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ABSTRACT 
Objective: To evaluate the effect of glutathione peroxidase (GPx) and superoxide dismutase (SOD) in liver tissue 

in adult mice, orally as a supplementary agent for isoniazid-induced hepatotoxicity. 
Study design: Experimental study 
Place & Duration of study: Department of Pharmacology, Resource Lab and Department of Morbid Anatomy & 

Histopathology, University of Health Sciences, Lahore, Pakistan from 5th July 2019 to 5th January 2020. 
Methodology: Adult male mice were divided into five groups with 7 mice in each group. Liver injury by isoniazid 

and its protection with oxyresveratrol was assessed by examining liver macroscopically and histological 
examination. We used liver homogenates for the antioxidant activity analyses. Liver samples have been tested 
with a few modifications for different antioxidant studies. 
Results: Oxyresveratrol showed a non-significant elevation in serum glutathione levels [(1572±137.2 vs 

1463±109.3) (1539±264.7 vs 1463±109.3)] respectively. However, combination therapy showed a significant 
increase in serum glutathione levels as compared to the INH group (1734±219.2 vs 1463±109.3). Oxyresveratrol 
treatment showed a significant raised serum SOD levels as rivalled to INH group (10.7 ± 0.53 vs 9.98±0.65). 
Treatment with oxyresveratrol and combination therapy significantly decreased pyknosis as compared to INH 
group (1.0±0.0 vs 1.57±0.53) (1.0±0.0 vs 1.57±0.53) and (1.0±0.0 vs 1.57±0.53) respectively. A substantial rise in 
parenchymal vessel congestion in the INH group as rivalled to control group (2.00±0.0 vs 1.0±0.0). Treatment 
with oxyresveratrol significantly decreased parenchymal vessels congestion (1.28±0.48 vs 2.00±0.0) as compared 
to the INH group. However, combination therapy generally showed a more significant decrease in the 
parenchymal vessel congestion (1.00±0.0 vs 2.00±0.0) as compared to the INH group. 
Conclusion: We found a reduction in inflammation of the parenchyma and portal tract area, vascular congestion, 

and pyknosis may account for the anti-inflammatory activity of oxyresveratrol also, combination therapy alone 
significantly increased the GPx levels which confirmed their synergistic effects. 
Keywords: Oxyresveratrol, Glutathione, Superoxide dismutase, Isoniazid (INH), Hepatotoxicity, LFT’s, 

Hepatoprotection 

 

INTRODUCTION 
As far as we are well aware, there are two protective 
antioxidants in the species. The first is a non-enzypathymic 
composition of low-molecular wealth molecules that 
scavenge free radicals to reduce fluctuation in ROS levels: 
one is enzymatical, like superoxide dismutase (SOD), the 
other GLPx, etc.1 Glutathione (GSH) is the primary cell-
signalling regulator for the antioxidant and redox. By 
minimizing H2O2 and by escaping of reagent radicals for 
oxidation, GSH protects cells from oxidative injury.2 
 By scavengering free radicals, antioxidants play a 
protective role. Tobacco releases free radicals are known 
to lead to changes in the human antioxidant levels, and 
antioxidant-related damages in the blood are reflected.3 
 The rates of oxidation in the body are lowered by 
antioxidants such as superoxide dismutase (SOD) and 
glutathione peroxidase. In phase 2 of the biotransformation 
of several substances, Glutathione plays a significant role. 
Variation in the expression of those enzymes indicates 
varying levels of antioxidant defense for each enzyme and 
regional variations in their distribution.4 
 Superoxide dismutase is a catalyst for the dismutation 
into hydrogen peroxide and molecular oxygen of two super 

oxides (O2.-) anions. It protects the tissue from the harmful 
effects of superoxide radicals to a certain degree. 
Hydrogen peroxide (H2O2) hydrolyses CAT enzymes into 
the water and molecular oxygen. GPX catalyzes 
glutathione (GSH) reduction of hydro peroxide. Glutathione 
metabolism is one of the most important antioxidant 
defense mechanisms.5 
 The function of such enzymes is an important factor in 
the progress of the disease and can therefore be useful 
antioxidant therapy in combination treatment of chronic 
HCV. To our knowledge, no studies have been conducted 
in our population to examine the relationship between 
superoxide dismutase, glutathione peroxidase activities 
and oxyresveratrol in isoniazid induced hepatotoxicity in an 
experimental model in mice. 
 

MATERIALS AND METHODS 
This experimental research was performed in the 
Department of Pharmaceuticals, Resource Laboratory and 
Morbid Anatomy and Histopathology, Lahore, Pakistan, 
University of Health Science from 5th July 2019 to 5th 
January 2020 and comprised 35 mices.6 It was simple 
random sampling using the lottery method. Mice were 
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given a number from 1 to 35 and were assigned randomly 
to five groups I, II, and III, using a lottery method in which 
each mouse was randomly allotted a number that was 
written on a piece of small paper. All the papers were 
folded and mixed. A blinded person randomly picked the 
papers and the mouse whose number was written on paper 
was assigned the group. The first seven were assigned 
control groups and so on. We used hepatic homogenates 
for the antioxidant activity studies. Liver samples were 
prepared for different antioxidant tests as defined with 
several amendments. 
Preparation of experimental animals: Each of the mice 

had a controlled temperature (23±2°C), humidity (50±5%), 
and 12 hours each of light and obscurity cycles in the 
Experimental Research Laboratory for Universities of 
Hospital. The animals have been fed normal mouse food 
and ad libitum water. Animal body weight was first recorded 
and then regularly measured at alternate times. 
Group I (Control): Mice were given normal saline orally for 
30 days. Group II (Isoniazid): Mice were given isoniazid a 
dose of 100mg/kg bw orally for 30 days and Group III 
(Isoniazid + Oxyresveratrol): Mice were treated with 

Oxyresveratrol at a dose of (10mg/kg bw) orally, along with 
isoniazid at a dose of 100mg/kg bw orally for 30 days. 
Euthanization: Animals were anesthetized on the 30th day 

of study with light ether. Blood samples were drawn by 
cardiac puncture in EDTA tubes. Mice were dissected for 
liver tissue that was placed in 20 % formalin. Some piece of 
liver tissue was kept at -80oC for mRNA expression studies. 
Determination of Glutathione Peroxidase and Super 
Oxide Dismutase: As the oxidative stress of tissue 

generally involves the Glutathione peroxidase and SOD 
system, the levels of serum Glutathione peroxidase and 
SOD were measured in each group by colorimetric method 
using Ransel and Ransod kits (Randox UK laboratory 
limited) by using the protocol given in the literature.  
Determination of Glutathione Peroxidase: UV Method: 

This method was based on that of Paglia and Valentine. 
Cumene Hydro peroxide oxidation is catalysed by 
glutathione peroxidase (GPX) oxidation. Glutathione 
Reductases (GR) and NADPH rapidly transformed the 
oxidized Glutathione (GSSG) into a reduced form with a 
concomitant NADPH to NADP+ oxidation. The absorption 
decrease was estimated at 340 nm. 
Sample preparation: Heparinized whole blood was used. 

Selected GPx in the run rest screen and carried out water 
blank as directed by Randox UK Laboratory Limited. 
Assay of GPX activity: Ransel kits (cat. no. RS 505; 

Randox Labs., Chrumlin, Northern Ireland) determined 
GPX behaviour in both plasma and hemolysate. In a 
centrifugal Cobas-Bio analyzer we assessed activity. 
Cumene hydro peroxide as a substitute is needed for this 
test. The reagent concentrations recommended by the 
manufacturer were the final levels in the test. The sample 
volume was 5 L of four-fold diluted plasma or 5 L of five-
fold diluted hemolysate. The total volume of the reaction 
was 265ml. Absorption at 340 nm has been recorded. 
Determination of Super Oxide Dismutase: Assay 
Principle: The task of Superoxide Dismutase (SOD) in 

process of oxidative energy, hydrogen peroxide, and 
molecular oxygen, is to speed up the dispersal of toxic 
superoxide radical. To form a red formazan dye, the kit 

(Ransol) method uses xanthine and xanthine oxidase 
(XOD) to produce superoxide radicals that react with 2-(4-
iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium chloride 
(INT) Then the activity of superoxide dismutase is 
measured by the degree of inhibition of this reaction. One 
unit of SOD is the one that induces a 50 percent 
embarrassment of INT reduction rate under the assay 
conditions. 
Sample Preparation: Using whole blood samples 

heparinized. With a 0.9 percent NaCl solution, erythrocytes 
were washed four times. At 3000 rpm, 0.5 ml of entire 
blood was centrifuged up to 10 minutes and thenceforth 
aspirated off the plasma. Afterwards, erythrocytes were 
splashed4 times after each wash by 3 ml of 0.9 percent 
NaCl solution centrifuging at 3000 rpm for 10 minutes. The 
washed centrifuged erythrocytes were then formed with 
cold redistilled water up to 2.0 ml, combined and left for 15 
minutes to stand at +4°C. The lysate was diluted at 0.01 
mol/l Phosphate Buffer pH 7.0 so the inhibition percentage 
decreased between 30% and 60%. A 25-fold dilution of 
lysate was prepared according to the protocol given by the 
commercially available kit. 
 All the data was entered and analyzed by using the 
Graph Pad version 5. One-way ANOVA was applied to 
observe the difference in groups. Post-Hoc Tukey test or 
student t-test was used to observe which group mean is 
different from others. AP-value ≤0.05was considered 

statistically significant. 
 

RESULTS 
Effect of INH, oxyresveratrol on serum glutathione 
peroxidases level showed that serum glutathione 
peroxidase levels were not raised significantly in INH group 
as rivalled to control group (1463±109.3 vs 1413±129.1). 
Oxyresveratrol and silymarin showed a non-significant 
elevation in serum glutathione levels [(1572±137.2 vs 
1463±109.3) (1539±264.7 vs 1463±109.3)] respectively. 
However, combination therapy showed a significant 
increase in serum glutathione levels as compared to the 
INH group (1734±219.2 vs 1463±109.3).  
 Effect of INH, oxyresveratrol on serum super oxide 
dismutase showed that serum Super Oxide Dismutase 
levels were not raised significantly in INH group as rivalled 
to control group (9.67±0.73 vs 9.98±0.65). Oxyresveratrol 
treatment showed a significant rise in serum SOD levels as 
rivalled to the INH group (10.7±0.53 vs 9.98±0.65). 
Silymarin and combination therapy also significantly 
elevated the SOD levels as compared to the INH group 
(10.9±0.94 vs 9.98±0.65) and (11.4±1.00 vs 9.98±0.65) 
respectively. 
 Effect of INH, oxyresveratrol on pyknosis of 
hepatocytes showed that a significant increase in the 
pyknosis was observed in the INH group as compared to 
the control group (1.57±0.53 vs 1.0±0.0). Treatment with 
oxyresveratrol, silymarin, and combination therapy 
significantly decreased pyknosis as compared to the INH 
group (1.0±0.0 vs 1.57±0.53) (1.0±0.0 vs 1.57±0.53) and 
(1.0± 0.0 vs 1.57±0.53) respectively. 
 Effect of INH, oxyresveratrol on the parenchymal 
vessel congestion of the hepatocytes showed that a 
significant increase in parenchymal vessel congestion in 
the INH group as compared to the control group (2.00±0.0 
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vs 1.0±0.0). Treatment with oxyresveratrol significantly 
decreased parenchymal vessels congestion (1.28±0.48 vs 
2.00±0.0) as compared to the INH group, whereas 
silymarin was unable to significantly decrease the 
parenchymal vessels congestion (1.57±0.53 vs 2.00±0.0) 
as compared to INH group. However, combination therapy 
generally showed a more significant decrease in the 
parenchymal vessels congestion (1.00±0.0 vs 2.00±0.0) as 
compared to the INH group (Figs. 1-4, Table 1) 
 

 
Fig. 1: Super oxide dismutase levels in all mice represent *p<0.05 
that indicates significant difference between INH group with 
INH+Oxy, INH+Sily and combination therapy groups respectively 

 

 
Fig.2: Serum glutathione levels in all mice showed *p<0.05 and 
indicates significant difference as compared to INH group 

 
Fig. 3: Pyknosis in all mice showed ***p<0.001 and indicates 
significant difference as compared to INH group. ### shows 
p<0.001 and indicates significant difference as compared to control 
group 

 

 
Fig. 4: Parenchymal vessels congestion in mice showed ***p<0.001 
and indicates significant difference between combination therapy 
and INH group.  ### shows p < 0.001 and indicates significant 
difference between INH and control group. ** shows p <0.01 and 
indicates significant difference between oxyresveratrol and INH 
group 

 

 
Table 1: Results are presented as Mean SD of serum Bilirubin, ALT, ALP, AST, Glutathione peroxidase, and Superoxide Dismutase after 30 days of the 
experiment for all groups (n=7) 

Serum Control INH INH+OXY INH+Sily INH+Oxy+Sily 

Bilirubin 0.65±0.17 0.65±0.07 0.68±0.16 0.70±0.08 0.72±0.11 

ALT 120.1±42.2 361.1±64.4### 175.1±63.2*** 147.1±50.3*** 122.9±34.2*** 

ALP 66.14±8.41 222.4±43.2### 76.7±12.5*** 66.5±12.0*** 52.5±10.5*** 

AST 173.3±25.11 349.3±51.9### 225.1±42.9*** 185.9±39.6*** 178.9±32.4*** 

Glutathione Peroxidase 1413±129.1 1463±109.3 1572±137.2 1539±264.7 1734±219.2* 

Superoxide Dismutase 9.67±0.73 9.98±0.65 10.78±0.53* 10.94±0.94* 11.42±1.0* 
*P<0.05irepresentsiaicomparisoniofitreatmentigroupsiwithiINH. **iP<0.01 represents a comparison of treatment groups with INH. ***P<0.001 represents a 
comparison of treatment groups with INH. #P<0.05 represents comparison of INH with control. ##P<0.01 represents comparison of INH with control. ###P<0.001 
represents comparison of INH with control. ^^^P<0.001 represents a significant comparison of oxyresveratrol 

 

DISCUSSION 
One of the most significant in the enzyme antioxidant 
protection system, SOD has been recorded.7 To form 
hydrogen peroxide, scavenges superoxide anion and 
eliminates the toxicity resulting from this radical. 
Glutathione is a non-enzymatic, biological antioxidant that 
is another essential and most abundant tripeptide found in 
the liver. It eliminates free radical species such as peroxide 
hydrogen, radical super oxides, and retains the protein 

thiols membrane.8 In the present study, SOD levels were 
found significantly increased in all treatment groups. It has 
been reported that oxyresveratrol possesses great 
antioxidant activity.9 We also found a significant increase in 
glutathione peroxide levels in the combination therapy 
group as well. Glutathione helps the liver to clear the toxic 
levels of different drugs thus helping in detoxification and 
this is thought to be done via inhibition of Phase I 
detoxification.10,11 
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 Resveratrol is a natural phytoalexin and known for its 
anti-inflammatory, antiviral, and antioxidant properties.12,13 
The protective role of resveratrol against several hepatic 
injuries due to oxidative damage has been reported by 
several studies.14,15 Oxyresveratrol is an analog of 
resveratrol with an extra hydroxyl group. It is trans-2', 3,4', 
5-Tetramethoxystilbene with a molecular formula of 
C14H12O4. This extra hydroxyl group provides it with the 
extra power of anti-oxidant property than resveratrol.16 
 We found that oxyresveratrol significantly reduced the 
inflammation of the parenchyma and portal tract area, 
vascular congestion, and pyknosis. It reduced the 
hepatocyte inflammation more significantly as compared to 
silymarin. We also found that oxyresveratrol significantly 
increased the regeneration process. Previously, Chung et 
al17 showed that oxyresveratrol reduced inflammation by 
inhibiting cyclo-oxygenase-2 and NOS enzymes. 
 We also evaluated the effects of oxyresveratrol on the 
markers of liver function test. Serum AST is commonly 
raised in acute liver damage, similar to ALT.18,19 We found 
raised levels of ALT and AST which were indicative of liver 
damage caused by INH, in addition to histopathological 
findings. Both mitochondria and cytoplasm are rich in AST 
while the cytoplasm of hepatic cells is primarily the residing 
place of ALT.20,21 Both the enzymes are considered as 
important markers for liver injury and are responsible for 
the catalysis of gluconeogenesis from noncarbohydrate 
sources. An increase in the serum concentrations of these 
two enzymes is indicative of a disruption of plasma 
membrane integrity, which ultimately leads to the escape of 
these enzymes into the blood.22,23 
 

CONCLUSION 
We found a reduction in inflammation of the parenchyma 
and portal tract area, vascular congestion, and pyknosis 
may account for the anti-inflammatory activity of 
oxyresveratrol. Also, combination therapy alone 
significantly increased the GPx levels which confirmed their 
synergistic effects. Moreover, our data showed that 
oxyresveratrol significantly reduced the elevated levels of 
serum ALT, ALP, and AST, which is indicative of a 
decrease in the severity of liver damage after treatment 
with oxyresveratrol hepatotoxicity by evaluating the 
activities of glutathione peroxidase (GPx) and superoxide 
dismutase (SOD) in liver tissue in adult mice. 
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