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Abstract 

Introduction. There are evidence that oxidative stress is involved in the pathogenesis 

of the acute generalized peritonitis and diabetes mellitus. 

The aim of study was to examine levels of the products of lipid peroxidation and the 

antioxidants in rats with experimental acute generalized peritonitis against the background of 

streptozotocin-induced diabetes. 

Material and methods. The experiment was performed on 66 adult white male rats 

weighing 220-300 g. Diabetes mellitus in experimental animals was simulated by a single 

intraperitoneal injection of streptozotocin (Sigma) at the dose of 60 mg/kg. Acute generalized 

peritonitis was induced with 10% faecal suspension in a dose of 0.5 ml per 100 g of animal 

weight in the abdominal cavity of laboratory animals by puncture method. The thiobarbituric 

acid reactive substances (TBARS), lipid hydroperoxides (LOOHs), superoxide dismutase 

(SOD) activity, catalase (CAT) and ceruloplasmin (CP) were estimated and compared. 

Results. Our results showed that during all stages of development of acute generalized 

peritonitis on the background of streptozotocin-induced diabetes there is the LOOHs decrease 

and the TBARS increase. We observed statistically significant inverse correlations between 

http://dx.doi.org/10.12775/JEHS.2021.11.06.027
https://apcz.umk.pl/czasopisma/index.php/JEHS/article/view/JEHS.2021.11.06.027
https://zenodo.org/record/5213931
mailto:danaverveha@gmail.com


250 

 

the level of LOOHs and SOD in the animals of subgroup 1 (r = -0.88; p <0.05) and inverse 

correlations between the TBARS level and the SOD level in the subgroup 3 of animals (r = -

0.74; p <0.05). We also found a statistically significant inverse correlation between the CAT 

level and the TBARS level (r = -0.86; p <0.05) and between the CP level and the TBARS 

level in the blood of animals in the subgroup 3 (r = -0.87; p <0.05). 

Conclusion. Negative statistically significant correlations between the TBARS level 

and the antioxidants (SOD, CAT, CP) in the blood of animals with acute generalized 

peritonitis on the background of streptozotocin-induced diabetes indicate a predictor role of 

lipid peroxidation processes in the depletion of antioxidant resources. 

Key words: acute generalized peritonitis; streptozotocin-induced diabetes; lipid 

peroxidation; antioxidant defense system; correlation analysis. 

 

Global prevalence of diabetes is progressively increasing, and it is expected that 578 

million people will have diabetes in 2030 and the number will increase to 700 million in 

2045. [1]. The number of patients with acute peritonitis on the background of diabetes 

mellitus (DМ) is constantly growing respectively [2]. Peritonitis due to a decrease in 

immunity and inhibition of the plastic properties of tissues in DM quickly becomes 

generalized with the development of sepsis with multiple organ failure [3] giving a mortality 

rate of 11 % [4]. Generalized peritonitis is one of the reasons that increase oxidative stress 

(imbalance between the prooxidant and antioxidant levels in favour of prooxidants) in the 

body. Increased lipid peroxidation (LPO), an indicator of oxidative stress, is mediated the 

harmful effects of oxidative stress in the body [5, 6, 7, 8]. Moreover, oxidative stress plays an 

important role in the development of DM by imbalance of reactive oxygen species 

production, and has close relationship with inflammation [9]. 

Establishing of the interaction between the products of LPO and the antioxidant 

defense system (ADS) provides an opportunity to clarify the metabolic pathways of the 

pathogenesis of acute peritonitis in conditions of concomitant DM. 

The aim of this study was to examine levels of the products of LPO and the 

antioxidants in rats with experimental acute generalized peritonitis (AGP) against the 

background of streptozotocin (STZ) – induced diabetes. 

Material and methods. Experimental studies were performed on 66 adult white male 

rats weighing 220-300 g. The rats were divided into main and control groups. The main group 

– animals with simulated AGP against the background of STZ-induced diabetes (n=56). 

Control group consisted of rats (n=8), which were injected with physiologic sline (0.9 % 
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NaCl) only. The animals of the main group were divided into 3 subgroups: subgroup 1 

(diabetic rats on the 1st day of the AGP), subgroup 2 (diabetic rats on the 3rd day of the 

AGP), and subgroup 3 (diabetic rats on the 7th day of the AGP). These terms correspond to 

the reactive, toxic and terminal stages of peritonitis. 

Rats had free access to food and water while living conditions included constant 

ambient temperature (23±1 °C and 50±5 % humidity) and a 12-h light-dark cycle. The 

animals were cared for in accordance the Law of Ukraine No3447-ІV "On the protection of 

animals from cruel treatment" [10] and in accordance with the EU Directive of 10/10/2010 on 

the protection of vertebrates animals used for experimental and other scientific purposes [11]. 

DМ induced by a single intraperitoneal injection of STZ (Sigma, USA) at a dose of 60 

mg/kg body weight [12]. STZ is an antibiotic that causes pancreatic islet β-cell destruction 

and is widely used experimentally to produce a model of type 1 DM [13]. Two week 

following injection, blood glucose levels were monitored by Accu-check glucometer (Roche, 

USA). Blood glucose level of rats is higher than 300 mg/dL were considered diabetic. 

On day 14 of development of the experimental model of diabetes, peritonitis was 

induced in 56 rats (96.6 %) using a 10% faecal suspension in a dose of 0.5 ml per 100 g of 

animal weight in the abdominal cavity of laboratory animals by puncture method [14]. The 

faecal suspension was prepared by mixing isotonic solution and the contents of the cecum of 

intact animals, then it was filtered through gauze in order to permit free passing through the 

interior of the needle in the direction of the cavity. 

To assess the states of the LPO and ADS, the contents of the following parameters 

were determined: thiobarbituric acid reactive substances (TBARS), lipid hydroperoxides 

(LOOHs), superoxide dismutase (SOD) activity, catalase (CAT) activity, as well as 

ceruloplasmin (CP) [15, 16]. 

Statistical analysis was performed using Statistica 6.0 and GraphPad Prism version 5.0 

for Windows. The collected and calculated data are expressed as mean ± standard deviation 

(S.D.). Pearson's correlation coefficient was applied to find correlations (r) among continuous 

variables. Results were considered significant at p<0.05. 

Results. We included 8 rats to subgroup 1 and 8 rats to subgroup 2 from the main 

group on the first and third days after the introduction of faecal suspension. Mortality in the 

main group of animals in these terms of the study, which were corresponded to the reactive 

and toxic stage of peritonitis on the background of diabetes, was 23.2 % and 31.4 %. On the 

seventh day of modelling of combined pathology (terminal stage of peritonitis), mortality was 
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37.5 %. Survival rats were randomly included into the subgroup 3 (n=8) to obtain statistically 

significant study results. 

Levels of TBARS and LOOHs in the blood examined are presented in Figure 1. The 

concentration of TBARS was 2.1 times higher in subgroup 1 as compared to control group. 

Similarly, LPO was 3.4 times higher (concentration of TBARS) in the subgroup 2 and 7.8 

times higher in the subgroup 3 when compared to control group (p<0.05). The maximum 

content of TBARS (almost 3.8 times higher than in subgroup 1 and almost 2.3 times higher 

than in subgroup 2) was observed on the 7th day after the introduction of faecal suspension in 

the animals of the subgroup 3.  

The concentration of LOOHs was 5.7 times higher in subgroup 1 when compared to 

control group. However, the LOOHs level during all terms of development of AGP on the 

background STZ-induced diabetes decreased (p < 0.05). The lowest LOOHs level was 

observed in the subgroup 3. This product of the LPO was almost 1.5 times lower than in 

subgroup 1 and almost 1.4 times lower as compared to subgroup 2. 
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Figure 1. Lipid peroxidation content in the blood of rats with AGP on the background 

STZ-induced diabetes as compared to control group. Values are expressed as mean ± S.D. 

(n=8). # p < 0.05 to control group; ## p < 0.05 to subgroup 2; * p < 0.05 to subgroup 3. 

 

The SOD activity in all samples examined subgroups was significantly decreased 

(p<0.05), versus the activity of the enzyme in control group (Fig. 2). Moreover, SOD activity 
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in blood was lower in rats of the subgroup 3 as compared to the subgroup 1 and as compared 

to the subgroup 2 (p<0.05). 
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Figure 2. SOD levels in the blood of rats with AGP on the background STZ-induced 

diabetes as compared to control group. Values are expressed as mean ± S.D. (n=8). # p < 0.05 

to control group; ## p < 0.05 to subgroup 2; * p < 0.05 to subgroup 3. 

 

Levels of CAT activity and CP in all subgroups of animals with AGP on the 

background of STZ-induced diabetes were higher as compared to the corresponding 

indicators in the control group. During all terms of the study in combined pathology, we 

observed a decrease in CAT activity of blood and CP, but even on the 7th day of the 

development of AGP on the background of diabetes (subgroup 3), these markers were higher 

than controls (Fig. 3). The present study indicates that the increase in CAT activity in 

subgroup 1 was related with adaptive-compensatory reactions in response to the 

intensification of LPO. 
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Figure 3. CAT level and CP concentration in the blood of rats with AGP on the 

background STZ-induced diabetes. Values are expressed as mean ± S.D. (n=8). # p < 0.05 to 

control group; ## p < 0.05 to subgroup 2; * p < 0.05 to subgroup 3. 

 

After analysing the correlation between the products of LPO and antioxidants in 

animals with combined pathology, we found a statistically significant inverse correlation 

between the LOOHs level and the TBARS level in the blood of animals in the subgroup 2 (r = 

-0.82; p <0.05) and in subgroup 3 (r = -0.76; p <0.05) (Fig. 4).  

 

Figure 4. Correlation analysis between the TBARS and the LOOHs in the blood of rats 

with AGP on the background STZ-induced diabetes 

 

We also found statistically significant inverse correlations between the level of 

LOOHs and SOD in the animals of subgroup 1 (r = -0.88; p <0.05) and inverse correlations 

between the TBARS level and the SOD level in the subgroup 3 (r = -0.74; p <0.05) (Fig. 5).  
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Figure 5. Correlation analysis between SOD activity and products of LPO in the blood 

of rats with AGP on the background STZ-induced diabetes. 

 

 After analyzing the correlation between the antioxidants and the TBARS level 

in the blood of animals with combined pathology, we found a statistically significant inverse 

correlation between the CAT level and the TBARS level (r = -0.86; p <0.05) and between the 

CP level and the TBARS level in the blood of animals in the subgroup 3 (r = -0.87; p <0.05). 

This only confirms the fact that with the increase of oxidative processes, antioxidant 

protection is depleted (Fig. 6). 

 

 

Figure 6. A. Correlation analysis between CAT activity and TBARS in the blood of 

rats with AGP on the background STZ-induced diabetes. B. Correlation analysis between CP 

and TBARS in the blood of rats with AGP on the background STZ-induced diabetes. 

 

Discussion. Any imbalance between the reactive oxygen species and antioxidants 

leads to produce a condition known as “oxidative stress” that results in the development of 

wide range of diseases including diabetes and peritonitis. To date, the role played by 

interaction between the products of LPO and the ADS in the patient with AGP on the 

background of DM has not been fully investigated. Kashafeeva et al. found a decrease in LPO 
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of the peritoneum in inflammation [17]. Some study demonstrated increased LPO levels and 

oxidative stress in peritonitis [18, 19]. Our results showed that during all stages of 

development of AGP on the background of STZ-induced diabetes there is the LOOHs 

decrease and the TBARS increase. The highest TBARS concentration value in the subgroup 

3, indicates an intensified process of LPO on the 7th day of combined pathology.  

SOD and CAT respectively protect the cell against reactive oxygen species by 

scavenging superoxide radical and H2O2, which cause damage to the structure and function 

of membrane [20]. We observed reduced levels of SOD activity during development of 

combined pathology. The present study contrasts with the findings of Chen et al. [21] who 

found low SOD values and the continuous increase in animals with peritonitis. The increased 

mean CAT levels in the subgroup 1 may be explained on the basis that increased free radical 

production may enhance the ADS which counterbalances the prooxidant environment. 

We also observed statistically significant inverse correlations between the level of 

LOOHs and SOD in the animals of subgroup 1. Furthermore, in the current study, we also 

found that TBARS were negatively correlated with the antioxidants (SOD, CAT, CP) in the 

animals of subgroup 3. That is, throughout the experimental modelling of AGP on the 

background of STZ-induced diabetes, the increase in LPO processes was accompanied by 

depletion of antioxidant resources. 

Conclusion. Negative statistically significant correlations between the TBARS level 

and the antioxidants (SOD, CAT, CP) in the blood of animals with AGP on the background of 

STZ-induced diabetes indicate a predictor role of LPO processes in the depletion of 

antioxidant resources. 

 

REFERENCES 

1. Saeedi P, Petersohn I, Salpea P et al. Global and regional diabetes prevalence 

estimates for 2019 and projections for 2030 and 2045: Results from the International Diabetes 

Federation Diabetes Atlas, 9th edition. Diabetes research and clinical practice. 

2019;157:107843. 

2. Grynchuk FV, Grynchuk A.F. Comparative characteristics of proteolytic 

activity in case of experimental peritonitis and its development on the background of diabetes 

mellitus. Mìžnarodnij endokrinologìčnij žurnal. 2019;15(3):196-201. DOI: 10.22141/2224-

0721.15.3.2019.172104 

3. Kondratenko GG, Ignatovich IN, Tatur АА. Diabetes mellitus in surgery. – 

MN.: BSMU, 200;22 p. Russian. 



257 

 

4. Dejeu D, Dejeu V, Babeș A. Acute Abdomen in Diabetic Patients – Analysis of 

Complications and Mortality. Romanian Journal of Diabetes Nutrition and Metabolic 

Diseases. 2014;21(4):277-284. DOI: 10.2478/rjdnmd-2014-0034 

5. Dalbasi E, Gedik E, Tuzun A, Obay BD. Correlation of Malondialdehyde and 

Antioxidant Enzyme Levels with Peritonitis Severity in Patients with Generalized Peritonitis. 

Dicle Medical Journal / Dicle Tip Dergisi. 2020;47(2):293-303. DOI:10.5798/dicletip.755706 

6. Savytskyi IV, Znamerovsky SG, Dzygal O F. The role of lipid peroxidation in 

the pathogenesis of experimental peritonitis. Journal of Education, Health and Sport. 

2020;10(7):389-395. eISSN 2391-8306. DOI 

http://dx.doi.org/10.12775/JEHS.2020.10.07.041 

7. Mammadova ET. Endogenous intoxication indicators in advanced peritonitis 

and their correction. Klinichna khirurhiia. 2021;88(1-2):39-44. DOI: 10.26779/2522-

1396.2021.1-2.3 Russian. 

8. Dziubanovskyi IY, Verveha BM, Pidruchna SR, Melnyk NA. (2019). Features 

of the state of prooxidant system with experimental peritonitis against the background of 

diabetes. Medical and Clinical Chemistry. 2019;4:66–71. DOI 10.11603/mcch.2410-

681X.2018.v0.i4.9799 Ukrainian. 

9. Avelar TMT, Storch AS, Castro LA, Azevedo GVMM, Ferraz L, Lopes PF. 

Oxidative stress in the pathophysiology of metabolic syndrome: which mechanisms are 

involved? J. Bras. Patol. Med. Lab. 2015;51:231-239. DOI: 10.5935/1676-2444.20150039  

10. Pro zakhyst tvaryn vid zhorstokoho povodzhennia: Zakon Ukraiiny No. 3447-

IV. 21.02.2006. URL: http://zakon4.rada.gov.ua/laws/show/3447-15 Ukrainian. 

11. European Convention for the protection of vertebrate animals used for 

experimental and other scientific purposes ETS No.123. Strasbourg, 1986. URL: 

http://conventions.coe.int/treaty/en/treaties/html/123.htm 

12.  Ramos-Lobo AM, Buonfiglio DC, Cipolla-Neto J. Streptozotocin-induced 

diabetes disrupts the body temperature daily rhythm in rats. Diabetology & Metabolic 

Syndrome. 2015;7, 39. DOI: 10.1186/s13098-015-0035-2 

13. Furman BL. Streptozotocin-Induced Diabetic Models in Mice and Rats. Curr 

Protoc. 2021;1(4):e78. DOI: 10.1002/cpz1.78. PMID: 33905609. 

14. Lazarenko VA, Lipatov VA, Blinkov YuYu, Skorikov DV. [Experimental 

model of diffuse fecal peritonitis]. Kurskiy nauchno-prakticheskiy vestnik “Chelovek i ego 

zdorov'e”. 2008;4:129-133. Russian. 

https://www.researchgate.net/journal/Romanian-Journal-of-Diabetes-Nutrition-and-Metabolic-Diseases-2284-6417
https://www.researchgate.net/journal/Romanian-Journal-of-Diabetes-Nutrition-and-Metabolic-Diseases-2284-6417
https://doi.org/10.2478/rjdnmd-2014-0034
https://www.researchgate.net/journal/Dicle-Medical-Journal-Dicle-Tip-Dergisi-1300-2945
http://dx.doi.org/10.5798/dicletip.755706
http://dx.doi.org/10.12775/JEHS.2020.10.07.041
https://doi.org/10.5935/1676-2444.20150039
http://zakon4.rada.gov.ua/laws/show/3447-15


258 

 

15. Andreeva L, Kozhemiakin L, Kishkun A. Modification of the method of 

determining lipid peroxidation in a test using thiobarbituric acid. Lab. delo 1988;11:41-43. 

Russian. 

16. Goryachkovskiy AM. Klinicheskaya biokhimiya v laboratornoy diagnostike 

[Clinical biochemistry in laboratory diagnostics]. 3-e izd., ispr. i dopol. Odessa: Ekologiya; 

2005:616 p. Russian. 

17. Kashafeeva AA, Gajmolenko SG. Dynamics of indicators of peroxidative 

stress and morphology of the peritoneum in rats with peritonitis. Zabajkal'skij medicinskij 

vestnik. 2018;3:30-36. Russian. 

18. Altincik A, Sönmez F, Yenisey C, et al. Effects of Aloe vera leaf gel extract on 

rat peritonitis model. Indian J. Pharmacol. 2014;46(3):322-327. doi:10.4103/0253-

7613.132184 

19. Verba RV, Klishch IM. The state of free-radical oxidation and antioxidant 

system at the experimental acute peritonitis associated with hypothyroidism. Medical and 

Clinical Chemistry. 2017;4:23–28. DOI 10.11603/mcch.2410-681X.2016.v0.i4.7251 

20. Patil VS, Patil VP, Gokhale N, Acharya A, Kangokar P. Chronic Periodontitis 

in Type 2 Diabetes Mellitus: Oxidative Stress as a Common Factor in Periodontal Tissue 

Injury. J Clin Diagn Res. 2016 Apr;10(4):BC12-6. doi: 10.7860/JCDR/2016/17350.7542. 

21. Chen, L., Cao, D.Y., Liu, E.H., Xiao, C.X., Xiong, M.R. and Kou, Q.Y. (2017) 

Rat Model of Cecal Ligation and Puncture versus Colon Ascendens Stent Peritonitis: 

Comparative Study for Oxidative Stress. Advances in Infectious Diseases, 7, 80-92. 

DOI: 10.4236/aid.2017.73009 

 

https://doi.org/10.4236/aid.2017.73009

	Levels of CAT activity and CP in all subgroups of animals with AGP on the background of STZ-induced diabetes were higher as compared to the corresponding indicators in the control group. During all terms of the study in combined pathology, we observed...
	Figure 3. CAT level and CP concentration in the blood of rats with AGP on the background STZ-induced diabetes. Values are expressed as mean ± S.D. (n=8). # p < 0.05 to control group; ## p < 0.05 to subgroup 2; * p < 0.05 to subgroup 3.

