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Abstract

 The aim of this study was to investigate the effects of ethanolic extract of the whole plant of 
Phyllanthus rheedii wight P.rheedii as antihyperglycemic, antihyperlipidemic and antioxidant 
effect in streptozotocin (STZ) induced diabetic rats. Male Wistar rats were administered 
P.rheedii (250 mg/kg) orally for 21 days and blood glucose level was measured weekly. At 
the end of 21 days, the serum lipid metabolites such as total cholesterol, triglycerides, high 
density lipoproteins (HDL) and protein metabolites such as total protein, albumin, globulin 
and albumin:globulin ratio (A:G) enzyme level viz serum glutamate oxaloacetate transaminase 
(SGOT), serum glutamate pyruvate transaminase (SGPT) and alkaline phosphatase (ALP) were 
determined. In order to determine antioxidant activity of extract, liver tissues were homogenized 
in ice cold saline buffer and the assay of lipid peroxides (LPO), superoxide dismutase (SOD) 
and catalase (CAT) were performed in control, STZ and extract treated rats. All these effects 
were compared with glibenclamide as a reference antidiabetic drug. Oral administration of 
P.rheedii for 21 days resulted in a significant reduction in blood glucose level, lipid metabolism 
and enzymes level and significant improvement in LPO, SOD and catalase in liver tissues of 
STZ induced diabetic rats when compared with untreated diabetic rats. The protein metabolites 
were significantly altered near to normal. The effects produced by the extract were comparable 
to that of glibenclamide.

In conclusion The P.rheedii showed significant antihyperglycemic, antihyperlipidemic and 
antioxidants effect in STZ induced diabetic rats.

Keywords: Phyllanthus rheedii; Antihyperglycemic; Antioxidant; Antihyperlipidemic; 
Streptozotocin. 

Introduction

Diabetes mellitus is a syndrome, initially 
characterized by loss of glucose homeostasis 

resulting from defects in insulin secretion, insulin 
action both resulting impaired metabolism 
of glucose and other energy-yielding fuels 
such as lipids and proteins (1). Experimental 
diabetes in animals has provided considerable 
insight into the physiological and biochemical 
derangement of the diabetic state. Many of 
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these derangements have been characterized in 
hyperglycemic animals. Significant changes in 
structure and lipid metabolism occur in diabetes 
(2). In these cases the structural changes are 
clearly oxidative in nature and are associated 
with development of vascular disease in diabetes 
(3). In diabetic rats, increased lipid peroxidation 
was also associated with hyperlipidemia (4). 
Liver, an insulin dependent tissue that plays 
a vital role in glucose and lipid homeostasis, 
and it is severely affected during diabetes (5). 
Liver and kidney participates in the uptake, 
oxidation and metabolic conversion of free fatty 
acids, synthesis of cholesterol, phospholipids 
and triglycerides. During diabetes, a profound 
alteration in the concentration and composition 
of lipids occurs. Despite the great strides that 
have been made in the understanding and 
management of diabetes, the disease and 
disease related complications are increasing 
unabated (6). In spite of the presence of known 
antidiabetic medicine in the pharmaceutical 
market, remedies from medicinal plants are 
used with success to treat this disease (7). 
Many traditional plant treatments for diabetes 
are used through out the world. Plant drugs (8) 
and herbal formulations (9-11) are frequently 
considered to be less toxic and free from side 
effects than synthetic one (12). Based on the 
WHO recommendations, hypoglycemic agents 
of plant origin used in traditional medicine are 
important (13). The attributed antihyperglycemic 
effects of these plants are due to their ability 
to restore the function of pancreatic tissues 
by causing an increase in insulin output or 
decrease in the intestinal absorption of glucose 
(12). Hence treatment with herbal drugs has an 
effect on protecting β -cells and smoothing out 
fluctuation in glucose levels (14, 15). In general, 
there is very little biological knowledge on the 
specific modes of action in the treatment of 
diabetes, but most of the plants have been found 
to contain substances like glycosides, alkaloids, 
terpenoids, flavonoids etc., that are frequently 
implicated as having antidiabetic effects (16). 

Phyllanthus rheedii (Family: Euphorbiaceae), 
a slender branching erect herb, the calyx-lobes 
usually white margined, found through out in 
India. It is used as an oriental folk medicine in 
diabetes mellitus (17). The present study deals 

with antidiabetic effect of alcohol extract of the 
whole plant of Phyllanthus rheedii (P.rheedii) 
on streptozotocin induced diabetic rats and also 
we examine antioxidant potential, lipid profile, 
protein metabolite and liver enzymes level 
changes in STZ induced diabetic rats. The effect 
produced by this drug on different parameters 
was compared with those of glibenclamide, a 
reference drug (18,19).   

Experimental

Matereals
Streptozotocin (STZ) was purchased 

from Sigma Chemicals Co (St. Louis, MO, 
USA). Thiobarbituric acid was purchased from 
E-Merck, India. All other chemicals used were 
of analytical grade.

Methods
Plant material and preparation of extract
P. rheedii were collected from the local area 

of Salem, India in the month of October 2004 and 
were authenticated by the Botanist, Botanical 
Survey of India, Coimbatore, India. A voucher 
specimen has been stored and maintained in our 
laboratory (ET-30). The plants dried in shade 
and powdered. The powder was extracted with 
ethanol (95 % V/V) using Soxhlet apparatus. 
The extract was dried under reduced pressure 
and stored in a desiccator. The yield of extract 
was 3.5 % w/w.

Animals
Swiss albino mice (20-25 g) and Male Wistar 

rats (150-200 g) were purchased from Perundurai 
Medical College, Perundurai, Tamilnadu 
and housed in polypropylene cages at room 
temperature (22±2 °C) with proper ventilation. 
Prior to the experiments, mice and rats were fed 
with standard diet for 1 week in order to adapt 
to laboratory conditions. They were fasted over 
night but allowed free access to water before 
the experiment. The study was conducted after 
obtaining clearance from Institutional animal 
ethical committee (Ph.Chem/3/2005).

Acute toxicity studies (LD50)
The oral acute toxicity study of the extract 

was carried out in Swiss albino mice. This 
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method was carried out in twelve animals, four 
animals per treatment group and widely different 
dose ranges, 1, 2 and 3 g/kg, respectively and 
observed 24 h. 

Experimental induction of diabetes in rats
Rats were made diabetic with an 

intraperitoneal injection of Streptozotocin (STZ 
60 mg/kg body weight) dissolved in citrate buffer 
(0.1M, pH 4.5). Diabetes was confirmed in STZ 
rats by measuring the fasting blood glucose level 
48 h after the injection of STZ. Rats with blood 
glucose level above 250 mg/dl were considered 
to be diabetic and were used in this experiment. 

Experimental design 
After the induction of diabetes the rats were 

divided into four groups of six animals each.
Group I-Control rats received the vehicle 

solution (2% gum acacia).
Group II-Diabetic control received the vehicle 

solution (2% gum acacia).
Group III-Diabetic rats given ethanol extract 

of Phyllanthus rheedii (250 mg/kg, p.o.).
Group IV-Diabetic rats treated with 

glibenclamide (500 µg/kg, p.o).
The vehicle and drugs were administered 

orally by an intragastric tube daily for 21 days.
Blood glucose levels were estimated at 1st, 

2nd and 3rd week after the administration of 
test samples. The effect of each test sample 
on body weight was also monitored at the 
same days. On the 3rd week, all animals were 
sacrificed by cervical decapitation. Blood was 
collected and serum separated out. The liver 
were immediately removed and suspended in 
ice-cold saline. 

Biochemical estimation 
Blood glucose was determined by the               

O-toludine method (20). Serum was analysed 
for the following biochemical parameters: serum 
glutamate oxaloacetate transaminase (SGOT) 
(21), serum glutamate pyruvate transaminase 
(SGPT) (21), alkaline phosphatase (22), total 
protein (23), albumin (24), albumin-globulin (A: 
G) ratio (25), cholesterol, high density lipoprotein 
(HDL) and triglyceride (26).  A 10% homogenate 
of the tissue was used for the analysis of lipid 
peroxidation (LPO) (27), superoxide dismutase 
(SOD) (28) and catalase (CAT) (29). 

Statistical analysis 
The values were expressed as mean±SEM. 

Statistical analysis were performed by one way 
analysis of variance (ANOVA) followed by 
Tukey multiple comparison test. P value<0.05 
were considered as significant.

Results

From the acute toxicity study the LD50 value 
for the alcoholic extract of Phyllanthus rheedii 
was found to be 250 mg/kg. The injection of STZ 
produced permanent diabetes within 48 h, the 
animals became progressively hyperglycemic, 
hyperlipidemic and hypoalbuminemic (Table 
1-3). They become restless and irritable. Severe 
thirst and lack of appetite were noticed. STZ 
induced animals showed serum albumin level 
and consequently A:G ratio showed considerable 
decline (Table 3). Higher levels of SGOT, SGPT, 
ALP and hypercholesterolemia were encountered 
(Table 2). There was significant elevation of 
LPO and decrease SOD and catalase levels in 

Treatment Dose
(mg/kg)

Blood glucose (mg%) 

0 day After STZ
induction

1st week
(after treatment) 2nd week 3rd week

Control - 85.60±1.20 84.50±2.46 86.50±1.25 86.52±4.30 80.70±5.50

Diabetic control - 94.23±1.60 460.63±4.90a 462.33±3.20 a 390.00±4.14 a 420.00±4.76 a

P.rheedii 250 91.56±1.50 456.25±3.70 a 266.00±5.60 a,b ,§,* 226.00±3.10 a,b,§,* 160.00±6.42 a,b,§

Glibenclamide 500 µg 84.26±1.70 450.85±40.00 a 165.00±2.10 a,b,§, 170.00±2.52 a,b,§ 156.00±2.10 a,b,§

Table 1. Effect of on P. rheedii blood glucose levels in STZ induced diabetic rats. (n=6, data have been analysed by one way ANOVA 
followed by Tukey multiple comparison analysis). 

aP<0.001 vs control; bP<0.001 vs diabetic control 
§P<0.001 vs after STZ induction in the corresponding group.
*P<0.001 vs glibenclamide. 
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liver tissue of diabetic control animals when 
compared to the corresponding control group 
(Table 4). 

The administration of P.rheedii at a dose 
of 250 mg/kg showed significant (P<0.001) 
antihyperglycemic effect was evident from the 1st 
week onwards; the decrease in blood glucose was 
significant on the 3rd week in the group treated 
with P.rheedii. All the protein parameters viz., 
total protein, albumin, globulin and A: G ratio 
did not show any deviation from normal range in 
P.rheedii treated rats (Table 3). Lipid parameters 
viz cholesterol, HDL and triglycerides showed 
improvement after 21 days treatment compared 
to control. Serum enzymes namely SGOT, SGPT 
and ALP showed considerable improvement 
after treatment with P.rheedii in comparison 
to control. The tissue antioxidant levels such 
as SOD, LPO and catalase were significantly 
(P<0.001) altered near to normal after treatment 
with P.rheedii. Administration of P.rheedii and 
glibenclamide tends to bring the values to near 
normal. The effect of P.rheedii was prominent 
when compared with glibenclamide.

Discussion 

Streptozotocin is toxic to β cells and has 

been widely used to induce diabetes in animals 
(30). Diabetes is associated with profound 
alterations in the plasma lipids and lipoprotein 
profile and with increased risk of coronary heart 
disease (31). The liver and some other tissues 
participate in the uptake, oxidation and metabolic 
conversion of free fatty acids, synthesis of 
cholesterol and phospholipids and secretion 
of specific classes of plasma lipoproteins 
(32). Many herbs and plant products have been 
shown to have hypolipidemic properties (33). In 
the present study the feeding of P.rheedii to STZ 
induced diabetic rats mimics insulin in its effect 
as observed by the lowering of lipids in addition 
to the antidiabetic activity. P.rheedii also posses 
lipid lowering properties in diabetic animals.

An increase in serum cholesterol, HDL 
and triglyceride levels were observed in STZ 
induced diabetic rats but in P.rheedii treated STZ 
induced rats there is a reduction of cholesterol, 
HDL and triglyceride levels (Table 2). These 
reductions could be beneficial in preventing 
diabetic complications as well as improving 
lipid metabolism in diabetics (34).

There is an increase in transaminase activities 
in the liver and serum of diabetic animals. The 
increased levels of transaminases, which are 
active in the absence of insulin because of 

Treatment Dose (mg/kg)
Cholesterol

(mg%)

HDL 

(mg%)

Triglyceride 

(mg%)

SGOT 

(IU/L)

SGPT 

(IU/L)

ALP 

(IU/L)

Control - 130.50±0.70 20.15±1.24 80.35±1.40 177.90±3.40 109.50±2.60 307.50±7.75

Diabetic control - 249.40±1.10a 26.56±1.40b 175.40±2.24a 226.10±2.90a 152.40±2.10a 580.80±8.70a

P.rheedii 250 147.20±1.40d 19.00±1.120d 88.60±1.90c 210.30±2.50e 123.00±2.80c 422.00±9.40c

Glibenclamide 500 µg 138.50±1.60c 19.00±1.12d 105.60±1.20c 187.30±2.90c 116.00±1.10c 326.00±5.60c

Treatment Dose
(mg/kg)

Total protein 
(mg%)

Albumin
(mg%)

Globulin
(mg%) A: G ratio 

Control - 6.67±0.10 3.14±0.12 2.76±0.08 1.20±0.02

Diabetic control - 5.49±0.24b 2.12±0.10 2.36±0.50 0.93±0.04a

P.rheedii 250 5.90±0.30 3.05±0.14 2.85±0.02 1.17±0.06 c

Glibenclamide 500 µg 6.05±0.42 3.10±0.70c 2.80±0.04 1.10±0.05

Table 2. Effect of P. rheedii on lipid metabolites and enzymes in STZ induced diabetic rats.(n=6, data have been analysed by one way 
ANOVA followed by Tukey multiple comparison analysis).

Table 3. Effect of P. rheedii on treatment on protein metabolites in STZ diabetic rats. (n=6, data have been analysed by one way ANOVA 
followed by Tukey multiple comparison analysis).

aP<0.001; bP<0.01 vs Control; c P<0.001; dP<0.01; eP<0.05 vs Diabetic control

aP<0.001; bP<0.01 vs normal; cP<0.001 vs Diabetic control
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increased availability of amine acids in diabetes, 
are responsible for the increased glucogenesis 
and ketogenesis observed in diabetes (35). There 
is an improvement noticed in the levels of 
SGOT, SGPT and ALP are as a consequence 
of improvement in the carbohydrate, fat and 
protein metabolism due to the therapy of 
alcoholic extract of P.rheedii. The restoration 
of SGOT, SGPT and ALP to their normal levels 
may be due to the presence of flavonoids in the 
alcoholic P.rheedii extract, which are reported to 
be hepatoprotective agents (36, 37).

Among the parameters of protein metabolism, 
the present study showed a slight decline in total 
proteins, sharp fall in serum albumin, globulin 
and A: G ratio in uncontrolled diabetic rats. This 
is in agreement with hypoalbuminemia observed 
in diabetics (38). On the other hand, in the extract 
treated diabetic rats protein metabolism never 
deviated from normal range. Hypoalbuminemia 
is a common problem in diabetic animals 
and is generally attributed in the presence of 
nephropathy. An overall reduction in serum total 
protein in diabetic animals and consequents 
albumin and A:G ratios were observed in the 
present study. This corroborates earlier reports 
(39). The reversal of these changes by alcoholic 
P.rheedii extract therapy proved that insulin 
deficiency had been grossly corrected.

Another important factor determining the 
level and composition of serum and tissue lipids 
is LPO associated with cellular membrane 
studies have reported an increase in hepatic, 
MDA concentration in STZ induced diabetic 
rats when compared with the normal rats as 
also evidenced in the present study. In diabetes, 
hypoinsulinaemia increases the activity of the 

enzyme fatty acyl coenzyme A oxidase, which 
initiates β oxidation of fatty acids, resulting in 
lipid peroxidation. Increased lipid peroxidation 
impairs membrane function by decreasing 
membrane bound enzymes and receptors. Its 
products (lipid radicals and lipid peroxides) are 
harmful to the cells in the body and associated 
with atherosclerosis, brain and kidney damage. 
The extract showed a significant reduction in 
LPO in liver tissues as compared to the diabetic 
control.

The destruction of superoxide radical or H2O2 
by SOD or CAT would ameliorate STZ toxicity, 
as would substances able to scavenge of hydroxyl 
radical (40). The altered balance of antioxidant 
enzymes caused by decrease in SOD, CAT 
activities may responsible for the inadequacy of 
antioxidant defense in combating ROS mediated 
damage. The decreased activities of CAT and 
SOD may response to increased production of 
H2O2 and O2 by the autoxidation of glucose and 
non-enzymatic glycation (41). A reduced activity 
of SOD and catalase in liver has been observed 
during diabetes and this may result in a number 
of deleterious effects due to the accumulation of 
superoxide radicals and hydrogen peroxides (42). 
P.rheedii extract treated rats showed decreased 
lipid peroxidation, which is associated with 
increased activity of SOD and CAT. This means 
that the extract can reduce reactive oxygen free 
radicals and improve the activities of the hepatic 
anti-oxidant enzymes.

Conclusion

The P.rheedii leaf extract is beneficial in 
controlling the blood glucose level, improves 

Treatment Dose
(mg/kg) LPO1 SOD2 Catalase3

Control - 72.00±1.46 2.60±0.01 56.00±1.24

Diabetic control - 114.00±2.62a 1.02±0.06a 32.00±1.00a

PR 250 88.00±1.20b 1.92±0.02b 48.00±1.60b

Glibenclamide 500 µg 82.00±1.25b 2.12±0.02b 49.00±1.60b

Table 4. Antioxidant effect of P.rheedii on STZ induced diabetic rats.(n=6, data have been analysed by one way ANOVA followed by 
Tukey multiple comparison analysis).

1 - µ mole of MDA/min/mg protein 
2 - Unit/min/mg protein
3 - mole of H2O2 consumed/min/mg protein
 aP<0.001 vs control; bP<0.001; cP<0.01 vs Diabetic control
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the lipid metabolism and prevents diabetic 
complications from lipid peroxidation and 
antioxidant systems in experimental diabetic 
rats. This could be useful for prevention or 
early treatment of diabetic disorders. Further 
studies are in progress to isolate, identify and 
characterize the active principles.
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