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ABSTRACT

Obijective: The goal of the present work was to investigate the antioxidant properties of the extracts
of Hippophae rhamnoides L. and to determine their effects on liver toxicity in rats.

Material and Method: Metal chelation, reducing power and DPPH radical scavenging methods
were used in the antioxidant activity analysis of extracts. The total phenolic content was determined
using the folin-ciocalteu reagent. Plant extracts were administered orally to the rats at doses of 500
ug/kg for 2 days. Each animal group was composed of six female Albino Wistar rats with an average
weight of 250 g. Microscopic examination was carried out to observe any pathological changes in
the rat livers.

Result and Discussion: Water extract showed the highest radical scavenging activity (48.65%),
reducing power (0.291 absorbance at 700 nm) and metal chelating (35.40%) at 1 mg/ml
concentration. Histopathological studies showed that especially water extract reduced the severity
of CCls-induced intoxication. Hippophae rhamnoides L. extracts were found to have antioxidant
activity, and also Hippophae rhamnoides L. water extract was shown to be particularly effective in
preventing liver damage.

Keywords: Antioxidant activity, DPPH, Hippophae rhamnoides L., rat liver toxicity, reducing
power

0z

Amac¢: Bu c¢alismanmin amact Hippophae rhamnoides L. meyve ekstraktlarimin antioksidan
ozelliklerini arastirmak ve sicanlarda olusturulan karaciger toksisitesi iizerindeki etkilerini
belirlemektir.

Gereg ve Yontem: Ekstraktlarin antioksidan aktivite analizinde metal iyonu kelatlama, indirgeme

kuvveti ve DPPH radikal tutuklama yontemleri kullamildr. Toplam fenolik bilesik miktarlart folin-
ciocalteu ayiraci ile tespit edildi. Bitki ekstraktlar: 2 giin siire ile 500 ug/kg doz olacak sekilde
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ratlara oral olarak verildi. Her bir hayvan grubu ortalama agirligi 250 g olan alti adet disi Albino
Wistar sicanlardan olusturuldu. Sicanlarin karacigerlerinde herhangi bir patolojik degisiklik olup
olmadigini gézlemlemek i¢in mikroskobik inceleme yapildi.

Sonu¢ ve Tartisma: Su ekstrakti, 1 mg/ml derisimde en yiiksek radikal giderme aktivitesini
(%48.65), indirgeme giiciinii (700 nm'de 0.291 absorbans) ve metal iyonu kelatlamayr (%35.40)
gasterdi. Histopatolojik ¢calismalar ozellikle su ekstraktinin CCls kaynakly intoksikasyonun siddetini
azalttigini géstermigtir.

Anahtar Kelimeler: Antioxidan aktivite, DPPH, Hippophae rhamnoides L., indirgeme kuvveti, rat
karaciger toksisitesi

INTRODUCTION

The use of plants for therapeutic purposes dates back to the earliest civilizations. About 5-10% of
the 250.000 flowering plants grown worldwide have been studied for their active ingredients [1]. Some
natural chemicals found in plants are gaining more attention and increasing demand for antioxidants that
are not harmful to the human organism, as these plants have been consumed by humans and animals
since ancient times [2]. Hippophae rhamnoides L. (HR) is a plant species belonging to the Elaesagnaceae
family. HR contain more than 200 bioactive constituents, many vitamins, sterols, carotenoids,
flavonoids, tocopherols, phenolics, lipids, citric acid, ascorbic acid, and more than 15 microelements
(including Mn, Fe, B, F, Al, Ti, K, and so on) [3]. These biological compounds, particularly tocopherols
and tocotrienols, would have an extensive range of biological activities, such as antioxidants [4,5].
Bioactive compounds in plants exert antioxidant activity through various mechanisms such as chain
initiation prevention, transition metal chelation, peroxide decomposition, reducing capacity, and radical
scavenging [6]. The active oxygen species hydroxyl radical (HO"), superoxide (O;) and hydrogen
peroxide (H-0-) are by-products of normal metabolism. These reactive oxygen species are known to
have a detrimental effect. DNA damage is one of the most important factors in cancer formation [7].
Peroxidation of lipids is associated with diabetes, cancer, cardiovascular disease and aging as well as
many degenerative disorders [8-11]. In conclusion, antioxidants are essential blockers of lipid
peroxidation both in foods and in living cells. They are regarded as an important protection against
oxidative damage. Synthetic antioxidants such as propyl gallate (PG), tertiary-butyl hydroquinone
(TBHQ), butylated hydroxytoluene (BHT) and butylated hydroxyanisole (BHA) are used in the food
industry to prevent oxidation. They are cheaper and more effective. However, synthetic antioxidants
such as BHA and BHT is considered to be carcinogenic for use in the protection of these nutrients is
limited [12]. Therefore, especially in recent years, the use of plant sources of antioxidants has increased
greatly [13]. These natural antioxidants have started to take an important place in scientific research
[14]. Some herbs are known to have the ability to synthesize the well-known antioxidant compounds o-
tocopherol (vitamin E), ascorbic acid (vitamin C) and carotenoids. A number of lipophilic compounds,
including vitamin E, free fatty acids and retinol (vitamin A), have been shown to contribute to
antioxidant protection [15]. These natural antioxidants can further contribute to human health by
protecting DNA, proteins and membrane lipids from oxidizing damage in biological systems and
preventing disease [16]. However, a very small amount of natural flora plants have been studied in terms
of antioxidant determination. In this research it has been aimed to determine the antioxidant properties
of the extracts of Hippophae rhamnoides L. (HR) plant in various solvent systems and the effects on
liver toxicity in rats.

MATERIAL AND METHOD
Plant Material

The fruits of HR were collected from Tortum region (Eastern Anatolia sub. 750 m). The plant
was described by Botanical Institutes, Ataturk University, Erzurum, Turkey. After the fruit parts of the
plants were dried in a room environment, they were ground in a blender. Then the soxhlet apparatus was
set up for extraction with diethyl ether and the extraction continued in the water bath until it became
colorless. The plant residue remaining after extraction with ether was extracted with ethanol at 37°C 3
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times for 9 hours in a shaking water bath. Then, the remaining plant residue from ethanol extraction was
extracted with distilled water at 37°C 3 times for 9 hours in a shaking water bath. The resulting ether
and ethanol extracts were filtered and the solvent was evaporated in the evaporator until thickening,
dried in a nitrogen atmosphere and the residue was stored in a vacuum desiccator. After the water
extracts were filtered, they were dried in a lyophilizer under Sum-Hg pressure at -50°C and stored in the
freezer part of the refrigerator.

Animal Groups

The experiments were performed in accordance with the ethical guidelines approved by the Ethics
Committee of the Laboratory Animal Facility (No. B.30.2.ATA.0.23.85-126-10-74). This study used a
total of 30 Albino Wistar rats 12 weeks old. For the animal number calculation, a power analysis was
performed using the G-Power program (v.3.1.9.7). In the power analysis of the study, it was calculated
that a total of at least 10 experimental animals for 5 groups should be studied with a 5% margin of error
(o err probe) and 80% power (1-B err probe). The number of animals for experiment in the groups was
planned to be 6. Study of Abdel-Moneim et al. was used as a reference for the analysis [17]. Animals
were provided from Medicinal and Experimental Application and Research Centre, Erzurum, Turkey
(ATADEM). The animals were kept under standard laboratory conditions. They were given a regular
cycle of 12 hours light and 12 hours dark at 24°C. Water and standard chow were provided to the
animals. The experimental animals were Albino Wistar rats, all of which were female and their average
weight was 250 g. CCl, was administered intraperitoneally to the animals in whom liver toxicity would
be established, as 0.6 ml/kg subject [18]. Plant extracts HR was given orally as 500 pg/kg subjects. The
HR extract doses to be applied were within the dose range determined according to the method of Ting
et al. [19].0n the first day, plant extracts or provender were given to the animals according to their diet.
On the 2nd day, CCl, was given to the groups and 30 minutes later, plant extracts or provender were
given according to their diet. On the 3rd day, excitation was performed with anesthesia under carbon
monoxide (CO) gas. For pathological evaluation after excitation, tissue samples were taken in 10%
formalin and transferred to Atatiirk University Medical Faculty Pathology Laboratory. Liver tissues
were collected and stored at -80°C until the assay was performed. In addition, blood samples were taken
to be given to the Biochemistry Laboratory of Atatiirk University Research Hospital for alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) determination. Grouping of experimental
animals is given below.

Group 1 was given a normal diet and served as a control.

Group 2 was given CCl, and served as a CCl4 control.

Group 3 was given 0.5 mg/kg HR ether extract orally for 2 days and on the 2nd day CCl, was applied.
Group 4 was given 0.5 mg/kg HR ethanol extract orally for 2 days and on the 2nd day CCls was
applied.

Group 5 was given 0.5 mg/kg HR water extract orally for 2 days and on the 2nd day CCl, was applied.

Determination of Total Phenolics

Total phenolic content quantification in the extracts was carried out by Folin-Ciocalteu Reagent
(FCR) [20]. 200 pl of sample (extract) solution was taken and the volume was completed to 500 pl with
0.3% HCI. 200 pl was taken from the mixture and added to 4 ml of 2% Na,COs solution. After 2 minutes,
200 pl FCR was added and after 30 minutes, the absorbance was measured at 750 nm. 2% Na,COs
solution was used as a blank. The results are given as the equivalent amount of gallic acid per extract
(EAG/g extract).

DPPH Radical Scavenging Activity

Free radical scavenging activities of HR plant extracts, a-tocopherol, BHA and ascorbic acid were
performed using DPPH [21]. DPPH ethanol solution at a concentration of 100 ug/ml was prepared. In
the method study, after taking 1 ml of plant extract solution and putting it in a test tube, 3 ml DPPH
solution was added on it and kept in the dark for 30 minutes. The mixture was vortexed and its
absorbance was read against ethanol at a wavelength of 517 nm. The antioxidant-free solution was used
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as a control. The lower absorbance indicates the higher radical scavenging ability of the extracts. The
formula shown below was used to compute the percent of radical scavenging activity.

% Radical Scavenging Activity: [(Ac-A1/Ag) X 100]
Az: Absorbans of mixture.
Ao: Absorbans of DPPH Solution.

Determination of Reducing Power

The extracts' reducing power was determined employing the Oyaizu method [22]. 1 ml of sample
was placed in the test tube, and 2 ml of 0.2 mM phosphate buffer (pH 6.6) and 2 ml of potassium ferri
cyanide [1% KsFe(CN)g] were added and vortexed. For 20 minutes, the mixture was maintained in a 50
°C water bath. 2 ml of a 10% solution of trichloroacetic acid (TCA) was added, and the mixture was
then centrifuged for 10 minutes at 2500 rpm. At the end of the centrifuge, 2 ml was taken from the clear
part and 2 ml of pure water was added. Soon after waiting for 10 minutes, the absorbance of the mixture
at 700 nm was measured by adding 0.5 ml FeCl; (0.1%). An increase in absorbance indicates an
increased reducing power. Vitamin E and vitamin A were used as a control.

Ferrous Chelating Activity

Fe?* chelating activity of the extracts was performed according to the method of Dinis et al. [23].
10 mg/ml stock solution of the extracts was prepared in ethanol. Working solutions were prepared from
this solution. 1 ml of each working solution was taken and 3.7 ml of ethanol was added on it. Then, 0.1
ml FeCl; (2mM) and 0.2 ml 5mM ferrosine were added, respectively. After 10 minutes, each sample's
absorbance was compared to a FeCl and ferrosine-free blank at 562 nm. The absorbance of each sample
was measured against the FeCl, and ferrosine-free blank at 562 nm after 10 minutes.
Ethylenediaminetetraacetic acid (EDTA) solution was used as reference. % Metal ion chelation was
calculated by the formula below.

Chelating %: (Ac-A1 / Ag) X100
Al: Absorbance value of the sample; AO: Absorbance value of the control

Histopathological Studies

Normal saline (physiologic saline 0.9%) was used to wash the excised liver tissue pieces. These
sections were then reserved for histopathological studies. The tissues were fixed in buffered neutral
formalin (%210). Then dehydrated in gradual ethanol, cleared in xylene and embedded in paraffin.
Hematoxylin and eosin (H-E) stains were used to stain the prepared sections. Histopathology changes
such as mononuclear cell infiltration, necrotic area, hemorrhage, dilation of sinusoids, hepatocellular
degeneration and vascular congestion were studied microscopically in the sections [24].

ALT (alanine amino transaminase) and AST (aspartate amino transaminase) Analyzes of
Experimental Groups

Blood samples taken from experimental animal groups were delivered to Atatiirk University
Research Hospital biochemistry laboratory. Results were expressed in International Units per liter (1U/I).

Statistical Analysis

Results were expressed as mean + standard deviation (SD). Where appropriate, the differences
between the groups were evaluated using the Student t test an alpha level of 0.05. Pearson correlation
coefficients and p-values were used for correlations and their significance. G-Power software (v3.1.9.7)
was used for Power Analysis.

RESULT AND DISCUSSION
Determination of Total Phenolics

In the determination of phenolic compounds, the results are given as equivalent amount of gallic
acid. For this, the concentration-absorbance graph of the standard gallic acid was used (Figure 1). The
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order of phenolic compound amount of HR plant extracts was 62.43 mg for ether extracts, 41.94 mg for
water extracts and 18.94 mg for ethanol extracts (Table 1). Phenolic compounds are secondary
metabolites commonly found in plants [25]. The factors caused by phenolic compounds are antioxidant
properties, nutritional values and colors of foods. Phenolic compounds in plants exhibit antioxidant
activity, protecting cells from free radical oxidative damage [26]. Phenolic compounds are also known
to have antimutagenic, antitumor and antibacterial properties [27]. Previous studies have shown that
polyphenolic compounds are compatible with antioxidant activity and have an important role in
stabilizing the oxidation of lipids [28]. In the studies of Varshneya et al. [29], Phenolic compounds in
extracts of HR pulp were determined as mg gallic acid equivalent, and these values for methanol, AME
(70:30 water:methanol, v/h) and water extracts were 78.12, 84.28 and 19.96 mg EAG/g extract,
respectively. In our study, it was determined that the water extract value of this plant was higher (41.94)
and the ethanol extract value was lower (18.94).

Gallic Acid
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Figure 1. Standard curve of gallic acid

Table 1. Phenolic compound amounts of HR extracts as equivalent gallic acid

Plant Extract HR Ether Extract HR Ethanol Extract HR Water Extract

Total Phenolics
(mg EAG/g extract)

*Values were given as the mean £ SD (n=6)

62.73+0.927 18.94+0.412 41.94+0.854

DPPH Radical Scavenging Activity

Ether, ethanol and water extracts of Hippophae rhamnoides L. (HR) were utilized at
concentrations ranging from 100 to 1000 g/ml. The results were presented in Table 2. The highest value
was HR water extract of the plant (51.42%). BHA, ascorbic acid and a-tocopherol produced radical
scavenging activities of 95.19%, 93.81% and 83.43%, respectively, at 100 ug/ml concentration.

DPPH radical scavenging activity was found in a concentration-dependent manner in all extracts
(p<0.05). Finally, the % DPPH radical scavenging activity of the different extracts was calculated and
presented in Table 2. The DPPH scavenging method applied in our study is very common among
spectrophotometric methods used to determine the antioxidant capacity of extracts and pure compounds.
This method is fast, sample analysis requires little time and does not require expensive reagents and
devices. DPPH, which is a resistant free radical, takes electron or hydrogen radical from the reaction
medium and turns into a durable diamagnetic molecule. For this reason, the DPPH radical is used as a
substrate to determine the antioxidative properties of antioxidants. This durable chromogen free radical
has high sensitivity [30]. DPPH method is a modern method that allows analysis of samples with
different characteristics. A large number of pure compounds, juices, wines, tea and other extracts were
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analyzed by applying this chromogen radical [31,32]. DPPH method is a modern method that allows
analysis of samples with different characteristics. A large number of pure compounds, juices, wines, tea
and other extracts were analyzed by applying this chromogen radical. With a DPPH concentration of
0.0004%, the ICso value, which is the concentration that inhibits the DPPH radical by 50%, was
determined to be 70.91 pg/ml in the study of Shivapriya et al. [33]. DPPH concentration in this study is
25 times lower than in our study. In another DPPH (0.2mM) scavenging activity study conducted by
Yogendra Kumar et al. [34]. In HR leaf extracts, an activity of 47.25% was found at 0.2 mg/ml extract
concentration. This value is higher than our study values (23.5-28.7%). In the studies of Varshneya et
al. [29], the 1Cso value of DPPH (0.1mM) radical removal of the water-methanol extract of the plant was
determined as 143.33 pug/ml. The DPPH concentration in this study is 2/5 of that in our study. However,
in our study, the 1Cso value of the water extract of the plant was calculated by linear regression analysis
and was found to be 872.56 ng/ml. Total phenolic content and DPPH radical scavenging activity were
found in this increasing order, HR ethanol < HR water extract. This finding suggested that phenolic
content and the ability to scavenge DPPH radicals may be closely related.

Determination of Reducing Power

The Oyaizu method was used to determine the reducing power of HR extracts [22]. The amounts
of the extracts were taken in the concentration range of 100-1000 pg/ml. In our study, it was determined
that all extracts have a certain reducing force activity. Results are given in Table 2. The highest activity
is HR plant was detected in water extract. Retinol and a-tocopherol showed a reducing power of 0.619
and 0.245 respectively, at 100 pg/ml concentration.

Table 2. Radical scavenging activity (%) and reducing power of HR extracts

Radical Scavenging Activity (%) Reducing Power (Absorbance at 700 nm)

Simples Ether Ethanol Water Ether Ethanol Water

Concentrations exctract exctract exctract exctract exctract exctract
100 pg/ml 21.85+0.29 | 25.21+0.51 | 27.14+0.42 | 0.021+£0.001 | 0.006+0.001 | 0.093£0.001
200 pg/ml 23.51+0.33 | 25.46+0.43 | 28.73+£0.31 | 0.026+0.001 | 0.058+0.001 | 0.102+0.002
400 pg/ml 25.32+0.28 27.63+0.56 35.25+0.44 | 0.070+0.001 | 0.069+0.001 | 0.146+0.003
600 pg/ml 26.46+0.41 30.09+0.60 | 42.11+0.75 | 0.104+0.002 | 0.085+0.001 | 0.195+0.004
800 pg/ml 28.64+0.51 30.54+0.49 45.37+0.51 0.122+0.002 | 0.097+£0.002 | 0.24440.003
1000 pg/ml 28.39+0.42 30.61+0.59 48.65+0.94 | 0.154+0.002 | 0.109+0.002 | 0.291+0.005

*Values were expressed as the mean + SD (n=6)

The reducing power of plant extracts was determined by evaluating the conversion of Fe* to
Fe?* using the Oyaizu method [22]. The reducing power values exhibited by the compounds are a
measure of their electron donation ability [35,36]. It is known that polyphenolic compounds of plant
origin have good electron and hydrogen atom donating properties. For this reason, polyphenols in plant
extracts have the ability to terminate or slow down chain reactions with free radical mechanisms. Yen
and Duh showed that there is a consistent correlation between the reducing forces and antioxidant
activity values of methanol extracts containing yen and duh polyphenols [28]. On the other hand, Gordon
stated that reductants show antioxidant activity by giving hydrogen atoms to the free radical chain [37].
The values of the reducing forces of HR extracts, ascorbic acid and tocopherol determined depending
on the concentration are given in Table 2. The reducing power of the extracts at a concentration of 1
mg/ml are as follows: HR water extract (0.291)> HR ether extract (0.154)> HR ethanol extract (0.109)
(p<0.05). Retinol and tocopherol showed reducing power of 0.619 and 0.245 respectively, at a
concentration of 0.1 mg/ml. It was observed that HR water extracts showed higher reducing power at 1
mg/ml. The reduction force results of the supercritical carbon dioxide extracts of Hung et al. [19]. HR
plants were measured at 700 nm in the 0.42-8.32 mg/ml concentration range and the absorbance values
were recorded. The absorbance value is 0.11 at 0.42 mg/ml concentration. In our study, the absorbance
value (0.146) of HR water extract at a concentration of 0.4 mg/ml is higher. For this reason, it can be
said that these extracts tested have the ability to donate electrons, interact with free radicals and turn
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them into more stable products, and have the ability to terminate the radical chain reaction. In addition,
since the reducing power depends on the ability to deliver protons, it can be thought that there is a
relationship between radical scavenging activity and reducing power. In this study, it is seen that there
is a strong relationship between reducing power and radical scavenging activity (r>0.952).

Ferrous Chelating Activity

Fe?* ions chelating activity of ether, ethanol and water extracts of the HR plant was performed
using to the method of Dinis et al. [23]. Ferrous chelating ability of the extracts were investigated
depending on the concentration. The ethanol extract demonstrated the highest ion chelating activity
(56.68%) among HR plant extracts. Results are given in Table 3 and Figure 2. The Ferrous chelating
activity of EDTA at 5 mg/ml concentration was 99.8%.

Table 3. Fe?* lons Chelating Activity (%) of HR extracts

Simples/Concentrations HR Ether exctract HR Ethanol exctract HR Water exctract
1 mg/ml 6.534£0.12 13.56+0.29 35.40+0.61
2 mg/ml 14.07+0.18 16.58+0.36 37.88+0.74
3 mg/ml 17.28+0.24 33.86+0.37 38.13+0.55
4 mg/ml 19.19+0.35 37.48+0.59 40.58+0.60
5 mg/ml 22.31+0.49 56.68+0.86 42.81+0.81

*Values were expressed as the mean + SD (n=6)

HR Water Exctract 42.81

HR Ethanol Exctract 56.68

HR Ether Exctract 22.31

|

o

20 40 60 80 100
% Fe2+ chelating activity

Figure 2. HR extracts and EDTA Ferrous chelating abilities at 5 mg/ml concentration

The chelating activity of metal ions is an important factor in antioxidant effect. Because Fe*? ions
are the most effective prooxidants [38]. Polyphenols can chelate metal ions with prooxidant properties
such as iron and thus prevent the formation of free radicals caused by prooxidants [39]. Iron ions can
increase lipid peroxidation by converting lipid peroxides to peroxyl and alkoxyl radicals via the Fenton
process and can promote lipid peroxidation. By accepting hydrogen, these radicals can initiate lipid
peroxidation chain reactions [40]. The metal ion chelating activity of the extracts is very important as
they enable the capture of transition metals acting as catalysts in lipid peroxidation. It is known that
even traces of metal ions accelerate the oxidation process. Therefore, compounds showing low chelating
effect also have an importance in the formation of antioxidant activity [41]. It was determined that ether,
ethanol and water extracts of HR plant at concentrations of 1 and 5 mg/mL showed 6.53-22.31%, 13.56-
56.68% and 35.40-42.81% chelating effect, respectively. EDTA was used as a standard metal chelator
in our study. At a concentration of 1 mg/ml, EDTA showed 99.5% activity. The metal chelating effect
of HR extracts and EDTA decreased in the order: EDTA >HR ethanol extract> HR water extract > HR
ether extract. Among HR extracts HR ethanol extract resulted the most active one (56.68%). Hung et al.
found the metal ion chelation activity of the core parts of the HR plant as 7.74-38.50%, respectively, at
concentrations of 0.92-18.3 mg/ml [19]. In our study, all values except HR ether extract were higher
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(13.56-56.68%). The scavenging properties of phenolic compounds against radicals and reactive oxygen
species such as singlet oxygen, hydroxyl radicals and free superoxide radicals make them highly
effective antioxidants. [42]. A positive correlation between metal ion chelation activity with radical
scavenging activity and was found, as indicated by the coefficient of determination (r=0.991). A positive
correlation was found between metal ion chelation activity with radical scavenging activity and reducing
power. The coefficients of correlation (r) were 0.991 and 0.889, respectively.

Histopathological Studies

Histopathology revealed liver damage in control and CCls-treated rats. Photomicrographs of
hematoxylin-eosin-stained liver tissues are shown in Figure 3 a-f. The livers were cut into sections and
stained with hematoxylin-eosin using standard techniques (200X). Histopathologic examinations such
as hepatocellular degeneration, hemorrhage, mononuclear cell infiltration, vascular congestion, dilation
of sinusoids, and necrotic area were recorded and scored in Table 4.

Figure 3. Effect of HR extracts on rat liver toxicity with CCls. (a) Control; (b-c) CCl,4 control; (d) HR
Ether extract (0.5 mg/kg) + CCls; () HR Ethanol extract (0.5 mg/kg) + CCls; (f) HR Water extract
(0.5 mg/kg) + CCl4. Photomicrographs showing central vein (cv), hemorrhage(=>), mononuclear cell
infiltration (&), vascular congestion(4), dilation of sinusoids (=), hepatocellular degeneration (<)
and necrotic area (%)
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Table 4. Histopathologic changes grading in liver sections of HR extract treated rats

Mononuclear Hepatocellular [Dilation of | Vascular |Necrotic
Groups cell Hemorrhage : . . .
- . degeneration | sinusoids |congestion | area
infiltration
Control - - - - - i
CCl, Control ++ +++ 4+ +++ F+ i+
HR Ether Extract + CCly4 + ++ ++ ++ + +
HR Ethanol Extract + CCl, ++ +++ ++ 4+ ++ ++
HR Water Extract + CCl,4 + + + + + +

*Features were rated in these categories: severe (+++), moderate (++), mild (+) and none

Liver damage of CCls treated rats were revealed by histopathological examinations.
Photomicrographs of liver tissues stained with hematoxylin-eosin are shown in Figure 3. In the control
group (Group 1), hepatocytes had normal architecture. Severe infiltration, hemorrhage, hepatocellular
degeneration, dilation of sinusoids, vascular congestion and necrotic area were found in rats (Group 2)
24 hours after CCl, administration (Figure 3b-c). According to these results, it was determined that CCl.-
induced liver toxicity was reduced to a certain extent in rats fed with all HR extracts. Specially
pretreatment of 0.5 mg/kg body weight of HR water extract reduced the severity of liver intoxication
caused by CCl, (Figure 3f). These results clearly demonstrate the protection provided by HR water
extract. It was observed that rats treated with HR water extract were less affected by CCls-induced
toxicity.

ALT and AST Analyzes of Experimental Groups

Blood samples taken from animal groups were given to Ataturk University Research Hospital
Biochemistry Laboratory for ALT and AST determination from serum. The results are presented in 1U/I
in Table 5.

Table 5. Effects of diets containing HR extracts on alanine amino transaminase (ALT) and aspartate
amino transaminase (AST)

Item ALT 2 (1U/) AST P (1U/l)
Group 1 45.12+7.94 163.14+8.45
Group 2 516.31+£24.14 2858.26+156.17
Group 3 936.72+48.36 2316.35+120.51
Group 4 841.77+£39.61 3849.68+189.56
Group 5 318.48417.97 1002.39+64.88
*Values were expressed as the mean + SD (n=6)
2p<0.05
b p<0.05

Serum AST and ALT activities were evaluated to detect liver damage. ALT and AST values are
very high in all animal groups treated with CCls except the positive control group. There was a
significant difference between the CCl4 control group and the serum samples taken from the groups fed
with HR extracts and administered CCl4 (p<0.05).

To sum up, the data of the present study submits that extracts of HR have antioxidants. Our
findings indicate that the hepatoprotective effects of HR water extracts can be attributed to the fact that
they contain several components with potentially healthy biological properties, such as unsaturated fat,
a-tocopherol, retinol, and carotene. Therefore, HR water extract may be effective as a hepatoprotective
substance against chemically induced hepatotoxicity in vivo.

AUTHOR CONTRIBUTIONS
Concept: M.C., Y.K.; Design: M.C., Y.K.; Control: M.C., Y.K.; Sources: Y.K.; Materials: M.C.,



800 Capa et al. J. Fac. Pharm. Ankara, 48(3): 791-802, 2024

Y.K., E.C.; Data Collection and/or Processing: M.C., E.C., M.A.; Analysis and/or Interpretation: M.C.,
E.C., M.A,; Literature Review: M.C., Y.K.; Manuscript Writing: M.C.; Critical Review: M.C., Y.K,;
Other: -

CONFLICT OF INTEREST

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

ETHICS COMMITTEE APPROVAL

The experiments were performed in accordance with the ethical guidelines approved by the

Atatiirk University Ethics Committee of the Laboratory Animal Facility (No. B.30.2.ATA.0.23.85-126-

10-74).

REFERENCES

1. Baytop, A. (1996). Farmasdotik Botanik Ders Kitabi, Istanbul Universitesi, Istanbul, p.180-181.

2. Namiki, M. (1990). Antioxidants/antimutagens in food. Critical Reviews in Food Science and Nutrition,
29(4), 273-300. [CrossRef]

3. Rosch, D., Bergmann, M., Knorr, D., Kroh, L.W. (2003). Structure-antioxidant efficiency relationships of
phenolic compounds and their contribution to the antioxidant activity of sea buckthorn juice. Journal of
Agricultural and Food Chemistry, 51(15), 4233-4239. [CrossRef]

4, Jiang, Q., Christen, S., Shigenaga, M.K., Ames, B.N. (2001). y-Tocopherol, the major form of vitamin E in
the US diet, deserves more attention. The American Journal of Clinical Nutrition, 74(6), 714-722.
[CrossRef]

5. Nogala-Katucka, M., Dwiecki, K., Siger, A., Gornas, P., Polewski, K., Ciosek, S. (2013). Antioxidant
synergism and antagonism between tocotrienols, quercetin and rutin in model system. Acta Alimentaria,
42(3), 360-370. [CrossRef]

6. Kaur, G., Alam, M.S., Jabbar, Z., Javed, K., Athar, M. (2006). Evaluation of antioxidant activity of Cassia
siamea flowers. Journal of Ethnopharmacology, 108(3), 340-348. [CrossRef]

7. Guyton, K., Kensler, T. (1993). Oxidative mechanisms in carcinogenesis. British Medical Bulletin, 49(3),
523-544. [CrossRef]

8. Duh, P.D., Yen, G.C. (1997). Antioxidative activity of three herbal water extracts. Food Chemistry, 60(4),
639-645. [CrossRef]

9. Duthie, G., Wahle, K., James, W. (1989). Oxidants, antioxidants and cardiovascular disease. Nutrition
Research Reviews, 2(1), 51-62. [CrossRef]

10.  Lee, S.K., Mbwambo, Z., Chung, H., Luyengi, L., Gamez, E., Mehta, R., Kinghorn, A., Pezzuto, J. (1998).
Evaluation of the antioxidant potential of natural products. Combinatorial Chemistry & High Throughput
Screening, 1(1), 35-46. [CrossRef]

11.  Robinson, E.E., Maxwell, S.R., Thorpe, G.H. (1997). An investigation of the antioxidant activity of black
tea using enhanced chemiluminescence. Free Radical Research, 26(3), 291-302. [CrossRef]

12.  Madhavi, D., Salunkhe, D., (1996). Toxicological Aspects of Food Antioxidants, In: D. Madhavi, D.
Salunkhe and S. Deshpande (Eds.), Food Antioxidants, (pp. 281-374). CRC Press: Boca Raton.

13.  Halliwell, B., Aeschbach, R., Loliger, J., Aruoma, O. (1995). The characterization of antioxidants. Food
and Chemical Toxicology, 33(7), 601-617. [CrossRef]

14.  Lagouri, V., Boskou, D. (1996). Nutrient antioxidants in oregano. International Journal of Food Sciences
and Nutrition, 47(6), 493-497. [CrossRef]

15.  Keys, S.A., Boley, E., Zimmerman, W.F. (1997). A model membrane system to investigate antioxidants in
bovine rod outer segments. Experimental Eye Research, 64(3), 313-321. [CrossRef]

16.  Halliwell, B. (1996). Antioxidants in human health and disease. Annual Review of Nutrition, 16(1), 33-50.
[CrossRef]

17.  Abdel-Moneim, A.M., Al-Kahtani, M.A., El-Kersh, M.A., Al-Omair, M.A. (2015). Free radical-
scavenging, anti-inflammatory/anti-fibrotic and hepatoprotective actions of taurine and silymarin against
CCl, induced rat liver damage. Plos One, 10(12), e0144509. [CrossRef]

18.  Dahlke, M.H., Popp, F.C., Bahlmann, F.H., Aselmann, H., Jiger, M.D., Neipp, M., Piso, P., Klempnauer,
J., Schlitt, H.J. (2003). Liver regeneration in a retrorsine/CCls—induced acute liver failure model: Do bone
marrow-derived cells contribute? Journal of Hepatology, 39(3), 365-373. [CrossRef]

19. Ting, H.C., Hsu, Y.W,, Tsai, C.F., Lu, F.J., Chou, M.C., Chen, W.K. (2011). The in vitro and in vivo


https://doi.org/10.1080/10408399009527528
https://doi.org/10.1021/jf0300339
https://doi.org/10.1093/ajcn/74.6.714
https://doi.org/10.1556/aalim.2012.0009
https://doi.org/10.1016/j.jep.2006.05.021
https://doi.org/10.1093/oxfordjournals.bmb.a072628
https://doi.org/10.1016/s0308-8146(97)00049-6
https://doi.org/10.1079/nrr19890007
https://doi.org/10.2174/138620730101220118151526
https://doi.org/10.3109/10715769709097807
https://doi.org/10.1016/0278-6915(95)00024-v
https://doi.org/10.3109/09637489609031878
https://doi.org/10.1006/exer.1996.0204
https://doi.org/10.1146/annurev.nu.16.070196.000341
https://doi.org/10.1371/journal.pone.0144509
https://doi.org/10.1016/s0168-8278(03)00264-2

J. Fac. Pharm. Ankara, 48(3): 791-802, 2024 Capaetal. 801

20.

21,

22,

23.

24,

25,

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

antioxidant properties of seabuckthorn (Hippophae rhamnoides L.) seed oil. Food Chemistry, 125(2), 652-
659. [CrossRef]

Singleton, V.L., Orthofer, R., Lamuela-Raventdés, R.M., (1999). Analysis of Total Phenols and Other
Oxidation Substrates and Antioxidants by Means of Folin-Ciocalteu Reagent, In: L. Packer (Ed.) Methods
in Enzymology, (pp. 152-178). Academic Press: Cambridge.

Shimada, K., Fujikawa, K., Yahara, K., Nakamura, T. (1992). Antioxidative properties of xanthan on the
autoxidation of soybean oil in cyclodextrin emulsion. Journal of Agricultural and Food Chemistry, 40(6),
945-948. [CrossRef]

Oyaizu, M. (1986). Studies on products of browning reaction antioxidative activities of products of
browning reaction prepared from glucosamine. The Japanese Journal of Nutrition and Dietetics, 44(6), 307-
315. [CrossRef]

Dinis, T.C., Madeira, V.M., Almeida, L.M. (1994). Action of phenolic derivatives (acetaminophen,
salicylate, and 5-aminosalicylate) as inhibitors of membrane lipid peroxidation and as peroxyl radical
scavengers. Archives of Biochemistry and Biophysics, 315(1), 161-169. [CrossRef]

Maheshwari, D., Kumar, M.Y., Verma, S.K., Singh, V.K., Singh, S.N. (2011). Antioxidant and
hepatoprotective activities of phenolic rich fraction of Seabuckthorn (Hippophae rhamnoides L.) leaves.
Food and Chemical Toxicology, 49(9), 2422-2428. [CrossRef]

Robbins, R.J. (2003). Phenolic acids in foods: An overview of analytical methodology. Journal of
Agricultural and Food Chemistry, 51(10), 2866-2887. [CrossRef]

Maga, J.A., Katz, I. (1978). Simple phenol and phenolic compounds in food flavor. Critical Reviews in
Food Science & Nutrition, 10(4), 323-372. [CrossRef]

Shui, G., Leong, L.P. (2002). Separation and determination of organic acids and phenolic compounds in
fruit juices and drinks by high-performance liquid chromatography. Journal of Chromatography A, 977(1),
89-96. [CrossRef]

Yen, G.C., Duh, P.D., Tsai, C.L. (1993). Relationship between antioxidant activity and maturity of peanut
hulls. Journal of Agricultural and Food Chemistry, 41(1), 67-70. [CrossRef]

Varshneya, C., Kant, V., Mehta, M. (2012). Total phenolic contents and free radical scavenging activities
of different extracts of seabuckthorn (Hippophae rhamnoides) pomace without seeds. International Journal
of Food Sciences and Nutrition, 63(2), 153-159. [CrossRef]

Taviano, M.F., Marino, A., Trovato, A., Bellinghieri, V., La Barbera, T.M., Giiveng, A., Hiirkul, M.M.,
Pasquale, R.D., Miceli, N. (2011). Antioxidant and antimicrobial activities of branches extracts of five
Juniperus species from Turkey. Pharmaceutical Biology, 49(10), 1014-1022. [CrossRef]

Chen, C.W., Ho, C.T. (1995). Antioxidant properties of polyphenols extracted from green and black teas.
Journal of Food Lipids, 2(1), 35-46. [CrossRef]

Rapisarda, P., Tomaino, A., Lo Cascio, R., Bonina, F., De Pasquale, A., Saija, A. (1999). Antioxidant
effectiveness as influenced by phenolic content of fresh orange juices. Journal of Agricultural and Food
Chemistry, 47(11), 4718-4723. [CrossRef]

Shivapriya, S., llango, K., Dubey, G. (2015). Evaluation of antioxidant and neuroprotective effect of
Hippophae rhamnoides (L.) on oxidative stress induced cytotoxicity in human neural cell line IMR32.
Saudi Journal of Biological Sciences, 22(5), 645-650. [CrossRef]

Saeidi, K., Alirezalu, A., Akbari, Z. (2016). Evaluation of chemical constitute, fatty acids and antioxidant
activity of the fruit and seed of sea buckthorn (Hippophae rhamnoides L.) grown wild in Iran. Natural
Product Research, 30(3), 366-368. [CrossRef]

Dorman, H., Peltoketo, A., Hiltunen, R., Tikkanen, M. (2003). Characterisation of the antioxidant
properties of de-odourised aqueous extracts from selected Lamiaceae herbs. Food Chemistry, 83(2), 255-
262. [CrossRef]

Yildirim, A., Mavi, A., Oktay, M., Kara, A.A., Algur, O.F., Bilaloglu, V. (2000). Comparison of antioxidant
and antimicrobial activities of Tilia (Tilia argentea Desf ex DC), sage (Salvia triloba L.), and Black tea
(Camellia sinensis) extracts. Journal of Agricultural and Food Chemistry, 48(10), 5030-5034. [CrossRef]
Gordon, M., (1990). The Mechanism of Antioxidant Action In Vitro, In: B.J.F. Hudson (Ed.) Food
Antioxidants, (pp. 1-18). Springer: London.

Hsu, C.L., Chen, W., Weng, Y.M., Tseng, C.Y. (2003). Chemical composition, physical properties, and
antioxidant activities of yam flours as affected by different drying methods. Food Chemistry, 83(1), 85-92.
[CrossRef]

Kris-Etherton, P.M., Hecker, K.D., Bonanome, A., Coval, S.M., Binkoski, A.E., Hilpert, K.F., Griel, A.E.,
Etherton, T.D. (2002). Bioactive compounds in foods: Their role in the prevention of cardiovascular disease
and cancer. The American Journal of Medicine, 113(9), 71-88. [CrossRef]

Halliwell, B., (1991). The Biological Toxicity of Free Radicals and Other Reactive Oxygen Species, In: 1.


https://doi.org/10.1016/j.foodchem.2010.09.057
https://doi.org/10.1021/jf00018a005
https://doi.org/10.5264/eiyogakuzashi.44.307
https://doi.org/10.1006/abbi.1994.1485
https://doi.org/10.1016/j.fct.2011.06.061
https://doi.org/10.1021/jf026182t
https://doi.org/10.1080/10408397809527255
https://doi.org/10.1016/s0021-9673(02)01345-6
https://doi.org/10.1021/jf00025a015
https://doi.org/10.3109/09637486.2011.608652
https://doi.org/10.3109/13880209.2011.560161
https://doi.org/10.1111/j.1745-4522.1995.tb00028.x
https://doi.org/10.1021/jf990111l
https://doi.org/10.1016/j.sjbs.2015.04.011
https://doi.org/10.1080/14786419.2015.1057728
https://doi.org/10.1016/s0308-8146(03)00088-8
https://doi.org/10.1021/jf000590k
https://doi.org/10.1016/s0308-8146(03)00053-0
https://doi.org/10.1016/s0002-9343(01)00995-0

802 Capa et al. J. Fac. Pharm. Ankara, 48(3): 791-802, 2024

41.

42.

Aruoma and B. Halliwell (Eds.), Free Radical and Food Additives, (pp. 37-57). Taylor&Francis Ltd:
London.

Yamaguchi, F., Ariga, T., Yoshimura, Y., Nakazawa, H. (2000). Antioxidative and anti-glycation activity
of garcinol from Garcinia indica fruit rind. Journal of Agricultural and Food Chemistry, 48(2), 180-185.
[CrossRef]

Jayabalan, R., Subathradevi, P., Marimuthu, S., Sathishkumar, M., Swaminathan, K. (2008). Changes in

free-radical scavenging ability of kombucha tea during fermentation. Food Chemistry, 109(1), 227-234.
[CrossRef]


https://doi.org/10.1021/jf990845y
https://doi.org/10.1016/j.foodchem.2007.12.037

J. Fac. Pharm. Ankara / Ankara Ecz. Fak. Derg., 48(3): 803-810, 2024 \ﬁ?
Doi: 10.33483/jfpau.1441955 i

ORIGINAL ARTICLE / OZGUN MAKALE

THE SIMULTANEOUS SPECTRAL DETERMINATION OF
CANDESARTAN CILEXETIL AND HYDROCHLOROTHIAZIDE IN
TABLETS USING THE TRIVARIATE CLASSICAL LEAST SQUARES
METHOD

UC DEGISKENLI KLASIK EN KUCUK KARELER YONTEMI KULLANILARAK
TABLETLERDE KANDESARTAN SILEKSETIL VE HIDROKLOROTIAZIDIN ESZAMANLI
SPEKTRAL TAYINI
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ABSTRACT

Objective: Candesartan cilexetil (CDS) is a member of the sartan group of drugs and is widely used
to lower blood pressure. Hydrochlorothiazide (HCT) is the most commonly used diuretic group of
drugs and is prescribed together with candesartan cilexetil in cases where blood pressure cannot
be reduced. Pharmaceutical preparations containing these two active compounds in combination
are preferred today to provide a more effective pharmacological effect. Therefore, it is of great
importance to determine the quantities of these combined pharmaceutical preparations with new
analytical methods that are fast, easy, and sensitive in quality control and routine analysis. In this
study, a new trivariate classical least squares calibration method (TCLS) was developed for the
simultaneous quantification of candesartan cilexetil (CDS) and hydrochlorothiazide (HCT) in
binary mixtures and commercial tablets without using a preliminary separation step.

Material and Method: CDS and HCT compounds were kindly donated by National Pharm Ind.,
Turkey. HPLC-grade methanol (J.T. Baker, Netherlands) was used as a solvent for the
spectrophotometric analysis. In the application of the TCLS method, the determination and
quantification of CDS and HCT were carried out using UV spectrophotometric measurements with
1 cm quartz cells in the 200-310 nm spectral region (slit range 2 nm). The newly developed TCLS
method was tested using a validation set consisting of eight synthetic mixture solutions within the
working ranges of 4.0-20.0 ug/ml for CDS and HCT. Simultaneous quantification analyses of CDS
and HCT were performed on ATACAND PLUS® Tablet supplied by Astra Zeneca Ila¢ Ltd Sti.
Result and Discussion: The method is based on the application of TCLS to the absorbance
measurements at three different wavelength points (223.5, 240.0, and 268.5 nm). The absorptivity
values (ug*mlcm®) of pure CDS and pure HCT were 6.67x102, 2.76x102, 2.33x10?2, and
11.41x102, 0.46x102, 6.42x102 at the selected wavelengths, respectively. Recovery values and
relative standard deviation values were calculated as 97.2% and 1.61% for CDS and 99.7% and
3.67% for HCT, respectively. This method was successfully applied to the spectrophotometric
guantitative analysis of tablets containing CDS and HCT, and then, a good agreement was reported.
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Amac: Kandesartan sileksetil (CDS), sartan ilag¢ grubuna ait olup, kan basincini diisiirmek
amaciyla yaygin olarak kullanimaktadir. Hidroklorotiazid (HCT) en sik kullamilan diiiretik ilag
grubudur ve kan basincimin diisiiviilemedigi durumlarda kandesartan sileksetil ile birlikte recete
edilir. Bu iki aktif bilesigin kombinasyon halinde bulundugu farmasotik preparatlar, giiniimiizde
daha etkili bir farmakolojik etki saglamak amacuyla tercih edilmektedir. Bu nedenle, bu kombine
farmasotik preparatlarin miktarlaruun, kalite kontrol ve rutin analizlerde hizli, kolay ve hassas yeni
analitik yontemlerle belirlenmesi biiyiik dnem tagimaktadir. Bu ¢alismada, ikili karisimlarda ve
ticari tabletlerde kandesartan sileksetil (CDS) ve hidroklorotiyazidin (HCT) bir 6n ayirma adimi
kullanilmadan es zamanli élgiimii icin yeni bir ii¢ degiskenli klasik en kiiciik kareler kalibrasyon
yontemi (TCLS) gelistirildi.

Gerec ve Yontem: CDS ve HCT bilesikleri National Pharm Ind., Tiirkiye tarafindan bagiglanmigstir.
Spektrofotometrik analiz ic¢in solvent olarak metanol (J.T. Baker, Hollanda) kullamildi. TCLS
yonteminin uygulanmasinda CDS ve HCT'nin belirlenmesi ve nicelendirilmesi, 200-310 nm spektral
bolgede (slit araligi 2 nm) 1 cm'lik kuvars hiicrelerle UV spektrofotometrik olciimler kullanilarak
gerceklestirildi. Yeni gelistirilen TCLS yontemi, CDS ve HCT i¢in 4.0-20.0 ug/ml ¢alisma
araliklarinda sekiz sentetik karisim ¢ézeltisinden olusan bir dogrulama seti kullanilarak test edildi.
Astra Zeneca Ilag Ltd Sti tarafindan saglanan ATACAND PLUS® Tablet iizerinde CDS ve HCT'nin
es zamanl miktar tayini analizleri yapild.

Sonug ve Tartisma: Yontem, TCLS'nin ti¢ farkli dalga boyu noktasinda (223.5, 240.0 ve 268.5 nm)
absorbans dl¢iimlerine uygulanmasina dayanmaktadir. Saf CDS ve saf HCT'nin absorptivite
degerleri (ug*mlem?) secilen dalga boylarinda sirasyla 6.67x1072, 2.76x102, 2.33x10?2 ve
11.41x10?, 0.46x102, 6.42x1072 idi. Geri kazamm degerleri ve bagil standart sapma degerleri CDS
icin siraswyla %697.2 ve %1.61, HCT igin ise %99.7 ve %3.67 olarak hesaplandi. Bu yontem, CDS
ve HCT igeren tabletlerin spektrofotometrik kantitatif analizine basariyla uygulandi ve ardindan iyi
bir uyum oldugu bildirildi.

Anahtar Kelimeler: Anjiyotensin Il reseptor antagonistleri, hidroklorotiyazid, kandesartan
sileksetil, kantitatif tablet analizi, ii¢ degiskenli klasik en kiiciik kareler yontemi

INTRODUCTION

Angiotensin Il receptor antagonists are a group of drugs, also known as the sartan family, used in
the treatment of hypertension [1]. Angiotensin Il, which is the basic peptide of the renin-angiotensin
system, which has important physiological effects on blood pressure regulation and water and salt
homeostasis, plays a key role in the cardiovascular system by playing an important role in the
development of physiopathological events such as hypertension, heart and kidney failure, and
atherosclerosis. Candesartan cilexetil (CDS) (see Figure 1a) is a member of this group of medicines. It
helps reduce blood pressure by relaxing and widening blood vessels. Candesartan can be used to treat
hypertension, left ventricular hypertrophy, isolated systolic hypertension, and diabetic nephropathy, and
is also used as an alternative agent in the treatment of heart failure, myocardial infarction, systolic
dysfunction, and coronary artery disease [2,3]. Hydrochlorothiazide (HCT) (see Figure 1b) belongs to a
group of medicines called 'diuretics’. It is used to treat swelling due to hypertension and fluid
accumulation, as well as to treat renal tubular acidosis and diabetes insipidus, and to reduce the risk of
kidney stones in those with high calcium levels in the urine [4]. It helps remove water and salts such as
sodium from the body through urine. This causes blood pressure to decrease. These two active
ingredients are prescribed in cases where blood pressure cannot be reduced with candesartan cilexetil
(CDS) or hydrochlorothiazide (HCT) alone.

It is of great importance to determine the quantities of these combined pharmaceutical
preparations, which are preferred today to provide a more effective pharmacological effect, with new
analytical methods that are fast, easy, and highly sensitive in quality control and routine analysis. In the
literature, chromatographic separation methods such as liquid chromatography (LC) [5], high-
performance liquid chromatography or ultra-performance liquid chromatography (HPLC/UPLC) [6-8],
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capillary electrophoresis (CE) [9-10] and micellar electrokinetic chromatography [11], which consist of
high-tech and expensive equipment for the analysis of complex samples are used. These expensive and
complex methods may not always produce the expected results in the analysis processes. In addition,
another disadvantage in the application of these methods is that the optimization of experimental
conditions and analysis are time-consuming. On the other hand, it is noteworthy that spectrophotometric
methods are also used extensively in the literature [12-13]. However, quantitative analysis of combined
commercial pharmaceutical preparations is not possible with conventional spectral analysis methods
because the active substances give interfering spectra in the same region [14]. In such cases, derivative
spectrophotometry and its modified versions were used for a simple and rapid quantitative determination
without separation steps [15-19]. However, derivative spectrophotometry requires signal-processing
treatments, which need a long analysis period, to get derivative signals of zero-order spectra.
Additionally, these conventional derivative methods do not yield successful results in their applications
due to their disadvantages such as interference of main peaks and noise peaks, and decrease in
signal/noise ratio, especially at high derivative degrees. To eliminate the drawbacks of the spectral
derivative methods, numerical methods or multivariate spectral methods, such as direct absorbance
measurement techniques based on a set of two or more wavelength points, provide an alternative way
to quantitatively resolve complex mixtures containing two or more active compounds.

Figure 1. a) Candesartan cilexetil (CDS), b) Hydrochlorothiazide (HCT)

In this study, a new TCLS approach was developed, for the first time, for the quantitative analysis
of a commercial pharmaceutical tablet consisting of candesartan cilexetil (CDS) and
hydrochlorothiazide (HCT). The developed and validated method was successfully applied to both
synthetic mixtures and commercial pharmaceutical tablets.

MATERIAL AND METHOD
Apparatus and Software

All UV spectrophotometric data were collected using a Shimadzu UV-1601 (Kyoto, Japan)
double-beam UV-VIS spectrophotometer with 1 cm quartz cells. UV absorbance spectra of the samples
and standard solutions were plotted in the spectral region of 200-310 nm (slit range 2 nm). After the
obtained data were transferred to the Shimadzu UV computer software, the Matlab (MathWorks, Natick,
MA, USA) program was used in the application of the TCLS approach to the spectra, statistical analysis,
and regression analysis. All graphics and figures were drawn with Matlab. All prepared solutions were
filtered with a Sartarius Minisart disposable filter with a pore size of 0.2 pm.

Chemicals and Reagents

CDS and HCT compounds were kindly donated by National Pharm Ind., Turkey. HPLC-grade
methanol (J.T. Baker, Netherlands) was used as a solvent for the spectrophotometric analysis. All
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samples were prepared fresh daily and stored in a dark place and a refrigerator during the analysis.
Standard, Calibration, and Validation Solutions

Stock solutions of CDS and HCT were prepared individually by dissolving 25.0 mg of active
compounds in methanol in a 100 ml calibrated flask and made up to the mark with methanol. All standard
and validation samples were prepared from these stock solutions. In the application of the spectral least
squares method, standard solutions were prepared in the concentration range of 6.0-18.0 ug/ml for CDS
and the concentration range of 4.0-16.0 pg/ml for HCT. A validation set of eight different concentrations
containing these two compounds was prepared within the working ranges of 4.0-20.0 pg/ml for CDS
and HCT.

Preparation of Samples

In the first application of the TCLS method in commercial pharmaceutical tablet analysis, ten
tablets of ATACAND PLUS® Tablet (Astra Zeneca Ilag Ltd. Sti.) were precisely weighed and the
amount corresponding to one tablet was calculated after being thoroughly powdered in a mortar. It was
dissolved in methanol in a 100 ml volumetric flask. The solution content was mixed with a mechanical
stirrer for 30 min and filtered through a 0.20 pm pore size membrane filter. For the analysis, 1.0 ml of
the filtered solution was transferred to a 100 ml volumetric flask and the volume was made up with the
same solvent.

TCLS Method and Its Application

Absorption spectra of solutions and binary mixtures prepared at different CDS and HCT
concentrations were recorded. Absorptivity (a) values were calculated using absorbances measured at
223.5, 240.0 and 268.5 nm for each of the compounds in the binary mixture. Using the absorptivity (a)
value, a system of equations with two unknowns for compounds in a binary mixture can be written as
follows:

A=a.l.C, | (optical path lenght) = 1.0 cm Q)
Where a denote absorptivity, A denote absorbance, and C denote concentration (pg/ml).
Ay = a;C + B1Cy )
Ay = ;C1 + B2, ©)
Az = a3Cy + B5(; (4)

Where A,, A, and A5 denotes the absorbances of solutions of synthetic mixtures of CDS and
HCT, and represent the calculated a and f absorptivity values at A1, A> and A3 for CDS and HCT,
respectively. C,, and C, are the concentrations of CDS and HCT, respectively. The subscripts 1, 2 and
3 refer to A1 (223.5 nm), A2 (240.0 nm) and A3 (268.5 nm), respectively.

When written according to the matrix notation given below, the above set of equations (2, 3, and
4) greatly simplifies the matter and easily solves the equations with two unknowns:

Ay a; f
Ez = [az B2
3 az P
Here, the quantification of CDS and HCT was carried out from the concentrations corresponding

to the absorbance of the samples in Equation 5 at the wavelengths of A1, A2 and Aa.
Based on Equation 5, the concentration of each compound in the binary mixture can be calculated
using the multiplication of the inverse of the coefficient matrix by the absorbance measurements of

samples.

“[¢ (5)



J. Fac. Pharm. Ankara, 48(3): 803-810, 2024 Ugeretal. 807

RESULT VE DISCUSSION
TCLS Method and Its Application

In the spectral analysis of two-component mixture systems, the main problem is the overlapping
spectral bands in the working wavelength region as in our study (see Figure 2). To solve this analytical
issue, we focused mainly on the development of the new spectral numerical method, which is based on
the use of the absorbance measurement at three different wavelength points, for the simultaneous
quantitative analysis of two-component mixtures. This article involves verifying the feasibility and
validity of a fast, easy, reliable TCLS method for the simultaneous quantification of CDS and HCT in
synthetic mixtures and commercial tablets. The UV spectra of standard CDS and HCT solutions and
their synthetic mixtures were plotted in the wavelength region of 200-310 nm.

T T T T T
200 220 240 260 280 300

Wavwvelength (nm)

Figure 2. Absorption spectra of 10 pg/ml CDS ( ) and 12 pg/ml HCT ( —) solutions and
commercial tablet solution (- — - ) (in methanol) containing CDS and HCT

The selection of higher sensitive wavelengths is an important parameter for the development of a
multivariate spectral method for resolving complex mixtures. In this context, three different wavelengths
for CDS and HCT, which correspond to two maxima of wavelength (223.5 and 268.5 nm) and a
minimum (240.0 nm) were selected for the application of the new TCLS method to the analysis of CDS-
HCT mixtures and pharmaceutical preparations.

In the applied method, the absorbances of the drug standards prepared in the concentration range
where Beer's law is valid (6.0-18.0 pg/ml for CDC and 4.0-16.0 pug/ml for HCT) were recorded on the
UV spectrophotometer at three different wavelengths (223.5, 240.0 and 268.5 nm). By using the matrix
calculation approach explained in the "Experimental Section", the simultaneous quantification of two
active substances (CDS and HCT) is possible by direct measurement of absorbances at 223.5, 240.0 and
268.5 nm in the UV spectrum. For both CDS and HCT, the absorptivities of the compounds
corresponding to the absorbance values at three wavelengths were calculated using Equation 1. The
averages of the calculated absorptivities for each concentration in the calibration set of each compound
were presented in Table 1.

Table 1. Calculated absorptivities of CDS and HCT at three different wavelengths

Absorptivity (a) x 1072
A (nm) 223.5 240 268.5
CDS 6.67 2.76 2.33
HCT 11.41 0.46 6.42




808 Uger et al. J. Fac. Pharm. Ankara, 48(3): 803-810, 2024

The same spectral procedures were applied to the tablet sample solutions. For the analytical
validation of the TCLS method, a validation set consisting of eight synthetic mixture solutions at
different concentrations within the 4-20 ug/ml linear working range of CDS and HCT was prepared.
The accuracy and precision of the TCLS calibration were tested by analyzing the prepared validation
set. Recovery values were found to be 97.2% for CDS and 99.7% for HCT. Relative standard deviation
values were calculated as 1.61% for CDS and 3.67% for HCT. The results obtained by applying the
TCLS approach to synthetic mixtures are presented in Table 2. As seen in Table 2, the validity of the
method was reported with good accuracy and precision.

Table 2. Recovery results were obtained by applying the TCLS method to the synthetic mixtures
containing different concentrations of CDS and HCT

Synthetic Mixture (ug/ml) Found (pg/ml) Recovery (%)

No. CDS HCT CDS HCT CDS HCT
1 6 6 5.91 6.10 98.54 101.6
2 10 6 9.72 6.05 97.19 100.8
3 14 6 13.47 6.22 96.21 103.6
4 18 6 17.19 6.27 95.51 104.4
5 8 4 7.99 3.99 99.83 99.8
6 8 8 7.86 7.65 98.28 95.7
I 8 12 7.75 11.38 96.86 94.8
8 8 16 7.63 15.43 95.37 96.5

Mean 97.2 99.7

SD 1.57 3.66

RSD 1.61 3.67

SD: Standard deviation
RSD: Relative standard deviation

The commercial tablet sample was prepared five times as stated in the "Preparation of Samples"
subsection. The proposed TCLS approach was applied to the analysis of the tablet samples and then, the
amount of CDS and HCT in the commercial pharmaceutical preparation was determined by using the
TCLS model based on the absorbance measurements at a set of three wavelengths. The determination
results are presented in Table 3. The analysis results showed good agreement with the tablets' label
claims. In addition to that, in the TCLS method application providing a low standard deviation and
relative standard deviation, a good agreement was reported for the experimental outcomes.

Table 3. Results obtained by the applying TCLS method to the commercial tablet (Label claim in the
preparation: 16 mg CDS and 12.5 mg HCT per tablet)

mg/tablet

Exp. No. CDS HCT
1 16.05 12.40

2 16.11 12.58

3 16.22 12.57

4 16.07 12.39

5 16.30 12.40
Mean 16.1 12.5
SD 0.11 0.10
RSD 0.66 0.78

SD: Standard deviation
RSD: Relative standard deviation
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Conclusion

The main aim of this research article was to develop an easy, inexpensive, selective, sensitive,

and validated method for the analysis of a commercial pharmaceutical preparation containing CDS
and HCT. In this context, the developed TCLS approach was successfully applied to the simultaneous
quantification of CDS and HCT in synthetic mixtures and tablets. In the pharmaceutical industry and
R&D laboratories, the TCLS method can be used for quality control and routine analysis of binary
combined preparations containing CDS and HCT active compounds.
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IN VITRO CYTOTOXIC ACTIVITIES OF PLATINUM(I1) COMPLEXES
CONTAINING 1H-BENZOI[d]IMIDAZOLE AND
1H-1,3-DIAZOLE DERIVATIVES

1H-BENZO[d]/M/DAZOL VE 1H-1,3-DIAZOL TUREVLERI ICEREN PLATIN(II)
KOMPLEKSLERININ IN VITRO SITOTOKSIK AKTIVITELERI
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ABSTRACT

Obijective: This study aimed to synthesize and evaluate the cytotoxic activities of four platinum(Il)
complexes with 2-substituted or nonsubstituted 1H-benzo[d]imidazole and 1H-1,3-diazole
derivatives as carrier ligands (L1-L4), which may have potent cytotoxic activity and low side effects.
Material and Method: K1-K4 complexes were synthesized by heating and mixing K,PtCl, and the
appropriate L1-L4. The chemical structures of K1-K4 were elucidated by Infrared and *H Nuclear
Magnetic Resonance spectroscopic methods. In vitro, cytotoxic effects of K1-K4 complexes against
prostate (DU-145), endometrial adenocarcinoma (Ishikawa), and breast cancer (MCF-7) cell lines
were tested by the MTT method.

Result and Discussion: According to the 1Csg values of the tested cell lines, K1 and K2 derivatives
bearing unsubstituted 1H-benzo[d]imidazole (L1) and 1H-1,3-diazole (L2) were found to be the
most effective compounds among these synthesized complexes.

Keywords: 1H-1,3-diazole, 1H-benzo[d]imidazole, cisplatin, cytotoxic activity, platinum
complexes

0z

Amac: Bu calismada, giiclii sitotoksik aktiviteye ve diisiik yan etkilere sahip olabilecek, tasiyict
ligand olarak 2-siibstitiie veya nonsiibstitiie 1 H-benzo[d]imidazol ve 1H-1,3-diazol tiirevieri igeren
dort platin(ll) kompleksinin sentezlenmesi ve sitotoksik aktivitelerinin degerlendirilmesi
amaclanmustir.

Gere¢ ve Yontem: K1-K4 kompleksleri, KyPtCls ve wuygun taspyict ligandlarin isitilip
karistiriimasiyla sentezlenmistir. K1-K4'in kimyasal yapilar: Infrared ve *H Niikleer Manyetik
Rezonans spektroskopik yontemleri ile aydinlatilmistir. In vitro olarak, K1-K4 komplekslerinin
prostat (DU-145), endometrial adenokarsinom (Ishikawa) ve meme kanseri (MCF-7) hiicre
hatlarina karsi sitotoksik etkileri MTT yontemi ile test edilmistir.

Sonuc¢ ve Tartisma: Test edilen hiicre hatlarinin 1Cso degerlerine gére, siibstitiie olmayan 1H-
benzo[d]imidazol veya 1H-1,3-diazol tasiyan K1 ve K2 tiirevierinin sentezlenen bu kompleksler
arasinda en etkili bilesikler oldugu bulunmusgtur.

Anahtar Kelimeler: 1H-1,3-diazol, 1H-benzo[d]imidazol, platin kompleksleri, sisplatin, sitotoksik
aktivite
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INTRODUCTION

Cancer is the leading cause of death worldwide, accounting for around one out of every six deaths
and affecting nearly every family. In 2022, there were an estimated 20 million new cases of cancer and
9.7 million cancer-related deaths globally. The cancer burden is expected to rise by approximately 77%
by 2050, putting additional strain on healthcare systems, people, and communities [1]. Nowadays,
various approaches, including radiotherapy, chemotherapy, surgery, immunotherapy, hormone therapy,
and gene therapy, can be used alone or in combination for cancer treatment [2].

Cisplatin, the first platinum complex to be used clinically in the treatment of cancer patients, is
the most widely prescribed chemotherapeutic drug for the treatment of testicular, ovarian, bladder, non-
small lung cancer, head and neck, esophagus, advanced cervical cancer, lymphomas, metastatic
osteosarcoma, and melanoma [3,4].

Despite this clinical success, cisplatin induces several toxic side effects such as nephrotoxicity,
neurotoxicity, ototoxicity, nausea, and vomiting [5]. This resistance may be intrinsic or developed
during prolonged treatment [6,7]. To overcome these issues, new platinum complexes have been
designed and studied for their antitumor properties [8,9].

Even though thousands of complexes have been developed and evaluated, only three platinum
drugs, cisplatin, carboplatin, and oxaliplatin, have been approved for clinical use worldwide. In addition,
Nedaplatin, lobaplatin, and heptaplatin have only received regional approval [10,11]. These complexes,
shown in Figure 1, work through a mechanism of action similar to cisplatin, involving DNA binding
and transcription inhibition. They are activated intracellularly by aquation of the leaving groups and
then interact with DNA to form DNA adducts by coordination of the cis-[Pt(R-NH).] fragment to the
N-7 atom of G residue [12].

0 N o &
C'\PQ/NHB \Pt/NHZ [ \Pt/
/ N
o SNH, o NH; /" o
o 8]
Cisplatin Carboplatin Oxaliplatin
D o}
O 2 H:
O NHj N o o 2 0
X / /1, N\ /
T \pt/ :r\ \/Pt\ >_< Pt
\
O/ \NH3 /,,“'./NHZ 0 ~ % NH, O
O
Nedaplatin Lobaplatin Heptaplatin

Figure 1. Structural formulas of Pt(Il) anticancer metallodrugs: cisplatin, carboplatin, oxaliplatin,
nedaplatin, lobaplatin, and heptaplatin

The most significant type of cisplatin-DNA binding is the intrastrand 1,2-d(GpG) cross-link. This
type accounts for about 60-65% of the platinum bound to DNA. The resulting Pt-DNA adducts are
responsible for distorting and bending the structure of the DNA, which in turn hinders transcription. The
inhibitory effects on transcription ultimately lead to the death of the cells [3,13].

Carboplatin, a second-generation platinum (I1) complex that carries a slower hydrolyzing 1,1-
cyclobutane dicarboxylate ligand instead of the chlorine ligand separated in cisplatin, provided the
advantage of fewer side effects in patients despite the use of higher doses than cisplatin, but it was not
possible to prevent the development of cross-resistance to carboplatin [14,15]. Oxaliplatin, a third-
generation platinum complex, is synthesized by replacing the ammonia and chlorine ligands in the
cisplatin structure with 1,2-diaminocyclohexane and oxalate, respectively. There is no development of
cross-resistance to oxaliplatin, and nephrotoxic effects are less common in patients using cisplatin and
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carboplatin [16].

In our previous studies, we investigated the cytotoxic effect of K1-K4 complexes in cervix cancer
(HeLa), laryngeal cancer (HEp-2), and human breast cancer (MCF-7) cell lines, and their plasmid DNA
interactions are also investigated using agarose gel electrophoresis [17-19]. Furthermore, the
antibacterial and antifungal activity of K1 complex has been evaluated by the macrodilution method
[19].

In this study, as an extension of our investigation on the probable anticancer activity of K1-K4
complexes with 2-substituted or nonsubstituted 1H-benzo[d]imidazole and 1H-1,3-diazole as carrier
ligands, were evaluated for their in vitro cytotoxic activities against prostate cancer (DU-145),
endometrial adenocarcinoma (Ishikawa) and breast cancer (MCF-7) cell lines using the MTT method,
which is called 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide, a tetrazolium salt.

MATERIAL AND METHOD
Chemistry

1H-benzo[d]imidazole (L1) was synthesized by the Philips method starting from 1,2-
phenylenediamine and formic acid [20]. 1H-1,3-diazole (L2), 2-phenyl-1H-benzo[d]imidazole (L3), and
2-phenyl-1H-1,3-diazole (L4) carrier ligands, solvents, and all starting chemicals were purchased from
Sigma-Aldrich. The reactions were verified with thin-layer chromatography using silica gel plates,
which were visualized under 254 nm UV light. *H NMR spectra were recorded in DMSO-ds on a Bruker
400 MHz FT-NMR spectrometer using tetramethylsilane as the internal standard. All chemical shifts
are reported in ppm (8). FTIR-ATR spectra were recorded on a Perkin Elmer Spectrum 400
FTIR/FTNIR spectrometer equipped with a Universal ATR Sampling Accessory and were reported in
cmt units. Melting points were determined with an Electrothermal 9200 Melting Point Apparatus and
are uncorrected.

Characterization of Carrier Ligands

Detailed structural analyses of carrier ligands 1H-benzo[d]imidazole (L1), 1H-1,3-diazole (L2),
2-phenyl-1H-benzo[d]imidazole (L3) and 2-phenyl-1H-1,3-diazole (L4) were carried out previously
reported [17-19].

General Procedure for the Synthesis of K1-K4

To a stirred solution of L1-L4 (1.10 mmol) in ethanol-water (7:3 ml) was added dropwise an
aqueous solution of KyPtCls (0.60 mmol) over 30 min at room temperature (Figure 2). The reaction
mixture was heated 40-60°C for 2-6 days. The pH was adjusted to 7 and kept constant with the addition
of 0.1 M NaHCOs. The resulting crude precipitate formed was filtered off and washed with small
portions of water, ethanol, and diethyl ether and dried in vacuo.

cis-Dichloro-bis(1H-benzo[d]imidazole)platinum(ll) (K1). Yield:85%; Mp: >400 °C; FTIR-ATR
v (cm™): 3287-3100 (N-H, =C-H); *H-NMR (DMSO-ds) 8: 13.44 (s, 2H, 2 x N-H), 8.84 (s, 2H, 2x Ar-
H) 7.80 (d, J= 7.2 Hz, 2H, Ar-H), 7.50 (d, J= 7.2 Hz, 2H, Ar-H), 7.25-7.18 (m, 4H, 2x ArH).

cis-Dichloro-di(1H-1,3-diazole)platinum(1l) (K2). Yield:64%; Mp: >400 °C; FTIR-ATR v (cm-
1): 3243-2888 (N-H, =C-H); *H-NMR (DMSO0-d6) : 13.51 (s, 2H, 2x N-H), 8.30 (s, 2H, 2x Ar-H) 7.40
(s, 2H, 2x Ar-H), 7.09 (s, 2H, 2x Ar-H).

cis-Dichloro-bis(2-phenyl-1H-benzo[d]imidazole)platinum(I1).1.5 H.O (K3). Yield:70%; Mp:
>400 °C; FTIR-ATR v (cm-1): 3355-3055 (N-H, =C-H, O-H), 1620-1541; 'H-NMR (DMSO-d6) 3:
13.34 (s, 2H, 2x N-H), 8.91-8.89 (m, 1H, ArH), 8.28-8.22 (m, 3H, 2x Ar-H), 7.91-6.79 (m, 14 H, ArH).

cis-Dichloro-bis(2-phenyl-1H-1,3-diazole)platinum(ll) (K4). Yield:65%; Mp: >400 °C; FTIR-
ATR v (cm™): 3222-2890 (N-H, =C-H); *H-NMR (DMSO-ds) &: 13.13 (broad s, 2H, 2x NH), 8.67-7.99
(m, 4H, 2x ArH), 7.65-7.22 (m, 10H, 2x ArH).
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Figure 2. Synthesis of K1-K4

Biological Activity

In our study, commercially purchased MCF-7 breast cancer (The American Type Culture
Collection (HTB-81, Manassas, VA, USA)), DU-145 prostate cancer (T.C. Ministry of Agriculture and
Forestry Alum Institute, Cell Registration No: 00092502ATCC) and Ishikawa endometrial
adenocarcinoma cell lines (Merck, ECACC-99040201, Darmstadt, Germany) were used for cytotoxicity
tests. Cells were seeded in 25 cm? flasks using either Dulbecco’s modified Eagle’s medium (HyClone
Laboratories, Inc., Logan, UT) or RPMI 1640 Medium (Sartorius,01-106-1A) supplemented with 10%
fetal bovine serum (FBS, Gibco, 10082147), %2,5 L-glutamine (Thermo, 25030081), 1% penicillin-
streptomycin (Thermo,15140130) and %21 ml amphotericin (Thermo, 15290018) mixture and then
grown for 3 days at 37°C in 5% CO. in a humidified incubator.

The cytotoxic effect of K1-K4 and cisplatin as a positive control were tested by MTT method.
MTT test was performed by ISO 10993-5 standards [21].

Cell culture was performed in 96-well plates with n=3 for each concentration and 7500 cells per
well. After incubation in a humidified atmosphere of 5% CO, and 37°C for 24 hours, the medium was
replaced with medium containing K1-K4 and cisplatin as positive control at concentrations of 2.5, 5, 10,
20, 20, 40, 80, and 160 uM and 1,56, 3.125, 6.25, 12.5, 25, 50, 100 respectively. Cells were incubated
with the medicated medium for 72 hours. At the end of this time, the medium on the cells was removed,
and 200 pl of medium and 50 pl of medium containing (Sigma-Aldrich, St. Louis, MO, USA)) MTT (5
mg/ml) were added to each well. Cells were incubated at 37°C for 4 hours. The medium was then
removed from the cells and 200 pl of DMSO and 50 pl of glycine buffer with a pH of 10.5 was added
to each well. To determine the viability of the MCF-7, DU-145, and Ishikawa cells tested, the plates
containing the cells were immediately exposed to spectrophotometric measurement at a wavelength of
570 nm in an ELISA microplate reader.

The 1Cso values of K1-K4 at concentrations of 2.5, 5, 10, 20, 40, 80, and 160 uM; cisplatin 1.56,
3.125, 6.25, 12.5, 25, 50, 100 uM are given in Table 1 and the viability values against MCF-7, DU-145
and Ishikawa cell lines are given in Table 2. The 1Cso values were using GraphPad Prism software.
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Table 1. ICso (uM) values of K1-K4 and cisplatin
Complex No MCF-7 DU-145 Ishikawa
[Pt(L}§)12CI2] 3.12+0.0039 2.06+0.006 1.81+0.0102
K2
[PL(L2):Cl] 1.93+0.0168 4.27+0.0042 1.90+0.0239
[Pt(L|§)32CI2] 8.75+0.0158 2.16+0.0067 2.87+0.0279
K4 6.52+0.0099 4.66+0.014 3.5540.0230
[Pt(L4).Cl]
[Pt%ijﬁl'stziglz] 2.08+0.0041 1.92:£0.0042 2.05+0.0068
2 1Cso = 50% cytotoxic concentration against in vitro tested cells. Data are presented as mean = SD
Table 2. K1-K4 and cisplatin % viability values against MCF-7, DU-145 and Ishikawa cell lines
% Viability (uM +SS)
160 80 40 20 10 5 2.5
- Ki 3348 £1.01 |[39.18 £0.51 [35.04 £0.37 |39.24 +1.30 |40.25+0.10 |54.37+£1.57| 68.91 £0.58
g K> 65.54+£1.94 |65.06+0.19 [70.48+2.07 |71.04+0.62 |66.38+1.91 |71.34+1.50| 71.80+0.84
S
g Ks 32.73£0.95 |[32.78 £2.58 [43.78 £0.19 [49.94+3.61 |57.76 £1.50 |78.61 £9.63 | 98.69 +3.61
2
i’ K4 3245 +1.11 |38.63+0.57 [39.41+2.01 |43.35+1.05 |59.89+2.77 |71.74+3.13| 79.75+3.25
g Cisplatin {20.77 £0.91 |22.28 £0.12 [23.63 £1.28 [26.25+0.28 |28.04 £0.15 |39.32 +1.65| 42.82+1.43
= Ki 8.79+0.22 | 7.27+0.18 | 7.95£0.15 | 8.44+0.16 | 9.91£0.51 |[20.11+0.32| 33.63+1.21
b
§ K> 50.00+1.41 | 62.49+4.01 | 62.60+0.54 | 64.14+2.66 | 64.18+2.33 |70.65+5.64| 69.87+0.63
% Ks 10.69+0.30 | 9.19+0.11 9.24+0.10 9.66+ 0.28 8.78+0.03 |10.46+0.71| 20.35+1.23
% K4 10.68£0.16 | 10.81£0.82 | 10.27+0.17 | 10.98+0.18 | 15.53=£2.19 |63.56+1.70| 71.03=0.76
§ Cisplatin | 7.64+0.32 | 7.77+£0.05 | 7.94+0.28 | 890+0.11 | 10.19£0.22 |11.41+0.40| 13.73+0.36
= Ki 5.95£0.20 | 625+0.06 | 7.10+£0.36 | 9.15+0.44 | 7.45+0.29 |16.13£0.53 | 17.87+0.67
% % K> 36.92+0.17 | 41.04+£1.27 | 46.33£0.16 | 49.09£0.63 | 49.11+0.72 [49.65+1.65| 49.39+1.31
g % Ks 5.74£0.03 | 5.76 £0.18 | 6.02+0.02 | 6.24+£0.18 | 10.61+0.98 [43.89+4.61| 44.67+0.90
< =
% g K4 5.88+0.11 | 6.07+0.06 | 10.99+0.19 | 13.44+0.57 | 32.60+0.44 |44.34+0.91| 48.39+3.44
:E _;,% Cisplatin | 5.36+£0.02 | 5.07£0.07 | 5.59+0.11 6.86 £0.10 | 13.12+0.35 |22.90+0.46 | 31.55+0.58

RESULT AND DISCUSSION

Platinum complexes represent one of the most successful families of clinically used anticancer
drugs. Although cisplatin has a wide spectrum of anticancer activity, it does have significant side
toxicity, and its clinical use can also be limited by the existence or development of resistance. Several
thousand platinum-based compounds have been synthesized to overcome reduced toxicity and drug
resistance [22,23].

In this study, to overcome the disadvantages mentioned above, the ammonia ligands in the
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cisplatin structure were replaced with L1-L4 derivatives as carrier ligands, which are known to the body
and have ligand properties.

The carrier ligand 1H-benzo[d]imidazole (L1) was synthesized using the Phillips method and its
melting point was confirmed to be consistent with the literature [20].

The synthesized complexes, which were reported previously by us, were re-synthesized in this
study to obtain higher yields using different temperatures and reaction times [17-19]. Our complexes
synthesized in 85-64% yield were obtained in higher yields than previous studies.

The melting points of all complexes were >400 °C. The IR spectra of the K1-K4 were shown
some characteristic changes when compared to those of the L1-L4 carrier ligands. In the IR spectrum of
L1-L4 were observed broad bands in the region of 3400-2500 cm® due to the 2-
substituted/nonsubstituted-1H-benzo[d]imidazole and 1H-1,3-diazole N-H stretching bands. K1-K4
compounds exhibited N-H stretching bands centered at 3287 and 2880 cm™ sharper than that of L1-L4
carrier ligands, due to the breaking of tautomerism, indicating that the N-H group was not involved in
the coordination.

The *H-NMR spectra of synthesized complexes were consistent with their corresponding protons,
both in the chemical shifts and in the number of hydrogens. The spectra of the complexes were compared
to those of the free ligands, and significant differences were observed. All complexes showed a large
downfield shift in the imidazole N-H signal compared to their ligands, which is due to an increase in the
N-H acid character after platinum binding. The N-H chemical shifts of compounds K1-K4 varied
between 13.51-13.13 ppm.

The cytotoxic activities of prepared platinum (I1) complexes K1-K4 and cisplatin used as
reference compound were evaluated in vitro by an MTT assay. Different cancer cell lines, including
MCF-7 (breast cancer cell line), DU-145 (prostate carcinoma cell line) and Ishikawa (human
endometrial cancer cell line) were used in vitro cytotoxicity test. The corresponding %cell viability and
ICso values were shown in Table 1 and 2.

Generally, K1-K4 complexes exhibited considerable cytotoxic activities against MCF-7, DU-145,
and Ishikawa cell lines. The ICso values in these tested cell lines were within the range of 1.93-8.75 uM,
2.06-4.66 uM, and 1.81-3.55 uM, respectively. It is noted that complex K1 and K2 are the most effective
compounds among the synthesized complexes. The cytotoxic activities of K1 and K2 complexes with
the carrier ligand of 1H-benzo[d]imidazole and 1H-1,3-diazole against Ishikawa and DU-145 cell lines
were tested comparable to cisplatin (ICs;= 1.81 and 2.06 uM, 1.90 and 4.27, 2.05 and 1.92 uM,
respectively). K2 complex with 1H-1,3-diazole carrier ligand was tested as more effective complex than
cisplatin against MCF-7 cell line (ICso=1.93 uM vs. IC50=2.08 uM).

In this study, platinum compounds were synthesized in which a selection of biologically active
carrier ligands were attached to Pt coordination moieties. Although these complexes exhibited better
activity when compared to cisplatin in the cell lines tested, it would be early to recognize them as drug-
candidate molecules since advanced anticancer activity tests have not been performed thus far.

According to our previous research, we thought that the steric hindrance of the substituted group
would modify the interaction mode between platinum compounds and DNA, influencing the antitumor
properties of the platin-DNA adducts and resulting in the absence of cross-resistance with cisplatin [24—
26]. The increased steric hindrance of platinum complexes is expected to reduce the interaction between
platinum complexes and sulfur-containing molecules while also prolonging the blood cycle, resulting in
an enhanced therapeutic impact for tumors [27,28]. However, considering that the steric hindrance in
the tested K3 and K4 complexes may disrupt or even prevent the interaction of the compound with
DNA, we thought it would be appropriate to include the K1 and K2 complexes, which have
nonsubstituted ligands, in the study. Therefore, MTT test results show that the bearing of a phenyl ring
at the second position of the benzimidazole or imidazole ring increases the sterically hindered effect of
platinum complexes and can reduce the moderately cytotoxic effect against tested cell lines.
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ANTIMICROBIAL AND ANTIBIOFILM ACTIVITIES OF VARIOUS
VEGETABLE OILS AGAINST HELICOBACTER PYLORI

CESITLI BITKISEL YAGLARIN HELICOBACTER PYLORI'YE KARSI ANTIMIKROBIYAL
VE ANTIBIYOFILM ETKINLIKLERI
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ABSTRACT

Objective: Vegetable oils have various biologically active components, including antibacterial,
antioxidant, and anti-inflammatory properties. These oils help control nausea, vomiting, coughing
and gas, as well as diarrhea and dyspepsia. It also helps to reduce stomach bloating and intestinal
spasm pain. To sum up, the objective of this investigation was to assess the antibacterial and
antibiofilm properties of twelve different vegetable oils against the reference strain of Helicobacter
pylori, NTCC 11637.

Material and Method: For antibacterial activity, the minimum inhibitory concentration and the
agar-well diffusion method were employed, and for antibiofilm activity, the microplate method.
Result and Discussion: Vegetable oils showed antimicrobial activity at concentrations of 62.5-
15.625 pg/ml and antibiofilm activity at concentrations of 250-15.625 ug/ml. According to our
findings, the vegetable oils we utilized may have the ability to form a novel class of Helicobacter
pylori inhibitors with anti-H. pylori properties.

Keywords: Antimicrobial, antibiofilm, Helicobacter pylori, vegetable oils

0z

Amacg: Bitkisel yaglar, antibakteriyel, antioksidan ve anti-enflamatuvar ézellikler de dahil olmak
tizere cesitli biyolojik aktif bilesenlere sahiptir. Bu yaglar bulanti, kusma, oksiiriik ve gazin yani sira
ishal ve dispepsiyi kontrol etmeye yardimct olur. Ayrica mide sigkinligini ve bagirsak spazmi agrisini
azaltmaya yardimct olur. Sonug olarak, bu aragtirmanin amact 12 farkl: bitkisel yagin Helicobacter
pylori NTCC 11637 standart susu iizerindeki antimikrobiyal ve antibiyofilm etkinligini
degerlendirmektir.

Gere¢ ve Yontem: Antimikrobiyal etkinlik i¢in minimum inhibitor konsantrasyon ve agar-kuyu
difiizyon yontemi, antibiyofilm etkinlik i¢in ise mikropleyt yontemi kullanild.

Sonu¢ ve Tartisma: Bitkisel yaglar 62.5-15.625 ug/ml konsantrasyonlarda antimikrobiyal, 250-
15.625 ng/ml konsantrasyonlarda ise antibiyofilm etkinlik géstermistir. Sonuglarimiz, kullandigimiz
bitkisel yaglarin, anti-Helicobacter pylori etkileri olan yeni bir Helicobacter pylori inhibitorleri
swifinin potansiyel bir bilesigi olabilecegini gésterdi.

Anahtar Kelimeler: Antimikrobiyal, antibiyofilm, bitkisel yaglar, Helicobacter pylori
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INTRODUCTION

Helicobacter pylori (H. pylori) is a spiral-shaped, urease-producing, gram-negative, single-
flagellated bacterium that was originally identified from a human stomach in 1983. Its size ranges from
2-4 um to 0.5-0.9 um. This disease has the ability to infect over 50% of the global population and
between 70 and 90% of people living in underdeveloped nations [2,3]. This bacterium causes
gastrointestinal issues and is linked to a rapidly growing number of cases of peptic ulcer, gastritis, gastric
cancer, and lymphoid tissue lymphoma connected with the gastric mucosa [4,5].

A combination antibiotic therapy including two types of antibiotics (amoxicillin, clarithromycin,
levofloxacin, and metronidazole) with one proton pump inhibitor (omeprazole, lansoprazole, and
pantoprazole) is used twice a day for seven days to treat H. pylori. This is a disease that has a low success
rate despite combined treatment, and its treatment has side effects. Applied treatments fail due to age,
smoking, increased bacterial load and virulence, adverse drug reactions, antibiotic resistance, and
different pharmacokinetic and pharmacodynamic factors [6,7].

New therapeutic treatments or adjunctive therapies are needed to increase the rate of H. pylori
eradication and reduce the side effects of treatment, and there is a growing interest in agents that can
enhance H. pylori eradication, such as the use of herbal oils. At such a time, natural product sources
such as plant extracts and vegetable oils provide alternative remedies to combat both resistant and non-
resistant microbes [8]. The World Health Organization (WHO) states that traditional medicine is the
primary source of basic healthcare for most people worldwide. Aromatic and medicinal plants are a
valuable source of naturally occurring organic compounds that are frequently utilized in medicine [9].
Vegetable oils are natural, concentrated volatile aromatic compounds (VOCSs) isolated from plants.
Vegetable oils have some preventive/therapeutic properties such as anti-bacterial, anti-fungal, anti-viral,
insecticidal and antioxidant properties. There are many plants that can be used as alternative treatments
against antibiotic resistance [10]. The bioactive components of commonly used vegetable oils can have
multiple antimicrobial effects, such as altering DNA and RNA synthesis, breaking down bacterial cell
walls, disrupting the structure of the cell membrane, changing the levels of fatty acids, phospholipids,
and protein translocation, so it is possible to use vegetable oils as antimicrobial agents against harmful
microorganisms [11-13].

Studies on the use of plant organisms have accelerated recently due to the numerous adverse
effects and treatment failures of synthetic medications used to treat H. pylori infection. Thus, this study
set out to ascertain the antibacterial and antimicrobial activity of herbal oils derived from widely used
medicinal plants on the gastrointestinal pathogen H. pylori bacteria.

MATERIAL AND METHOD
Preparation of Vegetable Oils

The 12 vegetable oils used in the study were commercially available (Biotama, Turkey) and are
listed in Table 1. The initial concentration of all the different concentrations of oils used was dissolved
in dimethyl sulfoxide (DMSO) (1 mg/ml) and filtered through 0.22 uM membrane filters.

H. pylori Culture

National Collection of Type Cultures Helicobacter pylori NTCC 11637 standard strain was used
in this study. The strain was maintained in Mueller-Hinton Broth (MHB, Himedia, India) containing
20% glycerol and 10% bovine fetal serum (BFS) at -80', 10% bovine fetal serum (FBS, Serox GmbH,
Mannheim, Germany), and incubated in a microaerophilic atmosphere with a ready-made Kkit
(CampyGen, Thermo Fisher Diagnostics AG, Pratteln, Switzerland) for 72 hours at 36°C. Following
incubation, 5% sheep blood was added to Columbia Agar (Himedia, India), and the mixture was
incubated for 72 hours at 36°C in a microaerophilic environment [14].

Determination of Minimal Inhibitory Concentration (MIC) of Vegetable Oils on H. pylori

Vegetable oils' antibacterial activity was evaluated using the MIC research method described in
the Clinical and Laboratory Standards Institute Manual (CLSI, 2022) [15]. The revived H. pylori strain
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was adjusted to 1.0 with a McFarland turbidity standard. In a 96-well microplate, 80 ul of MHB
supplemented with 10% BFS was applied to each well. Vegetable oil (100 pl) in each well (250-0.98
ng/ml) concentrations were transferred to the first well and diluted two-fold. Finally, 20 uL of a bacterial
suspension previously standardized to 1.0 McFarland turbidity standard was dispensed into each well.
One well contained only MHB supplemented with 10% BFS for negative control and one well contained
bacterial suspension with MHB supplemented with 10% BFS for positive control. All micropellets were
incubated for 72 h at 36°C under a 10% CO, atmosphere [14]. After incubation, absorbance was
measured at 570 nm. The minimum inhibitory concentration (MIC) of H. pylori was determined by
comparing its observable growth to that of the control.

Table 1. The names of plants and oils used in this study

Qils Plants
1 Jasmine oil Jasminum nudiflorum
2 Cumin oil Cuminum cyminum
3 Cinnamon oil Cinnamomum verum
4 Rosemary oil Rosmarinus officinalis
5 Rosehip oil Rosa canina
6 Indian oil Ricinus communis
7 Ylang ylang oil Cananga odorata
8 Jojoba oil Simmondsia chinensis
9 Safflower oil Carthamus tinctorius
10 Cardamom oil Elettaria cardamomum
11 Lily oil Lilium candidum
12 Nettle oil Urtica dioica

Evaluation of Antimicrobial Activity of Vegetable Oils on H. pylori by Agar-Well Diffusion
Method

On Mueller-Hinton Agar (MHB, Himedia, India) with 5% sheep blood, a 1.0 McFarland turbid
standardized bacterial solution was applied. Different oil concentrations ranging from 20, 40, 60, and
80 ul were applied to each well individually, and the wells were then incubated at 36°C for 72 hours in
a microaerophilic environment [16]. After incubation, the presence or absence of zones was evaluated.

Evaluation of the Antibiofilm Activity of Vegetable Oils on H. pylori

Antibiofilm activity of vegetable oils was continued by optimizing the method used by Yu et al.
[17]. In order to examine the potential suppressive impact of vegetable oil on H. pylori biofilm
development, a 96-well microplate was filled with 80 pl of MHB supplemented with 10% BFS in each
well. Two-fold serial dilutions of vegetable oil in the range of 250-0.98 ug/ml were added to the
suspended H. pylori samples. After incubation under microaerobic conditions at 36°C for 48 h under
10% CO; atmosphere, bacterial suspensions were removed. To get rid of any leftover H. pylori, the
plates were gently washed three times with 200 ul of phosphate-buffered saline (PBS). Subsequently,
200 pl of 1% crystal violet was transferred to the tube and staining was performed for 20 minutes at
room temperature. Following staining, three sterile PBS washes were used to remove the stains from the
crystal violet. Once the micropattern was flipped over to dry, 200 ul of a 33% glacial acetic acid solution
was poured into the tube, dissolving the crystal violet rings for ten minutes. At 570 nm, the optical
density of crystal violet was determined.

RESULT AND DISCUSSION

For many years, vegetable oils have been extensively utilized in a variety of industries, including
natural treatment, medicine, food preservation, and medical. The scientific study of vegetable oils used
in alternative medicine techniques is essential to improving the quality of care provided to patients. The
U.S. Food and Drug Administration has approved the oil as safe since it often has no negative side
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effects [18]. In addition, it becomes very difficult for microorganisms to gain resistance to oils. The
creation of new antibacterial agents through vegetable oils holds great promise [19,20]. In light of all
this information, we hypothesized that as an alternative natural treatment for H. pylori infection, the 12
known vegetable oils could be used.

Results of the Minimal Inhibitory Concentration (MIC)

The antimicrobial results of a total of 12 vegetable oils used in the study against H. pylori NTCC
11637 standard strains are given in Table 2. All oils were effective against H. pylori and their
concentration ranges were 62.5-15.625 ug/ml. Among the oils, cumin, rosemary and coconut oil were
effective at low concentrations (15.625 pg/ml).

Vegetable oils have been discovered to have varying degrees of antibacterial activity against H.
pylori in the literature currently under publication. The vegetable oils Eucalyptus globulus, Juniperus
communis, Rosmarinus officinalis, and Thymus vulgaris were discovered by Tanalp et al. to have
inhibitory effects [21]. In another study, it was reported that five different essential oils extracted from
plants showed inhibitory effects on drug-resistant clinical H. pylori isolates [22]. Likewise, Ohno et al.
observed that thirteen essential oils totally prevented H. pylori from growing in vitro [23]. In our study,
MIC analysis of 12 vegetable oils on H. pylori NTCC 11637 standard strain showed that all of them had
inhibitory antibacterial effects.

Table 2. Antimicrobial values of vegetable oils on tested microorganisms

Oils Minimal Inhibitory Agar-Well Diffusion (ul)
Concentrations (ug/ml)
1 Jasmine oil 62.5 60
2 Cumin oil 15.625 20
3 Cinnamon oil 62.5 20
4 Rosemary oil 15.625 40
5 Rosehip oil 62.5 40
6 Indian oil 15.625 40
7 Ylang ylang oil 62.5 20
8 Jojoba ail 62.5 20
9 Safflower oil 62.5 20
10 Cardamom oil 31.25 60
11 Lily oil 62.5 40
12 Nettle oil 62.5 20

Antimicrobial Activity Results by Agar-Well Diffusion Method

With the agar well technique, like the MIC results, all oils were effective, with cumin, cinnamon,
ylang ylang, jojoba, safflower oil and nettle oil being the least effective (20 pl) (Table 2). Jamine and
cardamom oil were active at high concentrations (60 ul). Cumin oil was found to be more effective in
both the MIC and agar well diffusion techniques.

In a study using the disk diffusion method to examine the antibacterial qualities of vegetable oils
against H. pylori, researchers found that 30 oils affected growth with different zones of inhibition of 60
essential oils. [24]. Again, Esmaili et al. evaluated the anti-H.pylori activities of two different oils by
the agar diffusion method and found that they were effective at low concentrations [25]. In our study,
all the oils we used by agar well method showed anti-H.pylori activity.

Evaluation of the Antibiofilm Activity of Vegetable Oils on H. pylori

The inhibitory effect of vegetable oil on H. pylori biofilm is shown in Figure 1. Vegetable oil
concentrations ranging from 250 pg/ml (2 MIC) to 15.625 pg/ml (MIC) markedly suppressed H. pylori
biofilm formation. In the antibiofilm activity experiment, Cumin, Cinnamon, Rosemary, Ylang ylang,
Jojoba and Nettle oils gave the lowest concentration of 15.625 pg/ml and Rosehip oil gave the highest
concentration of 125 pg/ml.
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Figure 1. Antibiofilm results

Due to its capacity to create biofilms both within and outside of human hosts, H. pylori may offer
better protection in arid environments. According to Yu et al., the H. pylori NCTC11637 strain's biofilm
production was inhibited by Atractylodes lancea volatile oil [26]. Elbestawvy et al. also reported that
Eugenol essential oil had an antibiofilm effect on H. pylori bacteria at 25 - 50 pg/ml [27]. In this study,
we found that all the oils we examined for antibiofilm activity had a significant effect on H. pylori.

All these challenges to getting rid of H. pylori suggest that other treatments, such as traditional
medicine, need to come into play. In this investigation, we investigated the anti-H. pylori efficacy of
vegetable oils, which we think may be important for the treatment of H. pylori , which is difficult due
to the fact that 50% of the population is infected and resistance to antimicrobial agents has increased
significantly. Taken collectively, our findings imply that vegetable oils, a conventional pharmaceutical
substance that is accessible, affordable, and low-cost, would be a potential option for a new class of H.
pylori inhibitor drugs with anti-H. pylori efficacy. We think that more in vitro, in vivo, and molecular
studies investigating antimicrobial mechanisms, especially for drug-resistant isolates, should be carried
out in order to be used safely for treatment in humans. In addition, when the literature was reviewed, it
was noted that there were not many studies examining the effects of vegetable oils on biofilm formation,
and more studies are needed in this regard.
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ORIGINAL ARTICLE / OZGUN MAKALE

COMPARISON OF ESTIMATED GLOMERULAR FILTRATION RATE
USING DIFFERENT FORMULAS IN TURKISH POPULATION

TAHMINI GLOMERULER FILTRASYON HIZININ FARKLI FORMULLERLE TURK
POPULASYONUNDA KIYASLANMASI

Biisra Nur CATTIK* (2, Rashida Muhammad UMAR!

!Istanbul Medipol University, Faculty of Pharmacy, Department of Clinical Pharmacy, 34815, Istanbul, Turkiye

ABSTRACT

Objective: Creatinine-based equations are generally used in clinical practice to estimate
glomerular filtration rates (GFR), but values are not usually consistent. This study aimed to evaluate
the difference between estimated GFR values using different equations.

Material and Method: Adult Turkish patients with serum creatinine measurements between
January to December 2021 and complete demographic data were included. GFR values were
calculated using 5 different formulas. GFR calculated with Cockcroft-Gault were normalized to
body surface area and added to the comparison. Difference between GFR values and KDIGO stages
were evaluated. Albunin/creatinine ratio (ACR) of patients was also assessed.

Result and Discussion: A total of 305 patients with average age of 52.92 years were included. Six
different GFR calculations were recorded with median values between 51.70 to 71.77
ml/min/1.73m2. Formula of The Modification of Diet in Renal Disease with the race factor for
Turkish population resulted in the lowest eGFR values. The ACR values of only 42 patients were
available and it was negatively correlated to all GFR values and positively correlated to all KDIGO
stages (p<0.05). There were noteworthy variations in GFR values, based on patient demographics
and/or equations. The need for novel practical methods for estimating GFR in general and specific
patient populations are necessary.

Keywords: Creatinine clearance, eGFR variations, GFR calculation, glomerular filtration rate,
kidney function

07/

Amag: Glomeriiler filtrasyon hizlarmmi (GFR) tahmin etmek i¢in klinik uygulamada genellikle
kreatinin bazli formiiller kullanilir, ancak degerler genellikle tutarli degildir. Bu ¢altsmanmin amaci
farkl formiiller kullanarak eGFR degerleri arasindaki farki degerlendirmektir.

Gere¢ ve Yontem: Ocak-Aralik 2021 tarihleri arasinda serum kreatinin 6l¢iimii yapilan ve
demografik verileri eksiksiz olan yetiskin Tiirk hastalar ¢calismaya dahil edildi. GFR degerleri 5
farkly formiil kullanmilarak hesaplandi. Cockcrofi-Gault ile hesaplanan GFR, viicut yiizey alanina
gore normalize edilerek karsilastirmaya eklendi. GFR degerleri ile KDIGO evreleri arasindaki fark
degerlendirildi. Hastalarin albumin/kreatinin orant (ACR) da degerlendirmeye alind.

Sonug ve Tartisma: Ortalama yast 52.92 yil olan toplam 305 hasta ¢alismaya dahil olmustur.
Ortanca degerleri 51.70 ila 71.77 ml/dak/1.73m? arasinda degisen alti farkli GFR hesaplamas:
kaydedilmistir. Tiirk popiilasyonu igin wrk kastsayisi iceren The Modification of Diet in Renal
Disease formiilii en diisiik eGFR degerleri ile sonuglanmistir. Sadece 42 hastanin ACR verisi
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bulunmustur ve bu degerleri tim GFR degerleri ile negatif, tiim KDIGO evreleri ile pozitif
korelasyon géstermistir (p<0.05). Hasta demografisine ve/veya denklemlere bagh olarak GFR
degerlerinde kayda deger farkhiliklar gériilmiistiir. Genel ve spesifik hasta popiilasyonlarinda
GFR'yi tahmin etmek i¢cin yeni pratik yontemlere ihtiyag vardir.

Anahtar Kelimeler: Bébrek fonksiyonu, eGFR varyasyonlar,, GFR hesaplamasi, Qlomeriiler
filtrasyon hizi, kreatinin klerensi

INTRODUCTION

Glomerular filtration rate (GFR) is the indirect measurement of functional nephrons. It is
considered the best overall measure of kidney function. A decline in GFR represents a malfunction of
the excretion capacity which may be directly or indirectly related to the kidneys. But it is not correlated
with kidney mass loss. The normal GFR value ranges between 90 to 120 ml/min/1.73 m? but it is
considerably variable among individuals as it depends on age, sex, and body size. Measured GFR
(mGFR) is the most accurate method of assessment [1]. But it is less convenient and may involve the
administration of exogenous filtration markers excreted exclusively by the kidneys. In clinical setting,
estimated GFR (eGFR), calculated from endogenous biomarkers excreted mostly by the kidneys, is
preferred as a more convenient way of determining baseline kidney function, diagnosing kidney disease,
evaluating kidney disease progression and dosing medications [2,3].

Creatinine and Cystatin-c are efficiently used endogenous filtration markers with some limitations
attached to their use. In clinical practice, creatinine is more commonly used but variations in production
and secretion mainly affected by individual patient characteristics, extrarenal excretion, and
measurement issues are the core limitations to the use of creatinine. Cystatin C levels are also variable
and its higher levels are associated with male sex, greater height and weight, higher lean body mass,
higher fat mass, diabetes mellitus, higher levels of inflammatory markers, hyper- and hypothyroidism,
and glucocorticoid use [3]. The equations that contain both markers give the most accurate GFR
estimates [3,4]. But this is not always feasible in most clinical settings and creatinine-based estimates
remain the primary approach.

Some creatinine-based estimating equations include the 2009 chronic kidney disease
epidemiology (CKD- EPI) equation, the Modification of Diet in Renal Disease (MDRD) study equation,
the Cockcroft-Gault (CG) equation and the recently published CKD-EPI 2021. All equations incorporate
serum creatinine concentrations with different patient variables like age, weight, sex, and race. The
inclusion of different variables in the different equations leads to variations in GFR values. As such the
accuracy of all the equations is not universal in all patient populations. Certain formulas provide more
accurate results in certain patient groups or kKidney function range.

The CG equation was developed to determine creatinine clearance. Drug dosing is based on the
CG as it was used in pharmacokinetic studies to establish drug dosing in kidney dysfunction [5]. But it
was developed before the standardization of creatinine assays and has not been revised to suit updated
versions. This leads to overestimation when used with creatinine values measured by most laboratories.
Furthermore, the accuracy of eGFR values is affected by variations in body weight and body mass index
[6,7]. When using the CG equation, the use of actual body weight in underweight patients, ideal body
weight in patients with normal weight and adjusted body weight (0.4 correction) for overweight and
obese patients give more accurate and less biased GFR values [7].

The MDRD was developed from nondiabetic patients' data, and it excludes patient weight in
estimations. The equation has been re-evaluated to be used with standardized creatinine measurements
and was considered to be more accurate than CG [8,9]. The chronic kidney disease epidemiology (CKD-
EPI) equation was first published in 2009 and recently modified in 2021 to exclude the race parameter
[10,11]. The estimation of GFR in the Turkish population was evaluated in a previous study and MDRD
was established as the most suitable equation. A race factor of 0.804 was also suggested to get more
accurate GFR values in this population [12]. But there is no evidence of the integration of this equation
in clinical practice.

Recommendations are now put in place for the use of the most accurate method in establishing
GFR for individual patients. The American Society of Nephrology (ASN) and the National Kidney



828 Cattik and Umar J. Fac. Pharm. Ankara, 48(3): 826-834, 2024

Foundation (NKF) recommend the use of the CKD-EPI 2021 equation in most clinical settings. It is
considered accurate and acceptable among different populations. Though it is slightly less accurate than
the CKD-EPI 2009 as it underestimates mGFR in blacks and overestimates mGFR in other individuals

[31.

In this study, we aimed to investigate the difference between eGFR levels calculated using CG,
MDRD, CKD-EPI equations in addition to the newly recommended CKD-EPI 2021 equation and
MDRD Turkish version with the race factor of 0.804.

MATERIAL AND METHOD

In this retrospective study, adult Turkish patients with serum creatinine measurements between
January and December 2021 were searched from the online record system of the Medipol Mega
University Hospital in Istanbul. Patients with required demographic (age, weight, height) and health-
related data were included in the study. Five serum creatinine-based equations were used to calculate
the glomerular filtration rates of all patients. These equations include CG, MDRD, MDRD-TR, CKD-
EPI 2009 and CKD-EPI 2021 (Table 1). In the CG equation, the adjusted body weight (0.4 correction)
was used for obese patients [2,7]. GFR calculated with CG were normalized to body surface area for all
patients to compare with GFR values calculated with other equations [3] and reported separately as CG-
BSA. The urine albumin/creatinine ratio (ACR) was also assessed. The Kidney Disease: Improving
Global Outcomes (KDIGO) kidney function classification was used to classify patients' GFR values,
and ACR [13]. The GFR values and stages were compared and variations between equations were
analysed.

Table 1. GFR estimation equations

Formulae Equation

CG

(Creatinine clearance measurement, | (140 x age) x weight (kg)/72 x Scr (x 0.85 if female)
ml/min)

MDRD

(GFR measurement 175 x (Scr) 2% x (age)®2% x (0.742 if female) x (1.212 if African

ml/min per 1.73 m?) American)
MDRD-TR
(GFR measurement, 175 x (Scr)1 x (age) 92 x (0.742 if female) x 0.804

ml/min per 1.73 m?)
CKD-EPI Creatinine Equation (2009) |A x (Sct/B)¢ x 0.993%¢ x (1.159 if black)
(GFR measurement, Where: A and B are the following
ml/min per 1.73 m?) Female: for Scr<0.7, A =144, B=0.7, C = -0.329; and
Scr>0.7, A=144,B=0.7,C =-1.209
Male: for Scr <0.9, A=141,B=0.9,C=-0.411; and
Scr>0.9,A=141,B=0.9,C=-1.209
CKD-EPI Creatinine Equation (2021) |142 x (Scr /A)Bx 0.9938%¢ x (1.012 if female)
(GFR measurement, Where: A and B are the following
ml/min per 1.73 m?) Female: for Scr<0.7, A=0.7, B=-0.241 and
Scr>0.7,A=07,B=-1.2
Male: for Scr >0.9, A=0.9,B=-1.2and Scr >0.9,A=0.9,B=-1.2
CG: Cockcroft-Gault; CKD- EPI: Chronic Kidney Disease Epidemiology Equation; MDRD: Modification of Diet in Renal
Disease; MDRD-TR: Madification of Diet in Renal Disease Turkish version Scr: serum creatinine

SPSS Version 25.0 was used for statistical analysis. The Kolmogorov-Smirnov test was done to
determine the distribution pattern. Normal distributed continuous variables were expressed as mean +
standard deviation while not normally distributed variables were presented as median and interquartile
range and ordinal and nominal data were expressed as n (%). Spearman's correlation analysis was used
to analyze the relationship between continuous variables. Friedmann and Wilcoxon's tests were used to
assess the difference between GFR estimates. The Mann-Whitney U test was used to analyze the
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difference between eGFR median values between different groups. A p-value < 0.05 within a confidence
interval of 95% was considered significant.

RESULT AND DISCUSSION

A total of 305 patients with complete demographic data were included in the study. The average
age of patients was 52.92 years. Most (59%) of the patients were male. The average weight, BMI and
serum creatinine level were 80.45 kg, 29.20 kg/m? and 1.68 mg/dl respectively. The adjusted body
weight was calculated for 119 obese patients (BMI > 30kg/m?). The diagnosis of acute kidney injury
(AKI) and chronic kidney disease (CKD)was present in 18 and 42 patients respectively. Four patients
with CKD had an AKI diagnosis. Patient demographic and health details are given in Table 2.

Table 1. Patients’ demographic and health related data

Characteristics Median (Quartilel-Quartile3)
Age (years) 53 (41-67)
Weight (kg) 80 (67.5-91)
Height (cm) 167 (160-173)
Body mass index (kg/m?) 28.4 (24.7-32.7)
Body surface area (m?) 1.92 (1.75-2.07)
Serum creatinine 1.09 (0.78-1.82)
n (%)
305 (100)
Gender

Male | 180 (59)
Female | 125 (41)

Age group
18-29 | 25 (8.2)

30-59 | 161 (52.8)

>60 | 119 (39.0)

Patients with kKidney disease diagnosis
Acute Kidney diseases | 18 (6)
Chronic kidney disease | 42 (14)
Both | 4 (1)
None | 241 (79)

Weight status
Under-weight | 10 (3.3)
Normal | 74 (24.3)
Over-weight | 102 (33.4)
Obese | 119 (39.0)

The median values of eGFR calculated using CG-ADJ, CG-BSA, MDRD, MDRD-TR, CKD-EPI
2009 and CKD-EPI 2021 equations were 70.83 ml/min, 65.82, 64.30, 51.70, 71.14 and 71.77
ml/min/1.73m? respectively. Similar eGFR values were obtained from CKD-EPI 2009 and CKD-EPI
2021. The lowest eGFR values were obtained from the MDRD-TR equation.

According to the KDIGO classification, 108 and 109 of the patients were in G1 stage based on
the CKD-EPI 2009 and CKD-EPI 2021, while only 32 patients were in this category based on MDRD-
TR. The number of patients in stage G3a was similar based on all equations. Based on MDRD-TR
equation, 43 patients were in G5 stage while only 17 and 22 patients were in this category based on CG
and CG-BSA respectively. The distribution of patients' KDIGO stages is given in Table 3.
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Table 2. Distribution of patients based on their Kidney function stages and the presence of kidney

disease
- Number of | Presence of kidney disease BMI
Formular %Fuzmﬁil-an KDIGO |Patients (n) diagnosis
Quartile3) stages None | AKI | CKD | Both | <18.5 | 18.5-25 | 25-30 | >30
(24) ]| (18) | (42) | @) | (10) | (74 |(102) | (119)
G1 115 113 | 2 0 0 1 25 42 | 47
G2 71 68 1 2 0 4 15 28 24
70.83 G3a 33 27 2 4 0 1 14 5 13
CG (40-111)
ml/min G3b 31 19 6 5 1 1 11 14
G4 38 12 5 20 1 1 12 17
G5 17 2 2 11 2 2 4 4
G1 95 92 2 0 3 25 35 | 32
G2 76 76 0 0 2 16 29 29
Co-BSA ?356858) G3a 43 35 3 0 2 12 1 | 18
ml/min/1.73 m2| _ G3b 27 20 4 0 0 8 12
G4 42 16 6 18 2 2 14 19
G5 22 2 3 15 2 1 5 9
G1 86 83 2 1 0 3 22 28 | 33
G2 79 79 0 0 0 3 17 28 | 31
?4-30 ) G3a 44 41 1 2 0 1 12 16 15
MDRD 37-92
ml/min/L73 m2|  G3b 34 21 6 7 0 0 11 15
G4 33 11 5 15 2 1 8 16
G5 29 6 4 17 2 2 11 9
G1 32 30 2 0 0 1 10 9 12
G2 98 97 0 1 0 4 19 36 | 39
MDRD-TR (521§7$4) G3a 45 43 1 1 0 2 16 13 14
ml/min/L73 m2|  G3b 53 44 4 5 0 0 13 20 20
G4 34 19 5 9 1 1 4 11 18
G5 43 8 6 26 3 2 12 13 16
G1 108 105 | 2 1 0 4 26 35 | 43
G2 65 63 1 1 0 3 17 22 23
71.14 G3a 40 37 0 0 0 11 15 14
CKD-EPI 2009 | (36-100)
ml/min/1.73 m2| _ G3b 2 18 6 0 0 14
G4 31 11 5 13 2 1 16
G5 32 7 4 19 2 2 12 9
G1 109 106 | 2 1 0 4 26 36 | 43
G2 67 65 1 1 0 3 18 23 23
7177 39 3% | 0 0 0 10 14 | 15
CKD-EPI 2021 | (37-101) G3a
ml/min/1.73 m?| G3b 21 16 6 0 0 6 13
G4 31 11 5 13 2 1 5 16
G5 32 7 4 19 2 2 9 12 9

AKI: Acute kidney injury; BMI: Body mass index; CG: Cockcroft-Gault; CG-BSA: Cockcroft-Gault normalized to body surface area; CKD:
Chronic kidney disease; CKD-EPI: Chronic Kidney Disease Epidemiology Equation; GFR: glomerular filtration rate; MDRD: Modification
of Diet in Renal Disease; MDRD-TR: Modification of Diet in Renal Disease Turkish version

The Mann-Whitney U was used to analyze the difference between eGFR median values and
patients' BMI and age groups. There was a significant difference between the >60 age group and the
other two age groups (p<0.001). There was no difference among BMI subgroups. The distribution of
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patients based on KDIGO stages, their BMI and the presence of kidney disease is given in Table 3.
There were two patients in G1 stage with AKI diagnosis based on all equations and one patient with
CKD diagnosis based on CG-BSA, MDRD and both CKD-EPI equations. The distribution of patients
with kidney disease diagnosis was similar in the G5 stage among all the equations but the highest number
(n=35) of patients was based on the MDRD-TR equation.

A ssignificant difference (p<0.001) was found between all equations when the KDIGO stages were
compared. Wilcoxon test was done to clarify further the disparity between the equations. There was
significant difference between all equations except between both CKD-EPI equations, and between
these two equations and CG-BSA (Table 4). But when the test was repeated based on patients' BMI, a
significant difference was also recorded between both CKD-EPI and CG-BSA in obese patients
(p<0.008). There was no difference between CG and CG-BSA in patients with BMI<30. On the contrary,
no difference was recorded between CG-BSA and MDRD (p=0.162) in obese patients.

Table 3. Variation in patients’ eGFR stages calculated with different equations

KDIGO CKD-EPI | CKD-EPI | Friedmann
Stages CG CG-BSA | MDRD | MDRD-TR 2009 2021 test p value
CG <0.001* | <0.001* | <0.001* <0.001* <0.001*
CG-BSA | <0.001* 0.003* <0.001* 0.515 0.159
MDRD | <0.001* | 0.003* <0.001* <0.001* <0.001*
MDRD-TR | <0.001* | <0.001* | <0.001* <0.001* <0.001*
CKD-EPI p<0.001
500 <0.001* | 0515 | <0.001* | <0.001* 0.014
CKzgé'fP' <0.001* | 0159 | <0.001* | <0.001* 0.014

“p<0.008 was considered significant (Bonferroni correction 0.05/6=0.008) CG: Cockcroft-Gault; CG-BSA: Cockcroft-Gault
normalized to body surface area; CKD-EPI: Chronic Kidney Disease Epidemiology Equation; KDIGO: Kidney Disease:
Improving Global Outcomes; MDRD: Modification of Diet in Renal Disease; MDRD-TR: Modification of Diet in Renal
Disease Turkish version

The ACR was recorded for only 42 patients. The ACR of 17 patients (40.5%) was below 30 and
that of 11 patients was above 300. Four of these patients had CKD and one had both AKI and CKD
diagnosis (Table 5). Spearman's correlation showed a significant negative correlation between ACR and
eGFR values (p<0.05) calculated using all equations with CG having the largest coefficient (-0.380) and
CKD-EPI 2021 having the smallest (-0.450). Likewise, there was a positive correlation between ACR
stages and all eGFR stages (p<0.05) with coefficients of 0.357, 0.392, 0.425, 0.418, 0.466, and 0.434
for CG, CG-BSA, MDRD, MDRD-TR, CKD-EPI 2009 and CKD-EPI 2021 respectively.

GFR is an essential information in the assessment of kidney function and a main determinant of
drug dosage in patients with kidney dysfunction. The accurate estimation of the GFR is critical and has
been a matter of debate as different equations yield variable results in diverse patient populations. The
performance of equations is based on patient-related factors which have variable extent of influence on
eGFR [1]. Therefore, the selection of the most suitable equation for a particular patient subset is
important. In this study, we evaluated the discrepancy in GFR values calculated using different equations
in Turkish patients.

MDRD is said to have an accuracy close to that of CKD-EPI [6] and is reported to be less
dispersed than CG [14]. It was reported to provide the best estimate in patients with different health
issues [15] and different races including the Turkish populace [12]. Altiparmak reported that the addition
of a race factor of 0.804 to the 4-variable MDRD resulted in a more accurate estimation of GFR in the
Turkish population and, also produced a better classification performance over various GFR equations
[12]. We evaluated this formula in addition to CG, MDRD, CKD-EPI 2009 and the newly recommended
CKD-EPI 2021. The eGFR values calculated using the revised MDRD-TR equation were significantly
lower compared to those calculated using other equations and most patients with kidney disease
diagnosis were placed in lower KDIGO stages based on this equation. We recorded a significant
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difference between the MDRD and MDRD-TR. Although our study population were relatively similar
to that of Altiparmak, in terms of demographic data, the average serum creatinine concentration of our
patients was lower. This may have affected our results as they reported that MDRD overestimated in
patients with GFR values below 30 ml/min/1.73m? and underestimated in others.

Table 4. Distribution of patients based on their ACR

Frequency Al A2 A3
(n) 17 14 11
Sex
Male 28 13 7 8
Female 14 4 7 3
Age group
18-29 3 1 2 0
30-59 19 7 5 7
>60 20 9 7 4
BMI
<18.5 1 1 0 0
>18.5-<25 8 4 3 1
>25- <30 15 5 4 6
>30 18 7 7 4
Presence of kidney disease
None 34 16 13 5
AKI 2 0 1 1
CKD 5 1 0 4
Both 1 0 0 1

ACR: Albumin creatinine ratio, AKI: Acute kidney injury; BMI: Body mass index; CKD: Chronic kidney disease

The CKD-EPI has been considered the best estimation equation in different populations [6]. In a
study involving Turkish participants, 6-variable MDRD and CKD-EPI were found to demonstrate the
best performance in estimating GFR in reference to 24-hour creatinine clearance [16]. In our study, the
eGFR values from both CKD-EPI equations were statistically similar to CG-BSA with comparable
median values. The median GFR from MDRD and MDRD-TR were significantly lower. We used the
4-variable MDRD in place of the 6-variable, this may have affected our results. This further highlights
the importance of variability among the equations. Another study reported better performance of CG
with lean body weight over MDRD and CKD-EPI in patients with metabolic diseases [17]. But the
inaccuracy of all formulas to reveal a decline in GFR in patients has been emphasized [18].

GFR estimating formulas have failed to be fully accurate in overweight and obese patients and
the choice of equation has been a controversial issue. Some researchers have considered the use of CG
with lean body weight to be more appropriate [19,20] while others consider MDRD and CKD-EPI in
patients with stable kidney function, especially for dose adjustments [2]. To compare GFR values
calculated using CG with that from other formulas, adjustment to BSA is recommended [14], but this
was reported to lead to underestimation of GFR in this patient population, which may have serious health
consequences [21]. In our study, there was a noticeable shift in the distribution of patients based on the
KDIGO stages when CG GFR values were adjusted to BSA as the GFR values dropped after adjustment.
A significant proportion of our study population was overweight or obese. In the obese patients, the
adjusted CG GFR values became similar to only that calculated using MDRD. After adjustment, while
the difference in non-obese patients between CG and CG-BSA was neutralized, it persisted in obese
patients. Routine use of gold-standard measurement methods may be indicated particularly in this
patient population.

The ACR measured in spot urine is used to measure albuminuria and used to assess kidney
function. In our study, this ratio was checked in only a few patients, and it correlated to patients' eGFR
values and KDIGO stages. The association of lower eGFR and higher ACR in determining the risk of
kidney injury in patients with or without chronic diseases is consistent [22,23]. The use of both eGFR
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and ACR to assess kidney function in all general populations may provide better insight into the general
kidney status although the ACR is not translated to GFR and cannot be directly used in drug dose
modifications.

Our study has limitations in generalizing the results to the Turkish population, such as being
conducted retrospectively with limited data and at a single center. We were not able to determine the
most accurate estimation equation for the Turkish population as patients’ measured GFR values were
not available to be used as a standard reference. The previously recommended MDRD revised for the
Turkish population resulted in the lowest GFR estimates; therefore, further research is needed.

The most accurate GFR measurement methods are not practical in clinical practice and estimation
methods using endogenic biomarkers are more readily used. Our results show valuable variation in
estimations based on patient demographics and/or equations. The need for novel practical methods for
estimating glomerular filtration rates in general and specific patient populations are urgently needed.
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INVESTIGATION OF THE PREVALENCE OF EXPIRED AND
UNUSED PHARMACEUTICALS IN THE ANKARA REGION

ANKARA BOLGESINDE SON KULLANMA TAR/HI GECMIS VE KULLANILMAMIS
ILACLARIN YAYGINLIGININ ARASTIRILMASI
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ABSTRACT

Obijective: Due to the increase in the market share of pharmaceuticals and the unconscious use of
medicines, unused or expired medicines are being discarded in a way that harms the environment.
This study aims to examine which medicines are brought to collection points as household waste in
order to reduce waste medicines from the source.

Material and Method: The medicines collected in 12 spontaneously selected pharmacies operating
in low and high income levels in the Ankara region were recorded at different periods during one
year and the results were statistically evaluated. 4852 waste medicines were sorted and classified
according to pharmaceutical dosage form and indication

Result and Discussion: Unopened 521 medicines were discarded. In addition, it was seen which
drug groups create waste in socio-economic terms. In addition to the damage to the environment, it
has created a foresight to prevent drug waste that creates a deficit in the budget.

Keywords: Environmental awareness, pharmaceutical dosage form, rational drug use, waste
medicines

0z

Amac: fla¢ Pazar payimin artmast ve bilingsizce kullamlan ilaglardan dolay, kullamlmayan veya
son kullanim tarihi gegmis ilaglar cevreye zarar verecek sekilde atilyyor. Bu ¢alismada atik ilaglart
kaynagindan azaltma amaci ile hangi ilaglarin evsel atik olarak toplama noktalarina getirildigini
incelemektir

Gerec ve Yontem: Ankara bolgesinde, diisiik ve yiiksek gelir diizeyinde gérev yapan spontan olarak
se¢ilen 12 adet eczanede toplanan ilaglar, bir yil boyunca farkli dénemlerde kayit altina alinip,
sonuglart istatiksel olarak degerlendirilmistir. 4852 adet atik ilag tasnif edilmis ve farmasdtik dosaj
formu ve endikasyonuna gore siniflandirilmigtir

Sonug ve Tartisma: 52/ adet ila¢ hi¢ agilmadan atilmistir. Ayrica sosyo-ekonomik agidan hangi
ilag gruplarin atik olusturdugu gorilmiistiir. Cevreye verilen zararin yaminda biitcede agik
olusturan ilag atigini engellemek icin bir on gorii olusturmustur.

Anahtar Kelimeler: Akilci ilag kullanimi, atik ilag, ¢evre bilinci, farmasétik dozaj form

INTRODUCTION

Pharmaceuticals are a combination of materials designed to produce a therapeutic effect on
humans or animals. They also have myriads of uses including disease prevention, cosmetics, diagnosis,
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and lifestyle. These pharmaceutics help cure diseases that save lives, however they also ultimately lead
to environmental contamination [1]. Pharmaceutical waste contaminants are increasing with an increase
in the rate of drug production. Residues from hundreds of widely used active pharmaceutical ingredients
can gain entry into the environment [2,3]. The disposal of unwanted, leftover medications to sewage
and trash is the primary source of drug pollution. Thus, humans may be exposed to long-term or
intermittent exposure to pharmaceutical contaminants, generally through contaminated water and foods.

The disposal of leftover medications poses an acute exposure hazard for both humans and the
environment. The increases in pharmaceutical trade and the unsanitary disposal of pharmaceutical waste
could pose acute and chronic poisoning risks to humans and wildlife [4,5]. Currently, there is no specific
regulation regarding the management of waste pharmaceuticals in our country. However, ‘the zero waste
regulation’ explains how pharmaceutical waste will be collected. According to this regulation,
healthcare services such as hospitals, pharmacies and pharmaceutical warehouses are responsible for
their pharmaceutical waste. Conversely, municipalities are responsible for the management of waste
medicines generated by households [6].

The disposal of pharmaceutical waste in an unconscious manner, for example by pouring it into
sinks, directly affects the environment and human health. These unconsciously discarded waste
medicines cause contamination of all water resources and thus soil with chemicals. To prevent this
situation, such wastes should be disposed of under control. The environmentalists and researchers have
advocated the institutionalisation of ‘zero waste’ as a societal goal, with the intention of spurring waste
management agencies to eliminate the need for waste medicine landfills. However, pharmaceutical
waste can only be disposed of by incineration, as it is not possible to recycle or recover energy [7].
Therefore, the most reasonable approach is to prevent its generation, in according to the top of the waste
pyramid.

According to the municipal sources of Ankara, where our study will be conducted, approximately
8.000 tons of medical waste were disposed of in 2011. In 2020, the pharmaceutical waste disposed of
was 14.000 kilograms. In light of the economic burden that these leftover, unwanted pharmaceuticals
will bring, it is imperative to prevent their occurrence.

In this study, in order to examine the drug use habits of the people of Ankara, waste medicines
collected at random time periods in 15 pharmacies from 2 different eco-social zones were examined.
During the course of a year, the waste medicines collected in different periods were classified according
to their areas of use and how much of them were used was analyzed.

MATERIAL AND METHOD
Setting of the Study

This was a prospective, single-centre study conducted in two different socioeconomic population
areas. The household pharmaceutical wastes collected from the public in different periods from a total
of 12 pharmacies in two areas with different purchasing power were analysed. After receiving the
necessary information, all waste was left in the collection unit.

Study Period

In 2020, the study was divided into winter and summer periods. A research was conducted on the
medicines collected from two of the 12 pharmacies, selected at random, and examined every two
months. During the examination, records were taken according to the following categories: indication
groups, pharmaceutical dosage forms, and quantities used. For the purposes of comparison, the group
with a high purchasing power was referred to as 'Group A" and the other group is referred to as 'Group
B'.

RESULT AND DISCUSSION

During our study, 4.852 medicine boxes were examined. Table 1 presents the distribution of
collected medicines by drug indication in both groups. Figures 1 and 2 illustrate the percentage
distribution of waste medicines. Figure 2 compares the percentage distribution between the two groups.
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Figure 3 summarizes data generated according to pharmaceutical dosage formulation. All figures were
created in Excel software and comparisons were evaluated by the statistical module.

Table 1. Investigation result according to drug indications (n=4.852)

Group | Cold and Flu | Pain Killer | Antibiotics | Vitamins | Hormones | Cholesterol Other
624 692 159 428 153 103 279
Group A|  (25.59%) (28.38%) (6.52%) (17.56%) (6.28%) (4.22%) (11.44%)
728 587 138 208 357 43 353
Group B| (30.16%) (24.32%) (5.72%) (8.62%) (14.79%) (1.78%) (14.62%)
old and Flu PainKiller Antibiotics tamins Hormones Cholext
B GroupA ®mGroupB

Figure 1. Percentage distribution of pharmaceutical waste according to their indications

According to the findings, although there was a 2% difference between cold medications and
painkillers, no statistically significant difference was found (p<0.05). While the vitamin and statin group
(cholesterol drugs) showed more disposal in the group with a high-income level, hormone drugs showed
more disposal in the group with a lower income-level. The fact that the antibiotic group was low in both
groups shows that restricting access to antibiotics in line with the rational drug policy implemented in
our country is effective [5,7]. Since the period in which the research was conducted coincided with the
COVID-19 pandemic, we see that the number of wastage of drugs used in cold and flu infections has
increased. In this case, it is seen that our people increase their unnecessary drug intake due to their
hoarding habits, and therefore the amount of waste drugs increases (15%). Therefore, different policies
regarding rational drug use need to be developed.

It has also been observed that wastes belonging to the vitamin group are generally not pharmacy
products. Considering that these products purchased over the internet discarded before they are used up,
there is a need to control the sales of this group, whose reliability and effectiveness will be discussed.
These products, which do not provide benefits or are not used for other reasons, must be licensed for
sale by the necessary authorities under strict control.

When dosage forms of waste medicines are analyzed (Figure 3), it is seen that solid and liquid
dosage forms take the first two places. In Group B, the amount of waste generated by liquid dosage
forms is quite high. Considering that the majority of liquid dosage forms are in syrup form, it is
concluded that the pediatric population is higher in this group. Wastes from creams or ointments, which
constitute the semi-solid group, were found to be relatively less and in similar amounts in both groups.
The fact that there were almost no products requiring a cold chain reveals that this group only took as
much as they needed. Also most of collected drugs were expired (56.75%), and disposed with their
original secondary container (46.25%). It is a matter of concern that 10.75% of the total quantity of
waste pharmaceuticals were never used.
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Figure 2. Percentage comparison between two groups of pharmaceutical waste according to
indications
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Figure 3. Percentage distribution of pharmaceutical waste according to their pharmaceutical dosage
forms

Conclusion

Waste management is a crucial process for all countries. Methods such as incineration and
underground burial are employed for non-recyclable wastes, yet these practices have the potential to
exacerbate various environmental concerns. A review of studies conducted for the pharmacy and
pharmaceutical industry revealed that waste pharmaceuticals are increasingly prevalent in Turkey, with
limited disposal options. Unused or wasted pharmaceuticals represent a significant global challenge.
The health sector and the consumption of health-related products are growing rapidly. Unfortunately,
there is currently no process for the recovery of the waste drug molecule. Consequently, on-site
separation and waste minimisation methods are being applied or attempted in Turkey and around the
world with the aim of reducing pharmaceutical waste. This study aims to raise awareness and create
preliminary studies for larger projects.
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ABSTRACT

Objective: In this study, following the multi-target directed ligands (MTDLS) strategy and drawing
inspiration from the neuroprotective structure of ferulic acid, eight novel N'-
(benzylidene)propanehydrazide derivatives were designed, synthesized, and tested to evaluate their
cholinesterase inhibitory and antioxidant capacities.

Material and Method: To obtain the final compounds, first, corresponding key intermediates, 3-
(substitutedamino)propanehydrazides, were prepared by the hydrolysis with hydrazine hydrate of
methyl 3-(substitutedamino)propanoate intermediates. These intermediates had been prepared from
the Michael addition of methyl acrylate and commercially available tertiary amine derivatives.
Subsequently, the final compounds were synthesized from the reaction of the starting compounds 4-
hydroxybenzaldehyde or 4-methoxybenzaldehyde and the corresponding key intermediates.
Structural analysis of the synthesized and purified compounds was carried out using *H-NMR, *3C-
NMR, and HRMS. Then, all the final compounds were examined for their cholinesterase inhibitory
effect using the modified Ellman method, their antioxidant effect using the DPPH and ORAC
methods, and their metal chelator effect using UV-spectroscopy analysis. Moreover,
physicochemical parameters were calculated using QikProp Schrodinger Suite 2023 to predict the
druggability of all compounds.

Result and Discussion: Seven of the eight final compounds exhibited moderate cholinesterase
inhibition at varying rates. Compounds 2a (ICso = 12.83 uM) and 2d (ICso = 16.02 uM) were
identified as the most potent inhibitors for acetylcholinesterase (AChE) and butyrylcholinesterase
(BChE), respectively. Moreover, all the final compounds exhibited antioxidant activity in the ORAC
assay. Chelator effects of all compounds were also observed for Cu(ll), Fe(ll), and Zn(1l) ions at
varying rates. Additionally, the final compounds demonstrated acceptable lead-like properties
according to in-silico predictions.

Keywords: Acylhydrazone, antioxidant, Alzheimer’s disease, cholinesterase inhibition, metal-
chelator

0z
Amac: Bu calismada, ¢oklu hedefe yonelik ligand (MTDL) stratejisi izlenerek ve néroprotektif
ferulik asit yapisindan ilham alinarak, sekiz yeni N'-(benziliden)propanhidrazit tiirevleri tasarlandi,

sentezlendi, kolinesteraz inhibitor ve antioksidan kapasitelerini degerlendirmek iizere test edildi.
Gere¢ ve Yontem: Sonug¢ bilesiklerin eldesi icin ilk olarak, kilit ara iiriinler olan 3-
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(amino)propanhidrazitler, metil 3-(siibstitiicamino)propanoat ara iiriinlerinin hidrazin hidrat ile
hidrolizinden hazirlandi. Bu ara iiriinler ise metil akrilat ve ticari olarak mevcut tersiyer amin
tiirevierinin Michael katim tepkimesinden hazirlanmigtir. Hazirlanan Kilit ara iirtinlerin, seri
hareket bilesikleri olan 4-hidroksibenzaldehit veya 4-metoksibenzaldehit ile katim tepkimesinden
sonu¢ bilesikler sentezlenmistir. Sentezlenen ve saflastirilan bilesiklerin 'H-NMR, *C-NMR ve
HRMS analizleri ile yapi kontrolleri gerceklestirilmistir. Ardindan, sonug¢ bilesiklerin modifiye
Ellman yontemiyle kolinesteraz inhibitor etki, DPPH ve ORAC yéontemleriyle antioksidan etki ve
UV-spektroskopisi analiziyle de metal selator etki incelemeleri yapilmistir. Ayrica tiim bilesiklerin
ilag olabilirliklerini degerlendirebilmek amaciyla QikProp Schrodinger Suite 2023 kullanilarak
fizikokimyasal parametreleri hesaplanmistir.

Sonu¢ ve Tartisma: Sekiz sonug bilesikten yedisinin degisen oranlarda kolinesteraz inhibisyonu
olusturduklart bulunmugtur. Bilesik 2a (ICso = 12.83 uM) ve 2d (ICso = 16.02 uM) swrasiyla en iyi
asetilkolinesteraz (AChE) ve biitirilkolinesteraz (BChE) inhibitorii olarak belirlenmigtir. Bununla
birlikte, ORAC testinde tiim bilesikler antioksidan etki gostermigstir. Tiim bilesiklerin Cu(ll), Fe(Il),
ve Zn(1l) iyonlari i¢in degisen oranlarda selator etkileri de gézlenmigstir. Ayrica, final bilesikler, in-
siliko tahminlere gore kabul edilebilir dncii benzeri ozellikler gostermigtir.

Anahtar Kelimeler: Acilhidrazon, Alzheimer hastaligi, antioksidan, kolinesteraz inhibisyonu,
metal-selator

INTRODUCTION

Alzheimer's disease (AD) is a progressive neurodegenerative disorder, presenting a significant
global public health challenge [1]. As the aging population increases, AD prevalence rises, imposing
escalating burdens on individuals, families, and healthcare systems [2]. Marked by cognitive decline,
memory loss, and various behavioral symptoms, AD detrimentally impacts independence and quality of
life [3]. The societal consequences extend beyond emotional and economic strain on families to a global
healthcare resource burden [4].

AD exhibits distinct pathophysiological features, including acetylcholine deficiency,
neuroinflammation, oxidative stress, metal ion dyshomeostasis, and protein dysregulations [5-7]. While
the precise etiology remains unclear, a multifactorial interplay of genetic, environmental, and lifestyle
factors contributes to disease development [8]. Genetic studies identify key genes like amyloid precursor
protein (APP), presenilin 1 (PSEN1), and presenilin 2 (PSENZ2) in familial AD, with sporadic AD
associated with a complex genetic landscape [9]. Medicinal chemistry plays a vital role in the search for
AD therapies, focusing on designing compounds targeting specific biological pathways. Recent
advances highlight potential drug targets like AP aggregation, tau hyperphosphorylation,
neuroinflammation, and oxidative stress [10]. Medicinal chemists strive to develop compounds
selectively modulating these targets for disease-modifying interventions [11,12]. Existing AD therapies
primarily manage symptoms and provide temporary cognitive relief using cholinesterase inhibitors and
N-methyl-D-aspartate (NMDA) receptor antagonists [13]. The therapeutic options within these drug
classes are currently limited to donepezil, rivastigmine, galantamine, and the NMDA receptor antagonist
memantine [7,14]. However, these treatments do not address fundamental disease processes, prompting
the urgent need for innovative disease-modifying interventions [15,16].

Recent AD drug development emphasizes multitarget-directed ligands (MTDLs) over the
traditional single-target approach [17]. Cholinesterase inhibition, particularly targeting
acetylcholinesterase (AChE) and butyrylcholinesterase (BChE), is crucial in this strategy [18,19]. While
AChE has historically received more attention, recent research underscores the significance of BChE
inhibition as the disease progresses [20,21]. Cholinesterases remain principal targets for MTDL
development, combining inhibitory activity with neuroprotective targets [12].

Oxidative stress (OS) is identified as an early and triggering pathology in AD, contributing
significantly to neurodegeneration [22,23]. Compounds with antioxidant activity are considered
valuable for MTDL development against AD. The metal hypothesis implicates Fe, Cu, and Zn ions in
AD pathologies, suggesting metal chelators as valuable for drug development due to their effects on
various AD mechanisms [24].

Our research team has devoted research efforts to reaching MTDLs against AD during the last
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decade. With this purpose, we have studied various heterocyclic scaffolds such as phthalazinone,
pyridazinone, pyridazine, benzoxazolone, benzothiazolone, and thiazole [25-31]. In this study, we
preferred phenol and anisole instead of heterocyclic systems, drawing inspiration from the
neuroprotective ferulic acid (FA) structure [32,33]. FA serves as a potential pharmacophore that exhibits
multiple pharmacological properties, such as antioxidant, neuroprotection, modulation of Af
aggregation, and anti-inflammatory effects. However, FA lacks cholinesterase inhibitor activity. Despite
this, numerous studies in MTDL design have incorporated FA, often hybridizing it with known
cholinesterase inhibitors. According to molecular docking results of these hybrids, FA primarily engages
in m-n stacking interactions via its phenyl core with key aromatic residues (Trp286 and Tyr341 for
huAChE or Trp231 and Phe329 for huBChE) at the peripheral anionic site [34,35]. Phenol and anisole
connected with tertiary nitrogen-bearing structures known for their ability to interact with the catalytic
site of cholinesterase enzymes [36] by using propanehydrazide bridge, which could contribute to the
antioxidant and metal chelator effects [37]. As a result, we designed and synthesized novel eight N -
(benzylidene)propanehydrazide derivatives (Figure 1).

Inspired by the structure of neuroprotective
ferulic acid, we chose phenol and anisole over
heterocyclic systems in this work, which is (" N )
different from our previous research. 8 pemmmm—-

RO e TR,
HO._ B " , ‘
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N AN _ rOH NN & T_rf interaction with
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Figure 1. Design strategy and general structures of the final compounds

MATERIAL AND METHOD
Chemistry

Chemicals were acquired from commercial suppliers (Sigma Aldrich, Merck and Isolab) and
Merck 60F254 plates were used for TLC. Schmelzpunkt SMP-II digital apparatus was used for melting
point (mp) detection. NMR spectra were recorded using a Bruker Avance Neo 500 MHz FT-NMR
spectrometer. Waters LCT Premier XE Mass Spectrometer operating in electrospray ionization (ESI)
mode recruited to collect high resolution mass spectra data (HRMS). The mass spectrometer was also
coupled to an AQUITY Ultra Performance Liquid Chromatography system with UV detector
monitoring at 254 nm.

General method for the synthesis of 3-(substitutedamino)propanehydrazide intermediates (5a-h)

According to our previously reported method [27] corresponding amine derivative (3a-d) (1.0 g,
1 equivalent) in DCM (15 ml) and methyl acrylate (1.2 equivalent) was used to obtain methyl 3-
(substitutedamino)propanoate intermediates (4a-d). Without further purification prepared 4a-d (1.0
equivalent) and NH2NH,.H,0 (64%, 5.0 equivalent) were refluxed in EtOH (25 ml) for 4h. The reaction
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mixture was concentrated under reduced pressure at the end of this period, then treated with diethyl
ether, and the precipitated crude intermediate (5a-d) was filtered off and crystallized or washed with the
appropriate solvent.

3-(4-Benzylpiperazin-1-yl)propanehydrazide (5a)

Recrystallized from diisopropy! ether-isopropyl alcohol. Light pinky solid. Yield: 70 %. mp: 73-
75 °C. HRMS (ESI) [M + H]+ m/z for C14H23N4O calculated: 263.1872, found: 263.1875.

3-(4-(4-Fluorobenzyl)piperazin-1-yl)propanehydrazide (5b)

Washed with diethyl ether-petroleum ether. White solid. Yield: 46 %. mp: 58-60 °C. HRMS (ESI)
[M + H]+ m/z for C14H2FN4O calculated: 281.1778, found: 281.1777.

3-(4-Phenylpiperidin-1-yl)propanehydrazide (5c)

Washed with diethyl ether-petroleum ether. Light pinky solid. Yield: 87 %. mp: 112-114 °C.
HRMS (ESI) [M + H]+ m/z for C14H22N30 calculated: 248.1763, found: 248.1761.

3-(4-Benzylpiperidin-1-yl)propanehydrazide (5d)

Recrystallized from ethyl acetate. Light pinky solid. Yield: 43 %. mp: 110-112 °C. HRMS (ESI)
[M +H]+ m/z for C15H24N30 calculated: 262.1919, found: 262.1913.

General procedure for the synthesis of N'-(4-hydroxy/methoxybenzylidene)propanehydrazide
derivatives (1a-d and 2a-d)

4-Hydroxybenzaldehyde (1) or 4-methoxybenzaldehyde (2) (1.0 equivalent) and corresponding
3-(substitutedamino) propanehydrazide intermediate (5a-d) (1.0 equivalent) were dissolved in EtOH
(20 ml). The mixture was either stirred at room temperature (rt) or refluxed until the starting compounds
were no longer present. After completion, the mixture was concentrated under reduced pressure then
diethyl ether-petroleum ether was added to the flask, precipitate was filtered. The filtered solid was
recrystallized from the appropriate solvent.

(E)-3-(4-benzylpiperazin-1-yl)-N'-(4-hydroxybenzylidene)propanehydrazide (1a)

As mentioned in the general method, compound 1 (300 mg, 2.46 mmol) and 5a (644 mg, 2.46
mmol) were stirred overnight at rt. Tetrahydrofuran was used to recrystallize the product. White crystals.
Yield: 79 %. mp: 210 °C. *H NMR (500 MHz, DMSO-dg) & (ppm): 11.24, 11.06 (two s, 1H, NH), 9.91,
9.88 (two s, 1H, OH), 8.04, 7.88 (two s, 1H, -N=CH-), 7.50, 7.47 (two d, J = 8.6 Hz, 2H, H?), 7.39 —
7.17 (m, 5H, HP"e™) 6,82, 6.81 (two d, J = 8.6 Hz, 2H, H3%), 3.46 (br s, 2H, piperazine-CH-phenyl),
2.77 (t, J = 6.6 Hz, 1H, -H,CC=0), 2.72 — 2.58 (m, 2H, CH,-CH»-piperazine), 2.48 — 2.21 (m, 9H,
Hpiperazine - _H,CC=0). *C NMR (125 MHz, CDCls) & (ppm): 173.28, 167.58, 159.72, 159.51, 146.64,
143.44, 138.50, 138.48, 129.35, 129.16, 128.77, 128.62, 127.42, 125.76, 116.15, 116.10, 67.48, 62.38,
62.36, 54.12,53.72, 52.88, 52.84, 52.71, 32.46, 30.04. HR-ESI-MS (m/z) calcd for C21H26N4O2 [M+H]*
367.2134, found 367.2138.

(E)-3-(4-(4-fluorobenzyl)piperazin-1-yl)-N'-(4-hydroxybenzylidene) propanehydrazide (1b)

As mentioned in the general method, compound 1 (250 mg, 2.05 mmol) and 5b (574 mg, 2.05
mmol) were stirred overnight at rt. Acetonitrile was used to recrystallize the product. Beige crystals.
Yield: 59 %. mp: 197 °C. *H NMR (500 MHz, DMSO-ds) & (ppm): 11.20, 11.03 (two s, 1H, NH), 9.88
(br's, 1H, OH), 8.03, 7.87 (two s, 1H, -N=CH-), 7.50, 7.47 (two d, J = 8.7 Hz, 2H, H?®), 7.31 (dd, J =
14.0, 7.7 Hz, 2H, H**%), 7.13 (td, J = 8.9, 3.7 Hz, 2H, H**%"), 6.81, 6.80 (two d, J = 8.7, 2H, H*"), 3.43,
3.41 (two s, 2H, piperazine-CH,-phenyl), 2.74 (t, J = 7.3 Hz, 1H, -H.CC=0), 2.62 — 2.55 (m, 2H, CH»-
CH,-piperazine), 2.49 — 2.30 (m, 9H, Hpirerazine _H,CC=0). *C NMR (125 MHz, CDCl3) & (ppm):
173.50, 167.68, 162.64, 160.71, 159.72, 159.71, 159.49, 146.59, 143.33, 134.86, 131.10, 131.04,
129.16, 128.74, 125.79, 125.74, 116.14, 116.10, 115.38, 115.22, 61.57, 54.22, 53.92, 53.05, 52.95,
32.61, 30.29. HR-ESI-MS (m/z) calcd for C21H2sFN4O, [M+H]* 385.2040, found 385.2041.
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(E)-N'-(4-hydroxybenzylidene)-3-(4-phenylpiperidin-1-yl)propanehydrazide (1c)

As mentioned in the general method, compound 1 (250 mg, 2.05 mmol) and 5¢ (506 mg, 2.05
mmol) were stirred overnight at rt. Tetrahydrofuran was used to recrystallize the product. White crystals.
Yield: 44 %. mp: 241 °C. *H NMR (500 MHz, DMSO-ds) & (ppm): 11.23, 11.04 (two s, 1H, NH), 9.88
(brs, 1H, OH), 8.06, 7.89 (two s, 1H, -N=CH-), 7.52, 7.49 (two d, J = 8.6 Hz, 2H, H?%), 7.31 - 7.15 (m,
5H, HPrew) 16,82, 6.81 (two d, J = 8.6 Hz, 2H, H®%), 2.99 (t, J = 12.9 Hz, 2H, HZPiperidine(ea). |{6piperidine(eq))
2.79 (t, J = 7.2 Hz, 1H, -H.CC=0), 2.69 — 2.60 (m, 2H, CH,-CH,-piperidine), 2.49 — 2.42 (m, 1H,
Hépiperidine) 5 37 (t, J = 7.2 Hz, 1H, -H,CC=0), 2.11 — 1.98 (m, 2H, H2piperidine(@) - ({6piperidine(ax)y 1 78
1.69 (m, 2H, H3piperidine(eq), H5piperidine(eq))’ 1.68—-1.53 (m’ 2H, H3piperidine(ax), H5piperidine(ax)). HR-ESI-MS (m/z)
calcd for Ca1H2sN3O2 [M+H]* 352.2025, found 352.2024.

(E)-3-(4-benzylpiperidin-1-yI)-N'-(4-hydroxybenzylidene)propanehydrazide (1d)

As mentioned in the general method, compound 1 (250 mg, 2.05 mmol) and 5d (535 mg, 2.05
mmol) were stirred overnight at rt. Tetrahydrofuran was used to recrystallize the product. Beige crystals.
Yield: 53 %. mp: 224 °C. *H NMR (500 MHz, DMSO-ds) & (ppm): 11.21, 11.00 (two s, 1H, NH), 9.89
(brs, 1H, OH), 8.03, 7.87 (two s, 1H, -N=CH-), 7.50, 7.46 (two d, J = 8.6 Hz, 2H, H?®), 7.30 — 7.10 (m,
5H, Hprew!) 16,81, 6.80 (two d, J = 8.6 Hz, 2H, H>5), 2.84 (d, J = 11.7 Hz, 2H, H2Piperidine(ea), |{6piperidine(ea))
2.73 (t, J=7.2 Hz, 1H, -H,CC=0), 2.60 — 2.52 (m, 2H, CH,-CH--piperidine), 2.49, 2.47 (two d, J=7.0
Hz, 2H, piperidine-CHz-phenyl), 2.31 (t, J = 7.2 Hz, 1H, -H,CC=0), 1.86 (t, J = 11.7 Hz, 2H,
H2piperidine(ax)’ H6piperidine(ax)), 1.55—-1.38 (m, 3H, H3piperidine(eq), H5piperidine(eq), H4piperidine), 1.22 -1.08 (m, 2H,
H3piperidine(@), Spiperidine@)) HR-ESI-MS (m/z) calcd for CaoH27N3O2 [M+H]* 366.2182, found 366.2176.

(E)-3-(4-benzylpiperazin-1-yl)-N'-(4-methoxybenzylidene)propanehydrazide (2a)

As mentioned in the general method, compound 2 (223.4 ul, 1.84 mmol) and 5a (481 mg, 1.84
mmol) were stirred overnight at rt. Tetrahydrofuran was used to recrystallize the product. White crystals.
Yield: 57 %. mp: 148 °C. *H NMR (500 MHz, DMSO-dg) & (ppm): 11.28, 11.11 (two s, 1H, NH), 8.08,
7.92 (two's, 1H, -N=CH-), 7.62, 7.58 (two d, J = 8.8 Hz, 2H, H??), 7.34 — 7.20 (m, 5H, HPre™") 6,99 (t,
J = 8.8 Hz, 2H, H3®), 3.80, 3.79 (two s, 3H, -OCHs), 3.45, 3.43 (two s, 2H, piperazine-CH,-phenyl),
2.76 (t, J = 7.3 Hz, 1H, -H,CC=0), 2.65 — 2.55 (m, 2H, CH»-CH.-piperazine), 2.49 — 2.07 (m, 9H,
Hpiperazine - _H,CC=0). HR-ESI-MS (m/z) calcd for C22H2sN4O, [M+H]* 381.2291, found 381.2285.

(E)-3-(4-(4-fluorobenzyl)piperazin-1-yl)-N'-(4-methoxybenzylidene)propanehydrazide (2b)

As mentioned in the general method, compound 2 (223.4 pl, 1.84 mmol) and 5b (514 mg, 1.84
mmol) were refluxed for 72 h. Ethylacetate-hexane was used to recrystallize the product. Light pinky
crystals. Yield: 80 %. mp: 147 °C. *H NMR (500 MHz, DMSO-ds) & (ppm): 11.27, 11.11 (two s, 1H,
NH), 8.08, 7.92 (two s, 1H, -N=CH-), 7.62, 7.58 (two d, J = 8.7 Hz, 2H, H?®), 7.35 - 7.25 (m, 2H, H**),
7.18 - 7.09 (m, 2H, H*%), 6.99 (t, J = 8.7 Hz, 2H, H3®), 3.80, 3.79 (two s, 3H, -OCHj3), 3.43, 3.41 (two
s, 2H, piperazine-CH-phenyl), 2.76 (t, J = 7.3 Hz, 1H, -H,CC=0), 2.65 — 2.55 (m, 2H, CH,-CH,-
piperazine), 2.49 —2.12 (m, 9H, Hrirerazine _H,CC=0). HR-ESI-MS (m/z) calcd for C2H27FN,O2 [M+H]*
399.2196, found 399.2194.

(E)-N'-(4-methoxybenzylidene)-3-(4-phenylpiperidin-1-yl)propanehydrazide (2c)

As mentioned in the general method, compound 2 (223.4 pl, 1.84 mmol) and 5¢ (535 mg, 1.84
mmol) were stirred overnight at rt. Acetonitrile was used to recrystallize the product. White crystals.
Yield: 75 %. mp: 165 °C. *H NMR (500 MHz, DMSO-dg) & (ppm): 11.30, 11.13 (two s, 1H, NH), 8.11,
7.94 (two s, 1H, -N=CH-), 7.63, 7.60 (two d, J = 8.8 Hz, 2H, H?), 7.33 — 7.13 (m, 5H, HP"*), 7.00,
6.99 (two d, J = 8.8 Hz, 2H, H®), 3.80, 3.79 (two s, 3H, -OCHj), 3.00 (t, J = 11.7 Hz, 2H, HZpiperidine(eq).
Hepiperidine(ea)y -2 80 (t, J = 7.2 Hz, 1H, -H,CC=0), 2.70 — 2.60 (m, 2H, CH,-CH,-piperidine), 2.49 — 2.42
(m, 1H, Hepieeridiney 2 38 (t, J = 7.2 Hz, 1H, -H,CC=0), 2.11 — 2.00 (m, 2H, Hzpiperidine(ax) - p{Epiperidine(ax)y
1.78 — 1.69 (m’ 2H, H3piperidine(eq), HSpiperidine(eq)), 1.68 — 1.55 (m, 2H, H3piperidine(ax), H5piperidine(ax)). HR-ESI-
MS (m/z) calcd for C22H27N3O2 [M+H]* 366.2182, found 366.2173.
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(E)-3-(4-benzylpiperidin-1-yI)-N'-(4-methoxybenzylidene)propanehydrazide (2d)

As mentioned in the general method, compound 2 (223.4 pl, 2.05 mmol) and 5d (479 mg, 1.84
mmol) were stirred overnight at rt. Acetonitrile was used to recrystallize the product. White crystals.
Yield: 56 %. mp: 138 °C. *H NMR (500 MHz, DMSO-ds) & (ppm): 11.28, 11.09 (two s, 1H, NH), 8.08,
7.92 (two s, 1H, -N=CH-), 7.62, 7.58 (two d, J = 8.6 Hz, 2H, H??), 7.30 — 7.10 (m, 5H, HP"e™") 7,00,
6.99 (two d, J = 8.6 Hz, 2H, H*®), 3.80, 3.79 (two s, 3H, -OCHj3), 2.84 (t, J = 11.6 Hz, 2H, H2piperidine(sq),
Hepiperidine(ea)y 2 74 (t, J = 7.2 Hz, 1H, -H,CC=0), 2.61 — 2.53 (m, 2H, CH.-CH,-piperidine), 2.49, 2.46
(two d, J = 7.0 Hz, 2H, piperidine-CHz-phenyl), 2.32 (t, J = 7.2 Hz, 1H, -H,CC=0), 1.86 (t, J = 11.6
HZ, 2H, HZpiperidine(ax), Hepiperidine(ax))’ 1.55—1.38 (m’ 3H, H3piperidine(eq), H5piperidine(eq), H4piperidine), 1.22 - 1.07
(m, 2H, H3piperidine(@), Spiperidine(@)) - HR-ESI-MS (m/z) calcd for CasHaoN3sO, [M+H]* 380.2338, found
380.2344.

Biological Assays
Cholinesterase Inhibition Assay

AChE (electric eel) and BChE (equine serum) from Sigma Aldrich were employed in the assays,
following the method previously reported by us [29,31]. To determine the ICso values, GraphPad Prism
software (Version 7.0) was used.

In Vitro Antioxidant Activity Assays (DPPH And ORAC-Fluorescein)

DPPH and ORAC-FL assays were conducted using our previously reported procedures [29,31].
In DPPH assay, test samples were assayed at 100 uM for 30 min incubation time. Assay was carried out
in triplicate, and the mean+SD was computed.

Metal Binding Studies

Studies for the ligand-metal binding evaluation was carried out in accordance with our previously
reported methodology [29,31]. The overlapping spectra of the metal-treated ligand and the control
solution of the ligand were visualized, and the resulting wavelength (nm) vs. absorbance graphs were
drawn.

Evaluation of In Silico Physicochemical Parameters

In order to obtain low energy conformations of the ligands as well as potential ionization states
for pH 7.0 + 2.0, LigPrep module was used. Table 3 shows the Qikprop predictions for the top-scoring
states of each compound.

RESULT AND DISCUSSION
Chemistry

Route for the synthesis of intermediates and final compounds were presented in Figure 2.
Corresponding key intermediates, 3-(substitutedamino)propane hydrazide intermediates (5a-d), were
prepared from the hydrolization with hydrazine hydrate of methyl 3-(substitutedamino)propanoate
intermediates (4a-d) have been prepared from [27] the Michael addition of methyl acrylate and
appropriate amine derivative (3a-d). Finally, from the reaction of starting compound 4-
hydroxybenzaldehyde (1) or 4-methoxybenzaldehyde (2) and corresponding key intermediate (5a-d),
N'-(4-hydroxybenzylidene) propanehydrazides (1a-d) and N'-(4-methoxybenzylidene)
propanehydrazides (2a-d) were synthesized.

Eight final compounds were synthesized in this study. *H NMR and high-resolution mass spectra
(LC-HRMS) were used for the chemical structure and purity verification of the compounds.
Additionally, 3C NMR data of the 1a and 1b were presented as representatives of the series. The data
obtained from all analyses of the compounds matched the proposed structures. Acylhydrazones, in other
words, (-C(O)-N-N=CH) structure can potentially have E/Z geometrical isomers (C=N), cis/trans amide
conformers (C(O)-NH). During the characterization of title compounds with TLC and LC-HRMS
techniques, only the presence of the E isomers, less hindered and favored ones was confirmed.
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Additionally, energy calculations of the isomers confirm this observation (Figure 3). As a result of
diastereomeric nature of title compounds (E, cis and E, trans), explicit sets of certain protons or
duplication were observed in *H NMR spectra with a similar pattern for all compounds (Figure 4).
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Figure 2. Synthesis of benzylidene propanehydrazide derivatives 1a-d and 2a-d. Reagents and
conditions: (i) Methyl acrylate, DCM, rt, 24h; (ii) Hydrazine monohydrate, EtOH, reflux, 4h; (iii)
EtOH, reflux, 4h

a. b.

% o

Figure 3. Calculated energies by LigPrep for E isomer (a) and Z isomer (b) of compound 1a
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Figure 4. Common *H NMR peaks of benzylidene propanehydrazide series 1a-d and 2a-d
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Biology
Cholinesterase Inhibition

By using modified Ellman’s method, inhibition percentages of compounds on cholinesterases
were evaluated at 10, 33.3 and 100 uM. Subsequently, the ICso values of the final compounds were
assayed and calculated. Donepezil and Galantamine were used as positive controls [38]. All the
cholinesterase (ChE) inhibitory activity results were presented in Table 1. All the tested compounds,
except 2c, exhibited moderate AChE or BChE inhibitory activity. Among them, only compound 2a (ICso
values for AChE = 12.83 uM and BChE = 72.78 uM) assigned as a dual ChE inhibitor. Interestingly,
structure-activity relationship (SAR) results showed us that piperazine derivatives (1a, 1b, 2a, and 2b)
were preferable for AChE inhibition and piperidine derivatives (1c, 1d, and 2d) were preferable for
BChE inhibition. Additionally, switching from phenol to anisole generally enhances ChE inhibition;
just in 2c, this effect plays its role contrarily.

Table 1. Cholinesterase inhibitory activity results of the synthesized compounds

eeAChE eqBChE
Compound %inh %inh %inh ICso %inh %inh %inh ICso
(10 uM) | (33.3 uM) | (100 uM) (1ouM) | (33.3uM) | (100 uM)
la 434+08 | 72819 | 87.2x1.1 | 16.72+4.61 <10 13.3£3.5 | 33.1+£2.6 >100
1b 214+13 | 46.9+04 | 742+1.3 | 34.04 £4.61 <10 125+0.8 | 36.8+1.3 >100
1c <10 105+0.7 | 36.8+2.9 >100 206+2.1 | 41.2+42 | 65.5+1.4 | 59.56+3.5
1d <10 298+0.1 | 50.4+3.2 >100 21.0+£2.7 | 437404 | 66.5+£2.8 | 53.76+4.2
2a 444+12 | 73.0+02 | 895+1.4 | 12.83+3.80 | 184+£1.5 | 451+£17 | 59.6+2.6 | 72.78 £5.68
2b 23.1+1.7 | 514+£14 | 784+0.3 | 29.26 +4.45 <10 255+2.0 | 54.0+0.2 >100
2c <10 <10 16.4+0.4 >100 266+3.4 | 53.9+13|422=x1.1 >100
2d <10 240+99 | 54.7+1.1 >100 429+25 | 731+1.0 | 894+3.7 | 16.02+1.2
Donepezil | 98.7+0.4 - - 0.062 +0.002 | 89.9+0.3 - - 3.55+0.07
Galantamine | 91.9 +0.7 - - nd 299+0.5 - - nd

Antioxidant Activity

Both the radical scavenging (DPPH assay) and oxygen radical absorbance (ORAC-FL assay)
capabilities of the compounds were investigated. Antioxidant standarts, Gallic acid [39] and Trolox [40]
were recruited for DPPH and ORAC-FL assays, respectively. Table 2 displays the results. At 100 uM,
phenol derivatives (1a-d) showed low radical scavenging activity (between %12 and %33). However,
at the same concentration, none of the anisole derivatives (2a-d) exhibited radical scavenging activity.
Nonetheless, every molecule exhibited very high ORAC-FL values, which varied from 0.743 to 24.958
Trolox equivalents. Furthermore, phenol derivatives (1a—d), in particular compound 1b (as 24.958
trolox equivalent), have extremely significant capabilities to absorb oxygen radicals.

Metal Binding

Cu(ll), Fe(ll), and Zn(11) binding capabilities of the compounds were assessed by screening their
absorptions in the 230-500 nm range. Any change in the metal-treated ligand's spectra relative to the
spectra of the ligand alone, as determined by the UV-vis spectrophotometry method, is ascribed to
complexation [41]. "Difference UV-vis spectra” were created for improved assessment. Figure 5 shows
the "difference UV-vis spectra” that were obtained by subtracting the separate absorbances of the ligand
and metal from the absorbance of the metal-ligand mixture. All compounds demonstrated chelation with
every tested ion, though at different rates, as we saw. Interestingly, 1c and 2d showed significant Fe(ll)
and Cu(ll) chelation. Additionally, 2d showed significant Zn(Il) chelation.
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Table 2. Antioxidant activity results of the compounds

Compound DPP'?I((’{; r&i?ition ORAC-FL
1a 1215+ 1.08 11436 + 0381
1b 1276 £0.88 24.958 +0.490
1c 22,67+ 1.00 14.546 +0.535
1d 33.63 £ 147 2,556 +0337
2a <10 1153 +0.150
2b <10 1159+ 0.099
2 <10 0.692 +0.147
2d <10 0.743 +0.093

Gallic acid (100 pM) | 92.71£0.90 nd
Trolox nd 1.000

The mean + SD of three independent experiments. nd; not determined

o.a Cu(ll) i

—1b
ic
id

2a
2b
2c
2d

A Absorbance

230 280 330 380 430 480
Wavelength

Fe(”) i1a 2a
ib 2b
2c
2d

A Absorbance
o
w

230 280 330 380 430 480
Wavelength

la
ib
ic
id

2a
2b
2c
2d

o5 Zn(I1)

0,3

0,1

-0,1

-0,3

A Absorbance

-0,5

-0,7
230 280 330 380 430 480
Wavelength

Figure 5. The UV-vis difference spectra between title compounds and metal ions

Evaluation of in silico physicochemical parameters

For the calculation of in-silico physicochemical properties and ADME predictions QikProp
Schrodinger Suite 2023 was used [42]. The results are presented in Table 3. With QPlogBB values
ranging from -1.029 to 0.149, all of the compounds were predicted to be BBB-permeable. Most of the
compounds were forecasted to exhibit a CNS score of 1, falling within the range of -2 (inactive) to +2
(active). Exceptionally, 1c and 1d, but these compounds have not significant chlolinesterase inhibition.
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All of the compounds follow Lipinski's rule of five [43]. Additionally, all the compunds, except 2d,
follow Jorgensen's rule of three [44]. QPlogS value of 2d (-5.739) slightly over Jorgensen's but it is in
the recommended range by the Qikprop manual. As a result, in silico ADME predictions revealed that
the compounds generally have acceptable drug-likeness as well as significant BBB permeation capacity.

Table 3. Predicted physicochemical parameters of compounds

Compounds Recommended
la 1b 1c 1d 2a 2b 2c 2d value
MW 366.462 | 384.452 | 351.447 | 365.474 | 380.489 | 398.479 | 365.474 | 379.501 130 - 725
vol 1.259.398 | 1278.077 | 1237.221 | 1291.965 | 1313.241 | 1329.378 | 1280.682 | 1346.391 500 - 2000

Descriptor

n-rot 9 9 7 9 9 9 7 9 0-15
DHB | 2000 | 2000 | 2000 | 2000 | 1000 | 1.000 | 1.000 | 1.000 0-6
AHB | 7250 | 7.250 | 5250 | 5250 | 7.250 | 7.250 | 5250 | 5.250 2-20
PSA | 84620 | 84634 | 79464 | 79305 | 70267 | 70322 | 62087 | 65105 7-200
OPlogS | -2.752 | -3221 | -5006 | -5151 | -3.197 | -3562 | -5208 | 5739 | -6.5-05
OlogPoww | 2525 | 2.745 | 3681 | 4025 | 3339 | 3572 | 4540 | 4.904 20-65
QPPCaco | 39.905 | 37.195 | 151.930 | 151.811 | 132.013 | 131.449 | 687.218 | 500.498 | <2° p;rc(;gt>500
QlogBB | -0537 | 0490 | -0.886 | -1.029 | 0043 | 0149 | 0102 | -0422 | -30-12
-2 (inactive) to
CNS 1 1 0 2 1 1 1 1 2 actiod
#metab 5 5 5 4 5 5 5 4 1-8
o >80% high
6HOA | 70385 | 71129 | 87548 | 89.554 | 84.453 | 85783 | 100.000 | 100.000
<25% poor
VRF 0 0 0 0 0 0 0 0 5
VIR 0 0 0 0 0 0 0 1 :

MW: Molecular weight vol: Total solvent-accessible volume n-rot: Number of rotatable bonds DHB: Estimated number of
hydrogen bond donors AHB: Estimated number of hydrogen bond acceptors (2.0-20.0) PSA: Van der Waals surface area of
polar nitrogen and oxygen atoms and carbonyl carbon atoms QPlogS: Predicted aqueous solubility QlogPo/w: Predicted
octanol/water partition coefficient QPCaco: Predicted apparent Caco-2 cell permeability QlogBB: Predicted brain/blood
partition coefficient CNS: Predicted central nervous system activity #metab: Number of likely metabolic
reactions.%6HOA:Predicted human oral absorption percent VRF: Number of violations of Lipinski's rule of five (The rules
are: MW < 500, logP <5, DHB < 5, AHB < 10) VJR: Number of violations of Jorgensen’s rule of three (QPlogS > -5.7, QP
PCaco > 22 nm/s, # Primary Metabolites < 7)

In this study, we designed and synthesized novel N'-(benzylidene)propanehydrazide derivatives.
Subsequently, their anti-cholinesterase, antioxidant, and metal-chelating abilities were evaluated with
the aim of obtaining new hit compounds. Based on the ChE inhibitory activity results, all the tested
compounds, except 2c, exhibited moderate AChE or BChE inhibitory activity. Especially, 2a (ICso
values for AChE = 12.83 uM and BChE = 72.78 uM) and 2d (ICsp value for BChE = 16.02 uM) were
determined as the most potent inhibitors for AChE and BChE, respectively. Additionally, 2a (1.153)
and 2d (0.743) exhibited similar antioxidant activity to trolox. Unfortunately, the antioxidant capacities
of the cholinesterase inhibitory active compounds were relatively lower than the inactive ones.
Moreover, metal-binding studies indicated that all the compounds were chelators for copper, iron, and
zinc ions. Especially, the active compound 2d showed significant Zn(l1) chelation. Besides, compounds
demonstrated appreciable blood-brain barrier (BBB) permeation capacity along with acceptable lead-
like properties according to in-silico predictions. Overall, 2a and 2d could be considered as a starting
point for new structural modifications in the MTDL design against AD.
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ABSTRACT

Obijective: The objective of this study is to characterize the aerial parts of S. orientalis using Fourier
Transform Infrared (FTIR) spectroscopy, evaluate the phenolic content and antioxidant activity of
seeds, stems, and flowers, and conduct quantitative analysis of phenolic compounds using LC-
MS/MS.

Material and Method: Fourier Transform Infrared (FTIR) spectroscopy was employed to
characterize the aerial parts of S. orientalis. The analysis focused on identifying various functional
groups such as -OH vibrations associated with polysaccharides, C-H vibrations from lipids and
lignin compounds, and C=0 vibrations related to cellulose derivatives. The total phenolic,
flavonoid, flavanol, tannin, and proanthocyanidin contents of S. orientalis seeds, stems, and flowers
were evaluated using standard analytical methods. DPPH radical scavenging activity was
determined to assess antioxidant potential, with 1Csy values calculated for each plant part.
Quantitative analysis of phenolic compounds in the plant extract was conducted using LC-MS/MS.
The abundance of various phenolic acids including P-coumaric acid, trans-ferulic acid, caffeic acid,
and vanillic acid was determined. Additionally, other phenolic compounds such as gallic acid,
chlorogenic acid, salicylic acid, (+) taxifolin, rutin hydrate, ellagic acid, quercetin dihydrate, and
apigenin were also detected and quantified.

Result and Discussion: The evaluation of phenolic content showed differences among different
plant parts, with flowers exhibiting the highest total phenolic and proanthocyanidin content. Seeds
demonstrated superior DPPH radical scavenging activity. Quantitative analysis of phenolic
compounds using LC-MS/MS highlighted the abundance of various phenolic acids and other
phenolic compounds in S. orientalis. These findings underscore the potential of S. orientalis as a
valuable source of natural antioxidants. Overall, the results suggest that S. orientalis possesses
significant phenolic diversity and antioxidant activity, which could contribute to its potential
applications in various industries, including pharmaceuticals and nutraceuticals.

Keywords: FTIR, LC-MS analysis, plant secondary metabolites, quantitative analysis

07/
Amac: Bu calismanmin amaci, S. orientalis'in toprakiistii kisimlarini Fourier Déniisiimii Kizilotesi
(FTIR) spektroskopisi kullanarak karakterize etmek, tohumlarin, saplarin ve ciceklerin fenolik

icerigini ve antioksidan aktivitesini degerlendirmek ve LC-MS/MS kullanarak fenolik bilesiklerin
nicel analizini yapmaktir.
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Gerec ve Yontem: S. orientalis'in toprakiistii kisumlarini karakterize etmek i¢in Fourier Doniisiimii
Kizilotesi (FTIR) spektroskopisi kullanildi. Analiz, polisakkaritlerle iliskilendirilen -OH titregimleri,
lipitlerden ve lignin bilesiklerinden kaynakli C-H titresimleri ve seliiloz tiirevieriyle iliskilendirilen
C=0 titresimleri gibi ¢esitli fonksiyonel gruplar: tanimlamaya odakland.S. orientalis tohumlarnin,
saplarimin ve ¢igeklerinin toplam fenolik, flavonoid, flavanol, tanin ve proantosiyanidin igerigi
standart analitik yontemler kullanilarak degerlendirildi. Antioksidan potansiyeli degerlendirmek
icin DPPH radikal temizleme aktivitesi belirlendi ve her bitki kismi igin ICso degerleri hesapland.
Bitki ekstraktindaki fenolik bilesiklerin nicel analizi LC-MS/MS kullanilarak gerceklestirildi. P-
kumarik asit, trans-ferulik asit, kafeik asit ve vanilinik asit gibi ¢esitli fenolik asitlerin bol miktarda
bulundugu belirlendi. Ayrica, galik asit, klorojenik asit, salisilik asit, (+) taksifolin, rutin hidrat,
ellajik asit, kuersetin dihidrat ve apigenin gibi diger fenolik bilesikler de tespit edildi ve nicel olarak
belirlendi.

Sonug ve Tartisma: Fenolik icerigin degerlendirilmesi, farkl bitki par¢alari arasinda farkliliklar
gasterdi, ¢icekler en yiiksek toplam fenolik ve proantosiyanidin icerigini sergiledi. Tohumlar iistiin
DPPH radikal temizleme aktivitesi gosterdi.LC-MS/MS kullanarak fenolik bilesiklerin nicel analizi,
S. orientalis'te ¢esitli fenolik asitlerin ve diger fenolik bilesiklerin bol miktarda bulundugunu
vurgulanmaktadir. Genel olarak, sonuglar S. orientalis'in énemli bir fenolik c¢esitlilige ve
antioksidan aktiviteye sahip oldugunu gostermektedir, bu da onun farmasdétik ve nutrasotikler dahil
cesitli endiistrilerde potansiyel uygulamalarina katkida bulunabilecegini diigiindiirmektedir.
Anahtar Kelimeler: Bitki ikincil metabolitleri, FTIR, LC-MS analizi, nicel analiz

INTRODUCTION

Since the early 21st century, there has been significant interest in studying the origin of oxidation
processes triggered by free radicals and the broader role of antioxidants. This fascination arises from the
fact that free radicals, despite being neutral, are highly reactive and unstable molecules with notable
impacts on human biological systems. Notably, even crucial lipid derivatives such as aldehydes can pose
health risks, especially as they can naturally form due to thermal processes during food processing [1].
The potency of radicals’ hinges on the presence of an unpaired electron within an atom, driving them to
incessantly seek bonding with other atoms or molecules due to the deficiency of outer-shell electrons.
Despite the existence of antioxidant defense mechanisms, human cells remain susceptible to damage,
which can hasten the aging process and contribute significantly to the onset of various disease [2,3].
Extensive oxidative modifications to biological macromolecules, including lipids, proteins, and DNA,
can culminate in tissue damage [4]. Understanding and preventing these processes are crucial for
attaining a better quality of life. Oxidative stress emerges from an imbalance between prooxidant and
antioxidant species responsible for maintaining cellular equilibrium. Insufficiencies in antioxidant
defenses or breakdowns in preserving the cellular redox balance system result in the excessive
production of reactive oxygen species, leading to oxidative stress and diverse alterations in biomolecules
that foster disease development [5]. Previously known as the 'disruption of the prooxidant-antioxidant
balance, 'oxidative stress has been redefined as the 'disruption of redox signaling and control and/or
molecular damage' [6].

In recent years, the adverse effects associated with synthetic antioxidants, including butylated
hydroxytoluene, butylated hydroxyanisole, propyl gallate, and citric acid, have raised concerns due to
their demonstrated toxic and mutagenic effects [7]. Due to the long-term toxic effects associated with
synthetic antioxidants, there has been a significant increase in demand for alternatives to replace their
use in the food industry. This is especially important given the potential adverse effects of prolonged
use, including carcinogenicity [8,9]. Phenolic compounds have become synonymous with health
benefits associated with the consumption of high amounts of fruits and vegetables. These beneficial
effects are at least partially attributed to their antioxidant activities [10,11]. These compounds can be a
determining factor in the antioxidant potential of foods and, therefore, hold significance as natural
sources of antioxidants [3].

Maceration is a commonly employed traditional extraction method for obtaining phenolic
compounds from plants. In this method, plant samples are typically processed using solvents such as
ethanol or methanol [12]. Traditional extraction relies on the principle that the target chemicals dissolve
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in solvents with similar structures. In maceration extraction, techniques like shaking and agitation in an
incubator are frequently employed to increase the contact surface area between samples and the solvent,
thus enhancing the extraction rate and yield. Additionally, temperature control is crucial to enhance the
effectiveness of the extraction process [13]. The advantages of this method include its ease of
application, cost-effectiveness, and suitability for use on a wide variety of plant samples. Furthermore,
being a tradition-based approach is indicative of its long-standing use for obtaining plant compounds
[14].

Serapias orientalis (Greuter) Bauman & Kiinkele is a plant that thrives in grasslands with high
water tables in the Middle and Eastern Black Sea regions, moist forest edges, and hazelnut orchards.
The S. orientalis plant can reach a height of 15-30 cm and has thick, light green roots. Its flowers are
red. This plant species is rarely found in moist meadows and open pine forests and typically grows in
alkaline or calcareous soils. There is no study available regarding the antioxidant activity of S. orientalis.
There is no information on the presence of antioxidants in this species. Therefore, the is study aims to
evaluate the total phenolic, flavonoid, flavanol, proanthocyanidin, and tannin contents of extracts
obtained from the seeds and ex vitro-produced stems and flower parts of the S. orientalis plant using the
maceration method with methanol. Additionally, the study seeks to determine their antioxidant
activities. Furthermore, characterization of the characteristic peak regions of the aerial parts of the plant
will be conducted through FTIR analysis, and the identification of phenolic compounds will be carried
out using the LC-MS technique.

MATERIAL AND METHOD
Plant Material and Extraction

In this study, mature flowering specimens of S. orientalis (2 years old) were collected during the
flowering season in May for the aerial parts (stem and flower), while the seeds were collected after
maturation in July (Ondokuz Mayis University Campus, Samsun, Turkey). Subsequently, flowers, stems
(leaves were considered as part of the stem), and seeds were dried in an oven at 40°C. The dried samples
were ground into a fine powder and stored at +4°C until further analysis. For the maceration method,
0.5 g of the powder was extracted using 80% methanol at 35°C for 24 hours [15].

FTIR Analysis of S. orientalis in The Aerial Part

The FTIR spectra of S. orientalis aerial part were obtained by using the PERKIN ELMER
Spectrum TWO FTIR Spectrometer equipped with a diamond attenuated total reflectance (ATR)
accessory and a LiTaOs detector. Spectral measurements were conducted in the range of 4000-400
cm with a resolution of 4 cm™. The samples were directly analyzed without any prior treatment. The
Perkin Elmer Spectrum Two FTIR software was employed to determine peak frequencies.

Total Phenolic Content

In this study, equal volumes of the sample and diluted Folin-Ciocalteu reagent were mixed. After
incubating at room temperature for 3 minutes, 1 ml of 2% sodium carbonate solution was added. The
mixture was then left to incubate in the dark at room temperature for 1 hour, followed by measuring the
absorbance at 760 nm using a UV spectrophotometer. The total phenolic content was expressed as gallic
acid equivalent (GAE) in milligrams per gram of dried extract (mg GAE/g extract). All measurements
were performed in triplicate [16] .

Total Favonoid Content

This method was assessed using the AICI; method with minor adjustments, following the
procedure by [17]. Extracts were mixed with distilled water, followed by NaNO (5%) addition and a
standing period. Subsequently, AICI; (10%) was added, and the solution underwent incubation. NaOH
(1M) was then introduced, and the solution was left at room temperature. Absorbance was measured
using a UV spectrophotometer, and total flavonoid content was quantified as quercetin equivalent (QE)
per gram of dried extract (mg QE/g). All measurements were performed in triplicate.
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Total Flavanols Content

The total flavonoid content was determined using the aluminum chloride method [18]. Briefly, 1
ml of the extracts was mixed with AICIs. Subsequently, 3 ml of sodium acetate solution was added. The
mixture was then kept at room temperature in a dark environment for 30 minutes. After the incubation
period, the absorbance of the sample was measured at 415 nm using quercetin as the standard. The total
flavanols was expressed as quercetin equivalents (mg QE/qg).

Total Tannin Content

Total tannin content was assessed using the Folin-Ciocalteu reagent as described in [19]. A
calibration curve was prepared using different concentrations of gallic acid in methanol. Samples were
mixed with diluted Folin—Ciocalteu reagent in water and an aqueous sodium carbonate solution. After
incubation in darkness at room temperature, absorbance was measured at 760 nm. Total tannin content
was quantified as gallic acid equivalent (GAE) per gram of dried extract (mg GAE/g). All measurements
were performed in triplicate.

Total Proanthocyanin Content

Total proanthocyanidins content was determined using the butanol-acid assay [20] Diluted
phenolic extract was mixed with n-butanol/HCI reagent, followed by the addition of ferric ammonium
sulfate in HCI. After boiling and cooling, the absorbance of the solutions was measured at 550 nm. Total
proanthocyanidins content was expressed as catechin equivalent (CAE) per gram of dried extract. All
measurements were performed in triplicate.

DPPH (2,2-Diphenyl-1-Picrylhydrazyl) Assay

The DPPH assay was employed to evaluate the free radical scavenging potential of the extracts,
with modifications based on [21]. Extracts at various concentrations were mixed with a methanol
solution of DPPH radical, and incubated in the dark at room temperature, and absorbance was measured
at 517 nm using a UV spectrometer against a blank. Ascorbic acid served as a reference standard.

Determination of Phenolic Compound Contents by LC-MS Analysis

Phenolic standard stock solutions were prepared at a concentration of 5000 ppm in 100%
methanol (hypergrade, Merck, Darmstadt, Germany). Each molecule's stock solution was then prepared
at a concentration of 1000 ppm. Calibration curves were constructed using a diluted mixture with
concentrations of 0.005, 0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1.0, and 2.0 ppm. Standard phenolic compound
concentrations were determined by extrapolation from these calibration curves, which were generated
using linear regression equations based on peak areas in the extracts (R? = 0.99). All dilutions were
carried out using 50% methanol.

For the analysis, a Zorbax SB-C18 column (2.1 mm x 50 mm x 1.8 pum) was employed, maintained
at a temperature of 35°C. A binary mobile phase consisting of water (solvent A) containing 0.05%
formic acid + 5 mM ammonium formate, and methanol (solvent B) was used. These mobile phases were
applied at a flow rate of 0.5 ml/min, resulting in a total runtime of 13 minutes. Phenolic compounds
were analyzed using a methanol gradient, with a five uL injection volume for all samples.ESI ionization
was conducted with the following settings: Nebulizer gas (nitrogen) temperature at 350°C, gas flow rate
of 10 ml/min, nebulizer gas pressure at 45 psi, sheath gas temperature at 350°C, sheath gas flow rate of
9 ml/min, the capillary voltage at 4000 V (+, -), and nozzle voltage at 500 V (+, -). Detection and
guantification were performed using Agilent G3793AA Mass Hunter Optimizer software. This software
was utilized for both the identification and quantification of the selected phenolic compounds.

RESULT AND DISCUSSION
ATR- FTIR Profile Aerial Part

The FTIR peak details of the aerial parts of S. orientalis are illustrated in Figure 1. Based on
these findings, the peak at 3291 cm corresponds to the -OH vibration associated with polysaccharides
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[22]. Peaks ranging from 2919 to 2845 cm™ are attributed to the C-H vibrations originating from lipids
and lignin compounds [23]. Peaks at 1738 cm are indicative of the C=0 vibrations related to cellulose
derivatives [24]. Peaks at 1612 cm™ are associated with the amid 1 vibrations of proteins. The presence
of peaks at 1411 cm™ is attributed to the C=C and C-OH vibrations stemming from glycosylated phenols
and uronic acid [25,26]. Peaks at 1369 and 1312 cm represent the asymmetric CHz bond vibrations of
cellulose and lignin [27]. Peaks at 1218 cm™ signify the planar -OH vibration characteristic of cellulose
and lignin [28]. Peaks at 1139 cm™ are associated with the C-H vibrations of phenolic acids [29]. Peaks
at 1101 cm™ are linked to the C-H vibration of lignin [30]. Peaks at 1020 cm™ correspond to the primary
alcohol -OH vibration present in polysaccharides, lignin, and cellulose, while peaks at 837 cm™ indicate
out-of-plane C-H vibrations observed in aromatic lignin, terpenes, and alkenes [31]. Specifically, peaks
at 1139 cm™ are associated with the C-H vibrations of phenolic acids, and the peaks at 837 cm™ indicate
out-of-plane C-H vibrations observed in aromatic lignin, terpenes, and alkenes. These points can
potentially provide preliminary information, particularly about phenolic components and, consequently,
antioxidant content. Such information could serve as a foundation for understanding and identifying
potential antioxidants in the S. orientalis.

% Transmittance

T T T T T 2 . 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™')

Figure 1. FTIR peaks of S.orientalis aerial part

Variation in the Content of Some Groups of Phenolic Compounds and Antioxidant Activity of S.
orientalis

Based on the results obtained, the total phenolic content of seeds, stems, and flowers were
quantified as follows: 100.14£1.58, 56.58+5.10, and 122.33+4.02 mg GAE/g, respectively, using the
gallic acid standardization method. Similarly, the total flavonoid content, determined using the quercetin
standardization method, was estimated as 177.84+8.75, 67.11£14.73, and 226.02+65.73 mg QE/g crude
extract for seeds, stems, and flowers, respectively. Flavonol content, also determined using the quercetin
standardization method, yielded values of 177.84+8.75, 67.11+£14.73, and 226.02+65.73 mg QE/g crude
extract for seeds, stems, and flowers, respectively.

Furthermore, the total tannin content, assessed via the gallic acid standardization method, was
estimated as 2.36+0.16, 3.92+0.44, and 3.45+0.46 mg GAE/g crude extract for seeds, stems, and
flowers, respectively. Finally, the total proanthocyanidin content, determined using the catechin
standardization method, was found to be 133.42+39.82, 126.52+5.73, and 171.97+8.59 mg CAE/g crude
extract for seeds, stems, and flowers, respectively.
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These findings highlight the richness of phenolic compounds across different parts of the plant,
with detailed results presented in Table 1. Additionally, Table 1 includes the DPPH radical scavenging
activity of S. orientalis seeds, stems, and flowers, along with the presence of the well-known natural
antioxidant, ascorbic acid. The results reveal significant antioxidant properties in seeds, stems, and
flowers, with 1Csq values of 54.37+14.73, 71.77+6.46, and 75.48+7.07, respectively.

In summary, seeds exhibit the highest DPPH activity, reflecting their potent radical scavenging
effect. The flower part shows the highest total flavonoid, total phenolic, and total proanthocyanidin
content, while seeds have the highest total flavanol content, and stems exhibit the highest total tannin
content.

Table 1. Bioactive components and antioxidant activity of S. orientalis seed, stem and flower

Plant Name DPPH Total Flavonol [Total Flavonoid Total Total Total Tanen
(ICsomg/ml) | Compound Compound Phenolic  |Proanthocyanidin | Content
(mg QE/g (mg QE/g Compound content (mg (mg GAE/g
extract) extract) (mg GAE/g | CAE/g extract) extract)
extract)
S. 02225"""5' 5437+ 14.73| 2721 £3.72 | 177.84+8.75 |100.14+1.18 | 133.42+39.82 |2.36+0.16
S. nge”r;a"s' 7177646 | 7.98+3.66 | 67.11£3.57 |56.58+5.10 | 126.52+5.73 | 3.92+0.44
S. cl’:rlf\?vﬁ"s 75.48+7.07 | 20.66+ 6.85 |226.02+65.73 [122.33+4.02| 171.97+859 | 3.45+0.46

Phenolic Compound Contents by LC-MS analysis

The LC-MS/MS analysis was employed for the quantitative determination of total phenolic
compounds in the aerial parts of S. orientalis. The sample was subjected to quantitative analysis of
twenty-one distinct compounds, and the findings are presented in Table 2. As anticipated, the extract
was observed to contain trace amounts of phenolic acids such as epigallocatechin-3-gallate, syringic
acid, (-) epicatechin, coumarin, trans-resveratrol, hesperidin, and myricetin.

As indicated in Table 2, substantial quantities of p-coumaric acid (9.29 mg/g), trans-ferulic acid
(3.84 mg/qg), caffeic acid (2.548 mg/g), and vanillic acid (1.401 mg/g) were identified. Furthermore,
gallic acid, chlorogenic acid, salicylic acid, (+) taxifolin, rutin hydrate, ellagic acid, quercetin dihydrate,
apigenin, were also detected in the sample. Comprehensive compound structures were illustrated using
the ChemDraw program.

Table 2. The LC-MS analysis of S. orientalis aerial parts and their molecular structures

Phenolic Compound Molecular Structure S. orientalis Aerial Part of
Methanol Extract (mg/g)

HO,

Gallic acid oH 0.081 +0.0003

o f""\r»,
Chlorogenic acid o ! ‘[ ) 0.193 +0.0002
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Table 2 (continue). The LC-MS analysis of S. orientalis aerial parts and their molecular structures

S. orientalis Aerial Part of
Methanol Extract (mg/g)

Phenolic Compound Molecular Structure

Epigallocatechin-3-gallate )\Q <0.02
/0 OH
Syringic acid <0.02
/n
(-) epicatechin <0.1

I OH

OH

[s]

Vanillic acid - :@AL 1.401 £ 0.0979

Caffeic acid HOJQM\OH 2.548 +£0.0370
HO

Salicylic acid Cﬁt 0.025 + 0.0010

Myricetin

OH

<0.02
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Table 2 (continue). The LC-MS analysis of S. orientalis aerial parts and their molecular structures

Phenolic Compound Molecular Structure S. orientalis Aerial Part of
Methanol Extract (mg/g)

HO

(+) Taxifolin 0.934 + 0.0431

OH C

[s]
P-Coumaric acid o~ on 929+ 0.0414

Coumarin ° ° <0.002
F

OH
HO, \ O
Trans- resveratrol O <0.002
H
H

OH
(o]

Trans-ferulic acid /Owo
Hesperidin D ° m <0.005

OH

3.84 +£0.0873

Rutin hydrate o 0.096 + 0.0074

OH OH  OH

OH
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Table 2 (continue). The LC-MS analysis of S. orientalis aerial parts and their molecular structures

Phenolic Compound Molecular Structure S. orientalis Aerial Part of
Methanol Extract (mg/g)

Ellagic acid 0.661+0.0760

Quercetin dihydrate L | J\ 0.495 £ 0.0039

Apigenin O | 0.031+ 0.0002

Isorhamnetin 0.063 £ 0.0020

The excessive oxidation and reduction of cellular components can be harmful; hence, maintaining
redox balance is of vital importance [32]. Plants, generally possessing widespread antioxidant
capabilities, delay or prevent cell damage through effective antioxidants at low concentrations [33]. The
diversity of antioxidants in plants includes water-soluble compounds such as ascorbate, glutathione, and
phenols, as well as lipid-soluble ones like tocopherols, tocotrienols, and carotenoids [33,34].

Recent emphasis on the antioxidant potential of primary metabolites, polysaccharides, and
glycoconjugates derived from natural sources highlights that plant species from various organs exhibit
exceptional antioxidant potential [35]. The Orchidaceae, widespread worldwide and discovering
approximately 200 new species annually, is particularly valuable for its diverse potential applications,
including anti-inflammatory, anticancer, antimicrobial, antiviral, and immune-boosting properties[36].
While extensive research is available on tropical orchids, studies on terrestrial orchids are notably
limited. In previous studies with orchids, Debnath and Kumari (2023) examined the accumulation of
plant secondary metabolites in Pholidota articulata Lindl. and found that the accumulation was
influenced by the polarity of different solvents used and various solvents (methanol, acetone, and
chloroform) were effective in metabolite extraction. In this context, methanol was identified as the most
effective solvent, providing the best results. In P. articulata, it was observed that phenols were the
predominant secondary metabolites, followed by alkaloids, flavonoids, and tannins. Additionally, after
treatment with 4 mg/L chitosan, the plants exhibited the highest accumulation of TPC (Total Phenolic
Content) (81.73%0.32 mg/g dry weight), TFC (Total Flavonoid Content) (30.21+0.04 mg/g dry weight),
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and TTC (Total Tannin Content) (33.10+£0.10 mg/g dry weight) in leaf tissues [37]. However, when
compared to S. orientalis, all parts of S. orientalis had higher phenolic content, but the results were
reversed in terms of tannins. Furthermore, Hasnu et al. (2022) found that the methanolic leaf extract of
Vanilla borneensis Rolfe exhibited a significant amount of phenolic content at 50 pg/ml and its
flavonoid content was noted to be 73.87 pug/ml quercetin equivalent [38]. These results suggest that V.
borneensis possesses high antioxidant activity, especially when compared to commercially cultivated
Vanilla species. It is noteworthy to mention that species like V. planifolia Andrews, which are among
the most cultivated, also have a remarkable total phenolic content. Additionally, natural V. planifolia
extract has been found to have high DPPH radical scavenging activity and reduced power activity [39].
Another study determined that the dichloromethane extract of Tridactyl tridentata (Harv.) Schitr. roots
exhibited a DPPH activity with an 1Cso value of 0.02 mg/ml. However, it was observed that the ethanol
extract showed low activity [40]. Similarly, a study conducted using methanol extracts of the wild
Rhynchostele rossii (Lindly) plant found that the highest antioxidant activity was in the root extracts of
the plant, with an ICso value of 53.64+0.82 pg/ml [41]. In the study conducted by Ertiirk et al. (2023),
the antioxidant activity of Serapias vomeracea (Burm.f.) Brig., a member of the Serapias genus, was
determined using the DPPH method [42]. The ICs value obtained in the study was reported to be higher
than that of the aerial part of S. orientalis (ICso: 13.33). Consequently, it has been observed that tropical
orchid species have more effective antioxidant properties compared to S. orientalis. However, this study
also highlights that the S. orientalis plant possesses significant antioxidant potential and points to the
potential use of different plant organs.

One advantage of attenuated total reflection Fourier-transform infrared spectroscopy is that it
requires minimal sample preparation and shortens the analysis time by obtaining spectra on a wide range
of samples, including powders, liquids, and pastes [43,44] In previous studies, amid I, I, and 111 peaks
were prominent, and aromatic rings, geminal methyl, and ether linkages were commonly found in callus
and leaf extracts. These observed peaks suggested the presence of flavanones and terpenoids. Terpenoids
may also play a role in the reduction of metal ions, which can occur through the oxidation of aldehyde
groups to carboxylic acids [45,46]. Similar observations were made in the case of Carica papaya Linn,
callus culture [47]. In another study, low-intensity absorption bands were observed due to OH groups
originating from gallic acid, quercetin, rutin, and tannic acid. These groups play a significant role in
antidiabetic, antioxidant, and antibacterial activities. Therefore, FTIR has been used to determine
different phytochemical components in plant samples [48,49]. According to the obtained FTIR spectral
results, various functional groups such as carboxyl, hydroxyl, lipids, alcohols, amides, and phenolic
compounds were found in the aerial parts of the S. orientalis plant.

According to the LC-MS results of S. orientalis, the revealed phenolic compounds exhibit strong
antioxidant activities. Particularly, key components such as p-coumaric acid (9.29 mg/qg), trans-ferulic
acid (3.84 mg/qg), caffeic acid (2.54 mg/g), and vanillic acid (1.401 mg/g) stand out. Previous studies
have identified antioxidant activities in extracts of Sasa quelpaertensis Nakai plant, containing
compounds such as p-coumaric acid and myricetin. The amount of p-coumaric acid was determined to
be 3.92 pg per 1 mg of extract [50]. On the other hand, phenolic compounds like ferulic acid, salicylic
acid, and p-coumaric acid were detected in all tested extracts of upland and wetland rice (Oryza sativa
L.) samples from Malaysia. Especially, in the Bario variety of upland rice, ferulic acid (10.31 mg/100g)
and p-coumaric acid (1.10 mg/100g) were found at higher levels [51]. In comparison to the above-
ground parts of S. orientalis, p-coumaric acid is present at approximately 9 times higher levels. In
another study related to orchids, the above-ground parts of Dactylorhiza osmanica (KI) Soo var.
osmanica were analyzed by RP-HPLC, revealing the presence of phenolic compounds such as benzoic
acid (289.123 mg/l), protocatechuic acid (1006 mg/l), p-hydroxybenzoic acid (1472 mg/l), vanillin
(0.694 mg/l), and p-coumaric acid (3133 mg/L) [52]. According to the UPLC-PDA results of Malaxis
acuminata, prominent components such as syringic acid, p-coumaric acid, rutin, and quercetin were
identified. Analysis of the aerial parts of M. acuminata revealed the presence of rutin at a concentration
of 3.78 £ 0.051 ng/mg. In the leaf part of M. acuminata, phenolic compounds including p-coumaric acid
(3.20+0.031 pg/mg), rutin (1.12+£0.058 pug/mg), and quercetin (0.40+0.002 ng/mg) were detected.
Similarly, the pseudobulb of M. acuminata exhibited the presence of phenolic compounds such as p-
coumaric acid (3.35 + 0.06pg/mg), rutin (1.10 £ 0.084 ng/mg), and quercetin (0.24 + 0.003pg/mg) [53].
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The highest concentration of ferulic acid (432.68 png/g DW) was detected in the conjugate phenolic leaf
extracts of the Phalaenopsis hybrid Younghome Golden Leopard "Peachy,” while the highest
concentrations of sinapic acid (2232.81 pg/g) and p-coumaric acid (767.81 pg/g) were found in the root
extracts of the Sogo Yukidian "V3" and Sakura Hime hybrids, respectively. Previously, phenolic acids
such as ferulic, sinapic, p-coumaric, and ellagic acids have been reported to possess strong antioxidant
activity [54] studies conducted on orchids, deficiencies regarding these compounds are observed,
particularly indicating limited literature on research concerning black orchids. Furthermore, the
limitations of these studies are clearly evident in our literature review. In conclusion, LC-MS analysis
of S. orientalis demonstrates the presence of phenolic compounds and their strong antioxidant activities.
Key components such as p-coumaric acid, Trans-ferulic acid, caffeic acid, and vanillic acid are present
in high concentrations. These components have been observed to have positive effects on the antioxidant
potential of plants, consistent with other studies.

Conclusion

In conclusion, our study has definitively demonstrated the rich phenolic content and potent
antioxidant properties of S. orientalis. These findings underscore the potential significance of this plant
as a valuable resource for health-related applications. Particularly, the high concentrations of phenolic
compounds such as p-coumaric acid, trans-ferulic acid, caffeic acid, and vanillic acid significantly
contribute to the plant's antioxidant activity. Therefore, it can be concluded that S. orientalis holds great
potential for use in traditional medicine, as well as in the food and pharmaceutical industries. Future
research efforts should aim to further investigate the effects of these compounds in greater detail to
better understand their contributions to human health.
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ENHANCING SOLUBILITY AND DEVELOPING AN
ITRACONAZOLE-BETA-CYCLODEXTRIN COMPLEX FOR
ANTIFUNGAL THERAPY IN ORALLY DISINTEGRATING TABLETS

AGIZDA DAGILAN TABLETLERDE ANTIFUNGAL TEDAV/ iCIN COZUNURLUGUN
ARTIRILMASI VE [TRAKONAZOL-BETA-S/KLODEKSTRIN KOMPLEKSIN/N
GELISTIRILMES]

Tansel COMOGLU~

!Ankara University, Faculty of Pharmacy, Department of Pharmaceutical Technology, 06560, Ankara, Tiirkiye

ABSTRACT

Objective: This study aimed to create an orally disintegrating tablet (ODT) formulation using an
itraconazole (1TZ)-beta-cyclodextrin (f-CD) complex to enhance itraconazole's solubility, a drug
with limited solubility. f-CD was chosen for its compatibility with ITZ.

Material and Method: The study prepared equimolar mixtures of ITZ and -CD through kneading,
assessing their solubility and dissolution rates. The inclusion complexes significantly increased
ITZ's solubility. This complex was used to develop directly compressed ODTs with a lower ITZ
content (25 mg), incorporating D-Mannitol as a bulking agent, sweetener, and to enhance
mouthfeel, facilitating rapid disintegration and drug release.

Result and Discussion: ODT formulations containing the 1TZ-4-CD complex showed a significantly
higher dissolution rate of ITZ compared to formulations with pure ITZ. This enhancement in
dissolution is expected to significantly improve ITZ's bioavailability, suggesting a potential for
reducing ITZ dosage and minimizing adverse effects.

Keywords: f-cyclodextrin, complexation, itraconazole, kneading method, orally disintegrating
tablet

07/

Amag: Bu ¢alisma, surl ¢oziniirliige sahip itrakonazoliin (ITZ) hizli ve tam ¢oziiniirliigiinii
saglamak iizere ITZ-beta-siklodekstrin (f-CD) kompleksi kullanarak oral olarak dagilan bir tablet
(ODT) formiilasyonu gelistirmeyi hedeflemistir. ITZ ile uyumlulugu nedeniyle [-CD tercih
edilmistir.

Gerec ve Yontem: /trakonazol ve f-CD'nin ekimolar karisimlar: yogurma yontemiyle hazirlanmas,
coziiniirliik ve ¢oziinme oranlart degerlendirilmistir. Inkliizyon kompleksleri sayesinde ITZ'nin
coziiniirliigiinde onemli bir artis saglanmistir. Bu kompleksler kullanilarak, daha diisiik ITZ icerigi
(25 mg) ile dogrudan basilan ODT'ler gelistirilmistir. D-Mannitol, hacim arttirici, tatlandirici
olarak kullanilmig ve agizda hizli dagilma saglamistir.

Sonug¢ ve Tartisma: ITZ-4-CD kompleksini iceren ODT formiilasyonlari, saf ITZ igerenlere gore
daha yiiksek c¢oziinmiis ilag miktart sergilemistir. Bu, itrakonazoliin ¢oziiniirliigiinde ve
biyoyararlamiminda énemli bir artis saglamig, ITZ dozajinin azaltilmasi ve yan etkilerin minimize
edilmesi potansiyelini ortaya koymustur.
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Anahtar Kelimeler: Agizda hizli ¢oziinen tablet, p-siklodekstrin, itrakonazol, komplekslestirme,
orme yontemi

INTRODUCTION

Oral itraconazole (ITZ) is a potent triazole antifungal agent widely used for the treatment of a
broad range of fungal infections. Despite its broad antifungal spectrum and clinical efficacy, ITZ’s
clinical utility is significantly hampered by its poor aqueous solubility and low oral bioavailability.
These limitations not only affect the drug's absorption and therapeutic effectiveness but also contribute
to variability in patient responses and necessitate the development of alternative formulations to enhance
its delivery and performance [1].

The complexation of ITZ with beta-cyclodextrin (B-CD) presents a promising approach to
overcome these challenges. B-CD, a cyclic oligosaccharide, is known for its ability to enhance the
solubility and stability of poorly soluble drugs by forming inclusion complexes. This interaction can
significantly improve ITZ's solubility, leading to enhanced bioavailability, and potentially, improved
therapeutic outcomes [2,3].

Orally disintegrating tablets (ODTs) offer a novel and patient-friendly dosage form, designed to
disintegrate rapidly upon contact with saliva, allowing for the administration of the drug without the
need for water. This feature makes ODTSs particularly beneficial for patients who experience difficulty
swallowing conventional tablets or capsules, such as pediatric, geriatric, and bedridden patients, or those
with dysphagia. Furthermore, the rapid disintegration and dissolution of ODTs in the oral cavity can
expedite drug absorption and onset of action, which is crucial for conditions requiring prompt antifungal
intervention [4].

The development of ITZ and B-CD complex containing ODTs aims to combine the enhanced
solubility provided by the complexation with the convenience and patient compliance offered by the
ODT formulation. This innovative approach not only addresses the limitations associated with 1TZ's
physicochemical properties but also aligns with the growing demand for more accessible and easier-to-
administer medications.

Such a formulation could significantly impact the management of fungal infections, offering a
more effective and user-friendly therapeutic option for a wide range of patients, including those with
special needs regarding drug administration. By improving the bioavailability and patient experience,
ITZ and B-CD complex containing ODTs hold the potential to enhance adherence to antifungal therapy,
thereby optimizing clinical outcomes and contributing to the more effective management of fungal
diseases.

MATERIAL AND METHOD
Materials

Itraconazole (It was gifted by Nobel Ilag, Turkey), B-cyclodextrin (Roquette, France), D-Mannitol
(Roquette, France), Low-substituted Hydroxypropylcellulose (Shin-Etsu, Japan), Ac-Di-Sol (Colorcon,
UK), Mg stearate (Ataman Kimya, Tiirkiye), Aerosil (Degussa, Germany) Mint flavor (Ataman Kimya,
Tiirkiye).

Methods
Measuring the Solubility of ITZ in Water

To examine the solubility of 1TZ in water, an accurately weighed amount of ITZ is added to a
predetermined volume of water, ensuring the drug's potential saturation. This mixture is then agitated
continuously at a constant temperature, at 37°C to mimic body conditions, for 24 hours to reach
equilibrium. After sufficient mixing, the solution is filtered or centrifuged to remove undissolved
particles. The concentration of ITZ in the resultant clear solution is then quantified
spectrophotometrically at a wavelength of 262 nm using a Shimadzu UV-1800 device [5].
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Preparation of ITZ-B-CD Complex

Equimolar ITZ-B-CD solid systems were prepared by kneading equimolar physical mixtures with
the minimum volume of an ethanol-water (50/50 v/v) solution. By using this method, complexes in
three distinct molar ratios of ITZ to B-CD-1:1, 1:2, and 1:3 (w/w) were produced. The mixtures were
kneaded for a duration of 20 minutes [6,7].

Determination of Solubilities of Pure ITZ and ITZ- BCD Inclusion Complexes

Excessive quantities of pure I1TZ, its inclusion complexes with ITZ-B-CD, were added into
distilled water. These mixtures were subjected to sonication for one hour at ambient temperature,
followed by agitation for 24 hours at the same temperature. The concentration of ITZ present in these
solutions was measured using spectrophotometry at a wavelength of 262 nm [7].

Evaluation of the Micromeritic Characteristics of Powders

The flow characteristics of powder blends are essential for the quality of ODTs. For each
formulation, the powder mixture's properties, including the angle of repose, bulk density, and tapped
density, were assessed. The angle of repose (0) was determined using the fixed funnel technique and
calculated with Equation 1. Where, 0 is angle of repose, h is height of the cone, and r is radius of the
cone base.

Tan 6 =h/r (Equation 1.)

The powder was thoroughly mixed, and around 2 grams of this finely blended powder was
transferred into a funnel. The setup was adjusted so the funnel's lower tip lightly touched the apex of the
powder mound. Positioned over a flat surface, the powder was allowed to flow freely through the funnel.
The diameter of the resulting powder heap was measured for subsequent calculations based on the
previously mentioned equation [8]. To measure bulk density, 2 grams of the well-mixed powder from
each formulation was placed into a 10 ml graduated cylinder, and the volume of the powder was recorded
[9]. The tapped density was determined by tapping the cylinder on a firm surface every 2 seconds,
continuing the process until there was no further change in the powder's volume. The final volume was
then recorded. The Carr's (Compressibility) index, indicative of the powder's compressibility, was
calculated using the values obtained for bulk and tapped densities, applying Equation 2.

Compressibility index= (Tapped Density-Bulk density)/Tapped Density x 100  (Equation 2)

Following the pre-compression evaluations, the powder mixture for each formulation was
compacted utilizing a tablet machine (Korsch) equipped with a 12 mm punch.

Preparation of ODTs

To address the issue of ITZ’s solubility, ODTs were formulated featuring a 1:2 molar ratio of
inclusion complex and pure drug, created through direct compression techniques [7]. D-Mannitol, is a
sugar alcohol used widely in pharmaceutical formulations, including ODTs, as a bulking agent,
sweetener, and to enhance the mouthfeel of the final product. It is especially valuable in ODTs for its
ability to promote rapid disintegration in the oral cavity, thereby facilitating faster drug release and
absorption. Low-substituted Hydroxypropylcellulose (L-HPC) is employed in ODTs primarily as a
disintegrant and binder, contributing to rapid tablet disintegration without compromising tablet
cohesion. Magnesium stearate (Mg stearate) serves as a lubricant, ensuring the smooth ejection of tablets
from the press and preventing sticking, though it's used sparingly to avoid impacting the tablet's
dissolution profile. Aerosil, a colloidal form of silicon dioxide, acts as a glidant to improve powder flow
during tablet compression and can also help in stabilizing blends by preventing segregation. Ac-Di-Sol,
or croscarmellose sodium, is a superdisintegrant that facilitates rapid tablet break-up upon contact with
saliva, ensuring quick release of the active pharmaceutical ingredient for absorption. Mint flavor is
added to mask any unpleasant tastes of the active ingredients, enhancing patient compliance by
improving the overall palatability of the ODTs [10]. Each of the selected excipients plays a crucial role
in optimizing the formulation for effectiveness, manufacturability, and patient acceptability. The
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components of the ODT formulations are detailed in Table 2.
Post-Compression Parameters of ODTs

The manufactured tablets underwent evaluations for post-compression attributes such as weight
variation, hardness, and friability. To assess weight variation, twenty tablets from each batch were
measured on an analytical scale (Sartorius BL 210 S). Tablet strength was gauged through tests of
hardness and friability. The hardness for six tablets was determined using a Monsanto hardness tester,
while the friability for ten tablets was assessed with a Roche friabilator, operating for 4 minutes at a
speed of 25 rotations per minute [11].

Disintegration Time Measurement

The disintegration time was determined using a USP disintegration testing apparatus. This device
includes a basket rack assembly with six vertically aligned open-ended tubes. Each tube's bottom is
fitted with a number 10-mesh stainless steel wire screen. For the disintegration test, a single tablet from
each formulation was placed into the apparatus's basket, with the temperature adjusted to 37 + 2°C. The
duration until complete disintegration occurred was then meticulously documented [9].

Measurement of Wetting Time and Water Absorption Ratio

For this assessment, one tablet from each formulation was positioned on a piece of circular tissue
paper, which had been folded twice, inside a Petri dish with a 10 cm diameter. A solution of 0.5% (w/v)
phenol red in 10 ml of water was prepared and poured into the Petri dish. The time taken for the tablet
to become completely wet was recorded with a stopwatch. To evaluate the water absorption ratio, the
procedure was replicated without the addition of phenol red. The water absorption ratio (R) was then
calculated using Equation 3. [7].

R =Wa-Wb/Wbx100  (Equation 3.)
Wa represents weight of tablet after wetting, while Wb represents weight of tablet before wetting.
Measurement of Dispersion Time

A tablet was chosen at random from each formulation to determine the time it took for complete
dispersion. This was done by adding 10 ml of water to a glass beaker and then introducing the tablet
into the water. The time until the tablet was fully dispersed was timed with a stopwatch. This procedure
was performed three times for each formulation to ensure accuracy and the results were documented
accordingly [12].

Drug Content Analysis

To prepare the sample solution, 10 tablets from each batch were randomly chosen and pulverized
into a fine powder using a pestle and mortar. An amount of the powder equivalent to 25 mg of ITZ was
then dissolved in 100 ml of 0.1N HCI and subjected to sonication for 30 minutes. Following sonication,
the solution was filtered, and the drug content was measured using a UV- visible spectrophotometer at
a wavelength of 262 nm [12].

Dissolution Testing of ODTs

The dissolution behavior of ITZ ODTs and the ODT formulation containing ITZ--CD (1:2 molar
ratio) complex were evaluated using a Type Il dissolution apparatus. The procedure was performed over
a duration of 45 minutes, utilizing 900 ml of distilled water maintained at 37+0.5°C with a stirring speed
of 50 rpm. To assess the in vitro release profile, 5 ml samples were withdrawn at predetermined time
intervals (0, 5, 10, 15, 20, 25, 30, 35, 40, and 45 minutes) and immediately replaced with an equivalent
volume of fresh medium. The collected samples were then subjected to analysis using a UV-visible
spectrophotometer set to 262 nm [1].

Evaluation of Stability
To evaluate the stability of both active ingredient and F1 and F2 formulations, the studies were



J. Fac. Pharm. Ankara, 48(3): 867-875, 2024 Comoglu 871

conducted in accordance with International Council for Harmonisation (ICH) guidelines. Samples were
meticulously wrapped in aluminum foil and placed in a humidity-controlled chamber. The conditions
within the chamber were maintained at 40+2°C and 75+5% relative humidity for a duration of one month

[9].

RESULT AND DISCUSSION
Solubility of ITZ in Water

Table 1 presents the solubility values for pure 1TZ and the prepared the ITZ-B-CD inclusion
complexes in pH 6.8 buffer solution. Based on the obtained results, the highest solubility of 1TZ
(5.22+0.19 mg/ml) was achieved with the ITZ-B-CD complex prepared at a molar ratio of 1:2. Gokbulut
and Ozdemir, reported in their studies that on the preparation of cyclodextrin complexes with ITZ,
prepared complexes of 1TZ with HP-BCD and RAMEB at 1:1 and 1:2 ratios, first through physical
mixtures, then employing kneading and co-precipitation methods. When solubility determinations were
conducted in a pH 1.2 environment, they found that the solubility of ITZ, originally at 4.5 pg/ml, was
highest in complexes prepared at a 1:2 molar ratio of IT:CD using the kneading method. Additionally,
they reported that the formation of the ITZ-B-CD complex exhibits a BS-type solubility profile. In BS-
type phase diagrams, the formation of complexes with limited solubility between a solute and solvent is
depicted, indicating that the complex reaches its maximum solubility at a specific concentration. Beyond
this point, any additional solute precipitates out, indicating a saturated solution. Consequently, it can be
stated that the CD complexes of ITZ effectively increased the solubility of pure ITZ in pH 6.8 buffer.
This enhancement in solubility can be attributed to the CD's ability to interact with both hydrophilic and
hydrophobic structures, thereby improving the solubility of ITZ, which has poor solubility, However, it
was determined that the highest solubility is achieved with a 1:2 molar ratio of ITZ:3-CD, beyond which
the solubility of the complex decreases [3].

Pre-compression Parameters

The evaluated formulation blends, comprising both drug, drug-p-CD complex and excipients,
were subject to various tests to determine their flow properties and suitability for direct compression.
These tests included measurements of the angle of repose, bulk density, tapped density, and
compressibility index. The bulk density was observed to range from 0.35 to 0.52 g/ml, while the tapped
density varied between 0.28 and 0.47 g/ml. The angle of repose values fell within the range of 23.10 to
29.31. Additionally, the powder blends across all formulations demonstrated a compressibility index
ranging from 11.35 to 12.47, as detailed in Table 3. These findings indicate that the powder blends
exhibit ideal characteristics for manufacturing via the direct compression method [13].

Post-compression Parameters

ODTs containg both pure ITZ and ITZ-B-CD complex (1.2 molar ratio) were meticulously
prepared and the composition of ODTs were given in Table 2. These formulations were crafted utilizing
the direct compression technique, a method noted for its efficiency and precision. Subsequent to their
preparation, these tablets underwent rigorous evaluation through a series of post-compression tests
aimed at assessing various parameters critical to their performance and stability. These parameters
included tablet thickness, hardness, friability, weight variation, drug content, wetting time, and
disintegration time, with the results collated in Table 4 for comprehensive analysis [13].

Table 1. Solubility results of ITZ-B-CD inclusion complexes in water

Formulation code Molar ratio Solubility in water
(ITZ:B-CD) (mg/ml)
C1 1:1 3.06+0.19
C2 1:2 5.22+0.23
C3 1:3 3.69+0.41
Pure ITZ - 0.47+0.26
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Table 2. Composition of ODTS

Formulation Ingredients (mg)
F1 F2
ITZ 25 -
C2 (ITZ-B-CD inclusion complex equiavalent to 25 mg 1TZ) - 105
D-Mannitol 250 170
L-HPC 6 6
Ac-Di-Sol 6 6
Mg stearate 6 6
Aerosil 6 6
Mint flavor 1 1
Table 3. Pre-compression parameters of the formulations
Parameters (n=3+SD) F1 F2
Bulk Density (g/ml) 0.52+40.13 0.35+0.24
Tapped Density (g/ml) 0.47+0.28 0.2840.41
Hausner’s Ratio 1.27+0.59 1.19+0.36
Angle of Repose 29.31+0.44 23.10+0.64
Compressibility Index (%) 12.47+0.62 11.35+0.39
Table 4. Post-compression parameters of the formulations
Parameters (n=3+SD) F1 F2
Hardness (kg/cm?) 4.83+0.32 4.94+0.38
Thickness (mm) 3.2020.11 3.214+0.21
Weight variation 300.01+014 299.49+0.15
Fraibility (w/w%) 0.37+0.52 0.39+0.43
Disintegration time (sec) >3min 50
Wetting time (sec) >3min 56
Drug content (%) 99.98+0.51 100.02+0.15

The tablets exhibited hardness values ranging from 4.83 to 4.94 kg/cm?, comfortably within the
acceptable range of 5-8 kg/cm?. This indicated that the tablets possess commendable mechanical
strength, essential for enduring the physical and mechanical stresses encountered during handling and
transportation. Furthermore, the thickness of these tablets varied between 3.20 to 3.21 mm, aligning
with the acceptance criterion of + 5%, showcasing uniformity in size and shape across all formulations

[7]1.

In terms of friability, a parameter indicative of the tablet's resistance to crumbling under stress,
values were recorded at less than 1% for all formulations, satisfying Pharmacopoeial standards.
Specifically, the loss in weight percentage due to friability ranged from 0.37 to 0.39, well beneath the
permissible limits set by official guidelines [7].

The wetting time, a measure of the time required for a tablet to become sufficiently wet to
disintegrate, found to be 56 sec for F2 formulation prepared using the complexation technique. The
wetting time of ITZ ODTs (F1) exceeding 3 minutes can be attributed to a key factor, primarily rooted
in the inherent properties of ITZ. ITZ, classified as a Biopharmaceutics Classification System (BCS)
Class Il drug, is known for its poor water solubility, which is a significant challenge when developing a
rapidly disintegrating oral dosage form. The drug's hydrophobic nature directly impacts the wetting and
subsequent disintegration of the tablets, as the low solubility hinders water's ability to penetrate the
tablet matrix efficiently [14].

Disintegration time, which is the time taken for the tablet to disperse into smaller particles, was
determined to be 50 seconds for F2 formulation. This value is significantly lower than the acceptable
standard of 3 minutes, underscoring the rapid disintegration capability of the tablet, a hallmark of
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effective orally disintegrating formulations. In the F1 formulation containing ITZ, the disintegration
results were again found to be more than 3 minutes. As explained above, the delay in disintegration can
be attributed to ITZ being a BCS Class Il drug, characterized by its low solubility active ingredient [14].

Dissolution studies further illuminated the efficiency of these formulations, with a particular focus
on the cumulative percentage of drug release over time, as depicted in Figure 1. This analysis revealed
that formulations which contained ITZ-B-CD complex, respectively, demonstrated a remarkably fast
drug release rate, achieving %89.03 drug release within 30 minutes. This performance starkly contrasted
with ITZ ODT formulations featuring 3-CD which is a complexation agent. The notably enhanced
dissolution rate observed in orally ODT formulation containing the ITZ-B-CD complex, in comparison
to ODTs with free ITZ, can be attributed to the molecular encapsulation mechanism facilitated by B-
CD. This cyclodextrin is known for its ability to form inclusion complexes with hydrophobic molecules
like ITZ, significantly improving their aqueous solubility. The process involves the hydrophobic core
of beta-cyclodextrin encapsulating the ITZ molecule, effectively masking its hydrophobicity and thus
enhancing its solubility in water. This inclusion complex formation is crucial for ITZ, a BCS Class Il
drug characterized by its low solubility and high permeability, as it directly influences the drug's
bioavailability by improving its dissolution profile. Moreover, the enhanced dissolution rate of 1TZ
when complexed with -CD in ODT formulations can be further explained by the improved wettability
and dispersibility of the complex within the gastrointestinal fluid. The presence of B-CD reduces the
interfacial tension between the hydrophobic drug and the aqueous medium, facilitating quicker water
penetration and, consequently, rapid disintegration and dissolution of the ODT. Additionally, the
structural properties of f-CD, which include a toroidal shape with a hydrophobic cavity and a
hydrophilic outer surface, contribute to its effectiveness as a solubility enhancer. This unique structure
allows it to interact favorably with both the drug molecule and the aqueous environment, promoting the
dissolution of poorly soluble drugs [15].
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Figure 1. Drug release (%) of formulations versus time (min) (n=3+SD)

Additionally, the significant improvement in the dissolution rate of ODT formulations containing
the ITZ-B-CD complex can be further enhanced by the incorporation of formulation excipients such as
L-HPC, D-Mannitol, and Ac-Di-Sol. Each of these excipients plays a critical role in optimizing the
formulation for rapid disintegration and dissolution, thereby complementing the solubility enhancement
provided by the complex.

L-HPC acts as a disintegrant that facilitates water uptake and swelling of the tablet, leading to
rapid disintegration. Its effectiveness is particularly notable in ODT formulations where the immediate
release of the active pharmaceutical ingredient (API) is crucial. The mechanism by which L-HPC
operates involves absorbing water rapidly upon contact with saliva, expanding, and creating porosity
within the tablet matrix, which promotes quick disintegration.

D-Mannitol, a polyol with excellent taste-masking properties, serves as a bulking agent and also
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enhances the palatability of ODTs. Its inclusion in the formulation contributes to the overall sensory
acceptance of the dosage form. Furthermore, D-Mannitol has a high aqueous solubility, which aids in
the dissolution process by creating a more favorable environment for the disintegration and dissolution
of the drug-cyclodextrin complex.

Ac-Di-Sol, a superdisintegrant, significantly accelerates the disintegration of tablets by drawing
water into the tablet matrix through capillary action and swelling. This rapid expansion exerts a
disintegrative force within the tablet, leading to its breakdown. The use of Ac-Di-Sol in ODT
formulations is particularly advantageous for achieving the quick release of the API, which is essential
for ensuring rapid onset of action [4].

The synergistic effect of these excipients with the ITZ-3-CD complex significantly enhances the
dissolution rate of ITZ from ODT formulations. By improving the wettability, porosity, and overall
disintegration behavior of the tablet, these formulation aids ensure that the solubility enhancement
achieved through the inclusion of B-CD is effectively translated into superior bioavailability and
therapeutic efficacy.

The stability of pure ITZ and the F1 and F2 formulations was rigorously assessed under the
challenging storage conditions of 40+2°C and 75+5% relative humidity, mimicking the harsh
environments that might be faced in tropical regions or during uncontrolled transport, over a one-month
period. Initial measurements showed ITZ concentrations of 84.35%, 90.29%, and 95.13% in the pure
ITZ, F1, and F2 formulations, respectively, indicating the drug's potency at the beginning of the study.
Despite the demanding storage conditions, the formulations demonstrated remarkable stability after one
month. This study is essential for maintaining the therapeutic effectiveness and safety of the medication
throughout its shelf life, ensuring the reliability of these formulations under various global climatic
conditions [16].
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ABSTRACT

Obijective: Two highly sensitive, accurate, inexpensive, and simple spectrophotometric assays were
developed and validated for the determination of an anti-fungal drug, Terbinafine HCI (TBH), in
pure drug and tablets using potassium permanganate (PP) and disodium 2-(1,3-dioxo-2,3-dihydro-
1H-inden-2-yl)quinoline-6,8-disulfonate (DSOQ).

Material and Method: In the present study, Sebifin and Terbiforce 250 mg tablets were used as
pharmaceuticals, potassium permanganate KMnOs and disodium 2-(1,3-dioxo-2,3-dihydro-1H-
inden-2-yl)quinoline-6,8-disulfonate in water were used as reagents, and DR 3900
spectrophotometer equipped with 1cm matched quartz cells was used for absorbance measurements.
Result and Discussion: The amount of terbinafine hydrochloride reacting with permanganate and
disodium 2-(1,3-dioxo-2,3-dihydro-1H-inden-2-yl)quinoline-6,8-disulfonate in an acidic medium
has been determined. The colored reaction products in both cases were measured at the maximum
absorptions of 540 nm and 440 nm, respectively. The absorbance measured in each assay as a
function of TBH concentration was related to TBH concentrations. Different experimental and
variable conditions of assays were done carefully, accurately studied, and optimized. The validation
of two assays also was done by following the current guidelines of the International Conference on
Harmonization (ICH). Beer’s law for the two methods is obeyed over the concentration ranges 1-15
ug/ml (Correlation coefficient = 0.9983) and 1-18 ug/ml (Correlation coefficient = 0.9989) for
methods PP and DSOQ, respectively. Molar absorptivity, limits of detection, and quantification
(LOD & LOQ) values were (1.38x10* 1/ mol cm, 0.92 & 2.78 ug/ml) for PP assay, and (1.73<10* I/
mol cm, 0.09 & 0.27 ug/ml) for DSOQ assay, respectively. The two assays were successfully applied
for the determination of TBH in commercial tablets with reliable and satisfactory results, and hence
the proposed assays can be applied in pharmaceutical laboratories of quality control.

Keywords: lon-pair, KMnQj4, spectrophotometry, terbinafine HCI

oz
Amag: Bir anti-fungal ila¢ olan Terbinafin HCl'nin (TBH) saf ilag ve tabletlerde potasyum
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gelistirilmis ve valide edilmistir.

Gerec ve Yontem: Bu calismada, ilag olarak Sebifin ve Terbiforce 250 mg tabletler, reaktif olarak
potasyum permanganat KMnO4 ve disodyum 2-(1,3-diokso-2,3-dihidro-1H-inden-2-il)kinolin-6,8-
iziilfonat ve absorbans dlgiimleri i¢in 1 cm eslestirilmis kuvars hiicrelerle donatilmis DR 3900
spektrofotometre kullanilmigtir.

Sonug ve Tartisma: Asidik bir ortamda permanganat ve disodyum 2-(1,3-diokso-2,3-dihidro-1H-
inden-2-il)kinolin-6,8-distilfonat ile reaksiyona giren terbinafin hidrokloriir miktart belirlenmistir.
Her iki durumda da rvenkli reaksiyon iiriinleri sirasiyla 540 nm ve 440 nm maksimum
absorpsiyonlarinda 6l¢iilmiistiir. TBH konsantrasyonunun bir fonksiyonu olarak her bir deneyde
olciilen absorbans TBH konsantrasyonlart ile iligkilendirilmistir. Deneylerin farkli deneysel ve
degisken kosullart dikkatlice yapildi, dogru bir sekilde incelendi ve optimize edildi. Iki tahlilin
validasyonu da Uluslararasi Uyumlastirma Konferansi'min (ICH) giincel kilavuzlar: takip edilerek
yapilmistir. Iki yontem icin Beer yasasina, PP ve DSOQ yéntemleri icin sirasiyla 1-15 ug/ml
(Korelasyon katsayist = 0.9983) ve 1-18 ug/ml (Korelasyon katsayisi = 0.9989) konsantrasyon
araliklarinda uyulmugstur. Molar absorptivite, tespit ve miktar belirleme simirlart (LOD ve LOQ)
degerleri PP testi igin swrasiyla (1.38x104 l/mol cm, 0.92 ve 2.78 ug/ml) ve DSOQ testi i¢in
(1.73x104 1/mol cm, 0.09 ve 0.27 ug/ml) idi. Bu iki analiz, ticari tabletlerde TBH tayini igin giivenilir
ve tatmin edici sonuglarla basariyla uygulanmistir ve bu nedenle dnerilen analizler kalite kontrol
farmasotik laboratuvarlarinda uygulanabilir.

Anahtar Kelimeler: Lyon cifti, KMnOs, spektrofotometri, terbinafin HCI

INTRODUCTION

Terbinafine hydrochloride (TBH) (Figure 1) antifungals drug belong to the allylamine class.
According to IUPAC, terbinafine hydrochloride TBH drug is known as [(2E)-6,6-dimethylhept-2-en-4-
yn-1-yl](methyl)[(naphthalene-1-yl)methyl]amine hydrochloride [1]. The drug has a molecular weight
corresponding to its molecular formula of C21Hz6 CIN is 327.9 g mol. With good efficacy, terbinafine
hydrochloride is used as a short-term treatment for various skin infections and fungi, especially, for the
treatment of onychomycosis [2]. Onychomycosis is the most prevalent nail disorder attributed to yeasts;
non-dermatophytes molds, and dermatophytes. Terbinafine hydrochloride has been approved
medication for onychomycosis treatment by the Food and Drug Administration (FDA) of the US [3].
The drug is used in different therapeutic doses; as tablet formulations for fingernail and toenail fungus
treatment, cream formulations for jock itch, athlete's foot, and other similar skin infections treatment,
and other formulations of the drug as needed with therapeutic doses ranging from 1 to 5% [4].

The anti-fungal drug is official in United States Pharmacopeia (USP) [5], British Pharmacopeia
(BP) [6], and European Pharmacopeia (EP) [7]. The USP recommended an HPLC method with UV
detection at 280 nm. The BP and EP recommended a titrimetric assay in which the TBH drug is dissolved
in ethanol (96%), and 5 ml of HCI (0.01M) is added followed by potentiometric titration with 0.1M
NaOH.

Apart from the pharmacopoeial methods, in pharmaceuticals, the TBH drug has been determined
by different methods, including titrimetry using non-aqueous solvent [8], Electrochemical [9-12], UV-
spectrophotometry [8,13-16], spectrofluorimetry [17], capillary electrophoresis [18,19], and HPLC [20-
32].

JHCl ’ '
SO;Na

disodium 2-(1,3-dioxo-2,3-dihydro-1H-inden-
Terbinafine hydrochloride (TBH) 2-yl) quinoline-6,8-disulfonate (DSOQ)

Figure 1. Chemical structures of TBH and DSOQ

Many of the reported methods [8-32] need expensive and sophisticated instruments, which are
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not available in most quality control laboratories, as well as, involve tedious multiple extraction steps
and are time-consuming. They also pose the problem of maintenance. Hence, they are not within the
reach of most quality control laboratories and small-scale pharmaceutical industries, especially in the
Asian sub-continent.

The official titrimetric methods [6,7] are cumbersome and require a large quantity of drug (250
mg) for each trial. The non-aqueous titrimetric method reported by Cardoso et al. [8] requires a perfect
anhydrous medium and a large quantity of mercuric acetate. The presence of the amine group in the
molecule has led to the development of a few visible spectrophotometric assays based on ion-pair
complex, and redox reactions. Methyl orange [33], orange-G, molybdenum(V) thiocyanate, and alizarin
red S [34], bromophenol blue bromothymol blue, and bromocresol green [35], alizarin red S [36],
bromocresol purple [37], have been used as ion-pair reagents where the ion-pair complexes with the
drug were formed, extracted into an organic solvent and measured, but few reported methods [33-37]
suffer from elevated temperature for reactions to occur and poor sensitivity, with a narrow dynamic of
linear ranges. Also, permanganate in alkaline medium [38], cerium (IV)-Chromotrope 2R [39] and
KBrOs-KBr mixture-methylene blue/methyl red [40], have been used as redox reagents, but also that
reported methods suffer from some disadvantages such as elevated temperature for reactions to occur
[38-40], yields considerable blank absorbance [38], employ multiple reagents and time-consuming
[39,40].

To avoid one or more disadvantage in the reported spectrophotometric methods, the proposed
methods, which are inexpensive, mild experimental conditions, simple, rapid, sensitive, and accurate
assays were developed and validated for the terbinafine HCI antifungal drug in bulk form of drug as
well as in tablets using PP and DSOQ reagents. The first proposed assays relied on the oxidation of TBH
by PP in an H,SO4 medium, which results in the fading of PP solution. The Beer’s law is obeyed between
the concentration of TBH and the decrease value of absorbance, and the content of TBH can be indirectly
measured by measuring the decrease value of absorbance at 540 nm (PP method). The second assay
relied on the reaction of opposite charges ions, TBH as a cation and DSOQ as an anion, to form an ion-
pair complex in acidic buffer conditions and measured at 440 nm. The proposed methods' results, under
the optimum conditions, were found to be sensitive and simple compared to the most currently available
methods for TBH.

MATERIAL AND METHOD
Pure TBH Drug, Dosage Forms, and Reagents Used

All reagents and other chemicals used in the present assays were of analytical reagent grade. The
aqueous solutions required were prepared in double distilled water. Pure Terbinafine hydrochloride
(TBH, 99.9%), was obtained from Cipla Ltd. (Maharashtra India). Permanganate PP (Merck, Mumbai,
India), and DSOQ (Loba Chemie, Mumbai, India), the concentration of PP and DSOQ reagents were
for each 0.06% (w/v) in water, respectively. A solution of PP (0.1%) was prepared and standardized
according to a described procedure in a textbook of quantitative inorganic analysis, the standard solution
was then diluted appropriately with water to a concentration of 0.06% and kept in a dark bottle [41],
preparing all solutions freshly each day. Sebifin and Terbiforce tablets used (Glaxo Smith/ Lifestar
Pharmaceuticals Ltd., India) contain 250 mg TBH of each tablet purchased from the local market.

Potassium biphthalate buffer (KHP) solution at pH 3.4, which was used in the present study was
prepared by placing 50 ml of KHP solution (0.2 M) in a 200 ml volumetric flask and adding the specified
volume of the hydrochloric acid (0.2 M) solution, 15.7 ml, then dilute to 200 ml with distilled water
[42]. Buffer solutions covering a wide range of pH (1.4 to 5.4) were freshly prepared using (0.2M KCI
—0.2M HCI)) system for buffers in the pH range of 1.4 — 2.2, (0.2M potassium biphthalate, 0.2 M HCI)
system for buffers in the pH range of 2.6 — 3.8, and (0.2M biphthalate , 0.2M NaOH) system for buffers
in the pH range 4.2 — 5.4. all buffer solutions systems were prepared according to procedures described
by the official methods [42].

Preparation of Standard Terbinafine HCI Drug Solutions

A 1 mg/ml (1000 pg/ml) stock standard drug solution was prepared accurately. Stock TBH
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Solutions were prepared in H.SO4 (0.1 M) For reaction with PP, and in HCI (0.1 M) for reaction with
DSOQ. A working concentration of assays using PP (20 pg/ml) and DSOQ (40 pg/ml), were prepared
using a stock solution by accurately stepwise diluted with the corresponding solvents.

General Procedures
PP Method

One ml each of H,SO4 (1 M) followed by PP solution (0.06% w/v) was transferred into the two
comparison flasks (10 ml). Then different volumes of 20 pg/ml TBH solution (0.0-7.5) ml equivalent to
(0.0-15) pg/ml were added into one of the two a set of 10 ml comparison flasks. The flasks were diluted
with distilled water to the mark, and standing for 5 min at room temperature (30+1 °C). After the
standing time for 5 min, the absorbance (A1) of the blank solution (KMnO4+H.SO4) and the absorbance
(A2) of the determination solution (KMnOs+H2SO,+TBH) are measured at 540 nm against water. The
AA(AL-A2) is calculated.

DSOQ Method

In the DSOQ method, aliquots (0.25-4.5 ml) of 40 pg/ml TBH solution were accurately
transferred, into a set of 125 ml separating funnels, and the volume of each funnel was brought to 4.5
ml using (0.1 M) HCI. Six milliliters each of KHP buffer pH 3.4, and DSOQ (0.06% w/v) solutions to
each funnel separately were added and the volume of each funnel was brought to 20 ml with distilled
water. After the shaking time for 3 min, the organic layers were separated using dichloromethane and
dried using anhydrous Na;SO4. The resulting absorbance of solutions was measured at 440 nm vs. the
reagent blank prepared simultaneously.

The calibration graph in each case was plotted, and using the regression equation, the
concentration of unknown was computed.

The Procedure Applied for Formulations

Twenty tablets (250 mg for each) of TBH were weighed and powdered and mixed well. A portion
of the tablet powder equivalent to a hundred mg of TBH was transferred to a volumetric flask (100 ml).
The quantity was treated with solvent and shaken for 20 min. solvents were sulphuric acid for the PP
assay and hydrochloric acid for the DSOQ assay. The volume of resulting solutions was brought to mark
with the corresponding solvent and then filtered. The resulting tablet extracts were stepwise diluted with
the corresponding solvent to get 20 pug/ml for the PP assay and 40 pg/ml for the DSOQ assay. Five
milliliters and a 2.5-milliliter aliquot of that concentrations respectively, were subjected accurately to
analysis in five replicates (n=5) as described in PP and DSOQ procedures. Also, the fine powder of the
tablet was subjected to analysis by reference method [5] for comparison.

Procedure for Excipients and Additives

Ten mg of placebo blank, which consists of magnesium stearate (15 mg), sodium citrate (15 mg),
starch (20 mg), acacia (15 mg), talc (20 mg), and methylcellulose (10 mg), was extracted uniformly as
described under procedure for the assay of TBH in formulations. After that, 2 milliliters of extract were
analyzed by following the general procedures. To 10 milligrams of the placebo, 10 milligrams of a pure
drug (synthetic mixture) were added and mixed well. The content was transferred accurately to a 100
ml volumetric flask and followed the procedure steps for formulations.

RESULT AND DISCUSSION
Chemistry and Pathway of Reactions / Absorption Spectrum

Here (Figure 2), in the first, TBH was treated with an excess known concentration of PP in an
acid condition, and after appropriate standing time, the unreacted PP was determined by measuring its
decreasing absorbance value at 540 nm. The amount of permanganate reacted corresponds to the drug
amount which served as the basis of assay. Based on the proposed assay, in the range of 420-720 nm
the absorption spectrums of the determination solutions (KMnO4+H>SO4+TBH) and the permanganate
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solutions (KMnO,+H.SO4) were plotted, and the maximum absorption wavelength of each was found

at 540 nm as shown in the Figure 3(a). So, 540 nm was chosen for all measurements.

In the second method, TBH reacted with the DSOQ reagent solution in an acidic condition (pH =
3.40), to form an ion-pair complex (Figure 2). The ion-pair product was extracted using dichloromethane
and then measured at 440 nm. The absorption spectrum of blank and determination solutions were also
plotted, and the maximum absorption wavelength of 440 nm was selected for all measurements. The

absorbance of the reagent blank was not high as shown in Figure 3(b).
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Optimization and Method Development of Experimental Variables

Several variables were investigated for spectrophotometric methods, such as PP, DSOQ, acid
concentrations, reaction time, pH, and volumes of buffer. The investigated variables were optimized by
varying one experimental variable at a time and keeping the other variables constant.

PP Method
Effect of Volume of Sulfuric Acid

The reaction between fixed concentrations of TBH and permanganate was carried out with used
different volumes of 1 M H>SO; in the range (0.5-2.5 ml). It was found to be optimum, complete, and
guantitative with corresponds to the highest absorbance reading when using one ml of sulfuric acid
(Figure 4).

Effect of PP Reagent

To study this effect, Different volumes of PP were examined to determine the optimum volume
of permanganate that gives the highest absorbance at wavelength 540 nm in acidic conditions while
keeping the other reagent concentrations constant. Various volumes of PP were token in the range of
0.5 to 3.5 ml as shown in Figure 4. A 1.5 ml of PP (0.06% (w/v)) gives the maximum absorbance.
However, 1.5 ml of PP was selected in the final solution as the optimum reagent volume.

Effect of Reaction Time and Stability

Here, the reaction mixture between TBH drug and PP was subjected to different standing times
in the range from 5 to 25 min (Figure 4). It was found to be completed in 5 min, and the absorbance was
found to be constant up to 25 min thereafter.
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Figure 4. The effects of different parameters on the developed methods: volume of H,SO4 (TBH: 9
ng/ml) (a), reaction time and stability (TBH: 9 ng/ml) (b), volume of PP (TBH: 9 nug/ml) (c), pH of
buffer (TBH: 10 ug/ml)
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DSOQ Method
Effect of Buffer Solutions

The pKa value of TBH is 8.86 and says the TBH drug is the strongest basic, this means, the
reaction at acidic pH has proceeded because the amino group of TBH easily becomes in the protonated
form as well as the acid dye DSOQ becomes an anionic form. So, the reaction of TBH with DSOQ is
only performed in an acidic medium.

To investigate the effect of pH on the absorbance of ion-pair formed in the aqueous layer, the
procedure using DSOQ was adjusted to the pH in the range of 1.4 — 5.4. The resulting absorbance of
that ion-pair increases with increases in the pH from 1.4 to 2.9, then the absorbance remains almost
constant at pH 3.9, after that the absorbance was decreased. So, the pH value of 3.4 was chosen as to
optimum value (Figure 5). The volume of biphthalate buffer at pH 3.4 was investigated in the range of
2 to 10 ml (Figure 5), and 6 ml of buffer solution was optimum.

Effect of DSOQ Reagent

The ion-pair complex formation of drug and DSOQ solutions was examined using 2-10 ml
volumes of DSOQ dye (0.06% (w/v)), which was added to a constant concentration of TBH (10 pg/ml).
Six ml of DSOQ solution in the aqueous phase (20 ml) adequately for optimum complex formation
(Figure 5).
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Figure 5. pH of buffer (TBH: 10 pg/ml) (a), the volume of buffer (TBH: 10 ug/ml) (b), the volume of
DSOQ (TBH: 10 pg/ml) (¢)

Method Validation
Range and Sensitivity

According to the optimum conditions for spectrophotometric methods using PP and DSOQ
reagents, a linear resulting range between concentration and absorbance at Amax Was observed in 1-15
pg/ml for PP assay and 1-18 pg/ml for DSOQ assay, and Beer’s law is obeyed inversely (Figure 6).
Regression parameters values: intercept (a), slope (b), and the correlation coefficient (r) of each assay
were calculated by linear regression (method of the least squares), and the other parameters of sensitivity
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such as linear ranges, Sandell's sensitivity, molar absorptivity, LOD and LOQ values for each method
are compiled in Table 1, which all generally indicating highly sensitive of the proposed methods.
The LOD and LOQ values were calculated using the formulae:

LOD (ug ml?) = 3;)—5 and LOQ (ug ml?) = %

where ‘s’ is the standard deviation of the replicate absorbance values of the reagent blank, and ‘b’ is
the slope of the calibration curve.
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Figure 6. The calibration curves for PP (e) and DSOQ (m) assays

Table 1. Sensitivity and regression parameters were obtained from calibration curves for the
determination of the TBH drug by spectrophotometric assays

Parameters PP method DSOQ method
Amax, NM 540 440
Color stability 25 min 45 min
Linear range (pg/ml) 1-15 1-18
Molar absorptivity (I/mol cm) 1.38x10* 1.73x10%
Sandell sensitivity (ug/cm?) 0.0238 0.0189
Intercept (a) + (STDa)" 0.0091 + 0.0989 0.0152 + 0.0998
Slope (b) + (STDp)" 0.0395 + 0.00757 0.0504 + 0.0052
LOD/LOQ (ug/ml) 0.13/0.39 0.09/0.27
Correlation coefficient (r) 0.9983 0.9989

*STD: standard deviation

Precision and Accuracy

The proposed PP and DSOQ assays were validated for each intra-day (within-day) and inter-day
(between-day) precision. The precision and accuracy were evaluated by subjecting the pure TBH
standard solution at three concentration levels (2,4,6 pg/ml using PP and 4,8,12 pg/ml using DSOQ) to
within a day for intra-day variation analyzed, and on five successive days for inter-day variation
analyzed, on seven replicates for each, taking into account the preparation of all chemical solutions daily
to ensure accurate results. The precision was expressed as relative standard deviation (RSD). The %RSD
(precision) for the intra-day assay ranged from 0.54-1.73 %, and 0.41-1.66 % for the inter-day assay,
which should be satisfactory to the determination of the TBH in the different sample matrices used. The
accuracy was calculated using the formula, Bias% = (found-taken/found x 100) and expressed as relative
error percent (%RE). For three levels of drug, the accuracy varied from 0.67 to 1.5 % for intra-day and
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0.84% to 2.25% for inter-day assays. These results are summarized in Table 2 and meet the requirement
for precision, and the results indicate that the proposed methods are sufficiently precise and accurate.

Table 2. Intra-day and inter-day accuracy and precision (Reproducibility and intermediate precision)

Assay Intra-day precision (n=7) Inter-day precision (n=5)
Taken pg/ml 2Found pg/ml RSD% RE% aFound pg/ml RSD% RE %

PP 2 2.02 0.91 1.0 2.03 0.83 1.50
4 3.97 1.61 0.75 4.04 1.37 1.00
6 6.04 0.54 0.67 6.05 0.41 0.84
DSOQ 4 4.06 1.23 1.50 3.99 1.53 2.00
8 8.07 1.73 0.88 7.93 0.81 2.25
12 12.08 1.07 0.67 12.19 1.66 1.58

@Mean value of 7 determinations

Robustness and Ruggedness

The optimized experimental variables were slightly altered in each method and the impact of these
alterations was investigated on the performance of the proposed assays as a part of a robustness study.
Experimental variables slightly altered were: the volume of acid, reaction time (PP method), buffer pH,
and dye volume (DSOQ method). Assays were repeated and performed by only one analyst on the three
different instruments in the laboratory and also by three analysts using the same instrument to understand
the ruggedness of the methods. The results expressed as intermediate precision in RSD%, were
encouraging assuring the utility of the proposed methods in routine use. The results are shown in Table
3.

Table 3. Evaluation of robustness and ruggedness for proposed methods

Robustness (RSD%0)? Ruggedness (RSD%)?
Method ;Bk:'n Parameters altered Inter-analysts | Inter-instruments
pg/ml |Acid Reaction |Buffer [DSOQ
volume (ml) [time (min) |pH volume (ml)
PP 3 0.63 1.18 - - 1.01 1.27
6 0.75 0.92 - - 1.53 1.19
9 1.21 1.06 - - 0.74 1.47
DSOQ 4 - - 1.33 0.87 1.84 1.23
8 - - 1.55 1.35 1.45 1.65
12 - - 1.21 1.46 1.77 1.78

@Mean value of three determinations

Selectivity

This was investigated by studying and evaluating the impact of the additives and excipients
present in the tablets by applying the proposed methods on the placebo blank and synthetic mixture. The
results of the measurements showed that they were equal to those obtained from the blank. When applied
the proposed methods to synthetic mixture analysis yielded recoveries of row TBH drug ranging from
98.46+0.76 to 103.6+1.85. The results saying non-interference from the additives and excipients of
tablets such as sodium citrate, talc, starch, stearate, methylcellulose, etc. in the assays.
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Application to Tablets Analysis

The developed methods were applied to the determination of terbiforce and sebifin tablet brands,
each containing terbinafine HCI. The results for both assays presented in Table 4 say the excellent
agreement with its label claim and with those obtained using the reference assay (USP) [5]. Statistically,
for accuracy using the student's t-test, and for precision using F-test (variance ratio), the results revealed
no significance when performing the developed methods and the reference method.

Table 4. Statistical analysis of obtained results by the proposed methods in tablets and comparison of
it with the official method

Tablets PP method | DSOQ method | Official method
Terbiforce 250 mg | Found? (% of label claim = SD) | 99.54 +0.95 99.89 £ 0.7 100.5+0.54
t-test 1.97 1.54
F-test 3.09 1.68
Sebifin 250 mg  [Found?® (% of label claim = SD) 99.17 +1.63 99.77+1.44 98.92 +1.29
t-test 0.27 0.98
F-test 1.60 1.25

*Mean found concentrations of n=5 determinations, tabulated t-value= 2.77 and F-value= 6.39, with 95% confidence
level

Accuracy

To realize the accuracy of the present assays using PP and DSOQ reagents, the standard addition
procedure (recovery study), was followed. A pure TBH drug was spiked well with tablet brands powder
at three different levels, then the total amount was determined by proposed methods in the triplicate
determinations. The results of the standard addition procedure, that present in Table 5 reveal that the co-
formulated substances in the tablets do not affect the proposed methods.

Table 5. Recovery experiment of proposed methods via standard-addition method

Methodology |Formulations |Taken (ug/ml) |Added (ug/ml) [Found (ug/ml) |[?Recovered % + SD
PP Terbiforce 2.99 15 4.550 101.3 £ 1.63
2.99 3.0 5.960 99.51 £0.81
2.99 4.5 7.440 99.37+£0.71
Sebifin 2.98 1.5 4.440 99.15+£1.07
2.98 3.0 6.110 102.1£1.150
2.98 4.5 7.410 99.02 + 0.63
DSOQ Terbiforce 5.95 3.0 3.890 98.29 £ 0.61
5.95 5.0 12.07 101.12 £ 1.07
5.95 9.0 15.12 100.99 + 1.06
Sebifin 5.15 3.0 9.090 99.05+1.42
5.15 6.0 12.25 100.93 £ 1.52
5.15 9.0 15.20 100.33 £1.18

@Mean value of three determinations
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Table 6. Comparison of the proposed methods with the reported methods

Reported methods Reagents Range LOD/LOQ Remarks
(ng/ml) (ng/ml)
Method reported 33 MO 6-17 Not available Narrow range
Method reported 34 ARS 5-55
Not available Narrow linear ranges, less
Mo (v)/SCN 5-75 sensitive
0G 10-80
Method reported 35 BPB 2-25 0.23/0.71
Higher LOD and LOQ
BTB 2-25 0.28/0.84 values
BCG 2-25 0.54/1.62
Method 36 ARS 2.5-60 0.22/0.66 Narrow linear ranges, less
sensitive
Method 37 BCP 1-10 0.25/0.75 Higher LOD and LOQ
values
Method 38 PP 2-16 0.65/1.96 heated at 85°c for
30minutes is required,
High blank value
Method 39 Ce(1V) 1-7 1.06/3.53 Heating step is required
Ce(IV)-C2R 1-7 0.93/3.11
Method 40 KBrOs-KBr-MEB 1-3 0.3/0.95 Heating step is required,
KBrOs-KBr-MER 2.5-5 0.15/0.46 high standing time used
Presented method PP 1-15 0.92/2.78 Highly sensitive, uses
aqueous medium to
critical pH adjustment
Presented method DSOQ 1-18 0.09/0.27 Widest linear dynamic
range (18-fold), lower
LOD and LOQ values

Conclusion

Terbinafine HCI despite its therapeutic importance in the treatment of fungi, the
spectrophotometric methods that dealt with this drug are very few, including two methods by the author.
The author presents this new research as a continuation of previous work to develop simple, high-
accuracy, and rapid methods to cover the need for such low-cost methods for use in pharmaceutical
quality control and clinical laboratories. The proposed spectrophotometric methods are simple without
requiring any stringent experimental variable encountered in the published methods. The proposed
methods are reasonably sensitive with a wide linear dynamic range as shown in Table 6. They can be
useful in routine analysis and quality control assays of TBH in formulations. However, when compared
to the HLPC method, which is widely used in pharmaceutical quantity control laboratories, the proposed
methods lack selectivity, sensitivity, and speed.
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ABSTRACT

Obijective: This study utilizes integrated bioinformatics to investigate Differentially Expressed
Genes (DEGs) and pathways related to ulcerative colitis (UC).

Material and Method: Differentially Expressed Genes were identified from UC patients' colonic
mucosal samples and controls using GSE13367 and GSE134025 datasets. Differentially Expressed
Genes selection utilized GEO2R and Venn diagrams, followed by functional annotation, pathway
analysis, PPI determination via the STRING database, and GO/KEGG enrichment analysis using
Metascape.

Result and Discussion: Analysis unveiled 197 DEGs, with 76 up-regulated and 121 down-regulated
genes. Up-regulated genes were enriched in humoral immune response, peptidoglycan binding, and
NADPH oxidase complex, while down-regulated genes were linked to inorganic anion transport,
transmitter-gated ion channel activity, and integral plasma membrane components. In the PPI
network, up-regulated DEGs formed a dense network (75 nodes, 190 edges), indicating significant
interactions, whereas down-regulated DEGs formed a less dense network (114 nodes, 63 edges).
Five hub genes (CXCR4, CXCL13, CXCL1, MMP3) were identified among the 197 DEGs. These
findings provide new insights into UC's causes and offer promise for more effective therapeutic
approaches.

Keywords: Bioinformatic analysis, gene expression, inflammatory bowel disease, pathway
enrichment analysis, protein interactions

oz
Amag: Bu calisma, iilseratif kolit (UK) ile iliskili DEG'leri ve yollari arastirmak igin entegre

biyoinformatik kullanir.
Gerec ve Yontem: DEG'ler, GSE13367 ve GSE134025 veri kiimelerini kullanarak UK hastalarinin
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kolonik mukozal orneklerinden ve kontrollerden belirlendi. DEG se¢cimi icin GEO2R ve Venn
diyagramlart kullamldi, ardindan fonksiyonel anotasyon ve yol analizi yapildi. Protein-protein
etkilesimleri (PPI'ler) STRING veritabani kullamilarak belirlendi ve Metascape, Gen Ontolojisi
(GO) ve Kyoto Genler ve Genomlar Ansiklopedisi (KEGG) zenginlestirme analizi i¢in kullanild.
Sonug ve Tartisma: Analiz, 197 DEG ortaya koydu, bunlarin 76'st yukari regiile edilmis ve 121'i
asag regiile edilmis genlerdi. Yukar: regiile edilmis genler, humoral immiin yanit, peptidoglikan
baglanma ve NADPH oksidaz kompleksi gibi siireglerde zenginlesmisti. Asag regiile edilmig genler,
inorganik anyon tasima, alici-gated iyon kanal aktivitesi ve integral plazma membran bilesenleri ile
iligskilendirildi. PPI agindaki yukar: regiile edilmis DEG'ler, 75 diigiim ve 190 kenarla yogun bir ag
olusturdu, onemli etkilesimleri gosterirken, asagi regiile edilmis DEG'ler, 114 diigiim ve 63 kenarla
daha az yogun bir ag olusturdu. 197 DEG arasinda bes merkezi gen (CXCR4, CXCL13, CXCLI,
MMP3) tanimland1. Bu bulgular, UK 'nin nedenleri hakkinda yeni icgoriiler sunmakta ve daha etkili
tedavi yaklagimlart i¢in umut vaat etmektedir.

Anahtar Kelimeler: Biyoinformatik analizi, gen ifadesi, inflamatuar bagirsak hastaligi, yol
zenginlestirme analizi, protein etkilesimleri

INTRODUCTION

Ulcerative colitis (UC) is a chronic subtype of inflammatory bowel disease characterized by
extensive inflammation of the colonic mucosa. Several factors can influence the development of
ulcerative colitis, including lifestyle choices such as stress, drug usage, diets high in sugar and fat, and
smoking. Genetic factors also play a role in susceptibility to UC [1]. Additionally, immune regulatory
disorders, as well as the continuous stimulation of antigens by commensal enteric bacteria, fungi, and
viruses, can contribute to chronic inflammation in individuals with genetic abnormalities and impaired
mucosal barrier function. The primary clinical symptoms of UC include abdominal discomfort and
diarrhea with blood and mucus [2].

Identifying differentially expressed genes (DEGS) in the colonic mucosa that exhibit altered
expression patterns in UC patients compared to healthy individuals can provide valuable insights into
the disease. Advances in gene chip technology have generated substantial amounts of data on gene
expression profiles [3]. To gain a deeper understanding of the pathophysiology of ulcerative colitis, this
study used an integrated bioinformatics analysis to examine the DEGs associated with UC and their
related pathways. This approach offers a comprehensive view of the molecular mechanisms involved in
the disease, facilitating further research and potential therapeutic interventions [4].

MATERIAL AND METHOD
DEGs ldentification from Datasets GSE13367 and GSE134025

DEGs (Differentially Expressed Genes) were identified in normal samples regarding Ulcerative
Colitis  (UC) wusing GEO2R, a collaborative digital tool available at http:/
www.ncbi.nlm.nih.gov/geo/geo?2r [5]. This software adopts a powerful algorithm to help identify DEGs
of multiple experimental conditions by pairing datasets from the Gene Expression Omnibus (GEO)
series. Data on gene expression profiles including GSE13367 and data from the GSE134025 were
downloaded from the GEO database. DEGs were derived from samples of their colonic mucosa as well
as healthy controls. These datasets consisted of endoscopically collected mucosal colonic biopsies
emanating from ulcerative colitis patients and healthy volunteers. The GSE13367 model has been
subjected to gene expression analysis using the GPL570 [HG-U133 Plus_2] Affymetrix Human
Genome U133 Plus 2.0 Array. The GSE13367 dataset consisted of 54 mucosal colonic biopsy samples
in which 34 samples belonged to ulcerative colitis patients and 20 samples were taken from healthy
controls. Gene expression analysis in the case of GSE134025 dataset was specifically performed with
the help of GPL6947 Illumina Human HT-12 V3.0 expression bead chips. The GSE134025 dataset
focused on the expression of genes in six samples, with three from ulcerative colitis patients and three
from healthy subjects.

To identify DEGs, the variably expressed genes in each of the two datasets (GSE13367 and
GSE134025) were initially analyzed individually with the criteria of a Fold Change (FC) greater than 1
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and a p-value less than 0.05. Subsequently, the overlapping DEGs were determined by combining the
two datasets, and this analysis was facilitated using the venny tool. This comprehensive approach
allowed for the identification of common DEGs across the two datasets, providing valuable insights into
gene expression changes associated with ulcerative colitis [6].

Analysis of the Functional and Pathway Associated with the DEGs

This research used the Metascape website which provides a comprehensive platform that
seamlessly combines various tools and resources for biological analysis. It offers functional enrichment
analysis, interaction analysis, genetic annotation, and the ability to search for specific memberships
within datasets. This integration encompasses over 40 different knowledge databases [7]. Notably, we
also used the Kyoto Encyclopedia of Genes and Genomes (KEGG) which serves as a repository within
Metascape for highlighting the broad impacts and functions of biological systems [8]. Additionally,
Gene Ontology (GO) was used to identify high-quality functional gene annotations across biological
processes (BP), molecular functions (MF), and cellular components.

In our analysis, we configured Metascape with specific screening criteria, including a minimum
overlap threshold of three and a minimum enrichment threshold of 1.5 (with a significance level of p <
0.01). These settings were applied to identify and elucidate the functions of Differentially Expressed
Genes (DEGs).

PP1 And Hub Genes ldentification

The PPI network for the 197 DEGs was constructed, and 0.4 was the minimum required
interaction score through the STRING database. Meaning that the PPI network active interaction sources
were detected through text mining, co-expression, neighborhood, gene fusion, experiments, and
databases among others. The Cytohubba ranking algorithm was applied in determining the hub genes of
the 197 DEGs. Using the MCC algorithm and the cytoHubba Cytoscape plug-in, the top 5 hub genes
were then identified. The functions of hub genes were predicted using Metascape with the screening
settings of Min overlap of three and Minimum Enrichment of 1.5. which are Statistics considered
significant at p >0.01.

RESULT AND DISCUSSION
DEGs ldentification

To refine the gene list, common genes from both datasets were filtered, and their representation
was visualized using Venn diagrams (refer to Figure 1). 21.956 genes were found to be differentially
expressed (DEGS). 9.990 DEGs were identified in GSE13367 meanwhile 18.487 DEGs were identified
in GSE134025. Among these DEGs, 6521 were found to be differentially expressed, based on certain
criteria P<0.05 and logFC >1, we found 197 genes upregulated and downregulated significantly with 76
genes showing up-regulated and 121 genes showing down-regulated. Figure 2 illustrates the patterns of
DEG gene expression in the two datasets, each containing two sets of sample data. It's noted that the
majority of the up and downregulated genes were identified in GSE13367 (Figure 2a).

GO and KEGG Enrichment of the 197 DEGs

As per the Gene Ontology (GO) biological functional analysis, specifically depicted in Figure 3a,
the 76 up-regulated genes exhibited significant enrichment in several key areas. In terms of biological
processes, these genes were primarily associated with the regulation of antimicrobial humoral immune
response mediated by antimicrobial peptides. In the realm of molecular functions, they were notably
linked to peptidoglycan binding. Additionally, concerning cellular components, the up-regulated genes
were enriched in the NADPH oxidase complex. Furthermore, the KEGG pathway analysis unveiled the
predominant pathways associated with these 76 up-regulated genes. Notably, they were abundant in
pathways related to viral protein interaction with cytokines and cytokine receptors, as well as pathways
associated with amoebiasis. On the other hand, the 121 down-regulated genes exhibited distinct patterns
of enrichment according to GO analysis (depicted in Figure 3b). These genes were prominently
associated with functions related to transmitter-gated ion channel activity, inorganic anion
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transmembrane transport, and plasma membrane integration, indicating a potential impact on cellular
processes and membrane functions. Lastly, the KEGG analysis highlighted the primary functions
associated with the 121 down-regulated genes. These genes were notably involved in the production and
breakdown of keton substarnces indicating alterations in metabolic pathways associated with their
downregulation.

GSE13367 GSE134025

Figure 1. Venn diagram were used to visually represent the overlap of differentially expressed genes
(DEGS) between the two Gene Expression Omnibus (GEQO) datasets
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Figure 2. The volcano plots were drawn to present the differentially expressed genes for UC over
control comparison. The DEGs from GSE13367 and GSE134025 datasets have been presented
individually in (a-b). These plots depict the down-regulated genes with the blue points, the similarly
up-regulated genes are indicated by red points and black points indicate the same expressed genes that
showed no significant differences in expression
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Figure 3. Analysis of functional enrichment in DEGs. The bar graphs illustrate the top 10 results of the
up-regulated gene (a) and down-regulated gene enrichment analysis (b)
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PPI1 Hub Genes Identification

The Protein-Protein Interaction (PPI) was done for network analysis of Differentially Expressed
Genes (DEGS) using the STRING database, and the results are as shown in Figure 4a and 4b. The 76 up-
regulated DEGs-formed PPI network contained 75 nodes and 190 edges, resulting in an average node
degree of 5.07 and local clustering coefficient of 0.443. Taken together, these metrics point to a
statistically significant enrichment in Protein-Protein Interactions (PPIs) amongst these up-regulated
genes, with a p-value of 1.0e-16.

On the other, PPI network with 121 DEGs down-regulated compromised of 114 nodes with an
average node degree of 1.11 and local clustering value of 0.258 in 63 edges. This network, like the up-
regulated genes, also displayed a highly enriched PPI interaction with a p-value of 3.22e-09. Notably,
the top five genes within the PPI network were identified using the MCC algorithm and the cytoHubba
Cytoscape plug-in (Figure 5). These genes include CXCL11, CXCR4, CXCL13, CXCL1, and MMP3,
suggesting their potential importance in the context of the analyzed DEGs and their associated biological
processes.

Figure 4. Cytoscape was used to create networks illustrating the protein-protein interactions (PPI) for
the 76 up-regulated genes (a) and the 121 down-regulated genes (b). These networks visually portray
the relationships and interactions among genes, where each gene is represented as a node. The
connections or links between genes are illustrated as edges, and the size and color of each gene node
indicate the extent of its interaction within the network
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Figure 5. Cytoscape protein-protein interaction (PP1) networks were generated for the five identified
hub genes through the MCC algorithm implemented in cytoHubba

Analysis of Hub Genes

The hub genes were subjected to functional enrichment analysis, yielding the following outcomes
(as shown in Figure 6): Based on biological processes, the five hub genes were predominantly involved
in the positive regulation of cell-cell adhesion mediated by integrin and the signaling pathways of
chemokine ligand 12. Regarding molecular functions, they were notably associated with CXCR
chemokine receptor binding, suggesting their role in binding to CXCR chemokine receptors. In terms
of cellular components, the hub genes exhibited enrichment in the tertiary granule lumen, highlighting
their presence in specific cellular compartments. Furthermore, when examining KEGG pathways, these
five hub genes were predominantly enriched in pathways related to viral protein interaction with
cytokines and cytokine receptors, suggesting their involvement in signaling pathways associated with
viral interactions. These findings collectively provide insights into the functional roles of the identified
hub genes within the context of the analyzed DEGs and their potential contributions to inflammatory
and immune-related processes.

Gene Ontology

Figure 6. Evaluation of the functional enrichment of the five hub genes
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Ulcerative colitis is a prevalent genetic inflammatory disorder of the colon characterized by
symptoms such as bleeding, extensive fragility, and erosions on the colonic wall. This form of
inflammatory bowel disease (IBD) is the most common worldwide, distinguished by its specific impact
on the mucosa and submucosa of the colon. Typically, the disease initiates in the rectum and progresses
inward [9]. Ulcerative colitis ranks among the most frequently occurring IBDs, with an incidence rate of
twenty cases per 100,000 individuals in the United States. Both males and females are affected in nearly
equal numbers [10]. Its prevalence is higher in populations in North America and Northern Europe
compared to those in Asia. Given that gene expression patterns are frequently utilized to investigate
ulcerative colitis, bioinformatics analysis serves as a valuable tool to uncover the pathophysiological
mechanisms underlying UC [11].

In total, 197 differentially expressed genes (DEGSs) were identified in this study among which 121
down-regulated genes and 76 up-regulated genes. From the Gene Ontology (GO) analysis, these DEGs
were functionally categorized mainly to be associated with antimicrobial humoral immune response
mediated through regulation of antimicrobial peptides. Additionally, they were linked to biological
processes such as inorganic anion transmembrane transport. In terms of molecular function, the DEGs
were associated with peptidoglycan binding and transmitter-gated ion channel activity. Regarding
cellular components, they were enriched in the NADPH oxidase complex and integral components of
the plasma membrane.

In addition, the KEGG pathway analysis showed that the DEGs that were upregulated were
notably enriched in pathways associated with the interaction of viral proteins with cytokines and
cytokine receptors, as well as in pathways related to amoebiasis. This aligns with the observation that
the downregulated genes had extensive involvement in the synthesis and degradation of ketone bodies,
as corroborated by KEGG pathway analysis. The both regulated DEGs had a very extensive involvement
of glycolysis or gluconeogenesis (as demenosterated in Figure 7). Overall, this study sheds light on the
molecular mechanisms underlying ulcerative colitis, providing valuable insights into the regulation of
immune responses and metabolic pathways associated with this condition.

Among the 121 genes in the Protein-Protein Interaction (PPI) network of Differentially Expressed
Genes (DEGS), five genes (CXCL11, CXCR4, CXCL13, CXCL1, MMP3) displayed a notable level of
interaction, indicating their centrality in the network. In patients with ulcerative colitis (UC), all five of
these hub genes exhibited increased expression levels. According to Gene Ontology (GO) analysis, these
five genes were particularly enriched in the tertiary granule lumen as a cellular component, CXCR
chemokine receptor binding as a molecular function, and the enhancement of cell-cell adhesion mediated
by integrin as a biological process. Furthermore, when examining their involvement in signaling
pathways, the five hub genes were predominantly associated with the TNF signaling pathway, viral
protein interaction with cytokines and cytokine receptors, as demonstrated in KEGG pathway analysis
(as demenosterated in Figure 8).

Ulcerative colitis (UC) is the idiopathic and recurrent inflammation of the mucosa of the intestines
while its exact etiology is yet to be known. It usually initiates with the rectum and may go on to affect
the entire colon. This engages multifaceted and dynamic web of cells and cytokines adjusting the
immune response and inflammatory cascade within UC pathogenesis. Cytokine receptors on cell
surfaces play a crucial role by binding precisely to cytokines and transmitting their signals, allowing
cells to respond to signals from nearby or distant locations in the body [12]. The DEGs and hub genes
identified in this study potentially contribute to the development of UC by participating in these intricate
mechanisms, shedding light on the molecular pathways underlying the disease and providing a basis for
further investigation into therapeutic interventions.

Table 1 presents the hub gene symbols, acronyms, and their corresponding functions. CXC motif
chemokine ligand 1 (CXCL1) belongs to one of the four subfamilies comprising around 50 chemotactic
cytokines [18]. This subgroup is distinguishable by the presence of a pair of disulfide bridges formed
through the homologous CXC motif. CXCL1 plays a crucial role in the development of inflammatory
bowel disease. Both ulcerative colitis and Crohn's disease patients have been found to have elevated
blood levels of CXCL1, with ulcerative colitis patients having higher levels [16]. CXCL1 shows promise
as a potential biomarker for ulcerative colitis and has been identified as a hub gene in ulcerative colitis
through gene expression analyses. In the context of inflammatory bowel disease, CXCL1 contributes to
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the chemotaxis of neutrophils and their infiltration into sites of inflammatory responses. It's important to
note that in inflammatory bowel disease, CXCLL1 is not the sole chemoattractant for neutrophils [19].
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Table 1. Five hub genes and their functions

Gene symbol Description Function

CXCL11 chemokine ligand 11 A well-known controller of T-cell entry into tumors is
CXCL11 [13].

CXCR4 C-X-C chemokine receptor type 4 |CXCR4 produces a protein that penetrates outer cell

layers, including those in the brain, spinal cord, and
white blood cells [14].

CXCL13 C-X-C Motif Chemokine Ligand 13 | (CXC chemokine ligand 13) has been proved to be
generated persistently by stromal cells in lymphoid
follicles of human lymph nodes and It serves as a
potent attractant for naive B cells in laboratory settings.
This chemokine was also named B lymphocyte
chemoattractant (BLC) and was initially discovered in
mice [15].

CXCL1 C-X-C Motif Chemokine Ligand 1 | Melanomagrowth-stimulating activity/growth-regulated
protein, or CXCL1, is chemokine that is crucial for
inflammation, angiogenesis, carcinogenesis, and wound
healing [16].

MMP3 Stromelysin-1or as Transin-1 Extracellular matrix (ECM) components including
matrix proteins, growth factors, proteases,surface
receptors, and adhesion molecules can all be broken
down by MMP-3 [17].

On the other hand, CXCL13 was initially identified in B cell follicle stromal cells. CXCL13 plays
a pivotal role in the pathogenesis of various inflammatory diseases, including autoimmunity. It is
constitutively expressed in secondary lymphoid tissues and promotes lymphoid neogenesis when
expressed [20]. The presence of CXCL13 in human inflammatory diseases such as ulcerative colitis,
chronic gastritis caused by Helicobacter pylori, and chronic inflammation associated with human
lymphoid neogenesis suggests a potentially harmful role for CXCL13 [21].

In ulcerative colitis, the ELR-chemokine CXCL13 exhibits increased CXCL13 mRNA expression
in intestinal tissues and interacts with CXCRS5 as its receptor. These molecular insights provide valuable
information about the involvement of CXCL1 and CXCL13 in the pathogenesis of ulcerative colitis and
other inflammatory conditions [22].

Chemokines, essential for various biological processes including growth and homeostasis, exert
significant effects on central nervous system cells and endothelial cells involved in both angiogenesis
and angiostasis. Among these chemokines, CXCL11 stands out as the most potent CXCR3 agonist based
on chemotaxis experiments. CXCL11 primarily induces T cell transepithelial migration and leads to
receptor down-regulation[23]. Interestingly, CXCL10 and CXCL11 practiced enormous mRNA
valorisation in of ulcerative colitis (UC) as well as colorectal cancer (CRC). Moreover, miR-34a-5p and
miR-203a-5p appear to be potential regulators' miRNAs for CXCL10 and CXCL11. In the context of
UC, interactions between CXCL10 and CXCL11 and cytokine receptors can activate the JAK-STAT
signaling cascade. Furthermore, it has been observed that in both UC and CRC, CXCL10 and CXCL11
are positively correlated with the tissue infiltration of proinflammatory M1 macrophages [24].

CXCRA4 (Chemokine (C-X-C motif) Receptor 4 represents a specific subclass of G protein-coupled
receptors (GPCRs) that bears resemblance to an amino acid rhodopsin. Notebly It was shown that in the
peripheral blood of UC patients the number of immature plasma cells increases significantly versus
healthy donors and further reveals severe CXCR4 overexpression [25].

A study by Mina T. shows that these particular 1gG plasma cells mediate the exacerbation of
mucosal inflammation, functioning as one of the key elements in the pathogenesis of UC. This is through
CXCRA4 infiltration in inflamed mucosa to initiate "pathogenic” intestinal CD14 macrophages by means
of 1gG-ICFrC signaling. These findings provide valuable insights into the complex interplay of
chemokines, receptors, and immune cells in the context of ulcerative colitis pathogenesis [26].
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The extracellular matrix (ECM) is an important structural component of tissues normally degraded
by proteins of the matrix metalloproteinase (MMP) family. MMPs have two roles to play firstly that in
pathological circumstances as in arthritis and metastasis, and those in beneficial physiological activities
like embryonic development, reproduction, and remodeling of tissues [27]. Many MMPs are initially
released as inactive proproteins, which can be activated by extracellular proteinases. In the context of
mucosal degeneration induced by the pokeweed mitogen, pharmaceutical inhibition of MMP-3 has been
shown to effectively halt this degenerative process [28]. This highlights the significance of MMPs in
tissue homeostasis and their potential as therapeutic targets in certain pathological conditions.
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ABSTRACT

Obijective: Cultivation location and maturity levels could affect Muntingia calabura's bioactive
compounds and biological activities. The present investigation evaluated two different maturity
stages (young and ripened) of Indonesian M. calabura on their phytochemical constituents (total
phenolic [TP] and total flavonoid [TF]), antioxidant activity, and nutrition composition.

Material and Method: The TP and TF were measured using the Folin-Ciocalteau reagent and
ammonium chloride (AICIs). Antioxidant activity was evaluated using 2,2-diphenyl-1-picrylhydrazyl
(DPPH) and 2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic) acid (ABTS). Nutrition composition:
total soluble solids (TSS) were determined by the gravimetric method; soluble sugars used anthrone-
sulfuric acid colorimetric assays; and vitamin C established 2,6-dichloroindophenol (DCIP)
titration.

Result and Discussion: The ripened fruit presented the most potent antioxidant activity. DPPH and
ABTS ICso values were 28.38 + 0.84 ug/ml and 29.92 + 3.05 ug/ml, respectively. In contrast, the
young fruit exhibited the highest TP (56.85 £ 1.08 mg/g GAE) and TF (8.45 + 0.65 mg QE). Our
findings additionally suggested that ripened fruit was a good source of nutrients, such as soluble
sugar (SS; 12.34 + 0.76%) and vitamin C (21.88 + 2.73 mg/g).

Keywords: Antioxidant, bioactive compound, fruit, maturation, proximate

0z

Amag: Yetistirme yeri ve olgunluk seviyeleri, Muntingia calabura'min biyoaktif bilegenlerini ve
biyolojik aktivitelerini etkileyebilir. Bu ¢alismada, Endonezya'da yetistirilen M. calabura'nin iki
farkli olgunluk asamasi (geng ve olgun) fitokimyasal bilesenleri (toplam fenolik [TP] ve toplam

flavonoid [TF]), antioksidan aktivitesi ve besin kompozisyonu agisindan degerlendirildi.
Gere¢ ve Yontem: TP ve TF, Folin-Ciocalteau reaktifi ve amonyum kloriir (AICl3) kullanilarak
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olciildii.  Antioksidan  aktivitesi, 2,2-difenil-1-pikrilhidrazil (DPPH) ve 2,2-azino-bis(3-
etilbenzotiyazolin-6-siilfonik) asit (ABTS) kullamilarak degerlendirildi. Besin kompozisyonu: toplam
coziiniir katilar (TSS) gravimetrik yontemle; ¢oziiniir sekerler, antron-siilfiirik asit kolorimetrik
testleri ile; ve vitamin C, 2,6-dikloroindofenol (DCIP) titrasyonu ile belirlendi.

Sonug ve Tartisma: Olgunlasmis meyve, en giiclii antioksidan aktiviteyi gésterdi. DPPH ve ABTS
ICso degerleri sirasyla 28.38 + 0.84 ug/ml ve 29.92 + 3.05 ug/ml idi. Buna karsilik, geng meyve en
yiiksek TP (56.85 £ 1.08 mg/g GAE) ve TF (8.45 £ 0.65 mg QFE) degerlerini gésterdi. Bulgularimiz
ayrica, olgunlasmis meyvenin ¢oziiniir seker (SS; %12.34 £ 0.76) ve vitamin C (21.88 + 2.73 mg/g)
gibi besinlerin iyi bir kaynagi oldugunu éne stirdii.

Anahtar Kelimeler: Antioksidan, biyoaktif bilesen, meyve, vejetasyon siiresi

INTRODUCTION

Free radicals are one of the harmful products of the body's metabolic processes, especially
respiration. The body naturally produces endogenous antioxidants such as superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPX), and glutathione-S-transferase (GST) to get rid of free
radicals [1,2]. However, uncontrolled free radicals will cause several metabolic syndrome diseases such
as inflammatory disease [3], diabetes [4], cardiovascular disease [5], cancer [6], neurodegenerative
diseases [7], and Alzheimer's [8]. To neutralize these radicals, additional antioxidants are needed from
external sources, such as consuming vegetables and fruits (e.g., cherry fruit) (Muntingia calabura L.).

As a member of the Muntingiaceae family, M. calabura can be found in countries with tropical
and sub-tropical climates, such as Indonesia, Thailand, Malaysia, and the Philippines. In both urban and
rural areas, the tree grows wild in gardens and yards [9]. Despite its widespread presence, the community
has not used it effectively. The children prefer the M. calabura fruit because it is sweet and sour. Ripe
fruits are red, whereas young ones are green.

According to Muslimin et al. (2020), M. calabura fruit has a very high antioxidant activity of 3.27
mg AAE/g (ascorbic acid equivalent per gram). It has high levels of mineral essentials such as potassium
(K), calcium (Ca), and iron (Fe). Furthermore, the fruit is also rich in moisture content [10]. High
antioxidant activity is associated with a high vitamin C content of 171.36 mg/100 g and a high carotene
content of 1576.97 png/100 g [11].

The level of fruit ripeness greatly influences the nutritional content of fruit. Ripe fruit contains
high levels of phenolics and flavonoids [12]. Meanwhile, young fruit generally has higher levels of
tannins and alkaloids, and the taste becomes astringent and bitter [13]. The ripe fruit also has a higher
carbohydrate content, making it delicious. This study compared the levels of total phenolic (TP) and
total flavonoids (TF) contained in the young and ripe fruits of M. calabura. Antioxidant activity was
also determined using two test methods: 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS). Antioxidants are closely related to vitamin C content and
are determined using titration. Furthermore, total soluble solid (TSS) and soluble sugar (SS) levels were
also analyzed.

MATERIAL AND METHOD
Plant Material

The fruits of M. calabura were harvested at two different development stages (i.e., young and
ripened) from Sudiang, Makassar, and South Sulawesi in December 2022 (rainy season). Fruit samples
from each maturation stage were sorted based on their morphology and color. The young fruit samples
were green, while the ripened ones were red. The sample was cleaned under running water to remove
dirt and then washed again with aquadest.

Phenolic and Flavonoid Extraction

Sample extraction was carried out in a dark room based on the method described by Mokhtar et
al. [12]. A total of 200 g of fruit were extracted sequentially using methanol and ethyl acetate (0.05%
v/v hydrochloric acid/solvent [10:90]), followed by simultaneous sonication for 30 minutes. Both
extracts were combined, filtered, and evaporated.
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Determination of Total Phenolic

A method from Pakki et al. (2020), the Folin-Ciocalteu method, was adopted to determine the
total phenolic (TP) [14]. About 0.1 ml of each extract (10 mg/ml) was added to 1 ml of 50% Folin-
Ciocalteu and 1 ml of 7.5% sodium carbonate. After the allowed 15 minutes in a dark room, the mixture
was filtered, and water was added to bring the total volume to 10 ml. The optical density (OD) was
recorded using a spectrophotometer (Agilent 8453, USA) at A 730 nm. This experiment was performed
in triplicate.

Determination of Total Flavonoids

Total flavonoid (TF) content was measured using aluminum chloride (AICIs) and was slightly
modified from what is described by Mokhtar et al. [12]. An amount of 0.1 ml of each extract was
transferred to a 5 ml volumetric flash, and 0.1 ml of AICI; (10%) and 0.1 ml of NaNO, were added.
After a 5 minutes incubation, 0.5 ml of NaOH (1 M) was added to it. The OD was recorded using a
spectrophotometer (Agilent 8453, USA) at X 510 nm. This experiment was performed in triplicate.

DPPH Test

The free radical-scavenging ability of the fruit of M. calabura was tested by bleaching the stable
radical DPPH. The DPPH method was adopted from the method of Mokhtar et al. [12]. Briefly, 0.25 ml
of the tested sample was added to 1 ml of DPPH (0.1 mmol) in 5 ml of volumetric flash and added to
ethanol. The mixture was incubated for 30 minutes in the dark room. After incubation, the OD was
measured at A 515 nm using a spectrophotometer (Agilent 8453, USA). Vitamin C was used as the
reference standard, and the tested sample was replaced with ethanol for the control. This experiment
was performed in triplicate.

ABTS Test

The ABTS antioxidant activity was generated according to Wolosiak et al. [15]. An equal volume
of substrate solution (ABTS, 7 mM) and oxidant (potassium persulfate, 2.45 mM) was made to react
overnight in the dark. An amount of 1 ml of each sample was mixed with 3 ml of ABTS solution, stirred,
and incubated for 10 minutes. The OD was measured at A 734 nm using a spectrophotometer (Agilent
8453, USA). Vitamin C was used as the positive control. This experiment was performed in triplicate.

Total Soluble Solids

The TSS of the fruit of M. calabura was used in a membrane filter with a 0.4 um pore size (Merck,
Germany). The fruits were crushed using a blender (Philips), and the liquids were centrifuged at 14.500
rpm for 2 minutes. The filter was collected and passed through Millipore 0.4 um. The number of
dissolved substances was compared with the sample weight to calculate TSS.

Soluble Sugars

Soluble sugar in the fruit was measured using the anthrone colorimetric method, with slight
modifications [16]. The fruits were crushed using a blender (Philips), then the liquids were centrifuged
at 14.500 rpm for 2 minutes and dried. In a beaker, 0.25 ml of each sample was added to 50 ul of NaOH
(2 mol/l) and boiled at 90°C for 5 minutes until room temperature reached. Briefly, 1 ml of transparent
layer was mixed with 2.5 ml of anthrone and boiled at 90°C for 10 minutes. The corresponding OD
values were measured at A 620 nm using a spectrophotometer (Agilent 8453, USA). D-glucose was used
to create a standard curve.

Vitamin C

The vitamin C in the fruit was analyzed using 2,6-dichlorophenolindophenol (DCPIP). An aliquot
of 10 ml of each sample was titrated with 0.2% (w/v) DCPIP until the pink color appeared.
Metaphosphoric (w/v) acid (5%) was used as a solvent to prevent degradation during the titration.
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Statistic

The data were expressed as mean + standard of deviation (+ SD) and statistically evaluated by
unpaired T-test at p < 0.05 level of significance. The statistical analysis was carried out using the
Statistical Package for Social Sciences (SPSS) version 20 software.

RESULT AND DISCUSSION

People are advised to consume lots of vegetables and fruit to maintain their health because these
foods are rich in general metabolite compounds, especially polyphenols, flavonoids, and terpenoids,
which have pharmacological properties [17]. The secondary metabolites are generally efficacious as
antioxidants, anticancer agents, antihyperglycemic agents, and cofactors. Therefore, it is essential to
know the levels of polyphenols and flavonoids in fruits to predict their biological activity. One of the
many factors influencing the compound content of a fruit is the level of ripeness [18]. This study
compared the TP and TF content of young and ripe M. calabura fruits.

Determination of TP levels use gallic acid as a reference standard, while TF levels are compared
with quercetin. The TP and TF levels are expressed as gallic acid equivalents (GAE) and quercetin
equivalents (QE). A standard curve was obtained for the TP levels using the equation y = 0.0053x +
0.1677, yielding an R? value of 0.9987. In TF levels, a standard curve was obtained using the regression
equation y = 0.0193x + 0.132, with an R? value of 0.9987 (Figure 1). The R? value shows the linearity
of a curve; the closer the value to 1, the straighter the line equation is. R? is a figure of merit
demonstrating the linearity of calibration curves in method validations [19].

A 0.8 y=0.0053x + 0.1677 B 089 y=0.0193x+0.132
R? = 0.9987 R? = 0.9987
0.6 0.6 -
S 044 S 044
0.2 - 0.2 -
0.0 1 1 1 1 0.0 1 1 1 1 1
0 25 50 75 100 0 5 10 15 20 25
Concentration (pg/mL) Concentration (pg/mL)

Figure 1. Phytochemical content on TP and TF in the fruit of M. calabura. Linear regression of
phenolic (A) and flavonoid (B) determination

Our results showed that M. calabura fruits' TP and TF depend on their maturity stage. Figure 2
shows that the TP content of young fruits (56.85 = 1.08 mg/g GAE) was higher than that of ripened
fruits (42.29 + 4.09 mg/g GAE). A similar result was also seen in TF levels; young fruits (6.99 = 0.80
mg/g QE) had higher levels than ripened fruits (4.80 £ 0.52 mg/g QE). Pereira et al. (2018) reported that
ripened M. calabura fruits collected from Campinas-SP, Brazil, contained TP of 6.88 + 0.02 mg GAE/g
[20]. Young fruits generally contain many chemical compounds. Fruit ripening necessitates the
decomposition of these compounds. In addition, young fruits have high levels of certain active
compounds, particularly the tannin group, which decrease as the fruits mature to protect them from
predators [21].

Mokhtar et al. (2021) found that young pumpkin fruits have a 3.3-time higher polyphenol content
and a 2.8-time higher flavonoid content than ripened ones [12]. The major volatile compounds, such as
terpenes B-farnesene and dendrolasin, are concentrated in the ripened fruit of M. calabura. Meanwhile,
also found in ripened fruits were gallic acid was 5325 pg/g dried weight (DW), and cyanidin-3-O-
glucoside was 171 pg/g DW [20].
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Figure 2. Total phenolic (A) and flavonoids (B) of the fruit of M. calabura at 2 stages of ripeness
(n=3). *Characters represent significant differences between young and ripened group at p < 0.05 by
unpaired T-test

One of the primary functions of fruits is to provide antioxidants. Many studies have proven that
fruits are good sources of natural antioxidants for the body, which help prevent metabolic syndrome
[22,23]. This study compared the antioxidant capacity of young and ripened M. calabura fruit using two
different methods: DPPH and ABTS. Generally, both young and ripened fruits have antioxidant activity
proportional to the concentration used. The higher concentration of the sample resulted in a higher
percentage of inhibition. Table 1 shows that ripened fruits have a higher percentage of inhibition at the
same concentration as compared to young fruits. At a concentration of 10 pg/ml, young fruits inhibited
the activity of DPPH free radicals by 12.88 + 1.53%, while ripened fruits reached 23.42 + 0.70%. The
ABTS antioxidant also showed the same activities (Table 2).

Table 1. DPPH antioxidant activity of different maturity stages of the fruit of M. calabura (n= 3)

. Inhibition (%)
Maturity stages pg/ml I m m Mean + SD
Young 10 11.99 14.64 11.99 12.88 + 1.53
20 23.83 24.06 23.94 23.95+0.11
40 35.92 37.41 35.16 36.16 = 1.14
80 56.50 55.30 57.53 56.44 +1.11
Ripened 10 22.62 23.82 23.82 23.42 +0.70
20 37.41 35.03 33.85 3543+ 1.81
40 69.72 74.16 71.02 71.63 +2.29
80 87.62 83.70 80.58 83.97 +3.53
Vitamin C 1 10.78 11.99 11.99 11.59 +0.70
2 35.92 34.70 35.89 35.50 = 0.70
4 60.92 59.82 62.21 60.98 = 1.20
8 90.14 88.49 90.76 89.80 + 1.17

The antioxidant capacity of an active compound is reflected in its ICso value. ICsp is a
concentration that can inhibit 50% of free radical activity. The smaller the ICso, the better the effect. The
results showed that in both the DPPH and ABTS tests, ripened fruits had the lowest ICso values
compared to young fruit. Ripened and young fruit had ICsp values against DPPH of 28.38 + 0.84 ug/ml
and 68.77 + 1.24 pg/ml and ABTS 0f29.92 + 3.05 ug/ml and 67.46 + 1.22 pg/ml, respectively (Figure
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3). The antioxidant activity of fruit of M. calabura was also similar to those found in a previous study.
According to Nur et al. (2022), ethanol extract of the fruit of M. calabura is capable of reducing hydroxyl
radicals with an ICso value was 32.06 pg/ml [24]. Hence, another part, like leaves, is capable of
scavenger the DPPH free radical and nitric with 1Cso value range 17.85 + 5.40 till 19.77 + 4.05 pg/ml
and 19.90 + 3.21 till 25.29 + 5.33 pg/ml, respectively [25].

Table 2. ABTS antioxidant activity of different maturity stages of the fruit of M. calabura (n= 3)

. Inhibition (%0)
Maturity stages pg/ml I T i Mean £+ SD
Young 10 3.32 2.98 1.22 2.51+1.13
20 10.98 15.11 15.11 13.73 £2.38
40 24.96 25.19 30.92 27.02 + 3.38
80 66.00 65.83 61.53 64.46 +£2.53
Ripened 10 7.41 7.64 15.11 10.05 +4.38
20 35.90 36.37 32.50 3492 +2.11
40 62.40 56.62 56.62 58.55+3.34
80 86.62 83.68 83.62 84.64+1.71
Vitamin C 1 7.32 7.32 9.23 7.96 +£1.10
2 20.40 20.57 23.24 21.40+1.60
4 48.14 50.52 49.89 4952 +1.24
8 86.78 87.73 88.22 87.57+0.73
* *
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Figure 3. The ICso value of the fruit of M. calabura in 2 different maturity stages (n= 3).
*Characters represent significant differences between young and ripened group at p < 0.05 by
unpaired T-test

A negative correlation was observed between the antioxidant capacity of the M. calabura fruits'
polyphenols and flavonoids at different stages of fruit maturation concerning TP and TF. The
polyphenolic concentration decreased during the ripening fruit process, whereas the antioxidant level
increased. Phenolic and flavonoid levels were recorded to be significantly higher in the young fruits of
Rubus ellipticus, Myrica esculenta, and Pyracantha crenulate [26]. Samaniego et al. (2020) have
described that blackberry cultivars' polyphenol, flavonoid, and anthocyanin content decrease with
increasing ripening [27]. Dong et al. (2019) demonstrated that the phenolic and antioxidant potency
composite values decrease as the degree of fruit maturity increases in Citrus limon (L.) Burm. f [28]. As
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fruits ripen, their phenols undergo oxidation and contribute to the production of anthocyanins, which
accumulate over the course of fruit ripening. Consequently, the phenol concentration in ripened fruits
decreases [26].

Thus, specific compounds decrease, and others increase during the fruit ripening process. At this
time, TSS levels in the fruit and water content will increase. Based on our results (Table 3), the TTS
content of young fruits (49.42 + 4.92%) was lower than that of ripened fruits (60.75 = 2.67%)).
Furthermore, carbohydrate levels in ripened fruit also increase. Increasing carbohydrate levels and
simple sugars such as glucose, fructose, and sucrose will increase fruit sweetness. This study showed
that SS levels in ripened fruits were much higher than in young fruits.

Table 3. The nutrient composition of the fruit of M. calabura in 2 different maturity stages (n= 3)

Parameter Young Ripened
Total soluble solid, TSS (%) 49.42 +4.92 60.75+2.67"
Soluble sugar, SS (%) 7.13+0.77 12.34£0.76"
Vitamin C (mg/g) 13.38 £2.91 21.88+2.73"

*Characters represent significant differences between young and ripened group at p < 0.05 by unpaired T-test

Vitamin C levels closely correlate with antioxidant capacity. The level of vitamin C in ripened
fruits was much higher than that in young fruits at 21.88 & 2.73 and 13.38 + 2.91 mg/g, respectively
(Table 3). The antioxidant activity of ripened fruits was higher than that of young fruits, as evidenced
by the vitamin C levels. The results obtained are comparable with those reported by Gull et al. (2012),
who showed an increasing trend in vitamin C content in guava fruit with maturation [29]. According to
Soares et al. (2007), in a study of immature fruit, the amount of vitamin C was 76.8 mg/100 g of the
sample, and it became 168.36 mg/100 g at the ripe stages, respectively [30]. Vitamin C, or ascorbic acid,
a water-soluble vitamin, plays a role in controlling infections and healing wounds and is a powerful
antioxidant that can neutralize harmful free radicals [31,32].

Young to adult people (> 19 years) need 90 mg daily for men and 75 mg for women. Pregnancy
and lactation will increase the amount to 85 mg and 120 mg daily, respectively [33]. These studies could
confirm our expectation of the benefit value of the fruit of M. calabura. Future and in-depth research,
including a pharmacological bioassay and randomized clinical trials, is essential to claim the hidden
potential medicinal values.

The active compounds, like polyphenols and flavonoids, and the biological activity of the fruit of
M. calabura depend on the ripeness. In general, ripened fruit has a high vitamin C content and is
correlated to antioxidant activity in higher young fruit. The SS content and the TSS also increase in
ripened fruit. However, young fruit contains higher polyphenols and flavonoids than ripened fruit. In
the future, comprehensive research must be carried out to determine the glycemic index and its potential
as a sustainable nutrition and food source.
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STRUCTURAL INSIGHTS AND ANTICANCER POTENTIAL OF
MELITTIN IN CD147 INTERACTION

MELITTIN’IN CD147 ILE ETKILESIMINE YAPISAL BAKIS VE ANTIKANSER
POTANSIYELI

Baris DENK'*

tAfyon Kocatepe University, Faculty of Veterinary Medicine, Department of Biochemistry, 03200,
Afyonkarahisar, Tirkiye

ABSTRACT

Obijective: This study investigates the interaction between melittin (PDB ID: 2MLT), a bioactive
peptide from honeybee venom, and CD147 (PDB ID: 5XF0), a glycosylated transmembrane protein
implicated in tumor progression.

Material and Method: Employing molecular docking and bioinformatics tools, our structural
analysis reveals diverse binding features, including hydrogen bonds, salt bridges, and non-bonded
contacts, between the CD147 complex and melittin.

Result and Discussion: Non-bonded interactions between 2MLT and specific amino acids (Gly181
and Arg201) of CD147 are highlighted, resembling aspects of the CypA/CD147 binding mechanism
(Prol180-Gly181 and Arg201). The elevated anticancer potential of 2MLT was substantiated by
utilizing the AntiCP 2.0 server and the ENNAACT server, employing machine learning and artificial
neural network algorithms. Additionally, hydrophobicity analysis aligns with characteristics
associated with anticancer peptides. Notably, thermodynamic stability variations with temperature
underscore the robust binding affinity of 2MLT to the 5XFO receptor. While our study
comprehensively explores molecular interactions and predictive analyses, further in vitro and in
vivo investigations are crucial to validate these findings for potential therapeutic applications.
Keywords: Anticancer peptides, CD147, cyclophilins, melittin, molecular docking

oz

Amac: Bu ¢alisma, ari zehrinden elde edilen biyoaktif bir peptit olan melittin (PDB ID: 2MLT) ile
tiimor ilerlemesinde rol oynayan bir glikozile transmembran protein olan CDI147 (PDB ID: 5XF()
araswindaki etkilegimi incelemektedir.

Gerec ve Yontem: Molekiiler baglanma ve biyoinformatik araglar kullanilarak yiiriitiilen yapisal
analizimiz, CD147 kompleksi ile melittin arasinda hidrojen baglari, tuz kopriileri ve baglanmamag
temaslar dahil olmak iizere ¢esitli baglanma 6zelliklerini ortaya ¢tkarmaktadir.

Sonuc¢ ve Tartisma: 2MLT ile CD147'nin belirli amino asitleri (Gly181 ve Arg201) arasindaki
etkilesimlerin, CypA/CD147 baglanma mekanizmasina (Prol80-Gly181 ve Arg201) benzer sekilde
olustugu gozlemlenmistir. 2MLT'nin yiiksek antikanser potansiyeli, AntiCP 2.0 server ve ENNAACT
server kullamilarak, makine 6grenimi ve yapay sinir agi algoritmalarini iceren ydntemlerle
desteklenmistir. Ayrica, hidrofobiklik analizi, antikanser peptitlerle iliskilendirilen ozelliklerle
wuyumludur. Ozellikle, sicaklikla olan termodinamik stabilite degisiklikleri, 2MLT'nin 5XF0
reseptoriine gliclii baglanma egilimini vurgulamaktadir. Calismamiz, molekiiler etkilesimlerin
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kapsamli bir kesfini ve analizlerini sunarken, bu bulgularin potansiyel terapotik uygulamalar igin
gecerliligini dogrulamak icin ileri in vitro ve in vivo c¢alismalarimin zorunlu oldugunu
belirtmektedir.

Anahtar Kelimeler: Antikanser peptidier, CD147, melittin, molekiiler baglanma, siklofilinler

INTRODUCTION

Cancer poses a significant threat to the survival of living organisms, with high morbidity and
mortality rates. Conventional cancer therapies demonstrate effectiveness primarily against malignant
tumors. Yet, their efficacy diminishes in advanced stages due to metastasis, recurrence, heterogeneity,
resistance to chemotherapy and radiation therapy, and immune evasion. Additionally, the presence of
cancer stem cells has been identified as a contributing factor to treatment failures. In pursuing more
successful cancer treatments, numerous studies have identified biomarkers and signaling pathways
crucial in promoting malignant features like proliferation, anti-apoptosis, invasion, angiogenesis,
therapeutic resistance, and stemness [1,2]. To overcome the limitations of conventional medications and
their associated adverse effects, there is a concerted effort to explore alternative treatment strategies.
Among these, the utilization of biotoxins, including those derived from animal venom, has gained
prominence. These biotoxins, developed by living organisms as a defense mechanism against predators,
exhibit toxicological and pharmacological effects [2].

Melittin is a biologically active peptide found in the venom of the honeybee (Apis mellifera),
constituting approximately half of the venom's composition. This peptide exhibits an amphiphilic
structure comprising 26 amino acids [2,3]. The therapeutic potential of melittin has been reported to
encompass anti-inflammatory, anti-cancer, and anti-microbial effects [4]. Although the therapeutic
potential of melittin is constrained by its hemolytic activity, molecular biology techniques offer avenues
for N- and C-terminal adjustments, residue substitutions with both natural and unnatural amino acids,
hybridization, cyclization, truncation, arginine enrichment, and the addition of C-terminal cysteine for
optimizing the peptides' characteristics [5].

Melittin exhibits a specific binding affinity to phosphatidylcholine membranes [6] and is more
attractive to negatively charged membranes within cancer microenvironments. Consequently, its affinity
for the membranes of cancer cells, rich in anionic phospholipids, surpasses that of healthy cells [7].
Melittin demonstrates heightened activity in disrupting cancer cells, as evidenced by its targeted and
redox-responsive conjugates exhibiting anticancer efficacy against MCF-7, C33A, and HeLa cancer cell
lines in a study by Sahsuvar (2023) [8]. The extensive investigation of melittin for the treatment of
various cancer types reveals recent advancements, including discussions on its synergistic combination
with standard anticancer drugs and the recent progress in formulating a nano-version of melittin to
enhance targeted delivery [9].

Further exploration of melittin's direct cytotoxic effects on cancer cells and its diverse
immunomodulatory functions is highlighted. Due to its unique dual mechanism of action, involving cell
cycle arrest, apoptosis, regulation of cancer cell pathways such as metastasis, angiogenesis, and
inflammation through interactions with various signaling molecules, melittin is considered a broad-
spectrum antitumor agent [9]. Its impact extends to significant molecular targets associated with growth
inhibition and apoptotic induction, including Bax, Bcl-2, caspases, Akt, HIF-a, NF-kB, Wnt, STAT3,
matrix metalloproteinases (MMPs), VEGF, and TNF-a [2]. A noteworthy study asserts that melittin-
loaded niosomes exhibit more excellent anticancer effects compared to free melittin, underscoring the
suitability of niosomes as vesicle carriers for melittin in comparison to its free form [10].

CD147, also known as basigin or EMMPRIN, is a glycosylated transmembrane protein abundant
on tumor and stromal cell surfaces, functioning as an inducer of matrix metalloproteinases and a
promoter of tumor progression. CD147 is implicated in various mechanisms related to tumor cell
invasion, metastasis, and angiogenesis [11]. Recent studies highlight CD147's potential as a biomarker
and therapeutic target for various diseases, including cancer, due to its involvement in oncogenic
signaling pathways [1].

A study focused on the role of CD147 in the development and diagnosis of hepatocellular
carcinoma elucidates its molecular structure and regulatory role in cancer progression [11]. Another



914 Denk J. Fac. Pharm. Ankara, 48(3): 912-919, 2024

investigation into the expression and functional roles of CD147 in breast cancer cells reveals its
involvement in crucial protein modulation associated with functions such as cell migration, invasion,
drug resistance, and cancer progression [12].

Initially identified as a regulator of MMP, CD147 emerges as a promising target for cancer
therapy due to its engagement in cell-matrix and cell-cell interactions. Beyond MMP regulation, CD147
is overexpressed in cancer cells and plays a regulatory role in cell proliferation, drug resistance, and cell
stromal adhesion properties. Additionally, it possesses diverse functions, interacting with various
molecular partners to modulate multiple signaling pathways. CD147's role extends to angiogenesis by
regulating the production of vascular endothelial growth factor (VEGF) in tumor and stromal cells. It
also impacts cancer-associated fibroblasts, promoting tumorigenesis and development. For instance,
CD147 expression on melanoma cells induces tumor cell invasion by stimulating fibroblast production
of matrix metalloproteinases [11].

Furthermore, the interaction between Cyclophilin A (CypA) and CD147 is pivotal in signal
transduction. This interaction, facilitated by binding Pro180 amino acid and subsequent interaction
through Pro211, induces signaling. The Glu218 amino acid is crucial for signal response. The
CypA/CD147 interaction generates signals outside the cell through proline isomerization, leading to
signal transmission inside the cell [1]. Significantly, the CypA/CD147 interaction induces the expression
of MMP-2 and MMP-9, essential for the invasion and metastasis of cancer cells [13].

The objective of this study is to elucidate the interaction between melittin and CD147 through the
utilization of molecular docking and bioinformatics tools.

MATERIAL AND METHOD

The molecule with Protein Data Bank (PDB) ID 5XFO represents the three-dimensional structure
of the solute CD147's Igl domain (residues 99-205 at the C-terminal Ig domain of CD147). This
structure was obtained using the nuclear magnetic resonance (NMR) method [14]. The molecule with
PDB ID 2MLT corresponds to the three-dimensional structure of melittin, a significant toxin from Apis
mellifera. This structure, comprising 26 amino acid residues, was determined using X-ray diffraction at
a resolution of 2.00 A [15].

These molecules have been saved in PDB format. It is noted that the structure of 2MLT is a
homotetramer composed of chains A and B [15], with chain A selected as a ligand for the docking
procedures.

The amino acid sequence of the selected chain (GIGAVLKVLTTGLPALISWIKRKRQQ) was
obtained from the PDB. Subsequently, using default settings (Model 1, SVM threshold: 0.45) on the
AntiCP 2.0 server [16], sequence-specific parameters (hydrophobicity, hydropathicity, amphipathicity,
hydrophilicity, charge, isoelectric point, and molecular weight) were predicted. Hydrophobicity analysis
was additionally validated using the ProtScale program (The SIB Swiss Institute of Bioinformatics,
Swiss) employing the Kyte-Doolittle method (scoring window size: 3, the relative weight of the window
edges compared to the window center: 100%).

The anti-cancer activity of the ligand was investigated using the ENNAACT web server, and the
anti-cancer activity scores were predicted to vary within the range of 0 to 1 as normalized sigmoid scores
[17].

The amino acid sequence of the ligand was submitted to the PEP-FOLD4 server to predict its
secondary structure. The files corresponding to the best model were converted to PDB format and
subsequently saved for later use. The sequences and chain IDs of the receptor, 5XFO0, and the ligand
were verified in PyMOL.

Subsequently, the A chain of 5XFO0 was retrieved from the PDB database, and the single-chain
form of the ligand was uploaded from the local computer memory to perform docking using the ClusPro
2.0 server [18-21] The docking process was conducted with default settings.

The PDB file of the receptor-ligand complex was uploaded to the Protein Binding Energy
Prediction (PRODIGY) server to compare the strength of protein-protein interactions and their
thermodynamic stabilities under specific conditions at temperatures of 25°C and 40°C. The free energy
change (AG, kcal.mol™) and dissociation constant Kd (M) were predicted from this.
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The PDB file of the receptor-ligand complex was analyzed using the Uniprot PDBsum tool. This
tool facilitated the visualization of interactions between polypeptide chains, residues, and atoms,
including hydrogen bonds, non-bonded contacts, and salt bridges. The interaction region designates the
receptor protein chain with ID A and the ligands' protein chain with 1D B.

RESULT AND DISCUSSION

The PDB file representing the receptor-ligand interaction was visualized in PyMOL using the
molecular surface method. The visualizations included the structural examination of the 5XF0 and
2MLT molecules, revealing their chain structures and interactions (Figure 1).

Chuin A Chain B

A

Figure 1. lllustration and molecular interactions of the CD147 Ig1 domain with melittin ligand:

docking model and PDBsum analysis
The interaction between the 1g1 domain of CD147 protein and the melittin ligand was investigated. (A) The docking model
illustrates the interaction between the 1gl domain of the CD147 protein (depicted in green) and the 2MLT ligand (depicted in
cyan). (B) The molecular interactions between CD147 (chain A) and the 2MLT ligand (chain B) residues were elucidated
using PDBsum. The names of amino acid residues are inscribed within oval shapes of various colors. Key interactions
between residues are represented by lines, with color codes indicating salt bridges (in red), hydrogen bonds (in blue), and
non-bonded contacts (in orange). (C) The interaction between 5XF0 and 2MLT demonstrates non-bonded contacts involving
Gly181 with Leu9 and Leul3, and Arg201 with Leul3, Val8, Gly12, and Leul6. A set of labels represented by green
rectangles corresponds to the CD147 protein, while labels depicted in cyan rectangles indicate the amino acids of the 2MLT
ligand. The black dashed lines represent non-bonded contacts, and the accompanying numerical values indicate the distances
of these interactions in angstroms



916 Denk J. Fac. Pharm. Ankara, 48(3): 912-919, 2024

The percentage of participating amino acids in the receptor-ligand interaction was delineated.
Valine (15%), serine (15%), arginine (15%), glycine (15%), and lysine (10%) collectively constituted
70% of the interaction, with the remaining amino acids (isoleucine, threonine, methionine, lysine,
glutamine, tryptophan) contributing to the rest.

The structural analysis revealed four hydrogen bonds between Ser204, Glull8, and Glul7
residues of 5XF0 and Lys23 and Arg24 residues of 2MLT, along with three salt bridges between Glu118
and Glul77 residues of 5XFO0 and Arg24 and Lys21 residues of 2MLT. Additionally, 79 non-bonded
contacts were identified between various amino acids.

The designed peptide and prediction results obtained from the AntiCP 2.0 server are presented in
Table 1, providing the ligand's SVM score, terms describing its interaction with water, and chemical
properties. The ligand's high hydrophobicity was observed based on the Kyte—Doolittle method obtained
from ProtScale (Figure 2).

ProtScale output for user_sequence

Hydropatr'\‘ / Kyte & Doolittle

Score

5 10 15 20 25
Position

Figure 2. Hydrophobicity analysis of peptide sequence using ProtScale
The peptide sequence (GIGAVLKVLTTGLPALISWIKRKRQQ) underwent hydrophobicity analysis using the ProtScale
tool. The horizontal axis represents the amino acid positions, while the vertical axis depicts the hydrophobicity levels. Values
above zero correspond to the presence of hydrophobic amino acids within the peptide

The anticancer activity prediction results from the Employing Neural Networks for Anticancer
Activity Classification for Therapeutic Peptides (ENNAACT) server are also presented in Table 1,
including the ligand's amino acid sequence and a normalized sigmoid score (PROB score) within the
range of 0-1.

Table 1. Integrated results of AntiCP 2.0 server for designed peptide and predictions, alongside
anticancer activity predictions from the ENNAACT server

ID Sequence SVM | Hydro- Hydro- | Amphi- | Hydro- |Charge| pl |Molwt PROB
phobicity | pathicity | pathicity | philicity
2MLT GIGAVLKVLTTGLP 1.0 -0.08 0.27 0.71 -0.20 5.00 |12.03|2847.91|0.997
ALISWIKRKRQQ

The table presents details regarding the input query sequence. The PROB score from the ENNAACT server is a normalized
sigmoid score ranging from 0 to 1. A score of 0 signifies a high probability of being a non-anticancer, whereas a score of 1
denotes a high probability of being an anticancer. Abbreviations: pl, isoelectric point; SVM, support vector machine score

The receptor-ligand complex resulting from docking, with the highest cluster members (model
0), was saved in PDB format. Scores and coefficients for this model are presented in Table 2, indicating
that the VdW+Elec mode of the 2MLT model had the highest cluster members.
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Table 2. Docking model rankings in various modes and corresponding free energy changes and
dissociation constant values at two different temperatures

Receptor- Balanced | Electrostatic- | Hydrophobic-| VdW+Elec | AG (kcal.mol™) Kd (M) at
Ligand favored favored 25.0°C/40.0°C
Complex
5XF0-2MLT 112 126 179 297 -9.6 8.4e-08/1.8e-07

The table presents cluster rank values based on the docking model (Model 0) across different modes: Balanced, Electrostatic-
favored, Hydrophobic-favored, and VdW+Elec. Moreover, in the VdW+Elec mode, the table includes measurements of free
energy changes (AG, kcal.mol™) and dissociation constant Kd (M) values, recorded at two distinct temperatures (25.0°C and
40.0°C)

PRODIGY server outputs for receptor-ligand docking, also presented in Table 2, provided AG
and Kd values to compare the strength and thermodynamic stability of protein-protein interactions under
different temperature conditions. Notably, the 5XF0-2MLT complex exhibited strong AG and binding
affinity (-9.6 kcal.mol™'; 8.4e-08 M). Additionally, as temperature increased, a consistent decrease in
binding affinity between the receptor and ligand was observed, aligning with the patterns of AG and
binding affinity.

The investigation of the 5XF0 complex and its interaction with the 2MLT molecule, as determined
by the PDBsum server, reveals several noteworthy binding characteristics. A thorough analysis of the
5XF0-2MLT interactions unveiled a diverse array of interaction types, including hydrogen bonds (4
occurrences, ranging from a minimum of 2.73 A to a maximum of 2.85 A), salt bridges (3 occurrences;
ranging from a minimum of 2.59 A to a maximum of 2.76 A), and non-bonded contacts (a total of 79
contacts among 22 amino acids; ranging from a minimum of 2.56 A to a maximum of 3.89 A). These
interactions imply that the specific arrangement of distinct amino acid residues can bolster the stability
of the complex and influence binding affinities. Establishing weak interactions originating from
hydrogen bonds can guide recognition and binding processes. The potential for hydrogen bonds among
the amino acids of the receptor and ligand relies on specific groups in their side chains capable of
forming hydrogen bonds, enabling these amino acids to engage in various hydrogen bond formations
with each other and other molecules. Salt bridges represent ionic interactions between the receptor and
ligand, contributing to increased stability and specific molecular recognition. This aspect is critical in
determining the nature of interactions between the receptor and ligand. The distinctive binding
characteristics among amino acids may hold mechanistic significance for subsequent investigations.

Increased expression of CypA and CD147 in the signaling cascade of tumor cells triggers cancer
pathogenesis [1,22]. CypA facilitates signal transduction by binding to Pro180 and Pro211 of CD147.
The crucial role of Glu218 in this mechanism has also been reported [1]. According to a recent study,
the CypA/CD147 binding process is regulated by Pro180-Gly181, and Arg201 is identified as an
essential residue for binding [23]. Similarly, in our study, the interaction between 5XF0 and 2MLT
reveals non-bonded contacts between Gly181 and Leu9, Leul3 and Arg201 with Leul3, Val8, Gly12,
and Leul6, indicating specific interactions among amino acids without chemical bonding. The binding
of CypA to CD147 induces conformational changes acting as a molecular chaperone, while the non-
bonded interactions of 2MLT are a subject for further investigations in subsequent studies.

The SVM score of the ligand is at its maximum level (1.0), indicating a potentially high anticancer
capacity for this peptide. Trained explicitly on a dataset of 861 anticancer peptides and 861 non-
anticancer peptides using machine learning, the AntiCP 2.0 server [16] performed anticancer scoring
for 2MLT. The potential anticancer peptide feature of 2MLT may be explained by its interaction with
CD147, yet further in vitro and in vivo investigations are necessary.

According to the Kyte-Doolittle method, the hydrophaobicity values for 2MLT are notably high.
This observation suggests the presence of hydrophobic features that tend to bind to the target cell
membrane, a characteristic often associated with anticancer peptides. However, it can be argued that the
effects of the hydrophobicity feature of 2MLT on its interaction with CD147 cannot be predicted based
on the results of this study. Nevertheless, evaluating interaction forms of amino acid residues through
hydrogen bonds and salt bridges may provide insights for future studies.
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Artificial neural networks that classify anticancer peptides take specific peptide features (e.g.,
amino acid sequence, hydrophobicity, electric charge) as input. They are trained to classify the
anticancer activity based on these features. Due to their ability to learn patterns in large and complex
datasets, artificial neural networks can assist in understanding and classifying the properties and
activities of anticancer peptides [17]. In our study, the ENNAACT server, trained with neural network
algorithms, indicates the high potential anticancer activity of 2MLT due to its high PROB score (0.997),
which the AntiCP 2.0 server has corroborated. However, further in vitro and in vivo investigations are
required.

Since 2MLT exhibits the highest cluster members in the VdW+Elec mode, it can be inferred that
this mode most strongly supports the interaction of 2MLT. According to the PRODIGY server's results
for receptor-ligand docking, lower (negative) AG values indicate stronger protein-protein interactions.
Lower Kd values signify strong binding (high-affinity interaction). Lower AG and Kd values indicate a
more robust and more stable interaction. This suggests that 2MLT has a preferred binding affinity to the
5XFO0 receptor. The binding energy score of the complex varied with temperature. With the elevation in
temperature, a discernible reduction in the binding affinity between the receptor and the ligand was
observed. Nevertheless, it can be asserted that the 5XF0-2MLT complex exhibits a diminished
sensitivity to the temperature increment. This observation implies a decline in thermodynamic stability
concomitant with the temperature rise.

In conclusion, this study delved into the structural aspects and molecular interactions between the
5XF0 complex and the 2MLT molecule, revealing intricate binding features such as hydrogen bonds,
salt bridges, and non-bonded contacts. Exploring the interaction between 5XF0 and 2MLT elucidated
specific amino acid assemblies influencing complex stability and binding affinities. The study also shed
light on the role of the non-bonded interactions of 2MLT, which remains a subject for future
investigations. The anticancer peptide (2MLT) demonstrated a high SVM score, suggesting a potential
anticancer capacity supported by its interaction with CD147. The study leveraged machine learning and
neural networks to classify anticancer peptides, providing insights into 2MLT's possible activity.
Analyzing hydrophobicity values and thermodynamic stability variations with temperature also offered
valuable perspectives. While the study comprehensively explores molecular interactions and predictive
analyses, further in vitro and in vivo investigations are imperative to validate the findings and translate
them into potential therapeutic applications.
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PHARMACY STUDENTS’ KNOWLEDGE, ATTITUDES AND
PRACTICES ABOUT PROBIOTICS

ECZACILIK OGRENCILERININ PROBIYOTIKLER HAKKINDA BILGL, TUTUM VE
UYGULAMALARI

Aslinur ALBAYRAK®* (&), Simal MULAZIM?

!Suleyman Demirel University, Faculty of Pharmacy, Department of Clinical Pharmacy, 32200, Isparta, Tiirkiye
2Suleyman Demirel University, Faculty of Pharmacy, 32200, Isparta, Tiirkiye

ABSTRACT

Obijective: Probiotics are an important and fast-growing functional food group. Pharmacy students,
as pharmacists of the future, need to have sufficient knowledge on this subject. Therefore, this study
aims to evaluate pharmacy students' knowledge, attitudes, and practices about probioti cs.
Material and Method: A cross-sectional survey study was conducted among students of Suleyman
Demirel University Faculty of Pharmacy in Tiirkiye between 9 October and 30 October 2023. The
paper-based questionnaires consisted of 23 questions and were administered for approximately 10-
15 minutes.

Result and Discussion: The questionnaires were answered by 347 (74.7%) students. The mean+SD
of the knowledge score was 5.14+1.53. The majority of respondents (79%) correctly identified
probiotics. Approximately half of the participants knew the type of bacteria used in probiotic
production The meantSD of the attitude score was 11.13+1.44. Most respondents (91.9%) believed
that probiotic consumption was beneficial for health. The meantSD of the practice score was
3.72+2.77. 45.2% of respondents stated that they had used probiotic supplements before and 31.1%
stated that they had sought additional information about probiotics from various sources. 40.6% of
the respondents stated that they recommend probiotics to their family/close relatives. This study
showed that although the attitudes of pharmacy students were acceptable, they had some knowledge
deficiencies and their practices were poor. To increase the knowledge and practices of pharmacy
students about probiotics, this subject should be given more space in undergraduate education and
relevant scientific events should be organized.

Keywords: Attitude, knowledge, pharmacy students, practices, probiotics

oz

Amac: Probiyotikler 6nemli ve hizla biiyiiyen fonksiyonel bir gida grubudur. Gelecegin eczacilar
olarak eczacilik 6grencilerinin bu konuda yeterli bilgiye sahip olmalari gerekmektedir. Bu nedenle
bu calismada eczacilik ogrencilerinin probiyotiklere iliskin bilgi, tutum ve uygulamalarinin
degerlendirilmesi amaglanmaktadir.

Gereg ve Yontem: Kesitsel bir anket ¢alismast Tiirkiye'de Siileyman Demirel Universitesi Eczacilik
Faliiltesi 6grencileri arasinda 9 EKim - 30 Ekim 2023 tarihleri arasinda gergeklestirildi. Kagit bazli
anketler 23 sorudan olusmaktayd: ve yaklasik 10-15 dakika stireyle uygulandi.

Sonu¢ ve Tartisma: Anketler 347 (%74.7) ogrenci tarafindan yamitlanmistir. Bilgi puanimin
ortalama+SS'si 5.14+1.53 idi. Ankete katilanlarin cogunlugu (%79) probiyotikleri dogru bir sekilde
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tammlamigti. Katilmcilarin  yaklagik yarist probiyotik iiretiminde kullanilan bakteri tiiriinii
biliyordu. Tutum puanmmn ortalama+SS'si 11.13+1.44 idi. Katilimcilarin ¢ogu (%91,9) probiyotik
tiiketiminin saghga faydal olduguna inaniyordu. Uygulama puaninin ortalama+SS'si 3.72+2.77 idi.
Ankete katilanlarin %45.2’si daha dnce probiyotik takviyesi kullandigini ve %31.1'i probiyotikler
hakkinda c¢esitli kaynaklardan ek bilgi aradigimi belirtti. Katilimcilarin %40.6's1 ailesine/yakin
akrabalarina probiyotik onerdigini belirtti. Bu ¢alisma eczacilik dgrencilerinin tutumlarinin kabul
edilebilir olmasina ragmen bilgi eksikliklerinin oldugunu ve uygulamalarimin zayif oldugunu
gosterdi. Eczacilik 6grencilerinin probiyotikler konusundaki bilgi ve uygulamalarint arttirmak icin
lisans egitiminde bu konuya daha fazla yer verilmeli ve konuyla ilgili bilimsel etkinlikler
diizenlenmelidir.

Anahtar Kelimeler: Bilgi, eczacilik 6grencileri, probiyotik, tutum, uygulama

INTRODUCTION

The desire for a healthy diet has led to an increase in people's interest in nutritional supplements
and functional foods [1,2]. The term functional food refers to foods that contain these ingredients
naturally or are enriched with healthy ingredients, and are foods that can be effective in protecting
against diseases and improving the quality of life. Probiotics are an important and fast-growing
functional food group [2,3]. Probiotic is defined as ‘‘Probiotic is live microorganisms which when
administered in adequate amounts confer a health benefit on the host’’according to The Food and
Agriculture Organization/World Health Organization [4]. Studies have proven that lactic acid bacteria,
bifidobacteria, Saccharomyces cerevisiae, Saccharomyces boulardii, Streptococcus lactis, Escherichia
coli, etc. can be used as probiotics [5].

Probiotics are beneficial in many diseases such as prophylaxis of diarrhea, treatment of
inflammatory bowel diseases, gastric ulcer treatment, urogenital infections, obesity treatment, liver
diseases, hypercholesterolemia, and diabetes prevention [5,6]. The effects of different types of
probiotics also vary [7].

Since probiotics are generally sold through pharmacies and pharmacists are health consultants
that are easily accessible to the public [8,9], pharmacists need to keep their knowledge on this subject
up to date and provide accurate information to patients [10,11]. Therefore, pharmacy students, as
pharmacists of the future, need to have sufficient knowledge on this subject [12,13]. It is also important
to identify students' deficiencies in probiotics and include them in the pharmacy curriculum. As far as
is known, there is no study evaluating the use of probiotics only in pharmacy faculty students. This study
aims to evaluate pharmacy students' knowledge, attitudes, and practices about probiotics.

MATERIAL AND METHOD
Study Design

This cross-sectional survey was conducted among the students of Suleyman Demirel University
Faculty of Pharmacy in Tiirkiye between 9 October and 30 October 2023. Ethical approval for the
research was received from Suleyman Demirel University Clinical Research Ethics Committee (No:156
/ Date:21.07.2023). Undergraduate students over the age of 18 studying at Suleyman Demirel University
Faculty of Pharmacy were included in the research, but postgraduate students were not included.

Sample Size

According to the Raosoft sample size calculator, the sample size was calculated as minimum 211
students with a 5% margin of error, 95% confidence interval, and 50% response rate [14].

Data Collection

The survey was prepared in Turkish by revising two previously validated current studies and
taking the opinions of two pharmacists and a pharmacologist academician [15,16]. The questions were
mostly created from the study conducted by Ong et al. [16], and questions were selected to measure
students' general probiotic knowledge, attitudes and practices. A pilot study was conducted with 30
students to examine the questions in terms of content and understandability. The questions were found
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to be clear and understandable. Cronbach's alpha score was calculated for internal consistency and was
found to be 0.76.

Before the questionnaires were distributed, students were informed about the study and informed
consent was obtained. The paper-based questionnaire consisted of 23 questions and was administered
for approximately 10-15 minutes. The first 3 questions were about demographic information.

8 questions were about knowledge, 3 questions were about attitude and 9 questions were about
practice.

Statistical Analysis

Data were analyzed with IBM SPSS Statistics for Versions 20.0. Quantitative variables were
defined as mean-standard deviation (SD), median-interquartile range (IQR) and quantitative variables
as percentages, respectively. The normality of the data was determined by the Kolmogorov Smirnov
test. Variables were compared using Mann-Whitney U test for comparison of two groups with non-
parametric data.” The Chi-square test was used to compare categorical variables. p value <0.05 was
considered statistically significant.

In the knowledge section, correct answers were scored as 1 and incorrect answers as 0. The
attitudes section was recorded on a 5-point Likert scale (5 = strongly agree, 4 = agree, 3 = neutral, 2 =
disagree, 1 = strongly disagree). In the practices section, the positive answer was 1 and the negative
answer was 0. Scores only for the “frequency of probiotic supplement consumption” question were as
follows (4 = every day, 3 = every 2-6 days, 2 = every 1-3 weeks, 1 = every 3-4 weeks, 0 = did not
consume). The total score was a maximum of 8 for knowledge, 15 for attitudes and 12 for practice.
>80% of the total score was attributed to a good level of knowledge, attitude, and practice.

RESULT AND DISCUSSION

The questionnaires were answered by 347 (74.7%) students. The majority of respondents (68.6%)
were female students and the median age was 21 (IQR,19-22) years. Participation rates of students in
the study according to academic years: 88 (25.4%) students in the 1% year, 80 (23.1%) students in the
2" year, 68 (19.6%) students in the 3™ year, 58 (16.7%) students in the 4™ year, 53 (15.3%) students in
the 5" year.

Knowledge

The mean+SD of the knowledge score was 5.14£1.53. The majority of respondents (79%)
correctly identified probiotics. Approximately half of the participants knew that the type of bacteria used
in probiotic production was Lactobacillus acidophilus. Most respondents (77.5%) knew that probiotics
can reinforce the defenses of the mucosal barrier in the digestive tract. 44.7% of the respondents
disagreed and answered correctly that probiotics disrupt the balance of normal microorganisms in the
digestive system. 38.9% of respondents agreed on the immune benefits of probiotics. 42.1% of the
respondents believed that probiotics should be consumed regularly. Table 1 shows students' knowledge
about probiotics.

Attitudes

The mean+SD of the attitude score was 11.13+1.44. Most respondents (91.9%) believed that
probiotic consumption was beneficial for health. 37.7% of respondents agreed that probiotics may
prevent the side effects of antibiotics. Table 2 shows students' attitudes about probiotics.

Practices

The mean+SD of the practice score was 3.72+2.77. 45.2% of the respondents stated that they had
used probiotic supplements before. 31.1% of respondents declared that they sought additional
information about probiotics from various sources. 40.6% of the respondents stated that they recommend
probiotics to their family/close relatives. Most respondents (73.2%) stated that they had not used
probiotic supplements in the last month. 73% of the students declared that they consumed yogurt as a
probiotic product. 17.6% of the survey participants stated that they used probiotic products to prevent
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digestive system complaints due to infections in the last month, 32.3% of the respondents to strengthen
the immune system, and 9.8% of the respondents to prevent the side effects of antibiotics. Table 3 shows

students' practices about probiotics.

Table 1. Students' knowledge about probiotics

Questions Items n (%)
Which of the following best defines probiotics? Antibiotics  prescribed to treat|36 (10.4)
infections caused by bacteria.
Live microorganisms that can be|274 (79)
beneficial to humans when digested.
A vitamin supplement that benefits |37 (10.7)
human health.
Which of the following is a type of bacteria that can | Lactobacillus acidophilus 173 (49.9)
be used in probiotic production?
Campylobacter jejuni 25(7.2)
Listeria monocytogenes 36 (10.4)
Staphylococcus aureus 48 (13.8)
Proteus mirabilis 65 (18.7)
Which of the following foods can be a natural source | Yogurt 330 (95.1)
of probiotics?
Fish and poultry 10 (2.9)
Fruits and vegetables 712
Probiotics can increase the defense of the mucous | Yes 269 (77.5)
lining of the digestive system.
No 13 (3.7)
Don’t know 65 (18.7)
Probiotics are known to disrupt the balance of|Yes 89 (25.6)
normal microorganisms found in the digestive
system.
No 155 (44.7)
Don’t know 103 (29.7)
Inhibition of pro-inflammatory cytokines and |Yes 135 (38.9)
promotion of anti-inflammatory cytokines are
immune benefits of probiotics.
No 19 (5.5)
Don’t know 193 (55.6)
Probiotic consumption should be done regularly. Yes 146 (42.1)
No 124 (35.7)
Don’t know 77 (22.2)
The benefits of probiotics vary depending on their | Yes 302 (87)
species.
No 10 (2.9)
Don’t know 35 (10.1)
Table 2. Students' attitudes about probiotics
Questions Items n (%)
Consuming probiotics is beneficial for health. Strongly agree 100 (28.8)
Agree 219 (63.1)
Uncertain 24 (6.9)
Disagree 3(0.9)
Strongly disagree 1(0.3)
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Table 2 (continue). Students' attitudes about probiotics

Questions Items n (%)
Probiotics may be an alternative option in|Strongly agree 42 (12.1)
preventing digestive system complaints due to
pathogenic infections.

Agree 180 (51.9)

Uncertain 107 (30.8)

Disagree 16 (4.6)

Strongly disagree 2 (0.6)
Probiotics may prevent the side effects of antibiotics. | Strongly agree 31(8.9)

Agree 100 (28.8)

Uncertain 142 (40.9)

Disagree 70 (20.2)

Strongly disagree 4(1.2)
Table 3. Students' practices about probiotics
Questions Items n (%)
Have you used probiotic supplements before? Yes 157 (45.2)

No 190 (54.8)
Have you sought additional information about|Yes 108 (31.1)
probiotics from various sources?

No 239 (68.9)
Have you ever recommended probiotics to your |Yes 141 (40.6)
family/close relatives?

No 206 (59.4)
Which pharmaceutical form of probiotic |Capsule 18 (5.2)
supplement did you use last month?

Tablet 20 (5.8)

Dust 24 (6.9)

Liquid 31 (8.9

I didn't use 254 (73.2)
How often have you used probiotic supplements in | Daily 11 (3.2)
the last month?

Every 2-6 days 35 (10.1)

Every 1-3 weeks 21 (6.1)

Every 3-4 weeks 26 (7.49)

I didn't use 254 (73.2)
What type of probiotic product have you consumed | Yogurt 256 (73.8)
most frequently in the last month?

Kefir 20 (5.8)

Tarhana 6 (1.7)

Pickle 37 (10.7)

Boza 1(0.3)

I didn’t use 27 (7.8)
For the last month, I have been consuming probiotic | Yes 61 (17.6)
products to prevent digestive system complaints due
to pathogenic infections.

No 286 (82.4)
For the last month, I have been consuming probiotic | Yes 112 (32.3)
products to strengthen the immune system.

No 235 (67.7)
For the last month, I have been consuming probiotic | Yes 34 (9.8)

products to prevent the side effects of antibiotics.

313 (90.2)
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Table 4. Comparison of demographic characteristics with knowledge, attitudes and practices about
probiotics

Variables Knowledge Level Attitudes Level Practices Level
Poor Good p Poor Good p Poor Good p
(%) n (%) n (%) n (%) n (%) n (%) n

Gender

Male 91 18 0.276% 73 36 0.06° 106 3 0.7624
(83.5) (16.5) (67) (33) (97.2) (2.8)

Female 185 53 134 104 228 10
(717.7) (22.3) (56,3) (43,7 (95.8) (4.2)

Age years 20 22 <0.001° 20 21 0.007° 21 21 0.104°

(median+ | (19-22) | (20-22) (19-22) (20-22) (19-22) | (21-22)

1QR)

Academic year

First year 77 11 0.002¢ 61 27 0.012¢ 87 1 0.112¢
(87.5) (12.5) (69.3) (30.7) (98.9) (1.1)

Second 70 10 52 28 79 1

year (87.5) (12.5) (65) (35 (98.8) (1.2)

Third 54 14 38 30 65 3

year (79.9) (20.6) (55.9) (44.1) (95.6) (4.4)

Fourth 37 21 24 34 53 5

year (63.8) (36.2) (41.49) (58.6) (91.4) (8.6)

Fifth year 38 15 32 21 50 3
(71.7) (28.3) (60.4) (39.6) (94.3) (5.7

IQR: Interquartile range 2 Continuity Correction test, ® Mann Whitney U test, ¢ Pearson Chi Square test, ¢ Fisher’s Exact test

Older age (median 20, vs. 22, p<0.001) and higher academic years (4", and 5" grade, vs. 1%, 2",
3 grade p =0.002) were found to be associated with better knowledge levels. Older age (median 20 vs.
22, p=0.007) was found to be associated with better attitude level. Additionally, respondents in the fourth
year were associated with better attitude levels than other classes (p=0.012). The variables were not
found to be significant in terms of practice level (Table 4).

This study showed that although the attitudes of pharmacy students were acceptable, they had
some knowledge deficiencies and their practices were poor. Studies similar to this study showed that
students' knowledge about probiotics was poor or limited [17-19]. In the study conducted by AbuKhader
et al. [17], it was revealed that 70% of medical students and 59.4% of dentistry students correctly
identified probiotics, and in the study conducted by Babina et al. [18], 77.4% of dentistry students
identified probiotics correctly.

In the study conducted by Wilson et al. [20] among health professionals, 55.7% of dietitians,
76.3% of pediatricians, and 70% of general practitioners knew the definition of probiotics. In our study,
probiotic definition was made correctly by pharmacy students at a higher rate (79%) compared to most
studies. In the study conducted by Rahmah et al. [15] in health sciences students, 97.7% of the students
knew that probiotics can strengthen the defenses of the mucous membrane of the digestive system, and
66.7% of the students knew that probiotics increase the secretion of anti-inflammatory cytokines and
antibodies. Additionally, 66.7% of the students knew that probiotics should be consumed regularly. In
our study, these questions were answered at a lower rate (77.5%, 38.9%, and 42.1% respectively). This
shows that the students in this study have some lack of knowledge about the mechanism of action of
probiotics.

In most studies, respondents had neutral or positive attitudes about probiotics, as in this study
[15,16,18,21]. However, in this study they agreed at a lower rate (37.7%) with the idea that probiotics
can prevent the side effects of antibiotics. Antibiotic-associated diarrhea may occur while being treated
with antibiotics. This can affect patients at any time during or after treatment. Antibiotic-associated
diarrhea occurs when antibiotics change the diversity and number of bacteria in the stomach and disrupt
the ecosystem of the intestinal microbiota [5,22]. In a meta-analysis of randomized placebo-controlled
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trials, the probiotic proved effective for antibiotic-associated diarrhea in adults [23]. Additionally,
probiotics have been shown to significantly prevent the risk of developing C. difficile-associated
diarrhea in patients taking antibiotics [24,25].

In this study, 45.2% of the students had used probiotic supplements before. This rate was lower
than in studies conducted in other countries [15,16], it was found to be higher (20%) than in a study
conducted on university students in Tiirkiye [26]. The low consumption of probiotic supplements by
students in this study could be due to the fact that they were not known, were not needed, or were
considered expensive. In this study, 40.6% of the students recommended probiotics to their
family/relatives. In a study conducted on nutrition and dietetics students, this rate was 69% [27], while
in a study conducted on doctor and dentist students [17], this rate was 63.5% and 50.8%, respectively.
The rate in this study was lower than in other studies. This may be because students do not know the
health benefits of probiotics. Additionally, since probiotics may have some risks [28], students may have
refrained from recommending them. Most of the students consumed yogurt as the most probiotic product
(79%) in the last month. This situation is not surprising because yogurt is a frequently consumed product
in Tirkiye [29,30]. Research conducted in 15 countries revealed that those who consume the most yogurt
live in the Netherlands, France, Tiirkiye, Spain, and Germany [29].

In this study, parallel to other studies, no statistical relationship was found between gender and
attitude level [16,21]. Older age was also associated with better knowledge and attitudes, contrary to
other studies [15,21,31]. Similar to the study by Ong et al. [16], respondents in the fourth grade had
better knowledge and attitude levels than other grades.

One of the limitations of this study was that it was single-center. This situation may prevent the
generalizability of the results. There is a need to conduct multicenter national surveys. Additionally,
some items were removed from the original scale. Therefore, it is necessary to verify the factor structures
with exploratory and confirmatory factor analyses and to conduct appropriate validity and reliability
analyses.

This study showed that although the attitudes of pharmacy students were acceptable, they had
some knowledge deficiencies and their practices were poor. Pharmacy faculty students have a critical
role in the healthcare system as future pharmacists. To increase the knowledge and practices of
pharmacy students about probiotics, this subject should be given more space in undergraduate education
and relevant scientific events should be organized.
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ORIGINAL ARTICLE / OZGUN MAKALE

NETWORK TOXICOLOGY FOR THE CARDIOVASCULAR
TOXICITY ANALYSIS OF TYROSINE KINASE INHIBITORS

TIROZIN KINAZ INHIBITORLERININ KARDIYOVASKULER TOKSISITE ANALIZI ICIN
AG TOKSIKOLOJISI

Fuat KARAKUS>*

Yvan Yuzuncu Yil University, Faculty of Pharmacy, Department of Pharmaceutical Toxicology, 65080, Van,
Tirkiye

ABSTRACT

Objective: This study aims to explore potential molecular mechanisms and targets of
cardiovascular toxicities caused by tyrosine kinase inhibitors. Therefore, toxicogenomic data
mining was conducted focusing on sunitinib, sorafenib, pazopanib, axitinib, and their associations
with cardiovascular diseases.

Material and Method: Common genes between tyrosine kinase inhibitors and cardiovascular
diseases were uncovered via comparative toxicogenomic databases. Additionally, protein-protein
and gene-gene interactions were identified using STRING and GeneMANIA, respectively.
Subsequently, hub proteins associated with tyrosine kinase inhibitor-induced cardiovascular
diseases were determined through Metascape. Transcription factors and microRNAs related to this
toxicity were identified using ChEA3 and MIENTURNET, respectively. Finally, gene ontology
enrichment analysis and the most associated molecular pathways were identified using the DAVID
database and Metascape, respectively.

Result and Discussion: Toxicogenomic data mining revealed six genes common between tyrosine
kinase inhibitors and cardiovascular diseases, with five of these genes (FLT1, FLT4, KDR, MAPK1,
and MAPKR3) identified as hub genes. Physical interaction was dominant among these hub genes
(77.64%). Sunitinib, sorafenib, pazopanib, and axitinib generally downregulated the activities of
these proteins. SOX17 and SOX18 were prominent among transcription factors, while hsa-miR-
199a-3p was the most important microRNA associated with this toxicity. Moreover, the Ras
signaling pathway was mostly associated with tyrosine kinase inhibitor-induced cardiovascular
toxicities. These findings make a substantial contribution to understanding the processes underlying
cardiovascular diseases induced by sunitinib, sorafenib, pazopanib, and axitinib. They also reveal
novel potential therapeutic targets, including genes, proteins, transcription factors, microRNAs, and
pathways.

Keywords: Cardiovascular disease, in silico data mining, tyrosine kinase inhibitors

oz

Amag: Bu c¢alisma, tirozin kinaz inhibitorlerinin neden oldugu kardiyovaskiiler toksisitelerin
potansiyel molekiiler mekanizmalarini ve hedeflerini arastirmayr amaglamaktadir. Bu nedenle,
sunitinib, sorafenib, pazopanib, axitinib ve bunlarin kardiyovaskiiler hastaliklarla iliskilerine

odaklanarak toksikogenomik veri madenciligi yapilmistir.
Gerec ve Yontem: Tirozin kinaz inhibitorleri ile kardiyovaskiiler hastaliklar arasidaki ortak
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genler, karsilastirmali toksikogenomik veritabanlari araciligiyla belirlenmistir. Ayrica, protein-
protein etkilesimleri ve gen-gen etkilesimleri siwrasiyla STRING ve GeneMANIA kullanilarak
belirlenmistir. Daha sonra, tirozin kinaz inhibitérii ile iliskilendirilmis kardiyovaskiiler hastaliklara
ait merkezi proteinler Metascape kullanilarak belirlenmistir. Bu toksisite ile iligkili transkripsiyon
faktorleri ve mikroRNA'lar swrasiyla ChEA3 ve MIENTURNET kullanilarak belirlenmistir. Son
olarak, gen ontolojisi zenginlestirme analizi ve en ¢ok iliskilendirilen molekiiler yollar sirasiyla
DAVID veritabani ve Metascape kullanilarak belirlenmistir.

Sonu¢ ve Tartisma: Toksikogenomik veri madenciligi, tirozin kinaz inhibitorleri ile
kardiyovaskiiler hastaliklar arasinda alti ortak geni ortaya ¢ikardi; bunlardan besi (FLTI, FLT4,
KDR, MAPKI ve MAPK3) merkezi genler olarak belirlendi. Bu merkezi genler arasinda fiziksel
etkilesim baskin olarak gozlemlendi (%77.64). Sunitinib, sorafenib, pazopanib ve axitinib genel
olarak bu protein aktivitelerini azaltmaktadwr. Transkripsiyon faktorleri arasinda SOX17 ve SOX18
one ¢ikmaktadir, hsa-miR-199a-3p ise bu toksisite ile en onemli mikroRNA'dwr. Ayrica, Ras sinyal
yolunun tirozin kinaz inhibitérleri ile iliskilendirilen kardiyovaskiiler toksisitelerle ¢ogunlukla
iliskilendirildigi gériilmiistiir. Bu bulgular, sunitinib, sorafenib, pazopanib ve axitinib tarafindan
indiiklenen kardiyovaskiiler hastaliklarin altinda yatan siiregleri anlamada énemli bir katki
yapmaktadir. Ayrica, genler, proteinler, transkripsiyon faktorleri, mikroRNA'lar ve yollar da dahil
olmak iizere yeni potansiyel terapitik hedefleri ortaya koymaktadir.

Anahtar Kelimeler: In siliko veri madenciligi, Kardiyovaskiiler hastaliklar, tirozin kinaz
inhibitorleri

INTRODUCTION

Tyrosine kinase inhibitors (TKIs) are widely used in clinical practice to treat various cancers,
ranging from blood malignancies to advanced solid tumors. Compared to conventional chemotherapy
agents such as doxorubicin, TKIs are generally considered safer. However, despite their perceived
safety, TKIs are often administered for prolonged periods without a prescribed upper limit on dosage.
Consequently, some TKIs still pose significant risks of cardiac adverse events. For example, sunitinib
(SUN) has been linked to congestive heart failure in approximately 4.1% of cases in a meta-analysis
involving 6935 patients, while sorafenib (SRF) has been shown to cause myocardial ischemia in around
2.7-3% of participants in clinical trials. Additionally, both SUN and SRF are associated with
hypertension in up to 47% of patients, likely due to their inhibitory effects on vascular endothelial
growth factor (VEGF) signaling [1-5]. A systematic review reported sufficient evidence of high- and
all-grade hypertension for pazopanib (PAZ), axitinib (AXI), and SRF. It also indicated probable
evidence of all-grade congestive heart failure or left ventricular ejection fraction decline for PAZ and
SUN [6]. Another study reported that hypertension was the most commonly reported cardiovascular
event and was most frequently associated with SRF and PAZ in 1624 pediatric adverse events linked to
TKIs in pediatrics [7]. A case study documented two cases of acute heart failure following PAZ
treatment [8]. Another case study reported a patient with metastatic renal cell carcinoma who suddenly
developed life-threatening hyperkalemia following the initiation of AXI treatment [9].

TKIl-induced cardiotoxicity encompasses two distinct categories: "on-target" and "off-target"
effects. Within these categories, cardiac cells exhibit both adaptive and maladaptive reactions to the
pharmacological impact of TKIs. Physiological reactions inherent to the heart, such as hypertrophic
responses, activation of fetal gene programs, initiation of unfolded protein responses, and stimulation of
antioxidant defenses, are frequently triggered by external chemical stressors and may serve to modulate
cardiotoxicity adaptively over time. The manifestation of TKI-induced cardiotoxicity is influenced by
both the pharmacological inhibition of intended targets or unintended off-targets and the stress responses
elicited within cardiac cells [1,10].

To improve the quality of life and clinical treatment of patients with TKI-induced cardiotoxicity,
it is necessary to understand the molecular mechanisms of TKI-induced cardiotoxicity. The present
study utilized network toxicology strategies to investigate the mechanism of TKI-induced
cardiovascular toxicity. Network toxicology is a scientific discipline that employs computer modeling
and bioinformatics methods to study the toxic impacts of chemical substances on living organisms. By
constructing interaction networks between chemical substances and molecules within organisms,
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network toxicology predicts and assesses chemical substance toxicity, aiding in understanding toxicity
mechanisms, screening for potentially harmful substances, and more [11]. In addition to network
construction, data mining techniques are integral in extracting and analyzing vast datasets to identify
patterns and relationships in biological systems relevant to toxicity. Furthermore, in silico analysis plays
a crucial role by using computational methods to simulate and predict the effects of chemical substances
on biological pathways, providing insights into toxic mechanisms and aiding in the identification of
biomarkers and therapeutic targets.

The purpose of this research is to gain insight into the toxic mechanisms of TKI-induced
cardiotoxicity, elucidate the toxicological profile of four TKIs (SUN, SRF, PAZ, and AXI), and predict
their molecular mechanisms. Thus, it provides genomic biomarkers for further in vitro and in vivo
studies.

MATERIAL AND METHOD
Identification of Overlapping Genes Between TKIs and Cardiovascular Diseases

The identification of genes associated with the TKIs (SUN, SRF, PAZ, and AXI) and their
connection to cardiovascular diseases (CVDs) was facilitated through the use of the Comparative
Toxicogenomics Database (CTD; https://ctdbase.org) and its tools. CTD collects and integrates diverse
data on chemical exposures and their biological impacts across different species. This involves manually
curating and interconnecting data on chemicals, genes, phenotypes, anatomies, diseases, taxa, and
exposures found in published literature [12].

For the analysis of the genes related to the TKIs, each names of TKIs were entered one by one in
the "Chemicals" section of the CTD, and all resulting genes were downloaded. The genes associated
with CVDs were obtained from the “Direct Evidence” section of CTD, where “M” stands for
“marker/mechanism” and “T” stands for “therapeutic.” To obtain common genes related to the four
TKIls and CVDs, the Jvenn tool (https://jvenn.toulouse.inrae.fr/app/index.html) was used. It can process
up to six lists of input and show the results using either the Edwards-Venn or classical layouts [13]. All
findings presented in this study are based on data obtained in April 2024.

Drug-Gene Binary Interaction Analysis

To establish correlations between genes linked to CVDs and genes associated with the TKIs, a
manual analysis was conducted using CTD (https://ctdbase.org). This involved scrutinizing the "gene
interaction” card in the CTD chemical profile, specifically identifying interactions between the genes
and TKIs in terms of protein activity, mRNA expression, and protein expression. The resulting table
enumerates the interactions between TKIs and common genes, excluding interactions involving a
combination of two or more chemicals and their collective impact on the genes [12].

Protein-Protein Interaction and Centrality Analysis

For protein-protein interactions (PPI) of the common genes between TKIs and CVDs, String
v.12.0 (https://string-db.org/cgi) was used [14]. The STRING database systematically collects and
integrates protein-protein interactions-both physical interactions and functional associations.

For the analysis, the protein set was entered into the “Multiple Proteins by Names/Identifiers”
section, and Homo sapiens was selected as the target species. The minimum required interaction score
was set to 0.4. The final PPl network was constructed using Cytoscape version 3.10.1
(http://www.cytoscape.org/). Cytoscape is an open-source software for interactive analysis, integration,
and visualization of network data [15]. Furthermore, the Molecular Complex Detection (MCODE)
algorithm was utilized through Metascape to pinpoint densely interconnected network components.
Metascape, accessible via the web at https://metascape.org/gp/index.html#/main/stepl, is a web-based
platform engineered to deliver thorough annotation and analysis of gene lists. In its design, Metascape
integrates functional enrichment, interactome analysis, gene annotation, and membership search
functionalities, harnessing the resources of over 40 distinct knowledgebases within a unified portal.
Additionally, it streamlines comparative analyses of datasets derived from various independent and
orthogonal experiments [16].
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Gene Network Analysis

The common genes between TKIs and CVDs, which were put into GeneMANIA
(http://genemania.org), were used to study the network of gene-gene interactions. GeneMANIA
identifies additional genes associated with a given set of input genes by leveraging an extensive array
of functional association data. This dataset encompasses diverse sources such as protein-protein and
genetic interactions, pathways, co-expression patterns, co-localization tendencies, and similarities in
protein domains. Currently, it maps 166,691 genes from nine organisms [17]. In this study, Homo
sapiens was chosen as the target organism for analysis, and an automatically selected weighting method
was employed.

Analysis of Transcription Factors and MicroRNAs

The common genes between TKIs and CVDs were input into ChIP-X Enrichment Analysis
Version 3 (ChEA3) (https://maayanlab.cloud/chea3) to identify the transcription factors (TFs)
responsible for their regulation. ChEAS serves as a web-based tool for analyzing transcription factor
(TF) enrichment, organizing TFs linked to gene sets submitted by users. Its background database
comprises diverse gene set libraries derived from various origins, encompassing TF-gene coexpression
data sourced from RNA-seq investigations, TF-target associations established through ChlP-seq studies,
and TF-gene cooccurrence patterns derived from gene lists contributed by the community [18].

Next, the common genes were also subjected to the MIicroRNA Enrichment TURned NETwork
(MIENTURNET) tool (http://userver.bio.uniromal.it/apps/mienturnet/), and Homo sapiens was
selected as the target to determine potential miRNA networks from miRTarBase that were
experimentally confirmed. MIENTURNET uses computationally predicted or experimentally validated
miRNA-target interactions from several organisms, including Homo sapiens, Mus musculus, Rattus
norvegicus, Caenorhabditis elegans, Drosophila melanogaster, and Danio rerio [19]. In the analysis,
the threshold for the minimum number of miRNA-target interactions was set at 2, and the adjusted p-
value (FDR) was 0.5.

Functional Enrichment Analysis of Common Genes

Gene Ontology (GO) term enrichment analysis was conducted on annotated genes related to TKIs
and CVDs using DAVID (https://david.ncifcrf.gov/tools.jsp). The Database for Annotation,
Visualization, and Integrated Discovery (DAVID) offers a comprehensive suite of functional annotation
resources, enabling researchers to elucidate the biological significance inherent in extensive gene lists
[20]. In this analysis, the common gene list was input into DAVID, and Homo sapiens was selected as
the target species. For gene ontology analysis, the top 5 biological processes, cellular components, and
molecular functions were determined, with a p-value < 0.05 and false discovery rate (FDR) < 0.05 set
as the cutoff criteria.

For molecular pathways analysis, Metascape was employed [16]. In this analysis, the common
gene list was input into Metascape, and Homo sapiens was selected as the target species. The
significance of the results was determined by p and g values. P-values were computed utilizing the
cumulative hypergeometric distribution, and g-values were determined employing the Benjamini-
Hochberg method to control the false discovery rate (FDR) via sequential modified Bonferroni
correction for multiple hypothesis testing, thereby addressing the issue of multiple comparisons [21].

RESULT AND DISCUSSION
Common Genes Associated with TKIs and CVDs

Searching the CTD database showed that SUN, SRF, PAZ, and AXI target 6220, 196, 24, and 11
genes, respectively. Additionally, the number of CVD-associated genes was 3.79 million; 1674 of them
were marked as “markers/mechanisms” and/or “therapeutics” in the "Direct Evidence" section. Six
genes were common between the four TKIs and CVDs, alphabetically: Cytochrome P450 3A4
(CYP3A4), Mitogen-activated protein kinase 1 (MAPK1, ERK2), Mitogen-activated protein kinase
(MAPK3), Vascular endothelial growth factor receptor 1 (FLT1, VEGFR1), Vascular endothelial
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growth factor receptor 2 (KDR, VEGFR2), and Vascular endothelial growth factor receptor 3 (FLT4,
VEGFR3) (Figure 1B).
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Figure 1. A) Tyrosine kinase inhibitors (TKIs) often associated with cardiovascular toxicity,
B) Common genes between TKIs and CVDs

TKIs-Gene Binary Interaction Analysis Results

Individual chemical-gene interactions were analyzed to uncover potential overlaps in protein
activity, protein expression, and mMRNA expression (Table 1). The findings suggest that the examined
TKIs can downregulate the activity, mRNA expression, and protein expression of the five hub genes.
Given that TKIs also target these hub genes in cancer cells and reduce their activity and/or expression,
their ability to downregulate these genes in the cardiovascular system may indicate on-target toxicity.

Table 1. TKIs-gene binary analysis results

FLT1(VEGFR1) | FLT4(VEGFR3) | KDR (VEGFR2) | MAPKI (ERK2) MAPK3
TKIs P.A [mR.E. [P.E. | P.A. mR.E.|[P.E. |P.A. mR.E.[P.E. |P.A. [mR.E.|[P.E |P.A. [mR.E. |P.E.
SUN | | ! ! ! ! | ! !

SRF | | ! ! l ! ]
PAZ | | ! ! !
AXI ] | |

P. A. = Protein activitiy. mR. E. = mRNA expression. P. E. = Protein expression

PPI, Centrality Analysis, and Gene-Gene Network

The PPI network analysis depicted 6 nodes and 7 edges, as shown in Figure 2A (upper panel),
with a significant PPI enrichment p-value of 0.00263. Additionally, centrality analysis was conducted
to identify hub proteins, revealing five hub proteins associated with TKls-induced CVDs (Figure 2A,
lower panel).

To construct a connected network from shared genes, the GeneMANIA online plug-in was
utilized. The findings indicated that a majority of genes linked to the examined TKIs were involved in
physical interactions (77.64%), whereas other interaction types were less prominent (co-expression
(8.01%); predicted interactions (5.37%); colocalization (3.63%); genetic interactions (2.87%); pathway
(1.88%); shared protein domains (0.60%) (Figure 2B). These outcomes emphasize the prevalence of
physical interactions among hub genes associated with CVDs, highlighting the pivotal role of direct
molecular associations in the pathogenesis induced by TKIs.
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Figure 2. A) PPI analysis of common genes and hub genes, B) Gen-gen interaction analysis of the hub
genes

Core Transcription Factors and miRNAs Involved in CVDs Induced by TKIs

After analyzing transcription factors (TFs) for five hub genes in ChEAS, the top 10 TFs were
identified. Subsequently, nodes and edges representing the relationships between TFs and hub genes
were manually prepared in Excel and schematized in Cytoscape 3.10.1, as shown in Figure 3A. The
results are sorted by mean rank (Table 2). 'MeanRank' refers to the mean rank of each TF across all
libraries containing that TF, serving as the score by which a composite list of TFs is reranked. In Figure
3A, green nodes represent TFs, whereas light brown nodes represent hub genes. These TFs may serve
as potential targets for treating patients with TKIs-induced CVDs. Although there have not been any
studies on some Table 2 TFs, there are studies highlighting the relationship between these TFs and
CVDs. For instance, it is suggested that genetic variations in SOX18 and SOX17 in humans contribute
to congenital heart disease [22,23]. Another study reported that SOX7 deficiency causes ventricular
septal defects [24]. Other TFs, such as HANDZ, play an essential role in cardiac morphogenesis [25].

Table 2. The top 10 TFs associated with to five hub genes

Rank TF Mean Rank Overlapping Genes
1 BCL6B 2.667 FLTI, FLT4, KDR
2 SOX18 3.667 FLTI, FLT4, KDR
3 SOX17 28.25 FLTI1, FLT4, KDR
4 HANDI 35.0 FLT1, KDR
5 SOX7 45.0 FLT1, FLT4, KDR
6 FOXEI1 51.67 FLT1, FLT4, KDR
7 GSC 54.0 FLT1, KDR
8 SALL4 62.5 FLT4, KDR, MAPK1
9 ANHX 100.0 KDR

10 LHX1 101.0 KDR

As a result of miRNA-target analysis, the top 10 miRNAs were identified and are shown in Figure
3B. Among these 10 miRNAs, hsa-miR-199a-3p emerged as the most important miRNA in TKIs-
induced CVDs. Some studies suggest that hsa-miR-199a-3p might be beneficial. For instance, Joris et
al. [26] reported that it could help with repair after a heart attack by promoting heart muscle cell growth.
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This is according to a study highlighting the role of hsa-miR-199a-3p in regulating endothelial nitric
oxide synthase pathway, which is crucial for blood vessel health. Eulalio et al., [27] reported that hsa-
miR-199a stimulated marked cardiac regeneration and almost complete recovery of cardiac functional
parameters after myocardial infarction in mice.

A) B)

SC hsa-miR-199a-3p
SOX17

G 23p1
SOX7 hsa-miR9-3p
hsa-miR-550a-3p
\ LHXA 2 hsarmiR-3710-3p 4
MAPK3 hsa-miR-200¢-3p1
22 § - ] hsa-miR-2000-3p 1
i FLT1 PN
FLT4

/ \ ANHX
Figure 3. A) Core transcription factors associated with five hub genes obtained from ChEA3 and
prepared in Cytoscape, B) Core miRNAs associated with five hub genes obtained from
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GO Enrichment Analyses and Molecular Pathways of Hub Genes

The top five enriched terms associated with TKIs-induced CVDs, identified in each GO category
(biological processes, cellular components, and molecular functions) using the DAVID web tool, are
outlined in Table 3. The findings underscore phosphorylation, a fundamental cellular process involving
the addition of phosphate groups to proteins, as a primary biological process associated with hub genes.
This suggests that dysregulation of phosphorylation pathways may play a pivotal role in the
pathogenesis of CVDs resulting from exposure to SUN, SRF, PAZ, and AXI.

Furthermore, the analysis identified the receptor complex, a dynamic assembly of proteins that
mediate cellular signaling and responses to extracellular stimuli, as the most significant cellular
component involved in these four TKI-induced CVDs (Table 3). This highlights the importance of
receptor-mediated signaling pathways in the development and progression of CVDs associated with TKI
exposure.

Moreover, vascular endothelial growth factor-activated receptor activity emerged as the
predominant molecular function implicated in these four TKI-induced CVDs, underscoring the critical
role of VEGF signaling in vascular homeostasis and endothelial function. Dysregulation of VEGF
receptor activity may disrupt angiogenesis and vascular integrity, contributing to the pathophysiology
of TKI-induced CVDs. These insights shed light on the molecular mechanisms underlying the adverse
cardiovascular effects of TKls and may inform strategies for mitigating their cardiotoxicity (Table 3).

The molecular pathway associated with the five hub genes determined via Metascape highlighted
'Ras signaling' as the top pathway, with Log10(p) value of -11.11 and Log10(q) value of -7.22 (Figure
4 and 5).

Ras signaling is a crucial pathway involved in regulating various cellular processes, including cell
growth, differentiation, and survival. The Ras protein acts as a molecular switch, cycling between an
active (GTP-bound) and inactive (GDP-bound) state, and plays a central role in transmitting
extracellular signals to the nucleus, thereby influencing gene expression and cellular behavior. The
central role of Ras in pathologic and physiologic cardiac hypertrophy has been demonstrated in the
literature. The dysregulation of Ras signaling has been implicated in several pathological conditions,
including hypertrophy, fibrosis, and cardiomyopathy [28-31]. Activation of Ras signaling can lead to
cardiac hypertrophy, a condition characterized by an increase in the size of individual cardiac muscle
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cells. This is often a compensatory response to increased workload or pathological stimuli, such as
hypertension or myocardial infarction. Prolonged hypertrophy can ultimately lead to heart failure. Ras
signaling has been linked to the activation of fibroblasts and the production of extracellular matrix
proteins, contributing to cardiac fibrosis. Fibrosis is the excessive deposition of collagen and other
matrix components in the myocardium, leading to stiffening of the heart muscle and impaired function
[28-31]. Given the role of Ras signaling in TKIls-induced cardiovascular pathology, it has emerged as a
potential therapeutic target for the treatment of various CVDs. Strategies aimed at modulating Ras
activity or downstream effectors may offer new avenues for intervention in conditions such as heart
failure, myocardial infarction, and cardiac hypertrophy induced by TKIs.

Table 3. The top 5 gene ontology enrichments, include biological processes, cellular components, and
molecular functions associated with the five hub genes (https://david.ncifcrf.gov/tools.jsp)

No. ID Biological Processes P value | Bonferroni |Benjamini | FDR | Fisher
Exact
1 |GO:0016310 phosphorylation 5.3x10° 9.6x10* 7.5x10*  |5.4x10* | 2.0x107
2 |G0:0038084 | vascular endothelial growth factor | 8.2x107° 1.5x107 7.5x10*  |5.4x10* | 1.4x108
signaling pathway
3 |GO:0048010 | vascular endothelial growth factor | 2.3x10° | 4.2x107 1.3x10°  [9.4x10* | 6.8x108
receptor signaling pathway
4 |G0:0035924 cellular response to vascular 2.8x10° | 5.2x10° 1.3x10° [9.4x10* | 9.1x108
endothelial growth factor stimulus
5 |GO:0080090 | regulation of primary metabolic 4.6x10°3 8.4x107 1.7x10°  [1.2x1073 | 1.9x107
process
Cellular Component
1 |GO:0043235 receptor complex 1.0x10° | 3.5x107 3.6x102  [3.1x1072] 2.1x10°
2 |G0:0005769 early endosome 2.2x103 | 7.5x102 3.8x10% [3.3x102 | 6.7x107
3 [GO:0005925 focal adhesion 4.2x1073 1.4x10°! 3.8x102 [3.3x102 | 1.7x10*
4 |GO0:0031143 pseudopodium 4.4x1073 1.4x10°! 3.8x10% [3.3x102 | 1.1x107
5 |G0:0005901 caveola 1.8x102 | 4.7x10! 1.1x10""  [9.4x102 | 2.0x10*
Molecular Function
1 |G0:0005021 | vascular endothelial growth factor- | 1.6x10° | 6.7x10? 6.7x10%  |6.0x107 | 1.0x107
activated receptor activity
2 |GO:0019838 growth factor binding 4.1x10° 1.8x1073 6.9x10* 16.1x10*| 1.6x107
3 |GO:0004714 | transmembrane receptor protein 4.8x10° | 2.1x107 6.9x10* |6.1x10* | 2.0x107
tyrosine kinase activity

4 |GO:0005524 ATP binding 2.1x10* 8.8x107 2.2x107  2.0x1073 | 2.0x107
5 |G0:0004713 protein tyrosine kinase activity 3.5x10* 1.5x107 3.0x10°  [2.7x1073 | 4.1x10°¢
A) B)

WP4223: Ras signaling
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Figure 4. A) The top molecular pathways associated with five hub genes obtained from Metascape, B)
The pathways associated with five hub genes are colored by its p-value obtained from Metascape
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Figure 5. Ras signaling pathway downloaded from KEGG pathway (https://www.genome.jp/kegg/)
[32]

In conclusion, this study employed network toxicology and bioinformatics approaches to
elucidate the molecular mechanisms underlying cardiovascular toxicity induced by TKIs such as SUN,
SRF, PAZ, and AXI. Through comprehensive data mining and analysis, we identified FLT1, FLT4,
KDR, MAPK1, and MAPK3 as hub genes/proteins, SOX17 and SOX18 as transcription factors, and
hsa-miR-199a-3p as a key microRNA, along with pathways implicated in TKI-induced cardiotoxicity.
Notably, Ras signaling emerged as a pivotal pathway in mediating these adverse effects. These findings
not only enhance our understanding of TKI-associated cardiovascular diseases but also highlight
potential targets for future therapeutic interventions aimed at mitigating TKI-induced cardiotoxicity and
improving patient outcomes.
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SILDENAFIL DECREASED TNF-a AND IL-6 LEVELS IN
CD-INDUCED ACUTE TOXICITY

SILDENAFIL CD JLE INDUKLENEN AKUT TOKSISITEDE TNF-a VE IL-6 DUZEYLERINI
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ABSTRACT

Objective: This study aimed to evaluate the effects of sildenafil (SIL) on inflammation and
histopathological changes in cadmium (Cd)-induced toxicity in female rats.

Material and Method: Interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF- a) levels were
measured to assess the degree of inflammation. Histopathological changes in the liver, lungs and
kidneys were also assessed.

Result and Discussion: SIL significantly reduced the cellular release of TNF-a and IL-6, which
have been implicated in the pathogenesis of Cd-induced tissue damage. When SIL was administered
alone, it showed histopathological effects similar to the control group. However, it was found that
co-administration of SIL with Cd prevented portal vein dilation and central vein enlargement in the
liver, prevented necrosis in kidney tissue, but did not affect the lung. Although SIL has variable
protective effects on tissues, our results are in support of the idea that the use of SIL in tissue damage
management can be investigated for its efficacy in modulating oxidative stress-induced
proinflammatory cytokine activation in vivo and ultimately help prevent Cd-induced tissue damage.
Our study has shown that SIL can reduce Cd-induced acute toxicity in rats. SIL may be use as a
protective agent against toxicity of heavy metals.

Keywords: Cadmium, liver enzymes, oxidative stress, sildenafil, tissue damage

0z
Amac: Bu ¢alismada, disi sicanlarda kadmiyum (Cd) kaynakli toksisitede sildenafilin (SIL)
inflamasyon ve histopatolojik degisiklikler iizerindeki etkilerinin degerlendirilmesi amaglanmistir.

Gereg ve Yontem: Inflamasyon derecesini degerlendirmek i¢in interlokin-6 (IL-6) ve tiimor nekroz
faktorii-alfa (TNF- «) seviyeleri ve karaciger, akciger ve bobreklerdeki histopatolojik degisiklikler
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degerlendirilmigtir.

Sonug ve Tartisma: SIL, Cd ile indiiklenen doku hasarmmin patogenezinde rol oynayan TNF-a ve
IL-6'min hiicresel salimimint énemli dlgiide azaltmistir. SIL tek basina uygulandiginda, kontrol
grubuna benzer histopatolojik etkiler gostermistir. Bununla birlikte, SIL'in Cd ile birlikte
uygulanmaswnin karacigerde portal ven geniglemesini ve merkezi ven biiyiimesini énledigi, bobrek
dokusunda nekrozu énledigi, ancak akcigeri etkilemedigi bulunmugstur. SIL'in dokular iizerinde
degisken koruyucu etkileri olmasina ragmen, sonuglarimiz doku hasart yonetiminde SIL
kullaniminin in vivo oksidatif stres kaynakli proinflamatuar sitokin aktivasyonunu modiile etmedeki
etkinliginin arastirlabilecegi ve nihayetinde Cd kaynakli doku hasarini onlemeye yardimci
olabilecegi fikrini desteklemektedir. Calismamiz, SIL'in si¢canlarda Cd kaynakli akut toksisiteyi
azaltabildigini gostermigstir. SIL, agwr metallerin toksisitesine karsi koruyucu bir ajan olarak
kullanilabilir.

Anahtar Kelimeler: Doku hasari, Kadmiyum, karaciger enzimleri, oksidatif stres, sildenafil

INTRODUCTION

Cadmium (Cd) is a carcinogenic heavy metal that is commonly found in the earth’s crust and has
significant harm to human, animal and plant health [1]. As a result of industrial activities Cd, which
spreads as a contaminant to air, water and soil, causes serious health problems on living organisms due
to its toxicity and bioaccumulation in the ecosystem [2]. The mechanisms that trigger oxidative stress
and initiate the inflammatory process underlie the nephrotoxicity, hepatotoxicity and lung toxicity
observed as a result of environmental and occupational exposure to Cd [3-6].

Cadmium exposure causes an oxidant/antioxidant imbalance in the organism and increases
peroxide formation. This leads to the production of high levels of hydroperoxides and disruption of lipid,
carbohydrate and protein metabolism. On the other hand, it has been shown to increase the levels of
biological indicators such as tumor necrosis factor alpha (TNF-a) and interleukins which are responsible
for inflammation, apoptosis and tumor development [1-6].

The phosphodiesterase 5 (PDES) enzyme is a cyclic nucleotide phosphodiesterase found in many
tissues, including neurons, smooth muscle cells, and the brain. It neutralizes the second messenger 3'-5’
cyclic guanosine monophosphate (cGMP), by hydrolyzing it to guanosine monophosphate (GMP) [7].
Sildenafil (licensed as Viagra®) is a selective and potent PDES5 inhibitor, extending the half-life of
endogenous cGMP and expanding corpus cavernosum vascular smooth muscles. As a PDES inhibitor,
SIL is now frequently used to treat pulmonary hypertension and erectile dysfunction [8,9]. In some
recent studies, there have been suggestions that the use of SIL may have anti-inflammatory and
antioxidant activities [10-12]. However, the protective effect of SIL against multi-organ damage in rats
has not been adequately studied.

The aim of this study was to evaluation of the effect of the use of SIL on acute lung, liver and
kidney damage induced by a single dose of Cd administered to female rats, and its anti-inflammatory
potential, using interleukin-6 (IL-6) and TNF-a as inflammation markers and histopathological analysis
of the tissues.

MATERIAL AND METHOD

Although different exposure routes of Cd are mentioned in literature reviews, human intoxication
generally occurs orally. In experimental models, the intraperitoneal route is a preferred one to induce
acute Cd toxicity [13-16]. The route of administration and dosage of SIL in our study were established
on the basis of previous studies [17-19].

All animals received humane care according to the guidelines established by the Committee for
the Institutional Use and Care of Laboratory Animals of the University of Firat, and the same committee
approved the experimental protocol (Ethical Approval Number; 2016/151). Female Sprague-Dawley
rats (180-2209) were obtained from Firat University Laboratory of Experimental Animals. The animals
were fed a standard pellet diet. Water was provided ad libitum. They were kept in plastic cages at a temp
of 21 + 2°C with a 12-hour light/dark period and an air humidity of 30% to 70%. The rats were divided
into four experimental groups. All groups contained seven animals. Group I: 0.5 ml/rat of saline solution
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was injected i.p. on the 7th day to the Control group. Group II: 3.7 mg/kg single dose of Cd was injected
i.p. on the 7th day to the Cd group. Group IlI: SIL group was administered with 5 mg/kg/day of SIL in
drinking water for 10 days. Group IV: Cd+SIL group was given 5 mg/kg/day of SIL drinking water
during 10 days and a single i.p. injection of 3.7 mg/kg of Cd on day 7 (Figure 1). To finish
experimenting, the animals were under anesthesia by i.p. administration of 50 mg/kg ketamine and 5
mg/kg xylazine and liver, lungs and kidneys removed for further analysis. Tissue samples had a storage
temperature of -80°C. To prevent deformation of the fragile molecules, an experimental environment
was prepared with ice water before removing the lung, kidney and liver tissues from the -80°C deep
freezer, and all procedures were performed in this environment. Lung, Kidney and liver tissues were
removed, weighed on a precision balance and placed in plastic tubes at a weight of approximately 100
mg. The tubes were homogenized with a homogenizer after the addition of 1 ml of phosphate buffer and
sonication. After centrifugation, supernatants were collected in Eppendorf tubes and used to measure
biochemical parameters.

Rats were
divided into
four groups 7th day 0.5 ml/rat
ip, distilled water [l
. Growp 1 e i
s Control - 2
e X7 =
— Tthday3.7mg/kg | e e—
TN aogz | SingledoseCdip | Ly Cd-induced Acute Tissue
(s X7 “ = Toxicity
—
TR £ ' "'ﬂ:-.-.
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Figure 1. Scheme of the experimental design

This experimental protocol was designed taking into account similar studies [20-23]. The fact that
Cd accumulates mainly in the kidney and liver, where metallothionein levels are high, dictated the
choice of tissues analyzed. Furthermore, Cd hepatotoxicity is the main cause of acute Cd lethality and
the liver is the main target organ of toxicity after acute Cd poisoning [24].

Cytokine Analysis

Enzyme-linked immunosorbent assay (ELISA) kits obtained from Shanghai Yehua Biological
Technolgy were used for IL-6 and TNF-a determinations. For this, Samples previously kept at -20°C
were allowed to come to room temperature. The kits were removed from 4°C and kept at room
temperature for 30 min. Chromogen B in the kits was kept in a closed box as it is light sensitive. Sera
were centrifuged at 2500 g for 20 min. Supernatants were separated. Dilution of standard solutions was
started. For this, 120 ul of the original standard in the kit was taken and mixed with 120ul of standard
dilute in an ependorf tube. Then 120 pl of the mixture was taken and mixed with the same amount of
standard dilution each time. Samples and solutions were then loaded onto the ELISA plate. 50 pl of
standards were loaded and 50 pl of streptomycin HRP was added. The blind portion was left blank and
40 pl serum and 10 pl TNF-a antibody for TNF-o measurement and IL-6 antibody solution for
interleukin 6 were added. Finally, 50 ul streptavidin-HRP was added and the layer was covered. Shaken
gently and incubated at 37°C for 1 hour. The washing solution was prepared by mixing 1/30 (v/v) with
distilled water and applied 5 times for 30 s to all wells in the incubated layers. For color formation, 50
pl of chromogen A was first added to all wells. Then 50 pl of chromogen B was added and shaken
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carefully. 37°C incubation was allowed for 10 min. In the meantime, the assay was performed in the
dark to avoid light exposure. After incubation, 50 pl of the stop solutions were added and read
immediately at 450 nm. The data were calculated in the coordinate plane according to the standards.
Results were expressed in pg/ml for TNF-o, and IL-6.

Histopathological Analysis

Tissue samples were fixed in 10% buffered neutral formalin and embedded in paraffin. 5-micron
thick sections were cut from each paraffin block using a fully automated rotary microtome (Leica
Biosystems RM2245 Semi-Automated Rotary Microtome) and stained with hematoxylin-eosin.
Preparations were then examined by light microscopy (Leica Dm 200 Led Light Microscope) and
photographed using an Olympus 3E03784 camera.

Statistical Analysis

Statistical analysis was performed using the INSTAT automated software package (GraphPad
Prism Inc., San Diego, CA, USA). All values are expressed as mean =+ standard error of the mean (SEM).
A one-way analysis of variance (ANOVA) has been used when comparing differences between groups,
and Tukey post hoc test was used when comparing paired groups. Statistically significant was defined
as a P value of <0.05.

RESULT AND DISCUSSION

The biochemical findings related to all groups studied are summarized in Table 1. There are no
significant differences in inflammation markers in SIL group compared to the control group.
Management of Cd increased TNF-a levels in the liver (1.6- fold), lung (2.0-fold), and kidney (2.1-fold)
tissues. SIL treatment significantly inhibited Cd-induced TNF-a increase in the liver (20.2%), lung
(36.8%), and kidney (34.7%) tissues. The IL-6 levels were higher in the liver (1.9-fold), lung (1.8-fold),
and kidney (1.4-fold) tissues in Cd group when compared to the control. SIL treatment significantly
decreased Cd-induced IL-6 increase in the liver (33.1%), lung (24.7%), and kidney (14.7%) tissues. The
results of the analysis of TNF-a and IL-6 biomarkers are shown in Table 1. TNF-a, liver (ANOVA F=
22.8, p=0.0036), lung (ANOVA F= 33.228, p=0.001), and kidney (ANOVA F=66.28, p= 0.001). IL-
6, liver (ANOVA F= 85.95, p=0.0009), lung (ANOVA F= 24.62, p=0.0079) and kidney (ANOVA F=
36.14, p=0.0027).

Table 1. Effect of SIL on inflammation markers in Cd induced toxicity

Groups Control SIL Cd SIL +Cd
= = Liver 59.39+7.62 56.2+5.48 94.61£14.52%%* 75.49+8.97**
= % Lung 36.78+7.43 34.8146.72 75.13£10.24%%* 47.53+9 26%**
=S ™ Kidney 43.37+6.25 41.89+5.62 89.14:£9 74%%* 58.24+7 21 %%
~ Liver 230.1424.13 218.32+28.93 430.16+£32.15%** | 287.92+25.16%**
i % Lung 118.25+20.16 111.44421.25 209.15427.87*%* | 157.42425.63**
~ 2| Kidney 167.3£12.35 153.27+13.27 228.01£17.29%** | 194.52+14.62%*

Abbreviations: TNF-a, tumor necrose factor; IL-6, interleukin-6. Values are represented as mean+SEM. **Significant change
in comparison with control at P <0.01; ***Significant change in comparison with control at P <0.001

Lung, liver and kidney tissues were examined for inflammation and necrosis. As a result of the
histopathological examination of the kidney, lung and liver tissues of the control group, a normal
histopathological appearance was found. Histopathological examinations of the kidney, lung and liver
tissues of the SIL group revealed normal histopathological features similar to the control group.
Histopathological examination revealed of kidney, lung and liver tissues of the Cd group; enlargement
of the portal (Figure 2C1) and central vein (Figure 2C2) and necrosis of single cells were observed
(Figure 2C3). Inflamed areas and hemorrhage were detected in the lung tissue (Figure 3C). Focal
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necrosis areas were detected in the kidney tissue (Figure 4C). It was observed that Cd toxicity had the
potential to cause multiple organ damage in all three groups. The results of the histopathological
examination of the SIL+Cd group; necrosis in the liver tissue (Figure 2D), chronic inflammation and
hemorrhage in the lung tissue (Figure 3D), and normal histopathological appearance in the kidney tissue
(Figure 4D) were observed. Cd administration caused significant pathological changes in female rat
liver (Figure 2C1, 2C2, 2C3). Co-administration of SIL with Cd had no effect on necrosis formation,
but reversed portal vein dilation and central vein enlargement caused by Cd (Figure 2D). Cd
administration caused significant pathological changes in female rat lung compared to the control group
(ANOVA F = 12.25, p = 0.0077) (Figure 3C). The administration of cadmium resulted in significant
pathological changes in the kidney tissue in comparison with the control group (Figure 4C). Co-
administration of SIL with Cd prevented necrosis caused by Cd when given alone (Figure 4D). When
the three tissues were compared, it was determined that SIL caused a partial improvement in liver
histopathology, had no positive effect on lung tissue, and reversed the effect of Cd in kidney tissue. The
protective effect of SIL was most pronounced in kidney tissue.

Figure 2. Liver tissue histopathology examination
A) Liver-control; Normal histopathological appearance in liver tissue B) Liver-SIL; Normal histopathological appearance in
liver tissue C1) Liver-Cd; Portal vein dilation in liver tissue C2) Liver-Cd; Central vein enlargement in liver tissue C3) Liver-
Cd; single cell necrosis in liver tissue D) Liver-SIL+Cd; Necrosis in liver tissue

Figure 3. Lung tissue histopathology examination
A) Lung-control; Normal histopathological appearance in lung tissue B) Lung-SIL; Normal histopathological appearance in
lung tissue C) Lung-Cd; Chronic inflammation, hemorrhage in lung tissue D) Lung-SIL+Cd; Chronic inflammation,
hemorrhage in lung tissue
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Figure 4. Kidney tissue histopathology examination
A) Kidney-control; Normal histopathological appearance in kidney tissue B) Kidney-SIL; Normal histopathological
appearance in kidney tissue C) Kidney-Cd; Focal necrosis in kidney tissue
D) Kidney-SIL+Cd; Normal histopathological appearance in kidney tissue

Some researchers have suggested that Cd toxicity varies according to gender differences. In a
study examining the impact gender differences on liver and kidney accumulation of cadmium [25-27],
they found that significantly higher Cd is accumulated in the liver tissues of female rats 1 hour after
subcutaneous Cd injection compared to males. They observed that Cd levels in female rats remained
high for at least 10 days [25]. Therefore, we preferred to use female rats in our study.

On the basis of the results of our study, we have the following suggestions treatment with SIL
may reduce the inflammatory response and prevent multiple organ damage to liver, lung and kidneys
due to Cd in the rat model. As a result of histopathological evaluations, we detected focal necrosis in rat
kidney tissue, chronic inflammation in lung tissue, hemorrhage, portal vein dilatation, dilation of the
central vein and single cell necrosis in liver tissue. We found that SIL significantly reduced the severity
of Cd damage partly in the liver tissue but mostly in the kidney tissue. Inflammation development is
accompanied by inflammatory cell infiltration and inflammatory cytokine release. Cd resulted in a
significant increase in the levels of IL-6 and TNF-a in the all tissues. SIL significantly reduced
inflammation in the group where Cd and SIL were administered together.

Similar to our study, Fang et al. also investigated the protective role of a single i.p. dose of SIL
administration in the inflammatory acute lung injury model induced by sodium taurocholate and
performed histopathological analysis together with evaluation of the inflammatory parameters such as
IL-6 and TNF-a. They observed low levels of lung damage and inflammation in rats treated with SIL
[8]. In another study, SIL administration in the model of lung ischemia-reperfusion injury has been
shown to reduce inflammation and formation of reactive oxygen species [28]. In addition to these
findings investigating the effect of SIL and febuxostat on doxorubicin-induced nephrotoxicity in rats,
the effect of SIL (5 mg/kg; p.o.) administration for 21 days on nephrotoxicity, oxidative stress markers,
TNF-o and inflammatory mediators were examined.

SIL and/or febuxostat application with doxorubicin has led to a significant reduction in the
nephrotoxicity markers and inflammatory mediators, and the return of oxidative stress biomarkers to
their normal values. In addition, SIL and febuxostat improved the histological changes caused by
doxorubicin [17]. Furthermore, investigating the protective role of SIL on the kidneys, SIL has been
shown to reduce renal tubular damage and apoptosis in an experimental model of cisplatin-induced
nephrotoxicity [29]. Similar to our study, the protective role of SIL against hepatic fibrosis induced by
bile duct ligation in rats was investigated and it was found that SIL administration significantly reduced
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high TNF-a values [18]. In many studies investigating the effects of SIL on inflammation,
histopathological evaluations have found that SIL has a protective effect by reducing inflammation [30-
32].

In our study, unlike previous studies [33,34], SIL did not have a hepatotoxic effect on the liver
when administered alone or together with Cd, but it did not prevent the formation of necrosis in the
liver. Neutrophil infiltration and proinflammatory cytokines like TNF-o and IL-6 are often associated
with Cd-induced toxicity. Although the role of TNF-a and IL-6 in both pathological and physiological
situations has not been fully elucidated, the decrease in levels of these cytokines after tissue damage is
suggestive of the involvement of cellular repair mechanisms. Whereas, when inflammatory cytokines
are produced in abundance, pathological conditions such as dermal toxicity, liver toxicity, rheumatoid
arthritis, atherosclerosis, kidney and lung toxicity can occur [35-37]. The increase in the levels of TNF-
a and of TL-6 observed in Cd-treated rats in our study indicates the initiation of inflammation leading to
cellular damage, and the decrease in levels with SIL administration suggests that repair mechanisms are
induced.

SIL has been shown to have protective ability in exposure to various inflammatory stimuli.
However, the curative effect of SIL on Cd-induced tissue damage and the mechanism of this effect have
not been studied. In this trial, we have demonstrated for the first time that protective effect of PDESI
SIL against tissue damage by an inhibitory effect on IL-6 and TNF-a activity in Cd-induced acute
toxicity.

Based on the biochemical and histopathological findings of our study, we can suggest that SIL
has a protective effect on the liver, lung and kidney against acute toxicity induced by Cd. SIL reverses
Cd-induced increases in IL-6 and TNF-a levels, thereby exerting its anti-inflammatory effect. It also
prevents cell death by inhibiting inflammation and has a protective effect as confirmed by liver and
kidney histopathological analysis. Therefore, we concluded SIL may be use as a protective agent against
toxicity of heavy metals.
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ABSTRACT

Objective: The circadian rhythm is one of the primary regulatory systems with near 24-hour
oscillations. It has a crucial role in regulating physiological conditions in the human body, including
body temperature and the secretion of hormones. Numerous disorders, such as cancer and diabetes,
have been linked to disruptions of the cellular circadian rhythm. Herein, we aimed to investigate the
relationship between the circadian rhythm and unfolded protein response (UPR) signaling, which
is one of the important physiological mechanisms in mammalian cells and has recently been
associated with drug resistance, invasion and metastasis in cancer.

Material and Method: Human embryonic kidney cell line HEK293 was provided from the
American Type Culture Collection and propagated in DMEM containing 10% FBS and growth
ingredients. For in vitro circadian synchronization, cells were exposed to 50% and then the
oscillation pattern of gene and protein expression of UPR-related target genes was analyzed by
agarose gel electrophoresis and immunoblotting, respectively. The oscillation pattern was
commented on through curve-fitting analysis.

Result and Discussion: Our findings demonstrated that UPR components, including IRE1a, XBP-
1s, elF20, phospho(Serbl)-elF2a, PERK, ATF4, GADD34 and ATF6, tightly exhibit oscillation
patterns under a circadian rhythm on a 48-hour time scale like the PER1 gene that is a core
component of the circadian rhythm. Moreover, endoplasmic reticulum (ER) stress genes,
BiP/GRP78 and CHOP, were similar to UPR components under the circadian rhythm. Additionally,
we found the activation of UPR signaling harmoniously modulated with the circadian rhythm.
Present data indicated that the expression level of UPR components exhibited strict oscillation
under the circadian rhythm. Our findings may guide experimental studies of new-generation UPR-
targeted drugs to be developed to treat various pathologies in accordance with the circadian rhythm.
Keywords: Circadian clock, ER stress, unfolded protein response

oz
Amag: Sirkadiyen ritim, yaklasik 24 saatlik saltmimlara sahip temel diizenleyici sistemlerden biridir.
Viicut 1s1s1 ve hormon salgilanmasi da dahil olmak iizere insan viicudundaki fizyolojik kosullarin

diizenlenmesinde ¢ok dnemli bir role sahiptir. Kanser ve diyabet de dahil olmak iizere ¢ok sayida
rahatsizlik hiicresel sirkadiyen ritmin bozulmasiwyla iliskilendivilmistiv. Bu c¢alismada memeli
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hiicrelerinde énemli fizyolojik mekanizmalardan biri olan ve son zamanlarda kanserde ilag direnci,
invazyon ve metastaz ile iligkilendirilen katlanmamus protein yamti (UPR) sinyali ile sirkadiyen
ritim arasindaki iligkiyi arastirmayr amagladik.

Gere¢ ve Yontem: [nsan embriyonik bobrek hiicre hattt HEK293 Amerikan Tipi Kiiltiir
Koleksiyonundan saglandi ve hiicreler %10 FBS ve biiyiime bilesenleri iceren DMEM besi ortami
icinde ¢ogaltildi. In vitro sirkadiyen senkronizasyon icin hiicreler %50 at serumuna maruz birakild:
ve ardindan UPR ile iligkili hedef genlerin gen ifadesi ve protein diizeyindeki salimm modeli
swrasiyla agaroz jel elektroforezi ve immiinoblotlama ile analiz edildi. Salinim modeli egri uydurma
analizi yoluyla degerlendirildi.

Sonu¢ ve Tartisma: Bulgularimiz, IREla, XBP-1Is, elF2o, fosfo(Ser51)-elF2a, PERK, ATF4,
GADD34 ve ATF6 dahil olmak iizere UPR bilesenlerinin, sirkadiyen ritmin g¢ekirdek
komponentlerinden PERI geni gibi 48 saatlik bir zaman élceginde sirkadiyen ritim altinda stk bir
sekilde salimim modelleri sergiledigini gésterdi. Ayrica endoplazmik retikulum (ER) stres genleri,
BiP/GRP78 ve CHOP da sirkadiyen ritim altinda UPR bilesenlerine benzer sekilde davrandi. Ek
olarak UPR sinyalinin aktivasyonunun sirkadiyen ritimle uyumlu bir sekilde modiile edildigini
bulduk. Mevcut veriler, UPR bilesenlerinin ekspresyon seviyesinin sirkadiyen ritim altinda kati
salimim sergiledigini gosterdi. Bulgularimiz, ¢esitli patolojileri sirkadiyen ritme gore tedavi etmek
icin gelistirilecek yeni nesil UPR hedefli ila¢larin deneysel ¢calismalarina yol gosterebilir.
Anahtar Kelimeler: ER stres, katlanmamugs protein yaniti, sirkadiyen saat

INTRODUCTION

Circadian rhythms are identified as near-24-hour oscillations present in almost all physiological
processes in the human body and brain [1]. The suprachiasmatic nucleus (SCN) of the anterior
hypothalamus is the master circadian pacemaker. It is hierarchically organized and synchronized by
light-dark cycles by neural and neuroendocrine pathways [2,3]. The circadian clock system also
regulates many physiological conditions like body temperature, blood pressure, sleep/wake cycle,
immune responses, and synthesis and secretion of hormones, such as cortisol and melatonin [4].

Cellular-level oscillations are originated by circadian clock genes such as clock circadian
regulator (CLOCK), period circadian regulator 1-3 (Per 1-3), cryptochrome genes (CRY1 and CRY?2)
and brain and muscle ARNT-likel (Bmall) rhythmically regulating their transcription as well as the
transcription of various clock-controlled genes [2,5]. The circadian timing system in mammals has long
been a research subject due to its potential involvement in the pathogenesis of different diseases. While
proper coordination of cellular- and tissue-level clocks is crucial for maintaining homeostasis, disruption
of cellular circadian rhythm has been implicated in the pathogenesis of many diseases, including
cardiovascular diseases, epilepsy, Alzheimer’s disease, diabetes and cancer [6-8]. Therefore, it is
extremely important to understand the relationship between circadian rhythm and physiologically
important mechanisms in mammalian cells, such as endoplasmic reticulum-associated degradation
(ERAD) and unfolded protein response (UPR) signaling and to characterize their oscillation patterns
under a circadian rhythm [9]. In this context, it will be essential to determine oscillation pattern maps
for the use of drugs that pharmacologically target these mechanisms to obtain more therapeutically
effective results.

The endoplasmic reticulum (ER) has multiple roles in eukaryotic cells and is responsible for
coordinating several functions, including protein synthesis, transport and folding, lipid and steroid
biosynthesis, carbohydrate metabolism and Ca*? storage [10-13]. UPR signaling organized in the ER
plays a vital role in the re-adaptation of the ER against altered cellular physiological conditions and also
mitigates stress responses through setting the ER capacity [14]. UPR signaling orchestrates the ER
membrane resident three transmembrane proteins, inositol-requiring enzyme la (IREla), double-
stranded RNA-activated protein kinase (PKR)-like ER kinase (PERK) and activating transcription factor
6 (ATF6) [15]. Accumulating misfolded or unfolded proteins in the ER lumen or specific stressful
conditions activates the UPR signaling through autophosphorylation and dimerization or trimming of
ER stress sensor proteins. Subsequently, downstream effectors coordinate the continuation of signal
transmission and eventually, specialized transcription and translational programs are activated in the
cells [15]. Excessive activation of the UPR signaling has been associated with emerging acquired drug
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resistance, cancer cell invasion and metastasis [14,16]. Unusual alterations in the UPR signaling have
been associated with numerous diseases, including neurodegenerative diseases, diabetes, inflammatory
disease and cancer [17-20]. Therefore, determining the circadian oscillation pattern of UPR components
is crucial in terms of organizing the use of UPR-targeted drugs according to the oscillatory pattern.
However, the detailed behavior of the UPR signaling under circadian oscillation currently remains
unclear.

In the present study, we investigated the daily physiological oscillation pattern of UPR signaling
under circadian rhythmicity in human embryonic kidney HEK293 cells. For this aim, we evaluated the
oscillation pattern of UPR signaling-related genes, IRE1a, XBP-1s, PERK, ATF4, GADD34, ATF6 and
also ER stress genes, BiP/GRP78 and CHOP. Additionally, protein expression levels of some
downstream effects of UPR signaling components, XBP-1s, elF2a, phospho(Ser51)-elF2o and
BiP/GRP78 were tested by immunoblotting. Our results revealed a detailed physiological release pattern
of UPR signaling. Present data indicated that the expression level of UPR components exhibited strict
oscillation under circadian rhythm. Our findings may guide experimental studies of new-era UPR-
targeted drugs in treating several pathologies.

MATERIAL AND METHOD
Material

Rabbit polyclonal antibodies anti-BiP/GRP78 (11587-1-AP)(1:10000), anti-Bmall (14268-1-
AP)(1:2000) and anti-XBP-1s (24868-1-AP)(1:2500) were provided from Proteintech, anti-elF2a
(#9722)(1:2000) and anti-phospho-elF2a (Ser51) (#9721)(1:2000) from Cell Signaling Technology.
Mouse monoclonal B-actin antibody (A5316)(1:10000) was obtained from Sigma Aldrich. Horseradish
peroxidase (HRP)-conjugated anti-mouse (#31430)(1:5000) or anti-rabbit (#31460)(1:5000) IgG (H+L)
was purchased from Thermo Scientific.

Cell culture materials and reagents, including plastic ingredients, growth media, fetal bovine
serum (FBS) and additional growth requirements were obtained from Sartorius. Horse serum was
obtained from Biowest.

Cell Culture

Human embryonic kidney cell line HEK293 (CRL-1573TM) was obtained from the American
Type Culture Collection (ATCC, USA). Cells were routinely propagated in Dulbecco’s Modified Eagle
Medium (DMEM) containing 10% FBS, 5mg ml™' penicillin/streptomycin and 2 mM L-glutamine
(Lonza). Cells were kept in a humidified atmosphere of 5% CO; and 95% air at a temperature of 37°C.
The absence of mycoplasma contamination was periodically verified using MycoAlert™ PLUS
Mycoplasma Detection Kit (Lonza).

In vitro Circadian Synchronization of HEK293 Cells

Circadian synchronization was performed as previously described [9,21]. Cells were seeded on
10mm cell culture dishes. At confluence, the cells were propagated for 6 days and then cells were
subjected to 50% horse serum (serum shock) or 10% FBS containing regular media for 2 hours for
circadian synchronization. After serum shock synchronization, the shock medium was replaced with a
serum-free medium. Cells were collected at 4-hour intervals for 48 hours and lysed for RNA extraction
and protein isolation.

Total RNA Extraction and Complementary DNA Synthesis

Total RNA was extracted from cells by Monarch® Total RNA Miniprep Kit (New England
Biolabs) according to the manufacturer’s instructions. The concentration and purity of isolated RNAs
were determined by a micro-spectrophotometer (Allsheng). Complementary DNA was synthesized
using 1 ug RNA by iScript™ cDNA Synthesis kit (Bio-Rad). The reaction mix was incubated for 5 min
at 25°C, 20 min at 46°C and 1 min at 95°C, respectively.



952 Erzurumlu et al. J. Fac. Pharm. Ankara, 48(3): 949-961, 2024

Reverse Transcription PCR (RT-PCR) and Agarose Electrophoresis

Specific primers were used for the PCR amplification of interested genes with Tag DNA
polymerase (Thermo Scientific). The following PCR conditions were used: pre-denaturation at 95°C for
5 min, followed by 36 cycles of denaturation 30 s at 95°C, annealing 30 s at 60°C and extension 30 s
72°C and final extension 2 min at 72°C. After that, PCR products were electrophoretically separated in
electrophoresis on 2% agarose gel containing ethidium bromide (Et-Br) and visualized by UV-
transilluminator (Vilber Lourmat). The density of PCR amplicons was quantified with ImageJ software
(National Institutes of Health, USA) (http://imagej.nih.gov/ij/). Primers were designed specifically for
genes of interest, including PER1, IREla, XBP-1s, PERK, ATF4, GADD34, ATF6, BiP/GRP78, CHOP
and RPLPO and verified the optimized working. The primer sequences are available upon request.
RPLPO was used for the housekeeping gene. Each cDNA sample was analyzed in triplicates for each
PCR.

Immunoblotting Assay

Cells were lysed in Radioimmunoprecipitation assay (RIPA) buffer (1xPBS, 1% nonidet P-40,
0.5% 7-DOC and 0.1% SDS, pH 8.0). After removing the insoluble phase by centrifugation at 14.000
rpm for 20 min at 4°C, total protein concentrations were determined by the bicinchoninic acid (BCA)
(Thermo Scientific) assay. Typically, 25-40 pg of total cellular protein was used in immunoblotting
studies. Protein samples were denatured in 4x Laemmli buffer at 70°C for 15 min and were separated
on hand-cast polyacrylamide gels. Separated proteins were transferred to an Immobilon®-P
polyvinylidene fluoride (PVDF) membrane (Bio-Rad). The membrane was blocked in 5% skim milk in
phosphate-buffered saline (PBS) containing 0.1% Tween (PBS-Tween) for 1 h at room temperature and
then incubated with the primary antibody prepared in PBS—Tween containing 5% skim milk for 1-2 h
at room temperature or 4°C overnight. Secondary antibodies were applied for 1 h at room temperature.
Protein bands were monitored using an enhanced chemiluminescence (ECL) solution (Thermo
Scientific) in the Fusion Pulse system (Vilber Lourmat). The protein bands were quantitated by Image
StudioTM Lite (LI-COR®) (https://www.licor.com/bio/image-studio-lite/).

Curve Fitting Analysis

Curve fitting analysis was carried out as previously described [9]. The circadian oscillation was
conducted using a non-linear curve fitting algorithm using GraphPad Prism and MATLAB software,
which fitted a sinusoid function [A*sin(Bt + ¢)] to the data including the three replicates. Genes showing
an R2 correlation greater than 0.8 in non-linear curve fitting analyses were kept.

Statistical Analysis

The statistical significance of differences between groups was determined by a two-tailed equal
variance Student’s t-test with a minimum of 95% confidence interval by GraphPad Prism 7 (GraphPad
Software, La Jolla CA, USA, www.graphpad.com). The significant level was set at 5% and probability
values of p<0.05 were considered statistically significant for all tests.

RESULT AND DISCUSSION
Verifying the Circadian Synchronization of HEK293 Cells

To determine the success of the circadian synchronization of HEK293 cells, we applied the serum
shock protocol as previously described and then investigated the expression level of the PER1 gene
depending on the change over time [9,21]. PER1 gene is a characteristic circadian oscillator and is also
rhythmically transcribed under circadian rhythms [22]. Therefore, PER1 is generally used to determine
circadian synchrony in mammalian cells. The success of serum shock-mediated circadian
synchronization of HEK293 cells was verified by examining the oscillation of PER1 expression. Our
findings demonstrated that PER1 exhibited rhythmic oscillation, which peaked at 8-16 h and 32-40 h
(Figures 1A, 1B). These results confirmed the achievement of circadian synchronization of HEK293
cells.
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Figure 1. Verifying the circadian programming of HEK293 cells. A, Rhythmic mRNA expression
levels of PER1 in the HEK293 cells across a 48 h circadian cycle. The total RNA was extracted from
the HEK?293 cells collected every 4 h during a 48 h circadian period and complementary DNA was
synthesized and then target genes were amplified using specific primers. PCR amplicons were
visualized on ethidium bromide-containing agarose gel. B, Relative gene expression quantities
corresponding to three biological replicates were collected every 4 h (navy blue circles). The band
intensity was densitometrically analyzed and the housekeeping gene RPLPO was used as a loading
control. Fold changes in mMRNA expression levels were determined by comparison to the expression
level at 0 h. Oscillation (represented as a continuous purple curve) was modeled, via curve fitting
analysis. A nonlinear curve fitting analysis was conducted, which fitted a sinusoid function [A*sin(Bt
+ ¢)] to the data including the replicates. Genes showing an R? correlation greater than 0.8 in non-
linear curve fitting analyses were kept. White-grey/black scale represents 4-hour periods. 0 h sample
was set to 1. The statistical significance of differences between groups was determined by a two-tailed
equal variance Student’s t-test. ‘*’ represents a comparison with the control group. (*p<0.05) (n = 3)

Investigation of the Circadian Oscillation Pattern of UPR and ER Stress Genes

Expression levels of UPR signaling-related genes, including IREla, XBP-1s, PERK, ATF4,
GADD34 and ATF6, were analyzed in serum shock-mediated synchronized HEK293 cells. Our results
showed that all tested UPR genes tightly exhibited oscillation under the circadian rhythm similar to the
PER1 expression pattern, which peaked at 8-16 h and 32-40 h and troughed at 24 h and 48 h (Figures
2A, 2B).

Next, we tested the ER stress-associated critical components, BiP/GRP78 and CHOP expression
under the circadian rhythm in HEK293 cells. Consistent with the pattern of UPR genes, BiP/GRP78 and
CHOP genes peaked at 8-16 h and 32-40 h and troughed at 24 h and 48 h (Figures. 3A, 3B).

Determination of the Protein Expression Levels of UPR Signaling-related Proteins under
Circadian Oscillation

We investigated the protein expression level of some critical signal mediators of the UPR
pathway, XBP-1s, a downstream effector of IREa signaling, and total-elF2a, phospho(Ser51)-elF2a for
PERK signaling and also ER stress-related molecular chaperone BiP/GRP78 in serum shock mediated
synchronized HEK293 cells by immunoblotting (Figures. 4A, 4B). Our results revealed that consistent
with the mRNA data, XBP-1s, total-elF2a, phospho (Ser51)-elF2a and BiP/GRP78 proteins strongly
exhibited robust circadian oscillation in synchronized HEK293 cells. The protein expression level of all
tested downstream effectors of UPR and BiP/GRP78 peaked at 8-12 h and 34-32 h and troughed at 16-
20 h and 36 h (Figures 4A, 4B).
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Figure 2. Evaluation of the circadian rhythmicity of the UPR components. A, Rhythmic mRNA
expression levels of IREla, XBP-1s, PERK, ATF4, GADD34 and ATF6 in the HEK293 cells across a
48 h circadian cycle. The total RNA was extracted from the HEK293 cells collected every 4 h during a
48 h circadian period and complementary DNA was synthesized and then target genes were amplified

using specific primers. PCR amplicons were visualized on ethidium bromide-containing agarose gel.

B, Relative gene expression quantities corresponding to three biological replicates were collected
every 4 h (navy blue circles). The band intensity was densitometrically analyzed and the housekeeping
gene RPLPO was used as a loading control. Fold changes in mRNA expression levels were determined

by comparison to the expression level at 0 h. Oscillation (represented as a continuous purple curve)
was modeled, via curve fitting analysis. A nonlinear curve fitting analysis was conducted, which fitted
a sinusoid function [A*sin(Bt + ¢)] to the data including the replicates. Genes showing an R?
correlation greater than 0.8 in non-linear curve fitting analyses were kept. White-grey/black scale
represents 4-hour periods. 0 h sample was set to 1. The statistical significance of differences between
groups was determined by a two-tailed equal variance Student’s t-test. “*’ represents a comparison
with the control group (*p<0.05) (n = 3)
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Figure 3. Evaluation of the circadian rhythmicity of BiP/GRP78 and CHOP. A, Rhythmic mRNA
expression levels of BiP/GRP78 and CHOP in the HEK293 cells across a 48 h circadian cycle. The
total RNA was extracted from the HEK293 cells collected every 4 h during a 48 h circadian period and
complementary DNA was synthesized and then target genes were amplified using specific primers.
PCR amplicons were visualized on ethidium bromide-containing agarose gel. B, Relative gene
expression quantities corresponding to three biological replicates were collected every 4 h (havy blue
circles). The band intensity was densitometrically analyzed and housekeeping gene RPLPO was used
as a loading control. Fold changes in mRNA expression levels were determined by comparison to the
expression level at 0 h. Oscillation (represented as a continuous purple curve) was modeled, via curve
fitting analysis. A nonlinear curve fitting analysis was conducted, which fitted a sinusoid function
[A*sin(Bt + ¢)] to the data including the replicates. Genes showing an R? correlation greater than 0.8
in non-linear curve fitting analyses were kept. White-grey/black scale represents 4-hour periods. 0 h
sample was set to 1. The statistical significance of differences between groups was determined by a
two-tailed equal variance Student’s t-test. ‘*’ represents a comparison with the control group.
(*p<0.05) (n =3)

The circadian system is a master regulatory system for nearly all physiological conditions and
also consists of 24-hour. At the cellular level, molecular clocks originate circadian rhythms to promote
coordination between internal time and the external world. This system mediates the regulation of the
target genes by the circadian transcription factors, including CLOCK, BMAL1, PER1/2 and CRY1/2
[1]. The irregular circadian rhythmicity has been linked to increased susceptibility to digestive, immune,
cardio-metabolic and neurological disorders, chronic conditions, such as diabetes, obesity, depression
and bipolar disorder, as well as cancer [6,23-29]. Research studies have demonstrated that targeting the
molecular and cellular mechanisms underlying circadian pathophysiology can be an alternative
treatment way against diseases [6]. Therefore, understanding the circadian rhythmicity of
physiologically important cellular mechanisms is very valuable as it has the potential to offer a new and
promising treatment approach.
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Figure 4. Expression level of UPR signaling-related proteins under circadian rhythmicity in HEK293
cells. Samples were collected every 4 h in a 36 h circadian period and then protein levels of XBP-1s,
elF2a, p-elF2a, BiP/GRP78 and Bmall were analyzed by immunoblotting assay. Beta-actin was used
as a loading control. B. Protein expression levels of XBP-1s, elF2a, p-elF2a, BiP/GRP78 and Bmall
were quantified corresponding to three biological replicates collected every 4 h (navy blue circles).
The band intensity was densitometrically analyzed and normalized using the beta-actin expression.
Fold changes in protein expression levels were determined by comparison to the expression level at 0
h. Oscillation (represented as a continuous purple curve) was modeled via curve fitting analysis. A
nonlinear curve fitting analysis was conducted, which fitted a sinusoid function [A*sin(Bt + c)] to the
data, including the replicates. The white/black scale represents 12-hour periods. 0 h sample was set to
1. The statistical significance of differences between groups was determined by a two-tailed equal
variance Student’s t-test. ‘*’ represents a comparison with the control group. (*p<0.05) (n = 3)
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Figure 5. Representation of the expressional behavior of UPR signaling members under a circadian
rhythm

Interest in the molecular biology of UPR signaling is exponentially growing based on the
characterized roles of ER stress in numerous diverse pathologies, such as neurodegeneration,
inflammation, diabetes, acquired drug resistance, invasiveness and metastasis capability-related roles in
human cancer cells as well [30]. UPR activation can occur in various ways, such as elevated metabolic
and oxidative stress, protein misfolding in the ER, impaired ER-associated degradation (ERAD) and
altered ER Ca?* stocks [31,32].

UPR signaling is coordinated by ER sensor transmembrane proteins, IRE1a, PERK and ATF6
and these proteins normally keep inactive form through interacting with BiP/GRP78. Upon ER stress,
BiP/GRP78 is released from the sensor proteins. In this process, IRE1a and PERK proteins are activated
by homodimerization and autophosphorylation and their downstream activators are warned. The
activated PERK protein phosphorylates elF2a at the serine 51 position, attenuating global translation in
the cells. Phosphorylated elF2a causes the selective increment in the translation of some of the group
MRNAs, such as ATF4. GADD34, the phosphatase of phospho-elF2a, negatively regulates the PERK
signaling [19]. Additionally, PERK signaling controls the transcription of CHOP, a basic leucine zipper-
containing transcription factor that promotes apoptosis in cells. Moreover, it increases the GADD34
expression [33,34]. IRE1la proteins function as a kinase and also as endoribonuclease enzyme. Activated
IREla catalyzes the processing of the unspliced XBP1 (XBP-1u) to the spliced XBP1 (XBP1s). XBP-
1s function as a transcription factor responsible for the transcription of UPR target genes [31,35]. Also,
IREla can regulate of the subset of mRNAs and miRNAs through its IRE1a-dependent decay (RIDD)
[35]. ATF6 activation allows the transition to the cis-Golgi compartment, which is cleaved by site-1
protease (S1P) and site-2 protease (S2P). The cleaved cytosolic N-terminal fragment translocates to the
nucleus and coordinates the specialized transcriptional program of several genes, including ER
chaperones and protein-folding enzymes [15,36]. Therefore, UPR signaling can lead to the adaptation
or elimination of eukaryotic cells through reprogramming the cellular mechanism in response to cellular
stresses and altered physiological conditions.

Herein, we clarified the circadian oscillation pattern of UPR signaling components in HEK293
cells at that transcriptional and translational levels. Our findings indicated that UPR components,
including IREla, XBP-1s, PERK, ATF4, GADD34, and ATF6, robustly exhibit oscillation patterns
under a circadian rhythm on a 48-hour time scale; likewise, the PER1 gene is the master component of
the circadian rhythm (Figure 1a, b, 2a, b). Besides that, ER stress genes, BiP/GRP78 and CHOP were
also manners similar to UPR components under the circadian rhythm (Figure 3a, b). To determine the
relationship between UPR activation and circadian rhythmicity, we tested the downstream effectors of
IREla and PERK branches of UPR signaling on a 36-hour time scale by immunoblotting. Similar to
the oscillation pattern of mMRNA expression of UPR components, protein levels of downstream effectors
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of UPR signaling, XBP-1s, elF2a, phospho(Ser51)-elF2o. and BiP/GRP78 peaked at 8-12 h and 28-32
h and troughed at 16-20 h and 36 h (Figure 4a, b). On the other hand, transcriptional activator circadian
clock protein Bmall peaked at 20-24 h and 36 h and troughed at 12-16 and 28-32 h (Figure 4a, b). These
results showed that UPR components and ER stress protein BiP/GRP78 exhibit oscillatory patterns not
only at the transcriptional level but also consistently at the translational level.

Studies have demonstrated that ER stress is regulated in a circadian manner as other physiological
processes like the daily oscillation of metabolism and hormonal rhythm [37]. Today, the enhancing
effect of the UPR signal on the levels of ERAD target genes is well understood, which is one of the
significant protein quality control mechanisms in eukaryotic cells. It rigorously degrades the misfolded
proteins and also selectively regulates the steady-state level of physiologically essential protein levels
[38,39]. Recent research has suggested the regulatory links between certain components of the ER
protein quality control mechanism and the circadian rhythm. Guo et al., (2020) showed that circadian
control of Bmall through ubiquitination is facilitated by E3 ubiquitin ligase Hrd1, a key member of the
ERAD pathway [40]. Kim et al. (2021) revealed the regulation of hepatic lipid and glucose homeostasis
by the E3 ubiquitin ligase HRD1/Sel1L-controlled CREBH/PPARa transcriptional program in vitro and
in vivo models [41]. Furthermore, Erzurumlu et al., (2023) reported that the mRNA and protein
expression levels of ERQC components are extensively regulated under circadian rhythmicity.
Moreover, the main E3 ligase enzymes associated with ERAD, Hrdl, and gp78, were suggested to
regulate circadian oscillation through regulation of the stability of Bmall, which is a master transcription
factor known to regulate circadian rhythm [9]. 12 h period rhythmic activation of the IRE1a branch of
UPR has been associated with the regulation of lipid metabolism in mouse liver [42]. Additionally,
activation of UPR in cancer cells has been shown to lead to a 10-hour shift in circadian oscillation [43].
All these studies suggest that ER-mediated coordinated signaling mechanisms, which have
physiological importance, are periodically regulated by circadian rhythmicity. Thus, a detailed
characterization of the oscillation pattern of these mechanisms is essential for understanding the human
pathologies associated with the circadian rhythm.

Our study revealed the detailed oscillation pattern of UPR components and also indicated the
expression of UPR members is regulated at the transcriptional and translational levels in human
embryonic kidney HEK293 cells with robust rhythmicity (Figure 5). Furthermore, IRElo and PERK
signaling activation also exhibited regular rhythmicity with circadian oscillation. In light of all this
literature information, we hope that the present study will provide essential oscillatory map data for
understanding the relationship between UPR and circadian rhythm in the molecular pathophysiology of
many diseases, including cancer.

UPR is one of the most essential evolutionary conserved signaling mechanisms in mammalian
cells. Today, we know that UPR, in addition to being a mechanism for maintaining cellular homeostasis
and an adaptation mechanism against cellular stresses in healthy cells, is also a vital mechanism for
cancer cells and is one of the essential mechanisms that limit the success of cancer treatments, such as
the development of drug resistance. Moreover, the impairment in the UPR signaling has been associated
with numerous pathophysiological diseases. The present in vitro study revealed the robust oscillation
patterns of UPR signaling components under a circadian rhythm in healthy embryonic kidney cells. We
hope that our research will guide experimental treatment protocols that will be designed according to
the circadian rhythm map of the UPR in UPR-focused pharmacological interventions.
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ABSTRACT

Obijective: In this research, a validated RP-HPLC method for analyzing teriflunomide drug
substance and its associated process-related impurities was developed with the assistance of the
Quality by Design (QbD) approach.

Material and Method: The QbD methodology employs statistical design of experiments to establish
a robust method within a defined "design space.” This design space outlines the experimental
parameters' range within which alterations will not significantly impact the results.
Chromatographic separation was done on HPLC system connected to a PDA detector, and the
column used was the C18 YmC-Triart with specifications of 125 cm x 4.0 mm x 5.0 um. The optimized
mobile phase consisted of 0.5% triethylamine buffer with pH 4.0 (+ 0.05) and acetonitrile in a 65:35
v/v ratio, flow rate of 1.0 ml/min. Detection wavelength of 210 nm.

Result and Discussion: The developed RP-HPLC method successfully achieved high resolution,
specificity, linearity, precision, accuracy, and robustness in quantifying both teriflunomide and its
impurities simultaneously. Using a design of experiments (DoE) approach, critical method
parameters were systematically identified and optimized, ensuring accurate and precise
determination of impurity levels across the drug substance lifecycle. This validated method provides
a thorough approach to ensuring the quality and safety of teriflunomide drug substances by
delivering reliable data on impurity profiles. By applying Quality by Design (QbD) principles, not
only does the method enhance understanding of the analytical process, but it also supports ongoing
improvement and lifecycle management of the procedure.
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Amag: Bu arastirmada, teriflunomid ilag maddesini ve onun siiregi ile iligkili safsizliklar: Tasarimla
Kalite (ObD) yaklasimi yardimiyla analiz etmek icin dogrulanmuig bir RP-HPLC yontemi gelistirildi.
Gerec ve Yontem: ObD metodolojisi, tantmlanmig bir "tasarim alani" dahilinde saglam bir yontem
olusturmak icin deneylerin istatistiksel tasarimint kullanmir. Bu tasarim alani, degisikliklerin
sonuglart onemli 6lgiide etkilemeyecegi deneysel parametre araliginin ana hatlarini gizer.
Kromatografik ayirma, bir PDA detektoriine bagh bir HPLC sistemi tizerinde gerceklestirildi ve
kullanilan kolon, 125 cm x 4.0 mm X 5.0 um spesifikasyonlarina sahip C18 YmC-Triart'ti. Optimize
edilmis mobil faz, pH 4.0 (= 0.05) olan %0.5 trietilamin tamponundan ve 65:35 v/v oraminda, 1.0
ml/dak akis hizinda asetonitrilden olusuyordu. 210 nm algilama dalga boyu.

Sonu¢ ve Tartisma: Gelistirilen RP-HPLC yéntemi, hem teriflunomidin hem de onun
safsizliklarinin ayni anda olgiilmesinde yiiksek ¢oziiniirliik, 6zgiilliik, dogrusallik, kesinlik, dogruluk
ve saglamligi basariyla elde etti. Bir deney tasarimi (DoE) yaklasumi kullanilarak, kritik yontem
parametreleri sistematik olarak tanimlandi ve optimize edildi; boylece ilag maddesi yasam dongiisii
boyunca safsizlik seviyelerinin dogru ve kesin olarak belirlenmesi saglandi. Dogrulanmis bu
vontem, safsizlik profilleri hakkinda giivenilir veriler sunarak teriflunomid ila¢ maddelerinin
kalitesini ve giivenligini saglamaya yénelik kapsamli bir yaklasim saglar. Tasarimla Kalite (ObD)
ilkelerini uygulayarak, yontem yalnizca analitik siirecin anlasiimasim gelistirmekle kalmaz, ayni
zamanda prosediiriin siirekli iyilestirilmesini ve yasam déngiisii yonetimini de destekler.

Anahtar Kelimeler: Igili safsizliklar, ObD, RP-HPLC, teriflunomid, yontem gelistirme

INTRODUCTION

Teriflunomide (TFN), the primary active metabolite of leflunomide, is a drug commonly
employed for the management of rheumatoid arthritis. 1ts main mechanism involves the inhibition of
mitochondria's dihydroorotate dehydrogenase, an important enzyme in the de novo synthesis of
pyrimidines. This inhibition results in the suppression of activated T type cells and B type cells and
reduces the movement of lymphocytes to the central nervous system. TFN is also believed to have other
immunological effects, including the suppression of cyclooxygenase-2 and protein tyrosine kinases.
TFN belongs to a immunomodulatory drugs that function by impeding pyrimidine formation. It has
proven efficient in the treatment of multiple sclerosis and rheumatoid arthritis. Physically, TFN is a
white, tasteless, and odorless substance that does not readily absorb moisture. Its chemical name is “(Z)-
2-cyano-3-hydroxy-N-[4-(trifluoromethyl)phenyl]but-2-enamide”, and it has a molecular weight of
270.2 g/mol with a chemical formula of C12HgN2O2Fs.

By literature review we found that a validated LC-MS method for quantification of Teriflunomide
and its metabolite in in-vivo conditions [1]. A validated HPLC technique was established for the
guantification of methotrexate and TFN in formulations [2]. A validated LC-MS method was developed
for estimation of TFN and other compounds [3]. A validated LC-MS/MS method was developed for
estimation of TFN in human biological fluids [4-5]. Koppisetty et al., 2023 has developed a HPLC
method for quantitative separation of TFN and its process impurities in drug substance [6]. Nukendra et
al., 2017 had developed QbD based validated UPLC method, which reported forced degradation
products and those degradation products were characterized using standards [7]. Suneetha et al., [8] has
worked on separation of TFN with a single unknown process related impurity, the work of suneetha et.
al is not suitable for determination of all process related impurities of TFN. Literature review shows that
there is no work on a validated RP-HPLC method for impurity profiling in TFN.

The primary purpose of this study is to systematically investigate and develop a reliable RP-HPLC
method for quantifying TFN in the presence of its distinct production related impurities. In addition, the
research outlines the synthetic pathway of these impurities, as depicted in Figure 1. This study adopts
an analytical approach based on Quality by Design (QbD) principles [9-11] to accurately determine TFN
in the presence of its production related impurities. Furthermore, the analytical method was subjected
to validation in accordance with the ICH guidelines [12,13] to ensure its accuracy and reliability.
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Figure 1. The novel synthetic pathway of TFN and its related impurities

MATERIAL AND METHOD
Chemicals and Reagents

The working standard Terflunomide and its related impurity standards, Impurity-D “(5-
methylisoxazole-4-carboxylic acid)”,Impurity-F*“(5-methyl-N-[2-(trifluoromethyl) phenyl]isoxazole-4-
carboxamide)”, Impurity-G “(5-methy-N-(4-methylphenyl) isoxazole-4carboxamide)”, Impurity-A “(4-
(trifluoromethyl)aniline)” were received as a gift from synpure labs India pvt. Ltd. High-quality
analytical grade reagents, including Triethylamine, Acetonitrile (ACN), Orthophosphoric acid (OPA),
HCL, NAOH, and H,O, were procured from Merck. Milli-Q grade water was utilized for the analysis.

Analytical Quality by Design
Analytical Target Profile (ATP) and Critical Analytical Attribute (CAA)

Establishing the definition of ATP represents the initial stage in adopting a Quality by Design
(QbD) approach. This entails the careful selection of elements, including Critical Method Parameters
(CMP) and Critical Analytical Attributes (CAA), to attain the desired ATP. Variations in CMPs can
influence CAAs, and as such, they should be closely examined and managed to ensure the intended
quality.

Every CMP was categorically assigned as either high or low risk levels, taking into consideration
the likelihood of risk occurrence and the seriousness of potential impacts on the CAAs. Potential CAAs
were identified among numerous quality attributes using relevant information and from available
literature. These attributes, directly impact the analytical method's quality and safety. In this particular
study, specific factors such as Relative Standard Deviation (RSD), assay on a dried basis, and tailing
factor were designated as CAAs.
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Risk Assessment (RA)

The ICH Q8 and Q9 guideline outline a risk-based strategy for defining the Quality Target
Product Profile (QTPP), which is equivalent to the ATP. The guidelines place strong emphasis on
ensuring that analytical methods are rugged and robust, with a specific focus on RA studies. In the
context of method development, RA was conducted to pinpoint the factors with higher risk levels that
could impact the process. For this RA study, a Pareto analysis was employed. A Pareto diagram was
created to identify the CMPs that have a significant impact on the CAAs) when quantifying TFN.

Design of Experiment (DoE)

A critical phase in the process involved the identification of the CMPs that have an impact on
the CAAs, such as RSD, assay on a dried basis, and tailing factor. To achieve improved values for RSD,
assay on a dried basis, and tailing factor, a Design of Experiments (DoE) approach was employed. This
approach involved varying the flow rate, adjusting the pH of the buffer, and modifying the buffer
concentration [9]. Following the initial preliminary studies, a 23 total factorial design was employed to
optimize the method. A total of eight experiments were conducted to investigate the impact of three
experimental variables: pH (X1), flow rate (X2), and buffer concentration (X3) on the CAAs,
specifically RSD (Y1), assay on a dried basis (Y2), and tailing factor (Y3), at three different levels. The
data generated from these experimental runs were analyzed using Design-ExpertR software (version 11,
Stat-Ease, Minneapolis, USA).

Statistical Analysis and Optimization

Statistical analysis and the method optimization were conducted using Design-ExpertR software,
specifically version 11 from M/s Stat-Ease in Minneapolis, USA. The results from the eight
experimental trials conducted as part of the 23 total factorial design underwent Multiple Linear
Regression Analysis. ANOVA was carried out, and any observed variations were considered statistically
significant if the p-value was below 0.05.

Experimental
Instrumentation

The HPLC Waters Alliance 2695 system was utilized for the analysis, coupled with a PDA model
2998, and the empower chromatographic software. Several other pieces of equipment were utilized for
the analysis, including an analytical balance from Shimadzu in Japan, a pH meter (Elico, model LI-120),
an oven from Thermolab, and a hot air oven from Heraeus.

Chromatographic Conditions

The RP-HPLC method was created and subjected to validation using a Waters HPLC system in
conjunction with a YMC-triart column measuring 125cm x 4.0 mm x 5.0 um. The method was
configured with the following parameters: 1.0 ml/min flow rate, a detection wavelength of 210 nm,
analysis at ambient temperature, a 10ul injection volume, and a total run time of 20 minutes. The mobile
phase consisted of 0.5% triethylamine buffer with pH adjusted to 4.0 (= 0.05) using diluted OPA.
Isocratic elution was employed with the mobile phase composed of a 65:35 v/v ratio of buffer and ACN.
Notably, the dilution of both standard and sample solutions was carried out using the mobile phase.

Standard Solution

Approximately 50.0 mg of TFN standard was carefully weighed and transferred into a 100 ml
flask. It was then dissolved in approximately 15 ml of ACN and subsequently brought to the mark with
diluent to achieve the desired volume. To obtain a standard solution of 50 pg/ml, 10.0 ml of the
previously prepared solution was further diluted to 100 ml using the diluent.

Sample Solution

Approximately 50.0 mg of the TFN drug substance was precisely weighed and then transferred
into a 100 ml flask. It was dissolved using around 15 ml of ACN and then brought up to the mark by
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adding the diluent to reach the desired volume. Subsequently, a 10.0 ml aliquot of the APl sample
solution was further diluted to 100 ml with the diluent, resulting in a 50 pg/ml AP1 sample solution. This
process of preparing the solution of drug substance was carried out in duplicate for subsequent analysis.

System Suitability Solution

To assess the HPLC system's performance, six consecutive injections were made, starting with a
blank injection, followed by standard solution injections. The system is considered acceptable for
analysis under the following conditions: a) theoretical plate count of at least 2000. b) The tailing factor
should be between 0.8 and 1.5. ¢) The RSD% for the TFN peak area for six replicate injections should
be below 2%.

Validation of Method
Specificity

To validate the analytical method's selectivity for determining the assay content in TFN, the
following steps were taken: a) We created distinct sample solutions for TFN and its associated impurities
(Impurity-D, Impurity-F, Impurity-G, and Impurity-A) in a suitable diluent. These solutions were then
prepared and analyzed. b) Additionally, we analyzed duplicate spiked sample solutions, where each
specified impurity was added to TFN sample solutions to demonstrate the method's selectivity.

Precision

System precision was assessed by injecting a standard TFN solution at a concentration of 50
pg/ml, conducting six determinations to ensure the system's suitability. Method precision was
determined by analyzing a standard TFN solution at a concentration of 50 pug/ml through six replicate
determinations to measure assay accuracy. Intermediate precision was evaluated by examining the
variability in results obtained for TFN. This was accomplished by analyzing six replicate sample
preparations, all prepared at the working concentration, with different analysts using different
instruments on separate days.

Linearity

To establish the method's linearity, TFN solutions spanning the range of 35 pug/ml to 60 pg/ml,
corresponding to 70.0% to 120.0% of the TFN working concentration, were employed. Sample solutions
of TFN within this specified range were prepared and subjected to duplicate analysis in accordance with
the method.

Accuracy

To assess accuracy, samples were prepared at three different concentration levels, and each level's
solutions were replicated three times, resulting in a total of nine determinations. These concentrations
included 80.0%, 100.0%, and 120.0% of the working concentration.

Robustness

To evaluate the method's robustness in determining the assay, we conducted an analysis of the
TFN standard solution while intentionally modifying parameters such as pH, flow rate, and buffer
strength. The changes made to the method were used to derive system suitability results, demonstrating
the method's robustness.

Solution Stability

Samples of the TFN solution and standard solution, both at 100.0% of the working
concentration, were maintained at room temperature (between 22-27°C). The solutions' stability was
assessed at three different time points: initially, after 24 hours, and after 48 hours.
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RESULT AND DISCUSSION
Quality by Design Paradigm

The QbD paradigm is a comprehensive and technical approach that employs various statistical,
economic, and planning tools, as well as risk assessment techniques, to establish a design space, control
strategy, and continuous improvement in various industries. QbD is widely used to enhance method
robustness, bridge quality gaps, and reduce instances of failure. In this study, an AQbD approach was
applied to plan and execute the development of an analytical method for estimating teriflunomide in the
presence of process-related impurities. In the QbD framework, the establishment and execution of an
ATP were outlined as the primary phase in the development of the analytical method to attain the
specified objectives. The ATP provides a systematic framework for the development of a method,
guiding the process. It aided in selecting CAAs necessary for quantifying TFN. In order to reduce
inaccuracies and pinpoint potential high-risk factors impacting the proposed quantification of TFN in
CAAs, a comprehensive risk assessment study was undertaken. A Pareto chart was formulated
specifically for this analysis. The Pareto chart is a valuable tool for assessing the significant factors,
where effects surpassing the Bonferroni Limit are highly likely to be significant, those exceeding the t-
value limit are potentially significant, and effects below the t-value limit are unlikely to be significant.
The Pareto chart indicates that each of the chosen factors has significant effects on the selected
responses, with their importance ranked in a descending order.: For response 1, X2 > X3 >X2X3>X1X3
(Figure 2). For response 2, X3 > X1>X1X2 (Figure 3). For response 3 only X3 has significant effect as
shown in Figure 4. The model's validity was confirmed through the ANOVA using Design Expert
software. The equation, enables predictions to be made regarding the response at particular levels of
each factor. The equation functions as a useful tool to evaluate the relative influence of the factors by
analyzing and comparing their coefficients. If the model's p-value is greater than 0.05, it indicates that
the factors have an insignificant effect on the response, signifying the method's robustness. The low
standard deviation (expressed as the percentage coefficient of variance, CV) and the satisfactory
precision demonstrate a strong correlation between the experimental data and the fitted models.
Synergism and antagonism effects are indicated by the positive and negative signs in the equation,
respectively. The desirability value, which is closest to 1 as shown in Figure 5, conveys the dependability
of the optimization approach. These results revealed that the actual values of the variables align well
with the predicted values of the method.
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Development of Analytical Method

A method for estimating the concentration of TFN and its impurities was developed on RP-HPLC.
The separation of TFN from its impurities was achieved on a YMC-Triart Hybrid silica-based C18
column with specific dimensions: 125 cm length, 4.0 mm i.d, and 5.0 pm particle size. To separate the
compounds, a mobile phase consisting of a 65:35 v/v mixture of buffer and ACN was used. The buffer
contained 0.5% Triethylamine and had its pH adjusted to 4.0 (= 0.05) using diluted orthophosphoric
acid. Isocratic elution was employed with a 1.0 ml/min flow rate at ambient conditions. Detection of the
compounds was performed at a wavelength of 210 nm. A 10 pl sample was injected for analysis, and
the total runtime for the procedure was 20 minutes.

Method Validation
System suitability

A standard solution with a concentration of 50 pg/ml was prepared and subjected to the proposed
method to evaluate system suitability during tests for specificity. In the first injection of the standard
solution, it was observed that the theoretical plates count exceeded 2000 for the parameter being tested.
The tailing factor for the TFN peak fell within the range of 1.2 to 1.3 in the first injection of the standard
solution for the parameter under examination. The RSD% for the TFN peak area, determined from six
replicate injections of the standard solution conducted throughout the run, was found to be 0.62% for
the system suitability. The results are tabulated in (Table 1).

Table 1. System suitability parameters

Peak | Retention time (Ry) | Theoritical Plates (N) HEPT Tailing Factor | RSD% (n=6)
TFN 5.61 5950 40.728 1.24 0.62
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Specificity

There are no interfering peaks in the blank sample at Ry of the analyte. In the standard solution,
the TFN peak is uniform, and there are no peaks overlapping with it. This investigation demonstrates
that the TFN peak is effectively separated from any known specified impurities. (Figure 6). No
interference is observed in the blank at the Ry of the TFN peak. (Table 2). The method was employed
on both bulk and spiked samples. The variance in assay values between the sample solution and the
spiked sample is -0.3% (Table 3). Hence, the method exhibits selectivity in accurately determining the
assay of the TFN drug substance.
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Figure 6. Chromatograms of A) Blank B) Standard solution C) Spiked solution

Table 2. Summary of Ry, Rr ratio for TFN and specified impurities

Peak name Rt (min.) Rt ratio
Impurity-D 1.09 0.19
TFN 5.60 1.00
Impurity-F 8.24 1.47
Impurity-G 9.60 1.71
Impurity-A 11.27 2.01
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Table 3. Assay values (w/w%) for TFN sample and spiked sample

S No Preparations % Average Assay of Difference of assay values between
T P TFN(w/w9%)on driedbasis unspiked and spiked samples
1 Sample Solution 99.9
-0.3
2 | Spiked sample Solution 100.2
Precision

System precision analysis was conducted, revealing a RSD% of 0.62% for the TFN peak area at
the working concentration. The method precision assessment was carried out, resulting in an average
assay of 100.1% w/w and a RSD% of 0.46 for six TFN preparations at the 100% working concentration.
Various analysts evaluated intermediate precision by employing on different days., and it showed a bias

of -0.1 in the determination of TFN assay content. Results are summarized in Table 4.

Table 4. Precision at intermediate level

Sample ID Analyst (1) /Day (1) / TFN Analyst (2) /Day (2) TFEN Bias
(W/w9%) (w/w9%)
S-1 100.5 99.9 0.6
S-2 100.7 100.5 0.2
S-3 99.7 100.1 -0.4
S-4 99.5 100.0 -0.5
S-5 100.1 100.1 0.0
S-6 100.1 100.6 -0.5
Avg. (W/w%) 100.1 100.2 -0.1
SD 0.45 0.28
RSD% 0.46 0.28
Over all RS!D% 0.37
(12 preparations) '

Linearity

Table 5. Linearity Table for TFN

The obtained results for linearity are presented in Table 5, which displays the best-fit line for the
average peak area in relation to the TFN concentration. The linearity results for TFN within the defined
concentration range are deemed acceptable, as they exhibit a correlation coefficient (R) exceeding 0.999.

Level Concentration (ng/ml) Average peak area
70.0% 35 1530109
80.0% 40 1740125
90.0% 45 1951691
100.0% 50 2177901
110.0% 55 2414204
120.0% 60 2613053

Slope 43790.52

Intercept -8821.9
Correlation coefficient (R) 0.9997
R? 0.9995
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Accuracy

The percentage recovery values are obtained for TFN in the range of 98.8% to 101.2%. The
RSD% values for TFN recoveries are in the range of 0.20% to 1.13%. The percentage recovery results
obtained for TFN is listed in Table 6.

Table 6. Accuracy test

Level Theoretical concentration | Measured concentration Recovery % | Average | RSD %
(ng/ ml) (ng / ml)
40.6 40.1 98.8
80% Level 40.0 40.4 101.0 99.8 1.13
40.6 40.4 99.5
. 50.2 50.6 100.8
100% 50.2 50.5 100.6 100.6 0.20
Level
50.5 50.7 100.4
120 60.5 60.9 100.7
0
Level 60.2 60.9 101.2 100.7 0.50
60.5 60.6 100.2
Range

The method's range was established based on the data from linearity and accuracy assessments.
The method's range spans from 30 to 60 pg/ml.

Robustness

The method robustness was confirmed by intentionally altering the method parameters. The TFN
peak’s tailing factor fell within the range of 1.1 to 1.4, and the number of theoretical plates was in the
range of 4258 to 6272 in the standard solution. The RSD% ranged from 0.20% to 0.75% for six replicate
injections of the standard solution. Significant changes in the assay value were not observed when
examining robustness parameters, including variations in flow rate, mobile phase composition, buffer
strength, injection volume, and buffer pH. During the robustness study, the retention time (Rr) of the
TFN peak fluctuated between 4.64 minutes and 6.19 minutes, and the assay values on a dried basis
ranged from 99.4% w/w to 100.8% w/w (Table 7).

Table 7. The system suitability data for robustness study

Validation Parameter Retention Average assay
(Robustness) Time (% wiw)

1) Actual condition 5.77 100.6
2) Mobile phase ratio 66:34 6.11 100.5
3) Mobile phase ratio 64:36 4.64 100.8
4) Buffer pH : 4.1 5.36 99.8
5) BufferpH: 3.9 5.28 100.8
6) 0.6% Triethylamine Buffer 5.01 100.1
7) 0.4% Triethylamine Buffer 4.81 99.7
8) Flow rate: 1.1 ml/min 5.10 99.7
9) Flow rate: 0.9 ml/min 6.19 99.9
10) Injection volume: 5 pl 5.78 100.4
11) Injection volume: 15 pl 5.76 99.4
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Solution Stability

There is no substantial change in the assay observed for both the standard and sample solutions
over a 48-hour period when stored at room temperature. The assay values exhibited a minimal variation,
with a RSD of 1.24% for the standard solution and for the sample solution with RSD of 1.32%. The
results consistently fell within the acceptable range, RSD values below 2%, demonstrating high
precision and reliability of the method. According to the provided data, it can be concluded that both the
standard and sample solutions remain stable for up to 48 hours at room temperature.

Conclusion

A rapid HPLC method was systematically developed for the estmation of TFN alongside its
production related impurities. The optimization process involved careful adjustment of the mobile phase
and chromatography specifications to achieve optimal peak parameters. The resulting method was
extensively validated, confirming its sensitivity, precision, linearity across the studied concentration
range, accuracy, and robustness in detecting TFN in the presence of its production related impurities.
Utilizing Total Factorial Design as a QbD tool allowed for a comprehensive exploration of various
factors' effects on the responses. This analysis affirmed that the TFN peak was effectively separated
from other specified impurities. The developed analytical method was rigorously validated following
the ICH guidelines, establishing its selectivity in determining the assay of TFN drug substance.
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ORIGINAL ARTICLE / OZGUN MAKALE

IN SILICO TRIAL APPROACHES BETWEEN PHYTOCHEMICAL
COMPOSITION OF VERBENA OFFICINALIS AND LIVER CANCER
TARGETS

VERBENA OFFICINALIS'/N FITOK/MYASAL BILESIMI ILE KARACIGER KANSERI
HEDEFLER/ ARASINDAK/ /N S/ILIKO DENEME YAKLASIMLARI

Hatice AKKAYA (), Aydin OZMALDAR?

IHealth Sciences University, Faculty of Pharmacy, Department of Biochemistry, 34668, Istanbul, Tiirkiye
2Krosgen Biotechnology, Department of IT, 34750, Istanbul, Tiirkiye

ABSTRACT

Objective: The abundance of bioactive metabolites in Verbena officinalis explains the biological
benefits and folkloric use of the plant. Liver cancer is an extremely heterogeneous malignant disease
compared to other defined tumors. To explore the potential therapeutic value of bioactive
metabolites in Verbena officinalis, this study aimed to filter secondary metabolites, conduct ADME-
Tox assessments, perform drug similarity tests, and analyze with molecular dynamic simulations.
The objective was to evaluate how potential drug candidates derived from Verbena officinalis
behave in biological systems and assess their potential toxicity risks.

Material and Method: Ligands selected from the ADME assay were utilized in in silico molecular
docking studies against Glucose-6-phosphate dehydrogenase enzyme in the oxidative part of the
pentose phosphate pathway, which is crucial for liver diseases. These studies were conducted using
Autodock Vina embedded in Chimera 1.16. Molecular dynamics simulations were performed with
the AMBERI16.

Result and Discussion: When the ADME test results were evaluated, 88 secondary metabolites
were identified as ligands. Among all the ligands evaluated against Glucose-6-phosphate
dehydrogenase enzyme, which is the key enzyme of the pentose phosphate pathway, quercetin
flavonoid was determined to be the most active ligand with a docking score of -8.1 kcal/mol and
binding energy of -118.51 kcal/mol. A molecular dynamics simulation performed for 300
nanoseconds confirmed that quercetin can remain stable in its microenvironment. The activity of
this metabolite is worthy of further testing in vitro and in vivo as it may highlight a therapeutic
modality within the pentose phosphate pathway.

Keywords: In silico, liver cancer, pentose phosphate pathway, toxicitiy, Verbena officinalis

oz

Amac: Verbena officinalis bitkisinde bulunan biyoaktif metabolitlerin bollugu, bitkinin biyolojik
faydalarini ve halk arasindaki kullanimini agiklar. Karaciger kanseri, diger tanimlanmug tiimérlere
kiyasla son derece heterojen kotii huylu bir hastaliktir. Verbena officinalis'teki biyoaktif
metabolitlerin potansiyel terapotik degerini kesfetmek icin, bu c¢alisma ikincil metabolitleri
filtrelemeyi, ADME-Tox degerlendirmeleri yapmayi, ila¢ benzerlik testleri gerceklestirmeyi ve

molekiiler dinamik simiilasyonlart ile analiz etmeyi amag¢lamistir. Hedef, Verbena officinalis'ten
elde edilen potansiyel ila¢ adaylarmmin biyolojik sistemlerde nasil davrandigini degerlendirmek,
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potansiyel toksisite risklerini degerlendirmekti.

Gerec¢ ve Yontem: ADME testinden segilen ligandlar, karaciger hastaliklari i¢in onemli olan
pentoz fosfat yolunun oksidatif kismindaki Glukoz-6-fosfat dehidrogenaz enzimi icin in siliko
molekiiler baglanma ¢alismalarinda kullanildi. Bu ¢alismalar Chimera 1.16'va gomiilii Autodock
Vina kullanilarak gergeklestirildi. Molekiiler dinamik simiilasyonlart AMBERI16 programi ile
gerceklestirildi.

Sonug¢ ve Tartisma: ADME test sonuglart degerlendirildiginde, 88 sekonder metabolit ligand
olarak belirlendi. Pentoz fosfat yolunun anahtar enzimi olan Glukoz-6-fosfat dehidrogenaz enzimine
karsi degerlendirilen tiim ligandlar arasinda, kuersetin flavonoidi, -8.1 kcal/mol baglanma skoru ve
-118.51 kcal/mol baglanma enerjisi ile en etkin ligand olarak belirlendi. 300 nanosaniye boyunca
yapilan molekiiler dinamik simiilasyonu ise quercetinin bulundugu mikrogevrede stabil olarak
kalabildigini dogrulad:. Bu metabolitin aktivitesi, pentoz fosfat yolu iginde terapotik bir modaliteyi
ortaya koyabilecegi icin in vitro ve in vivo testlerle daha ileri incelenmeye degerdir.

Anahtar Kelimeler: In siliko, karaciger kanseri, pentoz fosfat yolu, toksisite, Verbena officinalis

INTRODUCTION

Computer-aided drug discovery (CADD) plays a pivotal role in identifying and optimizing hit
compounds, thus advancing them through the drug discovery pipeline [1]. Its interdisciplinary essence,
incorporating chemoinformatics, bioinformatics, molecular modeling, and data mining, has notably
contributed to the endeavors of drug discovery. The integration of artificial intelligence, especially
machine learning and deep learning, has propelled CADD's progress in recent years [2]. Despite
encountering challenges and occasional disillusionments stemming from misuse and inflated
expectations, CADD remains an indispensable tool in modern drug discovery initiatives [3].

Moreover, in the realm of drug discovery, Verbena officinalis (V. officinalis) is the main species
in the genus Verbena of the Verbenaceae family [4]. This family has more than a thousand species,
consisting of trees, shrubs, as well as herbaceous plants [5]. A monograph on "Vervain herb" was
published in the European Pharmacopoeia (6th Edition) in 2008 regarding this plant, which is known as
a traditional medicinal raw material. The main groups of secondary metabolites of V. officinalis herb,
which has a rich chemical composition, consist of iridoids, phenylpropanoid glycosides, flavonoids,
phenolic acids, terpenoids, carbohydrates, sterols, fatty acids and essential oils [6]. Therapeutic practices
using V. officinalis plant extracts, which are used in traditional medicine as well as traditional Chinese
medicine, are supported by scientific evidence [7,8]. It is known that V. officinalis plant helps in the
treatment of urinary tract disorders, has supportive properties in the treatment of menstrual disorders
[9,10], nervous system disorders [11] malaria and rheumatism.

In addition to being an antimicrobial and secretolytic raw material, it has also been stated to be
an anti-inflammatory and antibacterial agent in skin diseases [10]. It has been stated that V. officinalis
inhibits the mechanism or execution of neuronal apoptosis [12], increases serotonin, norepinephrine and
dopamine levels in nerve terminals [13], its essential oil stimulates apoptosis through caspase-3
activation [14], and its flavonoids and polyphenols have been reported to have a gastroprotective effect
[15]. In addition, it has various biological and pharmacological activities such as analgesic [16],
antioxidant [17], hepatoprotective [18], antinephrosis [19], antiprostatitis [20]. In another study, it was
stated that the anticonvulsant effect of V. officinalis flavonoids and phenolic acid residues probably
occurs through activation of the GABAA receptor [11]. Pentose phosphate pathway (PPP), which is the
important pathway for ribonucleotide synthesis, is the most important source of NADPH (reduced form
of Nicotinamide Adenine Dinucleotide Phosphate), which is of great importance for cellular functions
such as fatty acid synthesis and scavenging of reactive oxygen species [21]. The pentose phosphate
pathway (PPP), in which cancer cells extensively use glucose, branches from glycolysis and is crucial
for cancer cell metabolism. In the oxidative phase of PPP, glucose is converted into glucose 6-phosphate
(G6P), which is then oxidized to 6-phosphogluconolactone by the rate-limiting enzyme glucose 6-
phosphate dehydrogenase (G6PD), producing NADPH. Another source of NADPH in PPP is the
conversion of 6-phosphogluconate into ribose (ribulose) 5-phosphate by 6-phosphogluconate
dehydrogenase (6PGD) [22]. Glucose-6-phosphate dehydrogenase (G6PD) plays a crucial role in liver
cancer, especially hepatocellular carcinoma. Its high expression in hepatocellular carcinoma affects
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energy metabolism and redox balance through the PPP, leading to changes in NADPH levels and
increased oxidative stress, promoting cancer progression. Abnormal activation of G6PD enhances cell
proliferation and survival in hepatocellular carcinoma, making it a potential diagnostic marker closely
associated with patient prognosis [23,24]. Additionally, G6PD is important in other cancers like glioma,
breast cancer, and multiple myeloma, affecting energy metabolism and redox homeostasis [25]. Elevated
G6PD levels in these cancers stimulate cell proliferation by increasing NADPH production and reducing
reactive oxygen species (ROS). Targeting G6PD and the PPP could be a promising therapeutic approach
by disrupting cancer cell growth and survival through modulation of cellular redox balance.

By leveraging "in silico" methods such as molecular docking, ADME-Tox studies, and drug
similarity analyses [26-29], this study aims to evaluate the potential of V. officinalis metabolites as drug
candidates targeting liver cancer. Through the integration of CADD principles with pharmacological
research on V. officinalis, this study represents a multidisciplinary effort to explore novel avenues in
drug discovery and therapeutic interventions.

MATERIAL AND METHOD
Selection of Receptors and Ligands

Through a review of the literature [6,30], metabolites from V. officinalis were collected, and
SMILES notations were extracted from the PubChem database (https://pubchem.ncbi.nlm.nih.gov). The
energy of the molecules was minimized using the Build Structure tool integrated into Chimera, and the
resulting ligands were saved in Mol2 format for docking studies. The target protein G6PD (PDBID:
6E08) was retrieved from the RCSB Protein Data Bank (https://www.rcsb.org/) [31,32]. After removing
small molecules and water molecules from the 3D crystallographic protein structure, polar hydrogen
atoms and charges were added, and the final protein structure was saved as a Mol2 file.

Computer-Based Analysis of Pharmacokinetics and Toxicity Tests

Drug similarity as well as oral bioavailability (Lipinski's rule of 5) [33] of the compounds selected
as drug candidates were evaluated with SwissADME (http://www.swissadme.ch/), which is used
especially to estimate pharmacokinetic properties. Ligands that comply with this rule have been studied
in molecular docking. The ProTox-Il server (http://tox.charite.de/protoc_II;) was used to provide an
estimate of the primary toxicity properties and acute toxicity values of the secondary metabolite of V.
officinalis that was most active based on docking results and to help establish its safety profile for oral
administration [29].

Molecular Docking

The ligand molecule was prepared in PDBQT format and utilized with the AutoDock Vina
command prompt [25]. The active site of the ligand bound to G6PD was determined by averaging the
coordinates of the X, y, and z axes. A grid box search area measuring 25 x 25 x 25 A was defined [32,34].
Following this, the ligands were positioned within the enzyme's active site and the resulting binding
energy (score) between the ligands and targets was computed.

Molecular Dynamic Simulation

The molecular dynamics simulation of the G6PD-quercetin complex was performed with the
AMBER16 package using the ff14SB force field for the protein [35], with a 2-femtosecond time step
in a truncated octahedron box containing 20530 explicit TIP3P water molecules [36]. The molecular
dynamics simulations were performed for a total of 300 nanoseconds (ns). The Antechamber program,
part of AmberTools, was used to parameterize quercetin, and to assign partial charges, RESP fitting
approach was used. Heavy atom-hydrogen bond distances were fixed with SHAKE algorithm, and the
Langevin thermostat was employed to maintain the system's temperature at 310 K. To account for
electrostatic interactions, the Particle Mesh Ewald method was used. Additionally, three sodium ions
(Na*) were introduced to neutralize the system's overall charge.
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Software Used

Windows 10 Microsoft operating system was installed. SwissADME online tool was used for
drug design and evaluation. Protox Il was used to help establish a safety profile via oral routes [29]. The
UCSF Chimera (1.16) program (https://www.cgl.ucsf.edu/chimera/download.html) was run for docking
with AutoDock Vina [28]. Protein and chemical (ligand) structures were searched in Protein Data Bank
(https://www.rcsb.org/) and PubChem, respectively. 1GemDOCK V2.1 was used to calculate the
binding energies of the ligands. For the interaction poses of the resulting complex structure, Plip-tool
(https://plip-tool.biotec.tu-dresden.de/plip-web/plip/index) [37] and ProteinsPlus web servers
(https://proteins.plus/) were used. The AMBER16 program [38] was used for the molecular dynamics
(MD) simulations, which were run on supercomputers at the TUBITAK ULAKBIM High Performance
and Grid Computing Center (TRUBA).

RESULT AND DISCUSSION

In this study, the molecular interactions of phytochemicals contained in V. officinalis, whose
anticoccidial [41] and antioxidant potentials [42] were reported in in silico studies, with G6PD in cancer
treatment were evaluated. It is thought that quercetin, one of the phytochemicals evaluated according to
its pharmacokinetics, pharmacodynamics, drug similarity, physiochemical properties, low binding
affinity value and toxicological analysis, is physiologically active and can be considered as an oral drug.
Cancer cells need to divide and grow rapidly, which requires the production of high amounts of NADPH.
It can be said that reducing the effect of the pentose phosphate pathway by inhibiting G6PD activity is
theoretically a strategy in the treatment of liver cancer and other types of cancer [27,43].

ADME is an approach to study the ADME properties of drugs using computer-based models and
calculations, which plays an important role in drug development processes [44]. Lipinski's Rule of Five
Drug Molecules is a set of guidelines stating that a drug candidate must possess four specific physical
and chemical properties within acceptable limits for its oral bioavailability to be high [33]. The
suitability of 109 compounds belonging to V. officinalis as drug candidates was obtained using the
SwissADME server. According to the results, it was determined that the log P value of all 109
compounds was less than 5, and the molecular weight of 96 compounds was within the acceptable range
(MW<500). The number of H-bond acceptors (<10) and donors (<5) falls within the acceptable range
for 90 and 86 compounds, respectively. 83 compounds were identified in the topological polar surface
area range (TPSA; <140). The number of rotatable bonds is within the acceptable range (<10) for 100
compounds (Table 1). Considering these results, molecular docking studies were applied to investigate
the anticancer activity in the next step. For liver cancer, 87 Verbane-based compounds (iridoids,
flavonoids, phenolic acids, terpenoids, carbohydrates, sterols, fatty acids, essential oils) were used as
ligands, and G6PD was used as the receptor (Table 2). While the binding energy of quercetin was 118.51
kcal/mol, its docking score was determined as -8.1 kcal/mol. According to all the tested ligands, it can
be said that the structure that binds most effectively to G6PD is quercetin. In this way, the
physicochemical properties of the most active structure quercetin determined were examined in more
detail (Table 2). When the complex structure of quercetin and G6PD is examined, hydrophobic
interactions with the amino acid tyrosine (Y480), hydrogen bonds with the amino acids arginine
(Arg366) and aspartate (Asp394), and n-stacking structures with the amino acids tyrosine (Tyr374) and
tryptophan (Trp482) are observed (Figure 1a,b).

In biological systems, molecular recognition is based on the principle of recognizing specific
attractive interactions between two molecules [45]. These interactions may help quercetin and the G6PD
complex fold correctly and enable the desired chemical reactions to occur. Additionally, understanding
how interactions can be controlled at the molecular level may be important for potential drug design or
biotechnological applications (Table 1, Figure 2). When looking at the interactions of the original crystal
structure of G6PD with the nicotinamide adenine dinucleotide phosphate (NADP) ligand [46], it was
observed that it formed H bonds and pi interactions with the same amino acids, but hydrophobic
interactions were not observed. This indicates that the binding conditions of molecular interactions or
molecular conformations have changed. Such changes can sometimes be associated with the emergence
of a binding site where one molecule recognizes or binds to another, sometimes facilitating the binding
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of a ligand to the active site of the protein or providing specificity in molecular recognition processes.
In a related study [47], it was observed that in the different three-dimensional structure (2BH9) of the
G6PD enzyme, quercetin forms four hydrogen bonds with Gly (38), Asp (42), Arg (72), and Arg (246)
amino acids. These diverse binding interactions may impact ligand binding, conformation, and
interaction mechanisms, leading to varied biological effects, inhibitor activities, or therapeutic
properties. Consequently, the formation of distinct amino acid bonds between the same ligand and
enzymes with different three-dimensional structures can result in diverse biological and
pharmacological outcomes.

Table 1. List of pharmacokinetic properties of 109 metabolites of Verbane officinalis

. . . Lipo- Water |Pharmaco- .
Physicochemical properties philicity |Solubility | kinetics Drug-likeness
Number | Number |Number
Compound MV?ILE;ClrJlltar of of of Molar TPSA Log Po/w Logs Gl Lipinski/violation
4 rotatable | H-bond |H-bond | Refractivity | (A2) 4 (ESOL) | absorbtion P
(gr/mol)
bonds |acceptors |donors
1 verbenalin 388.37 5 10 4 86.4 151.98 2.19 -0.97 Low Yes; 0 violation
2 hastatoside 210.23 2 4 0 52.86 52.60 2.10 -1.40 High Yes; 0 violation
7-hydroxy- . 5 vinlatinne:
No; 2 violations:
3 dehydrp- 418.35 5 12 6 88.70 192.44 1.37 -0.63 Low NorO>10, NHorOH>5
hastatoside
. Yes; 1 violation:
4 aucubin 346.33 4 9 6 77.15 149.07 1.44 0.18 Low NHorOH>5
5 | verbeofflin 240.21 5 5 1 57.42 57.42 171 -1.54 High Yes; 0 violation
No; 3 violations:
6 | verbascoside | 624.59 11 15 9 148.12  [245.29 3.00 -2.87 Low MW>500, NorO>10,
NHorOH>5
2 A-diacetyl-O- No; 3 violations:
717 Y 708.66 15 17 7 16790 [257.43 3.06 -3.82 Low MW>500, NorO>10,
verbascoside
NHorOH>5
No; 3 violations:
8 [sover-bascoside| 624.6 11 15 9 148.42 245.29 2.33 -4.18 Low MW>500, NorO>10,
NHorOH>5
No; 3 violations:
4-acetyl-O-
9 . 666.6 13 16 8 158.16 251.36| 3.16 -3.35 Low MW>500, NorO>10,
soverbas-coside
NHorOH>5
3 A-diacetyl-O- No; 3 violations:
10 séverbas—?:/oside 708.66 15 17 7 167.9 257.43 3.00 -5.62 Low MW>500, NorO>10,
NHorOH>5
No; 3 violations:
11 | eukovoside 666.6 13 16 8 157.9 251.36 2.27 -4.61 Low MW>500, NorO>10,
NHorOH>5
12 |campenoside Il | 490.5 8 10 4 120.82 151.98 3.26 -3.03 Low Yes; 0 violation
No; 3 violations:
13 |betonyoside A | 654.6 12 16 9 154.05 25452 | 3.20 -2.49 Low MW>500, NorO>10,
NHorOH>5
No; 3 violations:
14 | cistanoside D 652.6 13 15 7 157.36 223.29 2.59 -3.32 Low MW>500, NorO>10,
NHorOH>5
Leucoscen- No; 3 violations:
15 toside P 638.6 12 15 8 152.89  [234.29 2.78 -3.09 Low MW>500, NorO>10,
NHorOH>5
5,7,4°-Tri-
16 | hydroxy-8- 300.26 2 6 3 80.48 100.13| 2.25 -3.99 High Yes; 0 violation
nethoxy-flavone
17 diosmetin 300.26 2 6 3 80.48 100.13 2.47 -4.06 High Yes; 0 violation
18 | artemetin 388.4 6 8 1 102.40 96.59 3.59 -4.44 High Yes; 0 violation
19 quercetin 302.23 1 7 5 78.03 131.36 1.63 -3.16 High Yes; 0 violation
20 | kaempferol 286.24 1 6 4 76.01 111.13 1.7 -3.31 High Yes; 0 violation
21 Luteolin 286.24 1 6 4 76.01 111.13 1.86 -3.71 High Yes; 0 violation
luteolin 7-O- No; 3 violations:
22 dialucuronide 638.5 7 18 10 141.33 303.57 1.16 -3.23 Low MW>500, NorO>10,
Y NHorOH>5
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Table 1 (continue). List of pharmacokinetic properties of 109 metabolites of Verbane officinalis

. . . Lipo- Water |Pharmaco- :
Physicochemical properties philicity |Solubility | kinetics Drug-likeness
Number | Number |Number
Compound Mv?/LeiglrJ]Lar of of of MOIE_“. TPSA Log Po/w LogS Gl - Lipinski/violation
rotatable | H-bond |H-bond | Refractivity | (A2) (ESOL) | absorbtion
(gr/mol)
bonds  |acceptors | donors
luteolin 7-O- No; 2 violations:
23 glucuronide 462.4 4 12 7 108.74 207.35 1.55 -3.41 Low NorO>10, NHorOH>5
luteolin 7-O- No; 2 violations:
24 glucoside 448.4 4 11 7 108.13  [190.28 1.83 -3.65 Low NorO>10, NHorOH>5
6-hydroxy- A
. No; 2 violations:
25 glll;/t(?gslilge 464.4 4 12 8 110.16  (210.51 1.67 -3.51 Low NorO>10, NHorOH>5
luteolin-7-O- No; 3 violations:
26 rutinoside 610.5 7 16 10 140.52 269.43| 281 -3.0 Low MW>500, NorO>10,
NHorOH>5
27 apigenin 270.24 1 5 3 73.99 90.90 1.89 -3.94 High Yes; 0 violation
N No; 3 violations:
28 g‘f'lgjgfr‘ozuge 622.5 7 17 9 13971 (28334 | 2.03 -3.36 Low  |MW>500, NorO>10,
9 NHorOH>5
2g | BPigenin 7-0- |35 1g 4 10 6 10611 17005 | 217 -3.78 Low Yes; 1 violation:
glucoside ) ' ' ' ) NHorOH>5
30 | isoramnetin 316.26 2 7 4 82.50 120.36 2 -3.89 High Yes; 0 violation
31 pedalitin 316.26 2 7 4 82.50 120.36| 1.25 -3.76 High Yes; 0 violation
32 | scutellarein 286.24 1 6 4 76.01 111.13 2.08 -3.79 High Yes; 0 violation
cutellarein 7-O- No; 2 violations:
33 glucuronide 462.4 4 12 7 108.74 20735 111 -3.27 Low NorO>10, NHorOH>5
cutellarein 7-O- No; 2 violations:
34 glucoside 448.4 4 11 7 108.13 190.28| 1.75 -3.05 Low NorO>10, NHorOH>5
L, . . Yes; 1 violation:
35 thlorogenic acid| 354.31 5 9 6 83.50 164.75 0.96 -1.62 Low NHOrOH>5
36 | ferulic acid 194.18 3 4 2 51.63 66.76 1.62 -2.11 High Yes; 0 violation
37 pmtogi}g‘:h“'c 154.12 1 4 3 3745 |7776 | 066 -1.86 High Yes; 0 violation
4,5-0- No; 3 violations:
38 (icaffeoyl-quinic| 516.4 9 12 7 126.9 211.28 1.25 -3.65 Low MW>500, NorO>10,
acid NHorOH>5
. No; 3 violations:
39 lsu‘fr'ﬁi‘f;‘é‘l’g" 516.4 9 12 7 1269 |21128 | 111 -3.65 Low | MW>500, NorO>10,
4 NHorOH>5
40 msr;‘:i:;“'c 360.3 7 8 5 0140 (14452 | 1.17 -3.44 Low Yes; 0 violation
41 carnosol 3304 1 4 2 92.83 66.76 297 -4.77 High Yes; 0 violation
42 |carnosolic acid | 348.4 2 5 4 96.59 97.99 2.33 -4.31 High Yes; 0 violation
43| rosmanol 346.4 1 5 3 93.99 86.99 2.50 -4.25 High Yes; 0 violation
44 | isorosmanol 346.4 1 5 3 93.99 86.99 2.59 -4.25 High Yes; 0 violation
. . Yes; 1 violation:
45 | ursolic acid 456.7 1 3 2 136.91 57.53 3.71 -7.23 Low MLOGP>4.15
. . . Yes; 1 violation:
46 B-epiursolic acid| 456.7 1 3 2 136.91 57.53 371 -7.23 Low MLOGP>4.15
47 | arabinose 150.13 0 5 4 29.77 90.15 -0.39 1.13 Low Yes; 0 violation
48 galactose 180.16 1 6 5 35.74 110.38 0.24 1.15 Low Yes; 0 violation
49 Jalacturonic acid| 194.14 1 7 5 36.35 127.45 -0.19 0.50 Low Yes; 0 violation
50 glucose 180.16 1 6 5 35.74 110.38 0.24 1.15 Low Yes; 0 violation
51 mannose 180.16 1 6 5 35.74 110.38 0.24 1.15 Low Yes; 0 violation
52 rhamnose 164.16 0 5 4 34.57 90.15 0.66 0.46 High Yes; 0 violation
53 Xylose 150.13 0 5 4 29.77 90.15 -0.39 1.13 Low Yes; 0 violation
. Yes; 1 violation:
54 | stigmasterol 370.61 4 1 1 118.33 20.23 453 -6.67 Low MLOGP>4.15
55 | daucosterol | 57685 | 9 6 4 16561 9938 | 498 | -7.70 Low Yes; 1 violation:

MW>500
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Table 1 (continue). List of pharmacokinetic properties of 109 metabolites of Verbane officinalis

. . . Lipo- Water |Pharmaco- :
Physicochemical properties philicity |Solubility | kinetics Drug-likeness
Number | Number [Number
Compound Mv?/LeiglrJ]Lar of of of MOIE_“. TPSA Log Po/w LogS Gl - Lipinski/violation
rotatable | H-bond |H-bond | Refractivity | (A2) (ESOL) | absorbtion
(gr/mol)
bonds  |acceptors | donors
. Yes; 1 violation:
56 | B-sitosterol 414.71 6 1 1 133.23 20.23 4.79 -7.90 Low MLOGP>4.15
57 fcornudentanone | 378.5 15 5 0 107.58 69.67 4.08 -4.99 High Yes; 0 violation
. . . Yes; 1 violation:
58 | oleic acid 2825 15 2 1 89.94 37.30 4.27 -5.41 High MLOGP>4.15
3-epioleanolic Yes; 1 violation:
59 acid 456.7 1 3 2 136.65 57.53 3.89 -7.32 Low MLOGP>4.15
go | 'sobornyl 182.26 2 2 0 5192 |2630 | 243 -3.55 High Yes; 0 violation
formate
61 |citral (geranial) | 152.23 4 1 0 49.44 17.07 247 -2.43 High Yes; 0 violation
62 limonene 136.23 1 0 0 47.12 0.00 272 -3.50 Low Yes; 0 violation
63 carvone 150.22 1 1 0 47.32 17.07 2.27 -2.41 High Yes; 0 violation
64 | 1.8-cineole 154.25 0 1 0 47.12 9.23 2.58 -2.52 High Yes; 0 violation
65 | hepten-3-one 112.17 4 1 0 35.49 17.07 2.03 -1.47 High Yes; 0 violation
66 | o-terpineol 154.25 1 1 1 48.80 20.23 2.51 -2.87 High Yes; 0 violation
67 anethole 148.20 2 1 0 47.83 9.23 2.55 -3.11 High Yes; 0 violation
. Yes; 1 violation:
68 B-pinene 136.23 0 0 0 45.22 0.00 2.59 -3.31 Low MLOGP>4.15
69 thymol 150.22 1 1 1 48.01 20.23 2.32 -3.19 High Yes; 0 violation
methyl . S
70 heptenone 126.20 3 1 0 40.30 17.07 2.23 -1.61 High Yes; 0 violation
71 carvacrol 150.22 1 1 1 48.01 20.23 2.24 -3.31 High Yes; 0 violation
72 | trans-carveol | 152.23 1 1 1 48.28 20.23 2.50 -2.68 High Yes; 0 violation
73 | isopiperitone | 152.23 1 1 1 47.80 17.07 2.38 -2.51 High Yes; 0 violation
. Yes; 1 violation:
74 a-pinene 136.23 0 0 0 45.22 0.00 2.63 -3.51 Low MLOGP>4.15
75 | piperitone 152.23 1 1 0 47.80 17.07 2.38 -2.51 High Yes; 0 violation
76 | cis-carveol 152.23 1 1 1 48.28 20.23 2.50 -2.68 High Yes; 0 violation
77 | terpinen-4-ol | 154.25 1 1 1 48.80 20.23 2.51 2.78 High Yes; 0 violation
78 |p-phellandrene | 136.23 1 0 0 47.12 0.00 2.65 -2.79 Low Yes; 0 violation
79 geraniol 154.25 4 1 1 50.40 20.23 2.75 -2.78 High Yes; 0 violation
80 | p-terpineol 154.25 1 1 1 48.80 20.23 241 -2.32 High Yes; 0 violation
. Yes; 1 violation:
81 sabinene 136.23 1 0 0 45.22 0.00 2.65 -2.57 Low MLOGP>4.15
82 cinerone 150.22 2 1 0 47.32 17.07 2.39 -1.75 High Yes; 0 violation
Yes; 1 violation:
83 | p-cymene 134.22 1 0 0 45.99 0.00 251 -3.63 Low MLOGP>4.15
84 nerol 154.25 4 1 1 50.40 20.23 2.75 -2.78 High Yes; 0 violation
85 linalol 154.25 4 1 1 50.44 20.23 2.70 -2.40 High Yes; 0 violation
86 | (E)-B-ocimene | 136.23 3 0 0 48.76 0.00 2.80 -3.17 Low Yes; 0 violation
87 borneol 154.25 0 1 1 46.60 20.23 2.29 -2.51 High Yes; 0 violation
iso- . P
88 pinocamphone 152.23 0 1 0 45.90 17.07 2.18 -2.21 High Yes; 0 violation
Yes; 1 violation:
89 | o-cymene 134.22 1 0 0 45.99 0.00 243 -3.81 Low MLOGP>4.15
90 | y-terpinene 136.23 1 0 0 47.12 0.00 273 -3.45 Low Yes; 0 violation
91 Carygf(:‘g’;'e“e 220.35 0 1 1 6827 | 1253 | 3.5 -3.45 High Yes; 0 violation
92 | spathulenol 220.35 0 1 1 68.34 20.23 2.88 -3.17 High Yes; 0 violation
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Table 1 (continue). List of pharmacokinetic properties of 109 metabolites of Verbane officinalis

Physicochemical properties prlqiilpi)(?i:cy Sc\),IYJat;[ﬁirty Ptll?r:;r;i:?- Drug-likeness
Compound MV(\)/:;;':]I,[ar Nu(r)nfber Nug}ber N”g‘fber Molar | TPSA Log Poiw | 098 Gl Lipinski/violation
(gr/mol) rot;(g’:iibsle al;t:otnd I(—ji-bond Refractivity | (A2 (ESOL) | absorbtion
ptors onors . .

93 | o-curcumane | 20233 | 4 0 0 6955 | 000 | 350 | -452 Low vesi 1 violation:
94 p-caryophyllene | 204.35 0 0 0 6878 | 000 | 320 | -387 Low vesi 1 violation:
95 |[trans-nerolidol | 222.37 7 1 1 74.00 20.23 3.64 -3.80 High Yes; 0 violation
96 icﬁ‘;;?%efe‘j]‘giphe 204.35 1 0 0 69.04 | 000 | 333 -4.00 Low Y&iééﬂiﬁfg:
97 | s-cadinene | 204.35 1 0 0 69.04 | 000 | 332 | -343 Low vesi L iolation:
98 | germacene D | 204.35 1 0 0 7068 [ 000 | 332 | -403 Low | Teslviolation
99 | a-muurolene | 204.35 1 0 0 69.04 | 000 | 338 | -361 Low oS, L ylolation
100 J'Cyc'oggrmacre 204.35 0 0 0 6878 | 000 | 334 | -372 Low Y&Téég’lit_'fg:
101 f('ig’g“é‘l’e'ﬁe 20435 | 1 0 0 6904 | 000 | 333 | -400 Low | Yeudviolation
102 Socag’)zz'e‘y'e”e 220.35 0 1 1 6827 |1253 | 315 | -345 High Yes; 0 violation
103| B-cedrene | 204.35 0 0 0 6688 | 000 | 318 | -416 Low | Yeudviolation
104| a-copaene | 20435 1 0 0 6714 | 000 | 340 | -3.86 Low ves; L viojation:
105 p-clemene | 20435 | 3 0 0 7042|000 | 337 | -476 Low | Yeudviolation
106| B-cubenene | 204.35 1 0 0 6714 |000 | 339 | -401 Low | el violation
107| o-humulene | 20435 0 0 0 7042|000 | 327 | -3.97 Low ves; L viojation:
108 fi-7-epi-selinene | 204.35 1 0 0 6878 | 000 | 331 | -432 Low | Yeudviolation
109| isoledene | 204.35 0 0 0 6714 | 000 | 326 | -367 Low Y&iééﬂiﬁfg:

Table 2. Binding energies and affinities of 88 ligands selected from Verbena officinalis to the GGPDH
protein structure

Group of metabolites Compounds Pubchem CID| Binding energy (kcal/mol) | Binding affinity (kcal/mol)
Iridoids
hastatoside 92043450 -105.7 -6.8
verbeofflin 101875571 -99.33 -5.9
Flavonoids

5,7,4’-Trihydroxy-8-

methoxyflavone 5322078 -109.45 -7.3
diosmetin 5281612 -109.88 -8.1
artemetin 5320351 -109.18 -7.0
quercetin 5280343 -115.06 -8.1

kaempferol 5280863 -105.61 -7.9
luteolin 5280445 -113.43 -8.0
apigenin 5280443 -99.62 -7.9
isoramnetin 5280681 -115.09 -7.8
pedalitin 31161 -106.91 -8.4

scutellarein 5281697 -103.01 -8.1
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Table 2 (continue). Binding energies and affinities of 88 ligands selected from Verbena officinalis to
the G6PDH protein structure

Group of metabolites Compounds Pubchem CID| Binding energy (kcal/mol) | Binding affinity (kcal/mol)
Phenolic acids
ferulic acid 445858 -89.4 -5.7
protocatechuic acid 72 -79.14 -6.1
Terpenoids
Diterpenoids
carnosol 442009 -87 -7.3
carnosolic acid 11566445 -95.84 -6.8
rosmanol 13966122 -107.9 -74
isorosmanol 13820511
triterpenoids
ursolic acid 64945 -93.05 -7.3
3-epiursolic acid 7163177 -92.56 -1.4
Carbohydrates
arabinose 439195 -76.72 -4.8
galactose 6036 -88.74 -5.1
galacturonic acid 439215 -88.81 -5.9
glucose 5793 -89.43 -5.1
mannose 18950 -89.38 -5.1
rhamnose 25310 -89.39 5.1
xylose 135191 -76.76 -4.8
Sterols
stigmasterol 5280794 -84.63 -7.5
B-sitosterol 222284 -87 -7.2
Fatty acids
cornudentanone 442735 -107.57 '-6.4
oleic acid 445639 -97.4 -5.8
3-epioleanolic acid 11869658 -84.79 -7.0
Essential oil
Monoterpenoids
isobornyl formate 23623868 -63.99 -5.2
citral (geranial) 638011 -69.47 -5.6
limonene 22311 -59.84 -5.7
carvone 7439 -71.11 -6.1
1.8-cineole 2758 -44.6 -5.0
hepten-3-one 520420 -59.21 -4.5
a-terpineol 17100 -67.04 -5.7
anethole 637563 -72.34 -5.6
B-pinene 14896 -45.68 -4.7
thymol 6989 -69.74 -5.8
methy| heptenone 9862 -61.29 -5.1
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Table 2 (continue). Binding energies and affinities of 88 ligands selected from Verbena officinalis to
the G6PDH protein structure

Group of metabolites Compounds Pubchem CID| Binding energy (kcal/mol) | Binding affinity (kcal/mol)
carvacrol 10364 -70.69 -6.3
trans-carveol 94221 -64.7 -5.2
isopiperitone 6987 -67.86 -5.9
a-pinene 82227 -46.83 -4.7
piperitone 6987 -67.86 -5.9
cis-carveol 330573 -64.72 -5.2
terpinen-4-ol 11230 -66.84 -54
-phellandrene 11142 -57.18 -5.8
geraniol 637566 -63.19 -5.7
B-terpineol 8748 -68.77 -55
sabinene 18818 -51.84 -5.0
cinerone 5373127 -70.66 -6.3
p-cymene 7463 -59.45 -6.1
nerol 643820 -67.54 -5.6
linalol 6549 -63.08 5.1
(E)-B-ocimene 5281553 -56.55 -5.4
borneol 64685 -47.57 -4.8
iso-pinocamphone 84532 -53.62 -5.1
0-cymene 10703 -57.57 -6.2
y-terpinene 7461 -58.9 -5.9

Sesquiterpenoids

caryophyllene oxide 1742210 -65.75 -5.8
spathulenol 92231 -65.47 -5.8
a-curcumane 92139 -74.51 -6.7
[-caryophyllene 5281515 -58.27 -55
trans-nerolidol 5284507 -71.01 -6.2
bicyclosesquiphellandrene 521496 -69.8 -6.4
3-cadinene 441005 -64.75 -6.2
f-bourbonene 62566 -62.14 -6.1
allo-aromadendrene 42608158 -58.6 -5.7
a-cubenene 442359 -68.22 -6.1
y-cadinene 6432404 -67.12 -6.4
germacene D 5317570 -71.04 -6.1
a-muurolene 12306047 -69.57 -6.4
bicyclogermacrene 13894537 -60.4 -5.3
cis-muurola-4(14).5-diene 51351709 -71.4 -6.4
isocaryophylene oxide 1742211 -65.87 -5.8
fB-cedrene 11106485 -56.85 -6.1
a-copaene 92042749 -58.92 -5.7
B-elemene 6918391 -64.58 -5.9
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Table 2 (continue). Binding energies and affinities of 88 ligands selected from Verbena officinalis to
the G6PDH protein structure

Group of metabolites Compounds Pubchem CID | Binding energy (kcal/mol) | Binding affinity (kcal/mol)
B-cubenene 93081 -63.08 -6.2
a-humulene 5281520 -65.95 -5.7
a-7-epi-selinene 91753195 -64.13 -6.0
isoledene 530426 -60.38 -5.9

This list indicates the chemicals that comply with Lipinski's Rule of 5

r-Stacking (paraliol)

a b
Figure 1. The 2D (a) and 3D (b) interaction poses of quercetin and G6PD complex

Toxdcity Model Report )

Predicted LD50: 159mg/kg |
Predicted Toxicity Class: 3 |

Average similarity: 100% )

Prediction accuracy: 100% |

\

c d e

Figure 2. Toxicity results of quercetin calculated with Pro ToX-1I (a, b), BOILED Egg model
calculated with Swiss ADME (d) and radar graph for physicochemical properties of quercetin (e)

The Root Mean Square Deviation (RMSD), determines how much the atomic positions in a
simulation deviate from a reference structure, typically the starting point [48]. During equilibration, the
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RMSD typically increases as the system adjusts from its initial state. Once the simulation reaches
equilibrium, the RMSD should fluctuate around a stable value, indicating the atoms are sampling their
allowed conformations. This stable RMSD signifies the system is ready for the data collection phase of
the MD simulation. The root mean square deviation plot of the overall simulation at 310 K is given in
Figure 3. It can be seen from these plots that our system was equilibrated after 5.6 ns. Therefore, the
first 5.6-nanosecond-long simulation is considered as equilibration period and excluded from further
investigation. Moreover, the RMSD plot suggests minimal conformational change during the production
period. The Root Mean Square Fluctuation (RMSF) values (Figure 4) per residue has shown that the
solvent-exposed residues such as 1le353, Met384 and Asn403 contribute the most to the molecular
motion throughout the simulation. After concluding the 300-ns-long MD simulation, a clustering
analysis based on a "hierarchical agglomerative" approach was performed for post-processing of the
trajectories. The cluster radii are set to 2.0, this cluster analysis in the G6PD-quercetin complex had
produced three conformations and the percentage of the occurrences of each cluster were 84%, 10% and
6%. The most populated cluster, containing 84% of the data points, suggests that the G6PD-quercetin
complex primarily adopts a single conformation during the simulation. The most populated cluster is
shown in Figure 5. During the MD simulation, the quercetin molecule stays in the active site and
interacts with several residues. For instance, the quercetin makes pi-stacking interactions with the
Tyr374. Also, Asp394 is coordinated with one of the -OH group of quercetin, and backbone oxygen
atom of Lys481 makes a hydrogen bond with another -OH group of quercetin. These interactions can
be seen clearly in the most-populated cluster, which is shown in detail in Figure 6. The results have
shown that the position of this quercetin molecule is very well defined, and the molecule is stable in this
region. To prove their importance, these acidic and basic residues could be mutated to nonpolar amino
acids, and further MD simulations could be done to check the activities in this state.

RMSd (A)
15

0 Time (ns) 300

Figure 3. RMSD graph of the simulation. The left-side of the dash represents the equilibration time

45 T T
'rmsf

RMSF (Angstrom)

s s s L L L L ' '
0 50 100 150 200 250 300 350 400 450 500

Residue number

Figure 4. RMSF values at 310 K
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Figure 5. The most-populated cluster of the G6PD-quercetin complex

Figure 6. Close contacts between quercetin and its nearby residues in the most-populated cluster

ADME results have shown that quercetin complies with the limits set by the Lipinski rule and
supports oral use and drug similarity. In the radar chart taken in SwissADME, the distribution of
important physicochemical properties in our body has been created (Table 1, Figure 2d and ). In the
pictures of BOILED Eggs, the white and yellow area respectively indicate passive absorption in the
gastrointestinal (Gl) tract and the ability to cross the blood-brain barrier (BBB). The outer grey area
indicates molecules with low absorption and limited brain penetration (Figure 2d) [49]. According to
the ADME profile, it has been stated that quercetin does not cross the blood brain barrier.

When the pink range was analysed (Figure 2e), lipophilicity (LIPO; iLOGP), size (MW), polarity
(TPSA), solubility (INSOLU, log S), saturation (INSATU; carbon fraction in sp*® hybridization was
found to be 0) and flexibility (FLEX, rotatable bonds) are in the optimal range for quercetin. Deviation
in saturation was observed. Molecules that are more saturated and have sp?® hybridization are generally
more water soluble and may be biologically effective. Nevertheless, a thorough examination of
pharmacodynamics requires an all-encompassing viewpoint. The analysis results proved that the five
properties were in the pink area and the compound fit into the group of drug-like compounds. Based on
these properties, it can be said that the compound is not suitable for injectable administration due to its
low flexibility [50].

In the BOILED Egg model, blue and red dots indicate P-glycoprotein (P-gp) substrates (PGP+),
which is an ATP-dependent transmembrane protein that transports many drugs, and non-P-gp substrates
(PGP-), respectively. While it is an advantage for a drug that is not a P-gp substrate to remain in the
target cell for a longer time and interact less with other drugs, it is a disadvantage because the drug's
tendency to remain in the body for a longer time will lead to toxicity [51]. Based on this, if the drug's
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elimination from the body is to be accelerated, it may need to be designed as a P-gp substrate. Whether
or not a compound is a P-gp substrate affects the efficacy and pharmacokinetics of the drug. These
considerations need to be acknowledged throughout the drug development process.

Computational studies on absorption, distribution, metabolism, and excretion have reported that
the ability of quercetin to combine with the plasma-protective protein varies between 85.36% and
99.82%. These studies also examined quercetin and their ADME properties, revealing that quercetin and
3’-methyl ether quercetin had 100% passive absorption, while other quercetin cells showed a lower
absorption [41]. The fact that ADME, which has a very satisfactory predictive power in molecular
design, states that quercetin does not cross the blood brain barrier may be due to the limited prediction
of penetration of BOILED Egg [49,53]. The in silico interaction of geroprotective phytochemicals,
including quercetin, with Sirtuin 1 was examined, and ADME results showed that quercetin could not
cross the BBB and was toxic (class 3). However, animal studies have reported that quercetin can be
tolerated at oral doses above the LDso value [54] and is a safe nutritional supplement in mice [55]. For
this reason, pharmacological toxicology studies on quercetin should be conducted.

In the Protox Il analysis, the lethal dose 50 (LDso) value of quercetin was estimated as 159 mg/kg
and toxicity class 3. The toxicity model report of our study shows that quercetin is a carcinogenic and
mutagenic structure, also has various interfering effects against Aryl Hydrocarbon Receptor (AhR),
Estrogen Receptor Alpha (ER), Estrogen Receptor Ligand Binding Domain (ER-LBD) and
Mitochondrial Membrane Potential (MMP) (Figure 2a-c).

It is extremely important to perform in silico toxicity analyses, examine drug candidates and
perform risk assessments before clinical studies [56,57]. The fact that an antioxidant structure also has
carcinogenic and mutagenic properties according to in silico toxicity analysis results may indicate that
the compound may affect different cellular or molecular targets [58]. The effects of compounds are
related to dose and prolonged exposure times. While a particular compound may have antioxidant effects
at low doses, it may cause toxic effects at high doses [59]. The compounds are metabolized and
biotransformed in the body. These processes can greatly affect the effects of the compound. For
example, when quercetin is metabolized in the body, different products can be formed, some of which
may be more toxic. The compound's targets and mechanisms of action can regulate a variety of
biological responses. Binding of quercetin to targets such as AhR [60], ER [61], ER-LBD [62] and MMP
[63] can affect different biological processes [64]. A study in 2010 emphasized the vulnerability of
individuals with G6PD deficiency to oxidative stress and assessed the protective effects of the flavonoid
guercetin against oxidative damage induced by H,O,. The research demonstrated that quercetin not only
exhibits antioxidant properties but also offers cellular protection [43]. The investigations’ findings in
2016, supported by numerous experiments, shed light on the mechanisms by which quercetin may
protect against neurotoxicity, neuronal injury, and neurodegenerative diseases, offering potential
therapeutic avenues for neurological disorders [65]. In a different 2018 research, quercetin's potential as
an effective anticancer agent was highlighted. The study proposed that quercetin could influence O-
GIcNAcylation, a process associated with cancer, warranting further investigation into its specific
mechanisms for cancer treatment [66].

Moreover, recent findings have underscored the significant role of quercetin in combating liver
cancer. Quercetin is shown to regulate intracellular processes, inhibiting the cell cycle and promoting
apoptosis, which leads to the death of cancer cells. Consequently, this naturally occurring compound,
found in plants, is being considered as a promising candidate for the development of novel anticancer
drugs [58]. Molecular level analyses and predictions applied used the drug development process were
applied to the phytochemical drug candidates in V. officinalis. Quercetin, the structure that computer-
based analyses lead us to, has been shown to be effective in fighting liver cancer in in vivo experiments.

Within the scope of the study, in order to evaluate the potential of the new complex and direct it
to clinical research; In addition to in vitro studies examining its effects on liver cancer cell lines in more
detail, experiments can be conducted to evaluate the effects of the complex in vivo models. Optimization
of the structure should also be provided to increase the effectiveness and safety of the drug.
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DESIGN AND EVALUATION OF PROPOLIS-LOADED BUCCAL
PATCHES

PROPOLIS YUKLU BUKKAL YAMALARIN TASARIMI VE DEGERLENDIRILMESI

Ali ALAZZO (©, Amina Mudhafar AL-NIMA! (&), Mohammed Nooraldeen AL-QATTAN?

!Mosul University, Faculty of Pharmacy, Department of Pharmaceutices, Mosul, Iraq
Nineveh University, Faculty of Pharmacy, Department of Pharmaceutical science, Mosul, Iraq

ABSTRACT

Objective: Propolis is highly recommended in aphthous stomatitis, a condition that requires a
proper delivery tool to achieve an efficient treatment. For this indication, a buccal patch that
provides prolonged mucosal contact and protection would be beneficial. Accordingly, in this study,
we designed propolis-loaded buccal patches, composed of three polymers (alginate,
carboxymethylcellulose, and polyvinylpyrrolidone) of complementary properties, and the proper
combination of them to produce the patch of optimum properties.

Material and Method: Nine patches of different polymer ratios were prepared by casting method
and evaluated by assessing their swelling, adhesion time and strength, and dissolution rate. Then
the patches properties were correlated using artificial neural network analysis.

Result and Discussion: The results showed that all patches were smooth, translucent, and flexible
with surface pH between 6.5 and 7.4. The correlation between polymer composition and measured
properties was complex and non-linear. Therefore, an artificial neural network was used to analyze
these properties and optimize them. The model of this analysis provides higher weights for favorable
tensile and adhesion strengths while considering swelling, rigidity, and fast dissolution rate as
unfavorable. According to summation analysis, the combination of CMC% and PVP% of 15.5 and
13, respectively, provides the best score of 3.5.

Keywords: Alginate patches, buccal patches, mucoadhesive polymers, propolis

(0Y4

Amac: Etkili bir tedaviye ulagmak icin uygun bir uygulama araci gerektiren bir durum olan aftoz
stomatitte propolis kesinlikle onerilir. Bu endikasyon icin uzun siireli mukozal temas ve koruma
saglayan bukkal yama faydali olur. Buna gore bu ¢alismada, tamamlayict ozelliklere sahip ii¢
polimerden (aljinat, karboksimetilseliiloz ve polivinilpirolidon) olusan propolis yiiklii bukkal
yamalar: ve bunlarmn optimum ozelliklere sahip yamayt iiretmek icin uygun kombinasyonu
tasarlanmgstir.

Gerec ve Yontem: Ddkiim yontemiyle farkli polimer oranlarina sahip dokuz yama hazirlanmusg,
sisme, yapisma siiresi ve giicii ile ¢oziinme hizi agisindan degerlendirilmistiv. Sonra yamalarin
ozellikleri yapay sinir agi analizi kullanilarak iligkilendirilmistir.

Sonuc ve Tartisma: Sonuglar, tiim yamalarin piiriizsiiz, yart seffaf ve esnek ile yiizey pH'inin 6,5
ile 7,4 arasinda oldugunu gostermistir. Polimer bilesimiyle dlgiilen ozellikler arasindaki korelasyon
karmagik ve dogrusal degildir. Bu nedenle bu ozellikleri analiz ve optimize etmek igin yapay sinir
agi kullanilmistir. Bu analizin modeli, uygun ¢ekme ve yapisma giicii i¢in daha yiiksek agirliklar
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saglarken sisme, sertlik ve hizli ¢oziinme oramint olumsuz olarak degerlendirir. Toplama analizine
gore, swrasiyla 15,5 ve 13'liik CMC% ve PVP% kombinasyonu, en iyi 3,5 puan saglar.
Anahtar Kelimeler: Aljinat yamalar, bukkal yamalar, mukoadezif polimerleri, propolis

INTRODUCTION

Propolis, a bee product, is a traditional remedy with many health benefits. It contains different
flavonoids and cinnamic acid derivatives that have several biological effects, including anti-bacterial,
anti-fungal, antiviral, anti-inflammatory, antioxidant, and immune modulation effect [1-3]. Propolis,
therefore, has been used successfully for many therapeutic purposes, particularly in dentistry and oral
health. For example, it was effectively applied in the treatment of aphthous stomatitis and other
ulcerative disorders of the mouth cavity [4]. Interestingly, the clinical outcomes in these medical
conditions are highly reliant on the modes of delivery with best outcomes being associated with
prolonged duration of action and good mucosal protection. Thus, using a controlled strategy of good
mucosal adhesion, such as buccal patches, for the administration of propolis is thought to be
advantageous.

The concept of buccal drug delivery is gaining increased attention in pharmaceutical science for
its local and systemic advantages. It is a readily accessible route, provides prolonged contact with the
oral mucosa, and relatively rapid absorption with efficient avoidance of the first-pass effect [5,6]. Many
studies, therefore, have attempted to formulate various buccal delivery systems such as tablets, patches,
strips, and gels [7,8]. However, buccal patches have shown good flexibility, accurate dosing, and better
toleration by patients than other formulations. Also, patches provide a good physical barrier for
protecting the oral mucosa from irritation, which is beneficial in many cases, mainly aphthous and
mouth ulceration [9]. However, a variety of factors affect proper buccal drug delivery such as saliva
flow, shearing forces due to tongue movements, and loss of adhering vehicle. Thus, such factors should
be considered in the design of such dosage forms [10].

Buccal vehicles need to possess enhanced and extended adhesive properties. Hence, different
mucoadhesive polymers, natural and synthetic, should be evaluated in designing buccal patches such as
sodium alginate, hydroxypropyl methylcellulose, and poly acrylic acid. Many of these mucoadhesive
polymers, although possessing excellent adhesive properties, have a high swelling ratio and poor
mechanical properties [9], which reduce the adhesion time of buccal patches. However, the proper
combination of polymers may be helpful to overcome these limitations.

Therefore, in this study, we aim to investigate the effect of various combinations, of sodium
alginate, carboxymethylcellulose, and polyvinylpyrrolidone, on swelling ratio, adhesion strength,
adhesion time, and dissolution rate for the propolis buccal patches. Due to the possible complex
interaction between the polymers, an artificial neural network was used to correlate the ratios of
polymers in combination with the measured properties.

MATERIAL AND METHOD
Materials

Propolis samples were collected from hives of honeybees in Babylon City / Irag. Sodium alginate
(SAG), LR- moderate viscosity grade, was obtained from Thomas Baker, Mumbai, India.
Carboxymethylcellulose sodium salt (CMC) and polyvinylpyrrolidone (PVP K-30) were procured from
Quzhou Ebright Chemicals, China. Glycerin was purchased from Scharlab S.L., Spain. Ethanol was
purchased from (Tedia Company, USA). All other used chemicals were obtained from BDH chemicals,
UK.

Extraction of Propolis

The extraction procedure aimed to remove the waxy impurities, such as beeswax from the major
active ingredients of propolis. Before starting the extraction, a frozen propolis was divided into small
pieces using ordinary kitchen knife and ground into a fine powder using an electric grinder (Royal-
Japan) for about 5 minutes at room temperature [2]. For extraction, 300 ml of 70% (v/v) ethanol were
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mixed with 45g of the grounded propolis, shaked manually for 10 minutes, and left in a refrigerator for
3 days to ensure complete extraction. Then, the mixture was filtered, poured into glass Petri dishes, and
allowed to dry at room temperature. The obtained propolis extract was then collected, weighed, and kept
in a closed container in the refrigerator [3].

Formulation of Propolis-loaded Patches

The solvent casting method was used for the preparation of nine formulations of patches
containing propolis (F1- F9) which were prepared by dissolving the calculated amounts of polymers in
25 ml distilled water. The dispersion of the three polymers was stirred using a magnetic stirrer (Fisher
Scientific, Korea) for nearly 4 hours with the assistance of heat (50°C) at 350 rpm, and glycerin as
plasticizer was also added under constant stirring. After cooling, the polymer dispersion was left
overnight to allow air bubbles to be expelled. The 65 mg of propolis extract was weighed, dissolved in
1 ml of 90% ethanol, and added to the polymer dispersion under stirring (350 rpm, 1 hour) until a
homogeneous mixture was formed. The final mixture was poured into glass Petri dishes having 9.4 cm
diameter, which were kept in the oven at 35 + 5°C for 24 hours. Finally, these dishes were wrapped with
aluminum foil and stored at room temperature [7].

Evaluation of the General Properties of the Formulated Propolis-loaded Patches

All the measurements were carried out on three different pieces of each formulation; each piece
had an area of 1.8 cm?.

Thickness and Uniformity of Mass

Thickness was measured using a digital micrometer caliper (Ditron, China), while the mass
measurements were performed by Equinox Analytical and Semi-Micro Balances from ADAM Scales
and Balances [11].

Folding Endurance Test

Each formulated patch was repeatedly folded until breaking or folding up to 300 times, which is
considered acceptable to reveal good patch properties [7].

Surface pH

Each patch’s formulation was allowed to swell by keeping it in contact with 3-5 ml of distilled
water for 1 hour at room temperature. The pH was measured by dipping the electrode into the swollen
patch and allowing it to stand for 1 minute. The tests were carried out in triplicate, and average values
were reported [12].

Evaluation of Mucoadhesive Strength

The adhesion strength of all the formulated patches (F1-F9) was evaluated by a texture analyzer
(HD plus, Stable Micro System, Surrey, UK) using a surface of gelatin (6.67% w/v) covered with mucin
solution (2% wi/V) to represent the buccal mucosa surface [13]. Briefly, the propolis-loaded patch of size
1.8 cm? was fixed to the arm of the texture analyzer using cyanoacrylate adhesive (Hopson Chemical
Industry Limited, China) and the exposed surface of the patch was kept in contact with the gelatin
surface for 60 sec before starting the test for initial hydration and adhesion. The force, required to detach
the patch from the gelatin surface, was considered to assess the adhesion strength [14].

In vitro Adhesion Time

The in vitro adhesion time was measured for all the formulated patches (F1-F9) using a modified
device consisting of a magnetic stirrer (Fisher Scientific, Korea) with a heating jacket supplied at about
37 + 0.5°C. The medium was phosphate buffer, pH 6.8. A piece of silicone rubber (4 cm width and 1.5
cm length) was attached vertically to the inner surface of a 250 ml beaker. The formulated buccal patch
was hydrated from one surface using a few drops of phosphate buffer, and attached to the silicone rubber.
The magnetic stirrer was then started (125 rpm, 37.0+0.5°C), with the formulated patch completely
immersed in the buffer. The time required for each patch to erode or separate from the silicone
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rubber was recorded [15].
Swelling Study

A pre-weighed square-shaped glass slide (2x2) cm? was used to weigh a formulated propolis-
loaded patch with a diameter of 1.3 cm (all formulations F1-F9 were tested). It was kept in a Petri
dish covered with 50 ml of pH 6.8 phosphate buffer. After every 5 min, up to 30 min, the glass slide
was removed and weighed using a stopwatch. The percentage of weight increment due to absorption of
water and swelling of the propolis-loaded patch was recorded as a swelling percent [14].

Tensile Testing

The tensile properties of the formulated propolis-loaded patches were analyzed using a texture
analyzer. The patches were cut into strips of fixed length using a template shaped like a dumbbell. Then,
they were fixed on the texture analyzer and evaluated using a stretching speed of 2mm/sec. The
elongation at break (%), tensile strength, and elastic modulus were calculated using the following
equations [16].

Percent of elongation at break = (Lf-Li)/Li*100 ........ (€))
Tensile strength = F/A ........ )
E=o/c .... (3)

Where Lf is the length of the specimen when it breaks, Li is the initial length of the specimen, F
is the peak force at break, A is the cross-sectional area of the specimen, E is the elastic modulus, o is
the stress, € is the strain.

In vitro Release Study

The release of propolis was evaluated using the paddle dissolution apparatus. The propolis-loaded
patch (1.8 cm?) was applied to a glass disk and fixed at the bottom of the dissolution vessel. The
experiment was performed using phosphate buffer (400 ml, pH 6.8) at 37 + 0.5°C and a rotation speed
of 50 rpm. At each time interval, samples of 3 ml were collected and replaced with phosphate buffer pH
(6.8). Then the samples were filtered and measured spectrophotometrically at 278 nm [17].

Use of Artificial Intelligence to Find Correlations Between Observations and Settings and
Training of Neural Networks

Using Matlab R2017b, an individual feed-forward neural network was trained to reproduce each
of the individual physical measures. Each network is composed of the input layer, hidden layer, and
output layer. For all networks, the input layer is composed of two neurons to accept the values of PVP%
and CMC%, while the output layer is composed of a single neuron to provide the value of a particular
physical measurement. The number of hidden neurons was varied to be 5, 6, 7, and 10 for the networks
that reproduce force of adhesion, dissolution rate, rigidity-tensile strength, and water-alcohol swelling,
respectively. The network was trained with a learning rate of 0.3. The activation functions for hidden
and output neurons were Log-sigmoid and linear functions, respectively. The dataset used for training
was randomly divided to include 90% of the data for training and 5% of data for each testing and
validation. Due to the small dataset size (nine formulations), it was difficult to reproduce the same
surface of correlation from the same neural network in repeated training runs. Therefore, to get a
consistent surface of correlation, the training process was repeated 10 times and the average trained
weights were used.

RESULT AND DISCUSSION

Good adhesion and mechanical properties are very important for buccal patches intended for
mouth ulcers to provide long mucosal contact and good physical protection. Therefore, and because the
properties of patches are a function of the type and concentration of their components, three polymers,
namely SAG, CMC, and PVP were selected in this study to formulate propolis-loaded buccal patches
as these polymers have complementary properties.
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A natural polysaccharide, SAG, was used to build up the backbone of the patches. It is a safe,
biocompatible, biodegradable, and hydrophilic polymer; however, its properties include low cell
adhesion and mechanical strength [18,19]. On the other hand, CMC, an ether derivative of cellulose, has
shown very good adhesion properties but its water solubility and swelling ratio is high and should be
controlled for good buccal patch properties [11]. PVP is a synthetic polymer of good flexibility and
mechanical strength. It has considerable hydrophobic groups and, therefore, a low swelling ratio, which
helps it improve the patch's mechanical characteristics and regulate CMC's swelling ratio [7].

Formulation of Propolis-loaded Patches

Nine propolis-loaded patches of different polymer compositions are provided in Table 1. The
physical dimensions of the prepared patches were consistent and had a narrow range of thickness (0.29
+ 0.03 mm) and mass (79.7 =+ 8.5 mg) as shown in Table 2. All the patches showed the desired
appearance of smoothness, translucency, flexibility, uniformity, and folding endurance (more than 300
times). The surface pH values for all the patches were between 6.5 and 7.4, which suggests that they
had a good likelihood of causing no irritation to the buccal mucosa.

Table 1. Composition of the formulated propolis buccal patches with their assigned batch codes

F1 F2 F3 F4 F5 F6 F7 F8 F9

Propolis (mg) 65 65 65 65 65 65 65 65 65
*SAG (mg) 1000 1000 1000 1000 1000 1000 1000 | 1000 1000
*CMC (mg) 50 150 250 50 150 250 50 150 250
*PVP (mg) 50 50 50 250 250 250 400 400 400
Glycerin (mg) | 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25

*SAG: sodium alginate, *CMC: carboxymethylcellulose, *PVP: polyvinylpyrrolidone

The physical measurements of the nine propolis-loaded patches are provided in Table 2.
Principally, patches of low PVP content showed a higher force of adhesion compared to other patches.
The first three patches (F1-F3) of low PVP composition showed higher force and time of adhesion
relative to the other patches. The composition of 150 mg of CMC showed the highest force of adhesion
of all patches.

Table 2. The general properties and mechanical measurements of the formulated propolis-loaded
patches

Thickness | Mass H Force of Adhesion time | Tensile strength % of Modulus of
(mm) (mg) PP | adhesion (N) (min) (g/mm?) elongation | elasticity
F1 0.30 83.1 |74 0.81 117.5 55.5 83.0 56.2
F2 0.30 943 | 6.6 0.92 130.0 111.1 133.0 79.7
F3 0.32 85.7 | 7.4 0.84 145.0 130.2 92.0 125.5
F4 0.24 69.9 |65 0.69 55.0 83.3 197.0 33.2
F5 0.29 73.0 | 7.1 0.72 140.0 137.9 200.0 64.5
F6 0.26 676 |7.3 0.66 70.0 179.4 180.0 95.3
F7 0.32 795 | 7.2 0.78 30.0 52.1 158.0 24.3
F8 0.30 85.3 | 7.0 0.84 25.0 100.0 155.0 61.6
F9 0.31 788 | 7.4 0.77 25.0 86.0 88.0 84.6

The adhesion is a function of the interaction and entanglement of hydrophilic polymer chains with
mucosal mucus [20]. Considering the fact that the carbonyl group in PVP is a strong proton acceptor
that can easily interact with other polymers and forms complexes [21], then the interaction of PVP with
CMC and SAG would possibly lower the mobility and flexibility of these polymers and so their
entanglement with mucin. These results were in line the data reported by Patel et.al [22], who studied
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the effect of PVP on the physicochemical properties of chitosan buccal patches. They found that the
increasing the concentration of PVP produces patches with less adhesion force and time. A similar effect
of PVP was also reported with buccal patches composed of Carbopol 934 and Eudragit-100 [23].

Regarding the mechanical properties, the tensile strength was increased with increasing
concentration of CMC, except for F9, which had a high concentration of PVP. Also, F5 and F6 of
intermediate PVP concentration showed the highest tensile strength. Similarly, the highest elongation
was reported with F4 - F6 having intermediate concentrations of PVP. It was clear that the elasticity
modulus was directly proportional to the concentration of CMC and inversely proportional to the
concentration of PVP. These parameters determined the softness, hardness, and flexibility of the patches
and are directly related to the intermolecular forces between the polymer's network [24]. The findings
suggest that the introduction of PVP resulted in a noticeable increase in the elasticity of the patches.
Conversely, the incorporation of CMC led to a transformation of the patches into a stiffer material with
a higher modulus of elasticity.

The effect of the polymers on the swelling of the patches is shown in Figure 1. The highest
swelling index was observed at F5, which had an intermediate concentration of PVP and CMC. It can
be noted that the first three patches, F1-F3, with low PVP concentration and low elasticity, presented a
low swelling index as these patches showed a high degree of erosion during the swelling study. Also,
the swelling of high PVP patches, F8 and F9, significantly increased after 20 min, which is more likely
related to the high elasticity of these patches that maintains the patches intact and able to accommodate
more water without erosions over the swelling study in contrast to the low PVP patches of low elasticity
and high degree of erosion during the swelling study. This effect of PVP is useful to provide good
physical protection for the mouth ulcer; however, with a shorter adhesion time. These patches, with high
PVP patches, have matrices of more polymers’ interaction or cross-linked points and less free polymer
chains, which would result in weak adhesion properties.
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Figure 1. Swelling index of the formulated propolis-loaded patches

Furthermore, the release of propolis from different patches is shown in Figure 2. The patches with
high PVP concentration achieved a slower release than the others. The release of drugs from buccal
patches is function to several factors. One key factor is the swelling rate, the hydrophilic polymers such
as PVP, CMC, and SAG facilitate the wettability, water absorption, and then swelling, which allow the
loaded drug to dissolve and diffuse out. However, this can be regulated by the polymers entanglement
and crosslinking of the polymers, which affect the relaxation and, consequently, the swelling of the
patches. Another key factor that should be considered is the susceptibility of the patch matrix to erosion
[25,26].

Therefore, the slow release of propolis obtained with high PVP patches is likely due to the tightly
crosslinked polymers of these patches and the slower erosion rate as suggested by the mechanical
measurements. In contrast, the patches with loosely bound polymers, such as low PVP patches, were
readily eroded, allowing the easy release of propolis.
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Figure 2. The percentage of propolis released from different patches

Correlation of Patch Composition with Experimentally Measured Physical Values Using Neural
Networks

Correlations between composites and physicochemical measures are valuable in optimizing
pharmaceutical formulations. This optimization is a multi-objective problem, where multiple properties
need to be simultaneously adjusted. Accordingly, neural networks can perform well in such tasks to find
linear as well as non-linear correlations that can be used to predict, characterize, and optimize
pharmaceutical formulations [27]. Neural networks have found application in formulations of solid,
liquid, and other dosage forms [28]. The applications include optimizing stability, loading power,
dissolution, particle size, drug release, etc. during the formulation of different pharmaceutical dosage
forms [29]. Recently, the neural network approach has been applied in the formulation of topical patches
and hydrogel to predict drug release[30], viscosity, and sol-gel transition time [20].

The correlation between patch polymer composition and physically measured properties was
thought to be complex and non-linear due to the possible intermolecular interactions [31,32]. Therefore,
a neural network was trained to simulate the correlation between patch composition and each of the
force of adhesion, tensile strength, rigidity, dissolution rate as well as swelling in water. The trained
neural networks were used to visualize correlation surfaces for experimental data and provide
predictions for an optimum formulation.

As illustrated in Figure 3, the correlation surface for tensile strength shows that the PVP% of 15
provides the best measure which is improved by increasing CMC%. While rigidity correlates with
CMC%; however, it decreases as PVP% is increased. The patch swelling after 30 min was increased
mainly by increasing PVP% and the highest release rate of 1.45 was expected to occur at PVP% and
CMC % of 28.5 and 19, respectively. For tensile strength, the optimum value of 185 is expected to occur
at PVP% and CMC% of 17.3 and 14.4, respectively. For dissolution rate after 60 min, the ratio of CMC
to PVP of 0.6 provides the highest release of 29% propolis content of patches compared to other ratios.

This could indicate the formation of a specific intermolecular arrangement at this composite ratio
that has a lower interaction with propolis extract. In order to incorporate all the observed correlations in
guiding future formula design, a summation graph was calculated, Figure 4. The graph was obtained by
normalizing z values of individual graphs to be between 0 and 1 before making a summation of matrices
using the following model.

Summation = 2TS + 3AS- 1S - 1R - 1DR

Where TS is the tensile strength, AS is the adhesion force, S is the swelling in water, R is the
rigidity of the patches, and DR is the dissolution rate.

The model provides higher weights for favorable tensile and adhesion strengths while
considering water swelling, rigidity, and dissolution rate as unfavorable. According to the summation
graph, the combination of CMC% and PVP% of 15.5 and 13, respectively, provides the best score of
3.5 on the graph.
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Figure 3. The predicted correlations between patch composition (only percentages of CMC and PVP
are shown) and (A) the force of adhesion, (B) the tensile strength, (C) the rigidity of patches, (D) the
swelling in water, and (E) the dissolution rate. The red dots represent the experimentally measured
values used to train the neural network which in turn was used to construct the correlation surface
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Figure 4. The predicted surface of correlation to find optimum formulation composition. The surface
represents the summation of wanted properties (tensile strength, force of adhesion) minus the
summation of unwanted properties (water swelling, dissolution rate, rigidity)

In summary, in this research we examined in this research the impact of different polymer
combinations, including SAG, CMC, and PVP, on the physical characteristics of propolis-loaded
patches. Overall, our findings indicate that higher CMC concentration improved adhesion properties,
while PVP resulted in more flexible and durable patches. However, the relationship between polymer
ratios and measured properties was complex and not easily assessed using conventional analysis tools.
Consequently, we utilized neural network analysis to optimize the patches we prepared. The analysis
revealed that a combination of 15.5% CMC and 13% PVP achieved the highest score of 3.5. Therefore,
this particular combination offers the optimum adhesion and mechanical protection, as well as prolonged
release of propolis.
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ORIGINAL ARTICLE / OZGUN MAKALE

MOLECULAR ANALYSIS OF THE MCR-1 GENE IN PSEUDOMONAS
AERUGINOSA AND ACINETOBACTER BAUMANII STRAINS

PSEUDOMONAS AERUGINOSA VE ACINETOBACTER BAUMANII SUSLARINDA MCR-1
GENININ MOLEKULER ANALIZI

Omer AKGUL*

Van Yiiziincii Y1l University Faculty of Pharmacy, Department of Pharmaceutical Microbiology, 65080,
Van, Tiirkiye

ABSTRACT

Objective: The emergence of antibiotic resistance in Pseudomonas aeruginosa and Acinetobacter
baumanii isolates poses serious risks to public health. Our study aimed to investigate the presence
of colistin resistance and mcr-1 gene positivity in these isolates.

Material and Method: Culture, biochemical tests, antibiotic susceptibility tests, and molecular
tests were used to isolate and identify P. aeruginosa and A. baumanii strains.

Result and Discussion: A sum of 156 clinical isolates of Pseudomonas aeruginosa (n = 89) and
Acinetobacter baumannii (n = 67) were obtained using the 550 clinical samples collected in one
year from the largest hospital in Van, Turkey. The results of antibiotic susceptibility tests showed
that approximately 82.8% of P. aeruginosa and 94.6% of A. baumannii strains were multidrug-
resistant (MDR). Colistin resistance was detected in 11.23% (10/89) of P. aeruginosa isolates and
11.94% (8/67) of A. baumannii isolates using agar dilution and microdilution methods. Out of the
18 colistin-resistant isolates, the mcr-1 gene was detected in three P. aeruginosa and two A.
baumannii strains. The detection of plasmid-mediated colistin resistance in P. aeruginosa and A.
baumannii is of great concern due to the high potential for colistin resistance to spread in clinical
settings. Understanding the unique circumstances of worldwide colistin resistance can be facilitated
by promoting the creation of quick processes for identifying colistin resistance profiles and putting
them into practice in hospital laboratories. Colistin and carbapenem treatment are two effective
ways to treat emerging resistant super-microbes and slow down the emergence of resistance.
Keywords: Acinetobacter baumannii, antibiotic resistance, mcr-1, Pseudomonas aeruginosa

oz

Amag: Pseudomonas aeruginosa ve Acinetobacter baumanii izolatlari igerisinde bir¢ok
antibiyotige direng¢ meydana gelmesiyle birlikte halk sagligi acisindan ciddi riskler ortaya ¢ikmustir.
Calismamizin amact bu suslar icerisinde kolistin direnci varligi ile mcr-1 geni pozitifliginin
arastirilmasini hedeflemektedir.

Gerec ve Yontem: P. aeruginosa ve A. baumanii suslarinin izolasyonu ve identifikasyonu amaciyla
farkly yontemler kullanmilmigtir. Bunlar siwraswyla kiiltiiv, biyokimyasal testler, antibiyotik duyarlilik
testleri ve molekiiler testlerdir.

Sonuc ve Tartisma: Tiirkiye 'nin Van kentindeki en biiyiik hastaneden bir yilda toplanan 550 klinik

ornekten tam olarak 156 klinik P. aeruginosa (n = 89) ve A. baumannii (n = 67) izolati elde edildi.
Yapilan antibiyotik duyarlilik testleri arastirma sonuglarina gore yaklasitk %82.8 P. aeruginosa ve
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%94.6 A. baumannii suslarinin MDR oldugu goriildii. Agar diliisyon ve mikro diliisyon yontemleri
kullanilarak P. aeruginosa izolatlarimin %11.23'sinde (10/89) ve A. baumannii izolatlarnin
%11.94'unda (8/67) kolistin direnci kegfedildi. Kolistine direngli 18 izolat arasinda mcr-1 geni, ti¢
P. aeruginosa ve iki A. baumannii susunda tespit edildi. P. aeruginosa ve A. baumannii'da plazmit
aracili kolistin direncinin meydana gelmesi, kolistin direncinin klinik alanlarda yayilma egiliminin
yiiksek oranda olmast nedeniyle olduk¢a énemlidir. Kiiresel kolistin direncinin dzel durumunun
anlasimas i¢in kolistin direng profillerinin tespitine yénelik hizli prosediirlerin gelistirilmesi ve bu
prosediirlerin hastane laboratuvarlarinda uygulanmasi tesvik edilmelidir. Kolistin ve karbapenemin
kombinasyonu ile olusturulacak terapinin wuygulanmasi, direng gelisimi stirecinin hizinin
azaltilmasina ve ortaya ¢ikan bu direngli siiper mikroplarin tedavisinde yardimct olabilir.
Anahtar Kelimeler: Acinetobacter baumannii, antibiyotik direnci, mcr-1, Pseudomonas
aeruginosa

INTRODUCTION

Due to the absence of new antibiotic discoveries, drug-resistant (MDR) Gram-negative bacteria
have become more common. These bacteria include members of the Enterobacteriaceae, Pseudomonas
aeruginosa, and Acinetobacter baumannii. It is critical that this matter be handled as soon as possible
[1]. Following the addition of carbapenem-resistant P. aeruginosa and A. baumannii to the list of major
killer infections in urgent need of antibiotics and novel modes of action, the World Health Organization
(WHO) recognized growing concerns around MDR in February 2017 [2,3].

P. aeruginosa and A. baumannii are classified as ESKAPE pathogens, along with Enterococcus
faecium, Staphylococcus aureus, Klebsiella pneumoniae, and Enterobacter spp. These pathogens are
responsible for nosocomial infections, including bacteremia, skin infections, urinary tract infections,
soft tissue infections, and ventilator-associated infections [4,5]. It can also lead to severe health issues
in individuals who are already ill or have weakened immune systems [4,6,7]. The mentioned pathogens
are found to be resistant to most significant antibiotic types, such as carbapenems, beta-lactams,
fluroguinolones, and aminoglycosides, making appropriate treatment difficult [8]. This presents
significant challenges for physicians treating infections caused by MDR P. aeruginosa and A. baumannii
strains. As a result, the WHO has included colistin in the group of "antibiotics of last resort™ that can be
used to treat these newly discovered super-microbes [9].

Colistin, a member of the polymyxin family of antibiotics, is often referred to as polymyxin E.
Although it was developed in the 1950s, its usage was outlawed in a number of nations because of its
detrimental effects on human health, especially renal function. Nevertheless, after a considerable amount
of time, colistin was once again utilized in clinical practice to treat infections brought on by the
carbapenem-resistant strains of A. baumannii, P. aeruginosa, and Enterobacteriaceae [10,11].

Many mechanisms contribute to colonistin resistance in Gram-negative bacteria. The most
frequent way that Gram-negative bacteria become resistant to colistin is by genetic mutations [12-14].
Resistance resulting from differentiation in the lipo-polysaccharide layer and phospho-ethanolamine
transferase binding to the phosphate group in the lipid A structure, produced by the two-component
regulatory systems PhoP-PhoQ and PmrA-PmrB, is a major issue [15-17]. Although PhoP/PhoQ is
responsible for colistin resistance in K. pneumoniae and P. aeruginosa, in A. baumannii, the
PmrA/PmrB component mediates the mechanism of colistin resistance [18,19].

Following the first report by Lui et al. [23] on the plasmid-mediated mcr-1 gene, numerous
bacterial species have been the subject of research [20-27]. These species include K. pneumoniae,
Enterobacter aerogenes, Enterobacter cloacae, Salmonella, Cronobacter sakazakaii, Moraxella,
Kluyvera, Shigella sonnei, and Citrobacter. The plasmid-mediated mcr-1 gene in MDR P. aeruginosa
and A. baumannii is currently the subject of scant global data. Since our region lacks information on
these two MDR bacterial species, our goal was to find the mcr-1 gene in them.

MATERIAL AND METHOD
Sample Collection and Microbiological Analysis

From January to December 2022, the microbiology laboratories of Van Training and Research
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Hospital obtained 156 clinical isolates of A. baumannii (n =67) and P. aeruginosa (n = 89) from various
samples, including blood, urine, ulcer swabs, and respiratory secretions. The samples were then
transferred to the Microbiology laboratory at Van Yiiziincii Y1l University's Faculty of Pharmacy in a
cold chain environment for further analysis. Prior to inoculation, the media underwent incubation in an
autoclave to ensure sterility. The sterility of the media was confirmed by transparent plates without any
microbial contamination. The samples were inoculated on MacConkey agar, Cystein Lactose Electrolyte
Deficient (CLED) agar, chocolate agar, and blood agar media. The plates were then incubated at 37°C
for 24 hours. All isolates were identified as P. aeruginosa and A. baumannii based on colony
morphology, Gram staining results, and the API-10S system (bioMérieux, France). The bacterial isolates
were preserved in Luria-Bertani broth medium (Oxoid, UK) supplemented with 30% glycerol and stored
at -20°C until further analysis.

Antibiotic Susceptibility Tests

The Kirby-Bauer disk diffusion method was used to test the antibiotic susceptibility of all isolates.
This was performed on Miiller-Hinton agar (MHA) plates according to the Clinical and Laboratory
Standards Institute (CLSI) guidelines [28]. To determine the MDR status of P. aeruginosa and A.
baumannii isolates, Aztreonam, amikacin, ciprofloxacin, levofloxacin, cefepime, cefotaxime,
imipenem, and piperacillin/tazobactam were used. The results were compared with CLSI practice
guidelines. Colistin resistance was demonstrated through agar dilution and liquid medium micro-
dilution methods using colistin sulfate powder (Sigma-Aldrich) [29]. The MIC results were interpreted
according to the European Guidelines for Antimicrobial Susceptibility Testing (EUCAST) [30]. E. coli
NCTC 13846 (mcr-1 positive) strain was used as a positive control for sensitivity analysis of the tests.

DNA Extraction and Molecular Analysis

For molecular analysis, all colistin-resistant strains confirmed by phenotypic analysis were
subjected to standard alkaline lysis method for plasmid DNA extraction [31]. The quantity of extracted
DNA was measured using a micro volume spectrometer (Colibri, Titertek Berthold) and its quality was
evaluated on a 1.5% agarose gel stained with ethidium bromide.

The mcr-1 gene was amplified wusing gene-specific primers (MCR1-F: 5'-
CGGTCAGTCCGTTTGTTC-3; MCR1-R: 5-CTTGGTCGGTCGGTCTGTAGGG-3") through
conventional PCR, resulting in a 309 bp target gene region [32]. The protocol for DNA amplification of
bacteria was carried out using the May Taq™ DNA Polymerase (Bioline, Bio-21105) kit. The
Polymerase Chain Reaction (PCR) was performed using a set of chemical solutions and substances. The
reaction mixture contained 10ul of 5x MyTaq reaction buffer (5 mM dNTPs, 15 mM MgCl2), 5ul of
template DNA, 1ul of each primer (20uM), 1ul of MyTaq DNA polymerase, and 8ul of nuclease-free
water, respectively, calculated as 25ul of the final solution. The PCR cycling conditions were as follows:
denaturation at 94°C for 3 minutes (1 cycle), denaturation at 94°C for 30 minutes (25 cycles), annealing
at 52°C for 30 seconds, initial extension at 72°C for 1 minute, and final extension cycle at 72°C for 10
minutes. The amplicon sizes were accurately analyzed using the HyperLadderTM marker (50 Base Pair,
Bioline, USA). To visualize the bacterial amplicon products accurately, we operated a Thermo
EC300XL2 electrophoresis device at 100 Volts on a 1.5% agarose gel for 1 hour. The Bio-Print-ST4
(Vilber Lourmant, France) was used to visualize the amplicons.

Our study was authorized by the Van Training and Research Hospital's clinical research ethics
committee (decision dated 25/01/2018 and numbered 2018/02) to evaluate the accuracy of blood
collection in patients.

RESULT AND DISCUSSION

Clinicians throughout the world are experiencing a great deal of comfort with the reintroduction
of colistin as the newest treatment option for illnesses brought on by Gram-negative bacteria that is
resistant to drugs. Colistin effectively treats illnesses brought on by MDR bacteria when taken either by
alone or in conjunction with other antibiotics [33]. Colistin is not only used in humans but also in animals
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for conditioning and in agriculture to increase yields. This usage has led to a significant rise in the
incidence and prevalence of Gram-negative bacteria that are resistant to colistin [34].

A total of 156 clinical isolates were obtained from 550 clinical samples collected in one year from
the largest hospital in Van, Turkey. Of these, 89 were identified as P. aeruginosa and 67 were identified
as A. baumannii using API-10S test strips for microbiological identification of bacteria. Blood (43.6%),
urine (27.1%), respiratory secretions (21.8%), and ulcer swab specimens (7.5%) were the sources of
several A. baumannii isolates. In a similar manner, isolates of P. aeruginosa were obtained from blood
samples (7.9%), urine (55%), wounds (25.8%), and stools (11.3%). The findings of the antibiotic
susceptibility test showed that the strains of P. aeruginosa and A. baumannii exhibited a significant
degree of multidrug resistance. Antibiotic susceptibility test results revealed that 94.6% of A. baumannii
strains and 82.8% of P. aeruginosa strains were multidrug-resistant (MDR). Imipenem (41.2%) and
cefotaxime (44.8%) showed the lowest resistance among A. baumannii isolates, whereas aztreonam
(80.5%) and piperacillin/tazobactam (73.4%) showed the highest resistance. Antibiotic resistance to
amikacin (92.3%) and aztreonam (85.8%) was highest in P. aeruginosa isolates, while antibiotic
resistance to cefepime (27.8%) and imipenem (29.4%) was lowest. Table 1 provides a detailed list of all
tested antibiotic percentages.

Table 1. Analysis of antibiotic resistance of P. aeruginosa and A. baumanii strains

Antibiotics P. aeruginosa A. baumanii
S (%) R (%) S (%) R (%)

Aztreonam 14.2 85.8 19.5 80.5
Amikacin 7.7 92.3 43.3 56.7
Ciprofloxacin 23.9 76.1 27.8 72.2
Levofloxacin 43.2 56.8 29 71
Cefepime 72.2 27.8 33.8 66.2
Cefotaxime 20.6 79.4 55.2 44.8
Imipenem 70.6 29.4 58.8 41.2
Piperaciline/Tazobactam 20.6 79.4 26.6 73.4

Eighteen of the 67 (11.94%) A. baumannii isolates and ten (11.23%) P. aeruginosa isolates were
among the eighteen colistin-resistant isolates discovered by the investigation. For isolates of A.
baumannii, the MIC values varied between 8 and 16 pg/ml, while for isolates of P. aeruginosa, they
ranged from 8 to 64 pg/ml. 43.6% of the isolates of A. baumannii were isolated from blood samples.
India accounted for 45% of the reported A. baumanniii isolates, the bulk of which were recovered from
wound swabs [35]. Our results are in line with the analysis of the same study, which found that 7%
(7/100) of the isolates of A. baumannii were resistant to colistin. According to Oikonomou et al. [36],
the MIC of colistin-resistant A. baumannii strains varied from 16 to 64 pg/ml, and the rate of colistin-
resistant A. baumanii was 7% (86/1228). A different investigation discovered that 57% (12/21) of the
isolates of A. baumannii were resistant to colistin, with MIC values ranging from 4 to >128 pg/ml [37].
The colistin-resistant P. aeruginosa isolates in our investigation had MIC values ranging from 8 to 64
pg/ml. This is not the same as the rate that Snesrud et al. [38] reported. Lescat et al. [37] reported 41.1%
(7/17) of colistin-resistant P. aeruginosa isolates with MICs ranging from 4 to 128 pg/ml, which is in
contradiction to our findings regarding colistin resistance and MIC.

Out of the eighteen isolates that were resistant to colistin, we found the mcr-1 gene in three strains
of P. aeruginosa and two strains of A. baumannii. The PCR picture of the mcr-1 gene region is displayed
in Figure 1. The mcr-1 gene test results for the remaining 13 colistin-resistant isolates, however, were
negative. This is the first report of mcr-1 presence in A. baumannii and P. aeruginosa, as far as we are
aware. However, prior research has demonstrated that these two clinically significant pathogenic
bacteria have distinct mechanisms behind their colistin resistance. Chromosome mutations are the main
cause of colistin resistance in A. baumannii. These mutations can be linked to changes in the outer
membrane (such as those in pmr, Ipx, IpsB, IptD, and vacJ) or unrelated to them (such as increased cell
osmotic sensitivity and efflux pump activation) [39]. In the meantime, the main mechanisms linked to
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the emergence of colistin resistance in P. aeruginosa are alterations in two-component regulatory
systems [18]. It was recently discovered that P. aeruginosa harbors the mcr-5 gene, which is encoded
chromosomally. On the other hand, no cases of colistin resistance resulting from mcr-1 gene mediated
by plasmids have been recorded [38].

Figure 1. 309bp amplicon image of P. aeruginosa and A. baumanii strains obtained by PCR. M:
100bp marker; NC: Negative control; AB047: A. baumanii isolate; PA09: P. aeruginosa isolate

This is the first study to document the existence and frequency of the plasmid-mediated mcr-1
gene in A. baumannii and P. aeruginosa isolated from different clinical samples in the Eastern Turkish
province of Van. The only thing we looked at in these two infections was the presence of the mcr-1
gene. As a result, we were unable to look into the processes underlying the remaining resistant strains'
colistin resistance. Our results point to the necessity of additional experimental methods to identify
plasmid-mediated colistin resistance in these two newly discovered pathogenic bacteria. Because of the
great potential for resistance to spread in clinical settings, the presence of plasmid-mediated colistin
resistance in P. aeruginosa and A. baumannii is noteworthy. To stop the spread of resistance, it is
essential to carefully assess and set criteria for the usage of this medication used as a last-resort
treatment. Understanding the unique circumstances of worldwide colistin resistance can be facilitated
by promoting the creation of quick processes for identifying colistin resistance profiles and putting them
into practice in hospital laboratories. Colistin and carbapenem treatment are two effective ways to treat
emerging resistant super-microbes and slow down the emergence of resistance.
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ORIGINAL ARTICLE / OZGUN MAKALE

COMPARATIVE EVALUATION OF ARTIFICIAL INTELLIGENCE
AND DRUG INTERACTION TOOLS: A PERSPECTIVE WITH THE
EXAMPLE OF CLOPIDOGREL

YAPAY ZEKA VE /LAC ETKILESIM ARACLARININ KARSILASTIRMALI
DEGERLENDIRILMESI: KLOPIDOGREL ORNEGI ILE BIR BAKIS ACISI

Zinnet Sevval AKSOYALP!* (), Betiil Rabia ERDOGAN!

zmir Katip Celebi University, Faculty of Pharmacy, Department of Pharmacology, 35620, Izmir, Tiirkiye

ABSTRACT

Obijective: The study aims to compare the ability of free artificial intelligence (Al) chatbots to detect
drug interactions with freely available drug interaction tools, using clopidogrel as an example.
Material and Method: The Lexicomp database was used as a reference to determine drug
interactions with clopidogrel. ChatGPT-3.5 Al and Bing Al were selected as the free Al chatbots.
Medscape Drug Interaction Checker, DrugBank Drug Interaction Checker and Epocrates
Interaction Check were selected as free drug interaction tools. Accuracy score and
comprehensiveness score were calculated for each drug interaction tool and Al chatbots. The kappa
coefficient was calculated to assess inter-source agreement for interaction severity.

Result and Discussion: The results most similar to those of Lexicomp were obtained from the
DrugBank and the ChatGPT-3.5 Al chatbot. The ChatGPT-3.5 Al chatbot performed best, with 69
correct results and an accuracy score of 307. ChatGPT-3.5 Al has the highest overall score of 387
points for accuracy and comprehensiveness. In addition, the highest kappa coefficient with
Lexicomp was found for ChatGPT-3.5 Al chatbot (0.201, fair agreement). However, some of the
results obtained by ChatGPT-3.5 Al need to be improved as they are incorrect/inadequate.
Therefore, information obtained using Al tools should not be used as a reference for clinical
applications by healthcare professionals and patients should not change their treatment without
consulting doctor.

Keywords: Artificial intelligence, clopidogrel, drug interactions, patient safety, pharmaceutical
databases

oz

Amag: Calismanin amaci, klopidogrel ornegini kullanarak iicretsiz yapay zekd (Al) sohbet
robotlarimin ilag etkilesimlerini saptama yeteneklerini iicretsiz olarak erisilebilen ila¢ etkilegim
araglar ile karstlastirmaktir.

Gerec ve Yontem: Klopidogrel ile ilag etkilesimlerini belirlemek icin referans veri tabani olarak
Lexicomp kullamlmistir. Ucretsiz yapay zekd sohbet robotlart olarak ChatGPT-3.5 Al ve Bing Al,
ticretsiz ilag etkilesim araglart olarak ise Medscape Drug Interaction Checker, DrugBank Drug
Interaction Checker ve Epocrates Interaction Check segilmistir. Her bir ilag etkilesim aract ve yapay
zekd sohbet robotu i¢in dogruluk puant ve kapsamlilik puam hesaplanmigtir. Etkilesim siddeti

acgisindan kaynaklar arast uyumu degerlendirmek icin kappa katsayisi hesaplanmigstir.
Sonu¢ ve Tartisma: Lexicomp veri tabanina en benzer sonu¢lar Drugbank ve ChatGPT-3.5 Al
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sohbet robotundan elde edilmistir. ChatGPT-3.5 Al sohbet robotunun 69 dogru sonu¢ ve 307
dogruluk puani ile en yiiksek sonuglara sahip oldugu bulunmugstur. Dogruluk ve kapsamlilik
agisindan 387 puanla en yiiksek toplam puan ChatGPT-3.5 Al sohbet robotu sonuglar: ile elde
edilmistir. Ayrica Lexicomp ile en yiiksek kappa skoru (0.201, orta diizey uyum) ChatGPT-3.5 Al
chatbot i¢in bulunmustur. Ancak ChatGPT-3.5 Al ile elde edilen sonuclardan bazilarinin
yanlig/yetersiz bulunmast nedeniyle iyilestirilmesine ihtiyag¢ vardir. Sonu¢ olarak yapay zekd
araglarindan  yararlamlarak elde edilen bilgiler saghk profesyonelleri tarafindan klinik
uygulamalar icin referans olarak kullanilmamalr ve hastalar doktora danismadan tedavilerini
degistirmemelidir.

Anahtar Kelimeler: Hasta giivenligi, ilag etkilesimleri, ilag veri tabanlar, klopidogrel, yapay zekd

INTRODUCTION

Clopidogrel is an irreversible P2Y12 adenosine diphosphate receptor antagonist used to inhibit
platelet activation and aggregation in patients with coronary artery disease, peripheral vascular disease,
and cerebrovascular disease. These patients are often prescribed clopidogrel along with
antihypertensive, antinyperlipidemic, and antidiabetic medications to reduce the risk of cardiovascular
events [1]. Clopidogrel is a prodrug and is dependent on hepatic cytochrome P450 (CYP) metabolism
for conversion to its active metabolite [2]; the therapeutic effect of clopidogrel may be increased or
decreased by co-administration with other drugs that affect the CYP enzyme. The clinical outcomes of
potential drug-drug interactions can be crucial in patients with coronary artery disease. Studies on the
interaction of clopidogrel with other drugs have been conducted based on reviewing previous studies
[1,3,4]. A paper on the evaluation of drug interactions with clopidogrel focused on studies of the
interaction between clopidogrel with atorvastatin and omeprazole [1]. The interaction of clopidogrel
with other drugs that induce and inhibit the CYP enzyme is also briefly discussed [1]. In another paper,
the researchers reviewed studies of different drugs that interact with clopidogrel, including statins and
proton pump inhibitors [3]. Several pharmacoepidemiological studies have been conducted to evaluate
drug interactions with clopidogrel [5-9]; however, to our knowledge, studies have yet to compare these
interactions using drug-drug interaction databases. Therefore, this study examined drug-drug interaction
databases to introduce an assessment of the use of Als in clinical practice, using the example of
clopidogrel's interaction with other drugs.

Several databases and resources are available to help healthcare professionals and patients check
for interactions in clinical practice and daily life. Some databases are free-accesible (Drugs.com,
Epocrates, Medscape, RxList, and WebMD), and some are subscription-based (Lexicomp, Micromedex,
and PEPID). However, these databases may vary in their information about drug-drug interactions [10-
12]. The accessibility of these databases and the diversity of their content complicates the decision-
making process for health professionals. There is a need to identify the most comprehensive, reliable,
and freely accessible drug interaction database. Recently, there has been growing interest in using
artificial intelligence (Al) to detect drug interactions [13-15]. As the use of Al chatbots becomes
widespread, they are also becoming an increasingly popular source of information in healthcare.
ChatGPT, Google Bard (now known as Gemine), and Microsoft Bing are the most popular Al chatbots.
ChatGPT has both free version (ChatGPT-3.5) and commercial version (ChatGPT-4). This study aims
to evaluate possible drug interactions with clopidogrel using both freely available drug interaction tools
(Medscape, DrugBank, and Epocrates) and Al chatbots (ChatGPT-3.5 and Bing) and to compare the
results obtained to test the capability of free Al chatbots.

MATERIAL AND METHOD
Data Collection

This study was conducted from April 25 to May 10, 2023. The list of drug interactions with
clopidogrel was accessed from the UpToDate database [16], and a total of 84 cases of interaction with
clopidogrel were identified. Interactions between clopidogrel and dietary supplements, nutrients,
vitamins, and herbs, and repeated drug interactions were excluded from the analysis and were shown in
yellow boxes in Figure 1. In addition, interactions of two drug classes (antiplatelet properties drugs and
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calcium channel blockers) with clopidogrel were identified in the UpToDate database. Four drugs from
antiplatelet properties drugs and two drugs from calcium channel blockers were selected and these drugs
were shown in blue boxes in Figure 1. A total of 78 drugs were included in this study (Table 1).

‘ Danshen *#Grapcﬁ'uit.luicc

( Omega-3 |
 Fatty Acids

‘CYP2C19 Inhibitors
(Moderate)

"Herbal Products with
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Figure 1. Flowchart for the inclusion/exclusion of drugs that interact with clopidogrel. Eighty-four
cases of interaction with clopidogrel were identified in the UpToDate database. Interactions between
clopidogrel and dietary supplements, nutrients, vitamins, and herbs, and repeated drug interactions
were excluded from the analysis and were shown in yellow boxes. For the interactions of two drug
classes (antiplatelet properties drugs and calcium channel blockers) with clopidogrel, selected drugs
were shown in blue boxes. The interactions of clopidogrel with 78 selected medications were analyzed
using Lexicomp, Medscape, Drugbank, Epocrates, ChatGPT-3.5 Al and Bing Al

Table 1. A list of 78 drugs that interact with clopidogrel was retrieved from the UpToDate database and
included in the study
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. .. | Ibritumomab . . .
Berotralstat Deoxycholic Acid Tiuxetan Ozanimod Rosuvastatin Urokinase
Bupropion Desloratadine Ibrutinib Paclitaxel Selexipag Verapamil
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Cephalothin Enoxaparin Ibuprofen Polysulfate Sodium Sibutramine Zanubrutinib
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Lexicomp (Wolters Kluwer, USA), a subscription-based drug interaction screening tool, was
selected as the reference database and accessed through the library of 1zmir Katip Celebi University.
Firstly, drug interactions with clopidogrel were screened by the Lexicomp database. Then, three free
software programs, Medscape (WebMD, USA), DrugBank (University of Alberta, USA), and Epocrates
(Epocrates Inc., USA), were used to check the capability of ChatGPT-3.5 Al and Bing Al. These
databases were chosen because they are available to the public free of charge. In this study, we focused
on the free-accesible version of chatbots, which people more widely use due to their free access, so we
included ChatGPT-3.5 Al and Microsoft Bing Al. Google Bard was excluded as it was used for testing
during the study period. Free accounts were created on ChatGPT-3.5 Al and Bing Al and interacted with
the Al-based language model to collect data. As both free Al chatbots have a maximum question limit
of 24 hours, the drug interaction screening with Al chatbots was completed between 8 and 10 May 2023.
A new conversation was started for each drug interaction question. Five questions were prepared based
on information from Lexicomp, the reference database for drug interactions. Each pair of drug
interactions was searched with five questions, and the answers were recorded for further analysis. The
following questions were used:

“Can I take clopidogrel and X together?”

““What happens if I take clopidogrel and X together?’’

““How should I take clopidogrel and X together?”’

“What is the risk rating of interaction between clopidogrel and X?”” and
“What is the severity of interaction between clopidogrel and X?”.

In Lexicomp, the severity of the interaction is categorized as major, moderate, and minor. The
results of the free drug interaction checkers and Al chatbots are also standardized as in Lexicomp. Drugs
that were unavailable to these tools and Al chatbots were assumed not to interact. The true positive (TP),
true negative (TN), false positive (FP), and false negative (FN) values of these databases and the Al
chatbots assessing clopidogrel interactions were determined. A drug interaction defined as a
major/moderate interaction in Lexicomp is defined as a TP if it is also a major/moderate interaction in
other databases and is defined as an FN if it is @ minor/no interaction in other databases. On the other
hand, a minor interaction identified in Lexicomp is defined as TN if it is a minor/no interaction in other
databases, while it is defined as FP if it is a major/moderate in other databases [11].

Statistical Analysis

The data were analyzed using descriptive statistics. The ability of the database to accurately detect
major/moderate drug interactions is defined as the sensitivity, while the ability to ignore minor
interactions is defined as the specificity [10]. Positive predictive value (PPV) is the probability that an
interaction detected by the database is a significant interaction. The probability that interactions not
detected by the database are insignificant is reported as negative predictive value (NPV). The sensitivity,
specificity, PPV and NPV of these databases were calculated using the following equations [11]:

Sensitivity = TP / (TP + FN)
Specificity = TN/ (FP + TN)
PPV =TP /(TP + FP)

NPV = TN/ (TN + FN)

The accuracy score was calculated by multiplying the sum of the sensitivity, specificity, PPV and
NPV values by 100, and the maximum accuracy score was 400 [10].

The results of drug interaction checkers and Al chatbots were also evaluated for severity level,
onset, mechanism, risk rating, management, discussion, documentation level, references, clinical
manifestations, and related drugs. Subsequently, the comprehensiveness score was calculated by
multiplying the number of these items found in drug interaction checkers and Al chatbots by 13.4 [10].
As ten items are to be assessed, the maximum comprehensiveness score is 134.

In addition, kappa (k) coefficients were used to assess the consistency of severity between the
four drug-drug interaction tools and the two Al chatbots using SPSS (version 29.0, IBM, USA). To
harmonize the severity of the interactions classified as major, moderate and minor in the Lexicomp
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results with the results from other databases, minor and no interaction results were combined and scored
as no interaction. Fleiss’ kappa coefficient was calculated to assess the agreement between all drug-drug
interaction tools and Al chatbots in terms of the severity of drug interactions with clopidogrel. Cohen's
kappa coefficient was calculated to pairwise compare drug interaction tools and Al chatbots. A kappa
coefficient of 1 indicates perfect agreement, -1 indicates perfect disagreement, and 0 indicates agreement
that would be expected by chance. Kappa coefficient < 0.0 indicates poor agreement, 0.0 - 0.2 slight
agreement, 0.21 - 0.40 fair agreement, 0.41 - 0.60 moderate agreement, 0.61 - 0.80 substantial
agreement, and 0.81 - 1.00 near perfect agreement [17]. The calculated p-value for kappa coefficients is
less than 0.05, meaning that the agreement between tools and Al chatbots is unlikely to be due to chance.

RESULT AND DISCUSSION

This study included 78 cases of interaction with clopidogrel; however, some drugs were
unavailable in drug interaction checkers tools and Al chatbots (h = 12 for MedScape, n = 1 for Drugbank,
n =9 for Epocrates, and n = 54 for Bing Al) except ChatGPT-3.5 Al. These drugs were assumed to have
no interaction with clopidogrel.

Lexicomp Drug Interactions Module, a reference database, has identified 20 major, 53 moderate,
and five minor drug interactions with clopidogrel (Table 2). Among the free-accesible databases,
Drugbank showed similar results to those of Lexicomp. The DrugBank found 13 major, 49 moderate
and six minor interactions with clopidogrel and no interactions with ten other drugs. Epocrates identified
17 major, 35 moderate and two minor interactions with clopidogrel. However, Epocrates did not find
interactions with 24 drugs. On the other hand, more than half of these clopidogrel-drug interactions were
not found in the MedScape. Interestingly, ChatGPT-3.5 Al found that clopidogrel interacted with all but
eight of the drugs that were identified in the UpToDate database. However, some moderate risk
interactions in Lexicomp were identified as major interactions in ChatGPT-3.5 Al. In contrast, the Bing
Al chatbot found interactions only for 15 drugs.

Table 2. Standardization of the interaction severity ratings of the drug interaction tools and Al chatbots
as major, moderate, and minor

Lexicom MedScape Drugbank Epocrates ChatGPT-3.5 Al Bing Al
Major |20| Serious/Use (13 Major 13 Avoid/Use 17 High 27 Severe 9
alternative alternative

Contraindicated
Moderate |53 | Monitor closely |23 Moderate 49| Monitor/Modify |35 Moderate |41 Moderate 6

treatment
Minor |5 Minor 0 Minor 6 | Caution advised | 2 Mild 2 Minor 0
No interaction |42| No interaction |10| No interaction |24| Noknown | 8 | No interaction |63
found found found interaction found

The highest number of correct answers (TP plus TN) was received by ChatGPT-3.5 Al chatbot
(n = 69) and Drugbank (n = 64). However, some of the results were misinterpreted by the Al chatbot,
such as the fact that clopidogrel is a prodrug. One of the most common interactions with clopidogrel is
with CYP2C19 inhibitors. As clopidogrel is a prodrug, co-administration of clopidogrel with CYP2C19
inhibitors reduces serum levels of the active metabolite of clopidogrel. ChatGPT-3.5 Al and Bing Al
chatbot accurately describe the interaction of clopidogrel with proton pump inhibitors, which are
CYP2C19 inhibitors, suggesting that it leads to decreased plasma levels of the active metabolite. On the
other hand, ChatGPT-3.5 Al chatbot incorrectly explains the interaction of fluconazole, nifedipine, and
ritonavir (enzyme inhibitors) [1,18,19] and rifampin (enzyme inducer) [20] with clopidogrel, ignoring
that clopidogrel is a prodrug. A similar incorrect result was found for erythromycin (enzyme inhibitor)
[1] in the Bing Al.

The highest number of incorrect answers (FN plus FP) was received by the Bing Al chatbot (n
= 60) and MedScape (n = 39). A reliable drug-drug interaction checker should be sensitive to detect
significant interactions and specific to ignore insignificant interactions. The ChatGPT-3.5 Al chatbot
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was the most sensitive, while the Bing Al chatbot was the least sensitive. Among the free drug
interaction checkers, the DrugBank had the highest level of sensitivity, while the MedScape had the
lowest level of sensitivity. Epocrates was found to have the highest specificity of all the databases, while
the Bing Al chatbot was found to have the lowest specificity.

The positive predictive values of Drugbank, Medscape and ChatGPT-3.5 Al were comparable
and higher, demonstrating their ability to identify significant interactions. On the other hand, both
Drugbank and ChatGPT-3.5 Al showed high negative predictive value, further supporting their
reliability. The most accurate database was the ChatGPT-3.5 Al chatbot, with 307 out of 400 accuracy
points. On the other hand, Bing Al chatbot was the least accurate database, with 197 points (Table 3).
Among the free drug interaction checkers, the most accurate database was Drugbank, with 299, and the
least accurate was MedScape, with 244 points (Table 3).

Table 3. Accuracy score of drug interaction checkers and Al chatbots for assessing clopidogrel
interactions with 78 drugs

TP FN | TN FP Sensitivity | Specificity PPV NPV Accuracy
Score*
MedScape 35 38 4 1 0.48 0.90 0.97 0.10 244
Drugbank 60 12 4 2 0.83 0.94 0.97 0.25 299
Epocrates 48 25 1 4 0.66 0.98 0.92 0.04 260
ChatGPT-3.5 Al 67 7 2 2 0.91 0.97 0.97 0.22 307
Bing Al 14 59 4 1 0.19 0.78 0.93 0.06 197

*Maximum accuracy score is 400. Abbreviation; FN, false negative; FP, false positive; TN, true negative; TP, true positive;
PPV, positive predictive value; NPV, negative predictive value

The Bing Al and DrugBank are superior to other checkers in providing references for drug
interactions with clopidogrel. On the other hand, ChatGPT-3.5 Al has cited the Lexicomp and Epocrates
databases for some interactions, but the results are inconsistent (Table 4). Epocrates, ChatGPT-3.5 Al
and Bing Al offer management of drug interactions with clopidogrel. The Bing Al chatbot had the
highest comprehensiveness score of 107 points (Table 4). On the other hand, the most comprehensive
free drug interaction checker was Drugbank, with 80 comprehensiveness scores. The total score was
obtained by summing the accuracy and comprehensiveness scores [10]. ChatGPT-3.5 Al had the highest
total score, with 387. Among the free interaction checkers, DrugBank had the highest score, with 379
(Table 5).

Fleiss' kappa coefficients were evaluated for interaction severity agreement between drug-drug
interaction tools and Al chatbots for clopidogrel and drug interaction pairs (Table 6). The overall Fleiss
kappa coefficient was 0.043 (slight agreement; p = 0.040). The kappa coefficient was 0.106 (slight
agreement; p < 0.001) for interaction pairs with the major severity drug interaction category. Pairwise
agreement for the severity of interactions between drug interactive tools and/or Al chatbots was assessed
using Cohen's kappa coefficient (Table 7). The highest kappa coefficients were found between Epocrates
and Medscape (k = 0.390; p < 0.01) and Lexicomp and ChatGPT-3.5 (x = 0.201; p = 0.020), both
showing fair agreement.

Table 4. Comprehensiveness score of drug interaction checkers and Al chatbots for assessing
clopidogrel interactions with 78 drugs

Risk |Onset| Mechanism | Severity | Management| Discussion | DL | Ref | CM | Related | CS*

rating level drugs
MedScape | Yes | No Yes Yes No No No | No | Yes No 54
Drugbank | Yes No Yes Yes No Yes No | Yes | Yes No 80
Epocrates | Yes No Yes Yes Yes No No | No Yes No 67
ChatGPT- | Yes No Yes Yes Yes Yes No | No Yes No 80
35Al
Bing Al Yes No Yes Yes Yes Yes Yes| Yes | Yes No 107

*Maximum comprehensiveness score is 134. Abbreviation; CM, clinical manifestations, CS, comprehensiveness score, DL,
documentation level, Ref, references
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Table 5. Total score of drug interaction checkers and Al chatbots for assessing clopidogrel interactions
with 78 drugs

Accuracy Score Comprehensiveness Score Total Score*
MedScape 244 54 298
Drugbank 299 80 379
Epocrates 260 67 327
ChatGPT-3.5 Al 307 80 387
Bing Al 197 107 304

*Maximum total score (accuracy + comprehensiveness) = 400 + 134 = 534

Table 6. Fleiss' kappa coefficients for the interaction severity agreements of four drug interaction tools
and two Al chatbots for clopidogrel and drug interaction pairs

Kappa coefficient p-value Strength of agreement
Major 0.106*** <0.001 Slight
Moderate 0.000 0.990 Slight
No interaction 0.045 0.127 Slight
Overall 0.043* 0.040 Slight

In drug interactions reported as minor or not applicable, it was assumed that there were no drug interactions. *p < 0.05,
*k*k
p <0.001

Table 7. Cohen’s kappa coefficients for the interaction severity agreements of between drug interaction
tools and/or Al chatbots for clopidogrel and drug interaction pairs

Lexicomp | MedScape | Drugbank | Epocrates | ChatGPT-3.5 Al Bing Al
Lexicomp - 0.095 0.108 0.004 0.201* 0.009
Medscape 0.095 - 0.071 0.390*** 0.090 0.118
DrugBank 0.108 0.071 - 0.101 -0.007 0.030
Epocrates 0.004 0.390*** 0.101 - 0.047 0.007
ChatGPT-3.5 Al 0.201* 0.090 -0.007 0.047 - -0.037
Bing Al 0.009 0.118 0.030 0.007 -0.037 -

In drug interactions reported as minor or not applicable, it was assumed that there were no drug interactions. *p < 0.05,
*k*k
p <0.001

An increasing number of medicines are coming onto the market, and many new interactions are
reported that may interfere with treatment or cause adverse effects [21]. The identification of predictable
and preventable drug-drug interactions is essential for patient safety, and healthcare professionals often
use drug-drug interaction tools to help them identify all the possible interactions between medicines.
There are many drug-drug interaction tools available, but the results from these databases are not always
consistent, and several studies have been carried out to compare these databases [10-12,22-29].
Although the drug-drug interaction tools and the drugs compared in these studies were different, the
conclusion was that subscription-based tools may be more useful than free tools and that health
professionals should use at least two different resources to assess drug interactions. Most of these studies
showed that Lexicomp had the highest score among subscription-based drug interaction tools [11,12,26],
so we chose Lexicomp as our reference source. Artificial Intelligence (Al) is revolutionizing many
fields, including health [30]. In recent years, Al applications in healthcare have been in the spotlight,
and the potential for Al tools to provide information about drug use among the public is growing [31,32].
Our study focused on clopidogrel, a drug with significant drug-drug interactions, and compared the
performance of drug-drug interaction databases and Al chatbots in identifying these interactions.

Our research, along with two previous studies [13,14], has shed light on the potential of Al
chatbots in detecting drug interactions. In the first study, the results of another previous study evaluating
40 drug-drug interactions [10] were compared with the free-accesible version of ChatGPT [14].
ChatGPT is partially effective in detecting drug interactions. Although the information provided by
ChatGPT is sometimes insufficient, it may be helpful in detecting drug interactions [14]. Similarly, the
ChatGPT-3.5 Al chatbot provided useful information about clopidogrel-drug interactions in our study.
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The other study searched ChatGPT-3.5 Al, ChatGPT-4 Al, Microsoft Bing Al and Google Bard for
interactions of five drugs selected from the class of SGLT-2 inhibitors and macrolides with the 51 most
prescribed drugs [13]. These results were compared with those from Micromedex and Drugs.com [13].
In contrast to our study, it was found that Bing Al had the highest accuracy and specificity [13]. In our
research, ChatGPT-3.5 Al and DrugBank had the highest accuracy scores. These resources may be free
and reliable for identifying drug interactions with clopidogrel. Although Bing Al has the highest
comprehensive score, it appears inadequate as it only includes a few drugs. DrugBank and ChatGPT-
3.5 Al had the highest comprehensiveness scores, except for Bing Al. As a result, our study shows that
ChatGPT-3.5 Al and DrugBank are the most comprehensive and accurate drug interaction detection
tools available to healthcare professionals and patients. On the other hand, the compatibility of
Lexicomp-ChatGPT-3.5 Al chatbot results for interaction severity was found to be fair. The fact that
clopidogrel is a prodrug leads to different results for interactions with drugs that induce or inhibit
CYP3A4/A5, CYP2C19, CYP2C9 and CYP1A2, which are involved in the metabolism of clopidogrel
[1]. The interaction between the CYP2C19 inhibitors, proton pump inhibitors [1], and clopidogrel was
correctly explained by ChatGPT-3.5 Al. However, the interaction with the CYP3A4/A5 inhibitors
nifedipine, fluconazole, ritonavir [1] and the CYP3A4/A5 inducer rifampin [1] was incorrectly
explained. Even though ChatGPT-3.5 Al achieved the highest overall (accuracy + comprehensiveness)
score, a major weakness of ChatGPT-3.5 Al is that it ignores the fact that clopidogrel is a prodrug in
these interactions. In addition, our study has some limitations. One limitation is that the data included
in the ChatGPT-3.5 Al is from before September 2021 and may not include the most recent medical
data. More accurate results can be obtained with ChatGPT-4 Al, but its cost limits its use.

In conclusion, the main findings of our research are as follows: (a) Drugbank Drug Interaction
Checker among free-accesible databases and ChatGPT-3.5 Al among Al chatbots provide the results
most similar to Lexicomp, (b) More than half of the drugs are not available in Bing Al chatbot, (c) The
ChatGPT-3.5 Al chatbot and the Drugbank database have the highest number of correct answers and
accuracy score for drug interactions, (d) The Bing Al chatbot performs excellently on the
comprehensiveness score, but the inaccessibility of 80% of medications limits this result, (e) Finally,
ChatGPT-3.5 Al performed best when considering the overall score.

ChatGP T-3.5 Al shows promise in predicting drug interactions with clopidogrel but may lead to
incorrect conclusions with CYP enzyme inhibitors/inducers, ignoring the properties of the drug
compound. ChatGPT-3.5 Al can provide general information about drug therapy but cannot give
specific medical advice or recommendations. Also, ChatGPT-3.5 Al emphasizes that other medications
or supplements should be avoided without the advice of a healthcare professional while using
clopidogrel. The Al chatbots recommend being aware of bleeding symptoms when taking clopidogrel
and taking the medications at different times of the day to reduce the risk of bleeding. The Al chatbots
also warn that the questioner should consult a healthcare professional, regardless of whether there is
data on drug interactions, which is beneficial for patient safety. In the future, Al chatbots could become
even more useful by improving their ability to predict the interactions between drugs accurately.
However, patients should always consult their healthcare provider before changing or stopping taking
their medicines.
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ABSTRACT

Objective: In this study, the chromatographic behavior of the antiepileptic drug phenytoin was
determined by the green HPLC method. The optimization of the developed method was based on the
capacity factor values of phenytoin in varying water-ethanol binary mixtures and the ethanol
concentration in the mobile phase where the compound was analyzed.

Material and Method: Ethanol-water binary mixtures containing 35%, 40%, and 45% (v/v)
ethanol were used in the optimization for the determination performed by the RPLC method.
Retention times of the compound were determined with the Zorbax SB-CN (150x4.6 mm, 3.5 um ID)
column. Analyzes were performed at a constant flow rate (0.3 ml/min) and column temperature
(37°C). The optimum condition for quantitative analysis was determined as an ethanol-water binary
mixture containing 40% (v/v) ethanol with a pH of 6.5.

Result and Discussion: In this study, the hydrophobicity of phenytoin was calculated using the logk-
o relationship. The optimum condition was determined using the obtained chromatographic data,
and the quantitative determination of phenytoin in the commercial tablet formulation was made by
the internal standard method. Under these conditions, excellent linearity (r>0.99) was obtained in
the concentration range of 0.8-2.8 ug/ml. The detection limit of the developed method is 0.021 ug/ml;
the limit of quantitation was calculated as 0.064 ug/ml. The recovery value of the method was
determined as 99.61%. It was concluded that the parameters of precision, accuracy, and method
robustness were appropriate for the validation procedures.

Keywords: Antiepileptic drugs, binary mixture, green chemistry, method optimization, RPLC

oz

Amac: Bu ¢calismada antiepileptik ilag fenitoinin kromatografik davranist yesil HPLC yontemi ile
belirlenmistir. Gelistirilen yontemin optimizasyonu, degisen su-etanol ikili karisimlarindaki
fenitoinin kapasite faktorii degerlerine ve bilesigin analiz edildigi mobil fazdaki etanol derigimine
dayandirilmistir.

Gereg¢ ve Yontem: RPLC yontemiyle gelistirilen metot optimizasyonunda %35, %40 ve %45 (h/h)
etanol iceren etanol-su ikili karisimlart kullanilmistir. Bilesigin alikonma stireleri Zorbax SB-CN
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(150x4.6 mm, 3.5 um ID) kolonu ile belirlenmistir. Analizler sabit akis hizi (0.3 ml/dakika) ve kolon
sicakliginda (37°C) gergeklestirilmistiv. Kantitatif analiz igin optimum kosul, pH"1 6.5 olan %40
(h/h) etanol iceren bir etanol-su ikili karigimi olarak belirlenmistir.

Sonu¢ ve Tartisma: Bu calismada logk-¢ iliskisini kullanilarak fenitoinin hidrofobisitesi
hesaplanmigtir. Elde edilen kromatografik veriler kullanilarak optimum kosul belirlenmis, ticari
tablet formiilasyonunda fenitoinin kantitatif tayini dahili standart yontemiyle yapilmistir. Bu
kosullar altinda 0.8-2.8 ug/ml derisim araliginda miikemmel dogrusallik (¥>0.99) elde edilmistir.
Gelistirilen yontemin tespit limiti 0.021 pg/ml; miktar belirleme smuri 0.064 ug/ml olarak
hesaplanmigtir. Yontemin geri kazamim degeri %99.61 olarak belirlenmigtir. Kesinlik, dogruluk ve
metot saglamligi parametrelerinin validasyon prosediirleri icin uygun oldugu sonucuna varilmustir.
Anahtar Kelimeler: Antiepileptik ilaglar, ikili karisim, RPLC, yesil kimya, yontem optimizasyonu

INTRODUCTION

Epilepsy is one of the neurological disorders that affects approximately 1% of the world's
population. Antiepileptic (Anticonvulsants) drugs are a wide variety of pharmacological agents used in
the treatment of epileptic seizures. Phenytoin has been used as an anticonvulsant drug since the late
1930s. It limits the spread of seizure discharges by blocking voltage-dependent sodium channels. A
usage mediates this response- and voltage-dependent slowdown in the recovery rate of voltage-activated
sodium channels from inactivation [1,2]. Phenytoin is a broadly effective ion channel blocker because
it inhibits several sodium and calcium channels [3].

Phenytoin is a weakly basic compound with a dissociation constant (pK,) value between 8.06 and
9.2. Slightly soluble in water, phenytoin is soluble in alkaline and most organic solvents. The poor
solubility of phenytoin in water is due to the hydrophobic nature of the diphenyl structure at the C-5
position of hydantoin. (Figure 1) [4].

A

Figure 1. Structure of hydantoin (A) and phenytoin (B)

Analyzes performed by reversed-phase liquid chromatography (RPLC) method for the qualitative
and quantitative analysis of the antiepileptic drug phenytoin are available in the literature [5-8]. RPLC
is considered the most common technique used in many fields, including developing and analyzing
drugs in quality control laboratories and analyzing active substances in biological fluids [9,10]. In most
studies carried out with the RPLC method, significant amounts of organic solvents that can hurt the
environment, produce large quantities of waste to be disposed of, and cause problems related to
ecological impact continue to be used. In this method, methanol and acetonitrile are most commonly
used. These solvents with high elution power have some problems in terms of safety and environment.
This study aims to introduce a new chromatographic method using the less hazardous solvent ethanol,
which is considered an alternative to methanol and acetonitrile. The most suitable green organic solvent
for the green RPLC method is ethanol. Due to its lower vapor pressure, ethanol has less toxicity than
methanol and acetonitrile, which have higher vapor pressures. In terms of selectivity, ethanol is in the
same group as methanol, as in the classification of organic solvents. The main disadvantage of ethanol
is that increasing column temperature creates high pressure in the HPLC system due to its higher
viscosity compared to acetonitrile and methanol [11,12].
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In RPLC optimization, the best separation conditions must be provided. For this purpose, various
approaches have been developed to predict the retention behavior of the analyte. Thus, mobile phase
polarity, pH, and column temperature values are used in the analysis of ionizable and neutral compounds
without the need for trial and error [13-15]. Among these three parameters, the change in the organic
solvent content in the mobile phase also causes changes in the degree of ionization and retention of the
compound. Achieving the desired separation is very important and is often possible at certain pH values.
For this reason, mobile phase pH is important in the determination of ionizable compounds [16,17].

According to the solvophobic theory, the retention will be a function of the chromatographic
behavior of the analyte determined in the mobile phase [16]. Using the equations for estimation of
retention in chromatography ensures the performance of the experiment in a shorter time and the
selectivity of the compounds [14,18]. The relationship between the percentage of the organic solvent in
the mobile phase and the capacity factor value is given in Equation 1.

logk = logk,, — S¢ Q)

¢ is the volume fraction of the organic modifier in the binary mixture. The S value is a factor associated
with the solvent strength of the organic modifier. As seen in Equation 1, the k value of the compounds
shows a linear relationship depending on the volume percentage of organic solvent in the mobile phase.
In the determined linear function, S can be calculated with the slope value, and capacity factor (kw)
values of the compounds in pure water can be calculated with the intercept value. The logkw value
calculated in the RPLC method is a measure of hydrophobicity [19]. Although the S value depends on
the solvent power of the pure organic modifier, it is not constant for analytes with different chemical
structures. S values can range from -3.0 to -6.0. This value indicates that a given increase in organic
modifier concentration causes large differences in retention [20]. Equation 1, also referred to as the
linear solvent strength (LSS) model, is used to develop methods in RPLC [21]. It is also used to predict
chromatographic separations in both isocratic and gradient studies [21,22].

This study focused on the ease of replacing conventional mobile phases with less toxic and
greener solvents without altering the performance of the developed method. A green RPLC method was
developed for the qualitative and quantitative analysis of phenytoin, an antiepileptic drug. With this
developed method, the chromatographic analysis of phenytoin, a hydrophobic compound, was
performed using less ethanol than the analyses made with toxic solvents. This study aimed to determine
the effect of ethanol content and pH change in the mobile phase on the retention of phenytoin. The pH
value of the mobile phase to be studied was chosen in the range of pKa+1.5 of the compound. For the
guantitative determination of phenytoin, the k value should be in the range of 1-5 [9,19]. Selectivity
factor (o) and separation factor (Rs) values were calculated to be able to separate with the selected
internal standard dofetilide in the quantitative determination. In addition, the method was validated
according to the International Conference on Harmonization (ICH) and Association of Official
Analytical Chemists (AOAC) parameters [23,24] and then the quantitative determination in the
pharmaceutical formulation was performed.

MATERIAL AND METHOD
Chemical Substances

The chemicals used for the developed method are of analytical purity and have not been subjected
to any purification process. Phenytoin (5,5-diphenylhydantoin), internal standard dofetilide, and uracil
were obtained from Sigma Aldrich (St. Louis, USA). Ethanol, ortho-phosphoric acid, sodium hydroxide,
and potassium hydrogen phthalate (KHP) were purchased from Merck (Darmstadt, Germany).

Apparatus

The qualitative determination of phenytoin and its quantitative determination in drug formulation
was made in an HPLC device. Shimadzu brand HPLC device consists of a UV detector (SPD-20A),
pump (LC-20AD), column oven (CTO-20A), and degasser unit (DGU-20A3). The pH values of the
prepared mobile phases were measured with a pH meter (Mettler Toledo, Switzerland) using an
Ag/AgCl combined glass electrode. According to the International Union of Fundamental and Applied
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Chemistry (IUPAC), potassium hydrogen phthalate was chosen as the reference standard for the
calibration of the electrode in the ethanol-water mixture [25]. The ultrapure water used in the preparation
of the mobile phase was obtained from the Direct Q3 (Millipore, Bedford, MA, USA) device.

Liquid Chromatographic Conditions

Analysis of phenytoin and selected internal standard dofetilide was performed on the Zorbax SB-
CN (150x4.6mm, 3.5pum ID) column. The column temperature is 37°C and the flow rate is 0.3 ml/min.
Compounds injected into the manual injection system in a volume of 20 ul were analyzed in triplicate
and the relative standard deviation of the analysis was calculated below 1%. The wavelengths of the
compounds analyzed in the UV detector were 230 nm for phenytoin, 215 nm for dofetilide, and 210 nm
for uracil, respectively.

pH Measurement in the Mobile Phase

In a water-organic solvent mixture, pH was measured by IUPAC guidelines [25] considering the
determined reference pH of the National Institute of Standards and Technology (NIST) buffer solutions
in the hydroorganic mixture studied [26]. According to IUPAC rules, pH standardization was carried
out with the primary standard reference solution (KHP, 0.05 mol/kg) used in ethanol-water binary
mixtures [25].

Solutions Used and Preparation of Mobile Phase

Stock solution concentrations of phenytoin and selected internal standard dofetilide were prepared
as 50 pg/ml. Compounds and mobile phases were stored in the refrigerator at +4°C unless used. Uracil
solution prepared by dissolving it in a mobile phase medium was used to determine the capacity factors.
The primary standard was prepared using the reference Potassium hydrogen phthalate compound in the
mobile phase medium, where the electrode calibration solution was 0.05 mol/kg. For phenytoin analysis,
ethanol-water binary mixtures containing 35%, 40%, and 45% (v/v) ethanol with pH adjusted to 5.0 and
6.5 were prepared as mobile phases. For the robustness test, the ethanol-water mixture containing 35%
(vIv), 45% (v/v) ethanol, and mobile phases at different pH values (5.0 and 8.0) were prepared in the
same way.

Preparation of Tablet Solution

To determine the active ingredient of phenytoin in tablet formulation, 10 tablets were crushed in
a porcelain mortar, and tablet powder equivalent to 1 tablet was weighed and taken into a 100 ml balloon
jug. Some mobile phase was added to it and it was dissolved in the ultrasonic bath and its volume was
completed with the mobile phase. This solution was filtered through a blue band filter paper and diluted
at different concentrations so that phenytoin was within the determined linear calibration range.

Method Robustness Test

The robustness of the developed method was evaluated by examining the changes in the amount
of ethanol in the mobile phase (5%, v/v), mobile phase pH (%1.5), and column temperature (25°C,
40°C) in the analysis of phenytoin.

RESULT AND DISCUSSION

In this study, the simultaneous effect of mobile phase pH and ethanol concentration was used for
the retention of phenytoin. The analysis of this acidic and basic functional group-containing compound
using the RPLC method is highly dependent on the degree of ionization of this compound and thus the
pH of the mobile phase.

Since the analyzed phenytoin has moderate solubility and dofetilide has poor solubility [27],
water-organic solvent binary mixtures are preferred in liquid chromatographic analyses with these
compounds. In the study, water-soluble and polar organic solvent ethanol was preferred. Solvent polarity
in the mobile phase affects chromatographic separation. The selection of more polar solvents increases
the retention in the column in RPLC [9]. In these analyses made with polar solvent ethanol, classical
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alkyl chain columns such as C18, and C8 were not preferred so that the interaction of the compounds
with the column is not too much. For the analysis of compounds, a cyano column with a stable bond
structure, which provides less interaction of analytes with the column, was preferred. Since the Zorbax
SB-CN column (150x4.6 mm, 3.5 pm; Agilent) is nonpolar, the water-ethanol binary mixture was
chosen as the mobile phase components.

The tr values of phenytoin in mobile phases containing ethanol-water hydro-organic mixtures
containing 35%, 40%, and 45% (v/v) ethanol at a constant column temperature of 37°C and a flow rate
of 0.3 ml/min were determined by averaging the results of three replications. In addition, dead time (to)
values were determined by using the type of uracil that was not retained in the column under each
condition. The capacity factor values of the compound were calculated for each condition using the data
obtained as a result of the qualitative analysis. The pH value of the mobile phase to be studied was
chosen in the pKa+1.5 range of phenytoin. Since there is no experimental data on the pKa value of the
compound, the Chemicalize program [28], which makes an estimation, was used to determine this
physicochemical parameter. The pKa value of the acidic nitrogen (Number 3 nitrogen) atom in the
hydantoin ring in the chemical structure of the compound is around 8.0 [28]. For this, the pH values to
be analyzed were chosen as pH 6.5 and pH 5.0. Since the limit pH value of the analyzed column is 8.0,
the working pH value did not exceed 6.5. Since the peak symmetry and reproducibility of phenytoin
will not be good at pH 8.0, no study has been carried out at pH where the pKa value of the compound
[9,19].

According to the LSS model, the linear relationship obtained when the logarithmic capacity factor
(logk) values of phenytoin are plotted with the volume percentage of ethanol (9, 35%, 40%, and 45%,
v/v) in the mobile phase is given in Figure 2 for pH 5.0 and pH 6.5.

pH 5.0 pH 6.5
0.70 045
0.65 .. y=-3.365x + 1.837 0.40 .
0.60 o, r=0.999 033 y=-3.896x + 1.777
0.55 e, 030 r=0.999
0.50 . % 025
ED (.43 - . .
= 040 ="
0.35 ’ 0.15
0.30 * 0.10
023 0.05 .
0.20 0.00
032 034 036 038 04 042 044 046 032 034 036 038 04 042 044 046
L ?

Figure 2. Graphs showing the ¢-logk relationship at pH 5.0 and pH 6.5

The intercept value of the linear functions in these graphs gives the logkw value. According to this
data, the kw value of phenytoin at the studied pH values was calculated without any experiment.
Accordingly, while the ky value was 68.77 at pH 5.0, the ky value was calculated as 59.83 at pH 6.5.
The desired k value in chromatographic analyses is between 1-5. According to these calculated data, the
calculated k values in the aqueous medium are very large. According to these values, it was concluded
that the tr values would also be very high, and under this condition, this compound could not be analyzed
in a 100% water environment. In addition, the compound with an ionizable acidic functional group
depends on the pH change, and the retention time in the column decreases as the pH value increases
[16]. The k and ky values obtained at two different pH values support this situation.

In the linear functions of the graphs given in Figure 2 (Equation 1), k values for phenytoin can be
estimated when any percentage by volume value of ethanol outside the experimental study is substituted
for the ¢ value. For ethanol-water binary mixtures containing 5%, 20%, and 70% (v/v) ethanol outside
the experimental working range, the k values of the compound could also be calculated without any
experiment (Table 1).
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Table 1. k values calculated for phenytoin

Compound pH 5.0 pH 6.5
5% (viv) | 20% (viv) 70% (viv) 5% (viv) 20% (v/v) 70% (v/v)
Phenytoin 46.68 14.60 0.30 38.20 4.06 0.11

According to the data in Table 1, since the k value must be between 1-5, it is not possible to
analyze phenytoin in studied binary mixtures containing 5%, 20%, and 70% (v/v) ethanol at pH 5.0. At
pH 6.5, it is possible to determine phenytoin in binary mixtures containing only 20% (v/v) ethanol. In
addition, since the ionized functional group in the structure of the compound is acidic, the k value of the
compound will decrease as the pH value of the mobile phase increases. In addition, as the amount of
ethanol in the environment increases, the interaction of the compound with the HPLC column will
decrease and the k value will also decrease. The data in Table 1 supports these situations [9,19].

Hydrophobicity or lipophilicity is defined as a measure of a compound's tendency to "prefer" non-
aqueous media over agueous media. The logarithm of the partition coefficient, logP, and its logarithmic
form, log kw, are used as the hydrophobicity index in the RPLC method [22]. The relationships between
logP values and RPLC retention parameters can be used to predict the hydrophobicity of the compound
by estimating the log kv values from the linear model using the k values in ethanol-water binary
mixtures.

In this study, the logk. (1.77-1.84) values calculated according to pH values, which differ slightly,
are very close to the estimated logP (1.89) value of phenytoin [27]. logP > 0 indicates hydrophobic
substances soluble in the lipid phase, and log P < 0 indicates polar compounds soluble in the water phase
[22]. In this case, the determined and predicted hydrophobicity values show that the phenytoin
compound is hydrophobic. In this study, the k values that can be estimated using the logk-¢ relationship
and the low solubility of phenytoin in water (logS -5.62) also support that the compound is hydrophobic
[27].

Optimization of Chromatographic Analysis

For the qualitative and quantitative determination of phenytoin, which will be determined by the
RPLC method, the capacity factor (k) value should be 1 and above. The determination of the compound
with low solubility by the green RPLC method was carried out in a water-ethanol binary mixture. For
this, three mobile phases containing 35%, 40%, and 45% (v/v) ethanol were prepared. Since phenytoin
is an ionizable compound, it is affected by changing mobile phase pH values. In determining the pH
value to be studied, the pH value of the compound in the range of pKa%1.5 is selected. The pKa value of
phenytoin is 8.33 [28]. Accordingly, the mobile phase pH value of the compound to be studied was
chosen as 6.5. This is because the HPLC column Zorbax SB-CN (150x4,6mm, 3.5um ID) where the
determination will take place has a working pH range of 1-8, so the pH value 1.5 units beyond the pKa
value of the compound could not be reached. In a chromatographic analysis, it is desired to analyze a
compound as quickly as possible. For this reason, it is important to determine the k value. In the ethanol-
water binary mixture containing 40% ethanol adjusted to pH 6.5, a very symmetrical peak with a k value
above 1 was obtained at 37 °C for phenytoin. At this pH, the compound is in molecular form.

In this study, the internal standard method was used for the quantitative determination of
phenytoin in commercial tablet formulation. For this, different standards with UV properties and
chromatographic separation from phenytoin were tried. In the separation for quantitative determination,
to separate two compounds from each other, the k value must be 1 and above 1, the selectivity factor (a)
value must be 1.15 and above, and the resolution factor (Rs) value must be 2 and above. As a result,
dofetilide, an antiarrhythmic drug that meets these conditions, was chosen as the internal standard (1S).
Dofetilide has poor solubility in water (logS -6.61) and is less hydrophobic than phenytoin (logP 0.79)
[27]. Chromatographic parameter values calculated with the Purnell equation [19] under specified
conditions are given in Table 2.

In this assay performed in triplicate, the first dofetilide (1S) was eluted from the HPLC column in
9.108 minutes. Phenytoin eluted from the column at 11.803 minutes. To calculate the k values of the
compounds, the uracil solution given to the column was taken from the column in 4.502 minutes.
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According to these data, it is seen that the k value calculated for both compounds is above 1. In addition,
the calculated o and Rs values show that the compounds are separated from each other.

Table 2. Calculated chromatographic parameter values

Compounds k, o ky/(k, +1) a—1/a (1/4)VN R,
Phenytoin/ 1.622 1.585 0.619 0.369 12.544 2.864
Dofetilide (IS)

System Suitability Test

The tests performed to determine the suitability and effectiveness of the chromatographic system
before the quantitative determination in a chromatographic separation is called the system suitability
test (SST). The results obtained in these analyses performed according to the United States
Pharmacopeia (USP) [29] are given in Table 3.

Table 3. SST results

Chromatographic parameter Dofetilide (1S) Phenytoin Recommended values

Retention time 9.030 11.696

Tailing factor 1.410 1.400 <2

Theoretical plate number 2464 2517 >2000

Capacity factor 1.045 1.649 >1

Selectivity factor 1.578 >1

Resolution factor 2.859 >2

RSD (%) of peak retention time 0.188 0.058 <l

RSD (%) of peak area 0.059 0.057 <l

Results from SST meet United States Pharmacopoeia requirements. These values seem to be
suitable for the method developed for the quantitative determination of phenytoin. SST according to the
AOAC guideline, RSD% of the tr and the peak area of the phenytoin are below 2%. This indicates that
the change in repeatable injections is small [24]. Spectral data versus retention time were taken from the
HPLC device. Using these data, chromatograms were drawn in the Origin LabPro 2017 program. The
standard mixture chromatogram showing the separation of the compounds is given in Figure 3. The two
compounds were separated with good peak sharpness and symmetry in a total time of 13 min.

120 |
100
80 | 1 2

<ZGO-

40 ¢
20 ¢

2 0 2 4 6 8§ 10 12 14 16
minute

Figure 3. Standard mixture chromatogram showing separation of compounds.1) Dofetilide (IS)
2) Phenytoin — :215 nm; —:230 nm
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Validation of the Green RPLC Method
Determination of Linear Range

The purpose of chemical analysis is quantitative analysis in which the amount of a substance in
the sample is determined. Careful preparation of the sample is very important to accurately calculate the
concentration of an unknown substance from the sample. Some of the samples may be lost with each
preparation. However, there are some strategies to minimize sample loss. The internal standard (1S)
method is widely used to deal with sample loss and still make accurate concentration measurements.
The concentration of selected IS in this study was kept constant at 0.5 pg/ml throughout the study. The
working range of the developed method was determined to be in the range of 0.8-2.8 ug/ml. A calibration
graph was drawn using the peak area (mAu) ratio values obtained as a result of the analysis of solutions
containing phenytoin at six concentration levels and IS at a fixed concentration, against varying
phenytoin concentrations (pug/ml). According to the results, there is an excellent correlation (correlation
coefficient (r)>0.999) between phenytoin concentration and peak area ratio. The regression equation is
as follows:

y=2.601x + 0.012 (2

Limit of detection (LOD) and limit of quantitation (LOQ) were calculated for phenytoin. LOD
and LOQ values are 0.021 pg/ml and 0.064 pg/ml, respectively. The results obtained meet the
acceptance criteria according to ICH and AOAC guidelines [23,24].

Precision Data of the Method

To determine the precision of the developed Green RPLC method, intraday (repeatability) and
interday (reproducibility) studies were carried out. For this, phenytoin solutions containing a constant
concentration of IS were prepared at two different concentrations within the linear working range
determined in the calibration. Independent solutions prepared at 1.2 pg/ml and 2.4 pg/ml concentrations
were analyzed three times a day. These prepared solutions were kept in a refrigerator at +4°C by cutting
off contact with air. After the intraday analysis, the retention times and peak area values of the compound
were recorded in the analysis performed on the 3rd day. Measured concentration and RSD% values
calculated using the calibration function according to these data are given in Table 4.

Table 4. Intraday-interday data

] Interday
Theoretical r:}r;t;;d r?(/j measured
Compounds | concentration | - oo | RSD% | HorRat | concentration | RSD % | HorRat
(ng/ml) mean (ug/ml) value mean (ug/ml) value
1.2 1.201 0.137 0.009 1.197 0.326 0.021
Phenytoin
24 2401 0.178 0.013 2.396 0.413 0.039

According to ICH guidelines, the RSD% value should be 1% and below in intraday repeatability
data, and the RSD% value should be 2% and below in interday repeatability data. The RSD% values
calculated in these data are presented in Table V. show that the precision of the developed method is
high. Additionally, precision values are calculated from the Horwitz (HorRat) equation [30], which
represents the empirical relationship between acceptable precision and the corresponding analyte
concentration in the analyzed sample. HorRat value (Equation 3) was calculated by AOAC guidelines
[24] RSDR

HorRat = (3)
PRSDg

PRSDr is the RSD value estimated from the Horwitz equation. This value is calculated with
Equation 4.
PRSDg= 2(1-0:51090) 4)
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RSDr is the relative standard deviation under reproducibility conditions. C is the mass
concentration expressed in the power of 10, i.e. 1 pg/g=10%. The precision is better than expected if the
ratio is less than 1, and poorer if greater than 1 [30]. Reproducibility and reproducibility results for
phenytoin also demonstrated compliance with the AOAC guidelines (Table 4).

Accuracy Data of the Method

For quantitative analysis, tablets containing phenytoin active ingredient (Eptandoin, Exeltis®, 100
mg Phenytoin) were prepared as stated in the material and method section. As a result of the HPLC
analysis, when the peak area ratio values of the compounds were substituted in the calibration function,
the amounts in the tablet samples for phenytoin were calculated. The data are presented in Table 5.

Table 5. The amount of phenytoin in the tablet sample and recovery results ('Five experiments)

Labeled claim (mg) 100
Amount found (mg)! 100.50
RSD % 0.88
Bias% 0.50
Recovery% 99.61
RSD % 0.65
Bias% 0.39

According to the data obtained from the table, an average value very close to the amount of 100
mg of phenytoin active ingredient in the tablet sample was obtained. The calculated RSD% value shows
that the precision of the results is good, and the accuracy is high since the bias percentage value is below
1%.

A recovery study was carried out to express the accuracy of the developed method. For this
purpose, the tablet sample prepared from the standard solution of phenytoin, not exceeding the
calibration working range, was added. As a result of the HPLC analysis, when the peak area ratio values
of the compounds in the additive sample were substituted in the calibration function, their amounts in
the sample were calculated. Using these results, the recovery values of the method could be calculated
(Table 5). According to the ICH guideline, the average % recovery should be between 95-105% [23].
This result shows that the accuracy of the method is high.

In this quantitative analysis study, excipients commonly used in tablets did not hurt the analysis
results. Chromatograms showing the tablet sample and the tablet sample containing phenytoin spiked at
a certain concentration for the recovery study are given in Figure 4. No interfering peaks were found in
the chromatograms.
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Figure 4. A) Tablet sample analysis (1-Dofetilide 0.5 ug/ml; 2-Phenytoin 1.2 ug/ml) B) Spiked
sample analysis (1-Dofetilide 0.5 pg/ml; 2-Phenytoin 2.4 ug/ml)
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Robustness Test

The robustness test shows the degree to which the method is affected when a small but
significant change in the study parameters of the method is made. The smaller the effect of small changes
in method parameters during routine processing on the analysis result, the more robust the method. In
the optimized chromatographic condition, the changes in the amount of ethanol in the mobile phase, the
pH change and the column temperature change, the tailing factor, and the peak area of phenytoin are
given in Table 6.

Table 6. Robustness test results with different conditions

Parameter Optimized Used Retention Tailing factor Peak area

condition time (min) (mAu)

Mobile phase 40:60 (v/v%) 45:60 (v/v%) 9.301 1.392 6725621

ethanol-water

binary mixture 35:65 (v/iv%) 16.272 1.419 6649433

H 6.5 8.0 9.322 1.407 6537047

P ' 5.0 12.717 1.411 6419294
Column 37 0C 40°C 11.569 1.402 6581862
temperature 25°C 13.243 1.410 6696332

According to these results, minor changes made in the repeatability of the results proved that the
developed method was effective. There are many HPLC studies on the separation of phenytoin alone or
simultaneously with different compounds in different samples. In these studies, qualitative and
quantitative analysis of the compound was carried out using classical trial and error methods. The
stationary phases used in the studies are generally C18 and the organic solvents used are common
solvents in RPLC [31,35]. In the study conducted by Ayman et al., the micellar liquid chromatography
method, known as green chromatography, was used. In this study, 10% (v/v) acetonitrile was used,
although it was low compared to the amount of solvent used in RPLC [36].

Conclusion

In this study, the green RPLC method, an environmentally friendly method for the qualitative and
guantitative analysis of the antiepileptic drug phenytoin, which is widely used in the treatment of
epilepsy, one of the neurological disorders, was developed. This study, in which the optimum condition
is determined depending on the pK, value of phenytoin, is far from trial and error. First of all, the pH
value measured in the ethanol-water binary mixtures prepared to determine the retention time of
phenytoin was measured by pH standardization. This type of study is the first for this hydro-organic
mixture. According to the LSS method, the logk. value, known as the hydrophobicity index of the
compound, was calculated using the logk-eemanor linear relationship. Chromatographic conditions were
determined for the analysis of phenytoin according to the suitability of the chromatographic parameters.
This developed method is the first study in the literature with this optimization and suitability for green
chemistry. In this study, an analytical procedure suitable for routine use was developed, and the method
was validated for the determination of the amount of phenytoin in a single-active ingredient
pharmaceutical dosage form. Method validation showed excellent results for linearity, precision,
accuracy, limit of quantitation and limit of detection, and robustness parameters. This environmentally
friendly analysis is a pioneering study for method optimization and validation without the need for any
trial and error.
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IL-6 LEVELS AND COGNITIVE COMPLICATIONS IN PATIENTS
WITH TYPE 2 DIABETES MELLITUS: A CROSS SECTIONAL STUDY

TIP 2 DIYABETLI HASTALARDA IL-6 DUZEYLERI VE KOGNITIF KOMPLIKASYONLAR:
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ABSTRACT

Obijective: Itis important to monitor and manage macrovascular and microvascular complications,
which are significant causes of mortality and morbidity in type 2 diabetes (T2DM). Diabetes-related
cognitive impairment is an important complication that has recently attracted more attention, but
its pathophysiology and clinical features are not known. The aim of this study was to evaluate the
potential role of inflammation in diabetes-related cognitive impairment.

Material and Method: A total of 122 participants (67 patients with T2DM and 55 controls) took
part in this cross-sectional observational clinical study. Cognitive performance was assessed using
the Montreal Cognitive Assessment (MoCA) test. IL-6 levels were measured using the ELISA method
on blood samples obtained from the participants.

Result and Discussion: Although IL-6 levels increased with diabetes and cognitive impairment,
there was no significant difference between the groups (p>0.05). Except for attention and
orientation, we observed significantly more impaired cognitive performance in T2DM patients. The
MoCA total score was significantly correlated with age, education level, fasting glucose, HbAlc,
and vitamin D levels (p<0.05). Our results found no evidence that IL-6 is involved in the
pathophysiology of cognitive impairment in T2DM, but these findings the importance of cognitive
screening in monitoring complications associated with diabetes.

Keywords: Cognitive impairment, inflammation, type 2 diabetes

oz

Amag: Tip 2 diyabette (T2DM) 6nemli mortalite ve morbidite nedenleri olan makrovaskiiler ve
mikrovaskiiler komplikasyonlarin izlenmesi ve yénetilmesi énemlidir. Diyabetle iliskili kognitif
bozukluk son dénemler daha fazla dikkat ¢eken énemli bir komplikasyondur, ancak patofizyolojisi
ve klinik ozellikleri net olarak bilinmemektedir. Bu ¢alismanmin amact diyabetle iligkili kognitif
bozuklukta inflamasyonun potansiyel roliinii degerlendirmektir.

Gerec ve Yontem: Bu kesitsel gozlemsel klinik ¢alismaya toplam 122 katilimct (67 T2DM hastasi
ve 55 kontrol) dahil edilmistir. Bilissel performans Montreal Kognitif Degerlendirme (MoCA) testi
kullamilarak degerlendirilmistir. IL-6 diizeyleri katilimcilardan alinan kan érneklerinde ELISA
yontemi kullanilarak ol¢iilmiistiir.

Sonu¢ ve Tartisma: IL-6 diizeyleri diyabet ve biligsel bozuklukla birlikte artmasina ragmen,
gruplar arasinda anlamli bir fark yoktu (p>0.05). Dikkat ve oryantasyon disinda, T2DM
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hastalarinda kognitif performansin anlaml olarak daha fazla bozuldugunu gézlemledik. MOCA
toplam skoru yas, egitim diizeyi, a¢lik glukozu, HbA1c ve D vitamini diizeyleri ile anlamli korelasyon
gasterdi (p<0.05) Sonuglarimiz IL-6'min T2DM'de kognitif bozuklugun patofizyolojisinde rol
oynadigina dair bir kanmit bulmad: dakat bu bulgular diyabetle iliskili komplikasyonlarin
izlenmesinde kognitif taramanin énemini vurgulamaktadir.

Anahtar Kelimeler: Inflamasyon, kognitif bozulma, tip 2 diyabet

INTRODUCTION

The incidence of Type 2 diabetes mellitus (T2DM) is expected to rise in the coming years due to
lifestyle changes, insufficient physical activity, unhealthy diets, and other factors [1, 2]. This disease is
particularly common in individuals over 65 and poses significant health challenges for the elderly [3].
An observational study conducted in 28 countries across Asia, Africa, South America, and Europe found
that 53.2% of patients with type 2 diabetes mellitus (T2DM) have microvascular complications, and
27.2% have macrovascular complications [4]. As vascular complications are a significant cause of
mortality and morbidity in diabetes, effective management of these complications is crucial. Recently,
cognitive impairment has emerged as a complication of diabetes that, while attracting growing attention,
remains less understood and researched compared to other complications [5].

Patients with T2DM are 1.5 to 2 times more likely to experience cognitive decline, impairment,
or dementia compared to non-diabetics.[6]. This is a significant clinical interest, especially given the
aging global population and the high prevalence of T2DM among the elderly. Impairments in attention,
memory, processing speed, executive function, and general cognitive function have been observed in
T2DM patients [7]. Prospective studies indicate that T2DM is a risk factor for dementia and mild
cognitive impairment, with the risk of Alzheimer's disease being approximately twice as high in T2DM
patients compared to non-diabetics [8,9].

The mechanisms behind cognitive decline in T2DM are not fully understood, but chronic systemic
inflammation is thought to play a role [10]. Research into biomarkers to understand brain changes in
T2DM patients is growing, with proinflammatory cytokines such as TNF, IL-1, IL-2, and IL-6 being
found in excess in the brains of patients with T2DM and Alzheimer's Disease, suggesting inflammation's
role in neuronal damage [11]. IL-6, an important inflammatory biomarker, is implicated in the
development of insulin resistance and T2DM, where chronic inflammation can initiate pathological
processes [12]. Low-grade inflammation in middle age, indicated by IL-6 levels, is linked to cognitive
decline in later life [13]. More research is needed to evaluate the potential of inflammatory molecules
as predictive and diagnostic biomarkers for diabetes-related cognitive dysfunction [11]. The aim of this
study is to investigate the relationship between cognitive impairment and plasma IL-6 levels in patients
with T2DM.

MATERIAL AND METHOD
Patients

In this cross-sectional, observational study, 122 patients participated, with 67 diagnosed with
T2DM and 55 comprising the control group. Patients presenting to the Internal Medicine Clinic of of
Bezmialem Vakif University Hospital were evaluated by an Internal Disease Specialist based on specific
inclusion and exclusion criteria. Inclusion criteria required participants to be at least primary school
graduates and aged between 30 and 65 years. In our study, the geriatric population over 65 years of age
was not included due to the significant increase in the risk of dementia and low-grade inflammation in
this age group. Exclusion criteria of both study groups included a neurological or psychiatric diagnosis,
insulin therapy, hypothyroidism, vitamin B12 and folic acid deficiency, hypoglycemia-hyperglycemia
attacks, and alcohol or drug addiction. All participants signed written informed consent, and approval
was obtained from the Bezmialem Vakif University Clinical Research Ethics Committee
(05.04.2023/07-2). The study started on 30.04.2023 and concluded on 30.04.2024.
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Cognitive Assessment

The Montreal Cognitive Assessment (MoCA) test is a brief cognitive screening tool designed to
assist in the detection of mild cognitive impairment. It assesses various cognitive domains, including
short-term memory recall, visuospatial abilities, executive functions, attention, working memory,
language and orientation. The MoCA test is widely used in clinical settings due to its sensitivity and
specificity in identifying mild cognitive impairment and dementia. The test is quick to administer, takes
about 10-15 minutes, and provides a total score out of 30 points, with higher scores indicating better
cognitive function. A score of 26 or above is considered normal, while lower scores may indicate
cognitive impairment [14]. According to a validation study conducted on the Turkish population scores
of 21 and above are regarded as normal [15].

Laboratory

Blood samples were collected in the morning following an 8-hour fasting period. They were
placed into gel biochemistry tubes and centrifuged at 3500xg for 10 minutes at room temperature. The
resulting samples were stored at -80°C until analysis. After obtaining blood samples from the patients
and completing their cognitive assessments, the samples were processed collectively. IL-6 levels were
measured using the ELISA method with human ELISA Kits based on the Sandwich-ELISA principle
(Elabscience Cat.No.:E-EL-H6156). All steps of the ELISA experiments were carried out following the
protocol provided by the kit manufacturer. The sample protocol can be found at
https://www.elabscience.com/p-human_il_6_interleukin_6_elisa_kit-532924.html.  Insulin  levels,
blood sugar levels, and hemogram values related to diabetes were routinely requested from the patients
and accessed via the hospital information system.

Statistical Method

All statistical analyses were conducted using IBM SPSS 28.0 software. The Shapiro-Wilk test
was used to assess normality. Continuous variables with a normal distribution were reported as mean +
standart deviation (SD), while continuous variables with a non-normal distribution were reported as
median (Q1-Q3). For normally distributed variables, comparisons between the diabetes and control
groups were made using the t-test, and for non-normally distributed variables, the Mann-Whitney U test
was used. The categorical variables were expressed as numbers (percentages) and compared using the
chi-square test. A significance level of < 0.05 was considered statistically significant.

RESULT AND DISCUSSION

One hundred and twenty-two patients participated in our study. The mean age of the patients was
49.43 +7.10 years, and the mean years of education were 8.66 + 3.78. Among the participants, 67 were
diagnosed with T2DM, while 55 comprised the control group. Demographic and clinical data of the
groups were compared in Table 1. Significant differences were observed between the groups in terms
of fasting glucose, HbAlc, HOMA-IR, BMI, ALT, LDL, HDL, Mg, neutrophil count, and years of
education (p < 0.05). Among patients with type 2 DM, 26 (38.8%) exhibited impaired cognition, while
cognitive performance was preserved in 41 (61.2%) patients. In contrast, only 5 (9.1%) individuals in
the control group had impaired cognition, indicating a significant difference between the two groups.

The cognitive performances of the groups were compared in 2 different models and presented in
Table 2. Correction was made for age and education in Model 2. It was determined that cognitive
performance in T2DM patients was significantly impaired compared to controls (p<0.001). Except for
orientation and attention, T2DM patients exhibited poorer performance in all cognitive domains
compared to controls.

IL-6 levels were compared between patients with T2DM and controls (Figurel). In the T2DM
group, the IL level was 1.27 +0.83 while it was 1.18 £+ 0.84 in the control group. There was no significant
difference between the IL-6 levels of the groups (p=0.569). The relationship between IL-6 levels and
MoCA total was examined, and no statistically significant difference was found between them
(p>0.05,r=0.058). IL-6 levels were compared between Type 2 DM patients with and without impaired
cognition. The IL-6 levels in Type 2 DM patients with impaired cognition were 1.35+0.82, whereas
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those with normal cognition were 1.22+0.82. Despite an increase in IL-6 levels in T2DM patients with
impaired cognition, there was no significant difference between the two groups (p=0.521). The IL-6
levels of T2DM patients with and without impaired cognition were compared with those of the control
group in Figure 1. No significant difference was found among the groups (p=0.691).

The relationship between MoCA total score and other cognitive subdomain scores with clinical
and demographic variables was examined. A significant association was found between MoCA total
score and age, education, fasting glucose, HbAlc, and vitamin D (p<0.05). A significant relationship
was observed between visual spatial functions and education, fasting glucose (p<0.05). Naming was
significantly associated with education, fasting glucose, HbAlc, TSH, and Mg (p<0.05). Attention
showed a significant relationship with age, education, eGFR, and hemoglobin (p<0.05). Language was
significantly related to age, education, fasting glucose, B12, and vitamin D (p<0.05). Abstract thinking
was significantly associated with education and TSH (p<0.05). Memory showed significant
relationships with education, HbAlc, TSH, and folic acid (p<0.05). There was no significant
relationship between orientation and clinical and demographic characteristics (p<0.05).

Table 1. Demographic and clinical data of the groups

Variables T2DM Control p
(n=67) (n=55)

Age(year) 50.48 +£8.24 48.15 + 5.21 0.060
Education(year) 5 (5-11) 11 (5-13) <0.001
Gender, male (%) 35 (52%) 20 (36%) 0.080
Cognitive impairment, n (%) 26 (38.8 %) 5 (9,1%) <0.001
BMI(kg/m?) 30.65+4.76 27.41+£3.92 <0.001
Fasting Glucose(mg/dl) 143 (122-177) 92 (89-95) <0.001
HbA1c(%) 7.28 (6.45-8.10) 5.24 (5.11-5.49) <0.001
Iron(ng/dl) 79.12 + 36.06 91.67 +41.13 0.210
AST(U/L) 18.81+£5.44 18.89 £ 5.01 0.954
ALT(U/L) 27.49 + 15.25 22.13 +£10.50 0.050
HOMA-IR 2.83+1.28 1.83+0.84 0.003
LDL (mg/dl) 137.81 + 46.29 124.13 + 26.66 0.050
HDL (mg/dl) 48.44 + 11.60 54.79 + 14.07 0.037
TSH(mMU/L) 2.68 + 5.87 1.82+1.00 0.326
Triglyceride (mg/dl) 157.15+£77.30 130.21 +71.39 0.073
B12(ng/l) 333.82 + 147.60 337.28 + 86.30 0.877
Folic Acid(ng/1) 8.01+2.92 10.54 + 14.78 0.279
Vitamin D(ng/l) 20.33+10.91 23.86 +£13.22 0.270
Ca(mg/dl) 9.55 + 0.40 9.52 +0.42 0.814
Na(mmol/l) 139 (138-141) 140 (139-140) 0.210
K(mmol/l) 4.51+0.56 4.33+0.24 0.095
Mg(mg/dl) 1.87 £0.21 1.97 +0.15 0.042
Urea(mg/DI) 29.96 + 8.34 26.44 +7.03 0.092
eGFR(ml/min/1.73 m?) 94.37 £ 13.61 96.44 £ 12.09 0.472
Creatinine(mg/dl) 0.82+0.14 0.77+0.15 0.104
Neutrophil(1073/ul) 441+135 3.79+1.20 0.015
Lymphocyte (1073/ul) 2.70+0.70 2.29+0.55 0.001
Hemoglobin(g/l) 1419+ 1.62 13.73+1.93 0.198
Platelet(1073/ul) 259.29 + 55.48 258.22 + 83.67 0.937

For normally distributed variables, mean + SD values are presented, while for non normally distributed variables, median
(Q1-Q3) values are provided. The statistically significant ones are bolded T2DM,.type 2 diabetes; BMI, body mass index;
AST, Aspartate Aminotransferase; ALT, Alanine Aminotransferase; LDL, Low-Density Lipoprotein; HDL,High-Density
Lipoprotein, TSH, Thyroid-stimulating hormone; eGFR, Estimate Glomerular Filtration Rate
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Table 2. Comparison of cognitive performances between groups

Cognitive domain Model 1 Model 2
T2DM Control p T2DM Control p
(n=67) (n=55) (n=67) (n=55)
MoCA Total score 21.52+4.39 25.22+2.942 | <0.001 22.10+3.36 24.44+3 41 <0.001
Visuospatial/Executive | 3.58+1.11 4.29+0.99 <0.001 3.68+1.02 4.14+1.03 0.017
Naming 3(2-3) 3(3-3) <0.001 2.49+0.51 2.80+0.52 0.002
Attention 5 (4-6) 6 (5-6) 0.065 4.82+1.26 4.90+1.29 0.741
Language 1(0-2) 2 (1-3) <0.001 1.44+0.94 1.88+0.96 0.015
Abstraction 1.28+0.75 1.65+0.55 0.003 1.33+0.67 1.58+0.68 0.047
Memory 2.46+1.39 3.31+1.35 <0.001 2.51+1.41 3.22+1.43 0.009
Orientation 6 (6-6) 6 (6-6) 0.227 5.83+3.76 5.88+0.38 0.451

Normally distributed continuous variables were presented as mean +SD, non-normally distributed continuous variables were
presented as median (Q1-Q3). Model 1 represents the T2DM and control groups, whereas correction has been made for age
and education in Model 2. The statistically significant ones are bolded. T2DM,.type 2 diabetes; MoCA, The Montreal Cognitive
Assessment

IL-6 levels
N
n w

wn

B Type 2 DM patients with impaired cognition
Type 2 DM patients with normal cognition

M Control group

Figure 1. Comparison of IL-6 levels among groups
No significant difference was found between the groups (p=0.691)

This study aimed to investigate the relationship between cognitive impairment and IL-6 levels in
middle-aged T2DM patients and to contribute to the literature on the potential role of inflammation in
diabetes-related cognitive impairment. 1L-6 levels of the groups were compared and no significant
difference was found (p<0,05). Our study demonstrated that, except for attention and orientation, T2DM
patients exhibited notably lower scores across other cognitive subdomains. We observed a marked
cognitive impairment in T2DM patients compared to controls. We further explored the correlation
between the Montreal Cognitive Assessment (MoCA) total score, cognitive subdomain scores, and
various clinical and demographic variables. A significant association emerged between MoCA total
score and age, education level, fasting glucose, HbAlc, and vitamin D levels (p<0.05).

The transition of T2DM from a metabolic phenomenon to one mediated by inflammation has been
noted in previous studies [16]. The activation of the inflammation cascade and endothelial dysfunction
are significant in both the development of diabetes and the pathophysiological mechanisms underlying
diabetes-related complications [17]. The irregular elevation of inflammatory markers is believed to
influence glycemic control and insulin sensitivity, contributing to the pathogenesis of T2DM. Although
IL-6 typically exists at appropriate levels, its dysregulated production and prolonged exposure can lead
to inflammation [18]. However, the role of IL-6 as an early biomarker for T2DM remains uncertain.
IL-6 is a versatile inflammatory cytokine known for its multifaceted biological effects. In this study, we
observed that IL-6 levels were increased in patients with type 2 diabetes but did not show a significant
difference compared to controls. Various pathways have been proposed to explain the relationship
between diabetes and cognitive complications. These include vascular system damage, protein
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misfolding, and inflammation or oxidation, which can promote both neurodegenerative and vascular
damage [19]. The presence of low-grade inflammation in middle-aged individuals has emerged as an
independent risk factor for compromised cognitive function in later stages of life, with IL-6 being
proposed as a potent biomarker for cognitive performance and decline [13]. Chronic inflammation and
endothelial dysfunction caused by elevated IL-6 levels can affect cerebral blood flow and promote
neurodegenerative processes, leading to cognitive decline. Inflammation has been highlighted as a key
pathway that can impair cerebral vasoregulation, potentially leading to cognitive decline in individuals
with diabetes [20]. Data from longitudinal studies indicate that elevated I1L-6 levels may increase the
risk of cognitive decline and dementia [21]. While some studies in the literature reported a relationship
between IL-6 levels and cognitive functions [22, 23], others did not observe a significant relationship
[24-26]. In our study, unlike some results, we did not find a statistically significant difference between
IL-6 levels and MoCA total score and cognitive subdomain scores. In the Edinburgh Type 2 Diabetes
Study, levels of three pro-inflammatory markers (IL-6, TNF-a, and CRP) were associated with poorer
cognitive performance in 1,066 elderly adults with T2DM, most of whom had complications associated
with T2DM identified [27]. Evidence is increasing in the general population suggesting that
inflammatory markers can predict cognitive change. A prospective cohort study found that higher
baseline levels of fibrinogen and IL-6 were associated with greater cognitive decline over a 10-year
follow-up [27]. Cognitive impairment in diabetes is thought to be determined by multiple etiologies,
some of which are specific to diabetes, and may be related to complex pathologies that vary between
individuals [28]. When we consider our results alongside existing literature, it appears that research on
the impact of IL-6 on cognitive impairment in diabetes is limited, and the findings appear to be
inconsistent. Therefore, it is likely that in such a complex pathology, observing the impact of
inflammation through a single biomarker, as in our study, can be challenging.

Given the burgeoning aging population worldwide and the heightened prevalence of T2DM
among the elderly, understanding the disease's adverse effects on health and cognitive function holds
significant clinical importance. Awareness of diabetes' other complications is better established
compared to cognitive impairment [29]. Future studies aim to clearly elucidate the role of inflammation
in cognitive impairment in diabetes, potentially investigating the role of anti-inflammatory treatments
or newly developed drugs in preventing these complications. The smaller size of our study group
compared to other large-scale studies is a limitation that restricts and undermines the reliability of the
outcome. More research should be conducted in middle age to prevent the complications of T2DM and
consider preventive treatment options. Also antihyperglycemic treatments have been found to change
biomarkers linked to inflammation [30-32]. So, our study is limited by the lack of standardization of
antihyperglycemic therapy in T2DM patients. Future research will explore the impact of
antihyperglycemic therapy and other medications on these biomarkers, providing a more comprehensive
understanding of their relationship.

In conclusion, we observed a significant cognitive impairment in patients with T2DM. This
underscores the importance of cognitive screening in monitoring complications associated with diabetes.
We observed that both diabetes and cognitive impairment increased IL-6 levels, but the increase was
not significant. Our results found no evidence that IL-6 is involved in the pathophysiology of cognitive
impairment in T2DM. Future studies with larger samples may capture significant evidence of the
elevated levels of IL-6 that we observed. Identifying the cognitive complications and biomarkers of
T2DM is crucial. Future studies in this area could provide a broader understanding of the pathology,
leading to early detection and significant progress in the treatment of complications.

ACKNOWLEDGEMENTS

This research was supported by Tubitak 2209-A Research Project Support Programme for
Undergraduate Students (grant numbers: 1919B012224507).
AUTHOR CONTRIBUTIONS

Concept: H.I, B.S.S.; Design: H.I, A.S,, B.S.S.; Control: AS., B.S.S.; Sources: H.1.; Materials:
- ; Data Collection and/or Processing: H.I., A.S.; Analysis and/or Interpretation: H.I., B.S.S.; Literature



J. Fac. Pharm. Ankara, 48(3): 1033-1040, 2024 Ivecek et al. 1039

Review: H.I.; Manuscript Writing: H.1.; Critical Review: A.S., B.S.S.; Other: -

CONFLICT OF INTEREST

The authors stated that there are no conflicts of interest regarding the publication of this article.

ETHICS COMMITTEE APPROVAL

The studies involving human participants were reviewed and approved by Bezmialem Vakif

University Clinical Research Ethics Committee (05.04.2023/07-2). The patients/participants provided
their written informed consent to participate in this study.

REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

16.

Tripathi, B.K., Srivastava, A.K. (2006). Diabetes mellitus: Complications and therapeutics. Medical
Science Monitor, 12, 130-147.

Sami, W., Ansari, T., Butt, N.S., Hamid, M.R.A. (2017). Effect of diet on type 2 diabetes mellitus: A
review. International Journal of Health Sciences (Qassim,) 11, 65-71.

Izzo, A., Massimino, E., Riccardi, G., Della Pepa G. (2021). A narrative review on sarcopenia in type 2
diabetes mellitus: Prevalence and associated factors. Nutrients 13(1), 183. [CrossRef]

Litwak, L., Goh, S.Y., Hussein, Z., Malek, R., Prusty, V., Khamseh, M.E. (2013). Prevalence of diabetes
complications in people with type 2 diabetes mellitus and its association with baseline characteristics in the
multinational Alchieve study. Diabetology & Metabolic Syndrome, 5, 57. [CrossRef]

Hardigan, T., Ward, R., Ergul, A. (2016). Cerebrovascular complications of diabetes: Focus on cognitive
dysfunction. Clinical Science (Lond), 130, 1807-1822. [CrossRef]

Cukierman-Yaffe, T., Gerstein, H.C., Colhoun, H.M., Diaz, R., Garcia-Pérez, L.E., Lakshmanan, M.,.
Bethel, A., Xavier, D., Probstfield, J., Riddle, M.C., Rydén, L., Atisso, C.M., Hall, S., Rao-Melacini, P.,
Basile, J., Cushman, W.C., Franek, E., Keltai, M., Lanas, F., Leiter, L.A., Lopez-Jaramillo, P., Pirags, V.,
Pogosova, N., Raubenheimer, P.J., Shaw, J.E., Sheu, W.H., Temelkova-Kurktschiev, T. (2020). Effect of
dulaglutide on cognitive impairment in type 2 diabetes: an exploratory analysis of the REWIND trial.
Lancet Neurology, 19, 582-590. [CrossRef]

Qiu, C., Sigurdsson, S., Zhang, Q., Jonsdottir, M.K., Kjartansson, O., Eiriksdottir, G., Garcia, M.E., Harris,
T.B., van Buchem, M.A., Gudnason, V., Launer, L.J. (2014). Diabetes, markers of brain pathology and
cognitive function: The Age, Gene/Environment Susceptibility-Reykjavik Study. Annual Neurology, 75,
138-146. [CrossRef]

Profenno, L.A., Porsteinsson, A.P., Faraone, S.V. (2010). Meta-analysis of Alzheimer's disease risk with
obesity, diabetes, and related disorders. Biological Psychiatry 67, 505-512. [CrossRef]

Dybijer, E., Nilsson, P.M., Engstrom, G., Helmer, C., Nigga, K. (2018). Pre-diabetes and diabetes are
independently associated with adverse cognitive test results: a cross-sectional, population-based study.
BMC Endocrinology Disorder, 18, 91. [CrossRef]

Tangestani Fard, M., Stough, C. (2019). A review and hypothesized model of the mechanisms that underpin
the relationship between inflammation and cognition in the elderly. Frontiers Aging Neuroscience, 11, 56.
[CrossRef]

Ehtewish, H., Arredouani, A., EI-Agnaf, O. (2022). Diagnostic, prognostic, and mechanistic biomarkers of
diabetes mellitus-associated cognitive decline. International Journal of Molecular Sciences, 23(11), 6144,
[CrossRef]

Rehman, K., Akash, M.S.H., Liagat, A., Kamal, S., Qadir, M.1., Rasul, A. (2017). Role of Interleukin-6 in
development of insulin resistance and type 2 diabetes mellitus. Critical Reviews in Eukaryotic Gene
Expression, 27, 229-236. [CrossRef]

Kipinoinen, T., Toppala, S., Rinne, J.O., Viitanen, M.H., Jula, A.M., Ekblad, L.L. (2022.). Association of
midlife inflammatory markers with cognitive performance at 10-year follow-up. Neurology 99, e2294-
e2302. [CrossRef]

Nasreddine, Z.S., Phillips, N.A., Bedirian, V., Charbonneau, S., Whitehead, V., Collin, I., Cummings, J.L.,
Chertkow, H. (2005.) The montreal cognitive assessment, moca: A brief screening tool for mild cognitive
impairment. Journal of the American Geriatrics Society, 53, 695-699. [CrossRef]

Ozdilek, B., Kenangil, G. (2014). Validation of the turkish version of the montreal cognitive assessment
scale (moca-tr) in patients with parkinson's disease. Clinical Neuropsychology, 28, 333-343. [CrossRef]
Bashir, H., Ahmad Bhat, S., Majid, S., Hamid, R., Koul, R.K., Rehman, M.U., Din, I., Ahmad Bhat, J.,


https://doi.org/10.3390/nu13010183
https://doi.org/10.1186/1758-5996-5-57
https://doi.org/10.1042/cs20160397
https://doi.org/10.1016/s1474-4422(20)30173-3
https://doi.org/10.1002/ana.24063
https://doi.org/10.1016/j.biopsych.2009.02.013
https://doi.org/10.1186/s12902-018-0318-3
https://doi.org/10.3389/fnagi.2019.00056
https://doi.org/10.3390/ijms23116144
https://doi.org/10.1615/critreveukaryotgeneexpr.2017019712
https://doi.org/10.1212/wnl.0000000000201116
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1080/13854046.2014.881554

1040 Ivecek et al. J. Fac. Pharm. Ankara, 48(3): 1033-1040, 2024

17.

18.

19.

20.

21,

22,

23.

24,

25,

26.

27.

28.

29.

30.

31.

Qadir, J., Masood, A. (2020). Role of inflammatory mediators (TNF-a, IL-6, CRP), biochemical and
hematological parameters in type 2 diabetes mellitus patients of Kashmir, India. Medical Journal of the
Islamic Republic of Iran, 34, 5. [CrossRef]

Goldberg, R.B. (2009). Cytokine and cytokine-like inflammation markers, endothelial dysfunction, and
imbalanced coagulation in development of diabetes and its complications. Journal of Clinical
Endocrinology Metabolism, 94, 3171-3182. [CrossRef]

Launer, L.J. (2020). Interrelationships among central insulin signalling, diabetes, and cognitive impairment.
Lancet Neurology, 19, 640-642. [CrossRef]

Chung, C.C., Pimentel, D., Jordan, A.J., Hao, Y., Milberg, W., Novak, V. (2015). Inflammation-associated
declines in cerebral vasoreactivity and cognition in type 2 diabetes. Neurology 85, 450-458. [CrossRef]
Leonardo, S., Fregni, F. (2023). Association of inflammation and cognition in the elderly: A systematic
review and meta-analysis. Frontiers in Aging Neuroscience, 15, 1069439. [CrossRef]

Yang, X., Chen, Y., Zhang, W., Zhang, Z., Yang, X., Wang, P., Yuan, H. (2020). Association between
inflammatory biomarkers and cognitive dysfunction analyzed by MRI in diabetes patients. Diabetes
Metabolic Syndrome and Obesity, 13, 4059-4065. [CrossRef]

Zheng, M., Chang, B., Tian, L., Shan, C., Chen, H., Gao, Y., Huang, G., Zhang, M. (2019). Relationship
between inflammatory markers and mild cognitive impairment in Chinese patients with type 2 diabetes: A
case-control study. BMC Endocrinology Disorder, 19, 73. [CrossRef]

Dyer, A.H., McKenna, L., Batten, 1., Jones, K., Widdowson, M., Dunne, J., Conlon, N., Reilly, R., Woods,
C.P., O’Neill, D., Gibney, J., Bourke, N.M., Kennelly, SP. (2020). Peripheral inflammation and cognitive
performance in middle-aged adults with and without type 2 diabetes: Results from the ENBIND study.
Frontiers Aging Neuroscience, 12, 605878. [CrossRef]

Groeneveld, O.N., van den Berg, E., Johansen, O.E., Schnaidt, S., Hermansson, K., Zinman, B., Espeland,
M.A., Biessels, G.J. (2019). Oxidative stress and endothelial dysfunction are associated with reduced
cognition in type 2 diabetes. Diabetes and Vascular Disease Research, 16, 577-581. [CrossRef]

Moulton, C.D., Stewart, R., Amiel, S.A., Laake, J.P., Ismail, K. (2016). Factors associated with cognitive
impairment in patients with newly diagnosed type 2 diabetes: A cross-sectional study. Aging Mental Health,
20, 840-847. [CrossRef]

Sluiman, A.J., McLachlan, S., Forster, R.B., Strachan, M.W.J., Deary, 1.J., Price, J.F. (2022). Higher
baseline inflammatory marker levels predict greater cognitive decline in older people with type 2 diabetes:
Year 10 follow-up of the Edinburgh Type 2 Diabetes Study. Diabetologia 65, 467-476. [CrossRef]
Biessels, G.J., Despa, F. (2018). Cognitive decline and dementia in diabetes mellitus: Mechanisms and
clinical implications. Nature Reviews Endocrinology, 14, 591-604. [CrossRef]

Biessels, G.J., Whitmer, R.A. (2020). Cognitive dysfunction in diabetes: How to implement emerging
guidelines. Diabetologia, 63, 3-9. [CrossRef]

Garczorz, W., Gallego-Colon, E., Kosowska, A., Ktych-Ratuszny, A., Wozniak, M., Marcol, W., Niesner,
K.J., Francuz, T. (2018). Exenatide exhibits anti-inflammatory properties and modulates endothelial
response to tumor necrosis factor a-mediated activation. Cardiovascular Therapeutics, 36 (2). [CrossRef]
Luna-Marco, C., de Marafion, A.M., Hermo-Argibay, A., Rodriguez-Hernandez, Y., Hermenegjildo, J.,
Fernandez-Reyes, M., Apostolova, N., Vila, J., Sola, E., Morillas, C., Rovira-Llopis, S., Rocha, M., Victor,
V.M. (2023). Effects of GLP-1 receptor agonists on mitochondrial function, inflammatory markers and
leukocyte-endothelium interactions in type 2 diabetes. Redox Biology, 66, 102849. [CrossRef]

Lund, S.S., Tarnow, L., Stehouwer, C.D., Schalkwijk, C.G., Teerlink, T., Gram, J., Winther, K., Frandsen,
M., Smidt, U.M., Pedersen, O., Parving, H.H., Vaag, A.A. (2008). Impact of metformin versus repaglinide
on non-glycaemic cardiovascular risk markers related to inflammation and endothelial dysfunction in non-
obese patients with type 2 diabetes. European Journal of Endocrinology, 158, 631-641. [CrossRef]


https://doi.org/10.34171/mjiri.34.5
https://doi.org/10.1210/jc.2008-2534
https://doi.org/10.1016/S1474-4422(20)30172-1
https://doi.org/10.1212/WNL.0000000000001820
https://doi.org/10.3389/fnagi.2023.1069439
https://doi.org/10.2147/DMSO.S271160
https://doi.org/10.1186/s12902-019-0402-3
https://doi.org/10.3389/fnagi.2020.605878
https://doi.org/10.1177/1479164119848093
https://doi.org/10.1080/13607863.2015.1040723
https://doi.org/10.1007/s00125-021-05634-w
https://doi.org/10.1038/s41574-018-0048-7
https://doi.org/10.1007/s00125-019-04977-9
https://doi.org/10.1111/1755-5922.12317
https://doi.org/10.1016/j.redox.2023.102849
https://doi.org/10.1530/EJE-07-0815

J. Fac. Pharm. Ankara / Ankara Ecz. Fak. Derg., 48(3): 1041-1049, 2024 \&?
Doi: 10.33483/jfpau.1484457

ORIGINAL ARTICLE / OZGUN MAKALE

CHOLINESTERASE AND TYROSINASE INHIBITORY ACTIVITY OF
SUBCRITICAL WATER AND MICROWAVE EXTRACTS OF
RAPHANUS SATIVUS L. ‘RED MEAT’ RADIX

RAPHANUS SATIVUS L. ‘RED MEAT’ KOKLERININ SUBKRITIK SU VE MIKRODALGA
EKSTRELERININ KOLINESTERAZ VE TIROZINAZ INHIBITOR AKTIVITESI

Halil KOY U+

fzmir Katip Celebi University, Faculty of Pharmacy, Department of Pharmaceutical Botany, 35620, izmir,
Tirkiye

ABSTRACT

Obijective: Cholinesterase and tyrosinase inhibitory activity potential of microwave-assisted and
subcritical water extracts of Raphanus sativus L. Red Meat roots were investigated.

Material and Method: Total phenol, flavonoid and anthocyanin content of extracts from
conventional solvent and advanced extraction systems were spectrophotometrically quantified.
Acetylcholinesterase, butyrylcholinesterase and tyrosinase inhibitory activities were investigated
with the calculation of the rate of absorbance change with kinetic readings.

Result and Discussion: The subcritical water extract was found to provide highest
acetylcholinesterase, butyrylcholinesterase and tyrosinase inhibitory activities with an 1Csp of 0.71
mg/ml, 2.13 mg/ml and 1.21 mg/ml, respectively. Consistent with the anaylsis of total phenol (27.57
mg GAE/g) and flavonoid (4.80 mg QE/g) contents, subcritical water extract of red meat radish can
be considered as a potential source for products aiming enzyme inhibitory activity.

Keywords: Cholinesterase, microwave, Raphanus sativus, red meat radish, subcritical water,
tyrosinase

0z

Amac: Raphanus sativus L. Red Meat kéklerinin mikrodalga destekli ve subkritik su ekstrelerinin
kolinesteraz ve tirozinaz inhibitor aktivite potansiyeli arastirilmigtir.

Gere¢ ve Yontem: Geleneksel c¢oziicii ve gelismis ekstraksiyon sistemlerinden elde edilen
ekstrelerin toplam fenol, flavonoid ve antosiyanin i¢erigi spektrofotometrik olarak élgiilmiistiir.
Asetilkolinesteraz, biitirilkolinesteraz ve tirozinaz inhibitér aktiviteleri, kinetik okumalarla
absorbans degisim hizinin hesaplanmasiyla arastirilmigtir.

Sonug ve Tartisma: Subkritik su ekstresinin sirastyla 0.71 mg/ml, 2.13 mg/ml ve 1.21 mg/ml ICso
degerleri ile en yiiksek asetilkolinesteraz, biitirilkolinesteraz ve tirozinaz inhibitor aktivitelerini
sagladigi bulunmustur. Toplam fenol (27.57 mg GAE/g) ve flavonoid (4.80 mg QE/g) icerigi analizi
ile de tutarli olarak, kirmizi etli turpun subkritik su ekstresi enzim inhibitor aktivite amaciyla iiretilen
tiriinler 