
713Published by Bali Medical Journal | Bali Medical Journal 2021; 10(2): 713-716 | doi: 10.15562/bmj.v10i2.2227

ORIGINAL ARTICLE

ABSTRACT

Effect of glutathione administration as 
adjuvant therapy to NO and MDA level in 

Wistar rat peritonitis model

Ivani Yunita Korwa1*, Mulflihatul Muniroh2, Tri Nur Kristina3, 
Agung Aji Prasetyo4, Endang Mahati5

Background: Excessive amounts of free radicals beyond the antioxidant levels in the body will cause a condition called 
oxidative stress. Nitric oxide (NO) and malondialdehyde (MDA) are produced under conditions of oxidative stress. Glutathione 
(GSH) is the most endogenous antioxidant synthesized in humans. Therefore this study aims to prove whether the 
administration of glutathione as an adjuvant therapy can reduce levels of NO and MDA in peritonitis. 
Methods: This is an experimental study with a post-test-only control group design. Twenty-four Wistar rats were randomly 
divided into four groups (6 rats/group). The first group (C) was a control group. The second group (P) was induced by 
peritonitis. The third group (P+Cef) was peritonitis-induced groups with given Ceftriaxone injection as therapy. The fourth 
group (P+Cef+Glu) was peritonitis-induced groups with given Ceftriaxone injection and glutathione as adjuvant therapy. 
After 24 hours, blood samples were taken for examination of NO and MDA levels. Data is considered significant if the p-value 
<0.05.
Results: There was a significant increase in NO level from Group 2 to Group 4 (P<0,05). There were no significant differences 
between MDA levels groups (P>0,05). 
Conclusion: Glutathione as adjuvant therapy is not adequate to reduce NO and MDA levels in peritonitis. 
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INTRODUCTION
Peritonitis is a condition when there is 
microbial contamination in the peritoneal 
cavity.1 Inflammation plays a crucial role in 
the defense response of the immune system 
against pathogen infection. Following 
the pathophysiology of peritonitis, when 
an inflammatory response is initiated by 
the binding of bacteria products (such as 
cell wall components to immune system 
receptors or receptors on endothelial 
cells), proinflammatory cytokines 
will release. This process results in the 
increasing production of reactive oxygen 
species (ROS).2 

Oxidative stress is a general term for 
cellular damage caused by an imbalance 
between ROS and antioxidants levels, 
excessive amounts of ROS beyond the 
antioxidant levels in the body.  Elevated 
ROS can produce cell dysfunction.2,3 

Excessive reactions from this process can 
cause systemic inflammatory response 
syndrome (SIRS), sepsis or sepsis 
shock.2 Nitric oxide (NO) and MDA are 
produced when oxidative stress occurs.3-6 
Patients with sepsis are exposed to severe 
oxidative stress, resulting from an oxidant-
antioxidant imbalance.4 The oxidant and 
antioxidant state in septic patients has been 
evaluated in a recent study. They found that 
sepsis correlated with the severity of illness 
and patient outcome with the imbalance of 
oxidant and antioxidant levels.7 

Glutathione (GSH) is the primary 
antioxidant supporting redox cells. It 
has been found in almost all parts of 
the cell: cytosol, endoplasmic reticulum 
and mitochondria.2 Tripeptide GSH 
(-glutamyl-cysteinyl glycine) is a 
compound that is abundant in tissues.8 
Glutathione performs various functions. 

The primary protective roles of GSH 

against oxidative stress are: (i) it is a 
cofactor of several detoxifying enzymes 
against oxidative stress, e.g., Glutathione 
peroxidase and GSH transferase, (ii) 
it participates in amino acid transport 
through the plasma membrane, and it 
scavenges ∙OH and singlet oxygen directly, 
detoxifying H2O2 and lipid peroxides by 
the catalytic action of GPx.2 

The administration of glutathione as an 
antioxidant supplement is expected to be 
an additional availability of antioxidants 
inside the body in dealing with oxidative 
stress in patients with peritonitis. It is 
hoped that it will prevent the patient from 
falling into a state of sepsis by preventing 
oxidative stress. This study determined 
the NO and MDA level in peritonitis with 
the administration of glutathione as an 
adjuvant therapy.
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were determined using an ELISA kit that 
was manufactured by Elabscience®. The 
analysis was following the instructions 
that were provided by the manufacture. 
The analysis was executed in GAKI 
Laboratorium, Diponegoro University, 
Semarang, Indonesia. The results were 
expressed as μg/L and μmol/L respectively 
for NO and MDA. 

Statistical Analysis
Data analysis was performed using 
Statistical Package for Social Sciences 
(SPSS), Version 26.0 for Mac Software.  
Nitric oxide levels data were compared 
using the t-test for impaired data 
with an analysis of variance ANOVA. 
Malondialdehyde levels data were 
compared using the t-test for impaired 
data with an analysis of variance Kruskal-
Wallis test. Data were considered 
significant if the p-value was < 0.05.

RESULT
All Wistar rats survived in this study. The 
NO and MDA levels in the experimental 

group are shown in Table 1. The highest 
average of NO levels was achieved in 
Group 4 (P + Cef + Glu), while Group 2 
(P) was the lowest. Group 2 (P + Cef + 
Glu) achieved the highest MDA levels, 
while the lowest was Group 1 (C). 

There were significant differences 
between NO levels groups (p=0,013, 
p<0.05). There were no significant 
differences between MDA levels groups 
(p=0,342, p>0.05). 

We found that there was an 
enhancement of MDA level from Group 
1 (C) to Group 2 (P), but there was 
decreasing in MDA level from Group 2 
(P) to Group 3 (P + Cef). In contrast, there 
was decreasing in NO level from Group 
1 (C) to Group 2 (P), but there was an 
enhancement of  NO level from Group 2 
(P) to Group 3 (P + Cef) that as shown in 
Figure 1. 

Based on Bonferroni’s multiple 
comparison tests, there is a significant 
increase of NO levels between Group 2 (P)  
and Group 4 (P + Cef + Glu) (Table 2). 

METHOD
Experimental Animals
Twenty-four male Wistar rats weighing 
between  200 and 300 g were used in this 
experiment (inbreed at Animal house of 
Setia Budi University, Solo, Indonesia). 
The Wistar rats were kept under standard 
laboratory conditions at the Animal 
Laboratory of Setia Budi University, Solo, 
Indonesia. The samples were kept at room 
temperature between 26 – 30°C with a 12 h 
light/dark cycle. All animals were fed with 
commercial rat feed and water ad libitum. 
Animal Ethics Committee of Faculty 
of Medicine, Diponegoro University, 
Semarang, Indonesia, approved this 
study (protocol number: 30/EC/H/FK-
UNDIP/V/2020). 

Peritonitis Induction
Peritonitis was induced with Escherichia 
coli suspension 107 CFU/ml as much as 1.5 
ml intraperitoneally.

Animal Group and Study Design 
The animals were divided into four 
groups; each group consists of 6 rats. The 
first group (C) was the control group that 
was not induced by peritonitis. The second 
group (P) was induced by peritonitis. The 
third group (P + Cef) was the peritonitis-
induced group with Ceftriaxone (186 
mg/kg of body weight) administration 
(intravenously) at 1 hour after peritonitis 
induction. The last group (P + Cef + 
Glu) was the peritonitis-induced group 
with Ceftriaxone and Glutathione (250 
mg/kg of body weight) administration 
(intravenously) at 1 hour after induction of 
peritonitis. The doses of Ceftriaxone and 
Gluthatione were calculated and converted 
from human to rat doses. The route and 
method of administration have also been 
adjusted to the guidelines for maximum 
injection volume by species, site location 
and gauge size.9 Twenty-four hours after 
all treatments were carried out, and all 
blood samples were collected to determine 
NO and MDA levels. After blood sample 
collecting, the rats were killed.
 
Nitric oxide and MDA Level 
Determination
Nitric oxide levels were determined using 
the NO Assay kit that was manufactured 
by Elabscience®.  Malondialdehyde levels 

Table 1.	 Data Distribution of  the NO and MDA Levels in Experimental Group

Group 

NO Level MDA Level

Mean+SD (μg/L) p value 
(ANOVA) Mean+SD (μmol/L) p value 

(ANOVA)

C 19,4425 + 3,79270

0,013*

121,7775 + 14,75361

0,342
P 13,0750 + 5,38973 146,4100 + 23,05485

P + Cef 21,3000 + 6,43532 126,3800 + 31,08644
P+ Cef + Glu 29,0500 + 6,37626 144,8750 + 18,80916

NO = Nitric oxide, MDA = Malondyaldehide, C = Control, P = Peritonitis, P + Cef = Peritonitis + 
Ceftriaxone, P + Cef + Glu = Peritonitis + Ceftriaxone + Glutathione. *= p value < 0,05. 

NO = Nitric oxide, MDA = Malondyaldehide, Group 1 = C (Control), Group 2 = Perironitis (P), 
Group 3 = Peritonitis + Ceftriaxone (P + Cef), Group 4 = Peritonitis + Ceftriaxone + Glutathione 
(P + Cef + Glu)

Figure 1.	 Line Diagram of NO and MDA Levels.
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http://dx.doi.org/10.15562/bmj.v10i2.2227


715Published by Bali Medical Journal | Bali Medical Journal 2021; 10(2): 713-716 | doi: 10.15562/bmj.v10i2.2227

ORIGINAL ARTICLE

DISCUSSION
Following the theoretical basis discussed 
earlier, NO and MDA are both produced 
when oxidative stress occurs. However, in 
this study, we found an increase of MDA 
levels accompanied by decreasing NO 
levels in Group 2 (P). These results are 
similar to El-Ashker et al., who compared 
MDA levels in horses with peritonitis 
(survivors and non-survivors). They 
found a significant increase in MDA levels 
(p <0.05) and a significant decrease in NO 
levels in the non-survivor group compared 
to the survivor group.10 These results were 
also similar to Mishra et al. Regarding NO 
and MDA levels in DM patients type 2. 
Oxidative stress has become an actual entity 
in the etiopathogenesis of type 2 diabetes 
mellitus (DM). They found an increase in 
MDA levels and decreased NO levels in 
patients with DM compared to the control 
group (non-DM). Malondialdehyde 
(MDA) levels show a significant positive 
correlation with plasma glucose. NO levels 
correlate significantly with plasma glucose 
levels.11 During the inflammatory process, 
there will be the release of inflammatory 
mediators between TNF-á. Tumor necrosis 
factor-á (TNF-á) is mainly produced 
in adipocytes and/or peripheral tissue. 
Increased TNF-α levels induce insulin 
resistance in adipocytes and peripheral 
tissues by interfering with insulin signaling 
through serine phosphorylation, leading 
to insulin resistance development.12 Serum 
phosphorylation of insulin substrate-1 
receptor (IRS-1) induced by TNF-α 
causes inhibition of receptor receptors. 
Insulin and reduces the activity of the 
phosphatidylinositol-3 kinase, which 
resulted in insulin resistance.13 Tumor 
necrosis factor-alpha induces decreased 
expression of glucose transporter 4 
(GLUT 4).13 In addition, NO production 

is stimulated by insulin.12 Bioavailability 
of NO is strongly influenced by oxidative 
stress induced by hyperglycemia. Insulin 
leads to high expression and NO synthesis 
activity.14 This condition may explain the 
disturbance of NO levels in Wistar model 
peritonitis mice in our study. Research 
conducted by Winkler et al. found similar 
results. They observed an association 
between disease severity and systemic 
inflammation and sepsis and found 
that NO’s bioavailability was reduced.5 
However, if Group 2 (P) was compared 
with Group 1 (C), the decreasing of MDA 
levels and the increase of NO levels were 
not significant (p-value >0.05) (Table 1 
and 2).

This study also found that 
administering antibiotics (Ceftriaxone) to 
the Wistar rat model of peritonitis could 
reduce MDA levels, accompanied by the 
increase of NO levels. It can be concluded 
that there are decreasing of inflammatory 
process caused by the bactericidal effect 
of antibiotics. The results of this study 
are in line with research conducted by 
Yildrim et al., who also found that MDA 
levels decreased in the antibiotic-treated 
peritonitis group.15 However, if Group 3 
(P+Cef) compared with Group 2 (P), the 
decreasing of MDA levels and the increase 
of NO levels were not significant (p-value 
>0.05).

The previous finding suggests 
that antioxidants’ administration can 
significantly reduce oxidative stress 
(NO and MDA levels) in peritonitis.15-18 
In this study, it was found that there 
was an increase of NO and MDA levels 
in Group 4 (P+Cef+Glu). It showed 
the ineffectiveness of glutathione as 
adjuvant therapy. This result is related 
to research conducted by Goswani, et al. 
They found that the administration of 
antioxidants in rats induced by peritonitis 

can significantly increase bacteria 
number. The antioxidant could inhibit 
the process of bacterial phagocytosis.19 
They also found that administration of 
glutathione could reduce TNF- levels 
(significantly) by 12-25% in mice treated 
with peritonitis.19 The decrease in TNF 
levels was related to an increase in NO 
levels (as explained earlier).12,13 This is 
also in line with the review that Rocha 
presented, et al. They identified that the 
target cell damage caused by free radicals 
was the presence of mitochondrial 
dysfunction.2 Allen et al. conducted a 
clinical trial by giving oral glutathione to 
healthy adults, then measuring the level of 
oxidative stress (represented by levels of 
F2-isoprostanes (F2-isoP) and 8-hydroxy-
2’-deoxyguanosine (8-OHdG) urine) and 
levels of GSH, GSSG, and GSH-GSSG ratio. 
They also found no significant changes in 
oxidative stress levels or body glutathione 
status.20 Therefore, the increasing of MDA 
levels can be caused by the antioxidants 
distributed throughout the body but 
not accumulate in the mitochondria 
the administration of antioxidants 
becomes ineffective. However, if Group 
4 (P+Cef+Glu) compared with Group 3 
(P+Cef), the increase of MDA and NO 
levels was not significant (p-value >0.05).

There was some limitation in our 
study. First, we did not measure MDA 
and NO levels in groups of experimental 
animals before treatment. Second, we did 
not measure GSH levels circulating in the 
circulation before and after manipulation, 
so we did not see the effectiveness of 
giving glutathione. Third, we only used 
glutathione in a single dose in this study, 
so we could not determine an effective 
Glutathione dose in reducing oxidative 
stress. Moreover, we did not measure 
blood glucose levels in the treatment 
group, so we could not directly see the 
effect of hyperglycemia on changes in 
MDA and NO levels.

CONCLUSION
Glutathione administration as adjuvant 
therapy is ineffective in reducing NO and 
MDA levels in Wistar peritonitis model 
rats. 

Table 2.	 Bonferroni Multiple Comparison Test for NO Levels.

Group C P P + Cef P + Cef + Glu

C - 0,803 1,000 0,192
P - - 0,306 0,016*

P + Cef - - - 0,444
P + Cef + Glu - - - -

C = Control, P = Peritonitis, P + Cef = Peritonitis + Ceftriaxone, P + Cef + Glu = Peritonitis + 
Ceftriaxone + Glutathione. * = p value < 0,05.
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