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ABSTRACT: Medicinal plants have played an
important role in the treatment and prevention of
diseases since ancient times. They are also potential
sources of nutrients and drugs. This study evaluated
Achyranthes aspera ethanolic extracts for their in vitro
antioxidant activity and anti-hyperglycemic effects
on alloxan-induced diabetic mice. Diabetes was
induced in Swiss albino mice through intra-peritoneal
administration of alloxan and their blood glucose
levels and weight were measured weekly. At the end of
the experiment, all animals were sacrificed and tissue
samples were collected. A. aspera extracts had potent
antioxidant activity compared to reference standard
compounds. Treatment with an 4. aspera extract
at doses of 200 mg/kg and 400 mg/kg significantly
reduced blood glucose levels in alloxan-induced
diabetic mice. 4. aspera extract also prevented lipid
peroxidation as gauged by thiobarbituric acid reactive
substances (TBARS) and hydroperoxides. Moreover,
A. aspera extract increased the activity of catalase
and reduced NO levels in alloxan-induced diabetic
mice. Results revealed significant anti-hyperglycemic
activity of 4. aspera extracts in alloxan-treated mice
that may be mediated by diminished oxidative stress.

Keywords: Achyranthes aspera, anti-hyperglycemia,
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1. Introduction

Hyperglycemia induces glucose auto-oxidation and
protein glycation, and subsequent oxidative degradation
of glycated proteins leads to enhanced production of
reactive oxygen species (/). In diabetes, endogenous
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antioxidants and scavenging protectors such as vitamin
E and glutathione are depleted and antioxidant enzymes
such as superoxide dismutase (SOD) and catalase are
less active (2). Thus, supplementation with a natural
antioxidant from a plant source would help to prevent
organ damage. Achyranthes aspera (Amaranthaceae) is
commonly found as a weed throughout Bangladesh and
the Indian subcontinent (3,4). The ethanol extract of the
plant contains alkaloids and saponins (5). Various parts
of the plant, seeds, stem, leaves, and root are reported to
contain ecdysterone (6,7). Phytochemical investigations
of this plant also revealed the presence of long-chain
fatty acids, triterpenoids, saponins, and flavonol
glycosides (8,9). Upon acidic hydrolysis, it yields an
aglycone in the form of oleanolic acid or quercitin (8, 9).

Several pharmacological studies also investigated A.
aspera. A. aspera extracts were reported to have thyroid-
stimulating and antiperoxidative properties (/0). Recent
reports suggest that A. aspera may benefit wound healing
(11) and prevent obesity in mice (/2). The aqueous and
methanol extracts of the plant also decreased blood
glucose levels in normal and alloxan-induced diabetic
rabbits (/3). A. aspera is also used by traditional healers
to treat diabetes (3). However, literature on the effect
of A. aspera extracts on oxidative stress in diabetes is
lacking. Previous pharmacological studies encouraged
the current authors to explore the therapeutic value of
A. aspera in the face of oxidative stress. In continuation
with phytochemical and pharmacological investigations
of Bangladeshi medicinal plants (/4-17), the current
study reports on the antioxidant and anti-hyperglycemic
activities of 4. aspera extracts in diabetic mice.

2. Materials and Methods
2.1. Reagents

Alloxan, 2,2-diphenyl-1-picrylhydrazyl (DPPH), naphthyl
ethylene diamine dihydrochloride, Folin-Ciocalteu
reagent, gallic acid, and thiobarbituric acid were
purchased from Sigma-Aldrich, St. Louis, MO, USA. All
other reagents are of standard laboratory grade.
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2.2. Plant material

A. aspera was collected from the Bangladesh
Agricultural University campus in July 2007 and
identified by an expert at the National Herbarium,
Mirpur, Dhaka, Bangladesh. Accession No. 32067 was
retained there for further reference and a specimen
has been preserved in the Pharmacognosy Laboratory,
Stamford University Bangladesh.

2.3. Extraction

An extract was yielded by placing a dried powder of
stem and leaves (200 g) in 80% ecthanol in a Soxhlet
apparatus at an elevated temperature. The extract was
concentrated by evaporation under reduced pressure at
40°C using a Buchi rotary evaporator to yield a gummy
concentrate that was greenish in color.

2.4. Animals used

Male Swiss albino mice, 3-4 weeks of age, weighing
between 20-30 g were used for in vivo pharmacological
screening. The mice were collected from the Animal
Research Branch of the International Center for
Diarrheal Disease and Research, Bangladesh (ICDDR,
B). They were housed in five groups in stainless
steel cages with dimensions of 28 x 22 x 13 in. Soft
wood shavings were used as bedding. The mice were
acclimatized to the new environment for one week
prior to the investigation and lived at constant room
temperature (24.0 £ 1.0°C), humidity 55-65%, and 12
h light/12 h dark cycles. Remaining feed and excreta
were removed from cages daily. Rat feed pellets from
ICDDR, B were given to the mice with fresh water
ad libitum. The University’s Animal Research Ethical
Committee approved the study protocol.

2.5. In vitro antioxidant activity test
2.5.1. DPPH radical scavenging activity

The free radical scavenging capacity of the extracts was
determined using DPPH (74-16,18). A DPPH solution
(0.004%, w/v) was prepared in 95% ethanol. 4. aspera
extracts were mixed with ethanol to prepare a stock
solution (5 mg/mL). A freshly prepared DPPH solution
(0.004%, w/v) was placed in test tubes and 4. aspera
extracts were added followed by serial dilution (1 pg
to 500 pg) of every test tube to reach a final volume
of 3 mL. After 10 min, absorbance was read at 515
nm using a spectrophotometer (HACH 4000 DU UV-
visible spectrophotometer). Ascorbic acid was used as
a reference standard and dissolved in distilled water to
prepare a stock solution with the same concentration
(5 mg/mL). Control samples were prepared with the
same volume of distilled water without any extract and

reference ascorbic acid. Ninety-five percent ethanol
served as the blank. The % scavenging of the DPPH
free radical was measured using the following equation:

% Scavenging activity =100 x (Absorbance of the control
— Absorbance of the test sample)/Absorbance of the control

The inhibition curve was plotted for two experiments and
was expressed as the % of the mean inhibition + standard
deviation (SD). ICs, values were obtained by probit
analysis.

2.5.2. Reducing power

The reducing power of A. aspera was determined by
the method previously described by Oyaizu (1986)
(19). Different concentrations of 4. aspera extracts
(100 to 1,000 pg) in 1 mL of distilled water were mixed
with phosphate buffer (2.5 mL, 0.2 M, pH 6.6) and
potassium ferricyanide [K ;Fe(CN),] (2.5 mL, 1%).
The mixture was then incubated at 50°C for 20 min.
A portion (2.5 mL) of trichloroacetic acid (10%) was
added to the mixture, which was then centrifuged at
3,000 rpm for 10 min. The upper layer of the solution
(2.5 mL) was mixed with distilled water (2.5 mL) and
FeCl, (0.5 mL, 0.1%) and the absorbance was measured
at 700 nm. Increased absorbance of the reaction
mixture indicated increased reducing power. Ascorbic
acid served as the standard. Phosphate buffer (pH 6.6)
served as the blank solution. The absorbance of the
final reaction mixture of two parallel experiments was
read and expressed as mean =+ standard deviation (SD).

2.5.3. Nitric oxide (NO) radical inhibition assay

NO radical inhibition was estimated using a Griess-
Illosvoy reaction (/6,20). In this investigation, Griess-
Illosvoy reagent was modified by using naphthyl
ethylene diamine dihydrochloride (0.1%, w/v) instead
of I-napthylamine (5%). The reaction mixture (3
mL) containing sodium nitroprusside (10 mM, 2
mL), phosphate buffer saline (0.5 mL), and 4. aspera
extract (10 to 320 pg) or standard solution (ascorbic
acid, 0.5 mL) was incubated at 25°C for 150 min.
After incubation, 0.5 mL of the reaction mixture was
mixed with 1 mL of sulfanilic acid reagent (0.33% in
20% glacial acetic acid) and allowed to stand for 5
min to complete diazotization. Then, 1 mL of naphthyl
ethylene diamine dihydrochloride was added. After
mixing, the mixture was allowed to stand for 30 min at
25°C. A pink colored chromophore formed in diffused
light. The absorbance of these solutions was measured
at 540 nm against the corresponding blank solutions.

2.5.4. Scavenging of hydrogen peroxide (H,O,)

The ability of the extracts to scavenge H,O, was
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determined by the method described by Ruch et al. (21).
H,0, (43 mM) was prepared in phosphate buffered
saline (pH 7.4). Standard (ascorbic acid) and extract
solutions were prepared at concentrations of 50 to 250
mM. Aliquots of standard or extract solutions (3.4 mL)
were added to 0.6 mL of H,O, solution. The reaction
mixture was incubated at room temperature for 10 min,
and the absorbance was determined at 230 nm. The
percentage of scavenging was calculated as follows:
% H,0, scavenging = 100 x (Absorbance of control —
absorbance of sample)/Absorbance of control.

2.5.5. Assay for total phenolic content

The concentration of total phenols in extracts was
measured with a UV spectrophotometer based on a
colorimetric oxidation/reduction reaction (22). The
oxidizing reagent used was Folin-Ciocalteu reagent.
Gallic acid served as the standard. Two-point-five mL
of Folin-Ciocalteu reagent (diluted 10 times with water)
and 2 mL of Na,CO, (75 g/L) were added to 0.5 mL
of diluted extract (1 mg in 4 mL distilled water). The
sample was incubated for 20 min at room temperature.
A control sample was prepared with 0.5 mL of distilled
water. The absorbance was measured at 760 nm. These
data were used to estimate the phenolic content based on
a standard curve obtained with various concentrations
of gallic acid. The results were expressed as pg of gallic
acid per mg of extract.

2.6. Glucose tolerance test

Animals fasted overnight and were then divided into
three groups with five mice each. Control animals were
given 1 mL of distilled water orally (Group I). A. aspera
extracts were administered orally using a feeding
syringe at concentrations of 100 and 200 mg/kg (Groups
II and III, respectively). After the A. aspera extract
administration, all groups were given glucose (2 g/kg)
orally. Blood samples were collected from the tail vein
just prior to and 60, 120, and 240 min after the glucose
challenge. Blood glucose concentrations were assayed
with a glucometer. Results of the glucose tolerance test
served as a hypothetical reference to extrapolate the
dose levels that would be used to evaluate short- and
long-term effects of A. aspera extracts on diabetic mice.

2.7. Experimental design of a model of alloxan-induced
diabetes

2.7.1. Animal treatment

A total of 25 mice (20 diabetic surviving mice, 5 normal
mice) were used in the experiment. Group | consisted
of normal mice, Group 2 consisted of diabetic control
mice (alloxan, 150 mg/kg, i.p., in citrate buffer, pH 4.4),
Group 3 consisted of diabetic mice given metformin (600

ng/kg body weight) in aqueous solution daily for 3 weeks
via intraperitoneal administration, Group 4 consisted of
diabetic mice given 4. aspera plant extract (200 mg/kg
body weight) in aqueous solution daily for 3 weeks via an
intragastric tube, and Group 5 consisted of diabetic mice
given A. aspera (400 mg/kg, body weight) in aqueous
solution daily for 3 weeks via an intragastric tube.

The diabetic state was assessed by determining the
blood glucose concentration 3 and 5 days after alloxan
treatment. No detectable irritation or restlessness was
observed after each drug or vehicle administration. No
noticeable adverse effects (i.e., respiratory distress,
abnormal locomotion, and catalepsy) were observed in
any of the animals after the drug administration.

2.7.2. Blood sample collection

Blood samples were drawn at weekly intervals till the
end of study (i.e. 3 weeks) by the tail tip method and
were used to assay glucose levels in plasma. At the end
of the 3rd week, all mice were sacrificed by decapitation
after they were anaesthetized with pentobarbitone
sodium (60 mg/kg).

2.71.3. Brain and liver sample collection

The brain and liver were completely removed and washed
in ice-cold saline to remove blood. The brains were
weighed and 10% tissue homogenate was prepared with
0.025 M Tris-HCI buffer, pH 7.5. After centrifugation
at 8,000 rpm for 15 min, the supernatant was used to
measure thiobarbituric acid reactive substances (TBARS),
hydroperoxides, NO levels, and catalase activity.

2.7.4. Estimation of blood glucose

Glucose was measured in the serum of non-fasting
mice. Blood was sampled by the tail tip method and
then analyzed with a Reflotron Plus auto analyzer
(Roche, Germany) using a commercial kit.

2.7.5. Estimation of lipid peroxidation

Lipid peroxidation in the brain and liver was estimated
colorimetrically using TBARS by the method previously
described by Niehius and Samuelsson (23). In brief, 0.1
mL of tissue homogenate (Tris-HCI buffer, pH 7.5) was
treated with 2 mL of (1:1:1 ratio) TBA-TCA-HCI reagent
(thiobarbituric acid 0.37%, 0.25 M HCI, and 15% TCA)
and placed in a water bath for 15 min. It was then allowed
to cool. The absorbance of the clear supernatant was
measured against a reference blank at 535 nm.

2.7.6. Estimation of hydroperoxide

Hydroperoxide levels were estimated by the method
previously described by Jiang et al. (24). Specifically,
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Table 1. Scavenging of free radicals by a crude hydroethanolic extract of A. aspera and ascorbic acid according to DPPH,

NO, and H,0, scavenging assays

Sl IC; (ng/mL) Total phenolic content
atple . . - (ng/mg)*
DPPH scavenging assay NO scavenging assay H,O, scavenging assay
A. aspera extract 243.7 39.0 92.0 80.4
Ascorbic acid 559 69.9 158.9 -

" Data is presented as pg of gallic acid per mg of extract.

0.1 mL of tissue homogenate was treated with 0.9 mL of
Fox reagent (88 mg butylated hydroxytoluene (BHT), 7.6
mg xylenol orange, and 9.8 mg ammonium iron sulphate
were added to 90 mL of methanol and 10 mL of 250 mM
sulphuric acid) and incubated at 37°C for 30 min. The
color that developed was read colorimetrically at 560
nm. Hydroperoxide was expressed as mM/100 g tissue.

2.7.7. Assay of catalase

Catalase activity was assayed colorimetrically at 620
nm and expressed as pmoles of H,O, consumed/min/mg
protein using the method described by Sinha (25). The
reaction mixture (1.5 mL, vol) contained 1.0 mL of 0.01 M
phosphate buffer (pH 7.0), 0.1 mL of tissue homogenate
(supernatant), and 0.4 mL of 2 M H,0,. The reaction was
stopped by the addition of 2.0 mL of dichromate-acetic
acid reagent (5% potassium dichromate and glacial acetic
acid mixed at a 1:3 ratio).

2.7.8. Assay of NO

NO in the form of nitrate and nitrite was determined
according to the method described by Tracy et al.
(26). In the current study, Griess-Illosvoy reagent
was modified by using naphthyl ethylene diamine
dihydrochloride (0.1%, w/v) instead of 1-napthylamine
(5%). The reaction mixture (3 mL) containing liver
homogenate (2 mL) and phosphate buffer saline (0.5
mL) was incubated at 25°C for 150 min. The remaining
steps of the NO scavenging assay were as previously
described. A pink chromophore formed in diffused light.
The absorbance of these solutions was measured at 540
nm against the corresponding blank solutions. The NO
level was measured using a standard curve and was
expressed as nmol/g of tissue.

2.8. Statistical analysis

All data sets were presented as mean + SD. Comparison
between groups was done by statistical analysis of data
sets using one-way analysis of variance (ANOVA)
followed by a Newman-Keuls multiple-comparison
post hoc test. A p-value of < 0.05 was considered
statistically significant. All statistical analyses were
performed using Graph Pad Prism version 5.00 for
Windows.
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Figure 1. Reducing power of ascorbic acid, BHT, and an
extract of A. aspera. Values are given for duplicate experiments.
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Figure 2. Total antioxidant capacity of an extract of A.

aspera. Values are given for two consecutive experiments.
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3. Results
3.1. Antioxidant activity of A. aspera extracts

A. aspera extracts had strong free radical scavenging
activity in vitro according to various antioxidant assays.
Significant antioxidant activity was evident in terms of
NO scavenging (ICs,: 39.0 pg/mL) and H,O, scavenging
(ICsy: 92.0 pg/mL) (Table 1). However, DPPH
scavenging (Table 1) and reducing power assays revealed
that the extracts had little to no activity (Figure 1). Total
antioxidant capacity also increased with an increase in
the concentration of the assay medium (Figure 2).

3.2. Total phenolic content

The total phenolic content in the extracts of 4. aspera
was determined using Folin-Ciocalteu regents. Phenolic
content was calculated based on a regression equation
for the calibration curve (y = 0.0162x + 0.0232, R* =
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0.9985) and was expressed as gallic acid equivalents
(80.4 ng/mg extract) (Table 1).

3.3. Effect of A. aspera on plasma glucose levels in
normal mice

The oral glucose tolerance test of non-diabetic mice
revealed a dose-dependent decrease in plasma glucose
over a period of 3 h after administration of the extract
of A. aspera, as summarized in Figure 3. The maximum
reduction in glucose levels was noted with both doses
in the second hour of the study. Control animals had
increased glucose levels in the first hour that returned to
normal within three hours. This is attributed to glucose
homeostasis.

3.4. Body weight after 3 weeks of A. aspera administration

The body weight of the diabetic group decreased
significantly (p < 0.05) compared to that of the normal
control. The body weight of diabetic rats treated
with 4. aspera at a dose of 200 and 400 mg/kg body
weight almost returned to normal (Figure 4). Alloxan
administration caused significant weight loss after 3
weeks of treatment whereas mice in the normal group
continued to gain weight. Treatment with a 200 or 400
mg/kg dose of A. aspera remedied the weight loss.
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Figure 3. Glucose tolerance test of non-diabetic mice with
an extract of A. aspera. Values are expressed as mean + SD.
*Statistical significance was defined as p < 0.05 in all cases
vs. control.
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Figure 4. Effect of the hydroalcoholic extract of A. aspera
on the body weight of mice. Values are expressed as mean
+ SD. " Statistical significance was defined as p < 0.05 in all
cases vs. control. Alox, alloxan; Met, metformin; Asp 200, 4.
aspera 200 mg/kg; Asp 400, A. aspera 400 mg/kg.

3.5. Effect of A. aspera extracts on glucose levels in
alloxan-treated rats

As shown in Figure 5, a single intraperitoneal injection
of alloxan at a dose of 150 mg/kg body weight
increased glucose levels > 8§ mM after 5 days. 4.
aspera extracts significantly decreased blood glucose
levels. Serum glucose levels in normal mice (Group
1) were unaltered throughout the study but increased
significantly (p < 0.05) in the diabetic control group
(Group 2) during the second and third week of the
study. Glucose levels in the metformin treatment group
(Group 3) were almost normal during the study period.
Administration of 4. aspera extracts at a dose of 400
mg/kg significantly reduced elevated glucose levels in
the second week after alloxan administration; in the
third week, glucose levels were almost normal. Like
the higher dose, a lower dose of A. aspera also reduced
blood glucose levels (Figure 5). Findings were similar
to those for the metformin treatment group.

3.6. TBARS, catalase, hydroperoxide, and NO levels

The level of malondialdehyde (MDA) as a lipid
peroxidation product was gauged by TBARS (42.0 £ 9.3
nmol/g tissue) and hydroperoxides (28.8 + 3.3 mM/g
tissue) in the liver of alloxan-induced diabetic control
mice, which are significantly higher (p < 0.05) than those
of normal mice (14.0 + 1.6 nmol/g tissue and 24.1 + 2.5
mM/g tissue, respectively) (Table 2). TBARS (32.2 +
2.2 nmol/g tissue) and hydroperoxides (19.4 + 2.8 mM/g
tissue) in the brain also increased in alloxan-induced
diabetic mice compared to normal mice (11.8 = 1.5
nmol/g tissue and 15.1 + 1.5 mM/g tissue, respectively).
Treatment with 4. aspera significantly decreased
the level of lipid peroxidation products (TBARS and
hydroperoxides) (Table 2).

Moreover, a significant decrease (p < 0.05) in the
activity of antioxidant enzyme catalase was also observed
in the liver of alloxan-induced diabetic mice (22.4 + 4.4
U/mg of protein) when compared to normal mice (41.0
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Figure 5. Effect of the hydroethanolic extract of A. aspera on
blood glucose levels in plasma. Values are expressed as mean +
SD. Statistical significance was defined as p < 0.05 in all cases
vs. control. Alox, alloxan; Met, metformin; Asp 200, 4. aspera
200 mg/kg; Asp 400, A. aspera 400 mg/kg.
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Table 2. Effect of an A. aspera extract on oxidative markers in brain and liver homogenates from alloxan-induced diabetic mice

TBARS Hydroperoxide Catalase activity NO
(nmol/g tissue) (mM/g of tissue) (U%mg of protein)  (nmol/g of tissue)
Group
Brain Liver Brain Liver Liver Liver

Normal 11.8+1.5" 140+ 1.6 15.1+1.5" 24.1+2.5% 41.0+0.6" 11.5+1.9*
Diabetes control 322+22° 420+93° 19.4+2.8 28.8+3.3" 22444 293+ 1.7
Metformin 27.1+£2.8° 27.1+1.7° 13.1+1.4° 17.6 +£1.3° 31.9+3.9° 183 +£5.5°
A. aspera 200 mg/kg 28.5+£5.6° 32.3+4.3°¢ 16.9+1.1° 19.5+£2.7° 339+ 1.7° 22.8+2.4°
A. aspera 400 mg/kg 21.2+3.1° 32.0+1.4° 13.2+1.6° 9.6+1.2° 353+0.3° 21.8+£2.7°

Values are expressed as mean + SD. Differences in means were estimated by means of ANOVA followed by a Newman-Keuls post hoc test (n = 5).
Statistical significance was defined as p < 0.05 in all cases, “” Group normal vs. diabetes control, p < 0.05; ™ Diabetes control vs. treatment, p <

0.05. U* = pmol of H,0, consumed/min.

+ 0.6 U/mg of protein) (Table 2). Administration of A4.
aspera extracts restored catalase activity in the liver (33.9
+ 1.7 and 35.3 £ 0.3 U/mg of protein, respectively, for a
dose of 200 and 400 mg/kg body weight).

Furthermore, as shown in Table 2, the NO levels
also increased in the liver of alloxan-induced diabetic
mice (29.3 + 1.7 nmol/mL) compared to normal mice
(11.5 £ 1.9 nmol/mL). Treatment with 4. aspera
significantly decreased the NO levels in diabetic mice
(22.8 £2.4 and 21.8 £ 2.7 nmol/mL, respectively, for a
dose of 200 and 400 mg/kg body weight).

4. Discussion

Oxidative stress in diabetes coexists with a reduction in
antioxidant status (27). In the current study, 4. aspera
had potent antioxidant activity in vitro and lowered
blood glucose concentrations and prevented oxidative
stress in alloxan-treated diabetic mice. A pancreatic
B-cell toxin, alloxan is responsible for oxidative
damage to the pancreas. A low dose of alloxan (120
mg/kg) causes partial destruction of pancreatic -cells
in laboratory rodents and thereby produces glucose
intolerance and hyperglycemia (28).

A. aspera extracts had potent free radical
scavenging activity in a dose-dependent manner in vitro
according to various assays. Phytochemical screening
revealed the presence of flavonoids and phenolic
compounds in the extracts. Free radical scavenging
activity of plant extracts is dependent on the presence
of such polyphenolic compounds (29,30). In the current
study, 4. aspera extracts had potent inhibitory activity
against NO and H,0, generation. NO and H,0O, are
both strong free radicals in biological systems that are
readily converted into more reactive peroxynitrite and
superoxide anions (37). Previous reports suggest that
A. aspera has saponin glycosides with aglycones in
the form of betaine, oleanolic acid, and quercitin, and
these compounds presumably improve diabetes and
hyperglycemia (8,9,32). Oleanolic acid and quercetin
are potent antioxidant compounds (33,34). Quercetin is
also effective against diabetes in experimental animals
and prevents oxidative stress and B-cell damage in
streptozotocin-induced diabetic rats (35,36). The

current study found that 4. aspera extracts reduced the
elevated blood glucose levels in alloxan-treated diabetic
mice in a dose-dependent manner. Lowering of blood
glucose levels is probably mediated by improvement or
protection of the pancreas' structure in alloxan-treated
mice (37).

Decreased antioxidant enzyme levels and increased
lipid peroxidation were also seen in alloxan-induced
diabetic animal (38). Thus, supplementation with
antioxidants may have a chemoprotective role in diabetes
(39). The reoxidation of dialurate to alloxan by molecular
oxygen yields H,0,, which is generally considered to
be a cytotoxic agent. The decreased activity of catalase
and SOD may be a response to increased H,0O, and O,
production as a result of the autoxidation of glucose and
non-enzymatic glycation (40). Catalase is a hemeprotein
that catalyzes the reduction of H,O, and protects tissue
from highly reactive hydroxyl radicals. SOD and catalase
activity decrease in the liver and kidneys during diabetes
and are implicated in the accumulation of O, and H,0,
(41). Administration of A. aspera extract increased
the activity of catalase and decreased hydroperoxide
production by scavenging free radicals because of
the presence of phenolic compounds in the extract.
Moreover, increased NO production from inducible NO
synthase may form peroxynitrite with superoxide and
contribute to cellular injury, including lipid peroxidation
and nitrosylation of some molecules (42). The positive
correlation between NO and TBARS concentrations in
diabetic mice may be responsible for the direct or indirect
effect of NO on increased lipid peroxidation. In this study,
alloxan-treated diabetic mice had the largest amounts of
NO and TBARS among the groups. 4. aspera extracts
had NO scavenging activity in vitro and prevented the
production of NO and TBARS in a dose-dependent
manner in alloxan-treated diabetic animals.

However, alternate pathways of glucose disposal
are also possible with 4. aspera administration due to
the presence of triterpenoid oleanolic acid present in
the plant. Oleanolic acid enhances insulin secretion
in response to a glucose challenge in both INS-1
832/13 cells and rat islets; no increase in cAMP and
intracellular Ca’’ ion concentrations has been noted
(43). Moreover, oleanolic acid inhibits a-glucosidase
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and activates TGRS G-protein-coupled receptors,
which may help to lower glucose levels by increasing
insulin sensitivity (44). This triterpenoid molecule
also affects glucose absorption in the gastrointestinal
tract by suppressing gastric emptying (GE) in rats and
it inhibits the Na'/glucose co-transport system at the
intestinal brush border membrane (45). Metformin, a
biguanide used in the current study as a standard drug,
also had hypoglycemic action (46). Metformin acts by
decreasing hepatic glucose production and intestinal
absorption as well as by increasing peripheral glucose
uptake and insulin sensitivity (46). Metformin also
increases fatty acid oxidation and decreases absorption
of glucose from the gastrointestinal tract (47).

The current study substantiates the use of 4. aspera
in traditional medicine as a nonspecific hypoglycemic
agent. Its hypoglycemic activity is due to its ability to
scavenge free radicals and prevent oxidative stress in
diabetic mice. Further studies are required to establish
the safety of the extract and possibly isolate the active
principle responsible for the observed activity of 4.
aspera extracts.

Acknowledgement

The authors wish to thank the administration of
Stamford University Bangladesh for help with funding
and logistics.

References

1. Limaye PV, Raghuram N, Sivakami S. Oxidative stress
and gene expression of antioxidant enzymes in the renal
cortex of streptozotocin induced diabetic rats. Mol Cell
Biochem. 2003, 243:147-152.

2. Watanabe J, Umeda F, Wakasugi H, Ibayashi H. Effect
of vitamin E on platelet aggregation in diabetes mellitus.
Tohoku J Exp Med. 1984; 143:161-169.

3. Ghani A. Medicinal Plants of Bangladesh with Chemical
Constituents and Uses. The Asiatic Society of Bangladesh.
2nd ed., Dhaka, Bangladesh, 2003; pp. 71-72.

4. Datta RM, Mitra JN. Common plants in and around
Dacca. Bull Bot Soc Beng. 1953; 7:8-10.

5. Kumar S, Singh JP, Kumar S. Phytochemical screening
of some plants of Manipur-I. J] Econ Bot Phytochem.
1990; 1:13-16.

6. Banerji A, Chintalwar GJ, Joshi NK, Chadha MS. Isolation
of ecdysterone from Indian plants. Phytochemistry. 1971;
10:2225-2226.

7. Banerji A, Chadha MS. Insect moulting hormone from
Achyranthes aspera. Phytochemistry. 1970; 9:1671.

8. Michl G, Abebe D, Bucar F, Debella A, Kunert O,
Schmid MG, Mulatu E, Haslinger E. New Triterpenoid
Saponins from Achyranthes aspera Linn. Helvetica
Chimica Acta. 2000; 83:359-363.

9.  Kunert O, Haslinger E, Schmid MG, Reiner J, Bucar
F, Mulatu E, Abebe D, Debella A. Three saponins, a
steroid, and a flavanol glycoside from Achyranthes
aspera. Monatshefte fiir Chemie. 2000; 131:195-204.

10. Tahiliani P, Kar A. Achyranthes aspera elevates thyroid
hormone level and decrease hepatic lipid peroxidation in

11.

12.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

male rats. J Ethnopharmacol. 2000; 71:527-532.

Edwin S, Jarald EE, Deb L, Jain A, Kinger H, Dutt
KR, Raj AA. Wound healing and antioxidant activity of
Achyranthes aspera. Pharm Biol. 2008; 46:824-828.
Rani N, Sharma SK, Neeru Vasudeva N. Assessment
of antiobesity potential of Achyranthes aspera Linn.
seed. Evidence-Based Complementary and Alternative
Medicine. 2012. doi:10.1155/2012/715912.

. Akhtar MS, Igbal J. Evaluation of the hypoglycaemic

effect of Achyranthes aspera. J Ethnopharmacol. 1991;
31:49-57.

Majumder MM, Mazumder MEH, Alam MA, Akter R,
Rahman MM, Sarker SD. Antioxidant and membrane
stabilizing properties of Ichnocarpus frutescens. J Nat
Remedies. 2008; 8:209-215.

Alam MA, Ghani A, Subhan N, Rahman MM, Haque
MS, Majumder MM, Mazumder MEH, Akter RA, Nahar
L, Sarker SD. Antioxidant and membrane stabilizing
properties of the flowering tops of Anthocephalus
cadamba. Nat Prod Commun. 2008; 3:65-67.

. Alam MA, Nayeem MAB, Awal MA, Mostofa M,

Alam MS, Subhan N, Rahman MM. Antioxidant and
hepatoprotective action of the crude methanolic extract
of the flowering top of Rosa damascene. Oriental Pharm
Exp Med. 2008; 8:164-170.

Subhan N, Alam MA, Ahmed F, Awal MA, Nahar L,
Sarker SD. In vitro antioxidant property of the extract of
Excoecaria agallocha (Euphorbiaceae). DARU. 2008;
16:149-154.

Braca A, Tommasi ND, Bari LD, Pizza C, Politi
M, Morelli I. Antioxidant principles from Bauhinia
terapotensis. J Nat Prod. 2001; 64:892-895.

Oyaizu M. Studies on product of browning reaction
prepared from glucose amine. Jpn J Nutr. 1986;
44:307-315.

Garrat DC. The Quantitative Analysis of Drugs, vol. 3.
Chapman and Hall, Japan, 1964; pp. 456-458.

Ruch RJ, Cheng SJ, Klaunig JE. Prevention of
cytotoxicity and inhibition of intercellular communication
by antioxidant catechins isolated from Chinese green tea.
Carcinogenesis. 1989; 10:1003-1008.

Majhenic L, Skerget M, Knez Z. Antioxidant and
antimicrobial activity of guarana seed extracts. Food
Chem. 2007; 104:1258-1268.

Niehius WG, Samuelsson D. Formation of
malondialdehyde from phospholipids arachidonate
during microsomal lipid peroxidation. Eur J Biochem.
1968; 6:126-130.

Jiang ZY, Hunt JV, Wolff SP. Ferrous ion oxidation in
the presence of xylenol orange for detection of lipid
hydroperoxide in low-density lipoprotein. Anal Biochem.
1992; 202:384-387.

Sinha KA. Colorimetric assay of catalase. Anal Biochem.
1972; 47:389-394.

Tracy WR, Tse J, Carter G. Lipopolysaccharide-induced
changes in plasma nitrate and nitrite concentration in
rats and mice: Pharmacological evaluation of nitric
oxide synthase inhibitors. J Pharmacol Exp Ther. 1995;
272:1011-1015.

Collier A, Wilson R, Bradley H, Thomson JA, Small M.
Free radical activity in Type Il Diabetes. Diabetic Med.
1990; 7:27-30.

Yadav JP, Saini S, Kalia AN, Dangi AS. Hypoglycemic
and hypolipidemic activity of ethanolic extract of
Salvadora oleoides in normal and alloxan-induced

www.ddtjournal.com



Drug Discoveries & Therapeutics. 2012; 6(6):298-305.

305

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

diabetic rats. Indian J Pharmacol. 2008; 40:23-27.
Osawa T. Protective role of dietary polyphenols in
oxidative stress. Mech Ageing Dev. 1999; 111:133-139.
Fernandez-Panchona MS, Villanoa D, Troncosoa AM,
Garcia-Parrilla MC. Antioxidant activity of phenolic
compounds: From in vitro results to in vivo evidence.
Crit Rev Food Sci Nutr. 2008; 48:649-671.

Droge W. Free radicals in the physiological control of
cell function. Physiol Rev. 2002; 82:47-95.

Blunden G, Yang M, Janicsak G, Mathe I, Carabot-
Cuervo A. Betaine distribution in the Amaranthaceae.
Biochem Syst Ecol. 1999; 27:87-92.

Liu J, Oleanolic acid and ursolic acid: Research
perspectives. J Ethnopharmacol. 2005; 100:92-94.
Prochazkova D, BouSova I, Wilhelmova N. Antioxidant
and prooxidant properties of flavonoids. Fitoterapia.
2011; 82:513-523.

Mahesh T and Menon VP. Quercetin alleviates oxidative
stress in streptozotocin-induced diabetic rats. Phytother
Res. 2004; 18:123-127.

Coskun O, Kanter M, Korkmaz A, Oter S. Quercetin,
a flavonoid antioxidant, prevents and protects
streptozotocin-induced oxidative stress and B-cell damage
in rat pancreas. Pharmacol Res. 2005; 51:117-123.
Zambare MR, Bhosale UA, Somani RS, Yegnanarayan
R, Talpate KA. Achyranthes aspera (Agadha): Herb that
improves pancreatic function in alloxan induced diabetic
rats. Asian J Pharm Biol Res. 2011; 1:99-104.
Sepici-Dincel A, A¢ikgoz S, Cevik C, Sengelen M,
Yesilada E. Effects of in vivo antioxidant enzyme
activities of myrtle oil in normoglycaemic and alloxan
diabetic rabbits. J Ethnopharmacol. 2007; 110:498-503.
Logani MK, Davis RE. Lipid peroxidation in biologic

40.

41.

42.

43.

44,

45.

46.

47.

effects and antioxidants: A review. Lipids. 1979;
15:485-493.

Aragno M, Brignardello E, Tamagno O, Boccuzzi G.
Dehydroepiandrosterone administration prevents the
oxidative damage induced by acute hyperglycemia in
rats. J Endocrinol. 1997; 155:233-240.

Searle AJ, Wilson R. Glutathione peroxide effect of
superoxide, hydroxyl and bromine free radicals on
enzyme activity. Int J Rad Biol. 1980; 37:213-217.
O'Donnell VB, Freeman BA. Interactions between nitric
oxide and lipid oxidation pathways. Circ Res. 2001;
88:12-21.

Teodoro T, Zhang L, Alexander T, Yue J, Vranic M,
Volchuk A. Oleanolic acid enhances insulin secretion in
pancreatic B-cells. FEBS Lett. 2008; 582:1375-1380.
Sato H, Genet C, Strehle A, Thomas C, Lobstein A, Wagner
A, Mioskowski C, Auwerx J, Saladin R. Anti-hyperglycemic
activity of a TGRS agonist isolated from Olea europaea.
Biochem Biophys Res Commun. 2007; 362:793-798.
Matsuda H, Li Y, Murakami T, Yamahara J, Yoshikawa
M. Structure-related inhibitory activity of oleanolic acid
glycosides on gastric emptying in mice. Bioorg Med
Chem. 1999; 7:323-327.

Kirpichnikov D, McFarlane SI, Sowers JR. Metformin:
An update. Ann Intern Med. 2002; 137:25-33.

Collier CA, Bruce CR, Smith AC, Lopaschuk G, Dyck
DJ. Metformin counters the insulin-induced suppression
of fatty acid oxidation and stimulation of triacylglycerol
storage in rodent skeletal muscle. Am J Physiol
Endocrinol Metab. 2006; 291:E182-E189.

(Received October 6, 2012, Revised December 27, 2012;
Accepted December 27, 2012)

www.ddtjournal.com




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


