel, kimyasal, biyolojik veya
mikrobiyolojik 6zellik veya ayirt edici nitelik olarak
tanimlanmaktadir (ICH Q8(R2) 2009; Beseri Tibbi
Uriinler imalathaneleri Iyi Imalat Uygulamalar1 Kila-
vuzu, 2018; Pallagi, 2019; Manzon, 2020). Hedef iiriin
kalitesi tizerine kritik etkisi oldugu bilinen CQAlarin
secimi 6nemlidir ve bu parametrelerin seciminde ge¢-

mise dayanan bilgi ve deneyimleri temel alinmasi ge-

rekmektedir. CQAya iligkin kabul kriterlerinin, hem
geleneksel proses validasyonu yaklasiminda hem de

QbD yaklasiminda belirlenmesi gerekmektedir.
Kritik Materyal Ozellikleri (CMA):

Uriiniin CQA%s1 iizerinden etkili olan etkin madde
ve yardimc1 maddelerin fiziksel, kimyasal ve biyolojik
ozellikleridir. Urtiniin geligtirilmesi sirasinda etkin
maddenin polimorfik formu ve partikiil biyiikligi
gibi ¢oztintirligiinti dogrudan etkileyebilecek fiziksel
ozelliklerinin g6z 6niinde bulundurulmas: gerekmek-

tedir. Diger yandan etkin maddenin kimyasal stabili-

253



Ozul, Can, Bilgig, Senel

tesi de tretim prosesini sekillendirebilmektedir. Bu-
nunla birlikte hedeflenen iirtin profiline ulagabilmek
i¢in yardimc1 madde ve bilesenlerin de etkin madde
ile uyumlu olacak sekilde secilmesi gerekmektedir.
Dolayisiyla {iriin performansindan emin olunmasi
i¢in uygun kontrollere karar verilebilmesi adina tiri-
nin gelistirilmesi asamast boyunca kritik materyal
ozellikleri her bilesen i¢in tanimlanmalidir (Pazha-
yattil et al., 2018).

Kritik Proses Parametreleri (CPP):
CPP, degiskenligin kritik kalite ozelligi tizerinde

etkisinin olmas1 nedeniyle istenen kalitede {iriiniin
tretildigini giivence altina almak i¢in, proseste izlen-
mesi veya kontrol edilmesi gereken proses parametre-
leridir (ICH Q8(R2) 2009; Beseri Tibbi Uriinler ima-
lathaneleri Iyi Imalat Uygulamalari Kilavuzu, 2018).
Uretim proseslerinin ayni oldugu durumlarda dahi
CPP’ler uriiniin ¢esidine, materyallerin 6zelliklerine
ve triiniin hedef profiline bagl olarak farklilik goste-
rebilmektedir (Pallagi et al., 2019).

Kontrol Stratejisi:

Mevcut uriin ve prosesin anlasimasindan elde
edilen ve proses performansi ile iiriin kalitesini gii-
vence altina alan planl kontroller dizisi olarak ta-
nimlanan kontrol stratejisi, iiretim boyunca {iriiniin
gerektirdigi kalitenin saglamlik ve tutarliligini garanti
etmek i¢in gereklidir. CMA, CQA ve CPP i¢in bilim-
sel temelli bir kontrol stratejisinin olmas: gerekmekte-
dir (ICH Q10, 2008). Uretim prosesinin gelistirilme-
si agamasinda, proses izleme verilerinin toplanarak
prosesin gelistirilmesi icin faydali bilgiler sunarak,
tanimli olmas1 gereken tiim kritik 6zelliklerin kont-
roliinii saglayarak prosese bir dogrulama kapasitesi
saglamaktadir (ICH Q8(R2), 2009).

Kontrol stratejisi olusturulurken, tiretim siireci ile
proses kontrollerinin tanimi, malzemelerin kontroli,
kritik adimlarin ve ara tirtinlerin kontrolleri ve amba-
lajlama islemlerinin de kontrol stratejisi ¢alismasina
dahil edilmesi beklenmektedir (ICH Q11, 2012).

Bir kontrol stratejisi, hammaddeler, baslangi¢
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malzemeleri, ara triinler gibi malzeme o6zelliklerini
ve bunlar iizerindeki kontrolleri, tesis ve ekipman
operasyon kosullarini, iiretim tasarimindaki kontrol
slireclerini, in-proses testler ve proses parametreleri
gibi proses kontrollerini, seri serbest birakma testi
gibi ila¢ tizerindeki kontrolleri igermektedir, ancak
bunlarla sinirh degildir (ICH Q10, 2008; ICH Ql11,
2012). Kontrol stratejisi, her bir ilacin seri serbest bi-
rakma spesifikasyonlarinin ila¢ kalitesini saglamak
igin uygun aralik i¢inde ve/veya sinirda olmasini
saglamalidir. Boylece tirtintin istikrarl bir sekilde is-
tenilen kalitede tiretilmesini saglamaktadir(ICH Q11,
2012).

Kontrol stratejisi dokiimantasyonu, toplanan ve
monitorize edilen tretim verilerinin tim CQAlarin
saptandigini ve kontrol altinda oldugunu gosterdigini
garantilemek i¢in farmasotik kalite sistemi ile de ilis-
kilendirilmelidir (Aksu, 2013).

Tasarim Alani (Design Space):

Kalite giivencesini sagladigini gosteren girdi de-
giskenlerinin, 6rnegin materyal 6zelliklerinin ve pro-
ses parametrelerinin ¢ok boyutlu kombinasyonu ve
etkilesimi olarak tasarim alani, CQA ile onlar1 etki-
leyen CPP arasindaki ¢ok degiskenli islevsel iliskileri
tanimlar ve birim operasyonlari ile olan baglantilarini
icine alir (Aksu, 2013,ICH Q8(R2), 2009).

Tasarim alaninin disma ¢ikilmasi bir degisiklik
olarak goriilmekte olup, diizenleyici otoritenin onay1-
ni1 gerektirmektedir. Bu dogrultuda ruhsat sonrasi var-
yasyon basvurusunu gerektirmektedir (ICH Q8(R2),
2009). Tasarim alaninda tiim girdiler Griiniin kalite-
sini degistirmeden degisebilmektedir. Tasarim alanin
tanimlamak icin mekanik modeller ile birlikte gesitli
matematiksel modeller de kullanilabildigi icin for-
miilasyon tasarimi ve proses dl¢ek bityiitme islemleri
sirasinda riskleri azaltmasi nedeniyle tstiinliik sagla-
maktadir. Bununla birlikte tasarim alani diizenleyici
otorite tarafindan zorunlu goriilmemektedir (Qua-
lity Implementation Working Group on Q8, Q9 and
Q10 Questions & Answers (R4) 2010; Pazhayattil et
al,, 2018). Bir proses kontrol stratejisini dogrulamak
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amaciyla, eger kullanildiysa tasarim alaninin gegerli-
liginin gosterilmesinin ve kullanilan bir matematiksel
modelin gelistirilmesinin altinda yatan proses bilgisi-
nin mevcut olmasi gerekmektedir (Begeri Tibbi Uriin-
ler imalathaneleri Iyi imalat Uygulamalar1 Kilavuzu,
2018). CMA ve CPP igin yapilan tiim DoE ¢alisma-
larinin sonuglarinin birlesimi tasarim alanini tanim-
lamaktadur. Istatistiksel ara¢ olarak kullanilan deney
tasarimi (DoE) ise risksiz karar almak i¢in giivenilir
bilgi saglamaktadir (Manzon, 2020).

Deney Tasarimi (DoE):

Uriin gelistirme prosesi temelde, iki ana unsur
olan malzeme ve iretim prosesinin anlagilmasi ve
bunlarla ilgili sahip olunan bilgiye dayanmaktadir ve
bu nedenle iiriin gelistirme asamas1 boyunca CQA ile
ilag arasindaki iligki incelenmektedir. Bu amagla ya-
rarlanilan QbD elementlerinden biri olan DoE, kalite
giivencesini sagladigy gosterilmis olan proses para-

metreleri ve girdi degiskenlerinin (6r. materyel 6zel-

Tablo 2.
dogrulamasi uygulamasinin karsilagtirilmasi

likleri) ¢ok yonli kombinasyonu ve etkilesimi olarak
tanimlanmaktadir (ICH Q8(R2), 2009). Proses ko-
sullar1 ile kontrol parametreleri arasindaki etkilesimi
tam olarak anlayabilmek i¢in gerekli parametreleri
degistirerek cok sayida deney yapmak gerekmektedir.
DoE, gerekli bilgileri elde etmek i¢in yapilmas: gere-
ken deneyleri mimkiin oldugunca verimli ve kesin
bir sekilde planlamak, tasarlamak ve analiz etmek i¢cin
istatistiki diigincenin uygulanmasini saglayan siste-
matik bir yaklasim olanag: sunmaktadir. Bu yaklagim
ile tek seferde tek bir degiskenin etkisini incelemek
yerine matematiksel modeller yardimiyla, prosesi et-
kileyebilecek ¢ok sayida deneysel degiskenleri daha
verimli olarak incelenebilmektedir (Pharmaceuti-
cal Quality by Design A Practical Approach, 2018;
Zacché & Andersson, 2019).

Geleneksel proses validasyonu yaklagimu ile yuka-
rida detaylar1 verilen QbD elementlerinin karsilagti-

rilmasi Tablo 2de verilmistir.

Proses validasyonunda geleneksel yaklagim ile QbD yaklasimi kullanilarak kesintisiz proses

Elementler

Geleneksel Proses Validasyonu

QbD Yaklasimu ile Kesintisiz Proses
Dogrulamasi

(CQa)

Tasarim Alani Yok Var
Kalite Hedef Uriin Profili Var Var
(QTPP)

Kritik Kalite Ozellikleri Var Var

Kritik Proses Parametreleri
(CPP)

Belirlenen parametreler daha genel

Belirlenen parametreler daha detayl

Proses Anlayis1

Yiizeysel

Degiskenlerin iiriine ve prosese etkisi genis
cercevede, daha detayli bir bakis agisiyla
degerlendirildigi i¢cin daha derin bir proses
anlayist

Kontrol Stratejisi

Testlere ve denetime dayali bir kontrol
stratejisi mevcut

Daha ileri (gergek zamanli serbest
birakma, gevrimigi test etme gibi) ve riske
dayali uygulama

Proses Analitik Teknolojisi
(PAT)

Yok

Var

Risk degerlendirilmesi

Kalite Yonetiminin bir pargas1 olmasi
gerektigi i¢in var, ancak daha az kullanilir

Dabha sik ve etkin gekilde kullanilir
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Risk Degerlendirmesi

Yasam dongiisii boyunca kaliteye dair risklerin
degerlendirilmesine, kontroliine, iletisimine ve goz-
den gecirilmesine yonelik sistematik proses, Kalite
Risk YOnetimi olarak tanimlanmaktadir. (ICH Q9,
2005; Begeri Tibbi Uriinler Imalathaneleri Iyi imalat
Uygulamalar: Kilavuzu, 2018)

Etkin bir kalite sisteminin degerli bir bileseni olan
kalite risk yonetimi, tehlikelerin tanimlanmasi ve bu
tehlikelere maruz kalma ile ilgili risklerin analiz edil-
mesi ve degerlendirilmesidir (ICH Q9, 2005). Risk
degerlendirilmesi, kaliteye yonelik potansiyel riskleri
belirlemek, bilimsel olarak degerlendirmek ve kontrol
etmek i¢in proaktif bir yaklasim saglayan ve bununla
birlikte, yasam dongiisii boyunca iiriin ve proses per-
formansinda stirekli iyilestirmeyi kolaylastiran 6nem-
li araglardan biridir (Patil & Pethe, 2013).

Kalite Risk Yonetimi, iirlinii ve prosesi etkileyen
kritik noktalara odaklanilmasini sagladigindan, QbD
yaklagiminin gelistirilmesi ve uygulanmasinda temel
elementlerden biridir (Patil & Pethe, 2013). Sekil 1 ve
Tablo 3de belirtildigi tizere, QbD yaklagiminin uy-
gulandig bir tirtin gelistirme siirecinde, Kalite Risk
Yonetimi siklikla ve etkin bir sekilde uygulanmakta-
dir. Kalite Risk Yonetiminin, kaliteye yonelik riskin
degerlendirilmesinin bilimsel bilgiye dayanmasi ve
nihayetinde hastanin korunmasina baglanmas: ve
Kalite Risk Yonetimi prosesi i¢in harcanan enerji ve
hazirlanan dokiimantasyonun riskin diizeyi ile oran-
tili olmasi seklinde iki temel prensibi bulunmaktadir
(ICH Q9, 2005; Beseri Tibbi Uriinler Imalathaneleri
Iyi Imalat Uygulamalar1 Kilavuzu, 2018). Risk deger-
lendirmesi, iyi tanimlanmig bir problemin ag¢iklan-
masi veya bir risk sorusu sorulmast ile baglamaktadir.
Risk iyi tanimlandiginda, uygun risk yonetimi araci ve
risk sorusunu ele almak igin gerekli bilgi tiirleri daha
kolay tanimlanmaktadir.(ICH Q9, 2005). Bu neden-
lerle ilk asama olan ve “Ne yanls gidebilir?”, “Yanlis
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gitme olasilig1 nedir?” ve “Sonuglary, siddeti ne olur?”
sorularmin soruldugu riskin tanimlanmasi agamasi
risk degerlendirmesinin temelini olusturmaktadir.
Risk degerlendirmesinin ikinci asamasi olan riskin
analiz edilmesi, riskin olusma olasilig1 ile zararin
ciddiyeti arasinda baglanti kurmanin niteliksel veya
niceliksel siireci olarak tanimlanmaktadir. Bazi risk
degerlendirme araglarinda tespit edilebilirlik, analiz
asamasinin bir faktorii kabul edilmektedir. Son asama
olan degerlendirme agamasinda tespit edilen ve analiz
edilen riskler risk kriterleri ile karsilagtirilir. Etkili bir
risk degerlendirmesinde verilerin saglamligi, ¢iktila-
rin kalitesini etkileyecegi i¢in ¢ok onemlidir. Kalite
risk yonetiminde kullanilabilecek araglara 6rnek ola-
rak Basarisizlik Durumu Etkilerinin Analizi (FMEA),
Hata Agaci Analizi (FTA), Tehlike Analizi ve Kritik
Kontrol Noktalar1 (HACCP), Tehlike Isletilebilirlik
Analizi (HAZOP), On Tehlike Analizi (PHA), Risk
Siralamasi ve Filtreleme ve Destekleyici Istatistiksel
Geregler ve Balik Kilgig1 Analizi (veya Ishikawa Di-
yagrami) gosterilebilmektedir (Beseri Tibbi Uriinler
Imalathaneleri Iyi Imalat Uygulamalar1 Kilavuzu,
2018; Pazhayattil et al., 2018).

potansiyel hatalara ait birgok olas1 nedeni tespit et-

Ishikawa diyagramu,

mek, dokiimante etmek ve muhtemel problemle ilis-
kili olan kok neden analizi i¢in kullanilmaktadir. Bu
diyagram ayni1 zamanda s6z konusu etkiye yol agan
olast faktorler arasindaki iligkileri de tanimlamaya
yarar (Aksu, 2013). Buna bir 6rnek olarak, Sekil 2de
tablet hazirlanmasi i¢in risk degerlendirmesi ¢alisma-

sinda kullanilan Ishikawa diyagrami verilmistir.

Risk degerlendirmesi iirtiniin gelisim agamasinda
farkli zamanlarda yeniden yapilmali ve tiriiniin ticari
yasam dongiisii boyunca bir risk yonetimi uygulama-
sina doniismelidir. Bu uygulama tretimde verimlili-
gin artirilmasina oldugu kadar {iriin kalite giivencesi-
ni saglamak i¢in kullanilan kontrol stratejisi eleman-

larmin siirekli gelistirilmesine olanak saglar.
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Sekil 2. Tablet hazirlanmast i¢in Ishikawa (balik kil¢ig1) diyagrami 6rnegi (ICH Q8(R2) 2009)

3.2 Gergek Zamanli Serbest Birakma Testleri
(RTRT- Real Time Release Testing)

Etkin madde ve bitmis {iriiniin belirlenen kalite-
de olup olmadiginin anlagilmast i¢in spesifikasyonlar:
karsiladiginin test edilmesi gerekmektedir (Guideline
on Real Time Release Testing (formerly Guideline on
Parametric Release), 2012). Bu sebeple etkin madde
ve bitmis {irtin tizerinde birgok test yapilmasi gerek-
mektedir. Ancak bu yaklagima bir alternatif olarak
sistematik testler uygulanabilmektedir. Bu yaklasim,
ilk baglarda parametrik serbest birakma adi altinda ve
ilgili kilavuz ¢ergevesinde yalnizca son kabinda sterili-
ze edilen {iriinlerin sterilite testleri i¢in uygulanmustir.
2012 yilinda ise EMA tarafindan yayimlanan kilavuz
ile bu yaklasim yeniden sekillenmistir (Guideline on
Real Time Release Testing (formerly Guideline on Para-
metric Release), 2012). ICH Q8, Q9 ve Q10 kilavuzlar1
ile de tanimlanan bu yeni yaklasim, sterilite disindaki
testlere de uygulanabilen parametrik serbest birakma-

ya benzer bir serbest birakma karar prosesi olup Ger-

¢ek Zamanli Serbest Birakma Testleri (RTRT) olarak
adlandirilmaktadir. Dolayisiyla, belirli kogullar altin-
da, yetkili otorite tarafindan izin verilen durumlarda,
tiriin bilgisine ve proses kavrayisina dayanarak iiretim
prosesi boyunca elde edilen veriler, bitmis {iriin seri
serbest birakma testleri yerine kullanilabilmektedir
(Beseri Tibbi Uriinler Imalathaneleri Iyi Imalat Uygula-
malari Kilavuzu, 2018). Ayrica bu seri serbest birakma
seklinin gerektirdigi faaliyetlerin tiimiiniin farmaso-
tik kalite sistemi ile bitiinlestirilmesi gerekmektedir.
RTRT, genellikle 6l¢iilen materyal 6zellikleri ile proses
kontrollerinin valide bir kombinasyonunu igeren pro-
ses verilerine dayanan in-proses ve/veya bitmis {iriin
kalitesini degerlendirebilmek ve garanti edebilmek
olarak tanimlanmaktadir (ICH Q8(R2), 2009).

RTRT uygulanmasi, ireticiye bitmis iiriin testi-
nin/testlerinin azaltilabilmesi gibi tstiinliikler sag-
larken, diizenleyici otorite bakis agisindan da olumlu
olarak karsilanmaktadir (Guideline on Real Time Re-

lease Testing (formerly Guideline on Parametric Rele-
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ase), 2012). Ancak RTRT, QbD’nin uygulanmasi i¢in
diizenleyici otorite tarafindan zorunlu tutulmamak-
tadir (Quality Implementation Working Group on Q8,
Q9 and Q10 Questions & Answers (R4) 2010). RTRT,
in-proses izlemelerin ve kontrollerinin bir kombi-
nasyonu olarak, izin verildigi takdirde, seri serbest
birakma karar1 kapsaminda bitmis iriin testlerine
alternatif teskil edebilmektedir (Beseri Tibbi Uriin-
ler imalathaneleri Iyi Imalat Uygulamalart Kilavuzu,
2018). Onayli RTRT ile kontrol edilen bitmis {iriin
ozelliklerinin ilgili serilerin analiz sertifikalarinda
bulunmasi istenmektedir ve RTRT ile kontrol edilen
parametreler i¢in “RTRT ile kontrol edilmistir” gek-
linde dipnot diisiilmesi gerekmektedir. Bu yaklasimin
uygulanmasi, belirli bitmis tiriin testi/testleri kapsa-
minda olup, bitmis iirlin iizerinde yapilan testlerin
tamamen kaldirilacagi anlamina gelmemektedir (Qu-
ality Implementation Working Group on Q8, Q9 and
Q10 Questions & Answers (R4) 2010). Ornegin, seri
serbest birakma testlerinden spesifik olarak izin ali-
nan bir test icin RTRT uygulanabilirken diger testler
i¢in rutin seri serbest birakma testlerinin gercekles-
tirilmesi gerekliligi devam ettiginden, seri serbest
birakma testlerinden yalnizca RTRT uygulanmasina
izin verilen test icin bu yaklasim uygulanabilmekte-
dir. Ornegin, dagilma (disintegrasyon) testi, yiiksek
oranda ¢oziinir etkin maddeler ile hizli dagilan kat:
dozaj sekilleri i¢in ¢oziinme (dissoliisyon) testi yerine
kullanilabilir. In-proses olarak gerceklestirilen birim
doz tekdiizeligi (6rnegin NIR testiyle) gercek zamanh
serbest birakma testi olarak kullanilabilir (ICH Q8).
Diger bir 6rnek ise son kabinda sterilize edilen steril
drtnler icin, seri serbest birakma testlerinden steri-
lite testi i¢in kullanilan ve RTRT nin de bir sekli olan
parametrik serbest birakmada ise bitmis tiriinde yapi-
lan ve 6rneklem olarak secilen numunelerde gercek-
lestirilen ve olduk¢a zaman alan sterilite testi yerine
proses parametrelerinin izlemine (6rnegin: terminal
sterilizasyon i¢in sicaklik, basing, siire parametreleri-
nin gergek zamanli izlemine) dair belgelerin gozden
gecirilmesi ve degerlendirilmesi yeterli goriilebilmek-
tedir.
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3.3 Proses Analitik Teknolojisi (PAT)

PAT, “Kalite tirtinde test edilmez, kalite tirtin i¢in-
de insa edilmelidir” olarak tanimlanan QbD’nin etkin
sekilde uygulanmasina yardimci olan 6nemli araclar-
dan biridir (Zhang & Mao, 2017). PAT’1n hedefi, iire-
tim prosesinin anlagilmasini ve kontrolinii gelistir-
mektir. Bagka bir ifadeyle, etkin maddeye, in-proses
materyallere ve proseslere ait kritik kalite ve perfor-
mans Ozelliklerinin zamaninda dlgiilerek iiretimin ta-
sarlanmasi, analiz ve kontrol edilmesi i¢in kurulan bir
sistemdir (ICH Q8(R2), 2009).

PAT teriminde yer alan “analitik” ifadesi, kimya-
sal, fiziksel, mikrobiyolojik ve matematiksel yontem-
ler ile risk analizinin entegre sekilde uygulanmasini
icermektedir (Pharmaceutical Quality by Design A
Practical Approach, 2018). PAT bir analiz cihazi degil,
gercek zamanl bilgiye dayali aksiyon alinmasini sag-
layan bir sistemdir. Bu gercek zamanli bilgi, bir proses
analizi cihazindan, bir matematiksel modelden ya da
laboratuvar testinden elde edilebilir ancak mutlaka

“gercek zamanli” olmalidir.

PAT, ayn: zamanda, CQA, CMA veya CPP’nin
kontrol edilmesini sagladigindan kontrol strateji-
sinin 6nemli bir pargasidir (Pramod et al.,, 2016).
Uriin formiilasyonunun ve iiretim prosesinin {iriin
performansini nasil etkiledigi ile ilgili mekanik bilgi
eksikligi, “Uriin Profili-Kritik Kalite Ozellikleri-Risk
Degerlendirmesi-Tasarim  Alani-Kontrol = Stratejisi-
Stirekli Gelisim” QbD zincirinin bir noktada kop-
masina neden olmaktadir (Celik, 2018). Bagarili bir
risk degerlendirmesi, formiilasyon bilesenlerinin fizi-
kokimyasal ve mekanik ozellikleri hakkinda derinle-
mesine bilgi sahibi olunmasin, her iinit operasyonun
mekaniginin anlagilmasini, etkin madde, eksipiyanlar
ve proses parametreleri arasindaki etkilesimin tanim-
lanmig olmasini gerektirir. Bu baglamda, spesifikas-
yonlarin mekanik anlayisa bagli olarak belirlenmesi
ve prosesin kontrol edilebilmesi i¢in gergek zamanl
serbest birakma ve prosesi stirekli gelistirme imkani
sunan PAT araglarinin kullanilmas: ¢ok 6nemlidir

(PAT — A Framework for Innovative Pharmaceutical
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Development, Manufacturing, and Quality Assurance
Guidance for Industry, 2004; Pharmaceutical Quality
by Design A Practical Approach, 2018).

Yeni bir iirtin veya proses tasarlamak, endiistriyel
tiretimi kontrol etmek, iiriiniin yagam dongiisii bo-
yunca proses anlayisini kazanmak, teknoloji transferi
yapmak ve iiriiniin spesifikasyonlar dahilinde saglam
bir prosesle tretildiginden emin olmak igin farkli
PAT araglar1 kullanilmaktadir (Pharmaceutical Qua-
lity by Design A Practical Approach, 2018). Bu araglar,
proses analizorleri (¢ok degiskenli), proses sensorleri
(tek degiskenli), proses modelleme araglari, deney ta-
sarimi (DoE) ve ¢ok degiskenli veri analizleri (kemo-

metri) olarak siralanabilir.

Gelistirme asamasinda prosesin anlasilmasi ve
iiretim agamasinda prosesin kontrol edilmesi i¢in ¢ok
onemli olan ger¢ek zamanli 6l¢timler, proses sensor-

leri ve proses analizorleri tarafindan gergeklestiril-

Off-line

Proses Alam "
il
:

mektedir. Proses sensorleri; sicaklik, basing, iletken-
lik, pH, hiz, zaman ve siklik gibi tek degiskenli verileri
6lgim cihazi ile okumaktadir. Proses analizorleri ise;
analitik yazilimlar, veri yonetim sistemleri ve 6lgiim
ara yiizli iceren ¢ok degiskenli sistemlerdir (Clegg &
Biospin, 2020). Baz1 proses analizorleri, islem goren
malzemenin kimyasal, fiziksel ve biyolojik 6zellikleri
ile ilgili bilgi veren ve malzemeye zarar vermeyecek
sekilde oOl¢timler yapabilmektedir (PAT-A Frame-
work for Innovative Pharmaceutical Development,
Manufacturing, and Quality Assurance Guidance for
Industry, 2004). Bu 6lgiimler asagida detaylar1 ve se-
matik gosterimi verildigi sekilde at line, in-line veya
on-line olabilmektedir (PAT-A Framework for Inno-
vative Pharmaceutical Development, Manufacturing,
and Quality Assurance Guidance for Industry, 2004;
Pharmaceutical Quality by Design A Practical Appro-
ach, 2018).

- NUMUNE
..... B SONUC

r»ﬂ

P

PROSES

In-line

——

On-line

J

Sekil 3. At line, in-line, on-line ve off-line 6l¢iimlerin sematik gosterimi (Bu terimler dilimizde de ayni
sekilde kullanilmakta oldugu icin Ingilizce olarak verilmistir)
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At-line 6l¢ctimlerde, proses akis1 sirasinda numune
alindiktan sonra proses akisina yakin bir yerde analiz
edilmekte ve genelde dakikalar i¢inde sonug alinabil-

mektedir.

On-line &l¢iimlerde, numune, proses akisindan
analize yonlendirilmekte ve proses akisina geri dé-
nebilmektedir. Bu sekilde prosese miidahale olmadan
ol¢tim yapilarak saniyeler icinde sonug alinabilmek-
tedir.

In-line Olciimlerde, numune proses akigindan
uzaklagtirilmadan invazif veya invazif olmayan sekil-
de 6lgiim yapilabilmektedir. Ornegin; bir proses ekip-
maninin penceresinden bir prob yardimiyla 6lgiim
alinmasi halinde prob, proses metaryeli ile dogrudan
temas halinde olabilir. Bu durumda 6l¢tim sonuglari-

nin alinmasi saniyeleri bile bulmamaktadir.

Sekil 4’te kat1 dozaj gekli tiretiminde PAT uygulama-
sina bir ornek verilmistir. PAT uygulamasinda spekt-
roskopik 6l¢iimler, kullanim kolayligi, hizli sonug ver-
mesi ve taginabilir olmasi Gsttnliikleri ile 6nemli rol
oynamaktadir (Monakhova et al., 2017). Near Infrared
(NIR) araglari, hem sivilara hem de toz ve katilara
uygulanabilmesi nedeniyle tiretim prosesinin kontrolii
i¢in en ¢ok kullanilan bir spektroskopik yontemdir. Bu
teknolojiyle kritik proses ve tiriin 6zelliklerinin gercek
zamanl 6l¢iimlerinde numune hazirlanmadan hizli 61-
¢iim ile anlik sonu¢ alinabilmektedir (Pharmaceutical
Quality by Design A Practical Approach, 2018). Raman
spektroskopi yontemi de NIR gibi kat1 dozaj formu tire-
timinde kullanilan, numune hazirlamadan ve materyale
zarar vermeden, fiziksel ve kimyasal 6zelikler ile ilgili
hizli sonug veren PAT teknolojilerinden biri olarak kul-
lanilmaktadir (Vanhoorne & Vervaet, 2020).

Tablet R 2

Gerekli Analiz Gerekli Analiz Gerekli Analiz Gerekli Analiz Gerekli Analiz Gerekli Analiz Gerekli Analiz
Tarmima, Homojeni- Homajeni- Yizde nem Tamima, Kaplama Kompozisyon
Partikal zasyon, zasyon, ierigi Assay, Kalinlig, Morfoloji

BlyQklogo Igerik Kompozisyon Son nokta Igerik Son Nokta, Partikdl BuyQklogo
Dagilim Tekdizeligi Assay, tespiti Tekdizeligi Renk Kaplama Kalinlig
Son nokta Partikiil
Blylklogu
Dagilirm
Son nokta
Proses Kontroli Proses Proses Proses Proses Proses Proses
igin Proses Kontrolil igin Kontrolil igin Kontroli igin Kontrolil igin Kontrolii igin Kontrolii igin
Analizérii Proses Proses Proses Proses Proses Proses
Analizér Analizéri Analizéri Analizéri Analizéri Analizéra
NIR in-line
Raman In-line NIR in-line NIR in-lineline NIR in-line NIR in-line, at NIR in-lineline NIR in-line
Acoustics, line UV-Vis in line GorUntileme
UV-Vis in line sistemleri

Sekil 4. Kat1 Dozaj Sekli Uretiminde Unit Operasyonlarinda Kullanilan Proses Analizorlerine Ornekler
(Pharmaceutical Quality by Design A Practical Approach, 2018 dan uyarlanmistir)

3.4 Proses validasyonunda QbD uygulanmasi-
nin iistiinliikleri

Yaklagik son 10 yildir ilag iiretiminde benimsenen
farkli agamalardan olusan proses validasyon yakla-
simlari, hedeflenen kalitede bir ilag iirtiniiniin tretil-
mesinde 6nemli Gstiinliikler getirmistir. QbD temelli
irlin gelistirme, tasarim ve siirekli proses dogrulama-

s1 agsamalar1 detayli bir planlama ve yatirim gerektir-
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mekle birlikte, genel olarak diisiiniildigiinde hasta
saglhigini ilgilendiren paydaslar (hasta, endiistri, resmi
otorite) acisindan da en yararli yaklagim olmustur.
Bu yaklagimla, iiretimde olasi hatalar1 en diigiik se-
viyelere indirerek hastaya kaliteli tirtin ulastirilmasi
saglanirken diger iki paydasa da yarar sagladig: asi-
kardir (Beg et al., 2019).
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flag endiistrisi agisindan bakildiginda, tasarim-
la kalite yaklasimi tist diizeyde ve derinlemesine bir
proses kavrayisi ve tiriin anlayis1 sagladig: icin seri-
lerin reddedilmesi veya geri ¢ekilmesi durumlarini
ciddi 6l¢tide azaltmaktadir (Beg et al., 2019; Zacché
& Andersson, 2019). QbD yaklasgiminin 6nemli ele-
mentlerinden biri olan tasarim alaninin uygulanmasi
ile prosesin olgek biiyiitme islemleri sirasinda daha
etkili ve verimli kontrol saglanmaktadir. Bununla bir-
likte, risk degerlendirmesinin daha sik ve etkin sekil-
de kullanimu ile riskleri azaltmak kolay hale gelmekte,
bu durum verimi arttirmakla birlikte iiriin gelistirme
i¢in harcanan zaman, para ve is giictinden tasarruf

edilmesini saglamaktadir.

Diger taraftan, QbD'nin uygulanmasinda zorun-
lu goriilmeyen ancak birgok iistiinliige sahip bir arag
olan PAT ile azaltilan kontroller ve daha az sorunlu
seri tiretilmesi gibi faktorlerle maliyetler diismekte ve
daha yiiksek yatirim getirisi elde edilmektedir (Beg et
al., 2019).

Proses ile ilgili derinlemesine bilgi sahibi olunma-
s1 ve tiim giincellemeleri destekleyecek verilerin ha-
lihazirda mevcut olmasi sayesinde {iretim prosesinde
yapilan degisiklikleri takip eden resmi dokiimanlarin
glincellenmesinde sadece kii¢iik varyasyonlarla sag-
lanabilmektedir (Zacché & Andersson, 2019). Gele-
neksel yaklagimdan farkli olarak, @iriin ve proses iyi
anlagilmis oldugundan, yapilacak degisikliklerin ka-
bul edilebilir olup olmadigina kolayca karar verilebil-
mektedir. Geleneksel yaklasimda ise degisikliklerin
sebep olabilecegi etkiler bilinmediginden yapilacak
degisikliklere karar verilip uygulanmasi, masrafl ya-
tirmmlar ve zaman kaybina sebep olan yeni verilerin
toplanmasini gerektiren kapsamli ruhsat varyasyonla-
rina neden olabilmektedir. Bu dogrultuda QbD yakla-
siminda siirekli gelisime agik ve esnek proses anlayisi
benimsenirken, geleneksel yaklagimda ise degisiklige
acik olmayan daha sabit bir proses anlayisinin hakim

oldugu goriilmektedir.

QbD yaklasimini uygulayan 12 farkl ilag firmasi

ile yuirtitillen bir arastirmada, firmalarin “proses ve
tiriin anlayisini gelistirmesi, tirtin gelistirme siirecine
daha sistematik bir bakis acis1 saglamasi, hasta giiven-
liliginin artirilmasi, riin gelistirme ve iiretim verim-
liligini artirmas1” ile ilgili beklentilerinin bu yaklagi-
min uygulanilmasiyla karsilanabildigi gosterilmistir
(Kourti & Davis, 2012). Firmalarin QbD yaklagimini,
sadece gelistirilen iriinlerden maddi kazang sag-
lanmasi ve ruhsatlandirma bagvurularinda esneklik
imkani tanimasi yéniiyle degil ayni zamanda Resmi
Otorite beklentilerinden bagimsiz olarak, dogru ve

faydali bulduklar: i¢in uyguladiklar1 ortaya ¢ikmustir.

Resmi Otorite agisindan bakildiginda da, ilag
gelistirme ve iiretim siireglerini uygulayanlar, QbD
yaklagimini benimsemeleri yoniinde resmi otoriteler
tarafindan tegvik edilmektedir (Kannissery Pramod

etal., 2016).

Tasarimla Kalite yaklasiminin benimsenmesi ile
ruhsatlandirma stirecinde sunulan kapsamli dokii-
manlar sayesinde tesisin proseste yaptig1 degisiklik-
lerle ilgili daha esnek bir bagvuru ve denetim siireci
yasandig da goriilmektedir (Sangshetti et al., 2017).
Tesis tarafindan hazirlanan proses validasyonu ve
elde edilen seriler arasi tutarlilik ile saglanan giiven
sayesinde ruhsatlandirma sonrasi otorite talepleri
azalmakta, ilacin pazara hizli sekilde ulastirilmasi ve
geri cekmelerin azaltilmasi ile ilacin pazarda bulunur

olmasi saglanmaktadir.

Ruhsatlandirma siirecinde sunulan bilgilerin
yonetimi ile ilgili rehberlik olusturmasi amaciyla;
QbD'nin anlatildigi ICH Q8 ile baglayan yeni far-
masoétik kalite yaklasgiminin bir sonraki 6nemli adi-
m1 olarak 20/11/2019 tarihinde ICH Q12 “ICH Q12
Technical and Regulatory Considerations for Phar-
maceutical Product Lifecycle Management Step 4” ya-
yimlanmustur. {lerleyen yillarda ICH Q12 kilavuzunun
resmi otoriteler tarafindan benimsenmesi, hem resmi
otoritelerin hem de ruhsat sahiplerinin is yiikiiniin
azalmasina, ayn1 zamanda ruhsatlandirma 6ncesi ve

sonrast siireglerin kisalmasina da katki saglayacaktir.
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4.SONUC

Farmasoétik gelistirmenin amacy, tirtiniin hedef-
lenen performansini tutarh bir sekilde saglamak i¢in
kaliteli bir driin ve tiretim prosesi tasarlamaktir. Bu
tutarliliga ulagmanin baslica yolu hastalarin ihtiyacla-
rint karsilayacak bir iiriin icin uygun sekilde kontrol
edilen kapsamli bir proses kavrayisina sahip bir iire-

tim prosesi olusturmaktir.

Bu derlemede ilag iiretiminde istenilen kaliteye
ulasmak icin 6nemli olan, tiretimin proses validasyo-
nu ile ilgili ulusal ve uluslararasi kilavuzlar dogrultu-
sunda giincel yaklagimlar tizerinde durulmustur. Bu
yaklasimlar geleneksel proses validasyonuna alterna-
tif olarak sunulan kesintisiz proses dogrulamasi be
bunun uygulanmasinda kullanilabilen bir yontem
olan tasarimla kalite ve saglayabilecegi ustiinliikler
tizerinde durulmustur. Tasarimla kalite, stratejisi ta-
sarimla kalite yaklagimi tizerine kurulan ICH Q8, Q9
ve Q10 kilavuzlari ile hayata ve uygulamaya gegmistir.

Tasarimla Kalite yaklasiminin uygulanmasy; He-
def Uriin Profillerinin tanimlanmasi ve gerekgelendi-
rilmesi, iirlin ve proses anlayisi kazandirmasi, uygun
kontrol stratejileri ile bir kontrol durumunun saglan-
masy, risk yonetiminin daha etkin sekilde kullanilma-
s1 ve ayni zamanda diizenleyici otoriteye yapilacak
basvurularin yiikiinii azaltmas: ile hem hasta hem
tretici hem de diizenleyici otorite agisindan fayda

saglamaktadur.

Ulkemizde gergeklestirilen uygulamaya bakildi-
ginda; PIC/S tyesi bir ilag otoritesi olarak; Tiirkiyede
bulunan ilag iiretim tesislerinin denetimlerinin siklig
risk bazli olarak belirlenmektedir. Risk parametrele-
ri arasinda ilgili tesisin onceki denetimlerinde tespit
edilen eksikliklerin seviyesi ve sayist ile belirlenen
[1U seviyesi onemli bir rol oynamaktadir. Dolayisiy-
la tesislerin 11U seviyesinin artmas: denetim sikligini
azaltmaktadir. Otorite denetimlerinin sikliginin azal-
mast ile hem tiretici hem diizenleyici otorite agisindan
is giicti kaybinin 6niine gecilmesini saglanacaktir. Bu-
nunla birlikte, QbD yaklagiminin Ulkemizde iiretim

yapan tesislerde uygulanmaya baslanmasi ile daha
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saglam bir proses anlayis1 kazanilmasi ve tutarl: seri-
ler iiretilmesi sayesinde hem tesisin ilag otoritesi nez-
dindeki 11U seviyesi artacak hem de geri ¢ekmelerin
azalmas1 maddi kayiplarin 6niine gegilecek ve yiiksek
kalitede ilaglarin piyasada bulunabilir olmas: saglana-
caktir. Diizenleyici otoriteler ve diinya ilag sektoriinde
de benimsenen ve her gegen giin yayginlig1 artmak-
ta olan QbD yaklagimi tilkemizde de benimsenmeye
baslanmis olup bu teknoloji ile tiretim gergeklestiren
ilag firmalar1 bulunmaktadir. Bu yaklagima sahip te-
sislerin bagvurular1 TITCK tarafindan degerlendiril-

mekte ve denetlenmektedir.

Geleneksel proses validasyonu ile isletilen bir pro-
seste testlere ve denetime dayal1 bir kontrol strateji-
si mevcut iken ve bitmis iiriin de yapilan 6rneklem
testler ile daha yiizeysel bir proses anlayisi hakim
iken QbD yaklagiminin uygulanmasi ile degisken-
lerin (parametrelerin) {iriine ve prosese etkisi genis
gercevede, daha detayli bir bakis agisiyla degerlen-
dirildigi i¢cin daha derin bir proses anlayisina sahip
olunmakta, daha ileri yaklasim olan ger¢ek zamanh
serbest birakma, ¢evrimici test etme ve riske dayali bir
yaklasim uygulanabilmektedir. Geleneksel yaklasim-
da orneklem olarak se¢ilmis numunelerde gergekles-
tirilen testler biitlin bir seriyi temsil ediyorken QbD
yaklagiminda ise kontrol stratejisi serinin tamamina
uygulanmaktadir. Bitmis iiriinde gergeklestirilen ka-
lite kontrol testlerinin yerine QbD yaklagiminin uy-
gulandig1 durumda bitmis tiriin testleri gergeklestiril-
meyebileceginden dolay1 analiz i¢in gereken personel,
ekipman, reaktif ve referans c¢ozelti kullanimlar1 ve
isgiicii gibi bir¢ok alanda istiinlik saglayabilmekte-
dir. Tiim bu faydalara ilaveten, ilag endiistrisinde ve
uygulanan teknolojilerde gelismelerle birlikte, ICH
Q8, Q9 ve Q11 vizyonunun devamu niteligindeki yeni
yaklasimlarin getirildigi ICH Q12 Yasam dongiisii
Yénetimi ve ICH Q13 Etkin madde ve flaclarin Siirek-
li Uretimi kilavuzlarinin hayata gegebilmesi i¢in ilk
adim olarak QbD’nin benimsenmesi ve uygulanmasi
onemlidir. Ancak proses validasyonunda giincel yak-
lagimlarin uygulanmas: 6nemli bir kiiltiir degisikligi

gerektirdiginden diizenleyici kurumlar, endistri ve
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akademisyenler, ¢ok disiplinli bir yaklagimda birlikte
caligmasi gerekmektedir.

YAZAR KATKI ORANI BEYANI

Yazarlarin katki orani esittir
CIKAR CATISMASI

Yazarlar herhangi bir ¢ikar ¢atismasi olmadigim

beyan eder.
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Tip 2 Diyabet Tedavisinde Kullanilan Exendin-4 ve
Exendin-4’iin Alternatif Uygulama Yollar1 I¢in Giincel

Yaklagimlar

Merve CELIK TEKELI", Yesim AKTAS", Nevin CELEBI™

Exendin-4 Used in the Treatment of Type 2 Diabetes and
Current Approaches for Alternative Administration Routes
of Exendin-4

SUMMARY

Diabetes is a chronic disease due to impaired glucose metabolism and
usually presents with uncontrolled hyperglycemia or persistently high
blood sugar levels. According to the tenth edition of the International
Diabetes Federation, 10% of global health expenditures ($ 966
billion) are spent on diabetes. In Turkey, the prevalence of diabetes
is 159, showing the fastest increase among European countries. Type
2 diabetes is associated with abnormal insulin secretion or chronic
insulin resistance, causing desensitization of the glucose uptake cells
to insulin activity. Incretin-based therapies have come to the fore in
the treatment of Type 2 diabetes in recent years. Exendin-4, which
is widely used in incretin-based therapies, binds to GLP-1 receptors
with high affinity, causing glucose-dependent insulin secretion in the
body, delaying gastric emptying, suppressing glucagon release and
appetite. Also, exendin-4 increases cell proliferation and inbibits
apoptotic pathways in f-cells. Commercial products of exendin-4 are
Byetta® which is administered twice daily and long-acting Bydernon™
which is administered once weekly via parenteral route. The presence
of drawbacks of parenteral administration such as problems in patient
compliance and feeling of pain due to injection led researchers to
search alternative administration routes such as oral, pulmonary,
transdermal, ocular, nasal, vaginal and rectal routes. In this review,
exendin-4's properties, mechanism of action, therapeutic efficacy, new
approaches and studies on alternative delivery routes of exendin-4
are mentioned.

Key Words: exendin-4, diabetes, oral route, pulmonary route,
transdermal route, nanocarriers

Tip 2 Diyabet Tedavisinde Kullanilan Exendin-4 ve Exendin-
Liin Alternatif Uygulama Yollar: Iin Giincel Yaklagimlar

0z

Diyabet, bozulmus glikoz metabolizmas: ile iliskili kronik bir
hastaliknr ve genellikle kontrolsiiz hiperglisemi veya siirekli yiiksele
kan sekeri seviyeleri ile kendini gostermektedir. Uluslararast Diyabet
Federasyonu verilerine gore kiiresel saglik harcamalarinin %10 unun
(966 milyar Amerikan Dolary) diyabete harcandigi belirtilmigtir.
Tiirkiyede ise diyabet prevalans: %15 olarak Avrupa iilkeleri icinde en
izl artisi gostermektedir. Tip 2 diyabet, anormal insiilin sekresyonu
veya kronik insiilin direnci ile iliskilidir ve glikoz alim hiicrelerinin
insiilin etkisine karsi duyarsizlasmasina neden olur. Son yillarda
Tip 2 diyabet tedavisinde inkretin bazl tedaviler one cikmastir.
Inkretin bazly tedavilerde yaygin kullanilan exendin-4, GLP-1
reseptorlerine yiiksek afinitede baglanarak viicutta glikoz bagimli
insiilin salgilanmasing, gastrik bosalmanin geciktirilmesini, g/ufagon
salminin ve istabin baskilanmasini saglamaktadyr. Exendin-4, hiicre
proliferasyonunu  artirmakta ve [-hiicrelerinde  apoprotik  yollar:
inhibe etmektedir. Exendin-4iin ticari iiriinleri parenteral yolla
giinde iki kez uygulanan Byetta® ve hafiada bir kez wygulanan uzun
etkili Byderuon™ dur. Parenteral yolla wygulamanin hasta wyuncunda
problemler ve enjeksiyonda agr hissi gii?mkmmlarmm byu/unmasz
aragtirmacilar oral, pulmoner, transdermal, okiiler, nazal, vajinal,
rektal yollar gibi alternatif verilis yollar: iizerine yoneltmistir. Bu
derlemede, exendin-4iin ozellikleri, etki mekanizmasi, terapitik
etkinligi ve exendin-4’iin alternatif verilis yollarma yonelik yeni
yaklagimlar ve yapilan ¢alismalar verilmis ve tartislmasnr.

Anabtar kelimeler: exendin-4, diyabet, oral yol, pulmoner yol,
transdermal yol, nanotasiyicilar
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GIRiS

Diyabet yiiksek kan glikoz seviyesiyle karakterize
edilen akut ve kronik komplikasyonlarin eslik ettigi
metabolik bir hastaliktir (WHO, 2006). Her yil 1,6
milyon 6liim diyabetle dogrudan iliskilendirilmekte-
dir (Saeedi ve ark., 2019). Uluslararasi Diyabet Fede-
rasyonu verilerine gore ise 2021'de 6,7 milyon 6liimiin
diyabete bagli oldugu belirtilmistir (International Di-
abetes Federation, 2021).

Tip 2 diyabet tedavisinde insiilin siklikla kulla-
nilmaktadir. Ancak parenteral yolla uygulanan insii-
lin dozunun dogru ayarlanamamas: hipoglisemiye
yol agmaktadir. Ayrica igne fobisi ve lipodistrofi gibi
nedenlerden dolay: hasta uyuncu ag¢isindan da pa-
renteral insiilin uygulamas: sorun teskil etmektedir.
Insiilin tedavisi disinda Tip 2 diyabet tedavisinde oral
antihiperglisemik ilaglar kullanilmaktadir. Bu ilaglar
insiilin duyarhlastirici, insiilin salgilatici, instilino-
mimetik (inkretin bazli) ilaglar ve alfa glukozidaz
inhibitorleri olarak dort grupta siniflandirilmaktadir
(Marin-Penalver ve ark., 2016).

Exendin-4 pankreatik GLP-1 reseptorlerine yiik-
sek afiniteyle baglanarak antidiyabetik etki gosteren
GLP-1 reseptor agonisti grubunda yer alan peptit
yapisinda bir molekiildir. 2005de FDA tarafindan
onaylanan exendin-4’iin Byetta’ ticari ismiyle 5 pg ve
10 pug'lik subkiitan formlar1 mevcuttur. Exendin-4’tiin
subkiitan formu Byetta’ pankreastaki beta hiicrele-
rinden insilin sekresyonunu artirirken ayni zaman-
da glukagon sekresyonunu da baskilamaktadir. Bu
sayede exendin-4, kan glikoz konsantrasyonunu dii-
zenlemekte etkin bir rol oynamaktadir (Gao ve Jusko,
2012). Exendin-4, insiilin ve diger antidiyabetik ajan-
larin aksine hipoglisemiye yol agmaksizin kan glikoz
seviyelerini diizenlemekte ve bu sayede endojen insii-
line kars1 bozulmus biyolojik yanit olarak tanimlanan
insiilin direnci olusumunu da 6nlemektedir (Chakra-
borti, 2010).

Son yillarda biyoteknolojideki  gelismelerle
exendin-4'tin haftada bir kez uygulanabilen uzun et-

kili formiilasyonu Byderuon” gelistirilmistir. Parente-
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ral yol disinda exendin-4’tin alternatif verilis yollar:
tizerinde ¢aligmalar 6zellikle oral, pulmoner ve trans-
dermal yol tizerine yogunlagsmistir. Bu derlemede,
exendin-4iin 6zellikleri, etki mekanizmasi, terap6tik
etkinligi ve farkli uygulama yollarina yonelik yeni

yaklasimlarin yer aldig1 ¢alismalar anlatilacaktir.
GENEL BILGILER
Exendin-4’iin Diyabet Tedavisinde Kullanim1

Diabetes mellitus, insiilin etkisi, insiilin salimi1 ya
da her ikisinde de bozukluk sebebiyle ortaya ¢ikan
hiperglisemiyle iligkili akut ve kronik komplikasyon-
larmn eslik ettigi metabolik bir hastalik olarak tanim-
lanmaktadir (Punthakee ve ark., 2018). Tip 2 diyabet
diinyada en sik rastlanan diyabet tipi (%90) olup, in-
stilin sekresyon bozuklugu, dokularda insiilinin kul-
lanilamamasi (insiilin direnci) ve obeziteyle iligkili bir
hastaliktir (TEMD, 2019).

Uluslararasi Diyabet Federasyonu Diyabet Atlasi
onuncu baski verilerine gore 2021de, 10 kisiden birin-
de (537 milyon) diyabet tespit edilmistir. Bu sayinin
2045de 784 milyona ulasacagi tahmin edilmektedir.
Kiiresel saglik harcamalarinin %10’unun (966 milyar
ABD Dolar1) diyabete harcandig belirtilmistir (In-
ternational Diabetes Federation, 2021). Tiirkiyede ise
2020de diyabet prevalansi %15 olup, saglik harcama-
larinin %10’u diyabet tan1 ve tedavisine harcanmigtir
(T.C. Caligma ve Sosyal Giivenlik Bakanligi, 2021).

Diyabet tedavisi; temel olarak diyetin diizenlen-
mesi ve egzersiz, Tip 2 diyabetlilerin ideal agirligina
dondiiriilmesi, insiilin uygulanmasi ve Tip 2 diyabet-
lilere oral antidiyabetik ilag verilmesini igermektedir.
Diyabet tedavisinde hedef, hipergliseminin mim-
kiin oldugunca normal seviyeye (aglik kan glikoz
seviyesi<100 mg/dL) diistiriilmesi ve normale yakin
tutulmasidir. (Kayaalp ve Giirlek, 2009). Oral yol bi-
lindigi tizere hasta uyuncu agisindan en fazla tercih
edilen uygulama yoludur. Oral antidiyabetik ilaglar
insiilin duyarlilastiricilar, instilin salgilaticilar, instli-
nomimetik (inkretin bazli) ilaclar ve alfa glukozidaz

inhibitorleri olarak dort grupta siniflandirilmaktadir
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(Luna ve Feinglos, 2001). Tip 2 diyabette inkretin
hormonlarin seviyesi ve/veya etkisi azalmakta ve glu-
kagon sekresyonu inhibe edilememektedir. Inkretin
bazli ilaglar, inkretin hormonlarin: taklit eden gluka-
gon benzeri peptit-1 reseptor agonistleri (GLP-1A) ya
da inkretinlerin par¢alanmasini inhibe eden dipepti-
dil peptidaz-4 inhibitérleri (DPP4-1) olarak siniflan-
dirilabilir. GLP-1 ve glikoza-bagimli insiilinotropik
peptit (GIP) intestinal bolgeden salinan inkretinler
olarak adlandirilan insiilin salimmnin diizenlenme-
sinden sorumlu hormonlardir (Kim ve Egan, 2008).
Glikoz-bagiml etkilerinden dolay: hipoglisemiye yol
agmamaktadirlar. Inkretin mimetikler pankreas beta
hiicrelerinden insiilin salgilanmasini artirirlar ve glu-
kagon salgilanmasini azaltirlar. Midenin bosalmasini
geciktirerek besinlerin sindirimini ve barsaktan emi-
limini yavaglatmaktadirlar. Ayrica istahi azalttiklar
i¢in besin alimini azaltma ve kilo kayb1 yapma potan-
siyelleri vardir. GLP-1A grubunda exendin-4 (eksena-
tid) ve liraglutid yer almaktadir. DPP4-1 grubunda ise

Gly

His | Gly | Glu | ( The )¢

lys  leu | Tp | Glu e

Asr

Gly

Gly Pro .-‘ Ser ser | Gly | Al

Phe

Glu |

linagliptin, siltagliptin ve vildagliptin yer almaktadir
(Levetan, 2007; Katzung, 2017).

Exendin-4’iin Yapisi ve Ozellikleri

Exendin-4, Gilia monster (Heloderma suspectum)
ad1 verilen bir tiir siiriingenin tiikrigiinden izole
edilen GLP-1 ile aminoasit dizilimine %50den fazla
benzerlik gosteren ve 39 aminoasitten olusan dogada
bulunan en iyi GLP-1 agonisti molekiiliidiir. GLP-
1 molekiiliindeki 2. aminoasit pozisyonundaki Ala,
DPP-4 enziminin exendin-4 molekiiliinde parcalayici
etkisini 6nlemek amaciyla Gly ile degistirilmistir. Bu
sayede exendin-4 enzim etkisine karsi korunmakta-
dir. Exendin-4, GLP-1 reseptorlerine yiiksek afinitede
baglanarak viicutta glikoz bagimli insiilin salgilan-
masinin yanisira gastrik bosalmanin geciktirilmesini,
glukagon saliminin ve istahin baskilanmasini sag-
lamaktadir (Uking ve ark., 2007; Kayaalp ve Giirlek,

2009). Exendin-4’tin aminoasit dizilimi Sekil 1'de gos-

terilmektedir.
NaThn ) Sen G Aspe R leus iegSeny Lo lys
GlIn
. Met
Glu
. Glu
Phe = Leu  Val N _Arg | Al /| Glu )
" Pro | Pro | Pro | ser jAmid

Sekil 1. Exendin-4"tiin aminoasit dizilimi (Chen ve Drucker, 1997den adapte edilmistir).

Exendin-4’tin molekiil agirligs 4186,57 Da, izoe-
lektrik noktas1 4,96 olup (Kim ve ark., 2013), ¢ozii-
niirligh DMSOda 20 °Cde yaklagik 1 mg/mL bu-
lunmustur (Bachhav ve Kalia, 2011). Exendin-4in
permeabilitesinin arastirildigr bir ¢alismada; Ma-
din Darby Canine Kidney (MDCK) hiicrelerinden
exendin-4’lin ge¢isi incelenmis, permeabilite katsayisi

(Papp) 1x107 cm?/s olarak bulunmustur. Exendin-4’tin

intestinal membrandan ge¢isinin zayif oldugunu ve
gecisin pasif paraselliiler yolla oldugu belirtilmistir
(Wang ve ark., 2014). Exendin-4’iin, Tip 2 diyabetli
hastalara subkiitan enjeksiyonla uygulanmasini taki-
) yaklagik

iki saatte ulastig1 belirtilmistir. Exendin-4 subkiitan

ben plazma doruk konsantrasyonuna (C_
yoldan 10 pg dozda verildiginde C_ 211 pg/mL ve
ortalama egri altinda kalan alan (AUC) ise 1036 pg.s/

267



Celik Tekeli, Aktas, Celebi

mL olarak bulunmugtur. Exendin-4, sirasiyla 5 ve
10 pg terapotik doz araliginda uygulandiginda AUC
degerinin verilen dozla orantili olarak arttig1 belir-
tilmistir. Subkutan tek doz uygulandiginda ortalama
sanal dagilim hacminin 28,3 L, ortalama klirensin 9,1
L/s, ve ortalama terminal yar1 émriiniin 2,4 saat ol-
dugu belirtilmistir (Malone ve ark., 2009). Exendin-
4’lin Byetta’ ticari ismiyle 5 pg ve 10 ug’lik subkiitan
formlar1 mevcuttur. Byetta’ FDA 2005 yilinda, Avrupa
Birliginde 2006 yilinda, Tiirkiyede ise 2008 yilinda
Tip 2 diyabetin tedavisi i¢in ruhsat almistir. Sunulan
vaka raporlarinda ve yapilan ¢aligmalarda Byetta'nin
pankreatit riskini artirdigi belirtilmektedir (Bain ve
ark., 2008). Exendin-4iin tilkemizde heniiz ruhsat-
i olmayan ticari triinii Bydureon uzatilmig salim
gostermektedir. Bydureon’, haftada bir subkiitan in-
jeksiyon seklinde kullanilmak tizere FDA tarafindan
2012de onaylanarak Amerikada ve Avrupada satisa
sunulmugstur (Kayaalp ve Giirlek, 2009; TEMD, 2019).
Sik goriilen advers etkisi tedavi ilerledikge siddeti aza-
lan mide bulantisidir. Ayrica, bag agrisi, diyare, akut
pankreatit, immiinojenisite goriildiigi belirtilmistir
(Tucker ve ark., 2013). Byetta’ ve Bydureon” un ya-
nisira exendin-4 igeren implante edilebilen ozmotik
pompa (ITCA 650) icin FDAya ruhsat bagvurusun-
da bulunulmus ancak klinik aragtirmalarda gézlenen
akut bobrek hasar1 sebebiyle bagvuru reddedilmigtir
(Bertsch ve McKeirnan, 2018; FDA, 2021).

Exendin-4’iin Etki Mekanizmas1

Bagirsak L-hiicreleri tarafindan salgilanan endo-
jen bir peptit hormonu olan GLP-1 inkretin etkisi
gostermektedir. GLP - 1 reseptoriiniin endojen GLP
- 1 peptidi tarafindan aktivasyonu, protein kinaz A
ve siklik adenin mono fosfat (cAMP) tarafindan in-
diiklenen degistirici protein (Epac) iliskili cAMP’ye
bagiml ikincil haberci yolaklarini baglatan adenilil
siklazi igermektedir. GLP - 1 resept6riiniin aktivasyo-

nunu takiben, insiilin salgilanmasini kolaylagtirmak
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i¢in instilin igeren vezikiillerin endoplazmik retiku-
lumun (ER) Ca*? ile indiiklenen ekzositozunu tetik-
lemektedir. GLP-1 reseptoriiniin aktivasyonu, glu-
kagon sekresyonunun inhibisyonu ve pankreas beta
hiicrelerinden glikoza bagimli insiilin salgilanmasini
saglamaktadir. Ozellikle gida alimi veya parenteral
glikoz enjeksiyonundan sonra, plazma glikoz seviye-
leri yiiksek oldugunda hiicre i¢ine glikoz alimini ko-
laylasmaktadir. Exendin-4, GLP-1 reseptorint aktive
etmede endojen GLP-1 kadar giicliidiir. Plazma gli-
koz seviyeleri yitksek oldugunda GLP-1 reseptoriine
baglanip aktive ederek insiilinotropik etkisini ortaya
gikarmaktadir (Yap ve ark., 2019). Exendin-4, Tip 2
diyabet tedavisinde siklikla kullanilsa da etki meka-
nizmalar1 agisindan benzer molekiiler mekanizmalara
sahip ndrodejeneratif ve kardiyovaskiiler bozuklukla-
rin da tedavisinde umut verici olmustur (Boztas ve
ark.,2017). Ote yandan exendin-4’in etkisi, epidermal
bitytime faktorii reseptorit (EGFR) aracili Wnt5a geni
aracihiiyla siklin D1'in ekspresyonunu da artirarak
hiicre proliferasyonunu artirmakta ve B-hiicrelerinde
apoptotik yollar1 inhibe etmektedir (Lee ve Jun,
2014). Exendin-4tin instilinotropik ve antiapoptotik

etki mekanizmasi $ekil 2'de gosterilmektedir.
Exendin-4’iin Uygulama Yollar1

Terapotik peptit/proteinler genellikle parenteral
yolla uygulanmaktadir. Ancak parenteral yolla uygu-
lamanin zayif hasta uyuncu ve enjeksiyonda agr1 hissi
gibi sakincalariin bulunmasi oral, pulmoner, trans-
dermal, okiiler, nazal, vajinal, rektal yollar gibi alter-
natif verilis yollar1 izerine aragtirmacilar1 yoneltmis-
tir (Ibraheem ve ark., 2014). Exendin-4’in alternatif
verilis yollarryla normoglisemik (diyabetik olmayan)
sicanlara uygulanmasi sonucu elde edilen farmako-
kinetik parametreleri karsilagtirilmistir (Gedulin ve
ark., 2008). Exendin-4’iin verilis yollarina gore sican-
larda saptanan farmakokinetik parametreleri Tablo

1'de verilmistir.
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Sekil 2. Exendin-4’tin insiilinotropik ve antiapoptotik etki mekanizmasi (Yap ve ark., 2019dan adapte edilmistir).

Tablo 1. Exendin-4’tin verilis yollarina gore farmakokinetik parametreleri (Gedulin ve ark., 2008).

Verilis Yolu ) K AUC,,, Doz (ug) AUC/dor Bagil Biyo- Coss (PM
(dk) (dk™) (pM dk/ug) yararlanim (%) Hg)
Intraduodenal 0,490 0,045 2.895 1000 2,890 0,005 0,115
Sublingual 0,210 0,011 42.737 210 203,500 0,370 2,110
Intranazal 0,150 0,017 92.100 100 921,000 1,680 16,060
Aerosol 0,410 0,017 100.285 2000 50,100 0,092 0,710
Intravendz 0,091 0,017 114.820 210 54.600,000 100,000 3.757,000
Subkiitan 0,099 0,004 7.080.240 210 33.715,000 61,700 134,300
Intratrakeal 0,120 0,014 1.556.000 210 7.410,000 13,600 327,100

Tablo 1de gortldigl tizere intravendz uygulama
ile karsilagtirildiginda exendin-4’tin subkiitan bagil
biyoyararlanimi %61,7 olarak bulunmustur. Ancak
intravendz uygulama yollariyla karsilastirildiginda
diger uygulama yollarinda bagil biyoyararlanim ol-
duk¢a digik bulunmugtur. Exendin-4in subkiitan
uygulanan preparatlarinin etkinligini iyilestirmek
ve uzun etkili olmasini saglamak i¢in arastirmalar
devam etmektedir. Ayrica exendin-4’iin parenteral
yol disinda alternatif verilis yollariyla ilgili de farkli
yaklagimlar bulunmaktadir. Exendin-4iin parenteral
yol ve alternatif verilis yolu ile ilgili caligmalar asagida

verilen bagliklar altinda degerlendirilmistir.

Exendin-4’iin Parenteral Yolla Uygulanmasi

Exendin-4’tin ticari tiriinleri giinde iki kez uygu-
lanan Byetta' ve haftada bir kez uygulanan uzun etkili
Byderuon™ parenteral yolla uygulanmaktadir. Bydu-
reon™, Byetta’ya gore bazi avantajlara sahiptir. Byde-
ruon™, exendin-4 iceren mikrokiireler icermektedir
ve mikrokiireler exendin-4"tin uzun etki gostermesini
saglamistir. Mikrokiireler, boyutlar1 1-1000 pm ara-
sinda degisen kiiresel pargaciklar olarak tanimlan-
maktadir (Saralidze ve ark, 2010). Biyoparcalanabilen
polimerik mikrokiireler kontrollii salim saglanma-
sinda ve hedeflendirmede siklikla kullanilmaktadir

(Freiberg ve Zhu, 2004). Bydureon™ biyouyumlu ve
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biyopargalanabilen polilaktik-ko-glikolik asit (PLGA)
mikrokiireleri icermektedir. Bununla birlikte, Bydu-
reon™ ‘nun kisa iiriin bilgilerinde (KUB), ciddi vaka-
larda cerrahi miidahale gerektirebilen, nodiiller ya
da enjeksiyon bolgesinde apse, seliilit ve nekroz gibi
reaksiyonlar bildirilmistir (FDA, 2018). Bydureon™da
exendin-4 iceren PLGA mikrokiireleri, salim profi-
linde gecikme fazi gostermektedir. Yiizeydeki gevsek
bagli exendin-4 nedeniyle ilk 2 giin i¢cinde ani salim-

dan sonra, salim yedi hafta siirmektedir. Bu gecikme

fazinin varligi, exendin-4’iin zayif etkinlik goster-
mesine yol agmaktadir (Cai ve ark., 2013). Bu du-
rum arastirmacilart Bydureon™ mikrokiireden daha
iyi bir formiilasyon tasarlama {izerine yoneltmistir.
Exendin-4’tin kontrollii salim saglayan formiilasyon-
lar1 iizerine aragtirmalar devam etmektedir. Parente-
ral yolla verilmek tizere hazirlanan kontrollii salim
saglayan exendin-4 igeren ilag tastyici sistemler Tablo

2'de gosterilmistir.

Tablo 2. Parenteral yolla uygulanmak iizere hazirlanan exendin-4 igeren ilag tastyic1 sistemler.

ilag Tas1y1c1 Sistem Sonug

Kaynak

PLGA mikrokiire

Mikrokiirelerin 21 giin boyunca salim gosterdigi belirtilmistir. Giinde iki
kez exendin-4 uygulamasiyla karsilagtirldiginda, iki haftada bir uygulanan
mikrokiirelerin, aglik kan sekerini ve HbAlc konsantrasyonlarini daha etkili bir
sekilde diistirdigii belirtilmistir.

(Kwak ve
ark., 2009)

Pullulan  polisakkariti  (asetilas-
yon derecesi 0,8, 1,5 ve 2,3) igeren
mikrokiire

Mikrokiirelerin partikill boyutu 35-110 pm araliginda bulunmugtur. Daha
yiiksek derecede asetilasyonun (2 ve 3), daha yiiksek enkapsiilasyon etkinligi
(%90,3) gosterdigi bulunmugtur. Exendin-4’iin molekiiler agirhginda herhangi
bir kayip olmamasi, exendin-4’iin polisakkarit mikrokiirelerde iyi korundugunu
gostermistir. Bununla beraber, immiinolojik ¢alismalar polisakkarit mikrokiirelerin
inflamasyona yol agtigin1 gostermistir.

(Yang ve
ark., 2009)

PLGA mikrokiire

Mikrokiirelerin 18 giin boyunca salim gésterdigi belirtilmistir. PEG-exendin-4
iceren PLGA mikrokiirelerinin exendin-4’in stabilitesini artirdig1 belirtilmistir.
Diyabetik farelerde yapilan in vivo galijmada PEG-exendin-4 i¢eren PLGA
mikrokiirelerinin diyabetik farelerde kan glikoz seviyesini 12 giine kadar normal
diizeyde tuttugu belirtilmistir.

(Lim ve ark.,
2015)

Nanopartikiil/
Pluronic F-127 jel

Diyabetik farelerde yapilan in vivo galismada exendin-4, exendin-4 igeren ¢ok
tabakali nanopartikiiller, exendin-4 igeren ¢ok tabakali nanopartikiiller/Pluronic
F-127 karisiminin sc uygulamasi sonucu 10. saatte kan glikoz seviyesinin sirasiyla
%26,9, %60,8, %74,3 azaldig1 belirtilmistir. Ayrica gok tabakali nanopartikiiller/
Pluronic F-127 karigiminin uzatilmig salim gostermesiyle diyabetik farelerde kan

(Oh ve ark.,
2014)

glikoz seviyesinin 3 giin boyunca normoglisemik diizeyde oldugu gosterilmistir.

Exendin-4’iin Oral Yolla Uygulanmasi

Oral yolun hasta uyuncu ve kullanim kolaylig
acisindan en ¢ok tercih edilen uygulama yolu olmasi
aragtirmacilar1 peptit/proteinlerin oral yolla verilmesi
tizerine yogunlastirmistir. Ancak peptit/proteinlerin
gastrik ortamin pH’s1 ve proteolitik enzimlerin varlig
sebebiyle stabilite problemleri vardir ve oral biyoya-
rarlanimlar diisiiktiir. Bu nedenle peptit/proteinlerin
oral biyoyararlanimlarini artirmak i¢in kimyasal mo-
difikasyon, absorbsiyon artirici maddelerin ilavesi,
proteaz inhibitorlerinin formiilasyona eklenmesi ve
ilag tastyici sistemlerin gelistirilmesi gibi cesitli yak-
lagimlar gelistirilmistir (Tan ve ark. 2010, Renukuntla

ve ark. 2013). Bu yaklagimlarin ana amaci, gastroin-
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testinal bariyerlerin sinirlayici etkilerinin iistesinden
gelmek ve oral biyoyararlanimi artirmaktir. Bu yakla-
simlar tek basina veya kombinasyon halinde kullanil-
maktadir. Exendin-4’tin kimyasal modifikasyonu ile
yapilan bir ¢alisgmada exendin-4’tin biotinizasyonu-
nun exendin-4’iin oral antidiyabetik etkinligine etkisi
aragtirilmistir. Biotinilasyon isleminin 6zellikle bio-
tinle konjuge exendin-4’tin (DB-Ex-4) lizin kalintila-
rin1 bloke ederek, tripsin enzimi ve intestinal sivida
exendin-4in proteolitik stabilitesini sirasiyla 8,4 ve
9,0 kat artirdig1 bulunmustur. DB-Ex-4’tin 0,1, 1, 10
ug/kg dozda diyabetik farelere oral uygulanmasi so-
nucu doza bagli artan hipoglisemik etki gézlenmistir.
Konjuge haldeki exendin-4 serbest exendin-4e gore

5,3 kat fazla hipoglisemik etki gosterdigi ve bagil bi-
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yoyararlanim %3,95 bulunmustur (Jin ve ark., 2009).

Exendin-4’in oral biyoyararlanimini artirmak
i¢in ila¢-polimer konjugatlarindan da yararlanilmis-
tir. Bir caligmada, oral yoldan verildiginde hipoglise-
mik etkinliginin artirilmasi i¢in exendin-4n disiik
molekil agirlikli kitosanla (LMWC) konjugasyonu
yapilmistir. Diyabetik sicanlarda yapilan intraperito-
neal olarak verilen glikoz tolerans testiyle; oral verilen
formiilasyonun kan glikoz seviyelerindeki degisik-
likler zamana kars: 6l¢iildiigiinde, serbest exendin-4
ihmal edilebilir diizeyde hipoglisemik etki gosterir-
ken, LMWC-exendin-4 4 ug/kg ve 40 ug/kg oral uy-
gulandiklarinda glikoz seviyesini sirasiyla %22,90 +
2,0 ve %41,07+4,7 oraninda disiirmiislerdir. LMWC-
exendin-4 konjugatinin oral uygulamadan sonra in
vivo hipoglisemik etkinligi, farmakokinetik verilerle
uyumlu bulunmustur. Bu durumun disiik molekiil
agirlikll kitosanin mukoadeziv ozelligine ve epitel
hiicreleri arasindaki siki baglantilar1 agma yetenegine
bagli oldugu distiniilmektedir (Ahn ve ark., 2013).

Son yillarda peptit/protenlerin oral biyoyararla-
nimlarini artirmak i¢in nanotastyici sistemlerden sik-
likla yararlanilmaktadir. Exendin-4’iin oral yolla ve-
rilmesinde polimerik nanotasiyicilar (polimerik na-
nokapsiiller, polimerik nanopartikiiller) ve lipit bazl
nanotagiyicilardan (kendiliginden emiilsifiye sistem-
ler, lipit nanopartikiiller, lipozomlar, nanoyapil lipit
tastyicilar) yararlanilmigtir (Soudry-Kochavi ve ark.,
2015; Suzuki ve ark., 2019; Xu ve ark., 2020; Celik-
Tekeli ve ark., 2021). Nanopartikiiller, genellikle dogal
ve sentetik polimerlerden ya da inorganik bilesenler-
den hazirlanan boyutlar1 1000 nm’nin altinda olan
kolloidal sistemler olarak tanimlanmaktadir. Nano-
partikiillerin hazirlama yontemi, hazirlama materyali
ve yapisina gore nanokiireler veya nanokapsiiller elde
edilebilmektedir. Nanokiireler etkin maddenin poli-
merik kiire igerisinde dagildig1 heterojen sistemlerdir.
Nanokapstillerde ise etkin madde polimerik zarfla
gevrili bir ¢ekirdek kisminda heterojen dagilmistir.
Cekirdek kismi sulu veya lipofilik ¢oziiciilerden olus-
maktadir (Couvreur ve ark., 2002). Peptit/proteinleri

pargalanmaya kars1 koruyabilen ve onlar1 gastrointes-

tinal kanalda hedef bolgelere tagiyabilen nanoparti-
kiiler sistemler, daha etkili ve kontrollii ilag salimini
saglayabilmektedirler (Ensign ve ark., 2012). Kat1 lipit
nanopartikiiller, biyouyumlu ve biyoparcanabilen kat1
lipitlerin yiizey etkin maddelerle stabilize edildigi na-
noboyuttaki ilag tasiyici sistemlerdir (Numanoglu ve
Tarimci, 2006; Homan Goékee ve Ozer, 2014). Nano-
yapili lipit tastyicilar ise biyouyumlu ve biyoparc¢ana-
bilen kat1 ve siv1 lipitlerin yiizey etkin maddelerle sta-
bilize edildigi nanoboyuttaki ila¢ tastyici sistemlerdir
(Chauhan ve ark., 2020). Lipozomlar, lipit ¢ift tabaka
ve sulu faz olmak tizere iki kisimdan olusan kiiresel
vezikiillerdir. Lipozomlarin gastrointestinal kanal pH
ve enzimlerden etkilenmeleri peptit ve proteinlerin
oral yolla verilisini sinirlamaktadir. Lipozomlarin po-
limerlerle kaplanarak hem bu problemlerin agilmasi
hem de kontrollii salim saglanmasi amag¢lanmaktadir
(Zirh-Giirsoy, 2002). Kendiliginden nanoemiilsifi-
ye olabilen sistemler (SNEDDS); dogal veya sentetik
yaglar, kat1 veya siv1 yiizey etkin maddeler, yardimci
ylizey etkin madde/ hidrofilik ¢oziicti/ yardimer ¢ozii-
ciilerin izotropik/homojen karigimlaridir. Bu sistem-
ler, oral alimi takiben GIK’teki sulu ortamda damlacik
biiytikliigli 300 nm’nin altinda Y/S nanoemiilsiyonlar1
olusturmaktadir. Bu formiilasyon bagirsak limeni-
ne salindiginda, nanoboyutta emiilsiyon olusturmak
tizere dagilir, bu sayede hidrofobik etkin madde ba-
girsakta ¢ozelti iginde kalmaktadir. Béylece emilim
hizin1 kisitlayan dissoliisyon asamasini gegerek ba-
girsaktan emilim sonrasi daha tutarh bir plazma kon-
santrasyon-zaman profiline ve artmig biyoyararlani-
ma ulagilabilir (Pouton, 1997; Gursoy ve Benita, 2004;
Arslan ve Tirnaksiz, 2013). Terapétik peptit/protein-
lerin gastrik ortamdan korunmasi, yiyecek etkisine
bagl degisikliklerin azaltilmasi, hazirlaniglarinin ko-
lay ve 6lgek biiytitmeye elverisli olmasi, formiilasyo-
nun kapsill icerisinde verilebilmesi gibi tistiinliikleri
SNEDDSleri oral yoldan terapétik peptit/proteinle-
rin uygulanmasinda 6ne ¢ikarmaktadir (Date ve ark.,
2010). Exendin-4’tin oral biyoyararlanimini artirmak
tizere yukarida agiklanan ilag tasiyici sistemlerle yapi-

lan ¢aligmalar Tablo 3’te gosterilmistir.
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Tablo 3. Exendin-4"tin oral biyoyararlanimini artirmak tizere ilag tastyic1 sistemlerle yapilan ¢caligmalar

goblet hiicrelerine
hedeflendirilebilen kitosan
nanopartikiilleri

CSK-kitosan nanopartikiillerinin goblet hiicrelerine etkili bir sekilde hedeflendigi bu
durumun oral peptit ve protein tasinmasinda énemli oldugu belirtilmistir.

ilag Tastyict Sistem Sonug Kaynak
Lipit nanokapsiil Lipit nanokapsiiliin in vivo galigmayla oral uygulanmasiyla farelerde GLP-1 sekresyonunun | (Xu ve ark.,
arttig1 gosterilmistir. Exendin-4’tin oral biyoyararlanimi %4 bulunmustur. 2020)
Eudragit L:HPMC (0,75:1) | Farmakokinetik verilere gére oral uygulanan Eudragit L:HPMC (0,75:1) a/a (Soudry-
a/a mikropartikiiller mikropartikiiller igerisindeki exendin-4 yitklii dekstran-50/BSA nanopartikiillerinin | Kochavi ve
igerisinde sodyum Byetta™ subkiitan enjeksiyonuna gore bagil biyoyararlanimi %77 olarak bulunmustur. Bu | ark., 2015)
trimetafosfat kullanilarak | durumun nanopartikiil matriks yiizeyindeki dekstranin enterositler tarafindan lenfatik
capraz bagli albiimin ve | dolagima nanopartikiillerin ge¢mesini sagladig: igin karaciger ilk gegis etkisini ortadan
dekstran nanopartikiilleri | kaldirmasina bagh oldugu belirtilmistir.

Eudragit L100-55 ile Diyabetik siganlarda yapilan in vivo galigmada oral yolla uygulanan exendin-4 igeren | (Nguyen ve
kaplanmug kitosan/poli-y- | kitosan/YPGA nanopartikiillerinin serbest exendin-4’tin sc enjeksiyonuna gore bagil | ark., 2011)
glutamik asit (KS/YPGA) | biyoyararlanimi %14 bulunmustur.

nanopartikiilleri
KS/YPGA nanopartikiilleri | Exendin-4 igeren KS/YPGA nanopartikiilleri ve insiilin/exendin-4 igeren KS/YPGA | (Chuangve
nanopartikiillerinin diyabetik siganlarda insiilin seviyesini anlamli derecede artirirken | ark., 2013)
glukagon seviyesini de anlamli derecede azalttigr gosterilmistir (p<0.05). Insiilin
ve glukagon seviyelerindeki anlamli degisikligin exendin-4tin endojen insiilin
sekresyonunu artirmasina bagl oldugu belirtilmistir. Insiilin ve exendin-4 igeren KS/
YPGA nanopartikiillerinin ise instlin-KS/YPGA nanopartikiillerine ve exendin-4-KS/
YPGA nanopartikiillerine gére hipoglisemik etkisi 2 kat fazla bulunmustur.
CSKSSDYQC (CSK) Exendin-4 ytiklii CSK-kitosan nanopartikiilleri, exendin-4 ¢ozeltisine gore nispeten yiiksek | (Li ve ark.,
peptit spesifik hipoglisemik etki gostermistir. CSK-kitosan nanopartikiillerinin bagil biyoyararlanimi 2015)
ligand kullanilarak %6,56 olup, kitosan nanopartikiillerine gore 1,7 kat yiiksek bulundugu belirtilmistir.

CSK peptidiyle modifiye
edilmis dekstran-PLGA
nanopartikiilii (DEX-
PLGA NP)

Exendin-4 yiiklit CSK-DEX-PLGA NP’leri exendin-4 yiiklii DEX-PLGA NP’lerine gore
exendin-4’tin biyoyararlanimini 1,6 kat artirmistir. Exendin-4 yiiklic CSK-DEX-PLGA
NP’lerinin exendin-4’tin subkutan enjeksiyonuna gore bagil biyoyararlanimi %9,2
bulunmustur. Exendin-4 yiiklii DEX-PLGA NP’leri ve exendin-4 yiiklit CSK-DEX-PLGA
NP’lerinin exendin-4 ¢ozeltisine gore diyabetik sicanlarda hipoglisemik etkisi anlamli
derecede artmustir (p<0,05). Exendin-4 ytikli CSK-DEX-PLGA NP’lerinin exendin-4
yiiklit DEX-PLGA NP’lerine gore hipoglisemik etkisi daha fazla bulunmustur.

(Song ve ark.,
2019)

Kati lipit nanopartikiiller

INS-1 hiicrelerinde sitotoksisitesi ve insiilin sekresyonuna etkisi exendin-4 ¢ozeltisiyle
karsilagtirildiginda exendin-4 yiiklii kat1 lipit nanopartikiillerinin sitotoksik etkilerinin
gozlenmedigi ve INS-1 hiicrelerinde insiilin sekresyonunu kolaylagtirdig1 belirtilmistir.

(Jun ve ark.,
2015)

Kondroitin stilfat-glikolik
asit kapli lipozomlar

Sigan modellerinde, oral yolla uygulanan exendin-4 yiiklii kondroitin siilfat-glikolik asit
kapli lipozomlar (200ug/kg) subkutan exendin-4 uygulamasina (20 pug/kg) kiyasla %19,5
bagil biyoyararlanim gostermistir. Oral yolla uygulanan exendin-4 yiiklii kondroitin
siilfat-glikolik asit kapli lipozomlar (300 pg/kg)), subkiitan uygulanan exendin-4e (20 pg/
kg) gore diyabetik siganlarda kan glikoz seviyelerinde daha iyi diisiis saglamugtir.

(Suzuki  ve
ark., 2019)

Nanoyapili lipit tagtyicilar

Exendin-4ytiklii nanoyapililipit tastyicilarin endojen GLP-1 salimina etkisinin arastirildig:
in vivo ¢alismada diyabetik olmayan farelerde kan glikoz seviyelerinde anlaml bir dists
gozlenmemistir (p<0.05). Bu durumun kan glikoz seviyeleri normalden daha yiiksek
oldugunda GLP-1 agonisti olan exendin-4’in hipoglisemik etkisini gosterebilmesinden
kaynaklandig: diistintilmistiir.

(Shrestha ve
ark., 2018)

Kendiliginden emiilsifiye
olan nanoformiilasyon
(SNEDDS)

Diyabetik siganlarda exendin-4 iceren SNEDDS ve exendin-4/kimostatin iceren SNEDDS
formiilasyonlarinin exendin-4’iin ¢ozeltisine gore oral biyoyararlanimi sirasiyla 1,3 ve
1,6 kat artirdig1 bulunmustur. In vivo farmakodinamik ¢alismada diyabetik siganlarda
exendin-4/kimostatin SNEDDS ve Byetta® (sc) uygulanan grupta kan konsantrasyonuna
paralel sekilde ilk 60. dakikada plazma insiilin seviyelerinde belirgin bir artis gozlenmistir.
Diyabetik siganlara oral yolla uygulanan exendin-4 i¢eren SNEDDS ve exendin-4/
kimostatin igeren SNEDDS formiilasyonlari, subkiitan yolla uygulanan Byetta® 30.
dakikada kan glikoz seviyelerinde sirasiyla %23, %25, %29 disiis saglamis ve elde edilen
profiller Sekil 3’te gosterilmistir.

(Celik-Tekeli
ve ark., 2021)
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Sekil 3. Diyabetik si¢anlara ait (a) exendin-4 plazma konsantrasyon-zaman profili, (b) plazma insiilin

seviyelerinde degisiklik yiizdesi-zaman profili, (c) kan glikoz seviyelerinde degisiklik yiizdesi-zaman profili
(Celik-Tekeli ve ark., 2021 (Elsevierden izinli)).

Exendin-4’iin Pulmoner Yolla Uygulanmasi

Akciger, ilag absorpsiyonu i¢in genis bir yiizey ala-
n1 olusturmaktadir. Ayrica alveolar epitel 0,1-0,5 um
kalinliginda olup hizli ilag emilimine izin vermektedir.
Alveollere, kiitle ortalama aerodinamik ¢ap1 (KOAC)
5 pmden az olan bir preparat aerosol olarak verilerek
ilacin emilimi igin etkili bir sekilde hedeflendirilmis
tedavi saglanabilmektedir. Ayrica, pulmoner yolla ve-
riliste gastrointestinal sistemin ilk gecis etkisinden de
kaginilmaktadir. Metabolik enzimler akcigerlerde bu-
lunabilmesine ragmen, metabolik aktiviteler ve yollar,

gastrointestinal sistemde gozlemlenenlerden farkli

olabilir, bu da bir¢ok peptit ve proteinin pulmoner
uygulamasini umut verici hale getirmektedir (Agu ve
ark., 2001). Polimerik mikro/nanopartikiiller ve na-
nojeller kullanilarak exendin-4’tin pulmoner yolla ve-
rilisiyle ilgili caligmalar yapilmistir. Nanojeller, sisme
ozelligine ve ags1 yapiya sahip spesifik polianyonlarla
katyonik polimerlerin baglanmasi ya da polimerlerin
capraz baglanmasiyla hazirlanabilen polimerik nano-
tastyicilardir (Celebi, 2014). Pulmoner yolla verilmek
tizere hazirlanan exendin-4 igeren ilag tastyici sistem-

ler Tablo 4’te gosterilmistir.
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Tablo 4. Pulmoner yolla verilmek iizere hazirlanan exendin-4 igeren ilag tastyic1 sistemler

ilag Tasty1c1 Sistem

Sonug

Kaynak

Deoksikolikasit-glikol-
Kitosan kapli nanojeller

Diyabetik farelere inhalasyon yoluyla verilen palmitik asit exendin-4 konjugasyonu
(Pal-Ex-4)
yapilmayan deoksikolikasit-glikol kitosan nanojellere gore daha iyi hipoglisemik

deoksikolikasit-glikol-kitosan nanojellerinin  palmitil agilasyonu

etki gosterdigi belirtilmistir.

(Lee ve ark., 2012)

Pal-Ex4 igeren | Palmitil agilasyonu exendin-4 konjugatinin plazmada dolagimini artirmigtir. | (Kim ve ark., 2011)
albumin  kapli PLGA | Ortalama aerodinamik ¢ap 3,2+0,3 um bulunmustur. Mikropartikiillerin albiminle
mikropartikiilleri kaplanmasi aerolize olan miktar: 1,6 kat artirmistir. Palmitil agilasyonu yapilmug

exendin-4’tin albiminle kaplanmig PLGA mikropartikiilleri diyabetik farelerde 5

giin boyunca hipoglisemik etki saglamugtir.
Pal-Ex-4  kitosan-PLGA | Diyabetik farelere inhalasyon yoluyla verilen Pal-Ex-4 kitosan-PLGA | (Lee ve ark., 2013)
nanopartikiilleri nanopartikiillerinin ~ hipoglisemik  etkisi ~ kitosan  exendin-4  PLGA

nanopartikiillerinden 3,1 kat daha iyi bulunmustur.

Exendin-4’iin Diger Uygulama Yollar1

Parenteral, oral, pulmoner yolla disinda intrana-
zal ve transdermal yol peptitlerin verilisi i¢in birgok
avantaj sunmaktadir. Nazal uygulama, burun bos-
lugunun nispeten genis yiizey alani sayesinde etkin
maddenin emilimini kolaylastirmasi, burun doku-
sunun oldukea gegirgen ve vaskiiler yapisi, gastroin-
testinal ortamin proteolitik etkisinden ve hepatik ilk
gecis metabolizmasindan kaginma dahil olmak tize-
re peptit/proteinlerin sistemik olarak verilebilmesi
i¢in cesitli avantajlar sunmaktadir (Al Bakri ve ark.,
2018). Ayrica norolojik bozukluklarda nazal uygula-
ma beyne hedeflemede 6nemli avantajlar saglamak-
tadir. Bir ¢alismada C57BL/6] farelerine orta serebral
arter okliizyonu ameliyatindan 6nce 7 giin boyunca
exendin-4 intranazal yolla uygulanmistir. Intranazal
olarak uygulanan exendin-4, intraperitoneal olarak
uygulanan exendin-4’le karsilagtirildiginda beyinde
daha yiiksek konsantrasyonlarda exendin-4 bulundu-
gu saptanmustir. Enfarktiislii lezyonlarin hacmi iske-
miden 24 saat sonra analiz edildiginde exendin-4iin
intranazal uygulanmas: enfarktiis hacmini azaltarak
farelerde Onemli derecede néroproteksiyon sergi-
lemigtir. Exendin-4in pro ve anti-apoptotik prote-
inler arasindaki dengeyi yeniden kurarak kaspaz-3
ekspresyonunu azalttig1 ve boylece néroproteksiyon
sagladigy belirtilmistir (Zhang ve ark., 2016). Peptit-
lerin nazal yolla verilisi icin 1stya duyarli hidrojeller
tizerinde ¢aligilmaktadir. Istya duyarls hidrojeller vii-
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cut sicakliginda sol-jel gecisi meydana gelmesiyle ilag
salimi i¢in bir depo gorevi gormektedirler. Hazirlama
agamasinda organik ¢oziiciilerin kullanilmamas: ve
tretim siirecinde yiiksek sicaklik gerekmemesi saye-
sinde peptitler gibi hassas terapotikler denatiirasyona
kars1 korunmaktadir. Istya duyarli hidrojellerin; kont-
rollii salim saglanmasi i¢in depo sistem olmasi uygu-
lama sikligini en aza indirmekte ve hasta uyuncunu
artirmaktadir (Bolhassani, 2019; Eissa ve ark., 2021).

Transdermal uygulama, peptitin derinin genis
yiizey alani sayesinde epidermal tabakadan serbest
difiizyon veya bagka yollarla gegmesine izin vererek
kontrollii bir sekilde sistemik kan dolagima girmeye
devam etmesi, gastrointestinal ortamin proteolitik et-
kisinden ve hepatik ilk ge¢is metabolizmasindan ka-
¢inilmast gibi bir¢ok avantajlar saglamaktadir. Ayrica
subkiitan enjeksiyonla karsilastirildiginda, transder-
mal uygulama daha az travma ve daha diistik enfeksi-
yon riski, daha diigiik maliyet ve yiiksek hasta uyuncu
saglamaktadir. Diger yandan derinin stratum kor-
neum tabakasi peptitlerin terapotik etki saglayacak
miktarda gecisini engelleyebilmektedir. Bu nedenle
deriden gecisin artirilmast i¢in gesitli stratejiler gelis-
tirilmigtir (Long ve ark., 2020). Mikroigneler, 6zellikle
makromolekiillerin deriden gegisini artirmada one-
rilmektedir (Prausnitz ve ark., 2004). Transdermal ve
intranazal yolla verilmek {izere hazirlanan exendin-4

iceren ilag tastyici sistemler Tablo 5’te gosterilmistir.
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Tablo 5. Transdermal ve intranazal yolla verilmek {izere hazirlanan exendin-4 iceren ila¢ tasiyic1 sistemler

Ilag Tagtyici Sistem Sonug Kaynak
Karboksimetil seliiloz bazli | Coztinebilen mikroignelerin imalatinda yer alan parametreleri optimize etmenin, | (Fakhraei Lahiji
¢oziinebilen mikroigneler |exendin-4’tin aktivitesini %98,3 + 1,5¢ kadar korudugu gosterilmistir. Ayrica| ve ark.,2018)

exendin-4 yiikli ¢6ztinebilen mikroignelerin diyabetik farelerde kan glikoz seviyesini
subkiitan enjeksiyona benzer sekilde diistirdugi belirtilmistir.
Hyaluronik asit bazli Exendin-4 igeren ¢oOziinebilen mikroignelerin hazirlandigi ¢aliymada yikli (Liu ve ark.,
¢oziinebilen mikroigneler | mikroigne dizilerinin uygulanmasindan sonra kan glikoz seviyesinin diistagi, 2016)
insiilin sekresyonunun arttig1 belirtilmistir. Bu etkilerin exendin-4’iin subkiitan
enjeksiyonundan sonraki etkilerle karsilagtirilabilir bulundugu belirtilmistir.
Exendin-4 yiiklii mikroigne dizilerinin Tip 2 diyabetik siganlara uygulanmasindan
sonra exendin-4’in subkiitan enjeksiyonuna benzer plazma konsantrasyon profilleri
gosterdigi belirtilmistir.
Aljinat bazh ¢oztinmeyen | Exendin-4 igeren pH’ya duyarli olan ¢6ziinebilen mineralize kalsiyum fosfat| (Chen veark.,
mikroigneler igeren deri | partikiilleri (m-Ex4) hazirlanmistir. Hem mineralize glikoz oksidaz (m-GOx) hem de 2017)
ortiisii m-Ex4, aljinat bazli ¢ziinmeyen mikroigneler igeren deri 6rtiisiine entegre edilmistir.
Hiperglisemik kosullarda, m-GOx’un, glikoz sinyallerini H+ sinyallerine déniistiirerek
ve m-Ex4 partikillerinin ayrigmasini tetikleyerek exendin-4'a serbest biraktig
belirtilmistir. Bu sayede kan glikoz seviyesinin 5 giin boyunca normal diizeyde
kaldigini belirtmislerdir.
Magnezyum kloriir igeren | Magnezyum kloriir iceren kitosan gliserofosfat bazli hidrojeli, siganlara nazal yolla | (Li ve ark., 2018)
kitosan gliserofosfat bazli | uygulandiginda exendin-4 ¢6zeltisine gore bagil biyoyararlanimin arttig1 belirtilmistir.
hidrojel Yiiksek yagl diyetle beslenen siganlarda hidrojel on giin iginde, gida alimini 6nemli
olctide azaltirken kilo kaybinda da anlamli bir degisiklik saglamistir (p< 0.05).
Tiyollenmis poliakrilik asit | Domuz nazal mukozasi tizerinde yapilan ex vivo ¢alismada, permeabilite katsayisi| (Millotti ve ark.,
mikropartikiilleri exendin-4 igeren tiyollenmis mikropartikiillerde exendin-4 ¢ozeltisine kiyasla 4,7 kat 2014)
daha fazla bulunmugtur.
SONUC YAZAR KATKI ORANI BEYANI

Tip 2 diyabet tedavisinde inkretin bazli terapiler
son yillarda 6nem kazanmuistir. En yaygin kullanilan
ilaglardan biri olan exendin-4’tin parenteral yolla uy-
gulanan Byetta’ ve uzun etkili Bydureon ticari tirinii
bulunmaktadir. Ayrica exendin-4in parenteral yolla
verilmesinin bazi sakincalarindan dolay1 alterna-
tif yollarla ilgili calismalar yapilmaktadir. Yukarida
aciklanan c¢alismalarda goriildigi gibi, ilag tasiyi-
c sistemler kullanilarak farkli uygulama yollarryla
exendin-4’tin antidiyabetik etkinligi degerlendiril-
mistir. Yapilan ¢aligmalar degerlendirildiginde; bulu-
nan sonuglarin exendin-4’{in parenteral uygulamaya
alternatif olarak oral, pulmoner, transdermal vb. gibi
farkls verilis yollariyla exendin-4’tin ticari tirtinlerinin
gelistirilmesinde ve yeni inkretin bazli peptit-protein-
lerle yapilacak ¢aligmalar icin de umut vadedici olaca-

&1 ditgtiniilmektedir.
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