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Abstract

The present study was designed to systematically investigate the antidiabetic potential of Amaranthus spinosus leaves which
are traditionally known to have various medicinal properties and used for the treatment of diabetes mellitus. The ethanolic
extract of leaves of Amaranthus spinosus was administered (150, 300 and 450mg/kg bw) to type-1 and type-2 diabetic rats.
Standard drugs, glibenclamide and metformin were used as a positive control for comparison. Changes in carbohydrate and
lipid metabolism and antioxidants were assessed and compared with control and standard drug treated animals. Among the
standardized extract doses tested (150, 300 and 450 mg/kg bw), higher doses significantly decreased plasma glucose levels
(p<0.01 and p<0.001), hepatic glucose-6-phophatase activity (p<0.01 and p<0.001) and increased the hepatic glycogen
content (p<0.01) with a concurrent increase in hexokinase activity in both type 1 and 2 diabetic rats (p<0.01 and p<0.001).
Besides, the higher doses also significantly lowered the plasma and hepatic lipids, urea, creatinine levels (p<0.001) and
lipid peroxidation with an improvement in the antioxidant profiles (p<0.001) of both type-1 and type-2 diabetic rats. It is

concluded that Amaranthus spinosus has potential antidiabetic activity and significantly improves disrupted metabolisms and
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INTRODUCTION

Diabetes mellitus (DM) has become one of the major
health problems affecting a significant segment of the po-
pulation worldwide (48) and it is one of the major causes
of premature illness and death worldwide. It is established
that hyperglycemia is the principal cause of diabetic com-
plications and, both insulin-dependent and non-insulin-de-
pendent diabetes mellitus (type 1 and type 2) share most
common symptoms i.e., chronic hyperglycemia resulting
from defects in insulin secretion, insulin action or both,
leading to macro- and micro-vascular complications (12).
An effective control of blood glucose levels therefore, is
an important step in controlling or reducing the risk of dia-
betic complications. As the drugs presently used for treat-
ment of DM have a number of limitations causing adverse
side effects and high rates of secondary failure (29, 41),
plants with antidiabetic potential are gaining importance
and, a number of plants from India are known for their
antidiabetic properties (8).

Amaranthus spinosus Linn. (Family- Amaranthaceae),
a folk-lore medicinal plant (a weed species, growing
abundantly in India) is used traditionally to treat various
ailments such as indigestion, blood diseases, stomach
troubles, gonorrhea, kidney complaints and diarrhea and,
is also known to be a diuretic, antimalarial and hepatopro-
tective (3, 13, 24, 47). Various compounds are identified
from this plant such as [-sitosterol, stigmasterol, cam-
pesterol, a-spinasterol, hentriacontane, glycosides, flavo-
noids, tannins and phenolics (30). Amaranthus spinosus
is traditional used to treat diabetes mellitus (14). In pre-
liminary laboratory investigations, it is reported that the
extracts of this plant possesses glucose and lipid lowering
properties (22, 38). However, there are no further reports
for systematic evaluation of effects of this plant on type-

1 and type-2 diabetic conditions on comparative basis as
well how does it compare to standard drugs. The present
investigation therefore was an attempt to evaluate com-
prehensive systematic effect/s of standardized ethanol leaf
extract of Amaranthus spinosus leaves on carbohydrate,
lipid metabolism and antioxidant profiles in both insulin
dependent (type-1) and non-insulin dependent diabetes
mellitus (type-2).

MATERIALS AND METHODS

Plant material, extract preparation and phytochemical
quantitation

Amaranthus spinosus plants were identified in the Uni-
versity Botanical Gardens and authenticated by our faculty
taxonomist Dr. A. S. Reddy (Voucher specimen number:
JHB-04). The leaves of the plants were collected, air-dried,
ground to powder and stored in an airtight container. The
leaf powder was soxhlet-extracted with 95% ethanol, filte-
red and dried at room temperature and the residue (ASLEt)
was stored at 4°C until used. The residue (ASLEt) was
analyzed quantitatively for the presence of polyphenols
and flavanoids, phytosterols and saponins (15, 23, 42). The
ASLEt doses- 150, 300 and 450 mgkg! bw were decided
upon the results of the preliminary experiments that confir-
med the non- toxic nature of these doses.

Animals

Colony bred male Albino rats (Charles Foster) were
used in the present investigation. The animals were pro-
vided standard diet (Pranav Agro Industries, Vadodara,
India), water ad libitum and were housed individually in
well-ventilated animal unit (26 + 2 °C, humidity 62%, and
12-h light/dark cycle). The animals’ food intake was moni-
tored throughout the experimental period along with the
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body weights. The experiment was approved by Institutio-
nal Animal Ethics Committee (MoEF/CPCSEA/Reg.337).

Induction of insulin dependent diabetes (type-1)

Overnight fasted three-month-old rats weighing 200-
250g were given a single intraperitoneal injection of al-
loxan monohydrate (120 mg/kg bw) dissolved in normal
saline. Rats exhibiting fasting blood glucose concentra-
tions (FBG) more than 140 mg/dl after two weeks were
considered type-1 diabetic animals.

Induction of non-insulin dependent diabetes mellitus
(type-2)

Neonate males aged 48 + 2 h were injected intraperi-
toneally with a single dose of streptozotocin (100 mg/kg
bw) in citrate buffer (pH 4.5) (9). The animals showing
FBG levels >140 mg/dl after twelve weeks were conside-
red type-2 diabetic animals.

Experimental design

The animals were distributed into eleven groups of six
rats each and treated as followed: Normal control (normal
rats without treatment), type -1 control (type-1 diabetic rats
given only vehicle treatment), type -1-AS I (type -1 diabe-
tic rats given ASLEt 150 mg/kg bw), type -1-AS II (type -1
diabetic rats given ASLEt 300 mg/kg bw), type -1-AS III
(type -1 diabetic rats given ASLEt 450 mg/kg bw), Type
-1-GB (type -1 diabetic rats given glibenclamide 600 pg/
kg bw, Aristo Pharmaceuticals, Mumbai, India) (4), type
-2 control (type -2 diabetic control rats given only vehicle
treatment), type -2-AS I (type -2 diabetic rats given ASLEt
150 mg/kg bw), type -2-AS 1II (type -2 diabetic rats given
ASLEt 300 mg/kg bw), type -2-AS I (type -2 diabetic
rats given ASLEt 450 mg/kg bw), type -2-ME (type -2
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diabetic rats given metformin 500 mg/kg bw, USV Ltd.,
Daman, India) (32).

The plant extract, glibenclamide and metformin were
constituted in 1ml of 2% (v/v) Tween 80 and administered
daily using an intragastric tube for thirty days. At the end
of experimental period, the animals were deprived of food
overnight, weighed and sacrificed under mild anesthesia;
blood and liver tissue were collected immediately. After
recording the liver weights, the tissue was stored at -20° C
for further biochemical analyses.

Plasma glucose, hepatic glycogen, hexokinase and glu-
cose-6-phosphatase

Plasma glucose levels were measured by o-toluidine
method (43). Hepatic glycogen was extracted with 30%
KOH and the yield was determined by anthrone—sulphu-
ric acid method (40). Hepatic hexokinase (EC 2.7.1.1) and
glucose-6-phosphatase (EC 3.1.3.9) activities were deter-
mined following the methods of Brandstrup et al. (10) and
Baginsky et al. (5), respectively.

Plasma and hepatic lipid profiles

Plasma and hepatic cholesterol (TC) and high-density
lipoprotein cholesterol (HDL-C) were estimated by Wy-
benga and Pileggi’s method with a cholesterol kit (Eve’s
Inn Diagnostics, Baroda, India). Plasma and hepatic tri-
glycerides (TG) were estimated by GPO method with a
Triglyceride kit (Eve’s Inn Diagnostics, Baroda, India).
Plasma low-density lipoprotein cholesterol (LDL-C), very
low-density lipoprotein cholesterol (VLDL-C) were cal-
culated by Friedewald formula (21). Plasma and hepatic
total lipids (TL) were extracted by the method of Folch et
al., (19) and were estimated by gravimetric method. The
same extract was also used for estimating total cholesterol
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Figure 1. Effect of ASLEt on food intake (a), body weight (b) and liver weight (c) in all experimental groups. Values are mean +SEM. Both

diabetic controls were compared with normal controls; treated groups were compared with corresponding diabetic controls. a/ b/ ¢ values represents

statistical significance differences (a: P< 0.001, b : P<0.01, c: P <0.05).
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and triglyceride content using appropriate kits (Eve’s Inn
Diagnostics, Baroda, India).

Blood urea and creatinine

Blood urea and creatinine levels were determined (using
diacetyl monoxime and alkaline picrate reagents) with urea
and creatinine kits (Eve’s Inn Diagnostics, Baroda, India).

Lipid peroxidation and enzymatic and non-enzymatic
antioxidants

The hepatic lipid peroxidation (LPO) was determined by
TBARS assay (31). Total ascorbic acid was assayed by the
method described by Schaffert and Kingsley (39). Antioxi-
dant enzymes-Superoxide dismutase (SOD) (EC 1.15.1.1)
and Catalase (EC 1.11.1.6) were estimated according to the
methods described by Kakkar et al. (28) and Aebi (1), res-
pectively. Reduced Glutathione (GSH) was measured by
the method of Jollow et al. (27). The glutathione peroxi-
dase (GPx) (EC 1.11.1.9) activity was determined by the
method of Flohe and Gunzler (18).

Statistical analysis

Results are expressed as means + SEM. Significant dif-
ferences among the groups were determined by one-way
ANOVA using 12" version of SPSS with Tukey’s test as
post hoc analysis. Differences were considered significant
if p<0.05.

RESULTS

Food intake, body and liver weights

Both type-1 and type-2 rats exhibited a significant in-
crease in food consumption compared to that of controls.
However, the body and liver weights of these animals re-

gistered a significant decline in both types of diabetic rats.
ASLEt administration at 450 mg/kg bw dose significantly
increased body and liver weights in both types of diabetic
rats (Fig. 1).

Plasma glucose, lipid profiles, urea and creatinine

The plasma glucose concentrations were elevated in
both type-1 and type -2 rats. ASLEt administration signifi-
cantly decreased plasma glucose levels in type-1 with 300
and 450 mg/kg bw doses while in type-2 rats with 450 mg/
kg bw dose alone. Both type-1 and type-2 rats exhibited
elevated plasma TL, TC, TG, LDL-C and VLDL-C and
reduced HDL-C when compared to controls. ASLEt at 450
mg/kg bw dose significantly reduced plasma lipid profiles
of both type-1 and type-2 rats. The elevated levels of urea
and creatinine in both types of diabetic rats were lowered
significantly with both 300 and 450 mg/kg bw doses of
ASLEt administration (Figs. 2-3).

Hepatic glycogen and lipid profiles

A significant decline in hepatic glycogen content was
observed in both the types of diabetic rats. ASLEt adminis-
tration with both 300 and 450 mg/kg bw doses increased
glycogen content in both diabetic models. Both types of
diabetes also exhibited increased hepatic TL, TC and TG.
ASLEt administration (all three doses) to type-1 rats si-
gnificantly reduced TL, TC and TG. However, ASLEt at
only higher doses (300 and 450 mg/kg bw) brought about
a significant reduction in hepatic TL, TC and TG in type-2
rats (Fig. 4).

Hepatic hexokinase and glucose-6-phosphatase
A significant decrease in hepatic hexokinase and an ele-
vation in glucose-6-phosphatase were found in both types
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Figure 2. Effect of ASLEt on plasma glucose and lipid profiles in type-1 (a) and type-2 (b) diabetic rats. Values are mean £SEM. Both diabetic
controls were compared with normal controls; treated groups were compared with corresponding diabetic controls. a/ b/ ¢ values represents

statistical significance differences (a: P< 0.001, b : P<0.01, c: P <0.05).
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A. Urea levels in all experimental groups
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Figure 3. Levels of urea and creatinine in type-1 (a) and type-2 (b) rats. Values are mean =SEM. Both diabetic controls were compared with normal
controls; treated groups were compared with corresponding diabetic controls. a/ b/ ¢ values represents statistical significance differences (a: P<

0.001, b : P<0.01, c: P <0.05).
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Figure 4. Hepatic glycogen and lipid profiles in all experimental groups. Values are mean £SEM. Both diabetic controls were compared with
normal controls; treated groups were compared with corresponding diabetic controls. a/ b/ ¢ values represents statistical significance differences

(a: P<0.001, b : P<0.01, c: P <0.05).

of diabetic rats. ASLEt (300 and 450 mg/kg bw) adminis-
tration significantly increased the hexokinase activity with
a concomitant decrease in glucose-6-phosphatase levels in
both types of diabetic rats (Fig. 5).

Hepatic lipid peroxidation and antioxidants

Both type-1 and type-2 control group registered signi-
ficant reduction in ascorbic acid, SOD, catalase, reduced
glutathione and glutathione peroxidase activities with an
increase in lipid peroxidation. While 300 and 450 mg/kg

bw doses increased the ascorbic acid, catalase, glutathione
and glutathione peroxidase activities, the SOD activity
increased significantly only with 450mg/kg bw dose in
both type-1 and type-2 diabetic rats. While the type-2 rats
responded positively to 300 and 450 mg/kg bw doses of
ASLEt, the type-1 rats registered a significant decline in li-
pid peroxidation with 450 mg/kg bw alone (Figs. 6 and 7).

Phytochemical analysis
The quantitation of major phytochemicals in ASLEt
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(yield 30.62% w/w) revealed 5.51 mg/g of polyphenols,
35.92 mg/g phytosterols, 17.35 mg/g flavanoids and 66.6
mg/g saponins.

DISCUSSION

The present study provides an evidence for the benefi-
cial effects of Amaranthus spinosus leaf extract on glucose
and lipid metabolism and oxidative defense system in both
types of diabetes (type-1 and type-2). The effects in type-1

and type-2 diabetic rats were found to be dose dependent
i.e., 450 mg/kg bw dose was maximally effective compa-
red to 150 or 300 mg/kg bw doses. While diabetic animals
significantly lost their body and liver weights, the food in-
take increased. This decline in liver weight could be attri-
buted to enhanced catabolic processes such as glycogeno-
lysis, lipolysis and proteolysis due to lack of / low levels of
insulin (7, 45). These antihyperglycemic actions of ASLEt
(300 and 450 mg/kg bw to type 1; 450 mg/kg bw to type 2)
were seen in both diabetic groups with an increase in hepa-
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Figure 5. Levels of hepatic hexokinase (a) and glucose-6-phosphatase (b) in all experimental groups. Values are mean +SEM. Both diabetic
controls were compared with normal controls; treated groups were compared with corresponding diabetic controls. a/ b/ ¢ values represents

statistical significance differences (a: P< 0.001, b : P<0.01, c: P <0.05).

A. Hepatic total ascorbic acid level in all experimental groups
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C. Catalase activity in all experimental groups
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Figure 6. Hepatic total ascorbic acid (a), superoxide dismutase activity (b) and catalase (c) in all experimental groups. Values are mean +SEM.
Both diabetic controls were compared with normal controls; treated groups were compared with corresponding diabetic controls. a/ b/ ¢ values
represents statistical significance differences (a: P<0.001, b : P<0.01, c: P <0.05).
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Figure 7. Hepatic glutathione content (a), Glutathione peroxidase (b) and TBARS (c) in all experimental groups. Values are mean +SEM. Both

diabetic controls were compared with normal controls; treated groups were compared with corresponding diabetic controls. a/ b/ ¢ values represents

statistical significance differences (a: P< 0.001, b : P<0.01, c: P <0.05).

tic hexokinase activity and glycogen content followed by a
decrease in glucose-6-phosphatase activity. This reduction
in blood glucose levels in both type-1 and type-2 diabetic
rats administered ASLEt could be due to its synergetic ef-
fects of various phytochemical constitution i.e., polyphe-
nols, flavanoids, phytosterols and saponins. For instance,
polyphenols are reported to improve blood glucose levels,
ameliorate insulin resistance and protect pancreatic f§ cells
(49). Flavonoids are found to be antidiabetic, antioxida-
tive and cardioprotective (46) and phytosterols along with
saponins have also been shown to possess hypoglycaemic
properties (20). However, the antihyperglycemic activity
of ASLEt was more potent in type-1 compared to type-2
rats and the higher doses of ASLEt (450 mg/kg bw) were
more potent than the lower doses (Figs. 2, 4, 5) owing to
the higher concentrations of the phytoconstituents in 450
mg/kg bw dose.

ASLEt administration to both types of diabetic animals
appeared to improve the renal functions in terms of excre-
tion of urea and creatinine. Nephropathy is a characteristic
feature of diabetes where the increased levels of glucose
in kidneys result in enhanced blood urea and creatinine
levels (45). While the diabetic controls exhibited signifi-
cantly higher amounts of urea and creatinine, the ASLEt
administered diabetic rats registered significant decreases
in both urea and creatinine levels. This reduction could
be due to an improvement in renal function owing to a
reduced blood glucose concentration in both ASLEt admi-
nistered diabetic groups.

Both types of diabetic rats showed elevation of TL, TC,
TG, LDL-C, and VLDL-C and a reduction in HDL-C. The
ASLEt administration reversed these effects i.e., ASLEt
reduced TL, TC, TG, LDL-C, VLDL-C and increased
HDL-C in both types of diabetic groups at a higher dose.
The abnormally high concentrations of plasma and hepatic
lipids in diabetes is primarily due to an increase in the mo-

bilization of free fatty acids from the peripheral depots due
to unavailability of insulin/ insulin resistance and also as
a consequence of the uninhibited actions of lipolytic hor-
mones (glucagon and catecholamines) on the fat depots
(2,7, 35). Presently observed significant decline in plasma
and hepatic lipid profiles in ASLEt administered diabetic
rats could be attributed to an insulin-like effect of ASLEt
or its stimulatory effect on insulin release. These antihy-
perlipidemic effects could also be due to the phytoconstit-
uents of ASLEt: as polyphenols are found to regulate lipid
profiles, increase bile acid excretion and prevent adiposity
and obesity and improve insulin secretion (49). Flavanoids
are found to inhibit not only G-6-Pase activity but also
lipid biosynthesis and are antihypercholesterolemic (16,
33). Phytosterols are reported to inhibit the cholesterol ab-
sorption and decrease its circulation (25, 34) and saponins
precipitate cholesterol and prevent its absorption from the
intestines leading to reduction in plasma cholesterol lev-
els. Thus the ASLEt’s effects on the lipid metabolism in
diabetic rats appeared to be due to polyphenol, flavanoid,
phytosterol and saponin contents Lipid peroxidation is one
of the characteristic features of chronic diabetes and it is
known to mediate tissue damage (17). The significant re-
duction of lipid peroxides in the liver of diabetic rats ad-
ministered with ASLEt could be due to a reduced glucose
oxidation and LDL-C concentration. Ascorbic acid (AA)
levels in hepatic tissues of both types of diabetic rats were
found to be significantly lower than in controls (7). The
ASLEt administration (300 and 450 mg/kg bw) improved
the AA levels substantially in hepatic tissues of both types
of diabetic rats. Glutathione (GSH) a tripeptide, normally
present at high concentrations in cells constitutes the ma-
jor reducing capacity of the cytoplasm and protects the
cells against toxic effects of lipid peroxidation (44). The
diabetic animals in the present study registered lowered
levels of GSH while a significant elevation of GSH levels
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in ASLEt administered diabetic rats coincided with sig-
nificant decline in lipid peroxidation (6, 7). A reduced GPx
activity in diabetic controls with a concurrent reduction
in GSH indicates that GPx activity is dependent on GSH
content (26). The ASLEt administration to the diabetic rats
particularly at higher doses (300 and 450 mg/kg bw) sig-
nificantly increased the GPx activity which could be due to
an increase in GSH concentration.

The antioxidant enzymes- SOD and catalase play impor-
tant roles in reducing the cellular stress. SOD scavenges
the superoxide radical by converting it to H,O, and mole-
cular oxygen (36) while catalase brings about the reduc-
tion of hydrogen peroxides and protects tissues from the
highly reactive hydroxyl radicals (11). Both these enzymes
in the present context, registered low levels in type-1 and
type-2 diabetic rats as noted earlier (7), while the ASLEt
administered diabetic rats showed a clear improvement in
both SOD and catalase activities substantially reflecting
the antioxidant potency of ASLEt. These effects of ASLEt
(450 mg/kg bw) on antioxidants (GSH, GPx, SOD, cata-
lase and ascorbic acid) were found to be better than those
of glibenclamide and metformin administered diabetic
rats. This finding is in agreement with previously repor-
ted antioxidant activity of A. spinosus (47). The increased
antioxidant potential in ASLEt administered diabetic rats
could also be due to the presence of polyphenols, flava-
noids, phytosterols and saponins as these compounds are
not only antihyperglycemic, antihyperlipidemic but they
are also shown to be antioxidant agents (20, 37, 46).

In conclusion, results of present systematic study clear-
ly demonstrates the potential of Amaranthus spinosus in
regulation of glucose and lipid metabolism and improved
oxidative defense in type-1 and type-2 diabetes mellitus
that could be due to the synergetic influence of phytocom-
pounds present. The fact that diabetes is a metabolic disor-
der that is difficult to cure with a single agent, approach
to tackle the symptoms and improve the quality of life for
a patient with multiple beneficial compounds is probably
the better way for overall beneficial and less toxic medi-
cation. A further study is required to understand molecular
mechanism behind anti-diabetic action of Amaranthus spi-
nosus and to isolate major and minor compounds present
that influence the synergetic effects.

ACKNOWLEDGMENT

The financial assistance in the form of a Research Fellowship to
JHB from the Puri Foundation, Gandhinagar, Gujarat, India is
gratefully acknowledged. We thank Miss Rupal A. Vasant, Re-
search Fellow, for her time and help in preparing the manuscript.

REFERENCES

1. Aebi, H. Catalase, in: Bergmeyer, H.U. (Ed.), Methods of Enzyma-
tic Analysis, 2 ed. Academic press, New york, 1974, pp. 673-684.

2. al-Shamaony, L., al-Khazraji, S.M. and Twaij, H.A. Hypoglycae-
mic effect of Artemisia herba alba. II. Effect of a valuable extract on
some blood parameters in diabetic animals. J. Ethnopharmacol 1994,
43: 167-171.

3. Amuthan, A., Chogtu, B., Bairy, K.L. and Sudhakar, Prakash, M.
Evaluation of diuretic activity of Amaranthus spinosus Linn. aqueous
extract in Wistar rats. J. Ethnopharmacol 2012, 140: 424-427.

4. Ananthan, R., Latha, M., Ramkumar, K.M., Pari, L., Baskar, C. and
Narmatha Bai, V. Effect of Gymnema montanum leaves on serum and
tissue lipids in alloxan diabetic rats. Exp. Diabesity Res. 2003, 4: 183-

189.

5. Baginsky, E.S., Foa, P.P. and Zad, B. Glucose-6-phosphatase, in:
Bergmeyer, H.U. (Ed.), Methods of Enzymatic Analysis, 2 ed. Academic
Press, New York, 1974, pp. 788-792.

6. Bavarva, J.H. and Narasimhacharya, A.V. Antihyperglycemic and
hypolipidemic effects of Costus speciosus in alloxan induced diabetic
rats. Phytother. Res. 2008, 22: 620-626.

7. Bavarva, J.H. and Narasimhacharya, A.V. Leucas cephalotes regu-
lates carbohydrate and lipid metabolism and improves antioxidant sta-
tus in IDDM and NIDDM rats. J. Ethnopharmacol. 2010, 127: 98-102.
8. Bhat, M., Zinjarde, S.S., Bhargava, S.Y., Kumar, A.R. and Joshi,
B.N. Antidiabetic Indian Plants: a Good Source of Potent Amylase Inhi-
bitors. Evid. Based Complement. Alternat. Med. 2011, 810207: 1-6.

9. Bonner-Weir, S., Trent, D.F., Honey, R.N. and Weir, G.C. Res-
ponses of neonatal rat islets to streptozotocin: limited B-cell regenera-
tion and hyperglycemia. Diabetes 1981, 30: 64-69.

10. Brandstrup, N., Kirk, J.E. and Bruni, C. The hexokinase and phos-
phoglucoisomerase activities of aortic and pulmonary artery tissue in
individuals of various ages. J. Gerontol 1957, 12: 166-171.

11. Brioukhanov, A.L. and Netrusov, A.I. Catalase and superoxide dis-
mutase: distribution, properties, and physiological role in cells of strict
anaerobes. Biochemist 2004, 69: 949-962.

12. Brownlee, M. Biochemistry and molecular cell biology of diabetic
complications. Nature 2001, 414: 813-820.

13. Chandel, K.P.S., Shukla, G. and Sharma, N. Biodiversity in medici-
nal and aromatic plants in India. ICAR, New Delhi, India., 1996.

14. CSIR. The wealth of India: publications and information directo-
rate. Council of Scientific and Industrial Research, New Delhi, 1988.
15. Ebrahimzadeh, H. and Niknam, V. A revised spectrophotometric
method for determination of triterpenoid saponins. Indian Drugs 1998,
35:379-381.

16. Estrada, O., Hasegawa, M., Gonzalez-Mujica, F., Motta, N., Per-
domo, E., Solorzano, A., Mendez, J., Mendez, B. and Zea, E.G. Eva-
luation of flavonoids from Bauhinia megalandra leaves as inhibitors of
glucose-6-phosphatase system. Phytother. Res. 2005, 19: 859-863.

17. Feillet-Coudray, C., Rock, E., Coudray, C., Grzelkowska, K.,
Azais-Braesco, V., Dardevet, D. and Mazur, A. Lipid peroxidation and
antioxidant status in experimental diabetes. Clin. Chim. Acta. 1999,
284: 31-43.

18. Flohe, L. and Gunzler, W.A. Assay of glutathione peroxidase,
Methods in Enzymology. Academic Press, New York, 1984, pp. 114-
121.

19. Folch, J., Lees, M. and Sloane Stanley, G.H. A simple method for
the isolation and purification of total lipides from animal tissues. J. Biol.
Chem. 1957, 226: 497-5009.

20. Francis, G., Kerem, Z., Makkar, H.P. and Becker, K. The biological
action of saponins in animal systems: a review. Br. J. Nutr. 2002, 88:
587-605.

21. Friedewald, W.T., Levy, R.I. and Fredrickson, D.S. Estimation of
the concentration of low-density lipoprotein cholesterol in plasma, wit-
hout use of the preparative ultracentrifuge. Clin. Chem. 1972, 18: 499-
502.

22. Girija, K., Lakshman, K., Udaya, C., Sabhya Sachi, G. and Divya,
T. Anti—diabetic and anti—cholesterolemic activity of methanol extracts
of three species of Amaranthus. Asian Pac. J. Trop. Biomed. 2011, 1:
133-138.

23. Goad, L. and Akihisa, T. Analysis of sterols. Blackie academic and
professional, an imprint of chapman and hall, London, UK., 1997.

24. Hilou, A., Nacoulma, O.G. and Guiguemde, T.R. In vivo antimala-
rial activities of extracts from Amaranthus spinosus L. and Boerhaavia
erecta L. in mice. J. Ethnopharmacol. 2006, 103: 236-240.

25. Ikeda, I. and Sugano, M. Inhibition of cholesterol absorption by
plant sterols for mass intervention. Curr. Opin. Lipidol. 1998, 9: 527-
531.

1824



J. H. BAVARVA AND A. V. NARASIMHACHARYA / Amaranthus spinosus in type-1 and type-2 diabetes.

26. llling, E.K., Gray, C.H. and Lawrence, R.D. Blood glutathione and
non-glucose reducing substances in diabetes. Biochem. J. 1951, 48:
637-640.

27. Jollow, D.J., Mitchell, J.R., Zampaglione, N. and Gillette, J.R. Bro-
mobenzene-induced liver necrosis. Protective role of glutathione and
evidence for 3,4-bromobenzene oxide as the hepatotoxic metabolite.
Pharmacol. 1974, 11: 151-169.

28. Kakkar, P., Das, B. and Viswanathan, P.N. A modified spectropho-
tometric assay of superoxide dismutase. Indian J. Biochem. Biophys.
1984, 21: 130-132.

29. Koski, R.R. Oral antidiabetic agents: A comparative review. J.
Pharm. Pract. 2004, 17: 39-48.

30. Mathur, J., Khatri, P., Samanta, K., Sharma, A. and Mandal, S.
Pharmacognostic and preliminary phytochemical investigations of
Amaranthus spinosus (linn) leaves. Int. J. Pharm. Pharm. Sci. 2010,
2: 121-124.

31. Ohkawa, H., Ohishi, N. and Yagi, K. Assay for lipid peroxides in
animal tissues by thiobarbituric acid reaction. Anal. Biochem. 1979, 95:
351-358.

32. Pari, L. and Ashokkumar, N. Effect of N-benzoyl-D-phenylalanine,
a new potential oral antidiabetic agent, in neonatal streptozotocin-in-
duced diabetes in rats. Pharmacol. Rep. 2005, 57: 498-503.

33. Peluso, M.R. Flavonoids attenuate cardiovascular disease, inhibit
phosphodiesterase, and modulate lipid homeostasis in adipose tissue
and liver. Exp. Biol. Med. 2006, 231: 1287-1299.

34. Qullez, J., Garcla-Lorda, P. and Salas-Salvado, J. Potential uses and
benefits of phytosterols in diet: present situation and future directions.
Clin. Nutr. 2003, 22: 343-351.

35. Ravi, K., Rajasekaran, S. and Subramanian, S. Antihyperlipidemic
effect of Eugenia jambolana seed kernel on streptozotocin-induced dia-
betes in rats. Food Chem. Toxicol. 2005, 43: 1433-1439.

36. Robinson, B.H. The role of manganese superoxide dismutase in
health and disease. J. Inherit. Metab. Dis. 1998, 21: 598-603.

37. Sabu, M.C., Smitha, K. and Kuttan, R. Anti-diabetic activity of

green tea polyphenols and their role in reducing oxidative stress in ex-
perimental diabetes. J. Ethnopharmacol. 2002, 83: 109-116.

38. Sangameswaran, B. and Jayakar, B. Anti-diabetic, anti-hyperlipide-
mic and spermatogenic effects of Amaranthus spinosus Linn. on strep-
tozotocin-induced diabetic rats. J. Nat. Med. 2008, 62: 79-82.

39. Schaffert, B.R. and Kingsley, G.R. A rapid, simple method for the
determination of reduced, dehydro-, and total ascorbic acid in biologi-
cal material. J. Biol. Chem. 1955, 212: 59-68.

40. Seifter, S., Dayton, S., Novic, B. and Muntwyler, E. The estimation
of glycogen with the anthrone reagent. Arch. Biochem. 1950, 25: 191-
200.

41. Singh, G., Kumar, A. and Sinha, N. Studying significance of apop-
tosis in mediating tolbutamide-induced teratogenesis in vitro. Fundam.
Clin. Pharmacol. 2012, 26: 484-494.

42. Thimmaiah, S. Standard methods of biochemical analysis. Kalyani
publishers, New Delhi, India, 1999, 287-303.

43. Webster, W.W., Stinson, S.F. and Wong, W.H. Manual procedure
for direct microassay of serum glucose by use of 0 -toluidine, and its
adaptation to the SMA 12-60 AutoAnalyzer. Clin. Chem. 1971, 17:
1050-1054.

44. Wu, G., Fang, Y.Z., Yang, S., Lupton, J.R. and Turner, N.D. Gluta-
thione metabolism and its implications for health. J. Nutr. 2004, 134:
489-492.

45. Yadav, U.C., Moorthy, K. and Baquer, N.Z. Combined treatment of
sodium orthovanadate and Momordica charantia fruit extract prevents
alterations in lipid profile and lipogenic enzymes in alloxan diabetic
rats. Mol. Cel. Biochem. 2005, 268: 111-120.

46. Yao, L.H., Jiang, Y.M., Shi, J., Tomas-Barberan, F.A., Datta, N.,
Singanusong, R. and Chen, S.S. Flavonoids in food and their health
benefits. Plant Foods Hum. Nutr. 2004, 59: 113-122.

47. Zeashan, H., Amresh, G., Singh, S. and Rao, C.V. Hepatoprotective
and antioxidant activity of Amaranthus spinosus against CCl4 induced
toxicity. J. Ethnopharmacol. 2009, 125: 364-366.

48. Zimmet, P., Alberti, K.G. and Shaw, J. Global and societal implica-
tions of the diabetes epidemic. Nature 2001, 414: 782-787.

1825



