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ABSTRACT

Obijective: The purpose of this work is to study the hepatoprotective properties of potassium 2-((4-amino-
5-(morpholinomethyl)-4H-1,2,4-triazole-3-yl)thio)acetate on tetracycline and infectious hepatitis models in
chickens.

Material and Method: Biochemical examination of blood and liver serum was carried out on intact
broiler chickens Cross Cobb 500. All groups of chickens were kept separately in different cages in the same
room with the same microclimate parameters in accordance with the established requirements.

Result and Discussion: Hepatoprotective effect of potassium 2-((4-amino-5-(morpholinomethyl)-4H-
1,2,4-triazole-3-yl)thio)acetate was established as a result of research on the model of hepatitis in chickens
caused by tetracycline, which was not lower than the referent drug - Thiotriazolin®. The biochemical study
results demonstrated hepatoprotective properties of the combination of the above compound with the antibiotic
Saroflox®, combination of potassium 2-((4-amino-5- (morpholinomethyl)-4H-1,2,4-triazole-3-yl) thio) acetate
with classical antibiotic Enrofloxacin® on the model of infectious hepatitis.
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Amag: Bu ¢alismanin amaci tavuklarda olugturulan tetrasiklin ve infeksiyoz hepatit modellerinde
potasyum 2-((4-amino-5-(morfolinometil)-4H-1,2,4-triazol-3-iltiyo)asetatin karaciger koruyucu ozelliklerini
calismaktir.

Gereg ve Yontem: Kan ve karaciger serumunun biyokimyasal analizi Cobb 500 cinsi saglkli etci
civcivlerde yapilmistir. Belirlenen kosullara uygun olarak ayni mikroklima parametreleri igin tim civciv
gruplart ayni oda icinde farkl kafeslerde ayri olarak tutulmustur.

Sonuc ve Tartisma: Civcivierde tetrasiklin ile olusturulan hepatit modelindeki ¢calismanin sonucu olarak
potasyum 2-((4-amino-5- (morfolinometil)-4H-1,2,4-triazol-3-il)tio)asetat in belirlenen karaciger koruyucu
etkileri referans ilag olan Thiotriazolin den daha asagida bulunmamigtir. Biyokimyasal ¢alismanin sonuglart,
yukarida belirtilen bilesigin Saroflox antibiyotik ile kombinasyonunun, klasik antibiyotik Enrofloxacin ile
potasyum 2-((4-amino-5- (morfolinometil)-4H-1,2,4-triazol-3-il)tio)asetat in  kombinasyonunun karaciger
koruyucu ozelliklerini gostermektedir.

Anahtar Kelimeler: biyokimyasal belirtecler; karaciger koruyucu aktivite; 1,2,4-triazol

INTRODUCTION

According to the latest reports of the World Health Organization (WHO), hepatitis has a
significant threat to human health worldwide [1]. So, viral hepatitis has caused 1.34 million deaths in
2015. This figure is comparable with tuberculosis and higher than that caused by HIV. However, the
threat is that the number of deaths due to viral hepatitis increases over time, while mortality caused by
tuberculosis and HIV is reduced and actively monitored. Most deaths caused by viral hepatitis in 2015
were associated with chronic liver disease (720,000 deaths due to cirrhosis) and primary liver cancer
(470,000 deaths due to hepatocellular carcinoma). Worldwide, in 2015, approximately 257 million
people lived with chronic hepatitis B virus (HBV) infection and 71 million people with chronic hepatitis
C virus (HCV) infection 1. Therefore, this problem is very topical and it is sharply stands before
medicine and pharmacy in general [2-5].

Analyzing the scientific literature in this direction, it can be noted that scientists share basically
two ways of creating new hepatoprotectors. Quite promising results are obtained in phytochemicals that
use medicinal raw materials as the basis for new drugs [6, 7]. Synthetic chemists also actively work in
this direction, and this gives its results [8-10]. The synthetic hepatoprotector Thiotriazolin®
(Morpholine 5-methyl-1,2,4-triazoline-5-thioacetate) is intruded in the pharmaceutical industry which
according to the chemical structure is a nitrogen-containing heterocycle, derivative of 1,2,4-triazole
[11]. It is important that the derivatives of 1,2,4-triazole are pharmacologically valuable objects. The
novelty is Trifuzol® (Piperidine 2-(5-(furan-2-yl)-4H-4-phenyl-1,2,4-triazole-3-ylthio)acetate) which is
introduced in veterinary practice [12].

In turn, in our previous studies, the compound of potassium 2-((4-amino-5-
(morpholinomethyl)-4H-1,2,4-triazole-3-yl)thio)acetate, which is also a representative of the above
noted class of 1,2,4-triazoles. This compound is interesting because, along with its low toxicity, it can

exhibit antioxidant properties [13]. The goal of this work is to study hepatoprotective properties of
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potassium 2-((4-amino-5-(morpholinomethyl)-4H-1,2 4-triazole-3-yl)thio)acetate on tetracycline and

infectious (Pseudomonas aeruginosa) models of hepatitis in chickens.

MATERIAL AND METHOD
Animals

Biochemical examination of blood and liver serum was performed on inbred broiler chickens
Cross Cobb 500. All groups of chickens were kept separately in different cages in one room with the
same microclimate parameters in accordance with the established requirements. Feeding was carried out
with same batch and age of combined feed, drinking - with boiled water. The approval of the Animal
Ethics Committee was obtained.

Chemicals

The main substance of potassium 2-((4-amino-5-(morpholinomethyl)-4H-1,2,4-triazole-3-
yl)thio)acetate was synthesized at the Department of Toxicological and Inorganic Chemistry of
Zaporizhzhya State Medical University. It was purified by recrystallization with content of the main
component > 98%. Medicinal products used in the study: Tetracycline Hydrochloride®
(Borshchahivskiy CPP, Ukraine), Enrofloxacin® (Basalt, Ukraine), Saroflox® (Brovapharma, Ukraine),
Thiotriazolin® (Arterium, Ukraine) and chemical reagents: 2-thiobarbituric acid (>98%) and 5,5-
dithio-bis-(2-nitrobenzoic acid) (DTNB, Ellman's Reagent) supplied from Sigma-Aldrich (Germany).
Modeling of Tetracycline Hepatitis

Biochemical study of blood serum and liver was conducted at intact chickens (Intact group);
chickens that have been given tetracycline (Control Pathology); chickens, which were injected with a
potassium  2-((4-amino-5-(morpholinomethyl)-4H-1,2,4-triazole-3-yl)thio)acetate or Thiotriazolin
compound for preventive and therapeutic purposes.

Tetracycline was administered per os to all chickens in experimental groups at a dose of 500
mg/kg in the form of suspension of 1% starch glidant for 5 days. Potassium 2-((4-amino-5-
(morpholinomethyl)-4H-1,2,4-triazole-3-yl)thio)acetate and Thiotriazolin were injected per os 3 days
before Tetracycline, during all period of Tetracycline intake and in the next 2 days 1 hour before
tetracycline intake of 150 mg/kg and 50 mg/kg appropriately. Three days after the last administration of
Tetracycline, blood samples and liver samples were collected from chickens in each experimental group.
Modeling of Infectious Hepatitis

Biochemical study of blood serum and liver of intact chickens (Intact group); chickens infected
with the strain of Pseudomonas aeruginosa (Control Pathology); chickens which were administered
with the potassium  2-((4-amino-5-(morpholinomethyl)-4H-1,2,4-triazole-3-yl)thio)acetate  for
preventive-curative purpose with a classical antibiotic Enrofloxacin or with antibiotic Saroflox, or

administered Thiotriazolin with an antibiotic Enrofloxacin.
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Chickens of experimental groups were intraperitoneally injected with Pseudomonas aeruginosa
in a dose of 0.2 ml for a 4 day trial in the dilution of 300,000 CFU/ml. Potassium 2-((4-amino-5-
(morpholinomethyl)-4H-1,2,4-triazole-3-yl)thio)acetate and Thiotriazolin were injected per os for 3
days before infection and for 5 days after infection at a dose of 150 mg/kg and 50 mg/kg appropriately.
Antibiotics were administered within 5 days after infection.

Sampling of blood and liver in the chickens of each experimental group was carried out 6 days
after infection.

Biochemical indicators

The physiological condition of the liver was evaluated by the activity of the alanine and aspartate
aminotransferase (ALT, AST) hepatic enzymes and gammaglutamyltranspeptidase (GGT) in the serum
according to the guideline. The status of lipid peroxidation processes and antioxidant defense systems
was determined by the content of products that react with tiobarbituric acid (TBA) [14-16] and catalase
activity [17-18].

By means of biochemical analysis methods in blood serum and liver homogenates, indicators
were determined that generally characterize the balance of the prooxidation and antioxidant systems
responsible for the condition of the of free radical oxidation (FRO) process. The content of primary and
secondary lipid peroxidation products: conjugated dienes and products that react with tiobarbituric acid
(TBA) were determined. The mentioned metabolites are sequentially formed on the path of free
transformation of unsaturated fatty acids of membrane phospholipids and their simultaneous
determination gives an idea of the severity of membrane destruction. The method for determining the
content of conjugated dienes (CD) is based on the ability of conjugated diene acyls and their hydroxy
derivatives to intensive uptake in the interval of 232-233 nm. Calculation of the concentration of

conjugated dienes was carried out by according to the next formula:

_ Esample
22,727 (umol/1)

where, C - the concentration of the appropriate product LOP,
Esample - Optical density of the sample,

E - molar extinction coefficient.

The content of TBA in blood serum and liver homogenates was determined by a colorimetric
method based on the formation of a colored trimethicone malondialdehyde complex (MDA) with
thiobarbituric acid, having a maximum absorption at 532 nm. The calculation of the concentration of

CD was carried out according to the formula:
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= Esample
~ 12,86(umol/l)
where, C - the concentration of the appropriate product LOP,

Esample - Optical density of the sample,

E - molar extinction coefficient.

The condition of antioxidant system (AOS) was evaluated by the content of reduced glutathione
(GSH) and activity of catalase antioxidant protection enzyme (Cat) in blood and liver homogenates. The
principle of the method for determining the content of GSH is based on the ability of low molecular
weight thiol compounds at interacting with DTNB (5,5-dithio-bis-(2-nitrobenzoic acid)) to form a
colored compound - thio-2-nitrobenzoic acid, the aqueous solution of which has a maximum absorption
atA =412 nm.

The activity of Cat was evaluated by the method of Korolyuk et al [19]. The basis of the method
is the ability of hydrogen peroxide to form a stable colored complex with molybdenum salts. Extinction
was measured on UV-26 at a wavelength of 410 nm against a control sample, in which 2 ml of water

was introduced instead of peroxide. The calculation was carried out according to the formula:

Acontrol — Aexperimental
V-t-K(umol/min-1)

Catalase activity =

where, V - volume of the administered sample (0,1 ml),
t - incubation time (600 sec),
K - coefficient of millimolar extinction of hydrogen peroxide

(22,2 - 103mmol~tcm™1)

Statistical Analysis

The statistical analysis of the results was carried out using the methods of variation statistics
using the STATISTICA program, V.6. For multiple comparisons of data with normal distribution, the
Newman-Keuls method was used, the data represented both the mean (M) and the mean error (m).

Differences were considered statistically significant at p <0.05 [20].
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RESULT AND DISCUSSION

The research results of hepatoprotective activity of potassium 2-((4-amino-5-
(morpholinomethyl)-4H-1,2,4-triazole-3-yl)thio)acetate against the backdrop of tetracycline hepatitis
are shown in Figure 1, 2. As the studies showed, administration of tetracycline resulted in a significant
damage to the liver. The statistically significant increase in marker enzymes of cytolysis ALT and AST
by 36% and 28% indicated the development of cytolytic processes. However, the activity of the enzyme
GGT has not changed significantly (Fig. 1). Inaddition, there was an imbalance in the LOP/AQOS system,
as evidenced by a tendency to increase the TBA content and a statistically significant decrease in the
activity of the enzyme antioxidant protection of catalase in 1, 2 times (Fig. 1).

Preventive and therapeutic administration of potassium 2-((4-amino-5- (morpholinomethyl)-
4H-1,2 4-triazole-3-yl)thio)acetate and Thiotriazolin prevents the development of the cytolytic
syndrome and restores the balance of antioxidant processes (Fig. 1). The activity of the liver
transaminases and GGT decreased, the content of secondary LOP products decreased and the activity
of catalase was restored both in serum and in the liver of chickens (Fig. 1, 2). Also, for this model of

hepatitis pathology a histological study was conducted [21].

0,66 +0,02 1. Intact group
ALT, mmol/(h*L) N
Tx*
o 0.74x0.05 2. Control pathology
0,65£0,01
AST, mmol/(h*L 0,83£0,02% _ _
b %;%f%%‘?l’*/,** 3. Potassium 2-((4-amino-5-
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* —values are statistically significant for the Intact group;
** _values are statistically significant for the Control pathology group;
Figure 1. Influence of potassium 2-((4-amino-5-(morpholinomethyl)-4H-1,2,4-triazole-3-

yl)thio)acetate solution on the biochemical parameters of chicken blood serum on tetracycline-induced
hepatitis
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** _values are statistically significant for the Control pathology group;

Figure 2. Influence of potassium 2-((4-amino-5-(morpholinomethyl)-4H-1,2,4-triazole-3-
ylthio)acetate on the TBA and GSH indices in chicken liver homogenates on tetracycline-induced
hepatitis.

Subsequently, the studying of hepatoprotective properties of potassium 2-((4-amino-5-
(morpholinomethyl)-4H-1,2,4-triazole-3-yl)thio)acetate in the conditions of infectious hepatitis was
continued. Infection of the Pseudomonas aeruginosa in chickens led to liver damage. The statistically
significant increase in ALT and AST activity by 47% and 36%, respectively, indicated the development
of a cytolytic syndrome against the background of infection with Pseudomonas aeruginosa. The
increase of the most specific hepatic enzyme GGT only tended to increase (Fig.3). Along with this,
activation of peroxide lipid oxidation and reduction of antioxidant defense activity were observed: the
TBA content was increased by almost 2 times, and the catalase activity decreased by 1.5 times (Fig. 3,
4).

According to the obtained data, the potassium 2-((4-amino-5-(morpholinomethyl)-4H-1,2,4-
triazole-3-yl)thio)acetate in combination with different antibiotics and a combination of Thiotriazolin
and antibiotics possess with expressive hepatoprotective properties (Fig. 3.4). All three combinations
effectively prevented the development of the cytolytic syndrome and eliminated the imbalance in the

LOP/AQS system in serum and in the liver homogenates (Fig. 3-5).
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Figure 3. Influence of potassium

2-((4-amino-5-(morpholinomethyl)-4H-1,2,4-triazole-3-

yl)thio)acetate on the biochemical parameters of blood serum and chicken liver on the model of hepatitis

induced by Pseudomonas aeruginosa microorganisms, M £ m
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Figure 4. Influence of potassium 2-((4-amino-5-(morpholinomethyl)-4H-1,2,4-triazole-3-

yl)thio)acetate on the indices of catalase in blood serum and chicken liver on a model of hepatitis
induced by Pseudomonas aeruginosa microorganisms, M £ m
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Figure 5. Influence of potassium 2-((4-amino-5-(morpholinomethyl)-4H-1,2,4-triazole-3-
yl)thio)acetate on the TBA and GSH indices in chicken liver homogenates on the hepatic model induced
by Pseudomonas aeruginosa microorganisms, M £ m

As a result of the study it should be noted that potassium 2-((4-amino-5-(morpholinomethyl)-
4H-1,2,4-triazole-3-yl)thio)acetate express hepatoprotective effect in chickens with the hepatitis caused
by tetracycline, and this effect is not inferior to the comparator Thiotriazolin. Based on the results of the
biochemical study, hepatoprotective properties were established of the combination of the above
compound with the antibiotic Saroflox, combination of potassium 2-((4-amino-5-(morpholinomethyl)-
4H-1,2,4-triazole-3-yl)thio)acetate with classical antibiotic Enrofloxacin on the model of infectious

hepatitis (Pseudomonas aeruginosa).
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