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Objective: To investigate the anti—diabetic and anti—cholesterolemic activity of methanol
extracts of leaves of Amaranthus caudatus, Amaranthus spinosus and Amaranthus viridis in
normal and streptozotocin (STZ) induced diabetic rats. Methods: In this study, the anti—diabetic
and anti—cholesterolemic activity of methanol extracts of leaves of all three plants was evaluated
by using normal and STZ induced diabetic rats at a dose of 200 mg/kg and 400 mg/kg p.o. daily
for 21 days. Blood glucose levels and body weight were monitored at specific intervals, and
different biochemical parameters, serum cholesterol, serum triglyceride, high density lipoprotein,
low density lipoprotein and very low density lipoprotein were also assessed in the experimental
animals. Histology of pancreas was performed. Results: It was found that all the three plants at
400 mg/kg dose showed significant anti—diabetic and anti—cholesterolemic activity (P<0.01), while
at 200 mg/kg dose less significant anti—diabetic activity (P<0.05) was observed. Conclusions:
Methanol extracts of Amaranthus caudatus, Amaranthus spinosus and Amaranthus viridis showed
significant anti—diabetic and anti—cholesterolemic activity, which provides the scientific proof for
their traditional claims.
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1. Introduction

Dependence on herbs as medicines in the treatment of
disease is common among a large proportion of population
of the rural populace because of its availability and
affordabilitylll. Due to the increasing awareness of the
importance of traditional medicine in human and animal
healthcare, researches into the efficacy of some of the herbs
used in the treatment of some illness would be worthwhile.
WHOI2] supports the use of effective and safe remedies and
accepts traditional medicine as a valuable resource for
primary healthcare.

Amaranth is herbaceous annually growing up to 15-100
cm in height. It was once nearly as important food as maize
and beans in central and South America. The Amaranthus
plants (Amaranthaceae) are spread throughout the world,
growing under a wide range of climatic conditions and they
are able to produce grains and leafy edible vegetables.
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Amaranthus spinosus L. (Amaranthaceae) (A. spinosus)
commonly known as Kantabhaji in Hindi is an annual or
perennial glabrous herb, native to tropical America, found
in tropical and sub—tropical regions of India. In Ayurvedic
system (traditional) of medicines, the plant is used as
diuretic, anti-diabetic, analgesic, anti-pyretic, anti—
leprotic and in the treatment of bronchitis and pilesi3l. A.
spinosus water extract directly stimulates proliferation of
B —lymphocytes in vitro. In vivo anti-malarial activities of
extracts of A. spinosus were reportedi4l. It is also reported
to be used as anti—inflammatory and immunomodulatoryl5!.
It contains amaranthoside, a lignan glycoside amaricin,
a coumaryl adenosine along with stigmasterol glycoside,
betaine, such as glycine betaine and trigonellinelsl.

Amaranthus viridis L. (Amaranthus) (A. viridis) commonly
called as Chauraiya in Hindi is an erect much branched
glabrous herb, 30—60 ¢m high, distributed in all tropical
countries3.7l. The traditional uses are in diuretic, analgesic,
anti—pyretic, vermifuge, anti—ulcer, hypoglycemic,
hypolipidemic, laxative, asthma and veneral diseases. Anti—
oxidant activity and phenolic content of raw and branched
A. viridis were reported3.7-91. A. viridis also possesses
antiviral activityl10].

Amaranthus caudatus (Amaranthaceae) (A. caudatus)
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commonly known as Chulai is an annual herb growing
to 2 m by 0.45 m. lIts well known medicinal uses are for
anthelmintic, astringent, diuretic. In vitro anti—oxidant effect
and inhibition of B — amylase of A. caudatus seeds were
reportedil1l. A. caudatus showed anti—atheroscleroticl12] and
anthelminticl13].

A. spinosus, A. viridis, A. caudatus were selected since
they were used to reduce blood glucose level and lipid
profile in Indian traditional system of medicine. Our aim of
investigation was to provide scientific data for traditional
use.

2. Materials and methods
2.1. Collection of plant material and extraction

The fresh leaves of A. spinosus, A. viridis and A. caudatus
were collected from GKVK, Agricultural University,
Bangalore, and were authenticated by the taxonomist Dr.
Rajanna, GKVK, Bangalore. The voucher specimen (PESCP—
26, 27, 28) was deposited in College Herbarium. The leaves
of A. spinosus, A. viridis and A. caudatus were shade dried
and coarsely powdered. The coarse powder (60 g each) was
subjected to extraction with methanol by soxhlet apparatus
and extracts were concentrated using rotary evaporator
under reduced pressure ( Yield — 4.8, 4.4, 4.6% w/w). Then
the extract was stored in a refrigerator at 4 ‘C until use for
the biological testing and phytochemical screening.

2.2. Preliminary phytochemical screening

The methanol extracts of A. spinosus, A. viridis and
A. caudatus were screened for the presence of various
phytoconstituents|14].

2.3. Animals

Healthy Wistar rats between 2-3 months of age of
either sex and weighing 180-200 g were acclimatized to
the laboratory condition at temperature (25=1) C, relative
humidity (50+15)%, 12 h light-dark cycles, kept in standard
polypropylene cages of maximum 2 animals each, and given
standard diet (Kamadhenu Enterprises, Bangalore) and
water ad libitum in accordance with the instructions given
by Institutional Animal Ethical Committee, CPCSEA[15].

2.4. Acute toxicity studies

Methanol extracts of A. spinosus, A. viridis and A.
caudatus were studied for the acute oral toxicity according
to the guidelines set by OECD (Organization for Economic
Cooperation and Development) guidelines No. 423[16].
Healthy Wistar rats (150-180 g) were used for the study. The
two doses of 2 000 mg/kg (p.o.) and 5 000 mg/kg (p.o.) of the
test samples were given to two groups with 5 in each group
for three plants. The mortality and general behaviour of
treated groups were monitored for 14 days. The extract was
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devoid of any toxicity in rats when the dose up to 5 000 mg/
kg was given orally. Hence, for further studies 200-400 mg/
kg doses of extract were selected.

2.5. Effect of methanol extracts in normal rats

Animals in the normal control group received normal
saline 10 mL/kg orally. Vehicle control received 3% v/v
Tween 80 in water 10 mL/kg orally. Standard group received
glibenclamide at 10 mg/kg orally. The test groups of animals
were treated with the methanol extracts of A. spinosus, A.
viridis and A. caudatus at a predetermined therapeutic
doses of 200 and 400 mg/kg per orally for 21 days. The blood
samples were withdrawn from retro—orbital plexus at 1st,
7th, 14th, 21st day, and blood glucose levels were estimated
using GOD-POD kit (Acuurex, India)l171.

2.6. Oral glucose tolerance test in normal rats (OGTT)

Rats were divided into five groups with 6 each and were
administered normal saline and dose of 200 mg/kg and 400
mg/kg per oral of methanol extracts of A. spinosus, A. viridis
and A. caudatus. Glucose solution 2 g/kg was administered
30 min after the administration of the extract. Blood samples
were withdrawn from the retro—orbital plexus at intervals
of 60, 120, 180 min of glucose administration. Blood glucose
levels were estimated using GOD-POD kit (Acuurex, India)
[OECD 2 001—guideline on (AOT) No. 425]18.

2.7. Evaluation of antidiabetic activity

2.7.1. Induction of diabetes

The streptozotocin (STZ) diabetic rat model was performed
following the methods described by Kadnur and Goyal,
2005[191. STZ was injected into rats (Sigma chemical Co. USA)
intraperitoneally (i.p.) with 70 mg/kg bw. The diabetic state
was assessed by measuring the serum blood glucose levels
48 h after STZ administration. The rats with fasting glucose
levels in the range of 275-300 mg/100 mL were considered
diabetic and were included in the study.

2.7.2. Experimental design and treatment schedule

The effect of the extracts was studied in STZ-induced
diabetic rats for 21 days. The rats (n=6 per group) were
divided into 9 groups: group 1: normal rats treated with
vehicle alone, saline 10 mL/kg p.o.; group 2: diabetic control
treated with STZ, 70 mg/kg bw dissolved in 0.1 M cold
citrate buffer (pH 4.5); group 3: diabetic rats treated with
glibenclamide (Ranbaxy, India); group 4 and 5: diabetic rats
administered orally with methanol extract of A. spinosus at
doses of 200 mg/kg and 400 mg/kg p.o., respectively; group
6 and 7: diabetic rats administered orally with methanol
extract of A. viridis at doses of 200 mg/kg and 400 mg/kg
p-o., respectively; group 8 and 9: diabetic rats administered
with methanol extract of A. caudatus at doses of 200 mg/
kg and 400 mg/kg p.o., respectively. Blood glucose levels
and body weight were measured on day 1, 7, 14 and 21 of
the study. Finally on day 21, blood was drawn by retro—
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orbital puncture. Blood samples were collected, allowed to
clot and then centrifuged at 2 500 rpm for 10 min to obtain
serum. Blood glucose levels were estimated by GOD-POD
kit (Accurex, India). All the lipid profile parameters were
determined. Total cholesterol, HDL, LDL and VLDL were
analysed from serumi19]. Triglycerides were determined
using Hantzsch condensation methodi201.

2.7.3. Histopathology of the pancreas of STZ induced diabetic
rats

On the last day of the study, the animals were sacrificed
and quickly dissected, and small slices of pancreas samples
were fixed in 10 % formalin. Thin sections of the tissue, 5—7
pm, were cut and stained with haematoxylin—eosin. The
tissue sections were subjected to rehydration by exposing
them to the decreasing concentrations of alcohol (10%—
30%) and then stained with haematoxylin. The sections were
dehydrated by using increasing concentrations of alcohol
and then stained with eosin. They were then treated with
diphenyxylene (DPX) and examined under microscopel21.22].

2.8. Statistical analysis

The results were expressed as mean®=SEM. Statistical
difference was tested by using one—way analysis of variance
(ANOVA) followed by Dunnetts test. A difference in the
mean P value < 0.05 was considered as significant.

3. Results
3.1. Preliminary phytochemical screening

The percentage yield of MEAV, MEAS and MEAC was
found to be 4.4% w/w, 4.8% wiw, 4.6% wlw, respectively.
The methanol extracts of the three species of Amaranthus
contained glycosides, saponins, flavonoids, proteins, amino
acids and carbohydrates.

3.2. Acute toxicity study

The acute oral toxicity test showed the normal behaviour
of the treated rats. No toxic effects were observed at a higher
dose of 5 g/lkg bw. Hence there were no lethal effects, which
indicated that it may have a reasonable safety margin with
regards to acute toxicity.

3.3. Oral glucose tolerance test in normal rats (OGTT)

OGTT in normal rats showed that blood glucose level in
rats administered with 2 g/kg glucose was significantly
decreased with methanol extracts of A. viridis, A. caudatus
and A. spinosus at 2 h with 400 mg/kg (P<0.01) while A. viridis
at 400 mg/kg suppressed the rise in blood glucose at 1 h as
compared with standard group on the 21st day (Table 1).

3.4. Effect on normoglycemic rats

Treatment with methanol extracts of A. viridis, A. caudatus
and A. spinosus showed that the fall in blood glucose levels
of normal rats was significant (P<0.05) at 400 mg/kg p.o. on
the 14th day of the study. However, rat treated with A. viridis
at 200 mg/kg also showed significant fall in blood glucose
level (P<0.01) on the 21st day of the study (Table 2).
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Figure 1. Anti-hyperlipidemic effect of MEAV, MEAC, MEAS in STZ
induced diabetic rats.

S.HDL: Serum high density lipoproteins; S.LDL: Serum low density
lipoproteins; S.VLDL: Serum very low density lipoproteins.
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Figure 2. Antidiabetic activity of MEAV, MEAC and MEAS in STZ
induced diabetic rats.
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Figure 3. Photomicrographs of histological changes of rat pancreas of
islets of langerhans.

A1: Normal rats showing many round and elongated islets evenly
distributed throughout the cytoplasm, with their nucleus more lightly
stained than the surrounding acinar cells; A: Diabetic control rat
showing irregular cells, not well defined necrosis of cells being very
clear; B: Glibenclamide (10 mg/kg p.o.) treated rat pancreas showing
mild protection from STZ—induced changes in the pancreatic islets;
C: MEAV extract (400 mg/kg); D: MEAC (400 mg/kg); E: MEAS extract
(400 mg/kg) showing slight regeneration of B —cells when compared
with diabetic control.
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Table 1
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Effects of methanol extracts of A. viridis, A. caudatus and A. spinosus on OGTT in normal rats (mean+SEM).

Treatment (mg/kg bw)

Blood glucose level (mg/mL)

0 min 60 min 120 min 180 min

Normal control 98.74-1.98 128.261+2.2 106.3241.28 98.621.28
Diabetic + glibenclamide (10) 99.24+2.01 114.681.36%* 102.41E1.19%* 96.28+1.32%*
MEAV (200) p.o. 98.82+2.19 136.21£1.21 122.22£1.52 112.98£1.52%*
MEAV (400) p.o. 98.27+1.83 121.68£1.09%* 121.68+1.09%* 99.56+2.18%*
MEAC (200) p.o. 97.921.82 142.48+1.92 124.22%1.21 108.92+1.34
MEAC (400) p.o. 98.92+1.91 139.36£1.82 119.42£1.94%* 102.28£1.28%**
MEAS (200) p.o. 99.29-52.42 137.18+1.28 122.19%1.76 109.68+1.58%*
MEAS (400) p.o. 98.22+1.82 131.64+1.12 108.78£1.46%* 102.92£1.31%*

** P<0.01 standard group vs all groups.

Table 2

Effects of methanol extracts of A. viridis, A. caudatus and A. spinosus on normal rats (mean+SEM).

Blood glucose level (mg/mL)

Treatment (mg/kg bw )

1st day 7th day 14th day 21st day

Normal control 90.49+2.99 88.78£1.29 87.88%1.12 86.671.68
Diabetic + glibenclamide (10) 88.9841.29 61.72+2.01 56.78+1.67%* 52.52£1.31%*
MEAV (200) p.o. 92.16+1.93 84.55+1.72 71.89+1.77 69.69+1.81%
MEAV (400) p.o. 91.97+3.01 80.98+1.97 65.72£1.62%* 61.5611.88%*
MEAC (200) p.o. 95.62+1.48 89.29=.152 74.21£6.2 69.921.9
MEAC (400) p.o. 92.783.12 82.81£2.12 69.282.2 63.462.2
MEAS (200) p.o. 93.3241.63 85.551.82 72.9111.86 68.28=1.72%
MEAS (400) p.o. 91.68+2.97 80.68+1.68 66.681.68 60.691.62%

* P<0.05; ** P<0.01 standard group vs all groups.

Table 3

Changes in body weight in the treatment of MEAV, MEAC and MEAS in STZ induced diabetic rats (mean+SEM).

Changes in body weight (g)

Treatment (mg/kg bw)

Initial 7th day 21st day
Normal control 169.0£0.6 179.0+0.6 192.2£2.8
Diabetic + glibenclamide (10) 161.0+0.3 154.3+0.9% 161.2+2.1%
MEAYV (200) p.o. 168.0£0.8 141.2£1.1%%* 148.1E1.4%%
MEAYV (400) p.o. 163.0£0.3 162.1£2.1%%* 188.1£2.9%%
MEAC (200) p.o. 161.010.1 1458+ 1.4%% 1508+ 1.4%%
MEAC (400) p.o. 162.010.1 159.2+1.5%%* 175.0+2.2%%*
MEAS (200) p.o 162.00.4 148.2F1.4%% 151.8F1.5%%*
MEAS (400) p.o. 164.010.4 161.1+E1.9%%* 179.1F2.4%%

* P<0.05; ** P<0.01 diabetic control vs all groups.

3.5. Hypoglycaemic effect of methanolic extracts of three
plants of Amaranthus

The results from the study clearly indicated that the
methanol extract exhibited significant hypoglycaemic
activity in STZ induced diabetic rats, while there was no
significant effect observed on normoglycemic rats. However,
at the end of the 21 days of treatment, there was a 64.13%,
65.00%, 59.60% decrease of serum glucose level with the
methanol extracts of A. spinosus, A. viridis and A. caudatus
at 400 mg/kg, while at 200 mg/kg it showed 61.92%, 57.68%
and 58.38% reduction of serum glucose levels, respectively
and the standard drug glibenclamide at 10 mg/kg group had
the effect of 70.80% decrease on serum glucose level (Figure
1). Effects of methanolic extracts of three plants on OGTT in
STZ induced diabetic rats were showed in Figure 2.

3.6. Changes in body weight

At the end of 21 days” treatment, the body weight of normal
rats in groups treated with methanol extracts of A. spinosus,
A. viridis and A. caudatus at 200 mg/kg and 400 mg/kg and in
standard drug treated group increased significantly (P<0.01)
by 48.9%, 45.3%, 47.9% (200 mg/kg), 75.7%, 84.5%, 71.7%
(400 mg/kg), and 58.1%, respectively (Table 3).

3.7. Changes of histopathology of the pancreas

After 21 days' treatment, it was observed that the normal
animals showing many round and elongated islets evenly
distributed throughout the cytoplasm, their nucleus being
more lightly stained than that of the surrounding acinar
cells. The cells (Figure 3A) of diabetic animals were
irregular, not well defined and defect in cell membrane.
Necrosis of the cell was very clear (Figure 3A).

The standard group showed a mild protection from STZ
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induced changes in the pancreatic islets (Figure 3B).
Methanolic extract of A. viridis, A. caudatus, A. spinosus
at 400mg/kg showed slight regeneration of beta cells when
compared with the diabetic control (Figure 3C, 3D, 3E).

3.8. Lipid profile

When compared with the diabetic control rats at the
end of 21 days treatment, significant (P<0.01) reductions
of cholesterol (CHL), high density lipoprotein (HDL), low
density lipoprotein (LDL), very low density lipoprotein
(VLDL) were observed at 400 mg/kg and 200 mg/kg of extracts
of A. spinosus, A. viridis and A. caudatus. The reductions
of CHL by methanol extracts of A. spinosus, A. viridis and
A. caudatus at 400 mg/kg were 23.7%, 28.7% and 25.7%,
respectively, while at 200 mg/kg they were 15.5%, 18.6% and
22.4%, respectively. Triglyceride (TGL) reductions at 400 mg/
kg were found to be 33.3%, 39.4% and 32.6%, respectively,
while at 200 mg/kg the reductions were 31.8%, 27.3% and
28.9%, respectively. LDL reductions at 400 mg/kg were
found to be 45.3%, 51.3% and 31.7%, respectively, while at
200 mg/kg they were 39.7%, 36.7% and 28.7%, respectively.
VLDL at 400 mg/kg were found to be 42.3%, 39.8% and
41.7%, respectively while at 200 mg/kg they were 34.3%,
31.2% and 36.5%, respectively. Also, there was a significant
(P<0.05) increase of HDL at 400 mg/kg 20.9%, 18.3%, and
3.57%, respectively while at 200 mg/kg that was 15.3%, 10.2%
and 7.14%, respectively in treated diabetic rats. In cases
of untreated diabetic rats, there was a fall in HDL level
compared with diabetic control group. The standard drug
group significantly reduced CHL by 25.2%, TGL by 41.4%,
LDL by 51.8%, VLDL by 42.9% and significantly increased
HDL by 28.5 %, respectively (Figure 1).

4. Discussion

Diabetes mellitus is a chronic disorder which results in
increased concentration of glucose in the blood and in turn
damages many of the body’s system, particularly the blood
and the nerves. A number of natural products are used in
various traditional medicinal systems to relieve symptoms
of disorders. The methanol extracts of three plants of
Amaranthus demonstrated significant anti-diabetic and
anti—cholesterolemic effects at two different dose levels on
normal and STZ induced diabetic rats. Acute toxicity studies
revealed the non—toxic nature of the methanol extract of
leaves of A. viridis, A. caudatus and A. spinosus. There was
no lethality or any toxic reactions found with the selected
dose until the end of the study period. The basal food
intake of normal group rats were found to be (14.3+0.2) g/
rat/day whereas the food intake were significantly (18.4+
0.2) increased in the diabetic group of rats (compared with
normal), but no change in food intake was observed (14.5+
0.2) in the standard and samples of treated rats.

Treatment with methanol extracts of A. viridis, A. caudatus
and A. spinosus showed that the fall in blood glucose levels
in normal rats were significant (P<0.05) at 400 mg/kg (p.o.)
on the 14th day of the study. However, the rats treated with
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extracts of A. viridis at 200 mg/kg also showed significant fall
in blood glucose level (P<0.01) on the 21st day of the study.
The fundamental mechanism in diabetes mellitus involves
the overproduction (excessive hepatic glycogenolysis and
gluconeogenesis) and the decreased utilization of glucose
by the tissues23l. STZ, slightly cytotoxic agent of pancreatic
B —cellsl24], selectively destroys the pancreatic insulin
secreting beta cells, thus leaving less active cells and
resulting in a diabetic statel25]. In the present study, we
observed an increased level of blood glucose in STZ induced
rats. The anti—diabetic activity of methanol extracts of
three plants was significant (P<0.01) in decreasing blood
glucose level from the 7th day onwards at both the doses
of 200 mg/kg and 400 mg/kg (p.o.). STZ—induced diabetes is
characterized by a severe loss in body weightl26], and this
reduction is due to loss or degradation of structural proteins,
as the structural proteins are known to contribute to body
weight. In our study, a significant weight loss was observed
in the diabetic group and significant gain in body weight
was observed in the groups treated with methanol extracts
of three plants. This may be due to the presence of 20%
protein, all 8 essential amino acids (high in lysine, threonine
and tryptophan), vitamins, calcium and minerals[27] in
methanol extracts of three plants to reduce hyperglycemia.

Flavonoids are one of the most numerous and wide spread
groups of phenolic compounds in higher plants(28l. Some
of them, due to their phenolic structure, are known to be
involved in the healing process of free radical mediated
diseases including diabetes(29]. The methanol extracts
of three plants possess flavonoids as the anti—-diabetic
principles. In diabetes, hyperglycaemia is accompanied with
dyslipidemial30] representing risk factor for coronary heart
diseases. The abnormal high level of serum lipids is mainly
due to the uninhibited actions of lipolytic hormones on the
fat depots, mainly due to the action of insulin. Under normal
circumstances, insulin activates the enzyme lipoprotein
lipase, which hydrolyses triglycerides. However, in diabetic
state lipoprotein lipase is not activated due to insulin
deficiency, resulting in hyper triglyceridemial31l, and insulin
deficiency is also associated with hyper cholesterolemia
due to metabolic abnormalitiesi32]. The dyslipidemia is
characterized by increase in TC, LDL, VLDL, TG and fall
in HDL. This altered serum lipid profile was reversed
towards normal after treatment with methanol extracts of
three plants. The hypothesis is further supported by the
pancreatic histology which showed protection of pancreatic
B —cells from toxic effects of STZ, and focal necrosis was
observed in the diabetic rat pancreas but was less obvious in
treated groups. From the above result, we can confirm that
the methanolic extract of leaves of three plants at doses of
200 mg/kg and 400 mg/kg possesses significant anti-diabetic
activity on long—term (21 day) treatment in rats.

On the basis of the current investigation, it is noted
that the methanolic extracts of A. viridis, A. caudatus and
A. spinosus act in a similar fashion to the glibenclamide
(standard drug) in reducing the elevated blood glucose
level and lipid profile of STZ induced diabetic rats (thus,
justifying the claim made in Ayurvedic classics). Therefore,
the results provide pharmacological evidence for its folklore
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claim as an anti-diabetic and hypolipidemic agent. Further
studies on its isolation, identification and characterization
of the active principles are in progress. The anti—diabetic
activity may be attributed to some of its active principles.

Conlflict of interest statement

We declare that we have no conflict of interest.

Acknowledgements

The authors thank Dr. Mohan S, Director and Principal
and Management, PES College of Pharmacy, Bangalore—
560050 for their kind permission to publish this work.

References

[1] Sani D, Sanni SN, Ngulde SI. Phytochemical and anti—microbial
screening of the stem aqueous extract of Anisopus mannii. ] Med
Plant Res 2009; 3(3): 112-115.

[2] Manila S. Research guidelines for evaluating the safety and
efficacy of herbal medicine. Philippines: WHO; 1993, p.76.

[3] Council of Scientific and Industrial Research. The wealth of
India: publications and information directorate. New Delhi:
Council of Scientific and Industrial Research; 1988, p. 219-221.

[4] Hilou A, Nacoulma OG, Guiguemde TR. In vivo antimalarial
activities of extracts from Amaranthus spinosus L. and Boerhaavia
erecta L. in mice. J Ethnopharmacol 2006; 103(2): 236-240.

[S] Olajid OA, Ogunleya BR, Erinle TO. Anti—inflammatory
properties of Amaranthus spinosus leaf extract. Arch Physiol
Biochem 2004; 42: 521-525.

[6] Zeasban H, Amresh G, Singh S, Rao CV. Hepatoprotective
activity of Amaranthus spinosus in experimental animals. Food
Chem Toxicol 2008; 46: 3419-3421.

[7] Sher H, Khan ZD. Resource utilization for economic development
and folk medicine among tribal people: observation from Northern
part of Pakistan. Pak J Plant Sci 2006: 12(2): 149-162.

[8] Quershi SJ, Khan MA, Ahmed MA. A survey of useful medicinal
plants of Abbottabad, in Northern Pakistan. Trakia J Sci 2008;
6(4): 39-51.

[9] Muhammad S, Amusa NA. The important food crops and
medicinal plants of north—western Nigeria. Res J Agric Biol Sci
2005; 1(3): 254-260.

[10] Obi RK, Iroagba II, Ojiako OA. Virucidal potential of some
edible Nigerian vegetable. Afr J Biotechnol 2006; 5(19): 1785-
1788.

[11] Gian FC, Monica RL. In vitro antioxidant effect and inhibition of

o — amylase of two varieties of Amaranthus caudatus seeds. Biol
Pharm Bull 2005; 28(6): 1098-1102.

[12] Kabiri N, Asgary S, Madani H, Mahzouni P. Effect of
Amaranthus caudatus extract and lovastatin on atherosclerosis
in hypercholesterolemic rabbits. J Med Plant Res 2010; 4(5):
355-361.

[13] Ashok BS, Lakshman K, Jayaveera KN, Manoj RD. Comparative

in vitro anthelmintic activity of three plants belongs to

Girjja K et al./Asian Pac J Trop Biomed 2011; 1(2): 133-138

Amaranthaceae. Arch Biol Sci 2010; 62(1): 185-189.

[14] Harborne JB. Phytochemical methods. London: Springer; 1998.

[15] Office of Laboratory Animal Welfare. Public health service
policy on human health care and use laboratory animals.
Washington: Department of Health and Human Services; 1986.

[16] OECD. Guidelines No. 423 for the testing of chemicals revised
draft guideline 423 (acute oral toxicity). Paris: OECD; 2000.

[17] Kesari AN, Gupta RK, Singh SK, Diwakar S, Watal G.
Hypoglycemic and antihyperglycemic activity of Aegele marmelos
seed extracts in normal and diabetic rats. J Ethnopharmacol
2006; 107: 374-379.

[18] Kadnur SV, Goyal RK. Comparitive antidiabetic activity of
methanolic extract and ethyl acetate extract of Zingiber officinale
Roscoe. Indian J Pharm Sci 2005; 67: 453-457.

[19] Varley H, Gowenlock AH, Masvice B. Practical clinical
biochemistry. Heinemann medical book. London: William
Heinemann Medical Books; 1993, p. 625-685.

[20] Mac Donald RP. Standard methods of clinical chemistry. New
York: Academic press; 1953, p. 215-222.

[21]Jelodar GA, Maleki M, Motadayen MH, Sirus S. Effect of
fenugreek, onion and garlic on blood glucose and histopathology
of pancreas. Indian J Med Sci 2005; 59: 64—-69.

[22] Sharma S, Chaturvedi M, Edwin E, Shukla S, Sagarwat H.
Evaluation of hytochemicals and antidiabetic activity of Ficus
bengalensis. Int J Diabetes Dev Ctries 2007; 27: 56-59.

[23] Ashok KBS, Lakshman K, Jayaveera KN, Vel MC, Arun KPA,
Vinod KR, et al. Pain management in mice using methanol
extracts of three plants belongs to family Amaranthaceae. Asian
Pac J Trop Med 2010; 3(7): 527-530.

[24] Elsner M, Guld bake B, Tiedge M, Munday R, Lenzen S.
Relative importance of transport and alkylation for pancreatic
beta—cell toxicity of streptozotocin. Diabetalogia 2000; 43:
1528-1533.

[25] Bagepalli SAK, Kuruba L, Jayaveera KN, Devangam SS,
Avalakondarayappa AK, Bachappa M. Antioxidant and
antipyretic properties of methanolic extract of Amaranthus
spinosus leaves. Asian Pac J Trop Med 2010; 3(9): 702-706.

[26] Chen V, Lanuzzo CD. Dosage effect of STZ on rat tissue enzyme
activities and glycogen concentration. J Physiol Pharmacol
1982; 60: 1251-1256.

[27] Raj K, Jain S, Agrawal S. Herbal medication—an alternative
curative system among Bhilsin Udaipur district. Anthropologist
2003; 5(3): 141-147.

[28] Carini M, Adlini G, Furlanetto S, Stefani R, Facino RM. L.C
coupled to ion— trap MS for the rapid screening and detection of
poly phenol anti oxidants from Helichrysum stoechas. J Pharm
Biomed 2001; 24: 517-526.

[29] Czinner E, Hagymasi K, Blazovies A, Kery A, Szoke E,
Lemverkovics E. In vitro antioxidant properties of Helichrysum
arenarium (L) Moench. J Ethnopharmacol 2000; 73: 437-443.

[30] Bierman EL, Amaral JAP, Belknap BH. Hyperlipidemia and
diabetes. Diabetes 1996; 15: 675-679.

[31] Pushparaj PN, Low HK, Manikandan J, Tan BK, Tan CH.
Antidiabetics of Cichorium intybus in STZ-induced diabetic rats.
J Ethnopharmacol 2007: 111: 430-434.

[32] Murali B, Upadhyaya UM, Goyal RK. Effect of chronic treatment
with enicostemma littorale in non—insulin dependent diabetic

(NIDDM) rats. J Ethnopharmacol 2002; 81: 199-204.



