
ABSTRACT
Ethnomedicinal survey documents the traditional usefulness of Oxalis debilis Kunth leaves in the management of 
diabetes mellitus in North-eastern region of India. This study screens the hydro-alcoholic extract (HAE) of leaves 
of O. debilis for antidiabetic activity in streptozotocin-induced diabetic rats along with antioxidant activity. 
The antidiabetic activity of HAE was evaluated in streptozotocin-induced diabetic rats at the doses of 250 and 
500 mg/kg body weight. Results of antidiabetic activity study revealed that HAE of O. debilis leaves possesses 
significant hypoglycemic activity (100.52±14.94 and 78.79± 9.67 at 250 and 500 mg/kg, respectively) in diabetic rats  
(322.64± 11.86) as compared to normal control group (99.88 ± 2.58) after 21st day of treatment. The metformin 
(5 mg/kg) treated rats also showed significant reduction (76.99 ± 8.63) in plasma glucose level when compared to 
normal rats. HAE also exhibited promising antioxidant potential in experimental rats. Results indicated possible 
role of the HAE as herbal antioxidants in the prevention and/or treatment of oxidative stress induced diabetes. 
The phenolic/flavonoid contents of HAE having antioxidant potential might be responsible for antidiabetic property 
of O. debilis leaves.
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INTRODUCTION

despite the availability of hypoglycemic agents from 
synthetic sources, diabetes is still life-threatening 
because of limited therapeutic utility of existing drugs  
(Riaz et al., 2020). Traditional medicines derived from 
plants play a significant role in the management of 
diabetes mellitus (Junejo et al., 2018). WHo recommended 
the evaluation of traditional plant remedies used in 

the treatment of diabetes because they are effective 
with less or no toxicities as compared to synthetic 
oral hypoglycemic agents (Junejo et al., 2017). Many 
indigenous Indian medicinal plants have been found to 
be useful in the treatment of diabetes mellitus (sekhin-
loodu et al., 2019).

Oxalis debilis Kunth (oxalidaceae) is a tristylous species 
native to southern America and is a member of the 
bulb-forming shrub and distributed widely throughout 
the world. It is abundantly found in the brahmaputra 
valley region of India (Junejo et al., 2006). The traditional 
uses of herbs and their extracts have been to cure 
human ailments since ancient times.  It has been used 
traditionally for the treatment of dysentery and diarrhea  
(Kumar et al., 2012). In modern literature, antioxidant, 
anticancer, anti-inflammatory, analgesic, antimicrobial, 
antiamoebic, antifungal, astringent, diuretic and febrifuge 
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activities of this plant species have also been reported 
(Panda et al., 2016; Rehman et al., 2015).

Ethnobotanical study indicates that leaf decoction of O. 
debilis have been used by tribal people of North-eastern 
states of India for the management of diabetes. There 
are no scientific reports in modern literature on the 
antidiabetic efficacy of O. debilis leaves. The objective 
of our present study was to ascertain the scientific basis 
of using this particular plant species traditionally in the 
management of diabetes, using streptozotocin-induced 
diabetic rats. According to WHo guidelines (Junejo et al., 
2020c), the extract of O. debilis leaves was prepared using 
hydro-alcoholic solvent and evaluated for the antidiabetic 
activity. It has been reported that traditional medicinal 
plants having antidiabetic activity possess antioxidant 
potential in experimental animals (Irudayaraj et al., 
2012; debasis et al., 2010). Moreover, since a biochemical 
relationship exists between diabetic hyperglycemia 
and cellular oxidative stress, the antidiabetic activity 
evaluation of the hydro-alcoholic extract (HAE) of O. 
debilis leaves was carried out along with the study of in 
vivo antioxidant activity.

MATERIAL AND METHODS

All chemicals and reagents used in the study were 
of analytical grade and were procured from Rankem, 
Mumbai and Himedia laboratories ltd., Mumbai. 
streptozotocin (sTZ) was procured from sigma-Aldrich, 
Germany. commercial reagent kits used for determination 
of biochemical parameters and enzymatic assays were 
purchased from sPAN diagnostics ltd., surat (India).

fresh leaves of Oxalis debilis were collected from 
forest areas of dibrugarh district, Assam (India) during 
the month of december 2014. The plant species was 
identified and authenticated (bsI/ERc/2014/Plant 
identification/360, dt. 26.08.2014) at the botanical 
survey of India, Eastern Regional centre, botanical 
survey of India, Eastern Regional centre, shillong (India). 
A voucher specimen (dU/Psc/HRb/b-11/2014) of the 
identified plant species was deposited in the Herbarium 
of the department of Pharmaceutical sciences, dibrugarh 
University, dibrugarh.

Preparation of hydro-alcoholic extract (HAE): The air-
dried leaves were coarsely powdered (sieve no. 40) using 
a cutter mill, and 50 g of powdered leaves was used 
for the preparation of extract. Powdered leaves were 
extracted using sufficient quantity (400 ml) of ethanol-
water mixture (7:3) by cold maceration for 24 h. The 
extraction was carried out successively thrice and the 
combined extract was then concentrated under reduced 
pressure to dryness in a rotary vacuum evaporator to 
obtain a thick semisolid-like paste. The crude extract 
was dried at -40 °c in a lyophilizer and the dried 
extract (dark brown colour) so obtained was stored in a 
desiccator until further use. The percentage yield of the 
dried hydro-alcoholic extract (HAE) was calculated per 
dry weight of powdered leaves.

Estimation of total phenolic and flavonoid contents 
(TPC and TFC): The total phenolic content of the HAE 
was evaluated following the folin-ciocalteu colorimetric 
method and results were expressed as mg of gallic 
acid equivalent (GE) per g of dry weight of the extract. 
The total flavonoid content was estimated using the 
aluminum chloride colorimetric method and results were 
expressed as mg of quercetin equivalent (QE) per g of 
dry weight of the extract (Junejo et al; 2020a; chang 
et al., 2002). The total phenolic content was calculated 
from the calibration curve of gallic acid (20, 40, 60, 80, 
100 µg/ml, 90% ethanol). The total flavonoid content 
was calculated from a calibration curve of quercetin  
(20, 40, 60, 80, 100 µg/ml, 90% ethanol). Results were 
obtained as mean ± sEM of three replicate studies.

Test animals: Healthy Wistar male albino rats (240–260 
g) were maintained under standard environmental
conditions (temperature 25±2 °c, relative humidity 
50±5 %) with a 12 h light / dark cycle. They were 
fed on with normal laboratory chow pellet diet and 
drinking water was given ad libitum. Animals were 
allowed to acclimatize for 7 days before commencement 
of the experiment. The animals were used with the 
approval of the Institutional Animal Ethics committee  
(Approval no. IAEc/dU/50 dt. 24.9.13) under guidelines 
set by the committee for the Purpose of control and 
supervision of Experiments on Animals (cPcsEA), New 
delhi (India).

Acute oral toxicity study: over-night fasted rats were 
randomly divided into six groups of six animals 
each. Rats of different groups were administered with 
increasing doses (250, 500, 1000, 2000 and 5000 mg/
kg b.w.) of the HAE. one group was maintained as 
normal control and was given vehicle alone. The acute 
toxicity study was done as per oEcd guideline-423  
(Junejo et al., 2020b; oliveira et al., 2008).

Oral glucose tolerane (OGT) test: This test was 
performed in overnight fasted normal rats according 
to the method reported by Junejo and co-workers  
(Junejo et al., 2014).

Hypoglycemic activity in STZ-induced diabetic rats: 
diabetes was induced (Amira et al., 2016) in overnight 
fasted animals by a single intraperitoneal (i.p) injection 
of streptozotocin (sTZ, 55 mg/kg b.w. in normal saline). 
The animals confirmed as diabetic (after 72 h of sTZ 
injection) by the elevated plasma glucose levels (200-
300 mg/dl) was used for the experiment. The animals 
were divided randomly into five groups of six rats in 
each group. Group I rats served as normal control and 
were given vehicle (0.5% cMc w/v in normal saline) 
alone. Group II rats served as diabetic control and 
were administered with vehicle alone. Group III and Iv 
were treated with HAE at 250 mg/kg b.w. and 500 mg/
kg b.w., respectively. Group v rats were received the 
standard drug, metformin hydrochloride (5 mg/kg b.w.). 
Treatments were given orally using a canula once daily 
for a period of 21 days. blood was collected from the tail 
vein each time for the determination of glucose levels on 
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0, 7, 14 and 21 day. blood glucose levels were measured 
by the God-Pod method.

liver and kidney function tests:The initial and final 
body weights were measured. liver tissues were excised, 
blotted, weighed and stored at -70 oc for assay of 
glycogen content. liver glycogen was estimated by the 
method of carrol et al. (carroll et al., 1956). blood was 
collected by cardiac puncture in dry test tubes containing 
a mixture of potassium oxalate and sodium fluoride (1:3) 
and the serum was separated by centrifugation (2000 
rpm, 10 min) for estimation of various biochemical 
parameters.

serum insulin levels were measured by the microplate 
ElIsA method using a commercial kit (sPAN diagnostics 
ltd.). serum lipid profile was also estimated using 
commercially available kits (sPAN diagnostics kit). 
Triglycerides (TG) and Total cholesterol (Tc) were 
estimated by enzymatic methods (Hdl (How density 
lipoprotein) cholesterol by phosphotungstate method 
and ldl (low density lipoprotein) cholesterol were 
calculated by friedewald’s formula (friedewald et al., 
1972).serum was used to estimate glutamate oxaloacetate 
transaminase (GoT) glutamate pyruvate transaminase 
(GPT) and alkaline phosphatase (AlP), total protein (TPR) 
and creatinine (cRTN). sGoT and sGPT were measured 
by Uv kinetic method and AlKP was estimated by PNPP 
method. TPR was measured by bradford Macro method 
(bradford, 1976), while cRTN was by picrate method 
(saligman et al., 1950).

In vivo antioxidant activity: on 21st day, all the groups 
of animals were anaesthetized using diethyl ether, liver 
was dissected out, washed with normal saline and one 
part was preserved in 10% formalin for histopathological 
studies. The other part of liver was homogenized by ice 
chilled Tris-Hcl buffer and used for activities/levels of 
superoxide dismutase catalase, reduced glutathione (GsH), 
glutathione peroxidase (GPx), and malondialdehyde 
MdA. The malondialdehyde (MdA) production is a 
direct indicator of lipid peroxidation (lPo) process that 
was measured by TbA reaction using an ElIsA reader  
(at 532 nm) (Minami and yoshikawa, 1979; (xu et al., 
1997).

Histopathological studies: At the end of 21th day of 
treatment, the animals were fasted for 12 h, anaesthetized 
using diethyl ether and sacrificed by cervical dislocation. 
Pancreas was instantly dissected out, excised and rinsed 
in ice-cold saline solution. Tissue was processed further 
histopathological observations (Irudayaraj et al., 2012; 
Kumar et al., 2011; ozbek et al., 2017).

Statistical analysis: values are represented as mean ± 
sEM of three replicate studies. statistical analysis was 
performed using the IbM sPss 19.0 statistical software 
package, for Windows. statistical differences at 5% 
level of probability (p < 0.05) between the groups were 
analyzed by one-way ANovA followed by student’s 
t-test (sabu et al., 2002).

RESULTS AND DISCUSSION

TPC and TFC of HAE: The total phenolic content of the 
HAE, calculated from the calibration curve of gallic acid 
(R2 = 0.984), was 56.34 ± 2.09 mg gallic acid equivalent 
(GE) /g of dry wt. of HAE, and the total flavonoid content 
(R2 = 0.987), calculated from the calibration curve of 
quercetin was 45.22 ± 2.31 mg quercetin equivalent (QE) 
/g of dry wt. of HAE. 

Acute toxicity study: No sign and symptoms of acute 
toxicity and mortality up to 2000 mg/kg body weight 
dose were observed during the whole experimental 
period. The body weight and food consumption were 
normal compared to vehicle treated rats. for further 
studies, the doses were fixed as 250 and 500 mg/kg 
body weight.

Effect of HAE on oGT test in normal rats:In oGT, 
HAE (250 & 500 mg/kg) showed significant (p < 0.05) 
reduction of glucose load (plasma glucose level) as 
compared to normal control group. The metformin (5 
mg/kg) treated group also showed significant (p < 0.05) 
activity compared to normal control group (fig. 1).

Junejo et al.,

Effect of HAE on blood glucose levels in diabetic rats: 
sTZ-treated diabetic rats exhibited significant increase 
in the levels of blood glucose in comparison to normal 
rats. After treatment with HAE the blood glucose levels 
were significantly (p<0.05) reduced compared to the 
diabetic control rats at both the doses, viz. 250 & 500 
mg/kg. The metformin (5 mg/kg) treated rats also showed 
significant (p < 0.05) reduction in plasma glucose level 
when compared to normal rats. Results of the effect of 
HAE on blood glucose levels in normal and diabetic rats 
are depicted in Table 1. 

Figure 1: OGT test. Values are mean ± SEM of three 
replicate experiments. Activities of HAE and metformin 
(metformin) are statistically significant at p < 0.05, 
compared to normal control

In sTZ-induced diabetic rats (b), the histopathology 
shows the presence of more shrinkage, increased necrosis 
and damaged β-cell, whereas, the diabetic treated (HAE) 
animals (c & d) shows increased number of islets, lesser 
degree of shrinkage and restoration of necrosis of β-cells 
of pancreas
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Effect of HAE on body weight, plasma insulin and liver 
glycogen in diabetic rats: Table 2 depicts the effect of 
HAE on body weight, levels of plasma insulin and liver 
glycogen in sTZ-induced diabetic rats. In diabetic rats, 
the body weight, insulin level and glycogen content 
were significantly decreased. After 21 days of treatment 
with HAE at 250 & 500 mg/kg, the body weight was 
significantly (p < 0.05) increased, insulin level and 
glycogen content were also significantly (p < 0.05) 
increased as compared to diabetic rats. The activity of 
HAE was found less than that of metformin (5 mg/kg) 
treated group.

Effect of HAE on lipid profile in diabetic rats: The effect 
of HAE on lipid profile of diabetic rats is displayed in 
Table 3. In diabetic rats, the levels of triglycerides (TG), 
total cholesterol (Tc), and low density lipoprotein (ldl) 
were significantly increased and high density lipoprotein 
(Hdl) level was significantly decreased. In HAE (250 & 
500 mg/kg) treated groups, the TG, Tc and ldl levels 
activities were significantly (p < 0.05) reduced and 
the Hdl level was significantly (p < 0.05) increased 
as compared to diabetic control rats, which is in turn 
comparable to metformin (5 mg/kg) treated group.

Effect of HAE on SGOT, SGPT, ALKP, TPR and CRTN 
in diabetic rats: There was a significant increase in 
activities of sGoT, sGPT and AlKP in diabetic rats. After 
treatment with HAE (250 and 500 mg/kg) the activities 
of sGoT, sGPT and AlKP activities were significantly 
(p<0.05) reduced as compared to diabetic control rats. 
A significant decrease in serum total protein (TPR) level 
and a significant increase in creatinine (cRTN) level were 
observed in diabetic rats. After treatment with HAE at 
250 and 500 mg/kg doses for 21 days the TPR level was 
significantly increased (p < 0.05) and cRTN level was 
significantly (p < 0.05) decreased compared to diabetic 
control rats. Metormin (5 mg/kg) treated rats also showed 
significant effects on blood levels of sGoT, sGPT, AlKP, 
TPR and cRTN in diabetic rats (Table 4).

Figure 2: Histology of pancreas of experimental rats after 
treatment with HAE, 500 mg/kg. (A) Normal control- (B) 
Diabetic control, (C) Diabetic treated with HAE (500 mg/
kg), (D) Diabetic treated with metformin

Effect of HAE on liver antioxidant enzymes and MDA: 
Table 5 displays the activities of sod, cAT, GsH and 
GPx in normal and diabetic rats. In sTZ-treated diabetic 
rats, the activities of sod, cAT, GsH and GPx were 
significantly increased. There was a significant (p < 0.05) 
reduction in the activities of these antioxidant enzymes 
in diabetic rats as compared to normal rats. Metformin 
(5 mg/kg) also showed significant (p < 0.05) reduction 
of these enzymes. Increased levels of MdA, an indicator 
of lPo, in diabetic rats were significantly (p < 0.05) 
reduced after treatment with HAE (250 & 500 mg/kg) as 
compared to the normal rats. 

Group                            Days
 0 day  7th day 14th day 21st day

Normal control 94.39 ± 2.71  102.86 ± 3.51 103.49 ± 3.99 99.88 ± 2.58
diabetic control
sTZ (55 mg/kg, i.p) 266.72 ± 8.29 289.21 ± 9.57 298.12 ± 6.58 322.64± 11.86
 diabetic + HAE 
(250 mg/kg, p.o)  252.91± 8.34  216.55± 5.21* 133.72± 7.98* 100.52±14.94*
 diabetic + HAE 
(500 mg/kg, p.o) 255.88 ± 5.61 200.61± 9.98* 103.68± 7.78* 78.79± 9.67*
diabetic + Metformin
(5 mg/kg, p.o) 264.56 ± 7.26 170.66 ± 8.95 116.89 ± 9.04 76.99 ± 8.63

values indicate mean ± sEM (n = 6)
*p < 0.05, compared with normal control values

Table 1. Effect of HAE on blood glucose levels in diabetic rats

In sTZ-induced diabetic rats (b), the histopathology 
shows the presence of more shrinkage, increased necrosis 
and damaged β-cell, whereas, the diabetic treated (HAE) 
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fibrosis and atrophy (b). HAE (500 mg/kg) and metformin 
treated rats restored the necrotic and fibrotic changes 
and also increased the number and increased the size 
of the islets (c). In normal control group normal acini 
and normal cellular in the islets of langerhans the 
pancreas were observed (A). The changes in pancreas 
morphology in metrformin treated group (d) are similar 
to HAE treated rats. 

Junejo et al.,

Histopathological observations: Histopathological studies 
of pancreas (fig. 2) of sTZ-treated diabetic rats exhibited 
reduction in the dimensions of islets, damaged β-cell 
population and extensive necrotic changes followed by 

animals (c & d) shows increased number of islets, lesser 
degree of shrinkage and restoration of necrosis of β-cells 
of pancreas

Group                        Body weight in g  Plasma insulin  Liver
   (µU/ml) (mg/g tissue)
 0 day 21st day  glycogen
  
Normal control 200.50 ± 2.84 205.38± 11.49 15.31± 3.62 72.14 ± 2.23
diabetic control 205.67 ± 4.88 130.38 ± 7.27 6.23 ± 6.45 32.18 ± 2.25
sTZ (55 mg/kg, i.p) 
 diabetic + HAE 200.82± 6.81  188.30±9.21* 9.89±5.33* 59.44±3.76*
(250 mg/kg, p.o)
 diabetic + HAE 204.15± 5.29  193.96±9.75*  14.04±3.87* 67.75±4.38*
(500 mg/kg, p.o)
diabetic+ Metformin 206.66 ± 2.32 192.59 ± 8.30 15.65± 6.72 72.80 ± 6.67
(5 mg/kg, p.o) 

values indicate mean ± sEM (n = 6)
*p < 0.05, compared with normal control values

Table 2. Effect of HAE on body weight, plasma insulin and liver glycogen in diabetic rats

Hydro-alcoholic extract (HAE) of O. debilis leaves did 
not exhibit toxicities up to a dose of 2000 mg/kg b.w. 
in experimental animals which indicated high margin 
of safety of bioactive principles present in the extract. 
HAE treated rats lowered glucose level when compared 
to normal rats which indicated that the increased glucose 
tolerance in HAE treated rats was due to insulin secretion 
from β-cells and increased glucose utilization by the 
tissues. The HAE treated group exhibited significant 
reduction of fasting plasma glucose levels as compared 
to the diabetic control group. The possible mechanism by 
which HAE brought about its hypoglycemic action might 
be by improving glycaemic control mechanism and by 
increasing insulin secretion from regenerated β-cells of 
pancreas (Jangir and Jain, 2017). 

It was further supported by histopathological observations 
which clearly revealed the presence of shrinkage, necrosis 
and damaged β-cell population in the endocrine region 
of pancreas in sTZ-induced diabetic rats. The diabetic 
treated (HAE) animals showed increase in the number 
of islets, lesser degree of shrinkage and restoration of 
necrosis of β-cells of pancreas. our finding is consistent 
with an earlier report by Irudayaraj and co-authors 
(Irudayaraj et al., 2012). diabetic rats treated with HAE 
showed an improvement in body weight in comparison to 
the diabetic control rats and standard metformin treated 
rats, signifying the protective effect of HAE in controlling 
muscle wasting i.e., reversal of gluconeogenesis. 
Moreover, the ability of HAE to protect body weight loss 
might be the result of its ability to reduce hyperglycemia 
(sudasinghe and Peiris, 2018).

diabetic rats treated with HAE increased significantly 
the liver glycogen content as compared to the diabetic 
control, which could be due to increased insulin 
secretion. The significant increase in the glycogen levels 
of the HAE treated diabetic animals might be because 
of the reactivation of glycogen synthase system.diabetic 
rats treated with HAE significantly improved serum TG 
and Tc. The significant control of the levels of serum 
lipids in the HAE treated diabetic rats might be attributed 
to improvements in insulin levels. significant lowering 
of ldl cholesterol and raise in Hdl cholesterol were 
observed in treated diabetic rats. The HAE extract treated 
animals showed a weight loss, which probably be due to 
the lipid lowering activity of the extract or indirectly to 
the influence on various lipid regulation systems. lipid 
lowering activity of the HAE may help in prevention of 
diabetic complications like atherosclerosis and ischaemic 
conditions (Junejo et al., 2018)

An increase in the activities of sGoT, sGPT and AlP 
in plasma of diabetic rats might be mainly due to 
the leakage of these enzymes from the liver cytosol 
into the blood stream which was an indicator of the 
hepatotoxic effect of sTZ (sreedevi et al., 2020). Treating 
the diabetic rats with HAE reduced the activity of 
these enzymes compared to the diabetic control group. 
Reduction in plasma TPR was observed in diabetic rats, 
which might be due to the negative nitrogen balance, 
enhanced proteolysis and decreased protein synthesis  
(Reddy et al., 2017). The plasma protein level was 
improved in diabetic rats after treatment with HAE. 
diabetic rats showed increased level of cRTN, whereas, a 

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS                                  NURsEs’ ATTITUdE REGARdING PATIENT sAfETy IN PRIMARy HEAlTHcARE 864



significant reduction in the level of cRTN was observed 
in HAE treated diabetic rats indicated that the HAE 

prevented the progression of renal damage in diabetic rats  
(Attanayake et al., 2015).

Groups TG (mg/dl) TC (mg/dl) HDL (mg/dl) LDL(mg/dl)

Normal control 86.89 ±7.26 152.20 ± 6.56 38.29 ± 2.14 95.32 ± 4.92
diabetic control 210.43± 6.84 270.83± 14.96 30.61 ± 2.60 199.33± 15.67
sTZ (55 mg/kg, i.p)  
 diabetic + HAE  145.71±5.92* 162.21 ±5.92* 40.27 ±5.67* 117.29±5.46*
(250 mg/kg, p.o) 
 diabetic + HAE  133.21±4.54* 158.71± 6.91* 48.29± 5.67* 100.69± 8.59* 
(500/kg, p.o) 
diabetic + Metformin 115.29± 3.79 146.59± 11.15 54.69 ± 3.28 78.89 ± 6.74
(5 mg/kg, p.o) 
Values indicate mean ± SEM (n = 6)
*p < 0.05, compared with normal control values

Table 3. Effect of HAE on lipid profile in diabetic rats

Group SGOT  SGPT ALKP TPR CRTN
 (U/L) (U/L) (U/L) (mg/dl) (mg/dl)

Normal 49.78± 6.69 46.89± 6.23 116.61±4.98 8.89± 0.46 0.436±0.026
control
diabetic control 102.80±8.43 88.39 ± 4.59 320 ± 8.95 4.62± 0.92 0.826±0.037
sTZ (55 mg/kg, i.p) 
 diabetic + HAE  67.33± 5.35* 60.21± 4.32* 146.27±4.89* 6.95±0.31 0.646±0.04*
(250 mg/kg, p.o) 
 diabetic + HAE  62.04± 4.32* 56.73± 5.21* 138.72±7.29* 8.73±0.52* 0.498±0.06*
(500 mg/kg, p.o) 
diabetic + Metformin 58.79 ± 7.61 53.91 ± 8.56 132 ± 6.52 8.98± 2.02 0.434±0.062
(5 mg/kg, p.o) 
values indicate mean±sEM (n = 6)
*p<0.05, compared with normal control values

Table 4. Effect of HAE on SGOT, SGPT, ALKP, TPR and CRTN in diabetic rats

The activities of enzymatic antioxidant (sod¸ cAT, 
GsH and GPx) were increased to normal indicating 
the efficacy of HAE in attenuating the oxidative stress 
(os) and eventual inhibition of lPo in diabetic liver. 
decrease in MdA level indicated reduced rate of lPo 
in HAE treated diabetes. Mechanisms that contribute 
to increased os in diabetes include non-enzymatic 
glycosylation, autooxidative glycosylation and metabolic 
stress (Jan et al., 2015). A marked increase in the 
concentration of TbARs and MdA were observed in 
sTZ induced diabetic rats indicating the lPo of tissues 
under oxidative stress (banerjee et al., 2017). since 
the HAE significantly decreased TbARs levels as well 
as MdA in liver of diabetic rats indicating strong 
lipid peroxidation scavenging activity of the HAE as 
antioxidant agent. some studies (Kadali et al., 2017) 
suggest that high molecular weight phenolic compounds 
including plant flavonoids comprising hydroxyl 

group and aromatic ring serve as potent free radical 
scavengers. It is now assumed that the antioxidant 
activity is responsible for the antidiabetic action of the 
HAE, and phenolic compounds and flavonoids present 
in the HAE may be involved in reducing underlying 
cellular os and eventual hypoglycemic reactions 
(sekhin-loodu et al., 2019). Plants rich in phenolics, 
flavonoids and related substances, have antioxidant 
activity due to their redox properties, and as their free 
radicals scavenging ability is facilitated by hydroxyl 
groups (Junejo et al., 2000a). so, the determination of 
total phenolic and flavonoid contents could be used as 
a basis of assessing the antioxidant potential of plant 
extracts. It has been reported that antioxidant properties 
of plant derived phenolic compounds are brought 
about mainly via their radical scavenging activities  
(Junejo et al., 2018). 

Junejo et al.,
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Treatment SOD CAT GSH GPx MDA
 (U/mg (U/mg (U/mg (U/mg (LPO)
 protein) protein)  protein) protein) (U/mg protein)

Normal control 8.28± 0.06        72.16±4.32        16.20±0.48        23.12 ± 1.89        0.52 ± 0.12
diabetic control 4.23± 0.08        42.60±3.69 6.20 ± 0.28 9.12 ± 0.48 0.82 ± 0.03
sTZ (55 mg/kg, i.p) 
 diabetic + HAE  6.87± 0.07       61.67±3.11* 11.15±0.54 12.97±0.73* 0.69±0.04
(250 mg/kg, p.o) 
 diabetic + HAE  7.98± 0.08        67.56±5.43* 14.11±0.75* 19.04±0.43* 0.58±0.07*
(500 mg/kg, p.o) 
diabetic+ Metformin 8.51± 0.05       69.86±3.64 15.20±1.20 20.34 ± 0.82 0.50 ± 0.10 
(5 mg/kg, p.o)

values indicate mean ± sEM (n = 6)
*p < 0.05, compared with normal control values

Table 5. Effect of HAE on SOD, CAT, GSH, GPx and MDA in normal and diabetic rats 

CONCLUSION

The findings of our present investigation justify the 
traditional use of O. debilis leaves in ethnomedicine 
of Northeast India for the treatment of diabetes. The 
antioxidant activity of O. debilis leaves reported 
here in signifies the potential of the plant as herbal 
antioxidant with possible role in the prevention of 
oxidative stress induced diabetes and associated disease 
complications. studies are in progress in our laboratory 
to isolate bioactive principles from the HAE extract of 
O. debilis leaves and further exploration of biochemical 
mechanisms involved in antidiabetic action of isolated 
compopunds. As this is the first report on the antioxidant 
activity of O. debilis, thorough phytochemical analyses 
need be executed in order to identify the possible 
antioxidant phenolic and flavonoid components having 
antidiabetic activity.
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