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ABSTRACT: The present study was undertaken to 
investigate the effect of standardized aqueous extract 
of Picrorhiza kurroa Royle ex Benth. on diabetes. 
Diabetes mellitus was induced with streptozotocin-
nicotinamide and rats found diabetic were orally 
administered standardized aqueous extract of 
Picrorhiza kurroa (100 and 200 mg/kg, p.o.) or 
glibenclamide (10 mg/kg, p.o.) or vehicle (0.3% 
carboxy methyl cellulose suspension) for 14 days. 
Fasting blood glucose levels and lipid profiles were 
measured in control as well as diabetic rats after two 
week treatment. In addition, liver glycogen level of 
Picrorhiza kurroa extract (PkE) treated diabetic rats 
were compared to that of control and diabetic control 
rats. Oral glucose tolerance test was also performed 
on nondiabetic normal rats. Statistical analyses were 
performed by one way analysis of variance followed 
by Tukey-Kramer multiple comparisons test. PkE 
treatment induced significant reduction (p < 0.001) in 
elevated fasting blood glucose level in streptozotocin-
nicotinamide induced type-2 diabetic rats. In oral 
glucose tolerance test, oral administration of PkE 
increased the glucose tolerance. PkE treatment also 
significantly (p < 0.001) reversed the weight loss 
associated with streptozotocin treatment. These 
findings provide in vivo evidence that standardized 
extract of Picrorhiza kurroa possess significant 
antidiabetic activity in streptozotocin-nicotinamide 
induced type-2 diabetes mellitus in rats.
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1. Introduction

Diabetes mellitus (DM) refers to a group of common 
metabolic disorders that share the phenotype of 

hyperglycemia. It is characterized by elevated blood 
glucose concentration caused by insulin deficiency, 
often combined with insulin resistance. Type-2 DM 
is more prevalent and account for about 90% to 95% 
of all diagnosed cases of diabetes. With an increasing 
incidence worldwide, DM will be a leading cause of 
morbidity and mortality in the near future (1).
 The drugs currently available for treatment of 
diabetes have a number of serious adverse effects. As 
the knowledge of the heterogeneity of this disorder 
increases, there is a need to look for more effective 
agents with fewer side effects. This has led to the 
search for alternative therapies that may have a similar 
efficacy without potential adverse effects associated 
with conventional drug treatment. Ethnobotanical 
knowledge played a particularly important role in 
historical diabetes therapies, with over 1,200 species of 
medicinal plants recognized throughout the world for 
their ability to treat diabetic indications (2).
 Picrorhiza kurroa (Family: Scrophulariaceae) is 
a small perennial herb that grows in northwest India 
on the slopes of the Himalayas between 3,000 and 
5,000 meters. It is an important herb in the traditional 
Ayurvedic system of medicine, and has been used to 
treat liver and bronchial problems. Other traditional 
uses include dyspepsia, bilious fever, chronic dysentery, 
and scorpion sting. Picrorhiza has been shown to 
protect liver cells from a wide variety of toxins 
including amanita poisoning, carbon tetrachloride 
(3), galactosamine (4), ethanol (5), aflatoxin-B1 (6), 
acetaminophen (7), and thioacetamide (8), in both in 
vitro and in vivo experiments. Picrorhiza kurroa was 
found to be a potent immunostimulant, stimulating both 
cell-mediated and humoral immunity (9). Picrorhiza 
kurroa had been shown to possess anti-asthmatic and 
anti-allergic activity (10,11). Picrorhiza treatment 
reduced the cellular damage caused by hypoxia, 
indicating Picrorhiza constituents may protect against 
hypoxia/reoxygenation-induced injuries (12). Other 
reported activities of Picrorhiza include nitric oxide 
scavenging activity, cardioprotective effect, anti-cancer 
effect, and anti-viral effect (13). Recently, Picrorhiza 
extract has shown antidiabetic activity through alloxan-
induced diabetic rat model (14), found effective in 
diabetic nephropathy (15) and possess hypolipidemic 
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activity (16). In view of these findings and fact 
that dyslipidemia is the hallmark of type-2 DM, we 
have evaluated standardized extract of Picrorhiza in 
streptozotocin-nicotinamide induced type-2 diabetes 
and associated dyslipidemia.

2. Materials and Methods

2.1. Animals

Adult Charles foster rats (180 ± 10 g) were obtained 
from Central Animal House of Institute of Medical 
Sciences, Banaras Hindu University, Varanasi, 
India. The animals were housed in groups of six 
in polypropylene cages at an ambient temperature 
of 25 ± 1ºC and 45-55% relative humidity, with a 
12:12 h light/dark cycle. Unless stated otherwise, 
they were provided with commercial food pellets 
and water ad libitum. Animals were acclimatized to 
laboratory conditions for at least one week before using 
them for experiments and were subjected only once to 
the experimental conditions. Principles of laboratory 
animal care (NIH publication number 85-23, revised 
1985) guidelines were followed.

2.2. Plant extract

The standardized aqueous extract of Picrorhiza kurroa 
(standardized to contain 5.00% kutkin, HPTLC) was 
obtained from Promed Research Centre, Gurgaon, 
Haryana, India.

2.3. Drug administration

Standardized extract of Picrorhiza kurroa  was 
suspended in 0.3% carboxy methyl cellulose (CMC) 
and administered orally through oral gavage at the 
doses of 100 and 200 mg/kg of body weight per day. 
Doses are selected on the basis of available literature on 
the aqueous extract of Picrorhiza kurroa (3,16).

2.4. Oral glucose tolerance test

Oral glucose tolerance test (OGTT) was performed to 
evaluate the peripheral glucose utilization. Albino rats of 
either sex were divided into four groups (n = 6), fasted 
overnight and administered as 0.3% CMC suspension, 
PkE (100 and 200 mg/kg) and glibenclamide (10 
mg/kg), respectively. Glucose (2 g/kg) was orally 
administered 30 min after the drug treatments. Blood 
glucose levels were determined in blood samples 
collected at 0 min (prior to glucose administration), 30, 
60, and 120 min after glucose administration.

2.5. Induction of type-2 diabetes mellitus

Type-2 DM was induced in overnight fasted male 

rats by a single i.p. injection of 65 mg/kg dose of 
streptozotocin (Merck, Germany), 15 min after i.p. 
administration of 120 mg/kg nicotinamide (SD fine 
Chem, Mumbai, India) (17). Current pharmacology 
protocols  (18)  were fol lowed for  preparat ion 
and administration of streptozotocin solution. 
Hyperglycemia was confirmed by the elevated glucose 
level in the blood, determined at 72 h and then on 7th 
day after injection. The rats found with permanent 
diabetes were used for antidiabetic study.

2.6. Experimental design

Animals were divided into five groups of six rats 
each viz. Group I: Normal control rats, administered 
0.3% CMC for 14 days; Group II: Diabetic control 
rats, administered 0.3% CMC for 14 days; Group III: 
Diabetic rats administered PkE 100 mg/kg/day, p.o. 
for 14 days; Group IV: Diabetic rats administered PkE 
200 mg/kg/day, p.o. for 14 days; Group V: Diabetic 
rats administered glibenclamide, 10 mg/kg/day, p.o. 
for 14 days. Blood samples were collected by retro-
orbital puncture and fasting blood glucose levels were 
estimated on days 0, 7, and 14 with commercially 
available biochemical kit (Span Diagnostics Ltd., 
Surat, India) as in our previous study (19). On 14th day, 
plasma lipid profiles were estimated using biochemical 
kits (Span Diagnostics Ltd.) and liver glycogen levels 
were estimated using anthrone reagent (20). Body 
weight of rats was also measured periodically.

2.7. Statistical analysis

All the values of the experimental results were 
expressed as mean ± standard error of mean (SEM). 
Statistical analyses were performed by one way analysis 
of variance (ANOVA) followed by Tukey-Kramer 
multiple comparisons test. GraphPad InStat (version 
3.06) software was used for all statistical analyses.

3. Results

3.1. Effect on OGTT

Figure 1 shows blood glucose levels of normal control, 
PkE, and glibenclamide treated animals after oral 
administration of glucose (2 g/kg). Animals treated with 
PkE and glibenclamide showed a significant decrease 
in blood glucose levels at 30 and 60 min compared to 
vehicle control animals. The administration of PkE 
significantly prevented the increase in blood glucose 
levels without causing a hypoglycemic state. Maximum 
effect of PkE was observed 30 min after the oral 
glucose administration (p < 0.05 and 0.001 for PkE 
100 and 200 mg/kg, respectively). Effect of higher 
dose of PkE (200 mg/kg) was found comparable to 
glibenclamide (10 mg/kg).
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decreased, in diabetic rats as compared to control rats. 
Oral administration of PkE and glibenclamide to diabetic 
rats significantly reversed all these changes to near 
normal level. The effect of PkE (200 mg/kg) was more 
significant than that of 100 mg/kg and was comparable 
with that of glibenclamide (10 mg/kg).

3.3. Effect on liver glycogen content

A significant decrease (p < 0.001) in liver glycogen 
content was observed in diabetic rats compared to 
normal control group. PkE (100 and 200 mg/kg) 
showed a significant increase (p < 0.001) in liver 
glycogen levels compared to the diabetic control rats. 
However, results of higher dose of PkE (200 mg/kg) were 
more significant than lower dose of PkE (100 mg/kg). 
Glibenclamide treatment also significantly increased 
(p < 0.001) liver glycogen levels compared to diabetic 
control rats (Table 3).

3.4. Effect on body weight changes

The body weight changes in control, diabetic control 
and diabetic rats treated with PkE and glibenclamide 
are shown in Table 4. A significant decrease in body 
weight was observed in the diabetic rats (p < 0.001) 
compared with the control group. Both doses of PkE as 
well as glibenclamide resulted in a significant increase 
in body weight gain (p < 0.001) compared with diabetic 
control animals.

4. Discussion

Streptozotocin and appropriate protective dose of 
nicotinamide induce a diabetic syndrome with reduced 
pancreatic insulin stores that mimics some features of 

3.2. Effect on fasting blood glucose level and lipid 
profile

Table 1 illustrates the levels of blood glucose in the 
control and experimental groups of rats. Diabetic 
rats showed a significant increase in blood glucose 
compared with corresponding control rats (p < 0.001). 
Oral administration of PkE (100 and 200 mg/kg) dose 
dependently and significantly reduced the fasting blood 
glucose levels on 7th (p < 0.05) and 14th day (p < 0.001) 
compared to diabetic control animals. Glibenclamide 
treatment also significantly reduced the increased blood 
glucose level of diabetic rats.
 Table 2 shows the levels of plasma total cholesterol, 
triglycerides, and lipoproteins in the control and 
experimental groups of rats. The levels of plasma total 
cholesterol (TC), triglycerides (TG), and LDL-cholesterol 
(LDL-C) were significantly increased, whereas levels 
of HDL-cholesterol (HDL-C) were significantly 

 Fasting plasma glucose concentration (mg/dL)

Table 1. Effect of PkE on the blood glucose level of streptozotocin-nicotinamide induced diabetic rats

Group (n = 6) (dose in mg/kg)

Normal control
Diabetic control
Diabetic + PkE (100)
Diabetic + PkE (200)
Diabetic + Glibenclamide (10)

0 day

  83.03 ± 3.33
289.78 ± 21.28a

325.40 ± 31.06a

345.83 ± 25.97a

300.84 ± 21.99a

7th day

  80.23 ± 2.99
313.79 ± 15.58a

  176.5 ± 11.30a*

137.24 ± 3.55 b*†

120.00 ± 3.19c*

14th day

  79.77 ± 3.63 
349.17 ± 11.29a

133.64 ± 3.40a**

  94.01 ± 4.98**††

  88.71 ± 2.53**

Values are mean ± SEM; n, number of animals in each group. a p < 0.001, b p < 0.01, c p < 0.05 compared to normal control. * p < 0.05, ** p < 0.001 
compared to diabetic control. † p < 0.05, †† p < 0.001 compared to PkE 100 mg/kg.

Group (n = 6) (dose in mg/kg)

Normal control
Diabetic control
Diabetic + PkE (100)
Diabetic + PkE (200)
Diabetic + Glibenclamide (10)
Values are mean ± SEM; n, number of animals in each group. a p < 0.001, b p < 0.01; c p < 0.05 compared to normal control. * p < 0.01, ** p < 0.001 
compared to diabetic control. † p < 0.05, †† p < 0.001 compared to PkE 100 mg/kg.

Table 2. Effect of PkE on lipid profi le of streptozotocin-nicotinamide induced diabetic rats

TC (mg/dL)

  79.53 ± 2.29 
143.27 ± 6.68a

  86.93 ± 1.90**

  71.42 ± 2.64**†

    73.1 ± 2.55**

TG (mg/dL)

  46.85 ± 1.47
115.31 ± 6.58a

  65.41 ± 4.43c**

  56.25 ± 1.62**

  69.37 ± 2.40b**

HDL-C (mg/dL)

38.67 ± 0.77
24.47 ± 1.44a

27.39 ± 1.44a

31.71 ± 1.14b*

33.94 ± 0.78** 

LDL-C (mg/dL)

31.48 ± 2.59
95.75 ± 7.18a

46.46 ± 2.37**

28.46 ± 2.69**†

25.29 ± 2.71**

Figure 1. Effect of PkE on oral glucose tolerance test in normal 
rats. Values are mean ± SEM of 6 animals in each group. *p < 0.05, 
**p < 0.01, ***p < 0.001 compared to normal control. 
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NIDDM not shared by other established animal models 
of diabetes (18,21). Streptozotocin causes diabetes by 
selective depletion of β-cells, which leads to a reduction 
of insulin release. Decreased insulin release could 
result in disordered regulation of glucose by decreasing 
suppression of hepatic glucose production and reducing 
the efficiency of glucose uptake in insulin-sensitive 
tissues. Decreased insulin output could also impair 
adipocyte metabolism, resulting in increased lipolysis 
and elevated fatty acid level (22).
 It is well established that glibenclamide produces 
hypoglycemia by increasing the secretion of insulin from 
the existing pancreatic β-cells (23). The hypoglycemic 
effect of plant extracts is generally dependent upon the 
degree of β-cell destruction. Treatment in moderate 
diabetic rats with some plant extracts resulted in the 
stimulation of β-cells of islets of Langerhans (24,25). 
In view of this observation, antihyperglycemic effect 
of PkE may be due to potentiation of insulin secretion 
(analogous to glibenclamide) from remnant β cells of 
islet of Langerhans.
 Oral administration of PkE to glucose loaded 
normal rats was associated with a significant decline in 
blood glucose level compared to normal control animals 
indicating better tissue glucose utilizing capacity of 
PkE treated rats. Further, both PkE and glibenclamide 
treatment elevated the reduced liver glycogen level in 
diabetic rats which suggest an improvement in the liver 
glycogenesis. Glycogen is the primary intracellular 
storable form of glucose and its levels in various 
tissues are a direct reflection of insulin activity as 
insulin promotes intracellular glycogen deposition by 
stimulating glycogen synthase and inhibiting glycogen 
phosphorylase (26,27).

 Type-2 diabetes is  associated with marked 
imbalance in l ipid metabolism (28) .  Diabetic 
dyslipidemia is characterized by low level of HDL-C 
as well as elevated level of TG and LDL-C particles 
(29,30). A significant increase in plasma cholesterol 
and triglycerides along with a significant decrease in 
HDL-C, observed in diabetic rats in the present study, 
are consonant with the pathogenesis of diabetes.
 Observed hypolipidemic activity of PkE in 
diabetic rats is consonant with the earlier studies 
conducted with Picrorhiza extract on different models 
of hyperlipidemia (16,31). The increase in alanine 
transaminase (ALT) activity in diabetes is almost 
always due to hepatocellular damage and is usually 
accompanied by an increase in aspartate transaminase 
(AST) activity (32). Several studies with liver tissues 
of streptozotocin induced diabetic rats indicate a trend 
towards increased activity of transaminases (33). 
The AST and ALT activities have been used as an 
indicator of liver function (34). Picrorhiza extract has 
been reported to reverse the increased AST and ALT 
activities towards near normalcy (31), which suggests 
prevention of cellular and tissue damages under 
diabetic conditions. Therefore, hepatoprotective activity 
of Picrorhiza extract may be partially responsible for 
the observed antidiabetic activity.
 Diabetes is associated with a characteristic loss of 
body weight in animals. Several hypothesis have been 
proposed for the body weight loss in diabetic animals 
like increased muscle wasting (35,36) or loss of muscle 
proteins due to hyperglycemia (37). Rats treated with 
PkE extract or glibenclamide showed an increase in 
body weight as compared to the diabetic control rats 
suggesting a protective role of PkE on muscle wasting 
or due to better glycemic control.

5. Conclusion

Our findings have demonstrated for the first time 
through streptozotocin-nicotinamide induced type-2 
diabetes model that standardized extract of Picrorhiza 
kurroa has an antihyperglycemic effect. Therefore, it 
may be potentially beneficial in type-2 diabetes and 
associated dyslipidemia.
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