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ABSTRACT 

The aqueous extract of aerial parts of Mollugo pentaphylla Linn.(AAMP),commonly known as carpet weed (English), pitta saga (Odia) was studied 

for its antidiabetic and antioxidant potential in different experimental models. The antidiabetic potential of the plant extract was undertaken in both 

normoglycemic and alloxan induced hyperglycemic models by comparing different biochemical parameters like blood glucose, plasma-insulin, lipid 

profiles along with the liver antioxidant enzymes like superoxide dismutase (SOD), catalase (CAT), reduced glutathione (GSH), glutathione 

peroxidase (GSH-Px) and glutathione reductase (GR) and liver oxidants like thiobarbituric acid reacting substances (TBARS), hydroperoxide (HP), 

malondialdehyde (MDA) and conjugated dienes (CD) were quantified using standard experimental procedures. The antidiabetic activity of the 

extract was evidenced by significant fall of blood sugar level apart from its ability to increase plasma insulin level along with decreased quantity of 

liver oxidants and increased quantity of liver antioxidant enzymes, with a positive support of elevated glucose uptake by rat hemi diaphragm. The 

plant extract was studied in 250 and 500 mg/kg dose levels for a period of thirty days and found by analyzing the tested parameters in support of 

the activity that, the extract is endowed with potential antidiabetic activity, the potency of which rest on the dose.  
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INTRODUCTION 

Diabetes mellitus (DM) is a major heterogeneous endocrine and 

metabolic disorder, characterized by altered metabolisms of 

carbohydrate, lipid and protein, which not only lead to 

hyperglycaemia but also cause many complications, such as 

hyperlipidemia, hypertension and atherosclerosis1,2,3. The increased 

glucose level tends to glucose auto oxidation and auto oxidative 

glycosylation of proteins, which leads to oxidative stress by 

increasing the reactive oxygen species4. The oxidative stress, caused 

by free radicals induced by hyperglycemia, contributes to the 

development and progression of diabetes along with secondary 

complications5, 6,7. Antioxidants have been shown to prevent the 

destruction of β-cells8, 9 by inhibiting the peroxidation chain reaction 

and thus, may provide protection against the development of 

diabetes10,11,12. Abnormally high levels of free radicals cause 

membrane damage due to lipid peroxidation and protein glycation 

and the simultaneous decline or disturbance of antioxidant defense 

mechanisms leads to cell and tissue damage7. As a new strategy for 

alleviating the oxidative damage in diabetes, interest has grown in 

the usage of natural antioxidants. It has been postulated that many 

of the negative effect of oxidative stress are diminished upon 

supplementation with certain dietary antioxidants such as vitamin E, 

C and other non-nutrient antioxidant such as phenolic compounds 

and flavonoids5,13. On the other hand, plants contain natural 

antioxidants (tannins, flavonoids, vitamins C and E, etc.) that can 

preserve β-cell function and prevent diabetes induced ROS 

formation14 and many plant species are known in folk medicine of 

different cultures to be used for their hypoglycaemic properties and 

therefore used for treatment of DM15,16. Despite this, few 

traditionally used antidiabetic plants have received proper scientific 

screening. The World Health Organization (WHO) has recommended 

that this area warrants further evaluation17.  

Mollugo pentaphylla Linn, commonly known as carpet weed 

(English), Pitta saga (Oriya) is a perennial herb found throughout 

India, Ceylon, Malacca, China, Japan, Fiji etc. Roots are creaper and 

adventitious, leaves are trifoliate small oval shape; flowers are 

white, pentameric and bisexual. The urban people used this plant 

medicinally in paste form orally and externally for treatment of skin 

allergic condition, antimicrobials etc18,19,20.Highly esteemed by 

Hindus as a bitter vegetable which they eat occasionally on account 

of its stomachic, aperient and antiseptic properties21. Ethnomedical 

Information on Mollugo pentaphylla cited the folkloric use of the 

plant as an emmenagogue on female human adult in India22 and 

Indonesia23.Hot H2O extract of dried entire plant in India used for 

whooping cough and in cases of atrophy in human24 and Decoction 

of dried entire plant used to treat hepatitis in Taiwan25. M. 

pentaphylla is a component in an important folk medicine named 

"Peh-Hue-Juwa-Chi-Cao" in Taiwan, which is used as an anticancer, 

antitoxic and diuretic agent26. Eaten as a pot-herb; it is also used 

medically for mouth infections. The original scientific studies on the 

plant reported to possess active antifungal activity27,28, antibacterial 

activity29, spermicidal and spermiostatic effect30, anti-inflammatory 

and hepatoprotective activity31 and antioxidant activity26. The plant 

is reported to contain Flavones such as Apigenin and Mollupentin32, 

Mollugogenol A, an antifungal triterpenoid, Mollugogenol B, 

Mollugogenol D, Oleanolic acid and a steroid–Sitosterol Beta27,28,33,34.  

In our earlier study, it has been reported that the aqueous extract of 
the said plant possess a significant hypoglycemic and antidiabetic 
activity in the normoglycemic and alloxan induced and glucose 
loaded hyperglycemic rat models in single dose administration35. In 
continuation of our earlier work, the objective of the present study 
aims at extensive evaluation of the anti-hyperglycemic effect of the 
aqueous extract of the aerial parts of Mollugo pentaphylla in the sub-
acute diabetic models up to thirty days and to validate the folklore 
claim of the activity of the plant in a more scientific manner.  

MATERIAL AND METHODS 

Plant Materials 

Fresh and mature plant of Mollugo pentaphylla Linn was collected 
from Odisha, India and the plant was authenticated by taxonomist, 
Dr. A. K. Pradhan, Professor, Dept. of Botany, PPD Mahavidyalaya, 
Tigiria, Cuttack, Odisha, India. A voucher specimen (Regdn.No. 
SPS/SOAU/2008/005) has been preserved in the institutional 
herbarium of School of Pharmaceutical Sciences, Siksha ‘O’ 
Anusandhan University for future reference. After due 
authentication,fresh aerial parts were collected in bulk, cleaned 
thoroughly with distilled water followed by shade drying for 12 
days. The shade dried leaves were coarsely powdered and stored in 
nylon bags in a deep freezer till further use. 

Preparation of the extract 

Powdered plant material (750 g) was refluxed with 2000 ml of 

distilled water for 48h after defatting with petroleum ether (60-80 
0C). The solvent with plant residue were filtered and concentrated in 

a rotary evaporator, a dark brownish viscous residue was obtained 

(yield: 29.72% w/w with respect to dried plant material). 
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Preparation of the test samples 

The measured quantity of aqueous extract of aerial parts of Mollugo 

pentaphylla Linn (AAMP) and glibenclamide (2.5 mg/kg) was 

suspended in 25% Tween 20 in distilled water and used as test drug 

for oral administration.  

Maintenance of Animal and approval of protocol 

Healthy male albino Wistar rats, weighing 150–200 g body weight 

were collected from the Institutional animal house for the study. The 

selected animals were housed in acrylic cages in standard 

environmental conditions (temp: 20–25 0C; relative humidity: 45-55 

% under 12 h light/dark cycle), fed with standard rodent diet for 

one week in order to adapt to the laboratory conditions and water 

ad libitum. The experiments on animals were conducted in 

accordance with the internationally accepted principles for 

laboratory animal use and as per the experimental protocols duly 

approved by the Institutional Ethical Committee (IAEC No. 

1171/C/08/CPCSEA). 

Determination of blood glucose levels 

Fasting blood glucose level was measured, using a Glucomonitor 

(Optium make), based on the glucose oxidase method. Blood 

samples were collected from the tip of tail at the defined time 

patterns36,37. The Screening for antihyperglycaemic activity was 

performed as per the standard procedures38. 

Study of blood glucose level on normoglycaemic animals 

The animals were fasted for 12 h, but were allowed free access to 

water before and throughout the duration of experiment. At the end 

of the fasting period, taken as zero time (0 h), the rats were then 

divided into four groups of six animals each. Group I served as 

solvent control and received only vehicle (2 ml/kg) through oral 

route, Group II received glibenclamide (2.5 mg/kg) and served as 

reference control. Groups III and IV received the test extract at a 

dose of 250 and 500 mg/kg, respectively, in a similar manner. The 

test extract, standard drug and solvent were administered to 

respective group once daily for 30 days. Blood was withdrawn (0.1 

ml) from the tip of the tail of each rat under mild ether anaesthesia. 

The blood glucose level was measured on 0, 5, 10, 15, 20, 25 and 30th 

day of treatment. 

Study of blood glucose level on alloxan induced diabetic animals 

The animals were kept fasting for 24 h with water ad libitum and 

injected alloxan monohydrate intraperitoneally at a dose of 150 

mg/kg in normal saline. After 1 h, the animals were provided 

rodent-feed ad libitum. The blood glucose level was measured 72 h 

after administration of alloxan. The animals showing blood glucose 

level beyond 200 mg/dl, were considered for the study. The diabetic 

animals were segregated into four groups of six rats each. Group I 

served as solvent control and received only vehicle (2 ml/kg) 

through oral route. Group II received glibenclamide (2.5 mg/kg); 

Groups III and IV received the test extract at doses of 250 and 500 

mg/kg respectively in a similar manner, for 30 days. The blood 

glucose level was measured on 0, 5, 10, 15, 20, 25 and 30th day of 

treatment. 

Study of glucose utilization on isolated rat hemidiaphragm 

The rats’ hemi diaphragms were isolated from the selected healthy 

albino rats immediately after killing the animals by decapitation. 

The diaphragms were divided into two halves. The hemi 

diaphragms were then placed in culture tubes containing 2ml 

tyrode solution with 2g% glucose and incubated for 30 min at 37 
0C in an atmosphere of 95% O2 – 5% CO2 with shaking. Six sets of 

similar experiments were performed, in which, (I) corresponds to 

diabetic control (II) reference standard insulin (0.25 IU/ml), (III) 

AAMP (250 mg/ml), (IV) AAMP (500 mg/ml), (V) insulin (0.25 

IU/ml + extract (250 mg/ml)) and (VI) insulin (0.25 IU/ml + 

extract (500 mg/ml)). Following incubation, the hemi diaphragms 

were taken out and weighed. The glucose content of the incubated 

medium was measured. Glucose uptake was calculated as the 

difference between the initial and final glucose content in the 

incubation medium39. 

Study of the test extract on Plasma Insulin levels 

Four groups of rats were taken out of which Group I served as 

diabetic control, Group II, Group III and Group IV animals received 

oral daily dose of glibenclamide (2.5 mg/kg), AAMP (250mg/kg) and 

AAMP (500mg/kg) respectively. Blood was collected at 0, 5, 10, 20 & 

30th day and plasma insulin was measured by following the method 

of Radio Immunoassay (RIA), employing double antibody technique 

using insulin kit40. Insulin values were expressed as µU/ml. 

Estimation of serum lipid profile 

At the end of 30 days of treatment with the test extract, the animals 

were sacrificed by decapitation under ether anesthesia and blood 

samples were collected from test, standard and solvent treated 

groups including normal animal as reference. The serum 

supernatant was separated out by centrifugation and was subjected 

for the determination of the lipid profile studies such as total lipids, 

phospholipids, total cholesterol, triglycerides, HDL, LDL, VLDL and 

free fatty acids41. 

Estimation of antioxidant profile 

After sacrificing the animals on 30th day, the liver tissue from 

various groups of animals were removed carefully followed by 

washing thoroughly with ice cold saline, 0.5 gms of the wet tissue 

was weighed exactly and homogenized in 0.1M Tris–HCl buffer, pH 

7.4 at 4 0C in a Remi homogenizer with a Teflon pestle rotated at 600 

rpm for 30 min. The homogenate was centrifuged at 2500 rpm for 

10 min at 4 0C using refrigerated centrifuge. The supernatant was 

used for the assay of lipid peroxidation products and antioxidant 

enzymes such as thiobarbituric acid reacting substances (TBARS)42, 

hydroperoxides (HP)43,44, malondialdehyde (MDA)45, conjugated 

dienes (CD)46, reduced glutathione (GSH)47,48, glutathione peroxidase 

(GSH-Px)49, glutathione reductase (GR)50, superoxide dismutase 

(SOD)51, catalase (CAT)52.  

Acute oral toxicity studies 

The method of Seth et al. was followed53. Eight groups of ten mice 

each, of mixed sex fasted overnight were kept under laboratory 

conditions and allowed free access to water. The aqueous extract at 

concentration of 100, 500, 1000, 2000, 2500, 3000, 4000 and 5000 

mg/kg dissolved in distilled water were administered orally via a 

gastric catheter. After administration of test sample, the animals 

were observed critically for first 4 h for any behavioural changes, 

followed by occasional observation for 6h and finally mortality was 

recorded after 48 hours. The test result denoted that, the extract 

was found to slightly toxic in the group treated with 5000 mg/kg 

registering the death (20%) of only two out of ten animals. 

Statistical analysis 

All the results were analyzed statistically evaluated using one-way 

analysis of variance followed by Dunnet’s t-test. A p-value less than 

0.05 were considered significant. All the results were expressed as 

Mean ± S.E.M, for six animals in each group. 

RESULTS 

Effects of AAMP on normoglycemic rats 

The results of AAMP on blood sugar level of normoglycemic rats are 

illustrated in Table 1. The test result indicates that, there is a 

significant reduction (p<0.001) in blood glucose level from 15th day 

onwards, and registered 38.3 and 49.2 % fall, at the end of 30 days, 

in animals treated with 250 and 500 mg/kg of the test extract. 

However the standard drug glibenclamide at the same day reduces 

the blood glucose level up to an extent of 33.9% with p<0.001, when 

compared with solvent control group. 

Effects of AAMP on alloxan induced diabetic rats 

The results depicted in Table 2, of the study reveals that, the extract 

reduces the blood glucose level to an extent of 51.14% and 65.86% 

at 250mg/kg and 500mg/kg dose level respectively at the end of the 

30 day of the study, where as the standard drug glibenclamide 

registered 66.79% of reduction at the same day of the study. 

However the individual data shows a statistical significance ranges 
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between p<0.01 to p<0.001, throughout the experimental result 

when compared with solvent control while analysis of variance 

registered p value less than 0.01. 

Effects of AAMP on glucose uptake by isolated rat 

hemidiaphragm 

The results of study on glucose uptake by isolated rat 

hemidiaphragm are shown in Table 3, which reveals that the test 

extract at 250 mg/ml and 500mg/ml concentration exhibited 

uptake of 5.34 and 6.81 mg/g/30min respectively, while only 

insulin showed 6.36mg/g/30min. However, insulin and test 

extract combination respond to 7.23 and 8.45 mg/g uptake of 

glucose at the same time. The extent of glucose uptake differ 

significantly ranges from p<0.05 to p<0.001 when compared with 

diabetic control group, which showed 3.21 mg/g glucose uptake 

within 30 min.  

 

Table 1: Effect of AAMP on Blood glucose level in normoglycemic rats 

Groups  

&  

Treatment 

Blood Glucose Levels (mg/dl) 

0th day 5th day 10th day 15th day 20th day 25th day 30th day % Change 

from 0Hr 

I. Solvent Control 

(Tween + Water) 

99.5 ± 4.80 98.66 ± 4.66 96.5 ± 4.77 101.16 ± 4.04 96.83 ± 4.15 97.83 ± 5.60 102.16 ± 4.90 - 

II. Glibenclamide 

(2.5mg/kg) 

92.5 ± 2.68 86.83 ± 2.75 79.83 ± 2.95a 59.5 ± 2.77c 62.33 ± 2.33c 56.16 ± 2.68c 61.16 ± 3.29c 33.88 

III. AAMP 

(250mg/kg) 

92.66 ± 4.13 89.83 ± 4.22 84.16 ± 4.71 71. 16 ± 3.29c 67.5 ± 4.51c 60.33 ± 3.44c 57.16 ± 4.64c 38.31 

IV. AAMP 

(500mg/kg) 

91.5 ± 6.48 89.16 ± 6.80 82.16 ± 5.67 66.66 ± 3.62c 62.66 ± 4.32c 57.66 ± 5.15c 46.5 ± 4.46c 49.18 

F (3,20) 0.60 1.15 2.57 28.00** 17.61** 20.70** 25.43** - 

Values are expressed in MEAN ± S.E.M of six animals. One Way ANOVA followed by Dunnet’s t-test. 

(F-value denotes statistical significance at *p<0.05, **p<0.01) and (t-value denotes statistical significance at ap<0.05, bp<0.01 and cp<0.001 

respectively, in comparison to group-I) 

 

Table 2: Effect of AAMP on the Blood glucose level in control and experimental rats 

Groups  

&  

Treatment 

Blood Glucose Levels(mg/dl) 

0th day 5th day 10th day 15th day 20th day 25th day 30th day % Change 

from 0Hr. 

I. Solvent Control 

(Tween + Water) 

285.66 ± 

12.71 

279.83 ± 

11.81 

257.66 

±11.67 

246.83 

±11.80 

239.33 

±10.39 

235.83 ± 

9.76 

231.83 ± 

6.30 

 

II. Glibenclamide 

(2.5mg/kg) 

296.66 ± 

13.07 

199.66 

±10.21c 

138.16 

±10.33c 

116.83 ± 

6.60c 

115.16 ± 

5.24c 

103.83 ± 

7.46c 

98.5 ± 6.82c 66.79 

III. AAMP 

(250mg/kg) 

269.83 ± 

10.70 

221.66 ± 

9.17b 

173.83 

±12.17c 

151.5 

±10.92c 

142.16 

±12.83c 

133.33 

±11.26c 

131.83 ± 

8.71c 

51.14 

IV. AAMP 

(500mg/kg) 

275.83 ± 

9.95 

192.83 ± 

7.98c 

149.5 

±10.25c 

128.83 

±7.96c 

116.83 ± 

5.53c 

106.66 ± 

7.94c 

94.16 ± 

4.90c 

65.86 

F (3,20) 1.01 15.95** 23.48** 38.07** 41.52** 45.14** 88.18**  

Values are expressed in MEAN ± S.E.M of six animals. One Way ANOVA followed by Dunnet’s t-test. 

(F-value denotes statistical significance at *p<0.05, **p<0.01) and (t-value denotes statistical significance at ap<0.05, bp<0.01 and cp<0.001 

respectively, in comparison to group-I) 

 

Table 3: Effect of AAMP on Peripheral glucose uptake by isolated rat hemi-diaphragm 

Incubation medium Glucose uptake (mg/g/30 min) 

I. Tyrode solution with Glucose (2 g%) – Diabetic Control 3.21 ± 0.18 

II. Tyrode solution with Glucose (2 g%) + Insulin (0.25 IU/ml)  6.36± 0.62c 

III. Tyrode solution with Glucose (2 g%) + AAMP (250 mg/ml) 5.34 ± 0.45a 

IV. Tyrode solution with Glucose (2 g%) + AAMP (500 mg/ml) 6.81 ± 0.30c 

V. Tyrode solution with Glucose (2 g%) + Insulin (0.25 IU/ml + AAMP (250 mg/ml) 7.23 ± 0.39c 

VI. Tyrode solution with Glucose (2 g%) + Insulin (0.25 IU/ml + AAMP (500 mg/ml) 8.45 ± 0.45c 

F (5,30) 39.25** 

Values are expressed in MEAN ± S.E.M of six animals. One Way ANOVA followed by Dunnet’s t-test. 

(F-value denotes statistical significance at *p<0.05, **p<0.01) and (t-value denotes statistical significance at ap<0.05, bp<0.01 and cp<0.001 

respectively, in comparison to group-I) 
 

Effects of AAMP on Plasma Insulin Level 

The results of the test depicted in Table 4, demonstrated that, the 

extract at both the tested dose levels significantly (p<0.001) 

progressively increase plasma insulin concentrations in diabetic 

extract treated rats when compared with diabetic control. The 

extract at the dose level of 250 and 500 mg/kg dose levels, recorded 

a maximum increase in insulin concentration of 126.5 and 156.16 

µU/ml respectively on 20th day. On the other hand, glibenclamide 

showed maximum plasma insulin concentration of 181.83 µU/ml at 
the end of 20th day. 

Effects of AAMP on serum lipid profile 

The Table 5 illustrate the levels of serum lipid profile such as total 

lipids, total cholesterol, phospholipids, triglycerides, HDL, LDL, VLDL 
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and free fatty acids at the end of 30th day of the study. The diabetic 

rats showed significant (p<0.001) increase level of all tested lipid 

profiles except HDL, which showed decrease value in a significant 

(p<0.05) extent. The extract at both the dose levels showed a dose 

dependent and significant (p<0.05 to p<0.001) reduction in total 

lipids, triglycerides, LDL, VLDL and free fatty acids, however a 

marked decrease in the levels of total cholesterol and phospholipids 

were also been recorded, when compared to diabetic control group, 

while the HDL levels were approaching almost normal values when 

compared to without treatment normal control group.  

 

Table 4: Effect of AAMP on Plasma Insulin Level in control and diabetic rats 

Group and Treatment Plasma Insulin (µU/ml) 

0th day 5th day 10th day 20th day 30th day 

I. Diabetic Control 21.66 ± 3.75 23.33 ± 4.79 21.25 ± 2.80 26.66 ± 3.44 23.83 ± 2.73 

II. Glibenclamide (2.5mg/kg) 33.83 ± 3.87a 74.16 ± 7.00c 169.83 ± 11.71c 181.83 ± 9.28c 119.66 ± 7.64c 

III. AAMP (250mg/kg) 24.16 ± 3.43 56.83 ± 4.97b 89.66 ± 7.56c 126.5 ± 9.12c 113.33 ± 9.42c 

IV. AAMP (500mg/kg) 31.66 ± 2.45 79.83 ± 6.74c 144.5 ± 12.43c 156.16± 10.15c 117.83 ± 6.21c 

F (3,20) 3.59* 24.71** 43.24** 72.19** 86.12** 

Values are expressed in MEAN ± S.E.M of six animals. One Way ANOVA followed by Dunnet’s t-test 

(F-value denotes statistical significance at *p<0.05, **p<0.01) and (t-value denotes statistical significance at ap<0.05, bp<0.01 and cp<0.001 

respectively, in comparison to ‘0’ hr result. 

 

Table 5: Effect of AAMP on serum lipid profile in control and experimental diabetic rats on 30th day 

Group and Treatment Serum Lipid profile 

Total 

Lipids 

(mg/dl) 

Total 

Cholesterol 

(mg/dl) 

Phospholipids 

(mg/dl) 

Triglycerides 

(mg/dl) 

HDL 

(mg/dl) 

LDL 

(mg/dl) 

VLDL 

(mg/dl) 

Free 

Fatty 

Acids 

(mg/dl) 

I. Normal 

 

113.66  

± 7.76c 

75.65  

± 5.90c 

105.5  

± 8.10c 

62.08  

± 6.93c 

51.5 ± 

4.68a 

27.5 ± 

6.86b 

16.33  

± 1.40c 

412.41  

± 77.47c 

II. Solvent Control 

(Tween + Water) 

393.16  

± 23.54 

188.16  

± 16.15 

212.91  

± 15.42 

189.08  

± 20.19 

32.66 ± 

3.43 

63.73 ± 

6.21 

45.06 ± 

1.94 

1324.58  

± 137.14 

III. Glibenclamide 

(2.5mg/kg) 

141.83  

± 17.37c 

96.75  

± 10.31b 

127.75  

± 13.40b 

78.33  

± 6.44c 

54.11 ± 

6.11a 

35.08  

± 3.35b 

18.75  

± 1.84c 

675.41  

± 80.69c 

IV. AAMP  

V. (250mg/kg) 

186.33  

± 24.93c 

153.75  

± 23.06 

157.58  

± 24.60a 

95.5  

± 10.99c 

46.5 ± 5.35 45.75  

± 5.87 

27.5 ± 

1.80c 

892.25  

± 58.01b 

VI. AAMP  

VII. (500mg/kg) 

159.83  

± 17.82c 

117.33  

± 13.85b 

136.5  

± 14.93b 

67.58  

± 7.64c 

56.41 ± 

4.81b 

39.25  

± 5.95a 

22.08  

± 2.50c 

763.08  

± 69.39c 

F (4, 25) 33.63** 8.99** 6.34** 20.14** 3.63* 5.62** 35.25** 14.23** 

Values are expressed in MEAN ± S.E.M of six animals. One Way ANOVA followed by Dunnet’s t-test. 

(F-value denotes statistical significance at *p<0.05, **p<0.01) and (t-value denotes statistical significance at ap<0.05, bp<0.01 and cp<0.001 

respectively, in comparison to group-II). 

 

Table 6: Effect of AAMP on in vivo antioxidant profiles in the 30-days treated diabetic rat liver 

Group and Treatment  TBARS 

(µM/100g 

wet 

tissue) 

HP 

(µM/100g  

wet 

tissue) 

MDA  

(µM/100g  

wet 

tissue) 

CD 

(µM/100g 

wet 

tissue) 

GSH 

(µM/g 

wet 

tissue) 

GSH-Px  

(µM/g 

wet 

tissue) 

GR 

(µM/g 

wet 

tissue) 

SOD 

(Units/mg 

protein) 

CAT  

(Units/mg 

protein) 

I. Normal Control 4.41 ± 

0.71c 

15.66 ± 

0.84c 

0.84 ± 

0.05c 

55.41 ± 

2.55c 

21.66 ± 

1.13c 

0.47 ± 

0.04c 

5.41 ± 

0.10c 

9.11 ± 

0.13c 

8.38 ± 

0.23c 

II. Diabetic Control 

(Tween+Water) 

26.5 ± 

2.06 

29.25 ± 

1.04 

1.41 ± 

0.05 

94.83 ± 

3.01 

12.58 ± 

0.89 

0.29 ± 

0.02 

3.43 ± 

0.09 

5.31 ± 0.17 4.76 ± 0.18 

III. Glibencamide  

(2.5 mg/kg/day) 

9.41 ± 

1.16c 

19.26 ± 

0.94c 

0.91 ± 

0.04c 

59.08 ± 

2.54c 

18.58 ± 

0.86c 

0.42 ± 

0.01b 

5.08 ± 

0.20c 

8.71 ± 

0.34c 

7.81 ± 

0.36c 

IV. AAMP 

(250mg/kg/day) 

12.33 ± 

0.55c 

17.61 ± 

0.73c 

0.99 ± 

0.04c 

69.81 ± 

3.03b 

15.63 ± 

0.77b 

0.38 ± 

0.01b 

3.96 ± 

0.19b 

6.58 ± 

0.19b 

5.47 ± 

0.37a 

V. AAMP 

(500mg/kg/day) 

8.16 ± 

0.70c 

14.91 ± 

0.61c 

0.87 ± 

0.10c 

58.25 ± 

3.43c 

19.78 ± 

0.61c 

0.45 ± 

0.01b 

4.68 ± 

0.16c 

8.18 ± 

0.24c 

6.86 ± 

0.30b 

F (4, 25) 48.45** 38.39** 13.35** 32.32** 14.99** 6.91** 23.67** 46.82** 15.92** 

Values are expressed in MEAN ± S.E.M of six animals. One Way ANOVA followed by Dunnet’s t-test.  

(F-value denotes statistical significance at *p<0.05, **p<0.01) and (t-value denotes statistical significance at ap<0.05, bp<0.01 and cp<0.001 

respectively, in comparison to group-II.) 

Effects of AAMP on serum lipid peroxidation products and 
reduced glutathione contents 

The results of the study are depicted in Table 6. The estimated 

concentrations of liver TBARS, HP, MDA and CD on 30th day of the 

study of both test and standard drug, indicated that, the TBARS, HP, 

MDA and CD levels are declined with an extent of 53.47, 39.79, 

29.78, 26.38% respectively in case of 250mg/kg dose, while in 

500mg/kg body weight dose level, the % decrease become 69.20, 

49.02, 38.29, 38.57 respectively, with statistical significance of 

p<0.001.In a similar way the standard drug also showed a reduced 
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value of 64.49, 34.15, 35.46, 37.69 in percentage wise, with 

statistical significance in the same experiment.  

The enzymes like GSH, GSH-Px, GR, SOD and CAT values are lowered 

significantly (p < 0.001) in diabetic rats as compared with normal 

control rats. The test extract showed an elevated value of these 

enzymes to an extent of 24.24, 31.03, 15.45, 23.91, 14.91 % in 

250mg/kg dose level, while in 500mg/kg dose level, the respective 

enzyme percentage become 57.23, 55.17, 36.44, 54.04, 44.11, with 

statistical significance (p < 0.001). However the standard drug 

glibenclamide at the same time registered an increased % of 47.69, 

44.82, 48.10, 64.03, and 64.07 respects to the above enzymes with 

statistical significance (p < 0.001).  

DISCUSSION 

Many traditional plant treatments for diabetes mellitus are used 

throughout the world. Management of diabetes without any side 

effect is still a challenge to the medical system. This has led to an 

increasing demand for natural products with antidiabetic activity 

and fever side effects. From literature review it was found that many 

herbs and plant products have been shown to have hypoglycemic 

action. Flavonoids are known to be bioactive antidiabetic 

principles54. 

In our earlier work, we have reported hypoglycemic and antidiabetic 

activity of aqueous extract of Mollugo pentaphylla aerial parts 

(AAMP) in normoglycemic and alloxan induced hyperglycemic rats 

by single dose treatment only35. In continuation of our earlier work, 

the present study aims at extensive evaluation of antidiabetic 

activity of aqueous extract of aerial parts of Mollugo pentaphylla up 

to an extensive period of study of 30 days with expected mechanism 

of action of such activity. 

The conclusion derived from the experimental results revealed a 

defined role of aqueous extract in normoglycemic, and alloxan-

induced diabetic rats, AAMP found to possess dose dependent 

suppression of glucose level, the effect of which correspond like that 

of glibenclamide. All these glucose lowering effect of the extract may 

possibly due to the insulinotropic and free radical scavenging 

potentiality of the plant extract. The insulinotropic effect of the 

extract is evidenced by the increased plasma insulin levels which are 

comparable with that of standard drug glibenclamide and all these 

parameters used in the study are widely accepted as markers of 

insulinotropic effect40. The glucose up take by peripheral tissues in 

presence of insulin is evidenced in the experiment by the property of 

the extract to increase the glucose uptake using isolated rat hemi 

diaphragm, suggest that the extract may contribute to the 

insulinotropic effect or direct insulin like activity and extra 

pancreatic effect39.  

Alloxan, a beta-cytotoxin, induces “chemical diabetes” by pancreatic 

cell damage mediated through generation of cytotoxic oxygen free 

radicals. The primary target of these radicals is the DNA of 

pancreatic cells causing DNA fragmentation55. This damages a large 

number of β-cells, resulting in decrease in endogenous insulin 

release, which leads to decreased utilization of glucose by the 

tissue56. Insulin plays a key role in glucose homeostasis along the 

side of a counter regulatory hormone, glucagon, which raises serum 

glucose. Carrier proteins (GLUT 1- 5) are essential for glucose 

uptake into cells. The mode of action of the active compound(s) of 

the plant material is probably mediated through enhanced secretion 

of insulin from the β-cells of Langerhans or through extra pancreatic 

mechanism57. 

The results depicted in this study suggest that AAMP possess 

hypoglycemic and insulintropic properties, which may be the 

contributing factor for the biological response. The possible 

mechanism, by which the plant extract mediates its antidiabetic 

action, is potentiation of pancreatic secretion of insulin from existing 

residual β-cell of islets and due to enhanced utilization of blood 

glucose by peripheral tissues as well.  

It has been reported that the increase in glucose levels in alloxan-

induced diabetic rats is associated with dislipidemia characterized 

by elevated serum triglycerides and total cholesterol levels. The 

improvement of blood glucose levels caused by most hypoglycaemic 

agents is associated with a reduction of serum triglycerides and total 

cholesterol58,59. The significant reduction in the levels of LDL, VLDL, 

TC, TG, FFA, phospholipids & total lipids and increase in the levels of 

HDL demonstrates that, the extract may have property to enhance 

the transcription of lipoprotein lipase similar to that of insulin. 

Free radicals e.g. superoxide radical, hydroxyl radical, peroxy radical 

and singlet oxygen radicals have been implicated in many disease 

conditions. Many plants possess dynamic antioxidant properties 

owing to their phenolic and flavonoid contents60. In our previous 

study, the said plant extract is found to possess the phenolic content 

(75.16 µg of pyrocatechol equivalent /500mg) and flavonoid content 

(9.58 mg equivalent of quercetin /gm), which may be the 

contributing factor for its antioxidant activity35. 

Hyperglycemia induces the generation of free radicals which can 

affect antioxidant defenses thus leading to the disruption of cellular 

functions, oxidative damage to membranes and increased 

susceptibility to lipid peroxidation61. Diabetics and experimental 

animal models exhibit high oxidative stress due to persistent and 

chronic hyperglycaemia, which thereby depletes the activity of 

antioxidative defense system and thus promotes de novo free 

radicals generation1. Reactions of oxygen free radicals with all 

biological substances especially with polyunsaturated fatty acids 

lead to increased lipid peroxidation (LPO) 62 resulting in impairment 

of membrane function by decreasing membrane fluidity and 

changing the activity of membrane-bound enzymes and receptors63. 

The present investigation reports a significant increase in lipid 

peroxidation products such as TBARS, CD, MDA and HP in liver of 

solvent control diabetic rats which suggest that peroxidative injury 

may be involved in the development of diabetes. The extract treated 

diabetic animals, showed a significant reduction in liver lipid 

peroxidation products, which indicate that AAMP is having, potential 

to inhibit the oxidative damage of liver tissues. Moreover, GSH is 

mainly involved in the formation of correct disulphide bonds in 

several proteins and prevents the oxidation of -SH group of the 

proteins to -SS- group, which is essential for the protein function 

including that of the enzymes 64. However, the toxic amount of 

peroxide and free radicals produced in the cell are scavenged by 

GSH-Px and provide protection against reactive oxygen 

compounds65. A marked decrease in liver GSH is observed in diabetic 

rats, which contributes a factor in the pathogenesis of diabetes. In 

the present study the test extract showed a significant increase of 

liver GSH levels, which may be one more contributing property of 

the extract towards its antidiabetic potential.  

Enzymatic antioxidant such as SOD and CAT are considered primary 
enzymes since they are involved in the direct elimination of ROS 63. 

SOD is one of the most important enzymes and scavenges O2− anion 
(which is the first product of O2 radicals) to form H2O2 in the 

enzymatic antioxidant defense system and hence abolishes the toxic 
effects due to this radical or other free radicals derived from 

secondary reactions65. The O2− anion is reported to inactivate CAT 
and GSH-Px66. Catalase has been recognized as a major determinant 

of hepatic and cardiac antioxidant status67 and is known to be 
involved in detoxification of H2O2 concentrations68, whereas GSH-Px 

is sensitive to lower concentrations of H2O2. In Diabetes, the alloxan-
generated ROS causes non-enzymatic glycosylation and oxidation 

resulting in the inactivation and inhibition of antioxidant enzymes 
such as SOD and CAT13. In the present study, it was observed that 

long term treatment with the extract reverse the activities of these 
enzymatic antioxidants (SOD, CAT, GSH-Px and GR), by significantly 

increasing the activity of such enzymes. Bioactive molecules present 
in aqueous extract of aerial parts of Mollugo pentaphylla may 

probably possess insulin- like effect or stimulate the β cells of the 
pancreas to produce insulin which in turn lowers the blood glucose 

level. 

CONCLUSION 

This study clearly demonstrates that the aqueous extract of aerial 

parts of Mollugo pentaphylla, exhibited strong antihyperglycaemic 

activity which could be attributed to its possible action on 

pancreatic and extra-pancreatic site of glucose and lipid metabolism 

as evidenced by insulinotropic and antioxidant defense properties. 

Currently, we are carrying out studies to isolate, and characterize 
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bioactive compounds to evaluate the antihyperglycaemic properties 

of M. pentaphylla. This may further clarify the specific properties of 

the plant.  
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