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INTRODUCTION

Diabetes mellitus, a disease of metabolic disorders, 
is associated with a number of chronic complications 
like nephropathy, neuropathy, retinopathy and 
cardiovascular diseases.[1] It is recognised as one of 
the leading causes of morbidity and mortality and 
considered as one of the five leading causes of death 
in the world. About 150 million or 1.3% people are 
suffering from diabetes worldwide, which is almost 
five times more than the estimates 10 years ago and 
this may double by the year 2030.[2] Diabetes mellitus 
is characterised by impaired glucose utilisation and 
is the underlying factor for both hypoglycaemia and 
hyperglycaemia. Hyperglycaemia is a condition 
in which blood glucose level is high and there is 
diminished action of insulin either because of decrease 
in the circulatory concentration of insulin or due to 
decrease in the response of peripheral tissue to insulin. 
These abnormalities give rise to altered metabolism of 
lipids, carbohydrates and amino acids. All these effects 
produce hyperglycaemia. Chronic hyperglycaemia 
results in impaired function or failure of various organs, 
especially eyes, kidneys, nerves, heart, and blood 
vessels.[3]

Celosia argentea (Family: Amaranthaceae) seeds possess 
aphrodisiac, anti-pyretic, anti-spasmodic, anti-cancer, 
diuretic, and anti-bacterial properties. Also, they 

are reported to be useful in jaundice, inflammation, 
gonorrhea, healing of wounds and injuries.[4] In folklore 
practice, the decoction of C. argentea seeds has been 
reported to be useful in diabetes mellitus.[5] Scientific 
investigation has been reported on C. argentea regarding 
immunostimulating activity,[6] anti-inflammatory 
and diuretic activity,[7] anti-diabetic activity,[8] and 
the flavonoid was isolated from alcoholic extract of 
the leaves of C. argentea and investigated for its anti-
inflammatory activity in animal models.[9] There is 
no investigation on its roots for anti-diabetic activity. 
Hence, this study was conducted to evaluate the anti-
diabetic activity of the root of C. argentea.

MATERIALS AND METHODS

Plant
Fresh roots of C. argentea were collected from the Pune 
district of Maharashtra, India. The plant was identified 
and authenticated by Dr. P.S.N. Rao, Joint Director 
of Botanical Survey of India, Pune, and a voucher 
specimen (No. BSI/WC/Tech/2007/217) has been kept in 
the Department of Pharmacology of Botanical Survey 
of India.

Preparation of Extract
Roots were shade dried, powdered, Soxhlet-extracted 
successively with petroleum ether, chloroform and 
ethanol at 60–80oC, for 24 hours. The solution when 
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This study was designed to investigate the anti-diabetic hypoglycaemic properties of an ethanolic extract of the root of Celosia 
argentea which is widely used in India as a traditional treatment for diabetes mellitus. An ethanolic extract of C. argentea root was 
found to lower blood glucose in basal conditions and after a heavy glucose load in normal rats. Maximum reduction in serum glucose 
was observed after 90 minutes at a dose of 500 mg/kg (63.28%) of body weight, but petroleum ether and chloroform extracts (8.52% 
and 9.81%, respectively) did not reduce the serum glucose. Ethanolic extract of C. argentea was also found to reduce the increase 
of blood sugar found in streptozotocin-induced diabetic rats (73.43% at 250 mg/kg and 80.20% at 500 mg/kg body weight on 15th 
day). Chronic administration of the extract significantly reduced the blood sugar in streptozotocin-induced diabetic rats for several 
days (15 days). The ethanolic extract was also found to reduce the increased levels of cholesterol, triglycerides and urea. The extract 
also restored the decreased level of proteins and liver glycogen in streptozotocin-induced diabetic animals and inhibited the body 
weight reduction induced by streptozotocin administration. These results indicate that C. argentea root extracts are able to ameliorate 
biochemical damages induced by streptozotocin in diabetic rats.
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evaporated gave a waxy reddish residue, and petroleum 
ether extract (yield: 4.7%), chloroform (yield: 3.78%) and 
ethanol extract (yield: 9.27%) were stored in desiccators. 
A preliminary phytochemical screening of the petroleum 
ether and chloroform extracts showed the presence of fixed 
oil and carbohydrates and the ethanolic extract showed the 
presence of glycosides (saponin glycosides), alkaloids and 
carbohydrates and absence of alkaloids and steroids.

Animals
Wister albino rats (150–200 g) of both sexes were maintained 
under standard environmental laboratory conditions 
and fed with laboratory diet and water ad libitum. All 
the protocols were performed in accordance with the 
Institutional Animal Ethical committee (Ref: IAEC/
PP/17/2007-08) as per the directions of the CPCSEA (Reg 
No: 997/c/06/CPCSEA).

Chemicals
Trichloroacetic acid was from Hi-media laboratories 
(Mumbai, India). Streptozotocin was purchased from 
Sigma Chemical Company  (St. Louis, MO, USA). Glucose, 
urea, total protein, triglyceride and cholesterol kits were 
procured from Span diagnostic Pvt. Ltd. (Surat, India). All 
the chemicals and reagents were of analytical grade.

Acute Toxicity Study
Healthy adult female Swiss albino mice weighing between 
20 and 25 g body weights were selected for the acute toxicity 
study with the extracts of C. argentea. Doses of 5, 50, 300 and 
2000 mg/kg were selected based on the fixed dose (OCED 
Guideline No. 401) method of CPCSEA.[10] Animals were 
divided into four groups of three animals each and fasted 
overnight. The doses of 5, 50, 300 and 2000 mg/kg b.wt. 
were administered to the animals of Groups I, II, III, and 
IV, respectively. The extracts were administered orally. The 
animals were continuously observed for 24 hours to detect 
changes in autonomic or behavioural responses. Mortality 
in each group was observed for 7 days.

Oral Glucose Tolerance Test
The rats were divided into five groups consisting of six 
animals in each and overnight fasted animals were used in 
each group. Group I served as control and received vehicle 
(1 ml/100 g) orally, Groups II and III received petroleum 
ether and chloroform extracts at a dose of 500 mg/kg orally 
and Groups IV and V received ethanolic extract orally at 
doses of 250 and 500 mg/kg, respectively. Rats of all the 
groups were loaded with glucose (3 g/kg, p.o.), 30 minutes 
after drug administration. Blood samples were collected via 
retro-orbital puncture at 30, 90, 150 minutes after glucose 
loading. Serum glucose level was measured immediately.[11]

Anti-diabetic Activity
Induction of diabetes
Streptozotocin (40 mg/kg) dissolved in citrate buffer, 0.1 M, 

pH 4.5, was injected by a single intravenous injection in rats 
previously fasted for 16 hours. Animals with post-prandial 
glycaemia over 300 mg/kg, confirmed by Diastrix strips, 3 
days after streptozotocin administration, were considered 
diabetic. Non-diabetic control animals received citrate 
buffer injection.

Sub-chronic experiments
Three days after streptozotocin (diabetic rats) or citrate 
buffer (non-diabetic rats) injection, the animals were divided 
into five groups: Group I – non-diabetic control rats; Group 
II – diabetic control rats; Group III – diabetic rats treated 
with 250 mg/kg of ethanolic extract; Group IV – diabetic rats 
treated with 500 mg/kg of ethanolic extract; and Group V – 
diabetic rats treated with 10 mg/kg of glibenclamide. Both 
diabetic and non-diabetic groups received extract or water 
(controls) orally by gavages once a day for 15 days. Body 
weight was determined on 2nd (2 days after injection of 
streptozotocin) and 15th days (15 days after administration 
of plant extract). Serum glucose was measured on day 1, 
4, 7, 10 and 15 after the extract treatment. Blood samples 
were collected by retro-orbital sinus puncture under mild 
ether anaesthesia. At the end of the experimental period, 
rats were anaesthetised and sacrificed, and samples of 
free running blood were collected for the measurement 
of serum glucose,[12] cholesterol,[13] triglycerides,[14] urea[15] 
and protein[16] levels, using commercial kits. The livers 
were removed and weighed immediately and kept in 5% 
trichloroacetic acid solution for liver glycogen estimation.

Statistical Analysis
The data were represented as mean ± SEM, and statistical 
significance between extract-treated and diabetic control 
groups was analysed using one-way analysis of variance 
(ANOVA), followed by Tukey–Kramer multiple comparison 
test. P < 0.05 was considered statistically significant.

RESULTS

The results of the acute toxicity studies showed that the 
extracts of root of C. argentea were non-lethal up to a dose 
of 2000 mg/kg b.wt., so that 1/8th and 1/4th of 2000 mg/kg 
dose (i.e. 250 and 500 mg/kg orally) was selected for anti-
diabetic activity.

The effect of C. argentea root extracts on glucose tolerance 
is shown in Figure 1. The petroleum ether and chloroform 
extracts, administered at a dose of 500 mg/kg body weight, 
did not show significant glucose tolerance effect in glucose 
fed rats. The ethanolic extract at a dose of 500 mg/kg showed 
significantly increased (63.28%) tolerance for glucose  
(P<0.01). Maximum glucose tolerance was noted for the 
tested dose levels, 90 minutes after glucose loading.
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Effects of C. argentea root extract on fasting blood glucose 
levels of streptozotocin-diabetic rats are shown in  
Figure 2. At 72-hour post streptozotocin injection, all the 
diabetic rats exhibited hyperglycaemia with blood glucose 
ranging between 330 and 500 mg/dl, while the normal 
control rats showed normal blood sugar level of 90.50 
mg/dl. After 2 weeks of treatment with the extracts, the 
glycaemic levels of 250 mg/kg in C. argentea extract-treated 
diabetic rats dropped significantly from 391.16±11.98 mg/dl 
on day 4 to 133.33±2.29 mg/dl (P<0.001) on day 15 and from 
397.83±9.67 mg/dl to 99.33±1.84 mg/dl (P<0.001) for 500 
mg/kg dose, corresponding to 66 and 75% reductions, 
respectively.

The effects of ethanolic extract of the C. argentea root on the 
body weight of diabetic rats are shown in Table 1. During 
2 weeks of observation of the extract-treated diabetic rats, 
there was significant reduction in body weight relative 
to day 2. The diabetic rats treated with glibenclamide 
reference drug also showed significant (P<0.01) reduction 
in body weight compared to rats on day 2 after injection of 
streptozotocin. But in the diabetic control rats, there was a 

decrease in the body weight relative to day 2 after injection 
of streptozotocin.

In C. argentea extract-treated rats, a significant decrease 
(P<0.001) in serum triglycerides was observed, 26.52% for 
250 mg/kg and 33.85% for 500 mg/kg, after the treatment 
period when compared to the diabetic control group. 
Treatment with C. argentea and glibenclamide caused 
significant decrease (P<0.001) in total cholesterol by 38.24 
and 44.78% for 500 and 10 mg/kg, respectively. Total 
cholesterol concentrations in normal and diabetic control 
rats were not affected significantly after the treatment 
period. Moreover, there were significant changes in the 
serum urea level at 250 mg/kg (39%) and 500 mg/kg (67.8%) 
extract-treated group compared to that of diabetic control 
group. Serum protein level was significantly decreased 
in diabetic group as compared to that of normal rats. 
Extract-treated animals showed increase in protein levels 
as compared to diabetic group [Table 2].

There was a marked reduction in liver glycogen level in 
streptozotocin diabetic animals. The ethanolic extract 
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Figure 1: Effect of C. argentea root extracts on oral glucose tolerance test of 
normal rats. (■) after administration of 3 g/kg glucose treated, (●) Petroleum 
ether extract 500 mg/kg, (▲) Chloroform extract 500 mg/kg, (▼) Ethanolic 
extract 250 mg/kg, (♦) Ethanolic extract 500 mg/kg. Each value represent the 
mean±S.E.M. (n = 6).
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Figure 2: Effect of continued administration of ethanolic extract of C. argentea root 
on blood glucose levels in rats treated with streptozotocin. (■) Normal control, (●) 
Diabetic control, (▲) Ethanolic extract 250 mg/kg, (♦) Ethanolic extract 500 mg/
kg, (▼) Glibenclamide 10 mg/kg. Each value represent the mean±S.E.M. (n = 6).

Table 1: Effects of ethanolic extract of C. argentea root on the body weight of streptozotocin-induced diabetic rats
Treatment Dose (mg/kg) Body weight (g)

2 days after injection of 
streptozotocin

15 days after administration of 
ethanolic extract

Relative weight  
gain (%)

Vehicle control Vehicle (1 ml/100 g) 221.16±5.79 237.16±5.11 +7.23

Diabetic control 
(streptozotocin)

40 222.16±4.90 202.16±4.25 −9.00

Ethanolic extract 250 212.5±3.16 202.16±5.20* −4.86

Ethanolic extract 500 173.33±6.90 170.61±9.09** 1.56

Glibenclamide 10 206.16±2.64 200.5±3.97** −2.74
Values are expressed as means±SEM (n = 6); + increase; − decrease, *P < 0.05; **P < 0.01, significantly different compared to the values on day 2 after injection of streptozotocin
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treatment remarkably attenuated this reduction in glycogen 
content [Figure 3].

Our results suggest that the ethanolic extract of root of 
C. argentea has dose-dependent anti-diabetic activities 
on streptozotocin-induced diabetes. The metabolic 
disturbances were corrected after the plant extracts were 
administered for 2 weeks, as shown by the normalisation 
of fasting blood glucose levels and reduction in the elevated 
lipid levels by diabetic-treated rats. C. argentea appeared to 
have greater potency in reducing the body weight.

Some hypothesis may be raised to explain the delayed 
increase in serum glucose in normal rats treated with extract, 
observed in oral glucose tolerance test (OGTT) [Figure 1]. 
Among them are lowered intestinal glucose absorption, 
inhibition of renal glucose re-absorption with increased 
elimination of glucose in urine, improved tissue glucose 
uptake or even neoglycogenesis inhibition (highly activated 
by 16 hour fasting before glucose load) when the glucose 
load was administered.

DISCUSSION

The mechanisms by which streptozotocin brings about its 
diabetic state include selective destruction of pancreatic 
insulin secreting beta cells, which makes the cells less active[17] 
and leads to poor glucose utilisation by tissues.[18] This 
suggests that the extract may possess as insulin-like effect 
on peripheral tissues by either promoting glucose uptake 
or metabolism, by inhibiting hepatic gluconeogenesis[19,20] or 
absorption of glucose into the muscles and adipose tissues[21] 
by stimulation of regeneration process and revitalisation of 
the remaining beta cells.[22,23]

The levels of serum lipids are usually elevated in diabetes 
mellitus and such an elevation represents a risk factor 
for coronary heart disease.[24] This abnormal high level 
of serum lipids is mainly due to the uninhibited actions 
of lipolytic hormones on the fat depots. We have an 
earlier report saying that the hypercholesterolaemia and 

hypertriglyceridemia occurs in streptozotocin-induced 
diabetic rats.[25,26] Under normal circumstances, insulin 
activates the enzyme lipoprotein lipase which hydrolyses 
triglycerides.[27] However, in the diabetic state, lipoprotein 
lipase is not activated due to insulin deficiency, resulting in 
hypertriglyceridemia. In addition, treatment of animals with 
C. argentea caused a decrease in cholesterol levels. It indicates 
that the extract of C. argentea was more useful in the treatment 
of diabetes as it has hypolipidaemic effect since the diabetes 
is always associated with hyperlipidaemia. Moreover, 
its hypolipidaemic effect could represent a protective 
mechanism against the development of atherosclerosis which 
is usually associated with diabetes. Lowering of serum lipid 
levels through dietary or drug therapy seems to be associated 
with a decrease in the risk of vascular disease.

Blood urea levels were significantly increased in diabetic 
group compared to that of normal control due to excessive 
breakdown of body protein. The extract treatment reduced 
the elevated levels of serum urea.

Table 2: Effects of ethanolic extract of C. argentea root on serum lipid levels of streptozotocin-induced diabetic rats

Treatment Dose (mg/kg) Urea (mg/dl) Cholesterol  
(mg/dl)

Triglyceride  
(mg/dl)

Protein (g/dl)

Vehicle control Vehicle (1 ml/100 g) 20.56±0.57 97.57±1.14 146.07±1.44 7.80±0.13

Diabetic control (streptozotocin) 40 83.17±1.80 127.80±2.20 218.17±2.78 4.61±0.13

Ethanolic extract 250 50.68±1.80*** 
(39.0%)

92.79±0.71***  
(27.39%)

160.31±1.48*** 
(26.52%)

5.76±0.08*** 
(24.94%)

Ethanolic extract 500 26.78±1.05*** 
(67.8%)

78.92±1.82*** 
(38.24%)

144.32±2.81*** 
(33.85%)

6.41±0.08*** 
(39.04%)

Glibenclamide 10 31.77±0.83*** 
(61.8%)

70.57±0.84*** 
(44.78%)

151.30±1.44*** 
(30.65%)

7.24±0.23*** 
(57.05%)

Each value represents the mean ± SEM (n = 6), ***P < 0.001 as compared to diabetic control group; values in parenthesis represent % protection compared to 
diabetic control
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Figure 3: Effect of ethanolic extract of C. argentea on liver glycogen in 
streptozotocin-induced diabetic rats (values are expressed as mean ± SEM 
from six animals in each group): (I) vehicle control; (II) diabetic control; (III) 
glibenclamide 10 mg/kg; (IV) ethanolic extract 250 mg/kg; (V) ethanolic extract 
500 mg/kg. ***P < 0.001 as compared to diabetic control group
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Protein levels were significantly decreased in diabetic group 
as compared to that of normal rats. Excessive breakdown of 
body protein in conjunction with either inadequate supply 
or defective utilisation observed in uncontrolled diabetes 
may be accompanied by hypoalbuminemia.[28] C. argentea 
seems to resort this effect due to hypoglycaemic status. 
Glibenclamide is often used as a standard anti-diabetic drug 
in streptozotocin-induced moderate diabetes to compare the 
efficacy of variety of hypoglycaemic compounds.

Glycogen is the primary intracellular storable form of 
glucose and its levels in various tissues, especially hepatic 
and skeletal muscle, are a direct reflection of insulin activity 
as insulin promotes intracellular glycogen deposition by 
stimulating glycogen synthetase and inhibiting glycogen 
phosphorylase. Since destruction of β-cells of islets of 
Langerhans results in marked decrease in insulin levels, it 
is rational that glycogen levels in tissues (skeletal muscle 
and liver) decrease as they depend on insulin for the influx 
of glucose.[29] Moreover, alteration in muscle and hepatic 
glycogen content is normalised by insulin treatment.[30] 
A normal level of glycogen reflects the normalisation of 
insulin levels.

Improvement of body weight of the extract-treated animals 
further supports the anti-diabetic effect of ethanolic extract 
of C. argentea as diabetic condition is associated with loss 
of body weight.

However, the present study further supports the folk 
practice of using C. argentea for routine treatment of diabetes 
mellitus. So, the present investigation reveals that ethanolic 
extract of C. argentea root has significant hypoglycaemic 
action in streptozotocin-induced diabetic rats.
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