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Abstract
The studies, which may reveal some elements of regulation between the metabolic processes of proteins (at the level of translation 

and changes in the amino acid spectrum) as well as catabolism and anabolism of carbohydrates under conditions of pathological devia-
tions of the functioning of the animal organism, are promising, and the search for protective substances of a different nature is necessary.

The aim is to study and analyze a bio protectors’ effect on the composition of some amino acids under alcohol-induced 
oxidative stress.

During the experimental period, changes in the body weight of rats confirm the depressant effect of alcohol on the dy-
namics of weight gain of animals during their growth and development, and the positive protective effect of betaine and additives 
(protein+minerals). 

The increased activity of alanine aminotransferase, aspartate aminotransferase, γ-glutamyltransferase in the blood serum 
of rats in experimental groups of animals with the absence of protectors’ substances in the diet indicates a deviation in the func-
tional capacity of the liver. The determined indices of the content of creatinine and urea were increased significantly that points 
out on possible pathological deviation of the kidney. Under alcohol substances, changes of such biochemical indexes value as 
lactate dehydrogenase, superoxide dismutase, and catalase, and the content of malonic dialdehyde indicate oxidative stress. In the 
case of bio protectors’ presence, values of biochemical parameters become to ones in the animals of control groups.

It was observed, that betaine has a higher potential for the correction of the above pathological abnormalities than pro-
tein-containing additives with minerals in the form of chelate, but the last is perspective for further study and their use as a raw 
material for the development of more complex bio protectors.
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1. Introduction
Excessive alcohol consumption and/or alcohol-carbohydrate mixtures can damage subcel-

lular components, cells, organs, and the whole organism [1–3]. Mostly, alcohol causes oxidative 
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stress [4, 5]. Thus, strategies based on reducing oxidative stress can prevent or reduce the develop-
ment of alcoholic liver disease (ALD).

Therefore, this work aims to study and analyze bio protectors’ effect on the composition of 
some amino acids under alcohol-induced oxidative stress.

2. Materials and Methods
Experiments were performed on male rats weighing 180–220 g, which were divided into 

7 groups (control and 1–6 experimental) of 7 animals in each for 28 days. During 7 days of the 
adaptation period, the rats of the control and experimental groups were kept on drinking water 
ad libitum and dry standard rodent feed. For another 3 weeks, the diet of rats remained the same, 
except that the animals of the experimental (1–6) groups (Table 1).

Table 1
Composition of the control diet and experimental diets

Groups of animals →
Control

Experimental

Diet ↓ 1 2 3 4 5 6

Purina rodent chow + + + + + + +

Additives (protein + minerals) – – – – + – +

Water + – – – – – –

EtOH (30 % v/v, 8 g/kg BW) – – + + + + +

Carbohydrates’ mix (in final solution of 35 %) – + – + + – –

Sulfur-containing bio-protector betaine in the final 
concentration of 1 % – – – – – + –

Note: Groups of animals: C – Control; Experimental: 1 – Carbohydrates’ mix; 2 – EtOH; 3 – EtOH+Carbohydrates’ mix; 4 – EtOH+Car-
bohydrates’ mix+Additives (Protein+Minerals); 5 – EtOH+Betaine; 6 – EtOH+Additives (Protein+Minerals). Additives (Protein+Miner-
als): proteins 22.5 %, fats 5 %, fiber 4.5 %, ash 5.1 %, moisture 10.2 %, calcium 0.89 %, phosphorus 0.67 %, magnesium 0.24 %, sodi-
um 0.26 %, potassium 1.07 %; vit. A, D3, E, C, K3, B1, B2, B6, B12, nicotinamide, pantothenic acid, biotin, folate, choline, zinc, manganese, 
copper, iodine, iron.

At the end of the experimental period, the animals were euthanized by deep chloroform 
anesthesia.

The content of total protein, creatinine, urea, and enzyme activity (alanine aminotrans-
ferase (ALT, EC 2.6.1.2), aspartate aminotransferase (AST, EC 2.6.1.1), γ-glutamyltransferase 
(GGT, EC 2.3.2.2) was measured by bioassay and biochemistry corresponding standard kits “PLI-
VA-Lachema Diagnostika” (Czech Republic) [6], and such oxidoreductases as lactate dehydroge-
nase (LDH, EC 1.1.1.27), superoxide dismutase (SOD, EC 1.15.1.1) and catalase (EC 1.11.1.6), – 
according to the described methods [7–9]. The content of TBA-active compounds (malonic 
dialdehyde, MDA) was determined by reaction with thiobarbituric acid [10].

Student’s t-test was used in statistical analysis.
Animal experiments were conducted in compliance with the requirements of the Law of 

Ukraine “On Protection of Animals from Cruelty” (Article 230 of 2006), “General Ethical Princi-
ples of Animal Experiments”, approved by the National Congress of Bioethics and by the European 
Convention on the Protection of vertebrate animals, which are used in experiments and other sci-
entific purposes (Strasbourg, 1986) [11].

3. Results
Changes in the body weight of rats during the experimental period confirm the depressant 

effect of alcohol on the dynamics of weight gain of animals during their growth and development, 
and the positive protective effect of betaine and additives (protein+minerals) (Fig. 1).
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Fig. 1. Body weight of rats in control and 1–6 experimental groups, g (M±m, n=7)

A significant increase of the AST activity in the blood serum of rats of the 2nd experimental 
group indicates damage to liver cells and the release of this enzyme into the blood through dam-
aged cell membranes. The use of protectors obviously restores the structural and functional state of 
the cells and, therefore, the activity is likely to decrease (experimental groups 4–6) and approach 
the level of the control group (Table 2). The similar patterns of changes are observed when evalu-
ating the results of determining the activity of ALT and GGT (Table 2).

Table 2
Activity of transferases (AST, ALT and GGT) in the blood of rats, U/L (control and 1–6 experimental groups 
of animals; M±m, n=7)

Groups of animals → Control Experimental
Enzymatic activity ↓ 1 2 3 4 5 6

AST, U/L 98.1±4.9 108.2±3.8 197.6±10.9** 206.3±8.4** 199.8±9.3** 110.1±7.1## 170.2±5.8**#

ALT, U/L 79.2±4.7 83.8±5.2 169.3±8.8** 150.3±6.9** 146.4±7.4** 91.3±6.9## 120.1±7.2**##

GGT, U/L 6.9±0.7 8.4±0.9 19.7±1.1** 21.3±1.3** 20.7±3.1** 9.2±0.6*## 15.4±1.1**#

Note: data are statistically significant (*p˂0.05 and **p˂0.001) compared with the control group and #p˂0.05, and ##p˂0.001 com-
pared with the 2nd experimental group, respectively

The results (Table 3) show that in the blood serum of rats, under the action of the alcohol 
and alcohol-carbohydrate mixture, the content of total protein is almost unchanged (there is a ten-
dency to increase slightly), and indices of creatinine and urea increase significantly. Such changes 
of the biochemical indices point out on possible pathological deviation of the kidney. Under the 
effect of protectors (betaine and Protein additive with Minerals), it was observed a significant re-
duction of value of creatinine and urea indicators.

Table 3
Nitrogen-containing substances in the blood serum of rats in control and 1–6 experimental groups (M±m, n=7)

Groups of animals → Control Experimental
Biochemical parameters ↓ 1 2 3 4 5 6

Total protein, g/L 64.5±3.3 64.5±1.9 64.4±1.3 66.5±1.4 64.5±1.1 64.1±0.8 64.6±0.9
Creatinine, µmol/L 30.5±2.9 34.7±2.2 66.4±3.1**## 68.4±2.7**## 67.2±1.7** 33.6±2.3## 43.6±2.4*#

Urea, mmol/L 3.4±0.6 4.6±0.7 8.2±0.8** 9.1±1.1** 8.3±1.5* 5.1±0.9# 6.1±0.6*
Note: data are statistically significant (*p˂0.05 and **p˂0.001) compared with the control group and #p˂0.05, and ##p˂0.001 com-
pared with the 2nd experimental group, respectively
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The decreased activity of oxidoreductases (SOD and catalase) in the blood serum of the 2nd and 
the 3d groups of animals, and the increased concentration of malonic dialdehyde indicates the presence 
of alcohol-induced oxidative stress (Table 4). Under conditions of use protectors in the 4–6 groups of 
rats, the opposite changes of biochemical indicators value are observed.

Under the influence of alcohol and alcohol-carbohydrates mixture, the activity of LDH in the 
serum of rats increases almost 2 times (Table 4). This indicates a clear manifestation of alcohol-induced 
steatosis in the liver, the cells are not able to fully utilize the lactic acid, formed from pyruvate in this 
organ or entered the blood through the plasma membranes of muscle cells, leading to a general depletion 
of the body. Betaine and protein additives with minerals work in the direction of organism recovery.

Table 4
Activity of oxidoreductases (LDH, SOD and catalase) and the content of malonic dialdehyde (MDA) in the 
blood serum and liver tissue of rats (in control and 1–6 experimental groups of animals; M±m, n=7)

Groups of animals → Control Experimental
Biochemical parameters ↓ 1 2 3 4 5 6

LDH, U/L 489±18.2 519±26.7  990±28.3** 998±25.9** 734±21.2**## 610±19.1**## 680±19.9**##

SOD,  U/mg of protein/min 260±21.2 220±13.1  148.5±15.3** 135.8±13.3** 172.4±17.1* 220.2±14.2# 160.8±12.3*
Catalase,  U/mg of protein/min 239.8±11.3 215±7.8  139.3±9.1** 128.7±8.9** 154.3±7.7** 179.7±12.1*# 161.3±6.7*

MDA,  nmol/mg of protein 40.9±2.3 47.7±3.5*  56.3±4.1* 66.1±2.4** 50.7±3.1* 42.1±1.8# 45.4±2.1#

Note: data are statistically significant (*p˂0.05 and **p˂0.001) compared with the control group and #p˂0.05, and ##p˂0.001 com-
pared with the 2nd experimental group, respectively

A study of the level of amino acids, involved in the conversion of methionine (taurine, ser-
ine, dipeptide cystine, which consists of two residues of cysteine, and methionine) in the serum of 
rats, shows a decrease in their content in animals of 2 and 3 experimental groups. With the use of 
bio-protectors, the content of these amino acids in animals of groups 4–6 is close to the results of 
the control group (Fig. 2).

27.5
24.5

21.7 23.3
25.8 25.9

23

35.3
33.6

30.9
28.8 30.1

34.6 33.1

2.6 2.2 2.6 2.5 2.4 2.7 2.6
3.8 4.2 5.1 4.9 4.1 4.3 4.7

0

5

10

15

20

25

30

35

40

1 2 3 4 5 6 7

Taurine Ser Cystine Met

Groups:  Control  1    2      3     4      5    6   

Fig. 2. Level of some amino acids, involved in Met–transformation in the blood serum of rats, 
μmol/L (in control and 1–6 experimental groups of animals; M±m, n=7; *p<0.05)

The above data of biochemical parameters in the blood serum of rats, kept on diets with 
components of alcohol-containing substances and bio-protectors, indicate the emergence of a num-
ber of pathological abnormalities (including oxidative stress) and will be discussed below.
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4. Discussion
In the blood of rats, the activity of ALT is lower than the same AST (Table 2). The ac-

tivity of transferases (ALT, AST, and GGT) in the blood of animals of the experimental groups 
(2 and 3) was higher than the same indicators of control animals, indicating a deviation in the 
functional capacity of the liver. Especially, GGT is a diagnostic marker of the liver function. 
GGT plays a key role in the gamma-glutamyl cycle, glutathione synthesis and degradation, and 
drug and xenobiotic detoxification. GGT also plays a prooxidant role by regulating effects at 
different levels in cellular signaling and cellular pathophysiology [12].

Transferases are involved in the conversion of alanine to pyruvate, from which glucose 
is synthesized through a series of reactions in the glucose-alanine cycle, and previous exper-
imental data [13] also indicate an increase in serum glucogenic amino acids (for example, 
alanine, glutamate, glutamine), indicating their use in many processes (some of them are neu-
tralization of ammonia, antioxidant reactions, conversion into intermediates of the tricarbox-
ylic acid cycle, and the formation and accumulation of ATP) throughout the body, especially 
the liver, in adaptation under the influence of toxic substances. Along with this, indicators of 
transferase activity may indicate pathomorphological abnormalities in the tissues of the kid-
neys, as, for example, in the work with microscopic examination of histo-preparations of the 
kidneys of rats, which are kept on an alcoholic carbohydrate diet [14].

Preventive use of protective substances (betaine and protein-containing additives en-
riched with minerals in chelated form) restores the activity of the studied enzymes and nor-
malizes redox processes and the intensity of transamination in the body of alcohol-intoxicated 
animals.

Alcohol intoxication increases the level of biosynthesis of triacylglycerols (TAG) and 
cholesterol in the liver, which, in turn, affects their content in the blood serum of rats [15]. 
The increase in the blood serum TAG in rats consuming ethanol is most likely due to in-
creased levels of lipoproteins, such as LDL. The high content of TAG induces the synthesis 
of apolipoprotein B-100 (apo B) in liver cells. In turn, apoB in combination with TAG forms 
very-low-density lipoproteins (VLDL), which are released into the blood. An increase in the 
content of TAG in the blood of rats with the development of alcoholic steatosis of the liver leads 
not only to an increase in LDL, but also to a decrease in HDL [14, 16].

Such processes cause probable changes in the activity of oxidoreductases, namely: its 
increase for LDH and decrease for SOD and catalase. Along with this, the concentration of 
MDA in the liver tissues increases (Table 4).

In animals with an excessive carbohydrate load in the diet (experimental groups), chron-
ic hyperglycemia is observed, which can cause the development of pre-diabetic conditions. It 
is confirmed by the results of histological studies that indicate a certain correlation between 
the development of pathological conditions of the liver tissue from blood glucose levels [12].

Betaine and a protein supplement with minerals in chelated form normalize metabolic 
processes, especially the conversion of methionine and its intermediates, involved in antioxi-
dant defence mechanisms (Fig. 3) [17].

It should be noted, that in the 2nd group of animals the level of amino acids decreased 
unevenly. The amount of cystine and methionine decreased slightly compared to the control 
group, while the level of taurine decreased by almost 13 % compared to the control group, and 
the level of serine – by 15 %. It is likely, that the decrease in serine levels is due to the fact that 
it is a precursor to methionine (which is part of S-adenosylmethionine or SAM) and cysteine 
(which is part of glutathione – a tripeptide consisting of residues of γ-glutamic acid, cysteine, 
and glycine). Decreased levels of taurine (synthesized from cysteine) – an amino acid with 
antioxidant properties, may indicate that this amino acid is an antioxidant system of the “first 
action”. In this case, we can assume that serine was used for the synthesis of cysteine and that 
for the synthesis of taurine. Also, these results may indicate the “secondary” nature of SAM 
as an antioxidant system compared to glutathione and the amino acid taurine, as it was not 
activated with a significant decrease in the number of amino acids – taurine and serine.
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According to the results of the study [18–20], theoretically, betaine is a more promising 
bio protector than S-adenosylmethionine. It is planned to study the immunomodulatory prop-
erties of betaine, the protein-containing additives with minerals in chelated form, and biophos-
phomag (synthesized on the basis of additionally phosphorylated casein with magnesium in 
chelated form), and other biological products in vitro.

Fig. 3. Methionine cycle and intermediates (adapted [17])

5. Conclusion
The determined biochemical indicators show metabolic changes and individual pathomor-

phological abnormalities in the rats under conditions of intoxication of alcohol and the alcohol-car-
bohydrate mixture.

In the blood serum of rats in the experimental groups of animals with the absence of pro-
tectors’ substances in the diet compared to control, the increased activity of ALT (169.3±8.8 U/L, 
p˂0.001), AST (197.6±10.9 U/L, p˂0.001), GGT (19.7±1.1 U/L, p˂0.001) indicates a deviation in 
the functional capacity of the liver as well as the increased indices of the content of creatinine 
(66.4±3.1 µmol/L, p˂0.001) and urea (8.2±0.8 mmol/L, p˂0.001) points out on a possible patholog-
ical deviation of the kidneys. 

The oxidative stress is demonstrated through changes of such biochemical indexes value 
compared to control as the increasing LDH-activity (990±28.3 U/L, p˂0.001) and the content of 
malonic dialdehyde (56.3±4.1 nmol/mg of protein, p˂0.05), and the decreasing enzyme activity 
of SOD (148.5±15.3 U/mg of protein/min, p˂0.001), and catalase (9.3±9.1 U/mg of protein/min, 
p˂0.001) under conditions of alcohol substances presence in the diet of rats. 

In the case of bio protectors’ (betaine or protein-containing additives with minerals in the 
form of chelate) presence in the diet, the values of biochemical parameters become close to the ones 
in the animals of the control groups. 
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Potential bio protectors for the correction of the above pathological abnormalities may be 
betaine and protein-containing additives with minerals in the form of chelate, due to their signifi-
cant effect on protein, lipid, and carbohydrate metabolism. These preparations are perspective for 
further study and use, as they are easily modified and can be used as a raw material for the devel-
opment of more complex bio protectors.
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