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Abstract. 

Aim: Study of the effect of hydrolyzable tannins isolated from Euphorbia plants on 

alloxan-induced OS under in vivo conditions. Methodology: Polyphenols were isolated from 

Euphorbia plants using an extraction method, after which the effect of these polyphenols on 

malondialdehyde (MDA) and glutathione reductase (GR) activity under oxidative stress in rats 

was determined in vivo. Results: The data obtained show that the studied hydrolyzable tannins 

reduce the amount of MDA in organs and tissues to the control level under alloxan-induced OS 

conditions. It was also found that polyphenols 3GHG, 1GHG and geraniin restore GR activity, 

and 2DGG had virtually no effect on the restoration of enzyme activity in the blood plasma and 

pancreas under OS conditions. However, the studied hydrolyzable tannins provide feebly 

expressed influence on the restoration of GR activity in the liver of rats under OS conditions. 

Conclusions: Thus, these hydrolyzed tannins exhibit strong antioxidant properties when acting 

on the amount of MDA, but when the GR activity is restored, their activity is weakly expressed. 
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INTRODUCTION 

Oxidative stress (OS) develops as a result of a shift in the balance of the antioxidant-

prooxidant system in cells to the pro-oxidant side, and it can be systemic in nature or belong to a 

specific organ.An imbalance in this system causes DNA hydroxylation, protein denaturation, 

lipid peroxidation (LPO), and apoptosis, which ultimately leads to cell death [1]. OS is 

associated with many diseases, in particular cardiovascular, neurodegenerative, oncological, and 

others [2, 3, 4].Free radicals generated as a result of OS are involved in the transmission of 

electrophilic signals, act as second messengers, and indirectly influence the modulation of basic 

cellular processes such as autophagy, proliferation, and apoptosis [5]. In addition, the 

development of an imbalance between reactive oxygen species (ROS) and glutathione causes 

cell cycle and proliferation disorders [6]. It is worth noting that OS plays an important role in the 

physiological and pathological processes of the cell [7];in this case, the formation of a large 



number of LPO products leads to the development of the OS process and a decrease in the 

antioxidant defense system. 

The purpose of this work was to study the effect of hydrolyzable tannins (polyphenols) 

isolated from Euphorbia franchetii– 3-O-galloyl-4,6-hexahydroxydiphenoyl-β-D-glucose 

(3GHG), 2,3-di-O-galloyl-β-D-glucose (2DGG) and geraniin, as well as Euphorbia canescens 

(L.)– 1-O-galloyl-4,6-hexahydroxydiphenol-β-D-glucose (1GHG) on the production of 

malondialdehyde (MDA) and glutathione reductase (GR) activity (EC 1.6.4.2) in alloxan-

induced OS under in vivo conditions. 

MATERIALS AND METHODS 

Isolation of Polyphenols 

The total polyphenols isolated from the aerial part of E. franchetii contained 11 

compounds. Column chromatography over silica gel with elution by CHCl3:MeOH (methanol) 

(17:3, 17:4, and 17:5, successively) separated the total polyphenols into three fractions. 

Rechromatography over a column of silica gel from the third fraction with elution by MeOH 

solvents (MeOH 60% → MeOH 70%), MeOH: acetone:H2O (7:2:1 → 6:2:2 → 5:3:2) are isolated 

the following polyphenols: 3GHG, geraniin, and 2DGG. 

The extraction method was used to isolate polyphenols from the aerial parts of E. 

canescens using chloroform (CHCl3) and aqueous acetone. The latter extract was concentrated in 

vacuo. The aqueous residue was treated with ethyl acetate (EtOAc). The condensed EtOAc 

extract was treated with CHCl3. The resulting precipitates were filtered off to afford total 

phenolic compounds in 6.3% yield of the air-dried raw material. Total polyphenols were 

separated preliminarily by chromatography over a column of hide powder with elution by diethyl 

ether (Et2O), water, and aqueous acetone into two fractions. Chromatography from the aqueous 

acetone fraction over silica gel with elution by Et2O: EtOAc and pure EtOAc isolated from their 

physicochemical properties 1GHG and other polyphenols [8]. The purity of these polyphenols is 

90-95%. 

Preparation of the Tissue 

The experiments were carried out on albino male rats weighing 180-200 g. All animals 

were kept in standard vivarium conditions on a standard diet with free access to water and food. 

The experiments were carried out in compliance with the International Recommendations of the 

European Convention for the Protection of Vertebrate Animals used in Experimental Research 

(1998), and the Rules of Laboratory Practice for Conducting Laboratory Research at the 

Institute. The animals were divided into 6 groups: control and 5 experimental. Each group used 5 

rats. Intact rats were used as control (group I). Alloxan hydrate was administered 

intraperitoneally at a dose of 150 mg/kg to induce OS in animals [9]. Ramkumar and colleagues 



(2014) [9] showed that alloxanhydrate induces OS, causing LPO in other organs and tissues, 

along with the pancreatic β-cell. Based on this, alloxanhydrate was used to induce OS.Groups of 

experimental animals: Group II - group with OS; after exposure of animals to alloxanhydrate, 

from the first day of OS, polyphenols were given per os at a dose of 50 mg/kg for 10 days: group 

III - group receiving3GHG, group IV - group receiving2DGG, group V - group receiving1GHG 

and group VI - group receiving geraniin. On the 11th day of the experiment, the animals were 

decapitated, blood and internal organs - pancreas and liver - were taken. Blood was taken from 

animals with citrate buffer (1:9 ratio), centrifuged at 3000 rpm for 15 min, and blood plasma was 

separated. The homogenate was prepared from pancreatic and liver tissue using 0.9% 

physiological NaCl solution in a ratio of 1:10. 

Analytical techniques 

Determination of MDA in blood plasma and tissue homogenates [10]. To 1.0 ml of blood 

plasma or 4-four times diluted tissue homogenate, 0.1 M phosphate buffer (pH-7.6), 0.5 ml of 

30% TCA, and 2.0 ml of 0.8% TBA. The samples were placed in a boiling water bath for 15 

min; the tubes were covered with foil to prevent evaporation. After this, the precipitate that 

formed was separated by centrifugation for 10 minutes at 3000 rpm. The resulting supernatant 

was spectrophotometrically at λ=532 nm against a mixture of reagents (2.0 ml of phosphate 

buffer (pH-7.6), 0.5 ml of 30% TCA and 2.0 ml of 0.8% TBA). We calculated the content of 

TBA-active products based on the optical density using the formula. 

С=Ak/εl 

where A – optical density at λ=532 nm; k – dilution factor; ε– molar extinction coefficient 

for MDA-TBA complex at 532 nm to 1.56 × 10
5
 M

-1
 cm

-1
; l – optical path length 1 cm. 

GR activity was determined by the rate of glutathione reduction in a reaction medium 

containing 2.0 ml of 50 mM phosphate buffer (pH-7.4), 200 μl of 1.0 mM EDTA, 500 μl of 7.5 

mM oxidized glutathione, 200 μl of blood plasma or tissue homogenate, 100 µl NADPH [11]. 

Enzyme activity was determined by the loss of NADPH at 25°C for 10 min at λ=340 nm. 

Enzyme activity was expressed as a percentage. 

Statistics 

Statistical analysis was performed using Student’s t-test. Data are expressed as means ± 

SE. Values of P<0.05wereconsidered significantly different.  

RESULTS AND DISCUSSION  

The experiments studied the effect of polyphenols3GHG, 2DGG, 1GHG, and geraniin on 

the amount of MDA formed as a result of LPO in the blood plasma of rats under conditions of 

OS induced by alloxan hydrate (Fig. 1, A). According to the results obtained, the amount of 

MDA in the blood plasma of animals in the control group (group I) was 3.24 ± 0.14 nmol/mg 



tissue, while the amount of MDA in animals of group II was 15.2 ± 0.21 nmol/mg tissue. The 

amount of MDA in the blood plasma of animals of group III, receivingpolyphenol3GHG, was 

5.6 ± 0.4 nmol/mg tissue; in group IV, receiving2DGG, the amount of MDA was 3.7 ± 0.14 

nmol/mg tissue, and the amount of MDA in group V was 6.2 ± 0.77 nmol/mg tissue and in 

animals of group VI in the blood plasma the amount of MDA was 7.3 ± 0.21 nmol/mg tissue, 

which receiving the polyphenol geraniin. As can be seen from the results obtained, it was noted 

that correction of OS with polyphenols reduces the amount of MDA, a product of LPO, in the 

blood plasma of experimental animals at a statistically significant level. 

β-cells of the pancreas are a target for alloxan. In the presence of intracellular thiols, 

especially glutathione, alloxan generates ROS, which ultimately leads to β-cell death and reduces 

the pancreas antioxidant capacity [12]. Therefore, in subsequent experiments, the amount of 

MDA was determined in the pancreas tissue of experimental animals (Fig. 1, B). In the pancreas 

tissue, the amount of MDA in control animals was 11.8 ± 0.8 nmol/mg tissue, while the amount 

of MDA in group IIanimals induced with OS alloxan hydrate, was 23.4 ± 1.3 nmol/mg tissue.In 

experimental groups III-IV-V-VI with OS corrected by polyphenols, the following results were 

recorded: in group III, with the receiving of 3GHG, the amount of MDA was 12.7±1.1 nmol/mg 

tissue, in group IV, with the receiving of 2DGG, the amount MDA was 15.2±0.8 nmol/mg tissue, 

the MDA content in group V with the receiving of 1GHG was 12.6±1.2 nmol/mg tissue, and the 

MDA content in group VI, corrected with geraniin, was 13.4 ±0.7 nmol/mg tissue. The results 

obtained show that correction of OS induced by alloxan hydrate with polyphenols leads to a 

decrease in the amount of MDA in pancreatic tissue to the control level in experimental animals. 

In the organism, the liver is an important detoxifying organ, and therefore the amount of 

MDA formed as a result of LPO in alloxan hydrate-induced OS was studied in the liver 

tissue(Fig. 1, C). From the results obtained, it can be seen that the amount of MDA in control 

animals was 7.4 ± 0.98 nmol/mg tissue, while the amount of MDA in alloxan hydrate-induced 

OS was 23.2 ± 2.1 nmol/mg tissue. In animals of experimental groups III-IV-V-VI, the OS state 

of which was corrected with polyphenols, the following results were recorded. Under OS 

conditions, the amount of MDA in animals of group III was 7.6±0.7 nmol/mg tissue, corrected 

with 3GHG, and in group IV, corrected with 2DGG, the amount of MDA was 7.8±0.15 nmol/mg 

tissue, while the amount of MDA in group V, corrected with 1GHG, was 11.6 ± 0.7 nmol/mg 

tissue, and in animals of group VI, corrected with geraniin, the amount of MDA was 7.9 ± 0.6 

nmol/mg tissue. It can be seen that correction of the OS state with polyphenols reduced the 

amount of MDA in the liver tissue almost to the control level. 

 



 

 

Figure 1. Effect of polyphenols3GHG, 2DGG, 1GHG, and geraniin on MDA formation 

in plasma (A), pancreas (B), and liver (C) under alloxan hydrate-induced OS. Polyphenols were 

given orally at 50 mg/kg.*** - P<0,001, n=5.  

 

The results obtained showed that polyphenols isolated from plantsEuphorbia reduce the 

amount of MDA in blood plasma, pancreatic and liver tissues, preventing alloxan hydrate-

induced OS. It was noted that the amount of MDA in pancreatic and liver tissues is relatively 

higher than its amount in blood plasma. 

Subsequent studies examined GR activity. It has been established that GR plays an 

important role in the regulation and modulation of cell redox homeostasis. GR is an enzyme that 

reduces reduced glutathione (GSH), one of cells'most common reduced thiols. It has been shown 

that GSH is involved in regulating ROS in cells, thereby creating conditions for controlling 

intracellular redox processes and activating programmed cell death [13]. It has also been shown 

that the activity of glutathione enzymes and the level of GSH, along with lipoperoxidative 

enzymes, decreases in the liver under OS conditions [14]. 

Therefore, in the following experiments, the effect of polyphenols on the activity of the 

antioxidant enzyme GR in the blood plasma, pancreatic tissue and liver of experimental animals 

was studied under conditions of OS induced by alloxan hydrate (Fig. 2). Initially, the 

experiments studied the effect of polyphenols3GHG, 2DGG, 1GHG, and geraniin on the GR 

activity in blood plasma under OS conditions (Fig. 2, A). Based on the results obtained, it was 

established that GR activity in the blood plasma of rats of group II, which were administered 

alloxanhydrate, decreased by 34.2% (P<0.05) compared to the control. As a result of the 

administration of 3GHG to experimental animals of group III under OS conditions, GR activity 

in the blood plasma increased by 32.0% (P>0.05) compared to group II. In animals of group IV 

receiving2DGG, virtually no changes in GR activity in the blood plasma were observed 

compared to group II. At the same time, it was found that GR activity in the blood plasma of 

experimental animals receiving 1GHG in group V and geraniin in group VI under OS conditions 

increased by 44.0% (P<0.05) and 48.0% (P <0.05), respectively, compared to group II. 



In further experiments, we studied the effect of polyphenols3GHG, 2DGG, 1GHG, and 

geraniin on GR activity in pancreatic tissue under alloxan-dependent OS conditions (Fig. 2, B). 

Based on the results obtained, it was established that GR activity in the pancreas tissue of 

experimental animals of group II, which were administered alloxanhydrate, decreased by 53.5% 

(P<0.01) compared to the control. In group III, those receiving 3GHG, GR activity in the 

pancreas increased by 39.1% (P>0.05) compared to animals in group II, but no significant 

difference was observed. In experimental animals of group IV, which received the 2DGG in the 

pancreas under OS conditions, the same situation was observed as in the blood plasma, while 

practically no changes in GR activity were observed compared to that of group II. Under OS 

conditions, GR activity in the pancreas of experimental animals that received 1GHG in group V 

and received geraniin in group VI increased by 43.4% (P>0.05) and 78.1% (P<0.01), 

respectively, compared to group II. Thus, the studied polyphenols have different effects on GR 

activity in the pancreas under OS conditions. Polyphenols other than 2DGG showed a tendency 

to restore enzyme activity, and geraniin was shown to cause a significant change in GR activity. 

 

 

 

Figure 2. Effect of polyphenols3GHG, 2DGG, 1GHG, and geraniin on GR activity in 

plasma (A), pancreas (B), and liver (C) under alloxan hydrate-induced OS.*- P<0,05;**- P<0,01; 

***- P<0,001; n=5. 

 

In subsequent experiments, we studied the effect of polyphenols3GHG, 2DGG, 1GHG, 

and geraniin on GR activity in the liver of experimental animals under conditions of alloxan-

induced OS (Fig. 2, C). From the results obtained, it was established that GR activity decreased 

by 36.6% (P<0.001) in the liver of experimental animals of group II under OS conditions. It was 

found that GR activity in the liver of experimental animals receiving 3GHG increased by 23.2% 

(P<0.01) compared to group II. We also studied the GR activity in the liver of experimental 

animals of group IV who received 2DGG under OS conditions, it increased by 21.1% (P>0.05) 

compared to group II. We also determined the GR activity in the liver of experimental animals 



that received the 1GHG in group V and received the geraniin in group VI, it increased by 15.4% 

(P>0.05) and 25.0% (P<0.05), respectively, compared with group II. 

Consequently, under conditions of alloxan-induced OS, GR activity was reduced 

compared to the control. In experimental groups corrected with polyphenols, restoration of GR 

activity did not occur completely. However, polyphenols1GHG and geraniin caused a relative 

restoration of GR activity in blood plasma, no significant change in GR activity under the 

influence 3GHG was observed, and 2DGG had virtually no effect on the restoration of GR 

activity. Although the same situation was observed in the pancreas as in the blood plasma, the 

restoration of GR activity was more pronounced under the influence of geraniin. However, it has 

been shown that, under the influence of polyphenols, the restoration of GR activity in the liver 

occurs very slowly. Thus, although polyphenols belonging to the studied group of hydrolysable 

tannins inhibited the amount of MDA formed in the processes of LPO under conditions of 

alloxan-induced OS to the level of control indicators, however, changes in GR activity appeared 

in a scattered state. 

According to the literature, polyphenols are noncompetitive inhibitors of the GR enzyme 

[15], but they have been shown to increase the sensitization of cancer cells to drugs by inhibiting 

the binding of drugs to glutathione in cancer cells [16]. However, the literature reports that 

alloxan, in addition to the β-cells of the pancreas, has a direct effect on other organs, in particular 

the liver [17], and it is noted that it leads to an increase in the sinusoid in the liver tissue, micro - 

and macrovascular fatty degeneration in hepatocytes, steatohepatitis, and periportal fibrosis [18]. 

It can be seen that the slow restoration of GR activity in the liver in relation to the amount of 

MDA under OS conditions with polyphenols can be explained by destructive changes caused by 

alloxan. At the same time, it has been shown that in type I diabetes mellitus, the regenerative 

potential of the liver decreases due to changes in metabolic processes in hepatocytes [19],and 

under conditions of alloxan-induced OS, specific destructive conditions develop in the liver, 

which can lead to a slowdown in the restoration of tissues and cells in the process of correction 

of liver function by polyphenols. 

CONCLUSIONS 

It can be concluded that the hydrolyzable tannins studied in experiments reduce the 

amount of MDA in organs and tissues to the control level under alloxan-induced OS conditions. 

In this case, polyphenols attach to reactive free radicals caused by alloxan, which normalize the 

antioxidant system, ensuring its removal from the body. It was also found that polyphenols 

3GHG, 1GHG, and geraniin restore GR activity in the blood plasma and pancreas under OS 

conditions. However, the polyphenol 2DGG had virtually no effect on the restoration of GR 

activity in the blood plasma and pancreas under OS conditions. Among these polyphenols, 



1GHG and geraniin have been shown to be superior to other polyphenols in restoring GR activity 

in plasma. However, it has been established that polyphenols in the liver have little effect on the 

restoration of GR activity. 

REFERENCES 

1. Macvanin MT, Gluvic Z, Zafirovic S, Gao X, Essack M, Isenovic ER. The protective 

role of nutritional antioxidants against oxidative stress in thyroid disorders.Front Endocrinol 

(Lausanne). 2023; 13:1092837. doi: 10.3389/fendo.2022.1092837. 

2. Zhong S, Li L, Shen X, Li Q, Xu W, Wang X, et al. An update on lipid oxidation and 

inflammation in cardiovascular diseases.Free Radic Biol Med. 2019; 144:266-278. doi: 

10.1016/j.freeradbiomed.2019.03.036.  

3. Wang P, Xie K, Wang C, Bi J. Oxidative stress induced by lipid peroxidation is related 

with inflammation of demyelination and neurodegeneration in multiple sclerosis.Eur Neurol. 

2014;72(3-4):249-254. doi: 10.1159/000363515. 

4. Jelic MD, Mandic AD, Maricic SM, Srdjenovic BU. Oxidative stress and its role in 

cancer.J Cancer Res Ther. 2021;17(1):22-28. doi: 10.4103/jcrt.JCRT_862_16. 

5. Csala M, Kardon T, Legeza B, Lizák B, Mandl J, Margittai É, et al. On the role of 4-

hydroxynonenal in health and disease.Biochim Biophys Acta. 2015; 1852(5):826-838. doi: 

10.1016/j.bbadis.2015.01.015. 

6. Liu T, Sun L, Zhang Y, Wang Y, Zheng J. Imbalanced GSH/ROS and sequential cell 

death.J Biochem Mol Toxicol. 2022;36(1):e22942. doi: 10.1002/jbt.22942.  

7. Zaric BL, Macvanin MT, Isenovic ER. Free radicals: relationship to human diseases 

and potential therapeutic applications.Int J Biochem Cell Biol. 2023; 154:106346. doi: 

10.1016/j.biocel.2022.106346. 

8. Rakhimov RN, Abdulladzhanova NG, Kamaev FG. Phenolic compounds from 

Euphorbia canescens and E. franchetii. Chem Nat Compd. 2011; 47(2): 286-287. doi: 

10.1007/s10600-011-9907-3. 

9. Ramkumar KM, Vijayakumar RS, Vanitha P, Suganya N, Manjula C, Rajaguru P, et 

al. Protective effect of gallic acid on alloxan-induced oxidative stress and osmotic fragility in 

rats.Hum Exp Toxicol. 2014; 33(6):638-649. doi: 10.1177/0960327113504792. 

10. OrelNM, Novikov DA, Kukulianskaya TA, Gubich OI, Zyrianova TN, Korik EO, et 

al. Practicum on biochemistry.Ed.: NM Orel[et al]. - Minsk: BSU, 2015. - p. 139. 

11. Popov SS, Pashkov AN, Shulgin KK, Agarkov AA. The effect of melaxen on the 

activity of caspases and the glutathione antioxidant system in toxic liver injury. Acta Naturae. 

2014; 6(21):110-118.PMID: 25093118. 

12. Lenzen S. The mechanisms of alloxan- and streptozotocin-induced diabetes. 

Diabetologia. 2008; 51(2):216-226. doi: 10.1007/s00125-007-0886-7.  

13. Couto N, Wood J, Barber J. The role of glutathione reductase and related enzymes on 

cellular redox homoeostasis network.Free Radic Biol Med. 2016; 95:27-42. doi: 

10.1016/j.freeradbiomed.2016.02.028. 

14. El-Khawaga OA. Role of selenium on antioxidant capacity in methomyl-treated 

mice.J Physiol Biochem. 2005; 61(4):501-506. doi: 10.1007/BF03168375. 

15. Zhang K, Yang EB, Tang WY, Wong KP, Mack P. Inhibition of glutathione 

reductase by plant polyphenols.Biochem Pharmacol. 1997; 54(9):1047-1053. doi: 

10.1016/s0006-2952(97)00315-8. 

16. Zhang K, Wong KP, Chow P. Conjugation of chlorambucil with GSH by GST 

purified from human colon adenocarcinoma cells and its inhibition by plant polyphenols.Life Sci. 

2003; 72(23):2629-2640. doi: 10.1016/s0024-3205(03)00173-5. 

17. Szkudelski T, Kandulska K, Okulicz M. Alloxan in vivo does not only exert 

deleterious effects on pancreatic B cells.Physiol Res. 1998; 47(5):343-346.PMID: 10052602. 



18. Lucchesi AN, Cassettari LL, Spadella CT. Alloxan-induced diabetes causes 

morphological and ultrastructural changes in rat liver that resemble the natural history of chronic 

fatty liver disease in humans.J Diabetes Res. 2015; 2015:494578. doi: 10.1155/2015/494578. 

19. Rodimova S, Bobrov N, Mozherov A, Elagin V, Karabut M, Ermakova P, et al. The 

Effect of diabetes mellitus type 1 on the energy metabolism of hepatocytes: multiphoton 

microscopy and fluorescence lifetime imaging.Int J Mol Sci. 2023; 24(23):17016. doi: 

10.3390/ijms242317016. 


