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ABSTRACT 
 
This study was designed to scrutinize the enzymatic and nonenzymatic antioxidant activities of the methanolic extract of whole plant of Cleome viscosa 
and Cleome gynandra (MeCV and MeCG) in streptozotocin (STZ) induced diabetic rats. Oral administration of MeCV, MeCG and Me.CV+CG 
combination at a dosage of 400 mg/ kg b.w for 28 days on diabetic rats. The enzymatic and non-enzymatic antioxidant assays were measured by using 
standard procedures in liver tissue of diabetic and normal rats. There is a significant (p < 0.05 and p < 0.01) improvement in the activities of superoxide 
dismutase (SOD), catalase (CAT) and glutathione - s-transferase (GST) in liver tissue of STZ induced diabetic treated rats when compared with the 
untreated diabetic rats and the contents of ascorbic acid (AA) and glutathione (GSH) levels were also significantly increased in the treated diabetic rats 
when compared with untreated diabetic rats. These results clearly indicated that the whole plants of MeCV have good hepato protective activity than 
MeCG whole plant in STZ induced diabetic rats.  
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INTRODUCTION  
 
Diabetes mellitus (DM) is acknowledged as one of the major 
health problem in the world1. DM is a group of metabolic 
disorders manifest in the occurrence of high concentration of the 
glucose in blood because of the inappropriate production of 
insulin commencing the pancreas or immobility of pancreas β-
cells to the insulin2. Diabetes mellitus have the prospective to 
cause chronic morbidity due to the complications to various 
organs of the body, related with microvascular injure and 
neuropathy affecting the renal, retina, peripheral nerves and 
peripheral arteries3. The living system is equipped with different 
antioxidant enzymes (catalase (CAT), superoxide dismutase 
(SOD), and glutathione peroxidase (GPx)) and nonenzymatic 
antioxidants like ascorbic acid and glutathione (GSH) play a key 
role in the scavenging of free radicals and defending the cell 
membrane from injury4. Therefore, antioxidants help to reducing 
the risk of oxidative damages in diabetic and hyperlipidaemia 
patients. The main sources of antioxidants are medicinal plants5. 
In predictable remedial practice, the current treatment of diabetes 
mellitus is statement to have side effect. Several oral therapeutic 
drugs are the main choice of type 2 diabetes treatments. The 
glucose lowering drugs include insulin secretion (sulfonylurea 
and meglitinides), insulin sensitizers (metformin, biguanides and 
thiazolidinediones) and α- glucosidase inhibitors (acarbose and 
miglitol)6. The aim of person’s oral hypoglycaemic drugs is to 
remodel the fundamental metabolic disorder, correlated to poor 
insulin conflict, insulin emission, and improved hepatic 
gluconeogenesis.  

However, these diabetic treated oral drugs have restricted 
effectiveness and sometimes formed several side effects like 
weight increase, hypoglycemia, liver damage, canal disturbances, 
cardiopathy, and abdominal7, 8. Therefore, because of the side 
effects linked with the present antidiabetic drugs, there are needed 
to develop effectual, protected and low-priced drugs for diabetes 
management. Such effectual, protected and low-priced drugs 
could be acquired by medicinal plants which have been used by 
humans to prevent the diseases together with diabetes since the 
day of improvement9. 
 
Cleome viscosa L. belongs to the family Capparidaceae (presently 
Cleomaceae) is a broadly distributed aromatic plant with yellow 
flowers and long slim shells have seeds. The whole plant is sticky 
in nature and 1 miter height. It is originating throughout the India, 
obtained in waste places and road sides. In Telugu it is known as 
“Kukkavamita” in Indian traditional medicine. Usually, this plant 
is used to treat fever, diarrhoea, bronchitis, inflammation, liver 
diseases, malarial fever and skin diseases10. The leaves juice is 
useful in piles, earache and lumbago. Cleome Viscosa L. leaves 
extract used as a hepatoprotective agent against Carbon 
tetrachloride induced toxicity11.  Literature survey specifies that 
no studies have been conceded on the experimental estimation of 
hepatoprotective effect of Cleome Viscosa L. whole plant against 
STZ-induced diabetes.  
 
Cleome gynandra commonly known as spider flower in English 
belongs to the family capparidaceae (presently Cleomaceae). It is 
one of the basic foods in most of the African region. It has a wide 
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range of medicinal uses and used in traditional systems of 
medicine all over the world. C.gynandra has many scientifically 
proven medicinal properties such as anthelmintic and anti 
microbial, antioxidant and anti-inflammatory activity12. The aim 
of the present work is to investigate the hepato protective activity 
of Cleome viscosa and Cleome gynandra whole plant of 
methanolic extract against stz-induced diabetic rats. 
 
MATERIALS AND METHODS 
 
Plant collection 
 
The whole plants of Cleome viscosa and Cleome gynandra were 
collected from Dravidian University surroundings, Kuppam, 
Andhra Pradesh, India. Taxonomic identification was made by 
Prof N. Yasodamma, Department of Botany, S.V. University, 
Tirupati, India. The whole plant material was shade dried and 
powdered by a mechanical grinder for extraction. 
 
Extracts preparation 
 
The above both plant powder materials were successively 
extracted by using Soxhlet apparatus for 6 hrs with methanol 
solvent (1:5 ratio W/V) was extracted independently under the 
vacuum 70-800 c concentration. The extracts were concentrated 
by using a rotary evaporator and subjected to freeze drying in 
vacuum at 35⁰c-40⁰c and dry powder was obtained. 
 
Animal ethical committee approval 
 
The study was getting approval from Animals Ethical Committee 
of Sri Krishnadevaraya University, Andhra Pradesh, India. 
(1889/GO/Re/S/16/CPCSEA-SKU/ZOO/03/2018) to perform the 
animal work.  
 
Animals  
 
In this present study, healthy Wistar strain male albino rats 
weighing approximately 180–200 g were used during the study. 
All animals were kept in polyethylene cages and maintained in 
animal house under the standard condition 24°C ± 2°C of 
temperature with a 12:12 light: dark cycle. The animals were fed 
with stranded pellet diet and water.  
 
Induction of Diabetes Mellitus  
 
Diabetes was induced in healthy male Wistar Albino rats with 
body weights ranging from 180 to 200 g, by a single intra 
peritoneal injection (I.P) of freshly prepared 45 mg/kg/b.w of 
Streptozotocin (STZ) was dissolved in ice cold 0.1M citrate 
buffer (pH 4.5) after allowing the rats for overnight fasting for 
12–15 hour as per the method followed by Rakieten et al. 
(1963)13. After 8 h of STZ administration the rats were kept for 
next 24 hours on given 15% glucose solution to prevent 
hypoglycemia, as STZ is capable of generate fatal hypoglycemia 
due to destruction of β-cells which in turn consequences into 
immense pancreatic insulin release. Diabetes was assessed by 
determining the fasting blood glucose levels after 48 hours of STZ 
injection. The blood glucose levels in STZ rats were increased to 
markedly higher levels than normal rats. After a week, when the 
condition of diabetes was stabilized, rats with marked 
hyperglycemia (fasting blood glucose level ≥250 mg/dl) were 
selected.  
 
Study design 
 
Total thirty six rats were used in the study. Animals were divided 
into six groups (n=6).  

Group-I: Normal control (untreated but having free access to 
water and feed).  
Groups-II: Diabetic control (did not received any treatment and 
served as negative control)  
Group-III: Diabetic+Glibenclamide-20 mg/kg b.w (orally once 
daily respectively for 28 days and       conceder as positive control)   
Groups-IV: Diabetic+MeCV-400 mg/kg b.w (orally once daily 
respectively for 28 days)   
Groups-V: Diabetic+MeCG-400 mg/kg b.w (orally once daily 
respectively for 28 days) 
Groups-VI: Diabetic+Me.CV+CG-400 mg/kg b.w (orally once 
daily respectively for 28 days). 
 
Preparation of tissue homogenates 
 
Liver tissue were isolated from rat after sacrificing them and 
immediately stored in ice cold phosphate buffer saline (10 
mmol/L, pH 7.4.). 10 mmol/L of ice cold phosphate buffer saline 
(pH 7.4) was used to prepare 25% homogenate, then it was 
centrifuged at 4, 000 rpm for 10 min at 4°C for to wash out 
cellular debris and supernatant was collected and stored at -80°C 
till quantification of antioxidant enzymes and nonenzymatic 
antioxidant assays. 
 
Estimation of Antioxidants 
 
Enzymatic antioxidants 
 
Determination of Superoxide Dismutase activity 
 
Superoxide dismutase (SOD) was scrutinized according the 
method of Misra and Fridovich14. Reaction mixture contains 1 
mL of sodium carbonate (50 mM), 0.4 mL of nitroblue 
tetrazolium (25 µm) and freshly prepared 0.2 mL of 
hydroxylamine hydrochloride (0.1 mM). The reaction mixtures 
were mixed by inversion follow by the addition of a clear 
supernatant of 0.1 mL of liver homogenate (1:10 w/v). The 
change in absorbance of tested samples was recorded at 560 nm. 
 
Estimation of Catalase activity 
 
Catalase was evaluating calorimetrically at 620 nm and expressed 
as moles of H2O2 consumed/min/mg protein as described by 
Sinha (1972)15. The 1.5 mL of reaction mixture contained 1.0 mL 
of 0.01 M pH 7.0 phosphate buffer, 0.1 mL of tissue homogenate 
and 0.4 mL of 2 M H2O2. The reaction was stopped by the 
addition of 2.0 mL of 1:3 ratio dichromate-acetic acid reagent 
(5% potassium dichromate and glacial acid were mixed). 
 
Determination of Glutathione-S-Transferase (GST) activity 
 
The activity of GST was determined according to the method of 
Habig et al (1974)16. Briefly, 0.1 mL of 1-Chloro-2, 4-
dinitrobenzene (CDNB) solution was pipetted out into a conical 
flask before adding the 1 mL of phosphate buffer and 1.7 mL of 
distilled water. Subsequently, the reaction mixture was incubated 
at 37°C for 5 min. The 0.1 mL of tissue homogenate and 0.1 mL 
of Glutathione reduced (GSH) solution were added by using a 
micropipette after the incubation. Absorbance was recorded at 
340 nm were taken for 5 min at 60 s interval using a UV-Vis 
spectrophotometer. 
 
Nonenzymatic antioxidants 
 
Estimation of Ascorbic acid 
 
Hepatic vitamin C levels were determined by the using method of 
Jacques-Silva et al (2001)17. Protein of liver was homogenate by 
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using 10% of cold trichloroacetic acid (TCA) solution (1:1 v/v) 
and proposition to centrifugation again. This supernatant was then 
used for estimation. A 300 mL of aliquot sample in a 575 mL of 
final volume was incubated for at 370C for 3 h. 500 mL of  65% 
of H2SO4  (v/v) was added to the reaction medium. The medium 
was determined by a color reagent containing of 4.5 mg/mL of 
dinitrophenyl hydrazine (DNPH) and 0.075 mg/ mL of CuSO4. 
Ascorbic acid levels are expressed as mg/g tissue. 
 
Estimation of Glutathione (GSH) 
 
Glutathione (GSH) activity was determined by the procedure of 
Carlberg and Mannervik (1985)18. The assay solution contained 
BSA (10%), Phosphate buffer (50 mM, pH = 7.6), NADPH (2 
mM), 20 mM of Glutathione oxidized (GSSG). Absorbance was 
measured at 340 nm at a temperature of 25°C. The Glutathione 
(GSH) activity was expressed in U/gm tissue.  
 
Statistical analysis 
 
The experimental results were expressed as mean ± SD (n=6). 
The results were analyzed by using one-way analysis of variance 
and the group means were compared by Tukey’s HSD (SPSS 
version 16). A differentiation was measured to be statistically 
significant when the p-value is lower than p < 0.05 and p<0.01. 
 
RESULTS 
 
Enzymatic antioxidants 
 
Determination of Superoxide dismutase activity (SOD) 
 
The activity of the liver Superoxide dismutase enzyme in diabetic 
treated rats and untreated diabetic rats with MeCV, MeCG and 
combination of both plants Me.CV+CG is summarized in figure 
1. The effect of 400 mg/kg b.w. of MeCV (18.0+0.06) treated 
diabetic rats was more effective than 400 mg/kg b.w. of MeCG 
(17.58+ 0.09) and 400 mg/kg b.w. of Me. CV+CG combination 
(17.68+0.13) treated diabetic rats. There was a higher in the 
activity of Superoxide dismutase in the normal rats (19.7+0.06) 
significantly (p<0.05 and p<0.01) when compared to non treated 
diabetic rats (6.3+ 0.49). Treatment with the extracts in diabetic 
rats increased the SOD enzyme activity but, the increase level was 
lower when compared to the glibenclamide treated diabetic rats 
(18.23+0.10). 
 
Estimation of Catalase activity (CAT) 
 
As shown in figure 2, STZ-induced diabetic control rats (4.68+ 
0.18 Units/mg protein) showed a significant (p<0.05 and p<0.01) 
decrease in catalase enzyme antioxidant activity when compared 
to the normal control rats (9.96+0.32 Units/mg protein). 
Treatment with 400 mg/kg b.w. of MeCV (6.04+0.23 Units/mg 
protein), 400 mg/kg b.w. of MeCG (5.42+0.10 Units/mg protein) 
and the combination of both plants 400 mg/kg b.w. of 
Me.CV+CG (5.72+0.07 Units/mg protein) for 28 days produced 
a significant increase in the activity of catalase enzyme compared 
to non treated diabetic rats. The activity of the catalase enzyme in 
the MeCV (Group-IV) treated diabetic rats was similar to the 
glibenclamide (8.56+0.35 Units/mg protein) treated diabetic rats 
(Group-III). 
 
 
 
 
 

Determination of Glutathione-S-transferase (GST) 
 
Figure 3 shows the GST activity in liver of normal rats and 
diabetic rats treated with MeCV, MeCG and Me.CV+CG. The 
results of the present study showed decreased in the level of GST 
in untreated diabetic rats (118.80+41.49 U/mg protein) when 
compared to normal rats (831.35+ 23.33 U/mg protein).  The 20 
mg/kg/b.w of glibenclamide treated diabetic rats showed about 
four fold increase in GST activity (531.25+ 32.77 U/mg protein) 
when compared with diabetic control rats. MeCV and 
Me.CV+CG treated groups (341.75+ 23.55 and 256.35+ 26.90 
U/mg protein) showed significant increase in the GST level when 
compared to diabetic control rats. MeCG treated group showed 
no change in GST level (143.75+ 39.03 U/mg protein) in 
comparison with diabetic control rats. 
 
Nonenzymatic antioxidants 
 
Estimation of Ascorbic acid 
 
Figure 4 shows the hepatic ascorbic acid (vitamin C) content in 
all experimental groups. As can be seen, in liver vitamin C 
content was significantly reduced in the diabetic control rats 
(30.48±0.58 µg/mg of protein) when compared to the normal 
control rats (85.61± 3.89 µg/mg of protein). However, the 
treatment with 400 mg/k.g/b.w of MeCV (52.20± 1.91 µg/mg of 
protein) have high in the hepatic vitamin C content than 
remaining treated groups of 400 mg/k.g/b.w of MeCG (40.05± 
2.23 µg/mg of protein) and 400 mg/k.g/b.w of Me.CV+CG 
(47.89±0.81 µg/mg of protein) vitamin C content in the diabetic 
treated rats when significantly (p< 0.05 and p<0.01) compared to 
diabetic control rats. Glibenclamide treated rats (63.01± 1.12 
µg/mg of protein) were significantly similar to normal control rats 
when compared to diabetic control rats. 
 
Estimation of Glutathione (GSH) 
 
Figure 5 shows the hepatic GSH content in experimental treated 
and untreated diabetic rats. The decreased GSH levels 
(11.57±0.76 µg/gm of Tissue) were observed in non treated 
diabetic control rats when compared to normal rats. After 28 days 
of the 400 mg/k.g/b.w of MeCV, MeCG and Me.CV+CG 
administration of diabetic rats and 20 mg/k.g/b.w of 
glibenclamide treated rats have shown 14.16± 0.92, 12.97± 0.41, 
13.70± 0.29 and 16.93± 0.75 µg/gm of Tissue respectively were 
significantly (p<0.05 and p<0.01) increases when compared with 
diabetic rats (Group-II). 
 
DISCUSSION 
 
Diabetic and experimental animal model show signs of high 
oxidative stress due to constant and chronic hyperglycemia, 
which in this manner reduces the system of antioxidative defence 
activity, as a result promote the beginning of free radical 
production19. Alterations in the antioxidant status results in 
imbalance of enzymes such as SOD, catalase, GSH-Px and 
GST20. SOD and catalase enzymes are considered as major 
enzymes because they are implicated in the direct removal of 
ROS21. The present study was carried out to assess the enzymatic 
and nonenzymatic antioxidant property of the MeCV, MeCG and 
both plants combination of Me.CV+CG in STZ-induced diabetic 
oxidative stress in liver tissue. It is the first comprehensive report 
on liver enzymatic and nonenzymatic antioxidant activity of 
MeCV and MeCG in STZ-induced diabetic rats. In addition 
MeCV and MeCG activity was compared with glibenclamide oral 
hypoglycemic agent. 
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Figure 1: Effect of Cleome viscosa and Cleome gynandra whole plant of methanolic extract on the activity of superoxide dismutase (SOD) 
antioxidant enzyme in STZ- induced diabetic treated rats. 

Values are given as mean± SD for each group have six rats. ** p< 0.01 Values are statistically significant. Group-2 was compared with Group-1; 
Group-3 (Diabetic+ Glibenclamide 20 mg/k.g/b.w treated), Group-4 (Diabetic+MeCV-400 mg/k.g/b.w treated), Group-5 (Diabetic+MeCG-400 

mg/k.g/b.w treated) and Group-6 (Diabetic+ Me-CV+CG-400 mg/k.g/b.w treated) were compared with Group-2 (Diabetic control) was analyzed by 
One-way ANOVA (Tukey HSD test). 

 

 
 

Figure 2: Effect of Cleome viscosa and Cleome gynandra whole plant of methanolic extract on the activity of catalase (CAT) antioxidant 
enzyme in STZ- induced diabetic treated rats. 

Values are given as mean± SD for each group have six rats. ** p< 0.01 Values are statistically significant. Group-2 was compared with Group-1; 
Group-3 (Diabetic+ Glibenclamide 20 mg/k.g/b.w treated), Group-4 (Diabetic+MeCV-400 mg/k.g/b.w treated), Group-5 (Diabetic+MeCG-400 

mg/k.g/b.w treated) and Group-6 (Diabetic+ Me-CV+CG-400 mg/k.g/b.w treated) were compared with Group-2 (Diabetic control) was analyzed by 
One-way ANOVA (Tukey HSD test). 

 

 
 

Figure 3: Effect of Cleome viscosa and Cleome gynandra whole plant of methanolic extract on the activity of glutathione-s-transferase (GST) 
antioxidant enzyme in STZ- induced diabetic treated rats. 

Values are given as mean± SEM for each group have six rats. * p < 0.05 and ** p < 0.01 Values are statistically significant. # indicates there is no 
significance. Group-2 was compared with Group-1; Group-3 (Diabetic+ Glibenclamide 20 mg/k.g/b.w treated), Group-4 (Diabetic+MeCV-400 

mg/k.g/b.w treated), Group-5 (Diabetic+MeCG-400 mg/k.g/b.w treated) and Group-6 (Diabetic+ Me-CV+CG-400 mg/k.g/b.w treated) were 
compared with Group-2 (Diabetic control) was analyzed by One-way ANOVA (Tukey HSD test). 
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Figure 4: Effects of Cleome viscosa and Cleome gynandra whole plant of methanolic extract on ascorbic acid levels of liver tissue in diabetic 
experimental rats. 

Values are given as mean± SEM for each group have six rats. * p < 0.05 and ** p < 0.01 Values are statistically significant. Group-2 was compared 
with Group-1; Group-3 (Diabetic+ Glibenclamide 20 mg/k.g/b.w treated), Group-4 (Diabetic+MeCV-400 mg/k.g/b.w treated), Group-5 

(Diabetic+MeCG-400 mg/k.g/b.w treated) and Group-6 (Diabetic+ Me-CV+CG-400 mg/k.g/b.w treated) were compared with Group-2 (Diabetic 
control) was analyzed by One-way ANOVA (Tukey HSD test). 

 

 
 

Figure 5: Effects of Cleome viscosa and Cleome gynandra whole plant of methanolic extract on glutathione (GSH) levels of liver tissue in 
diabetic experimental rats. 

Values are given as mean± SEM for each group have six rats. * p < 0.05 and ** p < 0.01 Values are statistically significant. Group-2 was compared 
with Group-1; Group-3 (Diabetic+ Glibenclamide 20 mg/k.g/b.w treated), Group-4 (Diabetic+MeCV-400 mg/k.g/b.w treated), Group-5 

(Diabetic+MeCG-400 mg/k.g/b.w treated) and Group-6 (Diabetic+ Me-CV+CG-400 mg/k.g/b.w treated) were compared with Group-2 (Diabetic 
control) was analyzed by One-way ANOVA (Tukey HSD test). 

 
Superoxide dismutase (SOD) is the primary procession of 
defence against oxidative stress. Its main function is, to catalyse 
the exchange of superoxide radicals (O2

-) to hydrogen peroxide 
(H2O2) and for this reason moderate the toxic cause owing to this 
fundamental or additional free radicals derivative from secondary 
response22. The H2O2 produced by SOD is eliminating as water, 
from the activity of catalase and GSH-Px, thus defensive the body 
as of oxygen toxicity23. Catalase and SOD are the two major 
antioxidant enzymes to remove the ROS in vivo. Hence, in the 
present study activities of SOD, CAT and GST (enzymatic 
antioxidants) and ascorbic acid (Vitamin C) and Glutathione 
(GSH) are nonenzymatic antioxidants were evaluated in liver 
tissue of diabetic and non diabetic rats.  
 
In the present study activities of SOD, catalase and GST levels 
were reduced in diabetic rat liver when compared with normal 
rats, signifying abnormalities in antioxidant protective system 
which could be owing to free radical induced inactivation or 
glycation of the enzyme in diabetic stress24. Schettler et al 
(1994)25 suggested that the decreased antioxidant production is 
owing to enlarged oxygen metabolites causes diminish in the 
action of the antioxidant defence structure. Majority of the 

authors reported the decreased enzymatic antioxidant activity in 
STZ induced diabetic rats26-28.  
 
On the other hand, our results confirmed that the treatment with 
MeCV (400 mg/kg b.w), MeCG (400 mg/kg b.w) and both plant 
combination of Me.CV+CG (400 mg/kg b.w) were increased in 
SOD, CAT and GST enzyme activities in liver of STZ-induced 
diabetic rats (Figures. 1, 2, and 3). When compared to MeCG and 
both plant combination of Me.CV+CG, MeCV has shown high 
levels of enzyme activity. Based on these findings, we can suggest 
that MeCV is capable to alter in all SOD, CAT and GST 
enzymatic antioxidant activities, which may be incredibly 
significant since it increases the scavenging ability of ROS of 
liver tissue provided that elevated defense against oxidative 
damage by diabetes in these tissues. The same occurrence was 
seen in the results of glibenclamide treated group. In similar 
results were observed in previous studies Rajasekar et al (2014)29, 
Saleem et al (2014)30 and Vijayaraj and Sri Kumaran (2018)31.  
 
Ascorbic acid (Vitamin C) is a most important antioxidant to 
essential for the scavenging of toxic free radicals in both plasma 
and tissue32. It is acts as a co-antioxidant by regenerate the 
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vitamin-A, vitamin-E and glutathione (GSH) from radicals. 
Vitamin E is a fat soluble vitamin; regeneration of vitamin E 
requires ascorbic acid, an aqueous phase antioxidant, which 
requires GSH33. A decreased level of ascorbic acid and GSH in 
liver of diabetic rats reported in the present study might be owing 
to its improved use and deactivation of ROS. Mirzaei, Rezaei, and 
Salehpour. (2016)34 and Subramani and Leelavinothan. (2012)35 
reported similar results in the toxic rabbit and diabetic rat 
respectively. At that same time Oral administration of MeCV 
improved the level of ascorbic acid and GSH levels in liver of 
STZ induced diabetic rats compared to the whole plant of MeCG, 
it indicates the directly scavenging the free radicals which in turn 
decreased oxidative stress. This activity might be due to free 
scavenging and antioxidant properties of MeCV. Similar results 
have been obtained by treatment with hydroethanolic extract of 
Senna alata in the STZ induced diabetic rat liver tissue36.  
 
CONCLUSION 
 
The present study, whole plant of MeCV in the dose of 400 mg/ 
kg/ b.w has improved the enzymatic (SOD, catalase and 
glutathione-s-transferase) and nonenzymatic (ascorbic acid and 
glutathione) antioxidant levels significantly compared to 400 mg/ 
kg/ b.w of whole plant of MeCG. Based on these results we 
concluded that whole plant of MeCV possesses hepatoprotective 
activity. Therefore, further investigations are needed to clarify the 
exact mechanism by which MeCV exhibit its therapeutic 
properties.  
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