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Introduction 

Type 2 diabetes is characterized by hyperglycemia, 

hyperinsulinemia, obesity and insulin resistance; there-

fore, multiple targeted drug therapy would be 

promising (Edgerton et al., 2009). In Indian system of 

traditional medicine, plant formulation and their 

combined extracts are used as a drug of choice rather 

than individual. Various herbal formulations such as 

diasulin (Pari and Saravanan, 2004), hyponidd (Babu 

and Prince, 2004) are well-known for their anti-diabetic 

effects. Recently, there has been a shift from the one-

drug-one-target paradigm towards combination thera-

py to achieve therapeutic benefits for several diseases. 

Here, we tested poly-herbal combination comprises of 

the extracts of known anti-diabetic plants such as 

Salacia oblonga Wall (Celastraceae), Tinospora cordifolia 

Thunb. (Menispermaceae), Emblica officinalis Gaertn. 

(Euphorbiaceae), Curcuma longa Linn. (Zingiberaceae) and 

Gymnema sylvestre R.Br. (Asclepiadaceae) in diabetic rats. 

Materials and Methods 

Chemical 

Streptozotocin was purchased from Sigma-Aldrich. All 
other commercial reagents used were of analytical 
grade. 

Animals 

To demonstrate the anti-diabetic property of poly-
herbal combination G-400 and its effect on blood 
glucose levels, male albino Wistar rats aged 7 to 8 
weeks (180-200 g) were purchased from the  animal 
division of King’s Institute, Chennai. Animals were 
kept in polycarbonate cages at an ambient temperature 
of 25–30°C and 45-55% relative humidity with a 12 
hours light/dark cycle. Animals were fed pelleted diet 
(Sai Durga Feeds and Foods, Bangalore, India.) and 
water ad libitum.  

Poly-herbal drug G-400 

G-400 contains a mixture of the following herbs 
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Abstract 
The present study evaluates the combinatorial effect of a poly-herbal combi-
nation with multiple therapeutic effects as a hypoglycemic and hypolipidemic 
agent. Herbal combination of Salacia oblonga, Tinospora cordifolia, Emblica 
officinalis, Curcuma longa and Gymnema sylvestre was prepared and adminis-
tered to streptozotocin (55 mg/kg, i.p.)-induced diabetic rats, at a dose of 100 
mg/kg, for four weeks. The poly-herbal combination significantly elevated 
the plasma insulin (90%) and reduced serum glucose (42%), cholesterol (49%), 
triglycerides (43%), LDL cholesterol (62.5%) and plasma apo B/apo A in the 
diabetic rats. The liver lipogenic enzymes like HMG CoA reductase and 
glucose-6-phosphatase significantly declined (p<0.05) in their activity while 
glucose-6-phosphate dehydrogenase and malic enzymes showed higher 
activity compared to the diabetic control. The results suggest a significant 
hypoglycemic and hypolipidemic property for the poly-herbal combination. 
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expressed as %dry weight: 30% S. oblonga leaves, 10% T. 
cordifolia, 10% E. officinalis, 10% C. longa and 40% G. 
sylvestre prepared by Kerala Ayurvedic Pharmaceutical 
Company, Kerala, India. The herbal formulation of the 
anti-diabetic plants were prepared and named as G-400 
based on the guidelines prescribed by ayurvedic anti-
diabetic formulations (Modak et al., 2007).  

Induction of experimental diabetes 

The animals were fasted overnight, and diabetes was 
induced by a single intraperitoneal injection of a freshly 
prepared solution of streptozotocin (55 mg/kg) in 0.1M 
citrate buffer (pH 4.5) (Rakieten et al., 1963). Control 
rats were injected with citrate buffer alone. On the third 
day of streptozotocin injection, the rats were fasted for 6 
hours and blood was taken from the tail vein. Rats with 
moderate diabetes, having hyperglycemia (blood 
glucose range 250-400 mg/dL) were taken for further 
experiment. The rats were monitored for 15 days to 
stabilize the diabetic condition. 

In the experiment, a total of 24 rats (18 diabetic survi-
ving rats and 6 normal rats) were used. The rats were 
divided among 4 groups consisting of 6 animals within 
each group as follows: Group I (normal rats); Group II 
(diabetic untreated rats); Group III (diabetic treated G-
400 (100 mg/kg) daily using an intragastric tube for 4 
weeks); Group IV (diabetic treated with glibenclamide 
(0.025 mg/kg) daily using an intragastric tube for 4 
weeks). 

At the end of 4 weeks, the animals were fasted over-
night and sacrificed. Blood samples were collected in 2 
different tubes, one with anticoagulant, potassium 
oxalate and sodium fluoride for plasma and another 
without anticoagulant for serum separation. The blood 
was then centrifuge at 3,000 rpm for 20 min using 
refrigerated centrifuge at 4°C to separate the plasma 
and serum, used for various biochemical studies. 

Biochemical analysis 

Blood biochemical parameters were estimated by using 
diagnostic kits. Fasting blood glucose was estimated by 
the oxidase/peroxidise method (Trinder, 1969) and 
glycosylated hemoglobin by ion exchange method as 
per the standard protocol described in the kit from 
BioSystems Diagnostics Pvt. Ltd, India. Plasma insulin 
level was assayed by the Radioimmunoassay (RIA) kit 
(Diasorin, Saluggia, Italy), using human insulin as 
standard. Serum high density lipoproteins, low density 
lipoproteins + very low density lipoproteins were 
separated by the standard protocol described by 
Wranick and Alber (1978) and  Falholt et al., (1973) 
procedure was used to extract and estimate serum fatty 
acids by utilizing standard diagnostic kits supplied by 
Dr. Reddy’s Diagnostic Lab, Hyderabad, India. Apo-
lipoprotein A1 and apolipoprotein B100 were estimated 
by immune-turbidometric assay kit.  

Hepatic cholesterol 

Cholesterol in the liver tissues were extracted by the 
method of Folch et al., (1957), and estimated by the 
method of Allain et al., (1974). By using chloroform/
methanol mixture lipids were extracted from 100 mg of 
liver. Cholesterol was then determined using a colori-
metric assay kit performed according to the manufac-
turer’s instruction.  

Hepatic triglycerides 

Van Handel's method (1961) was used in the estimation 
of triglycerides after removing phospholipids with 
flurosil. Briefly, the hepatic tissue samples were homo-
genized in 2:1 chloroform-methanol solution and after 
separating the different phases, triglycerides were 
measured by using a commercially available colori-
metric reagent. 

Protein estimation 

Lowry’s methods (Lowry et al., 1951) was used to 
measure protein concentration in the hepatic tissue by 
using Folins reagents (Biorad, CA,USA) and measure 
the absorbance at 660 nm. 

HMG CoA reductase  

Glutaryl co-enzyme reductase activity was estimated by 
measuring the ratio of 3-hydroxy-3-methyl glutaryl co-
enzymes to mevalonate as described (Kurian et al., 
2005). Briefly, the hepatic HMG-CoA react with 
hydroxylamine reagent at alkaline pH resulting 
hydroxamic acid by formation of complexes with ferric 
salts measured at 540 nm. The hepatic mevalonate was 
estimated by reaction with the same reagent but at pH 
2.1. At this pH, the lactone form of mevalonate readily 
reacts with hydroxylamine to form the hydroxamate.  

Glucose-6-phosphatase  

Activities of glucose-6-phosphatase was measured by 
previously described standard protocol (Garland et al., 
1974). The reaction mixture consist of 0.1M phosphate-
buffered saline (pH 7.4), 0.1M glucose-6-phosphate 
solution and the sample were incubated in a 37°C water 
bath for 15 min. The reaction was stopped by the 
addition of 1 mL of 10% trichloroacetic acid (TCA), 
followed by chilling in ice and centrifuging at 3000 × g 
for 10 min.  

Glucose-6-phosphate dehydrogenase and malic enzyme 

The NADPH-linked activities of glucose-6-phosphate 
dehydrogenase (G6PDH) (Schroeder et al., 1984) and 
malic enzyme (ME) (Pongratz  et al., 2007) were 
investigated after the increase in absorption at 340 nm. 
For the determination of G6PDH activity, a buffer 
containing 50 mM Tris-HCl, pH 8, 1 mM MgCl2, and 5 
mM NADP was mixed with 60 µg of cytosolic protein/
mL, and the reaction was started with glucose-6-
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phosphate acid (8 mM final concentration) at 37°C. ME 
activity was measured in a buffer containing 50 mM 
Tris-HCl, pH 7.4, 1 mM MnCl2, 5 mM NADP, and 180 
µg protein/mL. The reaction was started with L-malic 
acid (8 mM final concentration) at room temperature. 

Lipoprotein lipase 

Lipoprotein lipase (Mayes and Fells, 1968) was assayed 
by standard protocol. The standard reaction mixture 
contained 0.2 mM DMPTB, 0.8 mM DTNB, 1 mM 
EDTA, 0.05% Triton X-100, and 50 mM Tris-Cl2, pH 7.5. 
Microplate wells were filled with 180 µL of this mixture 
and 20 µL of the enzyme sample was added to each 
well. The microplate was immediately transferred to a 
37°C incubator to start the reaction. After the indicated 
period of incubation, the absorbance of each well at 405 
nm was measured. 

Statistics 

All data were expressed as the mean ± SD. Statistical 
analysis was performed using one-way analysis of 
variance (ANOVA) for multiple comparisons among 
the groups.  

 

Results 

Effect on fasting blood glucose and plasma insulin level 
in diabetic rats 

The effect of G-400 on fasting blood glucose in control 
and experimental diabetic rat are shown in Figure 1. A 
normal fasting blood glucose level was observed in the 
rats treated with the drug as compared to the diabetic 
animals (p<0.01). In correspondence to fasting blood 
glucose, plasma insulin level was significantly 
increased after drug treatment compared to diabetic 
control (p<0.01). 

Effect on lipid profile and apoproteins in the blood 
samples of diabetic rats 

Diabetes induced by streptozotocin resulted in a 

significant elevation in the levels of total cholesterol 
(TC), LDL + VLDL cholesterol (LDL + VLDL ©, trigly-
cerides (TG) and free fatty acids (FFA) in comparison to 
the normal control group. After treatment of diabetic 
group with G-400, a significant reduction (p<0.05 in TC, 
LDL + VLDL©, TG and FFA was observed compared to 
the untreated diabetic group (Figure 2). In fact, the 
effect of G-400 on the lipid profile was as good as to the 
standard drug, glibenclamide.  

The Apo A1 level in blood was significantly lower and 

Apo B100 and Apo B/Apo A were significantly higher 

in the diabetic rat than those of the normal control 

animals (Figure 3). Apo A1, Apo B100 and its ratio were 

normalized to the control level by the administration of 

G-400 and the protection was even effective than the 

animals administrated with standard drug.  

The effects of G-400 on cholesterol, triglycerides levels 

and HMG CoA reductase and lipoprotein lipase 

activities were measured in rat liver (Figure 4). Rats 

administered with streptozotocin showed a significant 

elevation in the concentration of cholesterol and 

triglycerides with a corresponding increased HMG CoA 

reductase activity and lower lipoprotein lipase activity  

as compared to those in the control animals. Treatment 

of  G-400 and standard drug to the animals reduced the 

TC and TG levels and normalized the respective 

enzymes significantly (p<0.05) to the control animals. 

The activities of carbohydrate metabolic enzymes and 

level of glycogen in the liver of normal, diabetic and 

drug treated rats are given in Figure 5. The decreased 

activities of glucose-6-phosphate dehydrogenase and 

malic enzyme and the concentration of  glycogen 

observed in the liver of diabetic rats as compared with 

normal control rats were reversed by treatment with G-

400 and glibenclamide. Similarly, increased glucose-6-

phosphatase activity was improved to the near normal 

level by the treatment of G-400 and glibenclamide. 
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Figure 1: Effect of G-400 on the plasma glucose and insulin levels on streptozotocin treated rats 

Streptozotocin-treated diabetic rats were treated with G-400 (100 mg/kg b.wt.) daily using an intragastric tube for 4 weeks. The results were com-
pared with diabetic control rats (group 2) and normal control (group 1), where no STZ was administered. The positive control in the study comprises 
of rats administered with glibenclamide (0.025 mg/kg b.wt.) daily using an intragastric tube for 4 weeks.  Results are expressed as mean ± SD of n = 
4-6 independent assays. bp<0.05, statistically different from the control group, ap<0.05, statistically different from diabetic control  
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Discussion 

The present study demonstrated that oral adminis-
tration of G-400 could improve not only the glucose 
level in streptozotocin-treated rats and thereby act as 
anti-diabetic agent, but also reduce the hyperlipidemia. 
We used streptozotocin to induce diabetes in rat. 
According to Szkudelski (2001), streptozotocin enters 
the B cell via a glucose transporter (GLUT2) and causes 
alkylation of DNA and induces increased supply of 
substrate for xanthine oxidase resulting into the 

formation of superoxide radicals, hydrogen peroxide, 
hydroxyl radicals and nitric oxide that inhibits 
aconitase activity and participates in DNA damage, 
ultimately leads to β cell's destruction (Szkudelski, 
2001). When animals being treated with G-400, signifi-
cant improvement in the plasma insulin suggests secre-
tagogue/β cells regeneration capacity of the drug or 
even the reduction of free radicals. Evidence from the 
early report suggests that G. sylvestrae, one of the cons-
tituents of G-400, is having insulin secretagogues action 
by increasing cell permeability rather than exocytosis 
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Figure 2: Effect of G-400 on the concentration of total cholesterol, HDL cholesterol, VLDL + LDL cholesterol, triglycerides and free 
fatty acids in blood samples 

Streptozotocin-treated diabetic rats were treated with G-400 (100 mg/kg b.wt.) daily using an intragastric tube for 4 weeks. The 
results were compared with diabetic control rats (group 2) and normal control (group 1), where no streptozotocin was administered. 
The positive control in the study comprises of rats administered with glibenclamide (0.025 mg/kg b.wt.) daily using an intra-
gastric tube for 4 weeks.  Results are expressed as mean ± SD of n = 4-6 independent assays. bp<0.05, statistically different from 
the control group, ap<0.05, statistically different from diabetic control 
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by regulated pathway (Persaud et al., 1999). In addition, 
E. officinalis can stimulate basal insulin output from the 
remaining beta cells within the pancreas (Nainet al., 
2012). In an another study, the methanol extract of G. 
sylvestre leaf, and callus showed anti-diabetic activities 
through regenerating β cells (Ahmed and Rao, 2010). 
Furthermore, constituents of G-400 were already 
reported to have high anti-oxidant potential. 

Growing evidences showed a positive correlation of 
fasting insulin levels with obesity, systolic and diastolic 
blood pressure, triglyceride, β-lipoprotein cholesterol 
and pre-β-lipoprotein cholesterol levels (Burke et al., 
1986). Hence, we measured the lipid profile in the 
serum (total, LDL, non-HDL, and HDL cholesterol and 
triglycerides) and free fatty acid along with the LDL to 
HDL ratio and our results suggest prominent hypolipi-
demic effect for G-400. This effect was the consequence 
of the synergic effect of G-400 constituents as evident 
from early study of S. oblonga (Bhat et al., 2012), G. 
sylvestre (Daisy et al., 2009), T. cordifolia (Stanely 
Mainzen Prince and Menon, 2003), E. officinalis (Augusti 
et al., 2001) and C. longa (Babu and Srinivasan, 1997). 

The elevated apoprotein A, an integral protein of HDL 

and  declined apoprotein B, an integral apoprotein of 
LDL in G-400 treated rat blood signify the anti-
atherogenic effect of the drug as previous study showed 
that apoB/apoA-I ratio represents the balance of 
proatherogenic and antiatherogenic lipoproteins (Lima 
et al., 2007). Current reports suggest that cholesterol 
balance, determined as the apoB/apoA-I ratio has 
repeatedly been shown as a better marker than lipids, 
lipoproteins and lipid ratios (Lima et al., 2007). As 
shown in Figure 3, G-400 treatment significantly 
reduced apo B/apo A ratio, indicates the efficacy of the 
drug as a hypolipidemic agent as well. 

In order to check, whether the alterations in blood lipid 
levels correlated with tissue lipid content, we measured 
lipid profiles in hepatic tissues and the results found to 
be agreeing with blood lipid profile results. In addition, 
in order to  reconfirm the resultant alteration in the 
metabolic changes following diabetes and therapy in 
blood and tissues, we analyzed corresponding enzyme 
activities in hepatic tissues of rats to affirm our results. 
Hypoglycemic effect of G-400 was affirmed by the low 
HMG-CoA reductase, the key regulatory enzyme in 
cholesterol biosynthesis, indicating reduced endo-
genous synthesis of cholesterol in liver, resulting in 
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Figure 3:  Effect of G-400 on apo A1, apo B100 and apo A1/apo B100 levels in blood samples 

Streptozotocin-treated diabetic rats were treated with G-400 (100 mg/kg b.wt.) daily using an intragastric tube for 4 weeks. The results were com-
pared with diabetic control rats (group 2) and normal control (group 1), where no streptozotocin was administered. The positive control in the study 
comprises of rats administered with glibenclamide (0.025 mg/kg b.wt.) daily using an intragastric tube for 4 weeks.  Results are expressed as mean ± 
SD of n = 4-6 independent assays. bp<0.05, statistically different from the control group, ap<0.05, statistically different from diabetic control 
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decreased total hepatic cholesterol concentration. 
Importantly, glibenclamide treatment also reduced 
HMG-CoA reductase activity without significant de-
cline in total concentration of cholesterol in liver, 
pointing out the effect is indirect  and is associated with 
anti-diabetic action of the drug. The difference in G-400 
action may be due to the higher cholesterol catabolism 
mediated by C. longa (Babu and Srinivasan, 1997) and E. 
officinalis (Augusti et al., 2001), the constituents of G-
400. 

It has been proposed that inhibition of HMG-CoA 
reductase  leads to a reduction in the concentration of 
hepatic cholesterol  and therefore, up regulation of  
LDL receptors resulted in internalization of not only 
LDL but also VLDL remnants (Sato and Takano, 1995), 
resulting a reduced plasma triglyceride concentration. 
We found a similar observation agreeing the conse-
quential positive correlation between hepatic trigly-
ceride and plasma triglyceride concentrations, reported 
by previous investigators  (Nikkila et al., 1977). 

The action of lipoprotein lipase on triglyceride-rich 
lipoproteins, generates free fatty acids that are either 

transported into the tissues or mixed with circulating 
free fatty acids. Accumulated evidences suggested that 
higher triglyceride concentration, and lower LPL 
activities are the determinants of small LDL size, the 
predictor of ischemic heart disease risk in diabetic 
patients. G-400 treatment not only reduced triglycerides 
and free fatty acids in blood and hepatic tissues, it also 
elevated LPL to near normal level as compared to 
diabetic control (Xu et al., 2008). 

A decreased G6PD/malic enzyme activity leads to 
decreased NADPH and makes cells very sensitive to 
oxidant damage, one of the major reasons for 
pathophysiology of diabetes mellitus was improved 
with G-400 treatment for 4 weeks. Recovered malic 
enzyme activities, an important player for that regulate 
insulin secretion (Xu et al., 2008) substantiate the  
improved insulin secretion in the drug treated group 
and this effect was reflected in plasma insulin level as 
well. 

In addition, elevated glucose 6 phosphatase, one of the 
key enzymes that determine the endogenous glucose 
production is a consistent feature of type 2 diabetes is 
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Figure 4:  Effect of G-400 on the concentration of total cholesterol and triglycerides and the activities of HMG-Co A reductase in 
hepatic tissue 

Streptozotocin-treated diabetic rats were treated with G-400 (100 mg/kg) daily using an intragastric tube for 4 weeks. The results were compared 
with diabetic control rats (Group 2) and normal control (Group 1), where no streptozotocin was administered. The positive control in the study com-
prises of rats administered with glibenclamide (0.025 mg/kg) daily using an intragastric tube for 4 weeks.  Results are expressed as mean ± SD of n = 
4-6 independent assays.  bp<0.05, statistically different from the control group, ap<0.05, statistically different from diabetic control 
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the consequence of  increased differences in insulin 
sensitivity, resulted from increased fatty acid oxidation 
and hyperglycaemia. Therefore, reduced glucose-6- 
phosphatase activity in our study especially in those 
animals treated with G-400 and glibenclamide sugges-
ted better recovery of animal from diabetic insult. 
Growing evidence showed that insulin can stimulates 
glycogen synthesis in the liver and skeletal muscle and 
thereby increase hepatic glycogen level and the impro-
ved hepatic glycogen content of G-400 treated animal 
support the improve hepatic function and insulin 
action. Furthermore, our clinical trial with this drug in 
small populations showed significant recovery in 
diabetic patients (Kurian et al., 2014). 

 

Conclusion 

The poly-herbal drug, G-400 has potential hypogly-
cemic and anti-diabetic activity beside it reduced the 
hyperlipidemia. Hypolipidemic and anti-diabetic effect 
may be due to the effect of active constituents in the 
combination which may be responsible not only for the 

scavenging free radicals liberated by streptozotocin in 
diabetic rats but also by stimulating insulin secretion. 
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