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INTERACTION OF LIVER ARGINASE AND L-ARGININE-NO SYSTEM 
IN THE PROCESSES OF DETOXIFICATION, LIPID PEROXIDATION 

AND THE FORMATION OF THE THYROID STATUS IN RATS 
WITH CHRONIC ETHANOL INTOXICATION

Abstract. A sufficient number of facts testifying the importance of liver arginase and nitrogen monoxide in the life processes 
in the normal and pathological conditions have been accumulated to date.

The aim of the study was to determine the significance of the relationship and interaction of liver arginase and L-arginine-NO 
system in the processes of detoxification, lipid peroxidation and the formation of the thyroid status in rats with chronic ethanol 
intoxication.

 In rat experiments using the modern physiological, biochemical research methods and a pharmacological approach, 
it was found that chronic ethanol intoxication leads to a decrease in the liver arginase activity and the triiodothyronine con-
centration. At the same time, the increase in the level of “average molecules”, NO3

–/NO2
–, the content of lipid peroxidation 

products in the plasma, as well as the increase in the blood toxicity degree, the activity of alanine amino transferase, aspartate 
amino transferase and the narcotic sleep duration were observed. Hyperthyroid rats demonstrated the increased liver arginase 
activity, the processes of detoxification, lipid peroxidation and body temperature while rats with the experimental hypothy-
roidism showed the opposite results. The liver arginase depression caused by the injection of Nω-hydroxy-nor-L-arginine 
(Nor-NOHA), or L-valine into the body prevents the body temperature increase and the development of characteristic changes 
in the detoxification and lipid peroxidation processes acted upon by exogenous triiodothyronine. Under the conditions of the liver 
arginase inhibition by Nor-NOHA or L-valine, the ethanol action is accompanied by a more significant inhibition of the liver 
detoxification function and an increase of  NO3

–/NO2
– levels in blood plasma. The preliminary injection of an NG-nitro-L-arginine 

methyl ester inhibitor of NO-synthase into the animal’s body weakens the toxic ethanol effect on the liver, as well as the development 
of characteristic changes in the liver arginase activity, in the processes of detoxification and lipid peroxidation in rats with chronic 
ethanol intoxication.

Apparently, the activity of liver arginase and L-arginine-NO system determines the severity of detoxification, lipid 
peroxidation processes and the formation of the thyroid status in the conditions of chronic alcoholization, which is important 
in the ethanol intoxication pathogenesis.
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ВЗАИМОДЕЙСТВИЕ АРГИНАЗЫ И L-АРГИНИН-NO СИСТЕМЫ ПЕЧЕНИ 
В ПРОЦЕССАХ ДЕТОКСИКАЦИИ, РАЗВИТИЯ ОКСИДАТИВНОГО СТРЕССА И ФОРМИРОВАНИЯ 

ТИРЕОИДНОГО СТАТУСА У КРЫС ПРИ ХРОНИЧЕСКОЙ ЭТАНОЛОВОЙ ИНТОКСИКАЦИИ

Аннотация. К настоящему времени накопилось достаточное количество фактов, свидетельствующих о том, что 
аргиназа печени и монооксид азота играют значительную роль в процессах жизнедеятельности в норме и при патологии.

Целью исследования было выяснение значимости взаимосвязи и взаимодействия аргиназы и L-аргинин-NO си-
стемы печени в процессах детоксикации, развития оксидативного стресса и формировании тиреоидного статуса 
у крыс при хронической этаноловой интоксикации. 2

В опытах на крысах с использованием современных физиологических, биохимических методов исследования 
и фармакологического подхода было установлено, что хроническая этаноловая интоксикация приводит к снижению 
активности аргиназы печени, концентрации трийодтиронина и к повышению уровня «средних молекул», NO3

–/NO2
–, 

содержания продуктов ПОЛ в плазме, степени токсичности крови, активности аланинаминотрансферразы и аспар-
татаминотрансферразы, продолжительности наркотического сна. У гипертиреоидных крыс повышается, а у крыс 
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с экспериментальным гипотиреозом снижается активность аргиназы печени, процессов детоксикации, ПОЛ и темпе-
ратура тела. Депрессия аргиназы печени, вызываемая введением в организм Nω-гидрокси-нор-L-аргинином (Nor-NOHA), 
а также L-валина, препятствует повышению температуры тела и развитию характерных изменений процессов де-
токсикации и ПОЛ на действие экзогенного трийодтиронина. В условиях угнетения аргиназы печени как Nor-NOHA, 
так и L-валином действие этанола сопровождается более значимым угнетением детоксикационной функции печени 
и повышением содержания NO3

–/NO2
– в плазме крови. Предварительное введение в организм животным ингибитора 

NO-синтазы метилового эфира NG-нитро-L-аргинина ослабляет токсический эффект этанола на печень, а также раз-
витие характерных изменений активности аргиназы печени, процессов детоксикации и ПОЛ у крыс с хронической 
этаноловой интоксикацией.

По-видимому, от активности аргиназы и L-аргинин-NO системы печени зависит выраженность процессов де-
токсикации, ПОЛ и формирование тиреоидного статуса в условиях хронической алкоголизации, что играет значи-
мую роль в патогенезе этаноловой интоксикации. 

Ключевые слова: хроническая этаноловая интоксикация, детоксикация, аргиназа печени, перекисное окисле-
ние липидов, L-аргинин-NO система, крысы
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Introduction. Modern medicine faces the problem of the steady growth of alcohol pathology leading 
to a reduction in life expectancy and adversely affecting the state of health. 

It is known that morbidity and mortality in case of regular consumption of alcohol is associated 
with the toxic effects of ethanol on the most important human organs, and especially on the liver [1, 2]. 
In the mechanisms of the protective reactions development in conditions accompanied by toxinemia, 
the activity of the liver detoxification function and the pituitary-thyroid system are important [3, 4].

Numerous experimental data indicate that toxic ethanol metabolites, activation of LPO processes, 
and the development of oxidative stress make a significant contribution to liver damage caused 
by ethanol [1, 5, 6].

Currently, a sufficient number of facts indicating the importance of liver arginase in the processes 
of detoxification and vital functions of the body in normal and pathological conditions has accumulated 
[7‒9]. It has been shown that the activity of the metabolism of iodine-containing thyroid hormones [10], 
that play an important role in detoxification processes, depends on the liver functional state [3].

A number of researchers found that a change in the blood level of thyroid hormones is closely correlated 
with the production of nitrogen monoxide (NO) in the body [4] and arginase activity is important 
for its formation [11]. Considering that liver arginase activity limits the availability of L-arginine 
for inducible NO synthase [11, 12], it was reasoned that its activity will affect NO synthesis, that plays 
an important role in detoxification mechanisms, lipid peroxidation, and thermoregulation [13, 14]. 
However, the participation of liver arginase and L-arginine-NO system, the significance of their inter- 
action in the regulation of its detoxification function, LPO processes and the formation of thyroid status 
in rats during chronic alcohol intoxication was not the subject of a special comprehensive study. 

The aim of this study was to determine the significance of the relationship and interaction of liver 
arginase and L-arginine-NO system in the detoxification processes, the development of oxidative stress 
and the formation of thyroid status in rats with chronic ethanol intoxication.

Materials and research methods. The study was conducted on non-narcotic adult white male rats 
weighing 180‒220 g.

The experiments were carried out at a strictly defined time (8‒12 hours in the morning). The ration 
of rats consisted of the feed KK-92/PHC-5, the amount of which was determined by the Norms of feeding 
laboratory animals [15]. Drinking mode adhered to the ad libitum principle.

Due to the fact that in the literature there is evidence that animals have significant fluctuations 
in the level of a number of hormones and biogenic amines in the blood during the day, which are accom-
panied by changes in energy and plastic metabolism, the experiments were carried out at a strictly 
defined time (8–12 hours in the morning).

An experimental model of chronic ethanol intoxication was reproduced in rats by daily intragastric 
injection of 30 % ethanol solution to animals (based on 3.5 g of 92 % ethanol per kg of body weight) 
for 60 days. Acute toxic liver damage was caused by the intragastric injection of a solution of carbon 
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tetrachloride (CCl4) prepared using olive oil at a ratio of 1:1 at a rate of 5 ml/kg to the animals. The activity 
of liver arginase was determined spectrophotometrically [16]. The production of nitric monoxide (NO) 
was evaluated by the total level of nitrates/nitrites (NO3

–/NO2) in blood plasma [17]. The detoxification 
function of the liver and the degree of endogenous intoxication were evaluated by the degree of blood 
toxicity (DBT), the duration of narcotic sleep (DNS), as well as by the concentration of “medium mole-
cules” (MM) in the blood plasma. DNS (injection of hexenal at a dose of 100 mg/kg intraperitoneally) 
was evaluated by the time the animals were in the side position [18]. The method of acid-ethanol depo- 
sition [19] was used to determine the content of MM in the blood, and DBT was evaluated by the method 
proposed by O. A. Radkova et al. [20]. The severity of liver damage was estimated by the activity 
of aspartate aminotransferase (AsAT) and alanine aminotransferase (AlAT) in the blood serum. The de-
termination of the AsAT and AlAT activity in blood plasma was carried out using the colorimetric 
dinitrophenylhydrazine method. 

The activity of lipid peroxidation in the blood and liver was evaluated by the content of such products 
as malondialdehyde (MDA), diene conjugates (DC), Schiff bases (SB). The concentration of MDA, 
DC, and SB was determined by the spectrophotometric method of M. Mihára, M. Uchiyama [21], 
V. A. Kostyuk [22] and B. L. Fletcher et al. [23], respectively.

Hypothyroidism in animals was reproduced using thyriostostatic mercazolilum (Ukrmedpreparaty, 
Ukraine), that was injected to rats daily intragastrically at a dose of 25 mg/kg on 1 % starch solution 
for 20 days. Experimental hyperthyroidism was reproduced using a synthetic preparation of triiodothyronine 
hydrochloride (Liothyronin, Berlin Chemie, Germany), that was injected intragastrally daily to animals 
at a dose of 30 μg/kg on 1 % starch solution for 20 days. The plasma level of triiodothyronine (T3) 
and tetraiodothyronine (T4) was determined by the radioimmunoassay using the test kits of OCP IBOKh 
NAS of Belarus. To determine the significance of liver arginase and NO in detoxification, thermoregulation 
and thyroid status formation, the arginase inhibitor Nω-hydroxy-nor-L-arginine (nor-NOHA) (Bachem AG, 
Germany) and also L-valine (Carl Roth GmbH + Co.KG, Germany) and a non-selective inhibitor 
of NO synthase – methyl ester NG-nitro-L-arginine (L-NAME) (ACROS ORGANICS, USA). Nor-NOHA 
at a dose of 10 mg/kg was injected to rats intraperitoneally daily for 7 days, and L-valine was injected 
intraperitoneally at a dose of 100 mg/kg 30 min before the start of the experiment. L-NAME at a dose 
of 25 mg/kg was injected to rats once intraperitoneally. Rectal temperature was measured with a TPEM-1 
medical electrothermometer. 

Blood and liver tissue for studies were taken for the minimum possible time after animal decapitation, 
that was carried out one hour after the last injection of ethanol (in the experimental group) or physiological 
solution (in the control group).

All experiments were carried out in accordance with the ethical standards for the handling of laboratory 
animals, as well as the requirements of the Directive of the European Ethics Committee 86/609 / EEC 
of 11.24.1986 [24] and the “European Convention for the Protection of Vertebrate Animals Used 
in Experiments and Other Scientific Purposes” dated March 18, 1986 and TCH 125-2008 “Good labo- 
ratory practice” approved by the resolution of the Ministry of Health of the Republic of Belarus No. 56 
dated March 28, 2008 [25].

The received data were processed statistically using the software packages “Statsoft (USA) Statistica 8.0”, 
“Microsoft Office Excell 2000”, “Graph Pad Prism4”. An analysis of the differences between the two inde-
pendent groups by quantitative indicators, the distribution of which was not statistically significantly 
different from the normal, was carried out using the Student t-test in Welch’s modification. Data 
for quantitative indicators are presented as arithmetic mean and standard error of the mean (X  ± Sx ), 
for qualitative indicators as percent. The differences between the experimental groups were considered 
significant at р < 0.05. 

The results of the study. In experiments on rats, it was found that intragastric daily injection 
of 30 % aqueous ethanol solution to animals for 60 days leads to significant changes in arginase activity 
and liver detoxification function, body temperature, levels of lipid peroxidation products, NO3

–/NO2
–, 

tri- and tetraiodothyronine and plasma transaminase activity. 
It was found that prolonged intragastric injection of ethanol leads to inhibition of the detoxification 

function of the liver, which was manifested by an increase in the level of MM in blood plasma – 
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by 38.5 % (р < 0.05, n = 10), DBT by 57.8 % (р < 0 05, n = 10) and an increase in PNS by 24.5 % (р < 0.05, 
n = 7). The content of MM in blood plasma, DBT and DNS in the control group (with daily intragastric 
injection of a physiological solution for two months, n = 10) was 0.69 ± 0.012 g/l, 1.3 ± 0.11 units, respectively, 
and 27.8 ± 3.22 min. The liver arginase activity under the same conditions decreased by 54.7 % (р < 0.05, 
n = 8) and was 2.5 ± 0.27 μmol of urea/g of crude tissue per hour. The AsAT and AlAT activity as the most 
important indicators of the severity of liver damage, in the blood of alcoholized animals in comparison 
with the corresponding control increased by 196.3 % (р < 0.05, n = 8) and 488.5 % (р < 0.05, n = 8) 
and amounted to 1.77 ± 0.16 and 2.71 ± 0.13 μkat/l, respectively. 

It was found that the effect of ethanol in the body of animals over 60 days is accompanied by an increase 
in blood plasma levels of DC, MDA and SB by 39.3 % (р  <  0.05, n  =  7), 58.5 % (р  <  0.05, n  =  8) 
and 50.8 % (р < 0.05, n = 7), respectively. The content of DC in the liver increased by 29.3 % (р < 0.05, n = 7), 
MDA by 36.5 % (р < 0.05, n = 7) and SB by 23.3 % (р < 0.05, n = 7). In rats of the control group (saline 
solution intragastrally daily for 60 days, n = 8), the content of DC, MDA, and SB in the blood plasma 
was 0.59 ± 0.051 D233/ml, 0.71 ± 0.058 μmol/ml and 5.4 ± 0.52 IU/ml, and in the liver 14.5 ± 1.38 D233/g tissue, 
17.1 ± 0.71 μmol/g of tissue and 136.4 ± 13.5 U/g of tissue.

It was revealed that under conditions of chronic ethanol intoxication in animals, the concentration 
of NO3

–/NO2
– – end products of NO degradation in the blood plasma changes [11, 16]. Intragastric injection 

of ethanol after 60 days of alcoholization in rats (n = 8) resulted in an increase in plasma levels of NO3
–/NO2

– 
by 79.1 % (р < 0.01) and which amounted to 11.02 ± 1.34 μmol/l.

It was found that changes in thyroid status in rats occur as a result of chronic alcoholization. Prolonged 
(for 60 days) daily intragastric injection of 30 % ethanol solution led to a 58.8 % (р < 0.05, n = 8) decrease 
o fT3 concentration in blood plasma. At the same time, T4 concentration in comparison with the control 
group (daily intragastric injection of a physiological solution for 60 days) did not significantly change. 
The concentration of T4 and T3 in blood plasma in animals in the control group (n = 7) was 71.1 ± 11.04 
and 1.7 ± 0.2 nMol/l, respectively.

It was found that 20 days after the daily intragastric injection of triiodothyronine hydrochloride (30 mg/kg), 
detoxification processes in animals are activated, liver arginase activity increases (by 41.0 %, р < 0.05, 
n = 7) and body temperature rises (by 0.7 °C, р < 0.05, n = 8). The DNS in rats under these conditions 
decreased by 27.2 % (р < 0.05, n = 7) and amounted to 20.9 ± 2.3 min. The content of MM in the blood 
plasma decreased by 23.5 % (р < 0.05, n = 7), and the degree of its toxicity decreased by 19.2 % (р < 0.05, 
n = 7). In this case, the plasma concentration of T3 increased from 1.2 ± 0.1 to 1.9 ± 0.2 nMol/l (by 58.3 %, 
р < 0.05, n = 8) and T4 decreased from 44, 7 ± 3.1 to 17.2 ± 2.0 nMol/l (by 61.5 %, р < 0.05, n = 8).

Depression of the functional activity of the thyroid gland with mercazolyl led to a decrease in liver 
arginase activity (by 25.6 %, р < 0.05, n = 7), inhibition of detoxification processes and a decrease in body 
temperature. So, before the injection of mercazolate, the rectal temperature in the rats of the experimental 
group (n = 10) was 37.3 ± 0.10 °C, and after 20 days of its use decreased by 0.9 °C (р < 0.05). The concent
ration of T3 and T4 in blood plasma in hypothyroid rats, compared with the control group (intragastric 
administration of 1 % starch solution for 20 days) decreased by 2.5 times (р < 0.05) and 3.2 times (р < 0.05) 
and amounted, respectively, to 0.54 ± 0.07 nMol/l (n = 7) and 16.4 ± 1.05 nMol/l (n = 7). The DNS in rats 
under these conditions increased by 28.2% (р < 0.05, n = 7) and amounted to 31.6 ± 2.85 min. The content 
of MM in the blood plasma of hypothyroid rats increased by 17.4 % (р < 0.05, n = 7), and DBT increased 
by 14.1 % (р < 0.05, n = 6). 

It was revealed that in conditions of CC14 liver damage in rats, detoxification processes are inhibited, 
body temperature, liver arginase activity and plasma concentration of T3 and T4 decrease. So, 12 and 24 hours 
after the CC14 oil solution was injected into the stomach, the rectal temperature decreased, respectively, 
by 1.2 ± 0.12 °С (р < 0.05, n = 12) and by 1.7 ± 0.13 °C (р < 0.05, n = 10). The activity of liver arginase 
in rats (n = 7) under these conditions (in relation to animals in the control) decreased by 47.2 % (р < 0.05) 
and 61.8 % (р < 0.05), respectively, and the content NO3

–/NO2
– increased by 31.5 % (р < 0.01) and 58.4 % 

(р < 0.01), respectively. The activity of liver arginase in rats of the control groups (12 and 24 hours 
after intragastric injection of 1% starch solution) was 3.6 ± 0.30 (n = 7) and 3.8 ± 0.33 (n = 7) μmol 
of urea, respectively/g crude tissue per hour. 


