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Succinic acid and its salts (succinates) positively affect the oxygenation of the internal environment, stabilize the structure and functional 
activity of mitochondria, and normalize the ion metabolism in the cell. Separate clinical studies and experimental surveys confirmed that 
having low toxicity succinic acid has well-manifested antioxidant, immunostimulating, adaptogenic properties. In this study, we determined 
the influence of succinic acid on the organism of laboratory animals against the backround of high-fat diet: the changes in body weight, 
indices of the mass of the internal organs, blood parameters and the changes in the intestinal microbiota were determined. For the experi-
ment, we formed three experimental and three control groups of male white mice. The animals of the control group received 0.5% solution 
of succinic acid instead of water. In the experiment, we determined that succinic acid has no effect on the intensity of growth of weight of 
young mice against the background of excessive fat in their diet. Excessive consumption of fat by male mice leads to mainly disorders in the 
functioning of the liver, excretory and the immune systems. High-fat diet of mice is accompanied by impaired hepatic function, manifested 
in sharp hypoproteinemia due to globulins, increase in the activity of hepatic enzymes against the background of reduced activity of alkaline 
phosphatase, increase in the level of bilirubin, and decrease in glucose. Excess of fat in the diet leads to malfunctioning of the excretory 
system, manifested in the reduced index of kidneys’ weight, high content of creatinine and reduced level of urea in the blood. Addition of 
succinic acid has a positive effect on the functional condition of the liver and the kidneys, especially noticeable during long-term intake. 
High-fat diet causes disorders in the functioning of the organs of blood circulation and immune protection, accompanied by decrease in the 
relative mass of the thymus and spleen, low content of hemoglobin and the number of erythrocytes, but has no significant effect on the con-
tent of other cellular elements in the blood. By the middle of the experiment, succinic acid had exacerbated these processes compared to the 
control, but by the end of the experiment, by contrast, these processes were alleviated. Addition of the succinic acid to high-fat diet contri-
buted to the change in the quantitative composition of the main representatives of the obligatory microbiota (Bifidobacterium spp., Lactoba-
cillus spp. and typical Escherichia coli) in the laboratory animals. Such changes in the intestinal microbiota may lead to such consequences 
as reproduction of the facultative microflora, and, thus, development of various diseases.  

Keywords: health effects; biochemical parameters of blood; relative mass of the organ; gut microbiota; microbiome; high-fat diet.  

Introduction  
 

Development and search for effective preparations for the prevention 
and treatment of disorders in metabolism, correction of biochemical pa-
rameters and increase in the natural resistance of the organisms of humans 
and animals is a relevant problem. Metabolic correction is a direction in 
therapy which is based on use of preparations of natural origin which 
combine efficiency and safety and impose no pharmacological load due to 
their bioavailability (Novikov & Levchenkova, 2013). These require-
ments are met by natural metabolites of the Krebs cycle, particularly com-
pounds of succinic acid (Ischeikin et al., 2012). Succinic acid is a universal 
intracellular metabolite with a broad range of action towards the parame-
ters of vitality of a living organism. The system that uses succinic acid for 
producing energy, by its power, becomes significantly superior to the 
other systems of organisms’ energy production. Therefore, succinic acid 
provides a broad range of non-specific treatment effects based on the 
influence on the process of tissue metabolism: cellular respiration, ionic 
transport, and synthesis of proteins.  

In vitro experiments revealed that application of succinic acid leads to 
increase in consumption of oxygen by the tissues due to oxidation of the 
added substrates to the final products – carbon dioxide, water and heat. 
One molecule of succinic acid added to tissue ensures the oxidation of 

many endogenous substrates. Thus, transformation of succinic acid in the 
organism is associated with the production of energy required for the vital 
activity. With increase in the load on any system of organism, support of 
its functions is provided chiefly by the oxidation of succinic acid (Shakh-
mardanova et al., 2016).  

The antihypoxic, disintoxication, and antioxidative effects of succi-
nates have been determined (Novikov & Levchenkova, 2013). At the 
same time, biological effects of succinate are realized through activation of 
the production of energy of the respiratory chain of the mitochondria, 
during which the formation of ATP and the restoration of the equivalents 
are considerably enhanced, and the membrane potential stabilizes both in 
the mitochondria and the cells in general (Mallaisse et al., 1997).  

Succinates are medical-preventive preparations of a new generation – 
the so called “smart drugs” – which have corrective effects on the tissues. 
By normalizing the metabolism in the organism, succinic acid contributes 
to the strengthening of the immunity. Therefore, it is recommended for 
clinical treatment of immune deficiencies and infectious diseases. Succinic 
acid affects the molecular, cellular and mediatory mechanisms of the 
regulation of the immune system (Kim et al., 2017). Strength and the 
orientation of the modification during the action of succinic acid depend 
on the condition of the tissues, and its final result is expressed in the opti-
mization of the parameters of their functioning (Sakamoto et al., 1998).  
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Energy-synthesizing effect is especially noticeable in the conditions 
of hypoxy, which is the essential condition of the development of most 
pathological conditions. A study on the clinical efficiency of additional 
prescription of succinic acid to traditional therapy demonstrated positive 
dynamics manifested in decrease in the duration of intoxication, respirato-
ry syndrome, and more rarely asthenia (Kitura, 2013).  

In a group of children suffering from pneumonia, there was seen reli-
able decrease in the level of aterogenic fractions of the lipid spectrum of 
blood (low-density lipoprotein cholesterol (LDL-C) with low and very-
low density lipoprotein cholesterol) after intake of succinic acid. At the 
same time, growth of the concentration of high-density lipoprotein choles-
terol (HDL-C) and decrease in atherogenicity index (AI) were observed. 
Similar dynamics of the atherogenicity index were observed in children 
with bronchitides, and also children with non-complicated course of the 
respiratory pathology. Decrease in the level of LDL-C against the back-
ground of prescription of succinic acid along with the antiatherogenic 
effect indirectly positively affects also the immune status, because it sup-
presses the competing effect of LDL-C with antigene substrates for the 
receptors on the surface of the immune cells (Vahitov et al., 2014).  

In rats, hypobaric hypoxia causes fibrosis in the myocardium, which 
inevitably leads to systolic and diastolic dysfunctions, neurohormonal 
activation and, finally, heart failure. At the same time, succinic acid com-
bined with inosine functions acts as a highly-effective reserve of phos-
phate, which can support the level of adenosine triphosphate at the level 
sufficient for the support of the contractile function of the heart (Zadni-
pryany et al., 2019).  

Succinic acid exhibited insulinotropic effect in experimental diabetes 
due to significant increase in the activity of succinate dehydrogenase. 
At the same time, increase in the synthesis of insulin was due to the im-
provement of metabolic processes in the insular of the pancreas (Malaisse 
& Sener, 1993; Malaisse et al., 1993; Cancelas et al., 2001).  

Intravenous injection of succinic acid to patients with acute purulent 
pyelonephritis contributed to the removal of the symptoms of toxicosis, 
normalized the analyses of blood compared to the use of the standard 
methods of treatment (Hozhnko et al., 2006). In patients with acute puru-
lent pyelonephritis, succinic acid had a positive effect on the activity of 
enzymes and the content of the glycolysis products; at the earlier stages, 
compared to the use of the standard infusive media, there was seen 
achievement of normalization of the activity of the processes of peroxida-
tion of lipids in the blood plasma and urine (Zolotykh, 2008).  

Succinic acid facilitates the hormonal re-structuring of the organism 
during pregnancy, prevents toxicoses, supports the activity of the immune 
system, reduces the probability of complications (Ladriere et al., 1996). 
The fetus develops in optimum conditions with good provision of oxygen, 
the placenta barrier strengthens, thus preventing the penetration of toxins, 
viruses and bacteria into the organism of the child. Use of the preparations 
of succinic acid significantly reduces the risk of post-natal complications, 
and the process of birth shortens and is facilitated. Succinic acid enhances 
the restoration of the mother̀ s organism after giving birth (Lebedev et al., 
2009; Evglevskij et al., 2013).  

The radioprotective effect of succinic acid is explained by the influ-
ence on the metabolic processes in the cells: decrease in the oxygenation 
of nucleus and cytoplasm, increase in the synthesis of protein and the 
formation of ATP, activation of cellular respiration, inhibition of peroxida-
tion of lipids (Ronai et al., 1987; Ivnickij & Shturm, 1990).  

The adaptogenic action of succinic acid and succinates were de-
scribed at numerous points in the model of  mobilized stress (Westergaard 
et al., 1994), stress caused by the physical factors (Filatova et al., 1984). 
In the conditions of X-ray-driven oxidative stress in rats, succinic acid and 
its preparations (Reamberin) contributed to the decrease in the concentra-
tion of hydroperoxides of lipids, conjugated dienes, malondialdehyde in 
the blood plasma (Tihomiriva, 2005). Use of the succinate-containing 
preparations in the conditions of ultraviolet radiation of the organism 
stabilizes the peroxidation of lipids and increases the activities of different 
components of the antioxidative system (Simonova et al., 2018).  

The anti-inflammatiry effect of succinic acid was seen with hepatitis 
and even liver cirrhosis. It helps in cases of gallstones, increases the pro-
duction of salts and contributes to the drainage of the liver (Garnyk et al., 
2012). Preparations of succinic acid together with complex therapy in the 

period of acute chronic cholecystitis reduce the intensity of peroxidation of 
lipids and increase the activity of the system of antioxidant protection 
regardless of the age of patients (Ryabushko, 2013). Use of succinic acid 
during chronic pancreatitis enhances the activity of the system of antioxi-
dant protection, which manifests in the increase in the content of restored 
glutathione and increase in the catalase activity in blood, contributes to the 
decrease in the intensity of pain syndrome (Kitura, 2013).  

Succinic acid in preparation “Reamberin 1.5% solution for infusions” 
is used for the treatment of intestinal infections with notable intoxications 
caused by shigellosis, salmonellosis, rotavirus gastroenteritis, Klebsiella 
infection and dysentery of undetermined etiology (Ferreira et al., 2000; 
Tihomiriva, 2005).  

In veterinary practice, the succinic acid-based medical preparations 
have become used in the treatment and prevention of diseases in different 
spheres: correction of the metabolic processes, purulent-septic diseases, 
inflammatory processes, immune deficiencies, infectious and parasitic 
diseases and others (Ilnitskyi & Hierdieva, 2014; Lashin et al., 2018). 
Combination of succinic acid and antiparasitic preparations which usually 
are highly toxic significantly reduces the latter property. This was con-
firmed in a series of studies on agricultural animals which revealed that the 
use of succinic acid and levomycetin for calves causes notable stimulation 
of metabolic and immune processes (Evglevskij et al., 2013; Karachev-
ceva, 2013).  

Succinic acid and preparations based on it are broadly used in lives-
tock farming as biostimulators. In broiler chickens, against the background 
of using the preparation with succinic acid, the activity of adenosine tri-
phosphates in the membranes of erythrocytes reliably increased, and the 
morphological and biochemical blood parameters normalized (Ryzhkova 
et al., 2011; Lashin & Simonova, 2017).  

In an experiment on cattle when using Succinic Biostimulator, the 
blood was found to have increase in the phagocytic activity of neutrophils, 
and in the post-natal period – increase in the antibacterial activity of the 
blood serum (Ivanov et al., 2009). During the use of Succinic Biostimula-
tor preparation based on succinic acid and ATP-2F, the cows and their cal-
ves were observed to have a broad range of positive changes. The cows 
were observed to have the normalization of protein metabolism, which 
was expressed in the increase of concentration of the total protein of blood 
to the physiological norm, correction of dysproteinemia as the normaliza-
tion of the content of albumins and globulins and decrease in the content 
of urea (Ivanov et al., 2009). Introduction of Succinic Biostimulator simul-
taneously with the vaccination of calves contributed to the production of 
virus-neutralizing antibodies to the main components of Kombovak vac-
cine in them (Shvets, 2011).  

Succinic acid fed in the dose of 5 mg/kg first 10 days of each month 
starting from the age of two months and until slaughter caused positive 
effect on the histology of the liver of red fox (Kokorina et al., 2014).  
 
Materials and methods  
 

The protocol of the experimental part of the study at the stages of 
maintenance of animals and their withdrawal from the experiment corres-
ponded to the principles of biological ethics, was agreed upon with the 
Local Ethics Committee of the Dnipro State Agrarian and Economic 
University (Dnipro, Ukraine). In the experiment, we used young white 
non-breed mice, 36 males aged 3 weeks with average body weight of 12 ± 
2 g. The animals were kept in the vivarium of the Dnipro State Agrarian 
and Economic University. The maintenance conditions were standard. 
The room temperature equaled 20–22 °С. The animals were fed twice a 
day – in the morning and evening, had free access to food and water. To 
perform the experiment, three experimental (7 animals in each) and three 
control (5 animals in each) groups were formed (Table 1). The diet of all 
the mice had excessive content of fat due to adding lard (energy density of 
5.24 kcal/g, fats of 60%kcal; carbohydrates accounted for 20%kcal, pro-
teins for 20%kcal). The animals of the experimental groups received 0.5% 
solution of succinic acid. In the period of studies, the changes in the body 
weight the animals, as well as the amount of the liquid and food they 
consumed were recorded.  

On the 15th, 30th and 45th days, the animals were withdrawn from 
the experiment using ketamine and xylazine intraperitoneally, putting 
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animals in the condition of deep sleep in accordance with the European 
Convention for the Protection of Vertebrate Animals used for Experimen-
tal and Other Scientific Purposes (Strasburg, 1986; Kyiv, 2001) and the 
requirements of the Law of Ukraine №3447-IV from 21.02.2006 “On the 
protection of animals against cruel treatment”. The blood from the heart 
was drawn for the following biochemical and morphological assays. 
Biochemical studies of blood included: determining the total protein using 
the biuret method, globulins and the protein coefficient were calculated 
and the albumins – according to the reaction with bromocresol green. 
To determine the activity of aspartate aminotransferase (AST) and alanine 
aminotrasferase (ALT) we used the kinetic technique based on the War-
burg optical test, alkaline phosphatase – enzymic technique with n-nitro-
phenyl phosphate and glucose – glucose oxidase methods. We determined 
the total bilirubin and the uric acid – enzymatically with uricase on Miura 
200 automatic biochemical analyzer (Italy) and High Technology sets of 
reagents (USA), PZ Cormay S.A. (Poland) and Spinreact S.A. (Spain). 
The quantity of erythrocytes and leukocytes in the stabilized blood of mice 
was determined in Mindray BC-2800Vet automatic hematological ana-
lyzer. For the leukogram, we prepared blood smears according to Pappen-
heim with subsequent Romanovsky-Giemsa staining. After the autopsy, 
we visually evaluated the condition of the internal organs (heart, liver, 
lungs, thymus, spleen, stomach, small and large (colon, cecum, rectum) 
intestines, kidneys, testes, and the brain) for the presence of pathological 
changes, weighed on the scales with accuracy of up to 1 mg with the 
subsequent determination of the index of the weight of the organs. Also, 
we determined the length and body weight, roundness of the stomach.  

To determine the condition of microbiota of the intestines of the expe-
rimental animals, we selected feces from the rectum, after euthanasia, 
observing the rules of asepsis. After dilutions in the sterile normal saline, 
the selected samples were examined using the technique of bacterial in-
oculation to special growth media. The inoculations were cultivated at the 
temperature of 26 and 37 °С over 24–72 h. The results were obtained by 
counting the grown colonies in the colony-forming units per gram of feces 
(CFU/g). Identification and differentiation of the isolated microorganisms 
were performed according to the morphological features, tinctorial, cultur-
al, and enzymic properties (Bilan et al., 2019). Bacterioscopy of the 

stained smears using the generally accepted methods was used to visually 
confirm the studied microorganisms.  

The data were analyzed in Statistica 8.0 (StatSoft Inc., USA) soft-
ware. The data are presented in the tables as x ± SD (x ± standard devia-
tion). Differences between the values in the control and experimental 
groups were determined using the Tukey test, where the differences were 
considered reliable at P < 0.05 (with taking into account Bonferroni cor-
rection).  
 
Results  
 

Relative mass of the organs throughout the experiment changed in the 
heart, liver, stomach, small intestine, kidney, and brain (Table 1). During 
the 45 days of the experiment, the constant weight remained in the lungs, 
spleen, large intestine and its sections (caecum, upper colon, rectum) and 
the testes. Succinic acid (Table 1) at the level of tendency (statistically 
unreliably) contributed to the increase in the relative weight of the liver at 
the late stages of the experiment: on the 30th day the liver was 9.9% grea-
ter than in the control group, on the 45th day – 12.6% greater. During all 
the stages of the experiment, we saw unreliable decrease in the relative 
weight of the small intestine compared with the control group (by 4.1%, 
7.4% and 17.7% less compared with the control respectively on the 15th, 
30th, 45th days).  

During the experiment, both the surveyed groups were seen to have a 
tendency towards the decrease in relative weight of the kidneys, though 
succinic acid showed no reliable effect on the relative weight of this organ. 
At all the stages of the experiment, we noted a statistically unreliable in-
crease in the relative weight of the brain of the animals that consumed 
succinic acid: 5.4%, 12.2% and 8.5% respectively on the 15th, 30th and 
45th days. Similar changes at the level of tendency, but more manifested, 
were seen also for the thymus: by 56.2%, 58.8% and 36.6% correspon-
dingly on the 15th, 30th and 45th days (Table 1). Opposite changes in the 
weight were characteristic for the heart (also statistically insignificant): 
relative mass of the heart in the groups with succinic acid in the diet de-
creased by 2.4%, 4.3% and 2.0% in the same stages of the experiment 
(Table 1).  

Table 1  
Change in relative mass of the organs (%), sizes and weight of body of male mice under the impact of adding succinic acid to their diet (x ± SD)  

Variant of the experiment Without  
succinic acid 

With  
succinic acid 

Without  
succinic acid 

With  
succinic acid 

Without  
succinic acid 

With  
succinic acid F 

(F0.05  = 
2.53) 

P Duration of the experiment, days 15 15 30 30 45 45 
n 5 7 5 7 5 7 
Heart, % of body mass 0.714 ± 0.070a 0.697 ± 0.135ab 0.564 ± 0.063ab 0.540 ± 0.103ab 0.503 ± 0.058b 0.493 ± 0.053b 7.03 1.9·10–4 
Lungs, % of body mass 1.155 ± 0.097a 0.980 ± 0.181a 0.954 ± 0.327a 0.945 ± 0.168a 0.995 ± 0.166a 0.991 ± 0.154a 0.86 0.518 
Liver, % of body mass 7.41 ± 1.14a 7.10 ± 0.79a 5.56 ± 0.39b 6.11 ± 0.35ab 5.14 ± 0.29b 5.79 ± 0.51ab 10.81 5.2·10–6 
Spleen, % of body mass 0.509 ± 0.192a 0.573 ± 0.206a 0.594 ± 0.236a 0.496 ± 0.090a 0.451 ± 0.218a 0.536 ± 0.139a 0.46 0.803 
Stomach, % of body mass 1.316 ± 0.161a 1.459 ± 0.295a 0.765 ± 0.104b 0.958 ± 0.279ab 0.828 ± 0.101ab 0.791 ± 0.114b 12.81 1.0·10–6 
Small intestine, % of body mass 12.01 ± 1.72a 11.52 ± 1.25a 7.44 ± 0.35b 6.89 ± 0.88b 8.77 ± 2.56ab 7.22 ± 1.05b 15.72 1.3·10–7 
Large intestine, % of body mass 2.77 ± 0.67a 4.17 ± 1.72a 2.38 ± 0.29a 2.63 ± 0.61a 2.62 ± 0.28a 2.34 ± 0.35a 6.82 2.3·10–4 
– caecum, % of body mass 0.843 ± 0.119a 1.146 ± 0.485a 0.696 ± 0.100a 0.714 ± 0.138a 0.936 ± 0.168a 0.734 ± 0.144a 3.20 0.020 
– upper colon, % of body mass  1.149 ± 0.364a 2.067 ± 0.658a 1.143 ± 0.053a 1.568 ± 0.790a 1.006 ± 0.202a 0.706 ± 0.183a 6.43 3.6·10–4 
– rectum, % of body mass 0.703 ± 0.098a 1.090 ± 0.508a 0.554 ± 0.197a 0.497 ± 0.242a 0.850 ± 0.075a 0.784 ± 0.144a 4.06 6.2·10–3 
Right kidney, % of body mass 0.863 ± 0.134a 0.706 ± 0.102a 0.635 ± 0.063a 0.612 ± 0.115a 0.519 ± 0.199ab 0.559 ± 0.086ab 5.57 9.6·10–4 
Left kidney, % of body mass 0.804 ± 0.131a 0.671 ± 0.077a 0.599 ± 0.062a 0.665 ± 0.145a 0.540 ± 0.053ab 0.634 ± 0.354a 1.18 0.344 
Right testis, % of body mass 0.422 ± 0.027a 0.341 ± 0.140a 0.435 ± 0.048a 0.459 ± 0.092a 0.454 ± 0.078a 0.412 ± 0.088a 1.46 0.230 
Left testis, % of body mass 0.506 ± 0.057a 0.378 ± 0.119a 0.410 ± 0.040a 0.459 ± 0.077a 0.418 ± 0.063a 0.412 ± 0.090a 1.71 0.161 
Thymus, % of body mass 0.089 ± 0.042a 0.139 ± 0.058a 0.119 ± 0.050a 0.189 ± 0.073a 0.191 ± 0.089a 0.261 ± 0.139a 3.19 0.020 
Brain, % of body mass 2.40 ± 0.32a 2.53 ± 0.24a 2.13 ± 0.13a 2.39 ± 0.67a 1.88 ± 0.14ab 2.04 ± 0.40a 2.45 0.057 
Initial body mass, g 12.40 ± 1.14a 11.00 ± 0.82a 11.80 ± 0.84a 11.57 ± 0.79a 11.80 ± 0.84a 11.71 ± 0.49a 1.82 0.139 
Final body mass, g 13.79 ± 1.27a 12.41 ± 1.07a 17.11 ± 1.35ab 14.70 ± 2.91a 16.69 ± 0.45ab 17.29 ± 3.45ab 5.27 1.4·10–3 
Body mass change, g 1.39 ± 0.29a 1.41 ± 0.67a 5.31 ± 1.32b 3.12 ± 3.18ab 4.89 ± 0.98b 5.58 ± 3.08ab 5.01 1.9·10–3 
Body length, cm 6.88 ± 0.41a 7.16 ± 0.66a 7.62 ± 0.15a 7.23 ± 0.24a 7.46 ± 0.11a 7.46 ± 0.46a 2.22 0.078 
Abdominal circumference, cm 6.50 ± 0.59a 6.96 ± 0.55a 6.94 ± 0.27a 6.60 ± 0.35a 7.06 ± 0.23a 6.37 ± 0.50a 2.45 0.056 
Note: different letters indicate the values significantly differing one from another within a line of the Table 1 on the results of comparison using the Tukey test (P < 0.05) with 
Bonferroni correction.  

With same initial weight in six groups of animals (Table 1), the body 
weight at the end of the experiment and the change in this mass in the 
groups which consumed this food additive and which did not significantly 
did not differ. Also, we have seen no reliable changes in the body length in 
the control and the experimental groups (Table 1). The groups of animals 

which consumed succinic acid in the diet were observed to have insignifi-
cant change in the abdominal circumference: increase by 7.1% on the 15th 
day and decrease by 4.9% and 9.8% on the 30th and 45th days.  

More notable changes under the influence of succinic acid in the diet 
occurred at the biochemical and cytological levels. The concentration of 

155 



 

Regul. Mech. Biosyst., 2020, 11(2) 

the total protein in the blood of animals reliably decreased by the 15th and 
30th days (by 15.4% and 22.4%), and increased by the 45th day of the 
experiment (by 30.0%, Table 2). The concentration of albumins in the 
blood of animals reliably did not change. The content of globulins de-
creased by the 15th and 30th days (by 24.1% and 25.2%) and increased 
by the 45th day of the experiment (by 42.1% compared with the control 
groups). Protein coefficient reliably did not change during the experiment 
(Table 2). The concentration of the urea was also unreliably higher (by 
17.4%, 16.9% and 29.5% on the 15th, 30th and 45th days) in the groups 
with succinic acid in the diet compared with the control groups of mice 
(Table 2). Increase at the level of tendency occurred in the urea nitrogen 
content in the blood (by 14.9%, 4.3% and 17.9% respectively).  

By the 15th day the concentration of creatinine in the group with ad-
dition of succinic acid to the diet had increased by 21.7%, on the 30th – by 
32.8%, and by the 45th day of the experiment it had decreased by 21.8% 
compared with the control groups of animals (Table 2).  

The activities of the hepatic enzymes (aspartate aminotransferase and 
alanine aminotransferase) in different periods of the study changed in 
different orientations: at the beginning of the experiment the activity of 
both enzymes in the blood reliably increased (by 69.3% and 51.8% re-
spectively), at the end of the experiment, the differences between the 
group which received succinic acid and the one which did not receive this 
food additive became unreliable (Table 2). De Ritis Ratio showed similar 
changes.  

Table 2  
Change in cytological and biochemical parameters of blood of male mice under the impact of addition of succinic acid to their diet (x ± SD) 

Variant of the experiment Without  
succinic acid 

With  
succinic acid 

Without  
succinic acid 

With  
succinic acid 

Without  
succinic acid 

With  
succinic acid F 

(F0.05  = 2.53) P Duration of the experiment, days 15 15 30 30 45 45 
n 5 7 5 7 5 7 
Total protein, g/L 40.2 ± 6.4ab 34.0 ± 4.3a 41.6 ± 5.2ab 32.3 ± 5.2a 40.0 ± 6.3ab 52.0 ± 8.9b 8.65 3.6·10–5. 
Albumins, g/L 17.0 ± 2.5a 16.6 ± 2.0a 20.0 ± 2.7a 16.3 ± 3.3a 18.4 ± 1.7a 21.3 ± 3.9a 3.26 0.018 
Globulins, g/L 23.2 ± 6.5ab 17.6 ± 3.8a 21.4 ± 6.6ab 16.0 ± 5.0a 21.6 ± 5.0ab 30.7 ± 8.1b 5.15 1.6·10–3 
Protein coefficient, units 0.800 ± 0.255a 0.986 ± 0.234a 1.060 ± 0.251a 1.157 ± 0.458a 0.900 ± 0.200a 0.771 ± 0.256a 1.49 0.223 
Urea, mmol/L 3.86 ± 0.82ab 4.53 ± 0.95ab 3.08 ± 0.22a 3.60 ± 1.12ab 3.96 ± 0.46ab 5.13 ± 1.31b 3.57 0.012 
Urea nitrogen, mg% 7.32 ± 1.51ab 8.41 ± 1.46b 5.78 ± 0.43a 6.03 ± 1.54ab 7.54 ± 0.88ab 8.89 ± 1.98b 4.64 2.9·10–3 
Creatinine, µmol/L 37.8 ± 5.1a 46.0 ± 2.9ab 32.6 ± 4.4a 43.3 ± 3.0ab 60.0 ± 16.2b 47.0 ± 13.2ab 5.57 9.5·10–4 
Aspartate aminotransferase (AST), U/L 179 ± 16a 303 ± 56b 341 ± 39b 291 ± 73ab 159 ± 50a 219 ± 31ab 11.73 2.4·10–6 
Alanine aminotransferase (ALT), U/L 55.8 ± 12.9a 84.7 ± 44.1a 72.6 ± 11.9a 73.3 ± 23.5a 93.0 ± 42.9a 66.6 ± 18.1a 1.09 0.384 
De Ritis Ratio, U 3.36 ± 0.75ab 4.11 ± 1.22ab 4.72 ± 0.41b 4.13 ± 0.76ab 2.20 ± 1.25a 3.71 ± 1.59ab 3.17 0.021 
Alkaline phosphatase, U/L 26.4 ± 5.8a 30.2 ± 2.8a 28.2 ± 2.4a 25.8 ± 2.9a 24.9 ± 4.5a 23.2 ± 6.8a 1.96 0.114 
Total bilirubin, µmol/L 12.4 ± 2.3ab 14.6 ± 3.1b 12.2 ± 4.2ab 9.7 ± 1.2a 14.0 ± 2.9b 14.1 ± 5.1ab 1.95 0.116 
Glucose, mmol/L 6.92 ± 0.87a 5.81 ± 0.99a 6.06 ± 1.15a 6.99 ± 1.96a 4.46 ± 2.02ab 2.20 ± 0.40b 11.94 2.1·10–6 
Inorganic phosphorus, mmol/L 2.46 ± 0.39a 2.13 ± 0.23a 2.62 ± 0.18ab 2.30 ± 0.21a 3.28 ± 0.32b 3.26 ± 0.96b 6.26 4.4·10–4 
Cholesterol, mmol/L 2.28 ± 0.42a 1.51 ± 0.19b 1.92 ± 0.26ab 1.99 ± 0.34ab 1.60 ± 0.19ab 1.73 ± 0.31ab 5.15 1.6·10–3 
Hemoglobin, g/L 92.0 ± 7.8ab 91.3 ± 12.7ab 101.2 ± 5.8ab 86.1 ± 10.5a 103.6 ± 4.1ab 118.6 ± 11.9b 9.45 1.7·10–5 
Hematocrit, % 28.5 ± 1.9a 29.7 ± 5.1a 33.5 ± 2.9a 27.9 ± 4.2a 32.7 ± 1.4a 41.4 ± 2.5b 14.32 3.4·10–7 
Erythrocytes, 1012/L 6.34 ± 0.67a 5.68 ± 0.62a 6.35 ± 0.57a 5.43 ± 0.83a 6.29 ± 0.22a 7.61 ± 0.65b 9.81 1.2·10–5 
Leukocytes, 109/L 6.36 ± 3.23ab 7.89 ± 2.08ab 8.68 ± 4.01ab 6.73 ± 0.57ab 5.00 ± 0.94a 8.69 ± 2.70b 1.94 0.117 
Thrombocytes, 109/L 257 ± 62a 228 ± 76a 142 ± 51a 164 ± 56a 196 ± 28a 199 ± 74a 2.47 0.055 
Basophils, % 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a – – 
Eosinophils, % 0.80 ± 0.45a 1.00 ± 0.00a 1.00 ± 0.71a 0.57 ± 1.51a 2.20 ± 2.17a 1.14 ± 0.38a 1.42 0.245 
Myelocytes, % 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a – – 
Neutrophils, % 22.0 ± 1.9ab 19.3 ± 7.1a 26.8 ± 7.7ab 30.9 ± 12.3ab 32.0 ± 6.8ab 32.3 ± 4.1b 3.32 0.017 
– neutrophils segmented, % 14.6 ± 2.1ab 11.9 ± 6.3a 21.8 ± 7.7ab 21.9 ± 9.2ab 25.6 ± 7.1b 23.0 ± 5.8b 3.70 9.9·10–3 
– neutrophils banded, % 7.40 ± 3.51a 7.43 ± 1.72a 5.00 ± 2.12a 9.00 ± 4.97a 6.60 ± 6.11a 9.00 ± 7.62a 0.55 0.739 
– neutrophils juvenile, % 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a – – 
Lymphocytes, % 82.6 ± 3.2a 77.6 ± 7.3a 70.8 ± 11.5ab 62.6 ± 13.6ab 60.8 ± 4.5b 64.1 ± 4.3b 6.09 5.2·10–4 
Monocytes, % 0.80 ± 0.45a 1.86 ± 0.69ab 2.80 ± 2.17ab 6.00 ± 2.08b 5.00 ± 6.36ab 2.14 ± 1.07ab 3.34 0.016 
Note: see Table 1.  

At the end of the experiment, the concentration of glucose in the 
blood of animals reliably reduced below the norm after 45 days of consu-
ming succinic acid in the diet (Table 2). The concentration of non-organic 
phosphorus in the blood changed insignificantly.  

At the beginning of the experiment (on the 15th day) the addition of 
succinic acid contributed to decrease in the cholesterol concentration in the 
blood of animals (by 33.8%), and by the 30th and 45th days it had unreli-
ably increased (by 3.6% and 8.1%) compared with the control groups of 
animals. Concentration of hemoglobin and hematocrit showed a reliable 
increase by the 45th day of the experiment (by 14.5% and 26.6% respec-
tively). Cellular composition of blood showed no reliable differences 
between the control and experimental groups (Table 2).  

During the study on microbiota of the intestine in mice kept 45 days 
on a high-fat diet (Table 3), we observed decrease in the number of repre-
sentatives of the genera Bifidobacterium, Lactobacillus and typical Esche-
richia coli (lac+). Decrease in the quantity of microorganisms of Bifido-
bacterium genus was seen only on the 45th day of the studies, but in the 
animals to whose diet succinic acid was added, the number of the repre-
sentatives of this genus had the tendency towards decrease only from the 
30th day. By the end of the experiment, the difference in the quantity of 
bacteria of this genus between the control and experimental groups 
reached more than 10 times. Reliable decrease of Lactobacillus spp. was 
seen from the 30th day of the research in both the control and experimen-

tal groups, but in the diet with addition of succinic acid, the number of 
these microorganisms decreased more significantly.  

In mice of the experimental group, we observed a slight increase in 
the quantity of lactose-positive E. coli on the 30th day of the study and its 
decrease by the 45th day, similarly to the control group. Among other 
representatives of the intestinal microbiota, no reliable differences 
were seen.  
 
Discussion  
 

The high-fat diet on which the experimental animals were maintained 
did not lead to significant and excessive increase in the body weight by the 
15th, 30th and even 45th days of the experiment. Addition of succinic acid 
to such diet also had no effect on the intensity of weight gain of animals 
compared to the control, as well as the normal parameters for this species 
and age of animal. Increase in the body weight of animals was seen during 
excess of carbohydrates (fructose) in their diet, while high-fat diet had no 
effect on the weight gain in the animals (Ozkan & Yakan, 2019; Brygady-
renko et al., 2019). An important indicator of the influence of different 
substances on the organisms of human and animals, especially against the 
background of the metabolic processes, is the absolute and relative mass 
of the organs. Therefore, in our study, the relative weight of the organs 
changed throughout the experiment. Excessive content of fat in the diet led 
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to decrease in this parameter in the kidneys, thymus, spleen, and the testes. 
At the same time, the relative weight of the heart, liver and the brain after 

15 days of intake of high-fat diet was higher than the norm for their age 
category (Abrashova et al., 2013).  

Table 3  
The number of microorganisms (lg KОЕ/g of feces) in group of mice on the high-fat diet  
with addition of succinic acid (x ± SD, n = 7, the 45 days duration of the experiment)  

Variant of the experiment Without  
succinic acid 

With  
succinic acid 

Without  
succinic acid 

With  
succinic acid 

Without  
succinic acid 

With  
succinic acid Norm* Duration of the experiment, days 15 15 30 30 45 45 

n 5 7 5 7 5 7 
Bifidobacterium spp. 10.0 ± 0.0a 10.0 ± 0.0a 10.0 ± 0.0a 9.0 ± 1.1ab 9.3 ± 0.9ab 7.8 ± 1.2b 8–10 
Lactobacillus spp. 12.2 ± 0.8a 12.2 ± 0.8a 10.6 ± 1.4ab 9.2 ± 2.1ab 8.0 ± 1.6b 7.2 ± 2.6b 5–11 
Escherichia coli  (lac +)  7.3 ± 0.5ab 7.0 ± 3.5ab 7.7 ± 0.5a 7.4 ± 1.4ab 5.3 ± 1.2b 5.1 ± 2.6ab 7–8 
E. coli  (lac-) 2.1 ± 0.1a 2.2 ± 0.3a 2.5 ± 0.7a 2.2 ± 1.3a 1.3 ± 0.9a 1.8 ± 1.6a 2 
Еnterococcus spp. 7.3 ± 0.5a 4.5 ± 2.9a 9.1 ± 0.2b 6.4 ± 3.2a 5.4 ± 3.9a 4.2 ± 3.5a 7–8 
Proteus spp. 2.2 ± 0.2a 2.6 ± 0.8a 1.7 ± 1.3a 1.8 ± 0.9a 1.5 ± 1.1a 2.7 ± 1.5a 2 
Enterobacter spp. 2.4 ± 0.2a 2.9 ± 0.2a 1.8 ± 1.3a 1.9 ± 1.5a 2.1 ± 1.5a 1.2 ± 1.9a 2 
Citrobacter spp. 1.9 ± 1.3a 1.9 ± 1.7a 3.0 ± 0.7a 2.7 ± 0.4a 2.4 ± 1.7a 2.5 ± 1.9a 2 
Clostridium spp. 0.0 ± 0.0a 0.5 ± 1.2a 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 0.5 ± 1.2a 4 
Staphylococcus spp. 3.4 ± 0.3a 2.3 ± 1.8a 3.8 ± 0.4a 3.5 ± 0.7a 3.5 ± 0.3a 3.8 ± 0.2a 2–3 
Candida spp. 2.3 ± 0.5a 2.8 ± 0.4a 3.6 ± 0.1a 2.8 ± 1.4a 3.5 ± 0.2a 3.0 ± 0.6a 2 
Notes: for each genus and species of microorganism (in one line) the selections significantly not differing between each other are indicated in same letters (P < 0.05) according to 
the results of Tukey test taking into account Bonferroni correction; the norm – according to Makarova et al. (2016). 

In the conditions of high-fat diet, the relative weight of the liver gradu-
ally decreased by the 30th and especially 45th days, and in the group with 
the addition of succinic acid, this parameter was nonnreliably higher and 
practically reached the norm for this age category of the animals. Also, the 
excess of fat in the diet contributed to the impairment of the protein-syn-
thetic function of the liver. The total amount of protein in the blood follow-
ing the excess of fat in the diet was lower than the reference values at all 
stages of the experiment. Addition of succinic acid exacerbated this pro-
cess by the 15th and 30th days, but caused rapid increase and the normali-
zation of the total protein in the blood by the 45th day. This was chiefly 
due to the globulin fraction, where these processes were similar. High 
content of fat in the diet contributed to insignificant increase of the level of 
albumins in blood, and succinic acid somewhat slowed this process at the 
beginning of the experiment and stimulated them at the end, driving this 
parameter closer to the control group and the reference values by the 45th 
day (Abrashova et al., 2013).  

The standard markers of the normal function of the liver were also the 
parameters of the activity of blood enzymes: AST, ALT, alkaline phos-
phatase (Nazarenko & Kishkun, 2000; Yu et al., 2012). High-fat diet led 
to increase in the activity of AST in blood, especially against the back-
ground of succinic acid, by the 15th day (practically twice), significant 
heightening of it by the 30th day, and decrease, less notable during con-
sumption of succinic acid, by the 45th day of the experiment. Also, high 
activity of ALT was mostly observed in the middle of the experiment 
(15th day): in the conditions of excessive fat in the diet it gradually increa-
sed. Addition of succinic acid caused increase in the activity of the enzy-
me at the beginning of the experiment (15th day) and gradually caused its 
decrease by the end of the experiment; but all the same, this indicator re-
mained higher than the normal parameters for healthy animals. As with 
the alkaline phosphatase, its activity in all the groups of animals was signi-
ficantly lower than the parameters of the norm (Abrashova et al., 2013). 
Liver dysfunction also suggests significant decrease in the level of urea 
and increase in the level of bilirubin against the background of fat excess 
in the diet. At the same time, in the groups of animals which additionally 
received succinic acid, the decrease in the level of urea was much less 
manifested compared with the control.  

The level of the glucose in blood of mice on a high-fat diet was signi-
ficantly reduced, and the addition of succinic acid led to aggravation of 
this process, especially by the beginning (by the 15th day) and at the end 
of the experiment (by the 45th day). In an experiment inducing experi-
mental diabetes, the insulinotropic effect of succinic acid due to increase in 
the activity of succinate dehydrogenase and improvement of metabolism 
in the insular of the pancreas were confirmed (Malaisse & Sener, 1993; 
Malaisse et al., 1993; Ladriere et al., 1999; Ladriere & Malaisse, 2000a, 
2000b; Cancelas et al., 2001). Both high-fat diet and the use of succinic 
acid led to disorders in the functioning of the excretory system. In the 
process of the experiment, the relative weight of the kidneys was below 

the norm and such biochemical parameters as creatinine and urea in the 
blood, with which the function of the kidneys is monitored, significantly 
differed from the values of the healthy animals (Jia et al., 2014). The level 
of creatinine in animals which consumed succinic acid increased by the 
15th and 30th days of the experiment, but by the end of the experiment 
(on the 45th day) rapidly decreased compared with the control. The level 
of urea throughout the experiment was below the norm in all the groups, 
but addition of succinic acid to the diet alleviated this deviation from the 
norm: the concentration of urea in the blood was higher in the groups with 
succinic acid compared with the animals that received only the high-fat 
diet.  

Both high content of fat and addition of succinic acid to the diet pro-
voked changes in the organs of the system of blood circulation and the 
organs of immune protection. At the organ level, we observed reduced 
indices of the thymus mass during the first stage of the experiment (until 
the 30th day) and spleen until the end of the experiment (on the 45th day) 
against the background of excess of fat in the diet. Succinic acid contri-
buted to the normalization of the relative mass of thymus, but only by the 
end of the experiment (by the 45th day). The relative weight of spleen was 
not affected by succinic acid, remaining below the normative values for 
this particular age group of animals. Througout the period of the study, we 
observed low content of blood hemoglobin in the conditions of reduced 
number of erythrocytes. At the same time, by the middle of the experi-
ment, succinic acid worsened these processes compared to the control, 
but, by contrast, relieved them by the end of the experiment.  

Addition of succinic acid in the dose of 5 mg/kg of body weight to the 
feed reduces the time of the formation of the immunity, and durations of 
its humoral and cellular phases increase. Immune-stimulating properties 
were seen in chitosan succinate during daily subcutaneous injection in the 
dose of 2.6 mg/kg of live weight 3 days before vaccination of cows 
against leptospirosis.  

The level of globulins in the experimental groups was reduced and 
only by the end of the experiment did it increase, reaching the reference 
values at addition of succinic acid to the diet. Total number of leukocytes 
in all the groups of animals significantly did no change, indicating absence 
of inflammatory process in the organism. Succinic acid did not significant-
ly affect this parameter at the beginning of the experiment, but led to sig-
nificant increase in the quantity of blood leukocytes in the blood of mice at 
the end of the experiment compared with the control group of animals. 
The total number of lymphocytes did not change either in the animals 
receiving a high-fat diet, or succinic acid.  

Intestinal microbiota is composed of hundreds of bacteria, fungi and 
protists and is essential for numerous biological processes, such as diges-
tion of nutrients, production of vitamins and resistance to colonization by 
bacterial pathogens (Ferreira et al., 2011). Around 1014 microorganisms 
live in the lower part of the human intestine, and many of these microor-
ganisms have developed mutualistic and commensal associations with the 
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host, actively participate in many of its physiological processes. Nonethe-
less, dysbiosis (altered microbial composition of the intestine) with other 
predisposing genetic factors and the environmental factors may contribute 
to the metabolic disorders in the host, leading to a number of diseases (Ha-
raken et al., 2016). Gut microbiota play an important role in the improve-
ment of digestion, especially of indigestible substances, and also energy 
conversion (Dethlefsen et al., 2006, 2007; Turnbaugh et al., 2006; Round 
& Mazmanian, 2009; Foster & McVey Neufeld, 2013). The diversity and 
composition of intestinal microbiota is affected by the diet of host, life 
style and the factors of the environment (Maslowski & Mackay, 2011; 
Graf et al., 2015).  

Currently, the role of the gut microbiota in the development of obesity 
and disorders related to it, such as metabolic synfrom, has been determi-
ned (Backhed et al., 2004; Cani et al., 2008; De La Serre et al., 2010; Mos-
so et al., 2010; Cani, 2013; Neves et al., 2013; Chistiakov et al., 2015; 
Kostina et al., 2015; Murphy et al., 2015; Kravchuk et al., 2016; Sun et al., 
2018). Development of obesity is a complex process which includes 
genetic susceptibility and environmental factors which remain only partly 
understood. In such cases, intestinal microbiota is becoming more and 
more recognized as an important factor which connects genes, environ-
ment and the immune system (Musso et al., 2010). Over the past three 
decades, obesity has emerged as an endemic disease which became 
broadly distributed in the developed countries, rapidly turning into a se-
rious problem in some developing countries (Bouchard, 2000; Haraken 
et al., 2016).  

The results of the studies conducted on people and laboratory animals 
indicate decrease in the number of microorganisms of Bacteroidetes type 
and increase in the number of the representatives of Firmicutes (due to 
microorganisms of Lactobacillus genus) in patients with obesity, com-
pared with thin patients in the control and patients with anorexia (Armou-
gom et al., 2009). The data of Koliada et al. (2017) demonstrate that adults 
suffering from obesity had a higher level of Firmicutes and lower level of 
Bacteroidetes compared with the people with normal weight and thin 
people. Santacruz et al. (2010) report that pregnant patients with obesity 
(24th week) were determined to have reduced number of Bifidobacterium 
and Bacteroidetes, but increase in the number of identified representatives 
of Firmicutes phylotype (for example, Staphylococcus spp.) and Proteo-
bacteria (for example, family Enterobacteriaceae, such as Escherichia 
coli) compared with pregnant patients with normal weight.  

Cox & Blaser (2013), in the studies on mice without microbes, while 
injecting gut microbiota of pregnant women in their third semester, ob-
served increase in the weight and the development of resistance to insulin, 
by contrast with the experiment on mice injected with microbiota of preg-
nant patients in their first trimester.  

Bäckhed et al. (2007) determined that unlike mice with intestinal mic-
robiota, the animals without microbes are protected against obesity which 
develops after consuming food with high content of fats and rich in sugar.  

During the studies on cecum microbiota of mice with obesity, Ley 
et al. (2005) determined a 50% decrease in the number of Bacteroidetes 
and respectively a higher amount of Firmicutes. At the same time, the 
number of separate representatives of these bacterial phylotypes inside the 
groups of animals did not differ significantly. Similar results, Ley et al. 
(2006) were obtained during the study of obese people compared to thin 
people. They determined that the relative share of microorganisms of 
Bacteroidetes phylotype decreased in obese people and that this propor-
tion increased with losing weight on two types of low-calorie diet (limita-
tion of fat and carbohydrates).  

Zhang et al. (2009) determined that Firmicutes phylotype dominated in 
people suffering from obesity, but quantitatively decreased in three patients 
who underwent Roux-en-Y gastric bypass surgery, which led to changes in 
food consumption (without limitation of the dietary components), digestion 
and proportional increase in the class Gammaproteobacteria.  

Microorganisms of Lactobacillus and Clostridium genera are attri-
buted to insulin-resistance, and Lactobacillus positively correlates with the 
levels of glucose and HbA1c on an empty stomach, whereas Clostridium 
had negative correlation with these parameters (Karlsson et al., 2013). 
Therefore, the search for methods for solving the issues related to the 
regulation of changes in the proportions and localization of bacterial flora 
of the intestine is being conducted all around the globe, as well as devel-

opment of various strategies which would contribute to the domination of 
physiologically positive microorganisms. Therefore, Cani et al. (2007) 
found a positive effect of prebiotic of oligofructose in mice, while apply-
ing a high-fat diet, on restoration of the amount of Bifidobacterium bacte-
ria, which are able to reduce the level of endotoxin, improve the barrier 
function of the mucous membrane of the intestine and prevent the devel-
opment of diabetes.  

Liu et al. (2019) determined that adding 1% aqueous extracts of green 
tea, oolong and black tea to the high-fat diet of С57BL/6J mice for 28 
weeks to the same extent improved the tolerance to glucose and decreased 
consumption of fats, and thus weight gain, increase in hepatic lipids and 
weight of the white fat tissue. This was accompanied by significant de-
crease in the level of polysaccharides in the plasma and significant stimu-
lation of the production of short-chain fatty acids. Tea extracts changed the 
total composition of the intestinal microbiota and decreased the relative 
quantity of Rikenellaceae and Desulfovibrionaceae families. Furthermore, 
the tea aqueous extracts also changed the quantity of the essential opera-
tional taxonomic units (OUT), including OTU473 (Alistipes), OTU229 
(Rikenella), OTU179 (Ruminiclostridium) and OTU264 (Acetatifactor), 
and at the same time the ratio of Firmicutes/Bacteroidetes did not change.  

In turn, Chen et al. (2018), during similar studies but using Kudingcha 
(KDC) from Ilex kudingcha Fuzhuan brick-tea (FBT), detected a weake-
ning of the metabolic syndrome in mice and improvement of the diversity 
of intestinal microbiota. KDC decreased the relative number of Erysipelo-
trichacea, while FBT decreased the ratio of Firmicutes/Bacteroidetes and 
increased the relative number of Bifidobacteriaceae. Gong et al. (2020) 
determined the ability of theabrownins of Liupao tea, during the diet with 
high content of fat, to improve the structure and quantity of intestinal flora 
of Bacteroides. Seo et al. (2015) determined that enzymic extract of green 
tea changed the composition of intestinal microbiota (for example, ratio of 
Firmicutes/Bacteroidetes and Bacteroides/Prevotella), and this was related 
to the decrease in the fat mass, reduction of inflammation and weakening 
of non-resistance to glucose. Anhe et al. (2014) report that polyphenol-rich 
extract of cranberry protects mice against diet-caused obesity and metabo-
lic disorders, which is attributed to the proportional increase in the number 
of Akkermansia spp. In the in vitro study on microbial ecosystem of the 
intestine, Kemperman et al. (2013) surveyed the effect of mixture of poly-
phenols which the tea contained and the ones in the extract of red wine 
(RWGE). The research revealed that in the context of model system these 
complex polyphenols can modulate separate representatives of gut micro-
biota of humans. The most noticeable changes were the inhibition of the 
representative of Firmicutes type and increase in the quantity of represent-
atives of proteobacteria. Black tea stimulated the reproduction of Klebsiel-
la, Enterococcus and Akkermansia and decreased the synthesis of Bifido-
bacterium, B. coccoides, Anaeroglobus and Victivallis. Red wine extract 
contributed to growth of Кlebsiella, Alistipes, Cloacibacillus, Victivallis 
and Akkermansia, while the amounts of Bifidobacterium, B. coccoides, 
Anaeroglobus, Subdoligranulum and Bacteroides were decreased.  

Succinic acid and its derivatives have a broad potential for application 
to feeds for animals. On the basis of the described studies on the develop-
ment of compositions and methods of use of succinic acid in fodders, we 
determined improvement in the conversion of the feed and modulation of 
intestinal microbiota. In the alternative variants, it was determined that 
succinic acid improves the digestion of fodders and supports the animals’ 
health, contributing to correct digestion and the supporting the immune 
system (Broz et al., 2008). In the in vitro experiment, succinic acid exerted 
higher activity towards the pathogenic and conditionally-pathogenic bac-
teria (commensal Escherichia coli, pathogenic Escherichia coli K88, 
Salmonella enterica subsp. enterica, serotype enteritidis and typhimurium, 
Enterococcus faecalis and Clostridium perfringens) isolated from the 
intestinal contents of piglets than towards the useful bacteria (Lactobacil-
lus acidophilus and Lactobacillus fermentum). Minimum inhibiting con-
centration needed to inhibit growth of 90% of the harmful microbiota 
accounted for 31,250 mM compared to 125,000 mM – for the useful one.  
 
Conclusions  
 

Succinic acid has no effect on the intensity of body weight gain in 
young mice against the background of excessive content of fat in the diet.  
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Excessive fat feeding leads to malfunctioning of the parenchymal or-
gans, which is accompanied by decrease in the relative weight of the liver, 
kidneys, testes and the intestine and increase in the relative mass of the 
heart, lungs and brain. High-fat diet of mice is accompanied by mostly 
disorders in the liver, followed by acute hypoproteinemia, chiefly due to 
globulins, rapid increase in the activity of the liver enzymes against the 
background of fall in the activity of alkaline phosphatese, increase in the 
level of bilirubin, decrease in glucose. Also, the excess of fat in the diet 
leads to impairment in the function of the excretory system, manifested in 
decreased index of weight of the kidneys, high level of creatinine and 
reduced level of urea in the blood. Addition of succinic acid has a positive 
effect on the functional condition of the liver and kidneys, which is espe-
cially manifested during its long term intake. Against the backround of 
high-fat diet, succinic acid impairs the functioning of the organs of blood 
circulation and immune protection, accompanied by decrease in the rela-
tive mass of the thymus and spleen, low content of hemoglobin and num-
ber of erythrocytes, but does not significantly affect the content of other 
cellular elements of blood. At the same time, by the middle of the experi-
ment, succinic acid exacerbated these processes compared with the con-
trol, and by the end of the experiment, by contrast, molified them.  

Adding succinic acid to high-fat diet contributed to the change in the 
quantitative composition of the main representatives of the obligate mi-
crobiota (Bifidobacterium spp., Lactobacillus spp. and typical Escherichia 
coli) in the laboratory animals. Such changes in gut microbiota may lead 
to reproduction of the representatives of facultative microbiota and, there-
fore, the development of various diseases.  
 
References  
 
Abrashova, T. V., Gushhin, J. A., Kovaleva, M. A., Rybakova, A. V., Selezneva, 

A. I., Sokolova, A. P., & Hod’ko, S. V. (2013). Fiziologicheskie, biohimi-
cheskie i biometricheskie pokazateli normy jeksperimental’nyh zhivotnyh 
[Physiological, biochemical and biometric indicators of the norm of experimen-
tal animals]. Lema, Saint Petersburg (in Russian).  

Anhê, F. F., Roy, D., Pilon, G., Dudonné, S., Matamoros, S., Varin, T. V., Garofa-
lo, C., Moine, Q., Desjardins, Y., Levy, E., & Marette, A. (2014). A poly-
phenol-rich cranberry extract protects from diet-induced obesity, insulin re-
sistance and intestinal inflammation in association with increased Akkerman-
sia spp. population in the gut microbiota of mice. Gut, 64(6), 872–883.  

Armougom, F., Henry, M., Vialettes, B., Raccah, D., & Raoult, D. (2009). Moni-
toring bacterial community of human gut microbiota reveals an increase in 
Lactobacillus in obese patients and methanogens in anorexic patients. PLoS 
One, 4(9), e7125.  

Backhed, F., Ding, H., Wang, T., Hooper, L. V., Koh, G. Y., Nagy, A., Semenko-
vich, C. F., & Gordon, J. I. (2004). The gut microbiota as an environmental 
factor that regulates fat storage. Proceedings of the National Academy of 
Sciences, 101(44), 15718–15723.  

Bäckhed, F., Manchester, J. K., Semenkovich, C. F., & Gordon, J. I. (2007). Me-
chanisms underlying the resistance to diet-induced obesity in germ-free mice. 
Proceedings of the National Academy of Sciences, 104(3), 979–984.  

Bilan, M. V., Lieshchova, M. A., Tishkina, N. M., & Brygadyrenko, V. V. (2019). 
Combined effect of glyphosate, saccharin and sodium benzoate on the gut 
microbiota of rats. Regulatory Mechanisms in Biosystems, 10(2), 228–232.  

Bouchard, C. (2000). Inhibition of food intake by inhibitors of fatty acid synthase. 
New England Journal of Medicine, 343(25), 1888–1889.  

Boyko, A. A., & Brygadyrenko, V. V. (2017). Changes in the viability of the eggs 
of Ascaris suum under the influence of flavourings and source materials ap-
proved for use in and on foods. Biosystems Diversity, 25(2), 162–166.  

Boyko, O. O., & Brygadyrenko, V. V. (2019a). The impact of acids approved for 
use in foods on the vitality of Haemonchus contortus and Strongyloides pa-
pillosus (Nematoda) larvae. Helminthologia, 56(3), 202–210.  

Boyko, O. O., & Brygadyrenko, V. V. (2019b). The viability of Haemonchus 
contortus (Nematoda, Strongylida) and Strongyloides papillosus (Nematoda, 
Rhabditida) larvae exposed to various flavourings and source materials used 
in food production. Vestnik Zoologii, 53(6), 433–442.  

Broz, J., Seon, A., & Simoes-Nunes, C. (2008). Use of succinic acid. International 
Patent Classification A23K 1/16 (2006.01). International Application Number 
PCT/EP2009/2009/055901. Intrnational Publication Number 2010/031602 A1.  

Brygadyrenko, V. V., Lieshchova, M. A., Bilan, M. V., Tishkina, N. M., & Hor-
chanok, A. V. (2019). Effect of alcohol tincture of Aralia elata on the orga-
nism of rats and their gut microbiota against the background of excessive fat 
diet. Regulatory Mechanisms in Biosystems, 10(4), 497–506.  

Cancelas, J., Villanueva-Penacarrillo, M., Valverde, I., & Malaisse, W. (2001). Sy-
nergistic insulinotropic effects of succinic acid dimethyl ester and exendin-4 in 
anaesthetized rats. International Journal of Molecular Medicine, 8(3), 269–271.  

Cani, P. D. (2013). Gut microbiota and obesity: Lessons from the microbiome. 
Briefings in Functional Genomics, 12(4), 381–387.  

Cani, P. D., Bibiloni, R., Knauf, C., Waget, A., Neyrinck, A. M., Delzenne, N. M., 
& Burcelin, R. (2008). Changes in gut microbiota control metabolic endo-
toxemia-induced inflammation in high-fat diet-induced obesity and diabetes 
in mice. Diabetes, 57(6), 1470–1481.  

Cani, P. D., Neyrinck, A. M., Fava, F., Knauf, C., Burcelin, R. G., Tuohy, K. M., 
Gibson, G. R., & Delzenne, N. M. (2007). Selective increases of bifidobacteria 
in gut microflora improve high-fat-diet-induced diabetes in mice through a me-
chanism associated with endotoxaemia. Diabetologia, 50(11), 2374–2383.  

Carvalho, B. M., & Abdalla Saad, M. J. (2013). Influence of gut microbiota on 
subclinical inflammation and insulin resistance. Mediators of Inflammation, 
2013, 986734.  

Chen, G., Xie, M., Dai, Z., Wan, P., Ye, H., Zeng, X., & Sun, Y. (2018). Kudingcha 
and fuzhuan brick tea prevent obesity and modulate gut microbiota in high-fat 
diet fed mice. Molecular Nutrition and Food Research, 62(6), 1700485.  

Chistiakov, D. A., Bobryshev, Y. V., Kozarov, E., Sobenin, I. A., & Orekhov, A. N. 
(2015). Role of gut microbiota in the modulation of atherosclerosis-associated 
immune response. Frontiers in Microbiology, 6, 671.  

Cox, L. M., & Blaser, M. J. (2013). Pathways in microbe-induced obesity. Cell 
Metabolism, 17(6), 883–894.  

De La Serre, C. B., Ellis, C. L., Lee, J., Hartman, A. L., Rutledge, J. C., & Raybould, 
H. E. (2010). Propensity to high-fat diet-induced obesity in rats is associated 
with changes in the gut microbiota and gut inflammation. American Journal of 
Physiology – Gastrointestinal and Liver Physiology, 299(2), G440–G448.  

Dethlefsen, L., Eckburg, P. B., Bik, E. M., & Relman, D. A. (2006). Assembly of 
the human intestinal microbiota. Trends in Ecology and Evolution, 21(9), 
517–523.  

Dethlefsen, L., McFall-Ngai, M., & Relman, D. A. (2007). An ecological and 
evolutionary perspective on human-microbe mutualism and disease. Nature, 
449(7164), 811–818.  

Ding, S., Chi, M. M., Scull, B. P., Rigby, R., Schwerbrock, N. M. J., Magness, S., 
Jobin, C., & Lund, P. K. (2010). High-fat diet: Bacteria interactions promote 
intestinal inflammation which precedes and correlates with obesity and insu-
lin resistance in mouse. PLoS One, 5(8), e12191.  

Evglevskij, A. A., Evglevskaja, E. P., Mihaleva, T. I., & Mihajlova, O. N. (2013). 
Immunometabolicheskaja aktivnost’ preparata na osnove jantarnoj kisloty i le-
vamizola [Biological role and metabolic activity of succinic acid]. Vestnik 
Kurskoj Gosudarstvennoj Selskohozjajstvennoj Akademii, 1, 64–65 (in Rus-
sian).  

Ferreira, F., Ladrière, L., Vincent, J.-L., & Malaisse, W. (2000). Prolongation of sur-
vival time by infusion of succinic acid dimethyl ester in a caecal ligation and 
perforation model of sepsis. Hormone and Metabolic Research, 32(8), 335–336.  

Ferreira, R. B. R., Gill, N., Willing, B. P., Antunes, L. C. M., Russell, S. L., Croxen, 
M. A., & Finlay, B. B. (2011). The intestinal microbiota plays a role in Salmo-
nella-induced colitis independent of pathogen colonization. PLoS One, 6(5), 
e20338.  

Filatova, G. F., Kuznecova, G. A., & Bobkov, J. G. (1986). Soderzhanie kateho-
laminov v organah krys pri ohlazhdenii na fone proizvodnyh jantarnoj kisloty 
[Content of catecholamines in the organ of rats during cooling against the 
background of derivatives of succinic acid]. Bjulleten Eksperimentalnoj Bi-
ologii i Mediciny, 102(9), 15–16 (in Russian).  

Foster, J. A., & McVey Neufeld, K.-A. (2013). Gut-brain axis: How the microbiome 
influences anxiety and depression. Trends in Neurosciences, 36(5), 305–312.  

Garnyk, T. P., Frolov, V. M., Tereshin, V. O., Kruglova, O. V. Garnyk, K. V., & 
Petrischeva, V. O. (2012). Efektyvnist’ preparatu burshtynovoi kysloty v li-
kuvanni khvorykh na nealkoholnyi steatohepatyt, spoluchenyi z syndromom 
podraznenoho kyshechnyku [Efficiency of succinic acid preparation in 
treatment of patients with nonalcoholic steatohepatitis combined with irrita-
ble bowel syndrome]. Fitoterapiia, 4, 10–16 (in Russian).  

Gong, S., Qin, Y., Liao, Z., Shi, H., Teng, C., Xie, J., & Zhang, J. (2020). The 
influence of liupao tea theabrownins on the profile of gut microbiota in mice. 
Hans Journal of Food and Nutrition Science, 9(1), 101–107.  

Graf, D., Di Cagno, R., Fåk, F., Flint, H. J., Nyman, M., Saarela, M., & Watzl, B. 
(2015). Contribution of diet to the composition of the human gut microbiota. 
Microbial Ecology in Health and Disease, 26, 26164.  

Harakeh, S. M., Khan, I., Kumosani, T., Barbour, E., Almasaudi, S. B., Bahijri, S. 
M., Alfadul, S. M., Ajabnoor, G. M. A., & Azhar, E. I. (2016). Gut microbi-
ota: A contributing factor to obesity. Frontiers in Cellular and Infection Mic-
robiology, 6, 95.  

Hozhenko, A. I., Vladymyrova, M. P., & Kuzmenko, I. A. (2006). Vplyv burshtyno-
voji kysloty i preduktalu na osmorehuliuval’nu funktsiju nyrok u bilykh shchu-
riv pry hentamitsynovij nefropatiji [Influence of  succinic acid and Preductal on 
osmoregulation  function of kidneys of white rats during gentamicin nephropa-
thy]. Odeskyi Medychnyi Zhurnal, 4, 8–11 (in Ukrainian).  

159 

https://doi.org/10.1136/gutjnl-2014-307142
https://doi.org/10.1136/gutjnl-2014-307142
https://doi.org/10.1136/gutjnl-2014-307142
https://doi.org/10.1136/gutjnl-2014-307142
https://doi.org/10.1136/gutjnl-2014-307142
https://doi.org/10.1371/journal.pone.0007125
https://doi.org/10.1371/journal.pone.0007125
https://doi.org/10.1371/journal.pone.0007125
https://doi.org/10.1371/journal.pone.0007125
https://doi.org/10.1073/pnas.0407076101
https://doi.org/10.1073/pnas.0407076101
https://doi.org/10.1073/pnas.0407076101
https://doi.org/10.1073/pnas.0407076101
https://doi.org/10.1073/pnas.0605374104
https://doi.org/10.1073/pnas.0605374104
https://doi.org/10.1073/pnas.0605374104
https://doi.org/10.15421/021934
https://doi.org/10.15421/021934
https://doi.org/10.15421/021934
https://doi.org/10.1056/nejm200012213432511
https://doi.org/10.1056/nejm200012213432511
https://doi.org/10.15421/011724
https://doi.org/10.15421/011724
https://doi.org/10.15421/011724
https://doi.org/10.2478/helm-2019-0017
https://doi.org/10.2478/helm-2019-0017
https://doi.org/10.2478/helm-2019-0017
https://doi.org/10.2478/vzoo-2019-0039
https://doi.org/10.2478/vzoo-2019-0039
https://doi.org/10.2478/vzoo-2019-0039
https://doi.org/10.2478/vzoo-2019-0039
https://doi.org/10.15421/021973
https://doi.org/10.15421/021973
https://doi.org/10.15421/021973
https://doi.org/10.15421/021973
https://doi.org/10.3892/ijmm.8.3.269
https://doi.org/10.3892/ijmm.8.3.269
https://doi.org/10.3892/ijmm.8.3.269
https://doi.org/10.1093/bfgp/elt014
https://doi.org/10.1093/bfgp/elt014
https://doi.org/10.2337/db07-1403
https://doi.org/10.2337/db07-1403
https://doi.org/10.2337/db07-1403
https://doi.org/10.2337/db07-1403
https://doi.org/10.1007/s00125-007-0791-0
https://doi.org/10.1007/s00125-007-0791-0
https://doi.org/10.1007/s00125-007-0791-0
https://doi.org/10.1007/s00125-007-0791-0
https://doi.org/10.1155/2013/986734
https://doi.org/10.1155/2013/986734
https://doi.org/10.1155/2013/986734
https://doi.org/10.1002/mnfr.201700485
https://doi.org/10.1002/mnfr.201700485
https://doi.org/10.1002/mnfr.201700485
https://doi.org/10.3389/fmicb.2015.00671
https://doi.org/10.3389/fmicb.2015.00671
https://doi.org/10.3389/fmicb.2015.00671
https://doi.org/10.1016/j.cmet.2013.05.004
https://doi.org/10.1016/j.cmet.2013.05.004
https://doi.org/10.1152/ajpgi.00098.2010
https://doi.org/10.1152/ajpgi.00098.2010
https://doi.org/10.1152/ajpgi.00098.2010
https://doi.org/10.1152/ajpgi.00098.2010
https://doi.org/10.1016/j.tree.2006.06.013
https://doi.org/10.1016/j.tree.2006.06.013
https://doi.org/10.1016/j.tree.2006.06.013
https://doi.org/10.1038/nature06245
https://doi.org/10.1038/nature06245
https://doi.org/10.1038/nature06245
https://doi.org/10.1371/journal.pone.0012191
https://doi.org/10.1371/journal.pone.0012191
https://doi.org/10.1371/journal.pone.0012191
https://doi.org/10.1371/journal.pone.0012191
https://doi.org/10.1055/s-2007-978647
https://doi.org/10.1055/s-2007-978647
https://doi.org/10.1055/s-2007-978647
https://doi.org/10.1371/journal.pone.0020338
https://doi.org/10.1371/journal.pone.0020338
https://doi.org/10.1371/journal.pone.0020338
https://doi.org/10.1371/journal.pone.0020338
https://doi.org/10.1016/j.tins.2013.01.005
https://doi.org/10.1016/j.tins.2013.01.005
https://doi.org/10.12677/hjfns.2020.91013
https://doi.org/10.12677/hjfns.2020.91013
https://doi.org/10.12677/hjfns.2020.91013
https://doi.org/10.3402/mehd.v26.26164
https://doi.org/10.3402/mehd.v26.26164
https://doi.org/10.3402/mehd.v26.26164
https://doi.org/10.3389/fcimb.2016.00095
https://doi.org/10.3389/fcimb.2016.00095
https://doi.org/10.3389/fcimb.2016.00095
https://doi.org/10.3389/fcimb.2016.00095


 

Regul. Mech. Biosyst., 2020, 11(2) 

Ilnitskyi, M. H., & Hierdieva, A. O. (2014). Perspektyvy zastosuvannia yantarnoji 
kysloty u veterynarnij khirurhiji [Prospects of using succinic acid in veteri-
nary surgery]. Naukovyi Visnyk Veterynarnoi Medytsyny, 114, 13–17 
(in Ukrainian).  

Ischeikin, K. Y., Pyabushko, M. M., Kitura, O. Y., & Bilash, S. M. (2012). Influence 
of succinic acid on the state of prooxidant and antioxidant systems at patients 
with unalcoholic steatohepatitis. World of Medicine and Biology, 35, 134–136.  

Ivanov, D. V., Krapivina, E. V., Fedorov, J. N., & Abdulov, A. I. (2009). Immu-
noreaktivnost’ u telochek pri vakcinacii protiv leptospiroza na fone podkozh-
nogo vvedenija sukcinata hitozana [Immunoreactivity of female calves dur-
ing vaccination against leptospirosis on the background of subcutaneous 
injection of chitosan succinate]. Selskohozjajstvennaja Biologija, Serija Bi-
ologija Zhivotnyh, 2, 104–110 (in Russian).  

Ivnickij, J. J., & Shturm, R. (1990). Zashhita myshej ot rentgenovskogo izluche-
nija sukcinatom natrija [X-ray protection for mice radiation of sodium succi-
nate]. Radiobiologija, 80(5), 7–16 (in Russian).  

Jia, Z., Liu, M., Qu, Z., Zhang, Y., Yin, S., & Shan, A. (2014). Toxic effects of 
zearalenone on oxidative stress, inflammatory cytokines, biochemical and 
pathological changes induced by this toxin in the kidney of pregnant rats. 
Environmental Toxicology and Pharmacology, 37(2), 580–591.  

Karachevceva, E. V. (2013). Vlijanie jantarnoj kisloty na antgel’mintnuju i immuno-
modulirujushhuju aktivnost’ levamizola [The effect of succinic acid on the anthel-
mintic and immunomodulating activity of levamisole]. Kursk (in Russian).  

Karlsson, F. H., Tremaroli, V., Nookaew, I., Bergström, G., Behre, C. J., Fager-
berg, B., Nielsen, J., & Bäckhed, F. (2013). Gut metagenome in European 
women with normal, impaired and diabetic glucose control. Nature, 
498(7452), 99–103.  

Kemperman, R. A., Gross, G., Mondot, S., Possemiers, S., Marzorati, M., Van de 
Wiele, T., Doré, J., & Vaughan, E. E. (2013). Impact of polyphenols from 
black tea and red wine/grape juice on a gut model microbiome. Food Re-
search International, 53(2), 659–669.  

Kim, H.-J., Kim, S., Lee, A. Y., Jang, Y., Davaadamdin, O., Hong, S.-H., Kim, J. 
S., & Cho, M.-H. (2017). The effects of Gymnema sylvestre in high-fat diet-
induced metabolic disorders. The American Journal of Chinese Medicine, 
45(4), 813–832.  

Kitura, O. E. (2013). Application of succinic acid in therapy for chronic pancreati-
tis. Aktualni Problemy Suchasnoi Medytsyny: Visnyk Ukrainskoi Medych-
noi Stomatolohichnoi Akademii, 13(2), 112–114 (in Ukrainian).  

Kokorina, A., Okulova, I., & Bespyatykh, O. (2014). Influence of succinic acid in 
liver histology of red fox. Agrarnaja Nauka Evro-Severo-Vostoka, 39, 39–42 
(in Russian).  

Koliada, A., Syzenko, G., Moseiko, V., Budovska, L., Puchkov, K., Perederiy, V., 
Gavalko Y., Dorofeyev, A., Romanenko, M., Tkach, S., Sineok, L., Lush-
chak, O., & Vaiserman, A. (2017). Association between body mass index 
and Firmicutes/Bacteroidetes ratio in an adult Ukrainian population. BMC 
Microbiology, 17, 120.  

Kostina, D. A., Pokrovskaia, T. G., Martynova, O. V., Dovgan, A. P., & Litvino-
va, A. S. (2015). Role of metabolic endotoxemia in the development of car-
diovascular and metabolic diseases. Research Result. Medicine and Pharma-
cy Series, 1(3), 164–171.  

Kravchuk, E. N., Neimark, A. E., Grineva, E. N., & Galagudza, M. M. (2016). 
The role of gut microbiota in metabolic regulation. Diabetes Mellitus, 19(4), 
280–285.  

Ladriere, L., & Malaisse, W. J. (2000a). Effects of succinate dimethyl ester on the 
metabolic and hormonal response to exercise in fed and starved rats. Interna-
tional Journal of Molecular Medicine, 5(6), 643–652.  

Ladriere, L., & Malaisse, W. J. (2000b). Effects of the dimethyl ester on succinic 
acid on the hormonal and metabolic response to exercise in hereditarily di-
abetic starved rats. Cell Biochemistry and Function, 18(3), 153–160.  

Ladrière, L., Malaisse-Lagae, F., Verbruggen, I., Willem, R., & Malaisse, W. J. 
(1999). Effects of starvation and diabetes on the metabolism of [2,3-13C] suc-
cinic acid dimethyl ester in rat hepatocytes. Metabolism, 48(1), 102–106.  

Ladriere, L., Zhang, T.-M., & Malaisse, W. J. (1996). Effects of succinic acid 
dimethyl ester infusion on metabolic, hormonal, and enzymatic variables in 
starved rats. Journal of Parenteral and Enteral Nutrition, 20(4), 251–256.  

Lashin, A. P., & Simonova, N. V. (2017). Fitopreparaty v korrektsii okislitel’nogo 
stressa u telyat [Phytopreparations in correction of oxidative stress in calves]. 
Dalnevostochnyi Agrarnyi Vestnik, 44(4), 131–135 (in Russian).  

Lashin, A. P., Simonova, N. V., Gavrilova, G. A., Sayapina, I. Y., & Chubin, 
A. N. (2018). Effektivnost’ adaptogenov v korrektsii mmunobiokhimiches-
kogo statusa novorozhdennykh telyat [Efficiency of adaptogens in correction 
of immunobiochemical status of newly born calves]. Dalnevostochnyi Ag-
rarnyi Vestnik, 46(2), 71–77 (in Russian).  

Lebedev, A. F., Shvec, O. M., Evglevskij, A. A., Evglevskaja, E. P., Epifanov, 
A. V., & Popov, V. S. (2009). Razrabotka i primenenie preparatov na osnove 
jantarnoj kisloty [Development and usage of medicines based on succinic ac-
id]. Veterinarija, 3, 48–51 (in Russian).  

Ley, R. E., Backhed, F., Turnbaugh, P., Lozupone, C. A., Knight, R. D., & Gor-
don, J. I. (2005). Obesity alters gut microbial ecology. Proceedings of the Na-
tional Academy of Sciences, 102(31), 11070–11075.  

Ley, R. E., Turnbaugh, P. J., Klein, S., & Gordon, J. I. (2006). Human gut micro-
bes associated with obesity. Nature, 444(7122), 1022–1023.  

Lieshchova, M. A., Brygadyrenko, V. V., Tishkina, N. M., Gavrilin, P. M., & 
Bohomaz, A. A. (2019). Impact of polyvinyl chloride, polystyrene, and po-
lyethylene on the organism of mice. Regulatory Mechanisms in Biosystems, 
10(1), 50–55.  

Lieshchova, M. A., Tishkina, N. M., Bohomaz, A. A., Gavrilin, P. M., & Bryga-
dyrenko, V. V. (2018). Combined effect of glyphosphate, saccharin and sodi-
um benzoate on rats. Regulatory Mechanisms in Biosystems, 9(4), 591–597.  

Liu, J., Hao, W., He, Z., Kwek, E., Zhao, Y., Zhu, H., Liang, N., Ma, K. Y., Lei, 
L., Hea, W.-S., & Chen, Z.-Y. (2019). Beneficial effects of tea water extracts 
on the body weight and gut microbiota in C57BL/6J mice fed with a high-fat 
diet. Food and Function, 10(5), 2847–2860.  

Makarova, M. N., Kryshen’, K. L., Aljakrinskaja, A. A., Rybakova, A. V., & Ma-
karov, V. G. (2016). Harakteristika mikroflory kishechnika u cheloveka i la-
boratornyh zhivotnyh [Characteristics of intestinal microflora of humans and 
laboratory animals]. Mezhdunarodnyj Vestnik Veterinarii, 4, 86–94.  

Malaisse, W. J., & Sener, A. (1993). Metabolic effects and fate of succinate esters 
in pancreatic islets. American Journal of Physiology – Endocrinology and 
Metabolism, 264(3), e434–e440.  

Malaisse, W. J., Nadi, A. B., Ladriere, L., & Zhang, T.-M. (1997). Protective effects 
of succinic aciddimethyl ester infusion in experimental endotoxemia. Nutrition, 
13(4), 330–341.  

Malaisse, W. J., Rasschaert, J., Villanueva-Penacarrillo, M. L., & Valverde, I. (1993). 
Respiratory, ionic, and functional effects of succinate esters in pancreatic islets. 
American Journal of Physiology – Endocrinology and Metabolism, 264(3), 
e428–e433.  

Maslowski, K. M., & Mackay, C. R. (2010). Diet, gut microbiota and immune 
responses. Nature Immunology, 12(1), 5–9.  

Murphy, E. A., Velazquez, K. T., & Herbert, K. M. (2015). Influence of high-fat 
diet on gut microbiota. Current Opinion in Clinical Nutrition and Metabolic 
Care, 18(5), 515–520.  

Musso, G., Gambino, R., & Cassader, M. (2010). Obesity, dsiabetes, and gut micro-
biota: The hygiene hypothesis expanded? Diabetes Care, 33(10), 2277–2284.  

Nazarenko, G. I., & Kishkun, A. A. (2000). Klinicheskaja ocenka rezul’tatov la-
boratornyh issledovanij [Clinical assessment of results of laboratory re-
search]. Medicina, Moscow (in Russian).  

Neves, A. L., Coelho, J., Couto, L., Leite-Moreira, A., & Roncon-Albuquerque, R. 
(2013). Metabolic endotoxemia: A molecular link between obesity and cardi-
ovascular risk. Journal of Molecular Endocrinology, 51(2), R51–R64.  

Novikov, V. E., & Levchenkova, O. S. (2013). Novye napravlenija poiska lekarst-
vennyh sredstv s antigipoksicheskoj aktivnostju i misheni ih dejstvija [Promi-
sing directions of search for antihypoxants and targets of their action]. Éksperi-
mentalnaya i Klinicheskaya Farmakologiya, 76(5), 37–47 (in Russian).  

Ozkan, H., & Yakan, A. (2019). Dietary high calories from sunflower oil, sucrose 
and fructose sources alters lipogenic genes expression levels in liver and ske-
letal muscle in rats. Annals of Hepatology, 18(5), 715–724.  

Ronai, E., Tretter, L., Szabados, G., & Horvath, I. (1987). The inhibitory effect of 
succinate on radiation-enhanced mitochondrial lipid peroxidation. Interna-
tional Journal of Radiation Biology and Related Studies in Physics, Chemi-
stry and Medicine, 51(4), 611–617.  

Round, J. L., & Mazmanian, S. K. (2009). The gut microbiota shapes intestinal 
immune responses during health and disease. Nature Reviews Immunology, 
9(5), 313–323.  

Ryabushko, M. M. (2013). Efektyvnist’ preparatu jantarnoi’ kysloty u hvoryh na 
hronichnyj nekal’kul’oznyj holecystyt u vikovomu aspekti [Efficacy of suc-
cinic acid in patients with chronic cholecystitis in age aspect]. Visnyk Prob-
lem Biolohii i Medytsyny, 102(1), 188–191 (in Ukrainian).  

Ryzhkova, G. F., Aleksandrova, E. V., Evglevskij, A. A., & Evglevskaja, E. P. 
(2011). Vlijanie biostimuljatorov na osnove jantarnoj kisloty na morfologiches-
kie i biohimicheskie pokazateli krovi cypljat-brojlerov [Influence of biostimula-
tors based on succinic acid on morphological and biochemical identicators of 
blood of broiler chickens]. Vestnik Kurskoj Gosudarstvennoj Selskohoz-
jajstvennoj Akademii, 5, 71–74 (in Russian).  

Sakamoto, M., Takeshige, K., Yasui, H., & Tokunaga, K. (1998). Cardioprotec-
tive effect of succinate against ischemia/reperfusion injury. Surgery Today, 
28(5), 522–528.  

Santacruz, A., Collado, M. C., García-Valdés, L., Segura, M. T., Martín-Lagos, 
J. A., Anjos, T., Martí-Romero, M., Lopez, R. M., Florido, J., Campoy, C., & 
Sanz, Y. (2010). Gut microbiota composition is associated with body weight, 
weight gain and biochemical parameters in pregnant women. British Journal 
of Nutrition, 104(1), 83–92.  

Seo, D.-B., Jeong, H. W., Cho, D., Lee, B. J., Lee, J. H., Choi, J. Y., Bae, I.-H., & 
Lee, S.-J. (2015). Fermented green tea extract alleviates obesity and related 

160 

https://doi.org/10.1016/j.etap.2014.01.010
https://doi.org/10.1016/j.etap.2014.01.010
https://doi.org/10.1016/j.etap.2014.01.010
https://doi.org/10.1016/j.etap.2014.01.010
https://doi.org/10.1038/nature12198
https://doi.org/10.1038/nature12198
https://doi.org/10.1038/nature12198
https://doi.org/10.1038/nature12198
https://doi.org/10.1016/j.foodres.2013.01.034
https://doi.org/10.1016/j.foodres.2013.01.034
https://doi.org/10.1016/j.foodres.2013.01.034
https://doi.org/10.1016/j.foodres.2013.01.034
https://doi.org/10.1142/s0192415x17500434
https://doi.org/10.1142/s0192415x17500434
https://doi.org/10.1142/s0192415x17500434
https://doi.org/10.1142/s0192415x17500434
https://doi.org/10.1186/s12866-017-1027-1
https://doi.org/10.1186/s12866-017-1027-1
https://doi.org/10.1186/s12866-017-1027-1
https://doi.org/10.1186/s12866-017-1027-1
https://doi.org/10.1186/s12866-017-1027-1
https://doi.org/10.18413/2313-8955-2015-1-3-164-171
https://doi.org/10.18413/2313-8955-2015-1-3-164-171
https://doi.org/10.18413/2313-8955-2015-1-3-164-171
https://doi.org/10.18413/2313-8955-2015-1-3-164-171
https://doi.org/10.14341/dm7704
https://doi.org/10.14341/dm7704
https://doi.org/10.14341/dm7704
https://doi.org/10.3892/ijmm.5.6.643
https://doi.org/10.3892/ijmm.5.6.643
https://doi.org/10.3892/ijmm.5.6.643
https://doi.org/10.1002/1099-0844(200009)18:3%3c153::aid-cbf858%3e3.0.co;2-q
https://doi.org/10.1002/1099-0844(200009)18:3%3c153::aid-cbf858%3e3.0.co;2-q
https://doi.org/10.1002/1099-0844(200009)18:3%3c153::aid-cbf858%3e3.0.co;2-q
https://doi.org/10.1016/s0026-0495(99)90017-3
https://doi.org/10.1016/s0026-0495(99)90017-3
https://doi.org/10.1016/s0026-0495(99)90017-3
https://doi.org/10.1177/0148607196020004251
https://doi.org/10.1177/0148607196020004251
https://doi.org/10.1177/0148607196020004251
https://doi.org/10.1073/pnas.0504978102
https://doi.org/10.1073/pnas.0504978102
https://doi.org/10.1073/pnas.0504978102
https://doi.org/10.1038/4441022a
https://doi.org/10.1038/4441022a
https://doi.org/10.15421/021908
https://doi.org/10.15421/021908
https://doi.org/10.15421/021908
https://doi.org/10.15421/021908
https://doi.org/10.15421/021888
https://doi.org/10.15421/021888
https://doi.org/10.15421/021888
https://doi.org/10.1039/c8fo02051e
https://doi.org/10.1039/c8fo02051e
https://doi.org/10.1039/c8fo02051e
https://doi.org/10.1039/c8fo02051e
https://doi.org/10.1152/ajpendo.1993.264.3.e434
https://doi.org/10.1152/ajpendo.1993.264.3.e434
https://doi.org/10.1152/ajpendo.1993.264.3.e434
https://doi.org/10.1016/s0899-9007(97)00077-4
https://doi.org/10.1016/s0899-9007(97)00077-4
https://doi.org/10.1016/s0899-9007(97)00077-4
https://doi.org/10.1152/ajpendo.1993.264.3.e428
https://doi.org/10.1152/ajpendo.1993.264.3.e428
https://doi.org/10.1152/ajpendo.1993.264.3.e428
https://doi.org/10.1152/ajpendo.1993.264.3.e428
https://doi.org/10.1038/ni0111-5
https://doi.org/10.1038/ni0111-5
https://doi.org/10.1097/mco.0000000000000209
https://doi.org/10.1097/mco.0000000000000209
https://doi.org/10.1097/mco.0000000000000209
https://doi.org/10.2337/dc10-0556
https://doi.org/10.2337/dc10-0556
https://doi.org/10.1530/jme-13-0079
https://doi.org/10.1530/jme-13-0079
https://doi.org/10.1530/jme-13-0079
https://doi.org/10.1016/j.aohep.2019.03.013
https://doi.org/10.1016/j.aohep.2019.03.013
https://doi.org/10.1016/j.aohep.2019.03.013
https://doi.org/10.1080/09553008414552141
https://doi.org/10.1080/09553008414552141
https://doi.org/10.1080/09553008414552141
https://doi.org/10.1080/09553008414552141
https://doi.org/10.1038/nri2515
https://doi.org/10.1038/nri2515
https://doi.org/10.1038/nri2515
https://doi.org/10.1007/s005950050177
https://doi.org/10.1007/s005950050177
https://doi.org/10.1007/s005950050177
https://doi.org/10.1017/s0007114510000176
https://doi.org/10.1017/s0007114510000176
https://doi.org/10.1017/s0007114510000176
https://doi.org/10.1017/s0007114510000176
https://doi.org/10.1017/s0007114510000176
https://doi.org/10.1089/jmf.2014.3265
https://doi.org/10.1089/jmf.2014.3265


 

Regul. Mech. Biosyst., 2020, 11(2) 

complications and alters gut microbiota composition in diet-induced obese 
mice. Journal of Medicinal Food, 18(5), 549–556.  

Shakhmardanova, S. A., Gulevskya, O. N., Khananashvili, Y. A., Zelenskaya, A. V., 
Nefedov, D. A., & Galenko-Yaroshevsky, P. A. (2016). Preparaty jantarnoj i 
fumarovoj kislot kak sredstva profilaktiki i terapii razlichnyh zabolevanij [Suc-
cinic and fumaric acid drugs for prevention and treatment of various diseases]. 
Zhurnal Fundamentalnoj Mediciny i Biologii, 3, 16–30 (in Russian).  

Shvets, O. M. (2011). The use of the new preparation “Amber bio-stimulator” to 
rising efficacy of vaccination against virus diseases of horned cattle. Veterinary 
Agriculture Animals, 6, 13–15.  

Simonova, N., Dorovskikh, V., Kropotov, A., Kotel’nikova, M., Shtarberg, M., 
Maysak, A., Chernysheva, A., & Kabar, M. (2018). Comparative effective-
ness of succinic acid and reamberin in the oxidative stress in experiment. 
Bulletin Physiology and Pathology of Respiration, 70(1), 78–82.  

Sun, L., Ma, L., Ma, Y., Zhang, F., Zhao, C., & Nie, Y. (2018). Insights into the 
role of gut microbiota in obesity: Pathogenesis, mechanisms, and therapeutic 
perspectives. Protein Cell, 9(5), 397–403.  

Tihomirova, O. V. (2005). Terapevticheskaja jeffektivnost’ preparata Reamberin 
u detej, bol’nyh ostrymi kishechnymi infekcijami, s vyrazhennymi simpto-
mami intoksikacii. Reamberin 1.5% rastvor dlja infuzij – primenenie v pedia-
tricheskoj praktike [Тherapeutic effectiveness of the medicine Reamberin in 
children who are ill with acute intestinal infections with expressed symptoms 
of intoxication. Remberin 1.5% solution for infusions – use in paediatric 
practice]. NTFF Polisan, Sankt-Peterburg (in Russian).  

Turnbaugh, P. J., Ley, R. E., Mahowald, M. A., Magrini, V., Mardis, E. R., & 
Gordon, J. I. (2006). An obesity-associated gut microbiome with increased 
capacity for energy harvest. Nature, 444, 1027–1031.  

Vahitov, H. M., Simonova, N. N., Generalova, E. V., Vahitova, L. F., Ibragimova, 
Z. R., & Olenev, N. V. (2014). Obmennye narushenija pri patologii organov 
dyhanija u detej i puti ih korrekcii s pomoshhju solej jantarnoj kisloty [Meta-
bolic disorders in pathology of respiratory organs of children and ways of 
correction using salts of succinic acid]. Vesnik Kazanskogo Tehnologi-
cheskogo Universiteta, 17(2), 236–238 (in Russian).  

Westergaard, N., Sonnewald, U., & Schousboe, A. (1994). Release of α-ketoglu-
tarate, malate and succinate from cultured astrocytes: Possible role in amino 
acid neurotransmitter homeostasis. Neuroscience Letters, 176(1), 105–109.  

Yu, J., Wang, Y., Qian, H., Zhao, Y., Liu, B., & Fu, C. (2012). Polyprenols from 
Taxus chinensis var. mairei prevent the development of CCl4-induced liver 
fibrosis in rats. Journal of Ethnopharmacology, 142(1), 151–160.  

Zadnipryany, I. V., Sataieva, T. P., Tretiakova, O. S., & Zukow, W. (2019). Myo-
cardial interstitial matrix as novel target for succinic acid treatment strategies 
during experimental hypobaric hypoxia. Russian Open Medical Journal, 
8(2), e0201.  

Zhang, H., DiBaise, J. K., Zuccolo, A., Kudrna, D., Braidotti, M., Yu, Y., Para-
meswaran, P., Crowell, M. D., Wing, R., Rittmann, B. E., & Krajmalnik-
Brown, R. (2009). Human gut microbiota in obesity and after gastric bypass. 
Proceedings of the National Academy of Sciences, 106(7), 2365–2370.  

Zolotykh, М. А. (2008). Obosnovanie primenenija jantarnoj kisloty dlja infuzion-
noi terapii u bol’nyh ostrym pielonefritom s cel’ju korrekcii pochechnoj 
ishemii [Application of succinic acid in the complex infusion therapy of pa-
tients with acute pyelonephritis m correction of renal ischemia]. Uralskaja 
Gosudarstvennaja Medicinskaja Akademija Dopolnitelnogo Obrazovanija, 
Cheljabinsk (in Russian).  

 
 

161 

https://doi.org/10.12737/article_5c126def73b749.24896834
https://doi.org/10.12737/article_5c126def73b749.24896834
https://doi.org/10.12737/article_5c126def73b749.24896834
https://doi.org/10.12737/article_5c126def73b749.24896834
https://doi.org/10.1007/s13238-018-0546-3
https://doi.org/10.1007/s13238-018-0546-3
https://doi.org/10.1007/s13238-018-0546-3
https://doi.org/10.1038/nature05414
https://doi.org/10.1038/nature05414
https://doi.org/10.1038/nature05414
https://doi.org/10.1016/0304-3940(94)90882-6
https://doi.org/10.1016/0304-3940(94)90882-6
https://doi.org/10.1016/0304-3940(94)90882-6
https://doi.org/10.1016/j.jep.2012.04.030
https://doi.org/10.1016/j.jep.2012.04.030
https://doi.org/10.1016/j.jep.2012.04.030
https://doi.org/10.15275/rusomj.2019.0201
https://doi.org/10.15275/rusomj.2019.0201
https://doi.org/10.15275/rusomj.2019.0201
https://doi.org/10.15275/rusomj.2019.0201
https://doi.org/10.1073/pnas.0812600106
https://doi.org/10.1073/pnas.0812600106
https://doi.org/10.1073/pnas.0812600106
https://doi.org/10.1073/pnas.0812600106

