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Abstract: Echinops echinatus is traditionally an important plant that finds its extensive use as a diuretic, anti-

inflammatory, anti-pyretic, nerve tonic, abortifacient, aphrodisiac, antiasthmatic, and antidiabetic agent. The current 

study investigates protection against the hyperglycemia and dyslipidemia in alloxan-induced (type I diabetes) and 

fructose-fed insulin resistance (type II diabetes) models of diabetes treated with aqueous methanolic root extract of E. 

echinatus (Ee.Cr). Albino rats were treated orally with Ee.Cr at doses 100, 300 and 500mg/kg. The fasting blood glucose 

was measured by glucometer, while standard kits were used to determine the levels of serum total cholesterol, 

triglycerides and HDL. The administration of Ee.Cr significantly (P<0.001) reduced the FBG concentration in a dose-

dependent pattern in alloxan-induced and fructose-fed diabetic rats. The Ee.Cr also corrected the dyslipidemia associated 

with fructose and alloxan-induced diabetes by significantly (P<0.001) decreasing the concentration of serum total 

cholesterol, triglycerides, and LDL and by increasing HDL concentration. Ee.Cr also significantly (P<0.001) improved 

the glucose tolerance in fructose-fed rats. We conclude that Ee.Cr has antidiabetic and antidyslipidemic effects in both 

insulin-dependent alloxan-induced diabetes and fructose-induced insulin resistance diabetes rat models. 
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INTRODUCTION 
 

Diabetes mellitus is a chronic disease associated with 

raised blood glucose levels due to absolute insulin 

deficiency in case of type I diabetes and relative insulin 

deficiency with or without insulin resistance in type II 

diabetes. It is associated with extensive malformations in 

carbohydrate, protein and lipid metabolism and 

progressively leads to the development of life threatening 

complications. All the heterogeneous abnormalities 

grouped under diabetes mellitus share a common feature 

of chronic hyperglycemia (Heydari et al., 2010). Long 

standing hyperglycemia can lead to increased circulating 

levels of advanced glycation end products (AGEs) 

causing vascular complications that can ultimately lead to 

diabetic retinopathy, nephropathy, neuropathy and 

increase the risk of stroke and myocardial infarction 

(Muhammad et al., 2009). To avoid the synthesis of 

AGEs and delay vascular complications, maintenance of 

normal blood glucose levels is crucial. A significant 

number of adverse effects are associated with the current 

antidiabetic therapy and there is still a need to search for 

medicinal plants with therapeutic potential (Yashwant-

Kumar et al., 2011). 
 

Echinops echinatus (traditionally known as Untkatalo, 

Unt-Katara, Brahmadandi, Labh; English: Camel’s 

Thistle) is an important medicinal plant of family 

Asteraceae. It is used as a diuretic, analgesic, anti-pyretic, 

anti-inflammatory, bitter, stomachic, nerve tonic, 

anthelmentic, aphrodisiac and abortifacient agent 

(Usmanghani et al., 1997). The plant has shown various 

pharmacological activities such as antifungal, 

antibacterial, anti-inflammatory, analgesic, antifertility, 

antispasmodic, antimalarial, diuretic, ACE inhibitor, and 

antidiabetic activity (Rai and Mares, 2003; Yadava and 

Singh, 2006; Patel et al., 2011b; Patel et al., 2011a; 

Nyman et al., 1998; Bhakuni et al., 1969; Padashetty and 

Mishra, 2007a; Agrawal et al., 2012). 

 

The root bark powder of E. echinatus has been used to 

treat diabetes (Patel et al., 2011a). Recently, Sarvaiya-

Dhara et al., (2015) have shown the antidiabetic and 

antihyperlipidemic effects of the root bark and aerial parts 

of E. echinatus in alloxan-induced diabetic rats. To 

explore the antidiabetic and antidyslipidemic effects of 

the aqueous methanolic root extract of E. echinatus, we 

employed alloxan-induced and fructose-fed insulin 

resistance models of diabetes. Our data clearly 

demonstrates that the aqueous methanolic extract from 

roots of E. echinatus protected against hyperglycemia and 

dyslipidemia induced by alloxan and chronic fructose 

feeding. 

 

MATERIALS AND METHODS 
 

Preparation of the crude extract 

The fresh roots of the plant were harvested from 

Cholistan, Pakistan and were identified by Mr. Abdul *Corresponding author: e-mail: shafqatrasul@yahoo.com 

mailto:shafqatrasul@yahoo.com
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Hameed, Botanist at the Cholistan Institute of Desert 

Studies of the Islamia University of Bahawalpur. The 

roots were washed, dried in the shade and grounded to 

coarse powder. A voucher specimen (EE-RT-08-11-28) 

was submitted in the herbarium at the Faculty of 

Pharmacy, the Islamia University of Bahawalpur, 

Pakistan for future reference. The aqueous methanolic 

crude extract of the roots was prepared as described 

previously (Jabeen et al., 2009). A thick concentrated 

paste with reddish dark brown colour and 6% yield was 

attained. The extract was stored at -20°C after labelling it 

as Ee.Cr until further use. 

 

Preliminary phytochemical analysis 

The qualitative phytochemical analysis for different 

secondary plant metabolites, such as alkaloids, 

glycosides, saponins, anthraquinones, flavonoids, 

coumarins and tannins, was performed as described 

previously (Gilani et al., 2008). 

 

Experimental animals 

Sprague-Dawley albino rats (150-200g) and Swiss albino 

mice (18-32g) of both sexes, housed in the animal facility 

of the Pharmacology section at the Faculty of Pharmacy, 

the Islamia University of Bahawalpur in Pakistan, were 

used for the study, unless otherwise stated. Animals were 

exposed to 12:12 hours light and dark periods and 

maintained at standard temperature (25±2°C) and 

humidity (50-55%) conditions throughout the study. 

Animals were allowed to drink water ad libitum and were 

fed on normal diet. Before starting the study, animals 

were acclimatized to the experimental conditions to 

minimize stress effects. The local animal ethics 

committee approved the study protocols and procedures. 

 

Acute toxicity assessment 

Mice were randomly divided into four groups with six in 

each. Three groups received crude extract orally by 

gavage at doses of 300mg/kg, 1000mg/kg, 3000mg/kg, 

while a parallel control group received normal saline (10 

ml/kg).  The mice received food and water ad libitum. 

The animals were observed frequently for any 

behavioural changes during initial six hours. The lethal 

effects were assessed after 24h and 48h of extract 

administration (Gilani et al., 2008). 

 

Acute hypoglycemic effects in normoglycemic rats 

Albino male rats weighing 250-350g were used to 

evaluate the acute hypoglycemic effect of Ee.Cr. Rats 

were randomized into five groups with six rats in each. 

Animals were fasted overnight (12h) before administering 

the extract at 100mg/kg, 300mg/kg and 500mg/kg doses. 

A standard control group was administered glibenclamide 

at 5mg/kg and the normal control group received normal 

saline. A single touch glucometer (Accu-chek Active, 

Roche, Germany) was used to determine the fasting blood 

glucose (FBG) concentrations from the rat tail vein blood 

at 0h (before Ee.Cr administration) and at 1h, 2h, 4h and 

6h after Ee.Cr administration (Yashwant-Kumar et al., 

2011). The following experimental design was adopted 

for treating different groups of animals: 

Group 1:  Normal Control (Normal Saline 1ml/kg) 

Group 2:  Standard Control (Glibenclamide 5mg/kg) 

Group 3:  Ee.Cr 100mg/kg 

Group 4:  Ee.Cr 300mg/kg 

Group 5: Ee.Cr 500mg/kg  

 

Alloxan-induced diabetes mellitus 

Alloxan monohydrate (Acros Organics, USA) was 

injected intraperitoneally to 18h fasted rats at the dose of 

140mg/kg in normal saline (Tanko et al., 2011; Ashok-

Kumar et al., 2012). Pilot studies were done to optimize 

the alloxan dose. An ice cold normal saline was used for 

the fresh preparation of alloxan and maintained on ice 

bath during administration. After six hours of alloxan 

administration, the animals were supplemented with 20% 

w/v dextrose solution to mitigate the fatal hypoglycaemia, 

which occurs due to massive insulin release induced by 

alloxan (Ahlem et al., 2009). Alloxan injected rats were 

maintained on 5% glucose supplemented water for next 

24h (Yashwant-Kumar et al., 2011). Diabetes was 

confirmed after 72h of injection by using glucometer and 

the animals with a fasting blood glucose level ≥200mg/dl 

were included in the study.  

 

The animals were stabilized until day 7 post alloxan 

injection and were then randomly selected into six groups 

for their fasting blood glucose levels assessment 

(Yashwant-Kumar et al., 2011). After FBG concentration 

assessment, the animals received different treatments and 

it was assumed to be the 1
st
 day.  Further assessment was 

done on the 3
rd

, 5
th

, 7
th

 and 14
th

 day of the treatment 

commencement. The treatment protocol is given as 

below: 

 

Group 1: Normal Control (Normal Saline 1ml/kg) 

Group 2:  Positive Control (Alloxan 140mg/kg + Normal 

Saline 1ml/kg) 

Group 3:  Standard Control (Alloxan 140mg/kg + 

Glibenclamide 10mg/kg) 

Group 4: Ee.Cr 100mg/kg (Alloxan 140mg/kg + Ee.Cr 

100mg/kg) 

Group 5:  Ee.Cr 300mg/kg (Alloxan 140mg/kg + Ee.Cr 

300mg/kg) 

Group 6:  Ee.Cr 500mg/kg (Alloxan 140mg/kg + Ee.Cr 

500mg/kg) 

 

High fructose-fed model 

Albino rats were randomized into six groups with six rats 

in each. High fructose-fed rats were administered 60% 

w/w fructose (BDH, England) in their diet (Ansarullah et 

al., 2010), while the normal control group received an 

equivalent amount of vegetable starch in normal chow. 

Treatment was started after initial FBG concentration 
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assessment and then further assessments were done on 

weekly basis until 6
th

 week. The lipid profile assessment 

was done on the blood withdrawn via cardiac puncture 

after the animals were sacrificed on completing 6 weeks 

of treatment with Ee.Cr (Ansarullah et al., 2010). 

 
Fig. 1: Acute hypoglycemic effects of different doses of 

Ee.Cr in normoglycemic rats. (Values are expressed as 

mean ± SEM and n=6. Two way ANOVA was applied 

and P values were considered significant as P<0.05 (*), 

P<0.01 (**) and P<0.001 (***). Extract-treated groups 

and standard control were compared to normal control. 

Normal and Positive Control: Normal Saline 1ml/kg; 

Standard Control: Glibenclamide 5 mg/kg). 

 

A 30% w/v glucose solution at the dose of 2g/kg was 

administered orally to overnight fasted rats to determine 

their glucose tolerance a day before sacrificing 

(Suwannaphet et al., 2010). The blood glucose 

measurements were made at 0, 30, 60, and 120 minutes 

from the rat tail vein using glucometer. 

 

The following treatment protocol was followed: 

Group 1:  Normal Control (Normal Diet + Normal Saline 

1ml/kg) 

Group 2:  Positive Control (High Fructose Diet + Normal 

Saline 1ml/kg) 

Group 3:  Standard Control (High Fructose Diet + 

Metformin 50mg/kg) 

Group 4:  Ee.Cr 100mg/kg (High Fructose Diet + Ee.Cr 

100mg/kg) 

Group 5:  Ee.Cr 300mg/kg (High Fructose Diet + Ee.Cr 

300mg/kg) 

Group 6:  Ee.Cr 500mg/kg (High Fructose Diet + Ee.Cr 

500mg/kg) 

 

Glucose-induced hyperglycemia 

A hyperglycemic state is induced when the animals are 

administered 10% w/v glucose ad libitum for a longer 

period of time (Midaoui and de-Champlain, 2002). We 

followed this approach to investigate the 

antihyperglycemic effects of Ee.Cr in Swiss albino mice 

(18-30g) of either sex. Mice were randomly assigned to 

different treatment groups as described in experimental 

design below. The normal control mice were given 

normal drinking water, but other animals received 10% 

w/v glucose (Merck, Germany) as drinking water ad 

libitum. Animals received different doses of Ee.Cr, 

standard drug and normal saline intraperitoneally. The 

FBG concentrations were determined from overnight 

fasted (12h) mice after 28 days of glucose 

supplementation with the help of glucometer from tail 

vein.  

 

Fig. 2:  Effects of chronic administration of different 

doses of Ee.Cr on hyperglycemia in alloxan-induced 

diabetic rats. (Values are expressed as mean ± SEM and n 

= 6. Two way ANOVA was applied and P values were 

considered significant as P<0.05 (*), P<0.01 (**), and P< 

0.001 (***). Positive control was compared to normal 

control, while all extract-treated groups and standard 

control were compared to positive control. Normal and 

Positive Control: Normal Saline 1ml/kg; Standard 

Control: Glibenclamide 10mg/kg). 

 

Group 1:  Normal Control (Normal Saline 1 ml/kg)  

Group 2:  Positive Control (10% w/v glucose + Normal 

Saline 1ml/kg) 

Group 3:  Standard Control (10% w/v glucose + 

Metformin 100mg/kg) 

Group 4:  Ee.Cr 100mg/kg (10% w/v glucose + Ee.Cr 

100mg/kg) 

Group 5: Ee.Cr 300mg/kg (10% w/v glucose + Ee.Cr 

300mg/kg) 

Group 6:  Ee.Cr 500mg/kg (10% w/v glucose + Ee.Cr 

500mg/kg) 

 

Biochemical analysis 

At the end of the study, the rats were intraperitoneally 

injected ketamine 50mg/kg (Ketasol, Indus Pharma, 

Pakistan) and diazepam 5mg/kg (Valium, Roche, 

Pakistan) to anesthetize them for obtaining blood by 

cardiac puncture. The blood was allowed to clot for 

15min and then centrifuged for 15min at 4500rpm to 

obtain the serum in the centrifuge machine (Hettich 

Zentrifugen, Germany). Biochemical analysis for serum 

total cholesterol (TC), triglycerides (TG) and high density 

lipoproteins (HDL) was performed according to the 

protocol provided with standard kits (Human Diagnostics, 
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Wiesbaden, Germany). The respective samples, standards 

and reagent blanks were run on Merck microlab 300 

(Merck, Germany) to obtain the final results. Serum low 

density lipoprotein (LDL) was estimated indirectly by 

employing Friedewald’s formula as given below: 

LDL (mg/dl) = TC-HDL-TG/5 

 

Change in body weight 
Body weight was measured on a daily basis for each 

animal in the study. The change in body weight expressed 

in grams (g) was computed by taking the difference in 

weight at the start of treatment (Wi) and at the end of 

treatment (Wf).  

 

STATISTICAL ANALYSIS 
 

The results were expressed as mean ± SEM. One way and 

two way ANOVA with Bonferroni post hoc test was 

employed to demonstrate the level of significance i.e. P 

value <0.05 was considered significant. The positive 

controls were compared to normal controls and all other 

groups were compared to positive controls for statistical 

significant difference between them. The data was 

compiled and statistically analyzed with the help of Graph 

Pad Prism 5.00 (San Diego California, USA). 

 

RESULTS  
 

Preliminary phytochemical analysis and acute toxicity 

assessment 

Ee.Cr tested positive for saponins, tannins, and coumarins 

(table 1). The extract displayed no toxic effects up to 

3g/kg dose. 

 

Acute hypoglycemic effects in normoglycemic rats 

The FBG concentration was significantly reduced by 

glibenclamide 5mg/kg and Ee.Cr at dose 500mg/kg at 1h, 

2h, 4h and 6h after treatment, respectively. The FBG 

concentration was significantly reduced by Ee.Cr at dose 

300mg/kg at 4h and 6h after administration, but there was 

no significant reduction in FBG concentration produced 

by Ee.Cr at dose 100mg/kg when compared to normal 

controls (fig. 1). 

 

Alloxan-induced diabetes mellitus 

Effects of Ee.Cr on fasting blood glucose concentration 

The FBG concentration was significantly raised in all the 

animals after 72h of alloxan injection and remained 

elevated until day 1 of the study in comparison to the 

normal control rats. Glucose assessment at day 3 after 

commencement of the treatment exhibited significant 

reduction in FBG concentration in groups treated with 

glibenclamide 10mg/kg and Ee.Cr at doses 100, 300, and 

500mg/kg as compared to positive control (fig. 2). FBG 

concentration in positive diabetic controls was 

significantly elevated in comparison to normal controls 

(fig. 2). A similar effect was seen on the 7th and 15th day 

of assessment of FBG concentrations with more 

pronounced decrease in glycemia with elapsing time as 

compared to diabetic controls (fig. 2). The hypoglycemic 

effect of Ee.Cr was dose-dependent and FBG 

concentration in the Ee.Cr 500mg/kg group was almost 

similar to normal controls (fig. 2). 

 

Effects of Ee.Cr on total cholesterol, triglycerides, LDL 

and HDL 

Total cholesterol and triglyceride concentrations were 

significantly raised in positive control rats as compared to 

normal ones (fig. 3a and 3b). Ee.Cr showed a significant 

dose-dependent decrease in total cholesterol and 

triglyceride concentrations as compared to positive 

control. Ee.Cr at dose 500mg/kg normalized the total 

cholesterol levels. The serum HDL concentration was 

significantly decreased in positive controls as compared 

to normal controls (fig. 3c). Interestingly, chronic 

administration of Ee.Cr at doses 300 and 500mg/kg 

significantly increased the serum HDL concentration (fig. 

3c). The serum LDL concentration was decreased in a 

dose-dependent manner with Ee.Cr as compared to 

positive control, which in turn, showed significantly 

raised LDL concentration as compared to normal control 

animals (fig. 3d).  

 

Effects of Ee.Cr on change in body weight 

Alloxan-induced diabetes caused significant weight loss 

due to muscle wasting. Weight loss is a typical clinical 

observation in type I diabetes due to insulin deficiency, 

and was similarly observed in the alloxan-induced rat 

model of type I diabetes (fig. 4). A negative body weight 

change was found in positive controls in comparison to 

normal controls. Ee.Cr prevented weight loss in a dose-

dependent pattern, while highest weight gain was 

observed in the glibenclamide 10mg/kg group (fig. 4). 

These data show that the effects of Ee.Cr on weight gain 

were intermediate as compared to glibenclamide. 

 

High fructose-fed model 

Effects of E. echinatus on fasting blood glucose 

concentration 

Fructose feeding impairs fasting blood glucose levels and 

does not produce aberrant elevations as observed in 

alloxan-induced diabetes. At week 1 of assessment, the 

FBG concentration was significantly raised in positive 

control rats as compared to normal rats, but only standard 

control metformin (50mg/kg) and interestingly Ee.Cr 100 

mg/kg depicted significant reduction in FBG 

concentration as compared to positive control (fig. 5). 

Ee.Cr at doses 300 and 500mg/kg exerted no statistically 

significant hypoglycemic effects. However, Ee.Cr at dose 

of 300 and 500mg/kg significantly decreased FBG 

concentration starting from week 2 until week 6 of 

assessment. The hypoglycemic action of Ee.Cr at dose 

100 mg/kg became significant after 4 weeks of treatment 

(fig. 5). 
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Effects of Ee.Cr on total cholesterol, triglycerides, LDL 

and HDL 

The serum total cholesterol concentration was 

significantly increased in fructose-fed positive controls as 

compared to normal controls (fig. 6a). Administration of 

Ee.Cr at doses 100, 300 and 500 mg/kg significantly 

protected against the hypercholesterolemic effects of 

fructose (fig. 6a). Similarly, serum triglyceride 

concentrations were elevated in positive controls as 

compared to normal rats. Ee.Cr at all administered doses 

prevented the hypertriglyceridemia (fig. 6b). The serum 

HDL levels were also significantly impaired in fructose-

fed rats as compared to normal controls (fig. 6c). Ee.Cr at 

doses 100, 300 and 500mg/kg significantly increased 

HDL levels as compared to positive controls. The effect 

of Ee.Cr at dose 500mg/kg was almost comparable to 

standard control metformin (50mg/kg) (fig. 6c). The 

administration of Ee.Cr at all doses significantly reduced 

the LDL concentration, which was significantly increased 

in positive controls as compared to normal chow-fed rats 

(fig. 6d). 

 

Effects of Ee.Cr on OGTT 

Blood glucose concentrations were significantly elevated 

in positive controls as compared to normal controls at all 

time points of assessment. Ee.Cr at doses 100, 300, and 

 
Fig. 3: Effects of chronic administration of different doses of Ee.Cr on lipid profile in alloxan-induced diabetic rats. 

(Values are expressed as mean ± SEM and n = 6. One way ANOVA was applied and P values were considered 

significant as P<0.05 (*), P<0.01 (**), and P<0.001 (***). Positive control was compared to normal control, while all 

extract-treated groups and standard control were compared to positive control. Normal and Positive Control: Normal 

Saline 1ml/kg; Standard Control: Glibenclamide 10mg/kg). 
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500mg/kg significantly improved the glucose tolerance at 

all time points when compared to fructose-fed rats (fig. 

7a). The area under the glucose concentration time curve 

(AUC) was significantly larger in positive controls as 

compared to normal rats. The administration of metformin 

(50mg/kg) and different doses of Ee.Cr significantly 

reduced the AUC as compared to positive controls (fig. 

7b). 

 

Fig. 4: Effects of chronic administration of different doses 

of Ee.Cr on change in body weight in alloxan-induced 

diabetic rats. (Values are expressed as mean ± SEM and n 

=6. One way ANOVA was applied and P values were 

considered significant as P<0.05 (*), P<0.01 (**), and P< 

0.001 (***). Positive control was compared to normal 

control, while all extract-treated groups and standard 

control were compared to positive control. Normal and 

Positive Control: Normal Saline 1ml/kg; Standard 

Control: Glibenclamide 10mg/kg). 

 

Glucose-induced hyperglycemia 

Experimental animals present with a hyperglycemic state 

when administered glucose chronically (Midaoui and de-

Champlain, 2002). The administration of glucose (10% 

w/v) in drinking water for 28 days significantly increased 

the FBG concentration in positive controls as compared to 

normal mice (fig. 8). Ee.Cr at doses 100, 300, and 

500mg/kg significantly prevented hyperglycemia as 

compared to positive control mice in a dose-dependent 

manner (fig. 8), confirming the antihyperglycemic effect 

of E. echinatus roots. 

 

DISCUSSION 
 

Diabetes mellitus is a heterogeneous disease with absolute 

to relative insulin deficiency associated with insulin 

resistance. Chronic hyperglycemia is a major problem in 

diabetes mellitus (Heydari et al., 2010). The persistent 

hyperglycemia leads to the synthesis of advanced 

glycation end products (AGEs) and consequently, 

advancement to the microvascular complications over the 

prolonged course of the disease (Muhammad et al., 2009). 

Interventions aimed at achieving better blood glucose 

control with minimum side effects are urgently needed 

due to increasing incidence of diabetes. In the current 

study, we investigated the hypoglycemic and 

antihyperglycemic effects of the aqueous methanolic 

extract from roots of Echinops echinatus (Ee.Cr) in 

different animal models of diabetes. Ee.Cr effectively 

decreased FBG concentration in normoglycemic rats at 

dose 500mg/kg, but onset of hypoglycemic action in the 

300mg/kg group was delayed. The hypoglycemia induced 

by Ee.Cr 500mg/kg was intermediate in comparison to 

standard control glibenclamide 5mg/kg (fig. 1), which is 

well known for causing hypoglycemic coma due to 

inhibition of compensatory glucagon release (Zammitt 

and Frier, 2005).  

 

Fig. 5: Effects of chronic administration of different doses 

of Ee.Cr on FBG concentrations in fructose-fed rats. 

(Values are expressed as mean ± SEM and n = 6. Two 

way ANOVA was applied and P values were considered 

significant as P<0.05 (*), P<0.01 (**), and P<0.001 (***). 

Positive control was compared to normal control, while 

all extract-treated groups and standard control were 

compared to positive control. Normal and Positive 

Control: Normal Saline 1ml/kg; Standard Control: 

Metformin 50mg/kg). 

 

Alloxan is known to induce a hyperglycemic state by 

destroying the pancreatic β cells via redox-mediated 

mechanisms (Szkudelski, 2001). The increase in FBG 

concentration in alloxan-injected rats is in agreement with 

findings of others (Ashok-Kumar et al., 2012). Ee.Cr 

administration in alloxan-induced diabetic rats prevented 

hyperglycemia in a dose-dependent pattern and Ee.Cr 500 

mg/kg effects were almost comparable to the standard 

control glibenclamide 10mg/kg (fig. 2). Long standing 

hyperglycemia in diabetes leads to vascular 

complications, causing dysfunction, damage and multiple 

organ failure (Ramachandran et al., 2011). Medicinal 

plant extracts can serve as valuable antidiabetic agents 

and can reduce blood glucose levels due to one or more 

active constituents present in them (Grover et al., 2002). 

Triterpenoids, tannins and saponins have been reported to 

contribute towards hypoglycemia (Sharma et al., 2010). 

The roots of E. echinatus contain lupeol and other 

triterpenoids (Padashetty and Mishra, 2007b). Ee.Cr 

phytochemical analysis also revealed the presence of 

tannins and saponins, which may be contributing to the 

hypoglycemic effects. Our results are in agreement with 

the findings of Sarvaiya-Dhara et al., (2015). 
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Diabetes mellitus associated hyperlipidemia is a well 

renowned fact (Sharma et al., 1996).  Ee.Cr also exerted 

antidyslipidemic effects by lowering TC, TG, and LDL 

concentrations and increasing HDL concentrations (fig. 

3). Inactivation of lipoprotein lipase results in 

hypercholesterolemia and hypertriglyceridemia owing to 

insulin deficiency (Oyedemi et al., 2011). Ee.Cr induced 

hypocholestrolemia may stem from better control of 

glycemia in addition to reduced cholesterol absorption or 

production and lipoprotein metabolism modifications 

(Slater et al., 1980). The hypocholesterolemic and 

hypotriglyceridemic effects of Ee.Cr suggest that it may 

be able to prevent against increased risk of myocardial 

infarction, coronary heart disease, stroke and 

atherosclerosis associated with diabetes (Bae et al., 2001). 

The dose-dependent decrease in serum LDL may be 

attributed to better glycemic control and/ or may be due to 

insulinotropic activity of the extract (Mahendran et al., 

2011). Coronary heart disease risk is increased with high 

circulating LDL levels associated with low levels of HDL 

(Tchobroutsky, 1978). Ee.Cr at doses 300 and 500mg/kg 

effectively raised HDL levels, which may be due to 

increased extra-hepatic removal and transport of 

cholesterol to the liver for clearance (Mohammadi and 

Naik, 2008). The antidyslipidemic effects of Ee.Cr are in 

agreement with the antidyslipidemic effects of the root 

bark extract of the E. echinatus (Sarvaiya-Dhara et al., 

2015).  

 

 
Fig. 6: Effects of chronic administration of different doses of Ee.Cr on lipid profile in fructose-fed rats. (Values are 

expressed as mean ± SEM and n = 6. One way ANOVA was applied and P values were considered significant as 

P<0.05 (*), P<0.01 (**), and P<0.001 (***). Positive control was compared to normal control, while all extract-treated 

groups and standard control were compared to positive control. Normal and Positive Control: Normal Saline 1ml/kg; 

Standard Control: Metformin 50mg/kg). 
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Insulin deficiency in alloxanized rats leads to increased 

gluconeogenesis and glycogenolysis with wasting of 

muscle and loss of tissue proteins, which result in loss of 

body weight (Swanston-Flatt et al., 1990). The extract 

protected against weight loss in a dose-dependent manner 

and also weight gain was favourable as compared to the 

glibenclamide, which causes excessive weight gain due to 

its insulin secretogogue action (Haffner et al., 1997).  

 

Fig. 7: Effects of different doses of Ee.Cr on OGTT in 

fructose-fed rats. (Values are expressed as mean ± SEM 

and n = 6. a. Two way ANOVA and b. One way ANOVA 

were applied and P values were considered significant as 

P<0.05 (*), P<0.01 (**), and P<0.001 (***). Positive 

control was compared to normal control, while all extract-

treated groups and standard control were compared to 

positive control. Normal and Positive Control: Normal 

Saline 1ml/kg; Standard Control: Metformin 50mg/kg). 
 

Metabolic syndrome and type II diabetes prevalence has 

increased dramatically in recent years (Ovalle-Magallanes 

et al., 2015). Therefore, we investigated the effects of 

Ee.Cr on FBG and lipid profile in fructose-fed rats that 

resemble the metabolic syndrome and the insulin 

resistance state in early type II diabetes. High amounts of 

fructose in the diet cause insulin resistance manifested by 

deleterious metabolic effects like hyperinsulinemia, 

hyperglycemia, glucose intolerance, hypertriglyceridemia 

and hypertension in rats. The fructose fed rat model 

mimics the metabolic syndrome (syndrome X) in humans. 

Fructose-fed rats have shown impaired glucose oxidation 

in liver, skeletal muscles and adipose tissue due to insulin 

stimulation (Reuter, 2007). The fructose feeding impaired 

FBG concentration in agreement with previous findings 

(Ansarullah et al., 2010) and the administration of Ee.Cr 

prevented hyperglycemia in a dose-dependent manner. 

The Ee.Cr antihyperglycemic effect might be due to 

reduced glucose yield by liver and/or increased peripheral 

consumption of glucose due to improved insulin 

sensitivity as observed with standard control metformin 

(Ansarullah et al., 2010). Ee.Cr also improved glucose 

tolerance in OGTT conducted in the last week of fructose 

feeding in a dose-dependent manner. These findings 

demonstrate that Ee.Cr improves insulin resistance and 

prevents impaired glucose tolerance, which are common 

features of syndrome X and early risk factor for 

developing type II diabetes, (Bacha et al., 2010) thereby 

increasing the risk of cardiovascular disease (Barr et al., 

2009).  

Fructose is more lipogenic and leads to hyper-

cholesterolemia and hypertriglyceridemia (Hallfrisch, 

1990). It is well known that increased levels of serum TG 

contribute to insulin resistance due to decrease in insulin 

receptors (DeFronzo, 2004; Saltiel and Kahn, 2001). 

Ee.Cr has shown dose-dependent hypocholesterolemic 

and hypotriglyceridemic effects. High fructose diet 

administration to rats has shown to decrease levels of 

HDL and increase LDL concentration (Thirunavukkarasu 

et al., 2004). Ee.Cr administration increased HDL and 

reduced LDL concentrations in a dose-dependent pattern. 

These effects may stem from the ability of the extract to 

reduce insulin resistance.  

 

Fig. 8: Effects of different doses of Ee.Cr on FBG 

concentrations in glucose (10% w/v) fed mice. (Values 

are expressed as mean ± SEM and n = 6. One way 

ANOVA was applied and P values were considered 

significant as P<0.05 (*), P<0.01 (**), and P<0.001 (***). 

Positive control was compared to normal control, while 

all extract-treated groups and standard control were 

compared to positive control. Normal and Positive 

Control: Normal Saline 1ml/kg; Standard Control: 

Metformin 100mg/kg). 
 

Plasma glucose in higher concentrations as observed in 

diabetes is deleterious to the pancreatic β cells and is 

often reported to cause glucose toxicity or glucose 

desensitization (DeFronzo, 2004). Lowering of glucose 

concentration is associated with increase in insulin 

sensitivity and insulin release (Kahn, 2003). Ee.Cr 

administration to glucose-fed mice protected against 

glucose toxicity by lowering FBG concentration in a 

dose-dependent manner. Our results demonstrate that 

Ee.Cr is an effective hypoglycemic and antidyslipidemic 

agent, however, further investigation is needed to identify 

which constituents and mechanisms mediate these effects. 
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CONCLUSION 
 

Aqueous methanolic extract of Echinops echinatus roots 

was an effective hypoglycemic and antihyperglycemic 

agent in experimental models of type I and type II 

diabetes. The extract also corrected dyslipidemia 

associated with alloxan-induced diabetes and fructose 

feeding. Thus, further studies aimed at isolation of active 

antidiabetic agents in aqueous methanolic extract of roots 

and exploring the underlying mechanisms of action are 

highly encouraged. 
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