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Studies on the possible mechanisms of antidiabetic activity of
extract of aerial parts of Phyllanthus niruri

C.0. Okoli}, I.C. Obidike?, A.C. Ezike!, P.A. Akah!, and O.A. Salawu?

!Department of Pharmacology and Toxicology, Faculty of Pharmaceutical Sciences, University of Nigeria, Nsukka, Enugu
State, Nigeria, and *Department of Pharmacology and Toxicology, National Institute for Pharmaceutical Research and
Development (NIPRD), Abuja, Nigeria

Abstract

Context/objectives: The effects of methanol extract of aerial parts of Phyllanthus niruri L. (Euphorbiaceae), an
antidiabetic herb, on glucose absorption and storage in diabetes were studied to elucidate the mechanisms of blood
glucose lowering and glycemic control in diabetes.

Methods: The effect of chronic oral administration of the extract on glycemic control was evaluated in alloxan diabetic
rats using blood glucose lowering and post-prandial glucose suppression activities as well as effects on hemoglobin
glycation and body weight. Effects on glucose mobilization and storage were assessed using the weight and glycogen
content of liver isolated from treated diabetic rats, while in vitro inhibition of a-amylase and a-glucosidase enzyme
activities were used as indices of effect on glucose absorption.

Results: Results showed that the extract lowered blood glucose, suppressed postprandial rise in blood glucose
following a glucose meal, reduced hemoglobin glycation and increased absolute and relative weights as well as
glycogen content of liver in diabetic rats. Treatment with the extract also ameliorated the decrease in body weights
caused by the diabetic disease. In vitro, the extract inhibited a-amylase (IC_: 2.15 + 0.1 mg/mL) and a-glucosidase
(IC,,: 0.2 £ 0.02mg/mL) activities.

Discussion and conclusion: These findings suggest that aerial parts of P. niruri may owe their blood glucose lowering
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properties to inhibition of glucose absorption and enhancement of glucose storage.

Keywords: Antidiabetic, a-amylase, a-glucosidase, Phyllanthus niruri

Introduction

Several medicinal plants spread across different families
have been screened for antidiabetic activity with prom-
ising results (Mohamed et al., 2006). One such plant is
Phyllanthus niruri Linn. (Euphorbiaceae), a small annual
herb indigenous to rain forests, tropical and sub-tropical
areas of the world (Damle, 2008) and popularly employed
in traditional medicine practice in different parts of the
world for the treatment of a variety of disorders. It is pop-
ularly used in Asia, Africa and South America (Mellinger
etal., 2005) as a stomachic, aperitive, anti-hyperglycemic,
antispasmodic, antihepatotoxic, antiviral, antibacterial,
laxative, diuretic, carminative, in the management of
diabetes, constipation, fever, malaria, jaundice, hepatitis
B, dysentery, gonorrhea, syphilis, tuberculosis, cough,

influenza, diarrhea, vaginitis, tumors and kidney stones
(Syamasundar et al., 1985; Oliver-Bever, 1986; Chopra
et al., 1986; Unander et al., 1995; Paranjape, 2001; Lin
etal., 2003). In South America, it is used for the treatment
of fever (Singh, 1986) venereal diseases and diarrhea
(Holdsworth et al., 1989; Holdsworth & Balun, 1992). In
Ayurveda, a decoction of the plant is administered orally
for the treatment of asthma and diabetes (Jain & Sharma,
1967).

Pharmacologically, the HIV replication inhibitory
(Naik & Juvekar, 2003), hepatoprotective (Shimizu, 1989),
lipid lowering (Chandra, 2000), antimalarial (Neraliya &
Gaur, 2004) and antidiabetic (Halim & Ali, 2002; Bavarva
& Narasimhacharya, 2007) activities are some of the
documented properties.
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Although previous studies have established the
antidiabetic effect of this plant, the mechanisms under-
lying this activity are largely unknown. This study docu-
ments the effect of extract of aerial parts of this plant on
indices of glucose absorption, mobilization and storage
as mechanisms of its blood glucose lowering effect and
glycemic control in diabetes.

Methods

Chemicals and reagents

Alloxan monohydrate, yeast o-glucosidase (EC 3.2.1.20,
type 1 from baker’s yeast), porcine pancreatic o.-amylase
(EC 232-565-6), soluble potato starch, 3,5-dinitrosalicylic
acid and p-nitrophenyl-a-D-glucopyranoside were pur-
chased from Sigma-Aldrich, UK. Acarbose (Glucobay®,
Bayer), glibenclamide tablets (Daonil®, Aventis, batch
number:20375A) were purchased locally. Other chemicals
used were of analytical grade.

Animals

Adult albino rats (150-300g) of both sexes obtained
from the Laboratory Animal Facility of the Department
of Pharmacology and Toxicology, National Institute for
Pharmaceutical Research and Development (NIPRD),
Abuja, Nigeria, were used. The animals were kept in steel
cages within the facility with free access to potable water
and standard pellet diet. All animal experiments were in
compliance with the National Institute of Health Guide
for Care and Use of Laboratory Animals (1985).

Plant material

Fresh whole plants of P. niruriwere collected in June 2008
from Orba, Enugu State, Nigeria. The plant material was
identified and authenticated by A. Ozioko of the Inter-
national Centre for Ethno medicines and Drug Develop-
ment (InterCEDD) Nsukka, Enugu State, Nigeria, where
avoucher specimen is maintained. The roots of the plant
were cut off and the aerial parts dried under the sun for
one week then pulverized to coarse powder in an electric
hammer mill. The powdered plant material (900g) was
extracted with methanol (98% v/v) by cold maceration
for 48 h with occasional mechanical shaking (4 h/day). At
the end 0f 48 h, the mixture was filtered using ashless filter
paper (size 110 mm, Whatman, USA) and the plant mate-
rial washed repeatedly with fresh portions of methanol
(98% v/v) and filtered. The filtrates were pooled together
and concentrated under reduced pressure using a rotary
evaporator to produce 98 g of the methanol extract (ME).

Phytochemical characterization/finger-printing of ME
The methanol extract was finger-printed using thin
layer chromatography on pre-coated silica gel K5 glass
plates (30 x 100 mm; Whatman) eluted with a mixture of
hexane: ethyl acetate (3:2) to obtain six spots. The spots
were visualized under daylight and UV light (A =365nm)
before derivatization using 1% (w/v) vanillin sulfuric acid
with heating for 2min at 110°C.
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Induction of experimental diabetes

Diabetes was induced in rats by a single intraperitoneal
injection of freshly prepared alloxan monohydrate
(150mg/kg) in distilled water. Thereafter, rats were
allowed free access to food and water. On day 4, glucose
level of rat blood drawn by tail snipping, was measured
using a glucometer (One touch® Basic, Lifescan, Johnson
and Johnson, USA). Rats with hyperglycemia (blood glu-
cose range >200mg/dL) were considered diabetic and
selected for the study.

Experimental design

On day 0, forty rats were divided into eight groups (n=5)
and treated as follows: Groups I-III were diabetic rats
and received 100, 200 or 400 mg/kg of ME respectively.
Groups IV and V were normoglycemic rats and received
200 or 400mg/kg of ME respectively. Group VI served
as the positive control and received glibenclamide
(0.5mg/kg). Groups VII and VIII were the normoglyce-
mic and diabetic controls respectively and received the
aqueous vehicle (5 mL/kg); a 1:1 binary mixture of traga-
canth and low molecular weight sodium carboxymeth-
ylcellulose (0.1% w/v). Extract was administered orally
once daily for 25 days and random blood glucose level
and body weight of treated rats measured on days 3, 10,
17 and 24 during the experimental period.

Assessment of glucose tolerance in treated diabetic
rats

On day 21 of treatment the rats were fasted overnight
but allowed free access to water. On day 22, 30 min after
extract administration, animals received an oral glucose
load (1.5 g/kg). Blood glucose level was measured before
and at 30, 60, 90 and 120 min later (Njike et al., 2005) as
earlier described.

Determination of liver weight and hepatic glycogen
On day 26, the rats were euthanized by chloroform
inhalation (NIH, 1985) and the liver of each rat excised,
weighed, and the glycogen content determined by the
method of Rajesh et al. (2004). Briefly, a portion (1g) of
the liver was placed in a glass test tube containing 2mL
of hot potassium hydroxide (30% w/v) and warmed in
a hot water bath for 20 min, cooled in cold water before
the addition of saturated sodium sulfate (0.2mL) and
absolute ethanol (5 mL), and centrifuging at 2000 rpm for
1min. Dissolution of the off-white precipitate from the
supernatant in 10mL of distilled water with shaking on
a vortex mixer was followed by addition of 1.2 M hydro-
chloric acid (1 mL) and boiling in a water bath for 50 min.
After cooling, one drop of phenol red indicator solution
was added to the hydrolysates and the solutions were
neutralized with 0.5M sodium hydroxide solution. Glu-
cose from hydrolyzed glycogen was determined directly
with O-toluidine (Morales et al., 1973) and the absor-
bance measured at 680 nm. The concentration of glucose
was determined from a standard calibration plot and
glycogen content expressed as glucose/g of liver tissue.
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Estimation of hemoglobin glycosylation

The phenol-sulfuric acid method described by Nayak
& Pattabiraman (1980) was used. Whole blood samples
from euthanized rats in EDTA tubes were at 1000 cen-
trifuged rpm for 10min, and the plasma decanted. The
packed erythrocytes were washed twice in normal saline
and stored at —20°C for 14 days (Standefer & Eaton, 1983).
Just prior to the assay, the samples were allowed to thaw
atroom temperature (30°C) and 100 pL vortex-mixed with
1.4mL distilled water in a glass test tube for 2 min before
the addition of 0.5 mL of 0.5M oxalic acid and heating for
2hin a boiling water bath. The tubes were cooled in cold
water for 10 min, then 1 mL of ice cold 40% TCA added,
vortex-mixed for 2min and centrifuged at 2000 rpm for
1 min. The clear supernatant (1 mL) was treated with con-
centrated sulfuric acid (3 mL) and 80% phenol (0.05mL),
left to stand for 30 min for color development and the
absorbance of the 5-hydroxylmethylfurfural (5-HMF)
generated measured at 480nm (Shimadzu UV-160
spectrophotometer, Kyoto, Japan).

a-Glucosidase inhibition assay

The chromogenic method described by Babu et al.
(2004) was used in this study. Briefly, ME (320 uL of
1.25mg/ mL) was incubated for 5min with 1.6mL of
100mM phosphate buffer solution (pH 6.8) and 800 uL
of enzyme solution (0.76 unit/mL). The mixture was fur-
ther incubated for 15 min after the addition of 800 uL of
p-nitrophenyl-a-D-glucopyranoside (5mM). The reac-
tion was stopped by the addition of 320 uL of 200 mM
sodium carbonate and the p-nitrophenol generated
measured at 400nm (Shimadzu UV-160 spectropho-
tometer, Kyoto, Japan). Test incubations were carried
out for ME (0.3125, 0.625 and 1.25 mg/mL) and acarbose
(0.05mg/mL). For each, blank and control incubations
were prepared by replacing enzyme and extract solution
with 800 pL buffer solution and 320 uL. DMSO in blank
and control incubations respectively. All the tests were
run in triplicate. The IC_, was calculated from the range
of concentrations of ME used while the level of enzyme
inhibition (%) was calculated using the relation:

Enzyme inhibition (%) = (1-B/A)x100 (1)

where A represents the absorbance of the control without
test samples, and

B(netabsorbance) = A, Test—A,, Blank (2)

400nm 400nm

a-Amylase inhibition assay

Assay of a-amylase inhibition was performed accordingto
the chromogenic non-pre-incubation method described
by Ali et al. (2006). Briefly, 120 uL of ME (20mg/ mL in
DMSO) was mixed with 480 uL of distilled water and
1.2mL of 0.5% w/v soluble potato starch in 20 mM phos-
phate buffer (pH 6.9) containing 6.7 mM sodium chloride
in a test tube. The reaction was started (0 min) by the ad-
dition of 600 UL of the enzyme solution (4 units/mL in

distilledwater) and at 1 minintervals, 600 uLofthe mixture
was withdrawn into separate test tubes containing 300 pL
DNS color reagent (1g of 3,5-dinitrosalicylic acid, 30 g of
sodium potassium tartrate and 20 mL of 2 N sodium hy-
droxide to a final volume of 100 mL in distilled water) and
transferred to a hot water bath maintained at 85-90°C for
15 min. Afterwards, the mixture in each tube was diluted
with 2.7 mL distilled water and the absorbance measured
at 540 nm (Shimadzu UV-160 spectrophotometer, Kyoto,
Japan). Test incubations were also prepared for 2.5, 5 and
10mg/mL of ME to study the concentration dependent
enzyme inhibition and to calculate the IC_ value (con-
centration required to inhibit 50% enzyme activity). For
each concentration, blank incubations were prepared
by replacing the enzyme solution with 600 pL in distilled
water at the start of the reaction. Control incubations,
representing 100% enzyme activity were conducted in a
similar manner, replacing ME with 120 uL. DMSO. All the
tests were run in triplicate. Net absorbance (A) due to the
maltose generated was calculated as:

A ME=A Test—A Blank (3)

540nm 540nm 540nm

From the value obtained, the percentage (w/v) of malt-
ose generated was calculated from the equation obtained
from the maltose standard calibration curve (0-0.1% w/v
maltose). The level of inhibition (%) was calculated as:

100 — % reaction (att = 3 min) (4)
where

% reaction = Mean maltose in sample 5)
%x100/Mean maltose in control

The IC_  was also calculated from the range of concentra-

tions of ME used.

Statistical analysis

Data was analyzed using one way ANOVA and the results
expressed as mean + SEM. The data was further sub-
jected to LSD post hoc test for multiple comparisons
and differences between means accepted significant at
P <0.05.

Results

Finger-printing of ME

TLC-finger printing of ME revealed six component spots
with retention factor (R,) values ranging from 0.52-0.92
(Table 1).

Effect of ME on blood glucose level of diabetic rats
Intraperitoneal injection of alloxan monohydrate
caused a profound increase in mean blood glucose
(>200mg/ dL) of diabetic rats. Chronic administration of
ME to the diabetic rats lowered blood glucose in a non-
dose-dependent manner, provoking inhibition as high as
45.25%. However, the extract did not greatly alter blood
glucose levels in non-diabetic rats (Table 2).
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Effect of ME on oral glucose tolerance in diabetic rats

Oral administration of glucose load rapidly increased
blood glucose levels in all the groups within 30 min and re-
mained high over the next 120 min in diabetic control rats.
Treatment with ME (200 and 400mg/kg) caused a dose-

Table 1. Thin layer chromatography finger-print of ME.

Spot number Color Retention factor (R;)  Detection

1 Dark brown 0.92 H,SO,/Vanillin
2 Purple 0.78 uv,.

3 Purple 0.72 uv,,

4 Purple 0.66 Daylight, UV,
5 Purple 0.57 uv,,

6 Dark brown 0.52 H,SO,/Vanillin

Mobile phase =Hex/EtOAc (3:2).

Table 2. Effect of ME on blood glucose of treated diabetic rats.
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related suppression of elevation in blood glucose level
with 49.79% inhibition at 120min. The ME also inhibited
blood glucose rise in non-diabetic control rats (Table 3).

Effect of ME on alpha amylase activity

Incubation of the enzyme with the substrate led to gen-
eration of maltose which the addition of ME significantly
(P <0.05) inhibited in a concentration-related man-
ner (IC,: 2.15 + 0.1 mg/mL). The lowest concentration
(2.5mg/mL) caused 58.95% inhibition while the highest
concentration (20 mg/mL) evoked 86.32% (Table 4).

Effect of ME on alpha glucosidase enzyme activity
The extract caused a significant (P <0.05) non-
concentration-related inhibition of «a-glucosidase

Blood glucose level (mg/dL)

Treatment Dose (mg/kg) Basal Day 0 Day 3 Day 10 Day 17 Day 24
Control - 62.0 +2.74 378.0+75.8 448.4 + 89.19 367.6 +48.43 398.2 +90.34 285.2 +80.88
(NR) (2.75) (NR) (24.55)
ME 100 59.0 £ 6.42 418.0 +78.02 348.0 £100.2 294.75 + 89.86 284.25+101.7 264.25+111.4
(16.75) (29.49) (32) (36.78)
200 76.0£5.21 332.0 +56.75 443.75+125.2 411.25+111.5 348.25 +106.2 254.5 + 66.35
(NR) (NR) (NR) (23.34)
400 67.33+12.33 375.67 +£121.2 340.0 +£122.02 350.67 +115.2 209.33 £100.1 205.67 £107.2
(9.50) (6.65) (44.28) (45.25)
Glibenclamide 0.5 61.00 +2.92 391.40 + 80.50 383.8 £95.22 341.4 +83.07 313.6 +£85.69 320.2 +78.94
(1.99) (12.78) (19.88) (18.19)
NDNT - 58.4+5.49 58.4 +5.49 59.0+3.13 81.8+3.77 61.8 +3.44 65.6 +4.76
(NR) (NR) (NR) (NR)
NDT 200 70.0£5.23 70.0 +£5.23 63.0 £6.23 76.0 £5.52 75.2+8.11 74.0+4.2
(10) (NR) (NR) (NR)
400 75.75 +4.89 75.75 + 4.89 64.25 +3.07 73.75+4.91 83.75+10.09 75.5+5.91
(15.18) (2.64) (NR) (3.3)

n=>5; ME, methanol extract; NDNT, non-diabetic non-treated; NDT, non-diabetic treated with ME.
Values of blood glucose shown are Mean + SEM; Values in parenthesis represent %reduction in blood glucose calculated relative to day 4;

NR, no reduction.

Table 3. Effect of ME on oral glucose tolerance in treated diabetic rats.

Blood glucose level (mg/dL)

Treatment Dose (mg/kg) 0 min 30 min 60 min 90 min 120 min
Control - 304.8 + 86.34 322.2 +81.92 316.0 £ 89.75 274.0 + 88.86 326.2 £ 104.16
(1.92) (14.96) (NI)
ME 100 233.5+97.95 253.0 £ 109.65 229.5+102.36 272.0 £109.78 295.0+114.22
(9.29) (NI) (NI)
200 259.75 £ 85.91 312.0 £ 85.39 248.25 £ 56.89 232.0 +78.83 167.25 + 58.36
(20.43) (25.64) (46.39)
400 248.67 £101.47 310.67 £ 99.62 278.67 £ 126.24 175.33 £ 44.05 156.0 £ 37.31
(10.3) (43.56) (49.79)
Glibenclamide 0.5 234.2 +£90.06 335.8+£88.5 315.2+77.01 269.6 + 88.34 243.6 +74.15
(6.14) (19.71) (27.46)
NDNT - 62.0 £3.21 82.6 £5.00 76.2+2.85 68.4+4.16 70.0 + 3.67
(7.75) (17.19) (15.25)
NDT 200 60.8 +6.18 96.8 + 3.81 91.4+6.45 75.0+ 4.6 64.0 £ 4.24
(5.58) (22.52) (33.88)
400 51.0+1.92 91.5+5.72 90.5+5.17 76.0+7.01 66.0 +2.35
(1.09) (16.94) (27.87)

n=>5; ME, methanol extract; NDNT, non-diabetic non-treated; NDT, non-diabetic treated with ME.

Values of blood glucose shown are Mean + SEM; Values in parenthesis represent % inhibition of elevation in blood glucose calculated
relative to 30 min; NI, no inhibition.
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Table 4. Effect of ME on a-amylase activity.

Concentration Concentration of maltose generated (mg/mL)
Treatment (mg/mL) 0 min 1 min 2 min 3 min Inhibition (%)
Control - 0.46 + 0.07 0.55+0.09 0.63+0.18 0.95+0.03 -
ME 2.5 0.16 £ 0.01%* 0.27 £ 0.01%* 0.34 +0.03* 0.4 +0.01% 58.95+1.22
5 0.07 + 0.03* 0.42 +0.04 0.29 +0.01* 0.29 + 0.02* 69.47 +2.43
10 0.20 £ 0.02* 0.18 + 0.05* 0.27 £0.02% 0.21 + 0.05* 77.54 + 4.56
20 —0.08 + 0.03* -0.13 +0.1% -0.0£0.01% 0.13+0.11% 86.32+11.39

*P <0.05 compared to control (ANOVA; LSD post hoc); ME, methanol extract. Concentration of generated maltose shown are Mean +
SEM; Inhibition (%) was calculated relative to control; IC, =2.15 + 0.1 mg/mL.

enzyme activity (IC_: 0.2 + 0.02mg/mL). The highest
concentration (1.25mg/mL) caused 89.52% inhibition
while 91.11% was evoked by the lowest concentration
(0.3125mg/mL) (Table 5).

Effect of ME on hemoglobin glycation in diabetic rats
The concentration of carbohydrate bound to hemo-
globin was increased in the diabetic group. However,
chronic treatment with ME caused a significant (P <0.05)
reduction in the absorbance of 5-hydroxymethyl furfural
(5-HMF) generated from hemoglobin-bound sugar in
diabetic rats (Table 6).

Effect of ME on liver weight and liver glycogen of
diabetic rats

Chronic oral administration of ME significantly (P <0.05)
increased absolute and relative weights as well as gly-
cogen content of liver in diabetic rats. In non-diabetic
rats, ME also increased liver glycogen but did not signifi-
cantly increase absolute and relative weights of the liver
(Table 7).

Effect of ME on body weight of diabetic rats

Induction of diabetes caused a decline in mean body
weight of diabetic rats as measured on day 4. How-
ever, the body weight of ME-treated diabetic rats slightly
increased from day 7 except for the 400 mg/kg dose. By
the end of the study (day 24), the body weight of diabetic
rats that received 100 and 200mg/kg had increased to
values beyond the body weight on day 4 (Table 8).

Discussion

Several mechanisms such as inhibition of carbohydrate
metabolizing enzymes (Matsui et al., 2001), enhance-
ment of glycogen regulatory enzymes expression in the
liver (Kumar et al., 2006) and glucose uptake by tissues
and adipocytes (Ghosh et al., 2004) as well as stimulation
of pancreatic insulin release (Xu et al., 2008) have been
associated with the antihyperglycemic effect of antidia-
betic medicinal plants. In experimentally induced diabe-
tes, alloxan selectively damages insulin secretory [3-cells
to impair insulin secretion and function (Lenzen, 2008).
This leads to the formation of free radicals by oxidation
of excessive glucose, the non-enzymatic glycation of pro-
teins and subsequent oxidative degradation of glycation

Table 5. Effect of ME on a-glucosidase activity.
a-Glucosidase inhibition

Concentration  p-Nitrophenol Inhibition
Treatment (mg/mL) (absorbance) (%)
Control - 0.99+0.1 -
ME 0.3125 0.088 + 0.02* 91.11+1.54
0.625 0.094 £ 0.01% 90.47 £ 0.51
1.25 0.103 £ 0.01% 89.52 +0.81
Acarbose 0.05 0.76 £ 0.02 23.23+0.84

*P <0.05 compared to control (ANOVA; LSD post hoc); ME,
methanol extract.

Values of absorbance and inhibition (%) shown are Mean +
SEM; Inhibition (%) was calculated relative to control; IC, =0.2 +
0.02mg/mL.

Table 6. Effect of ME on hemoglobin glycosylation in treated
diabetic rats.

Dose Hemoglobin glycation Inhibition
Treatment (mg/kg) (Absorbance of 5-HMF) (%)
Control - 1.38+0.44 -
ME 100 1.15+0.48 16.67
200 1.47+0.47 NI
400 0.86 £ 0.62 37.68
Glibenclamide 0.5 0.88+0.39 36.23
NDNT - 0.64 £ 0.54 NC
NDT 200 0.96 + 0.37 NC
400 0.47 £ 0.36 NC

n=5; ME, methanol extract; NDNT, non-diabetic non-treated;
NDT, non-diabetic treated with ME.

Inhibition (%) of hemoglobin glycation was calculated relative to
control; Values of hemoglobin glycation (absorbance of 5-HMF)
shown are Mean + SEM; NI, no inhibition; NC, not calculated.

proteins (Bunn et al., 1978) which also occur in human
forms of diabetes.

In this study, chronic oral administration of the ex-
tractlowered blood glucose level, enhanced oral glucose
tolerance by suppressing postprandial rise in blood glu-
cose level and slightly ameliorated the negative effect of
diabetes on body weight by increasing the body weights
of treated diabetic rats which are indices of effective gly-
cemic control in diabetes. Adequate glycemic control in
diabetes is largely dependent on effective management
of postprandial glucose (Parkin & Brooks, 2002). Thus,
the effectiveness and hence relevance of extract of this
plant in diabetes may derive not just from its hypogly-
cemic effect, but potent suppression of postprandial el-
evations in blood glucose. However, postprandial blood
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Table 7. Effect of ME on liver weight and liver glycogen in treated diabetic rats.

Liver weight (g)
Treatment Dose (mg/kg) Absolute Relative  Liver glycogen(glucose g/g of wet tissue)
Control - 6.38 +£0.18 3.43+0.36 0.35+0.12
ME 100 8.32+1.02% 3.77 £ 0.06 0.49+0.13
(30.41) (9.91) (40)
200 7.88 £ 0.55 3.84+0.15 0.48 £ 0.06
(23.51) (11.95) (37.14)
400 7.01+0.4 4.23 £ 0.56 0.55+0.1
(9.87) (23.32) (57.14)
Glibenclamide 0.5 6.29+0.8 3.5+0.29 0.36 £ 0.09
(NI) (2.04) (2.86)
NDNT - 6.01+£0.54 3.26+0.2 0.44+0.1
(NT) (NI) (25.71)
NDT 200 5.8+£0.21 3.08+0.13 0.48 £ 0.08
(NI) (NI) (37.14)
400 6.89 £ 0.26 3.28+0.21 0.46 £ 0.12
(7.99) (NI) (31.43)

n=>5; *P <0.05 compared to control (ANOVA; LSD post hoc); ME, methanol extract; NDNT, non-diabetic non-treated; NDT, non-diabetic
treated with ME.

Values of liver weight and liver glycogen shown are Mean + SEM; Values in parenthesis represent % increase in liver weight and liver
glycogen calculated relative to control; NI, no increase.

Table 8. Effect of ME on body weight of treated diabetic rats.

Dose Body weight (g)
Treatment (mg/kg) Basal Day 0 Day 3 Day 10 Day 17 Day 24
Control - 201.0 + 8.84 181.6 +7.14 182.2 +8.39 190.6 +£10.58 187.4 +13.46 191.8 £ 14.11
(0.33) (4.96) (3.19) (5.62)
ME 100 218.25+27.37 205.75 +28.22 204.0 +27.74 217.5+28.34 212.0+25.03 220.25+26.43
(NT) (5.71) (3.04) (7.05)
200 191.5+11.85 177.5+7.19 184.25 + 8.98 188.75 + 8.21 187.75+11.24 196.75 +10.77
(3.8) (6.34) (5.77) (10.85)
400 185.0 +8.15 167.0 £5.03 162.66 + 7.54 170.67 +11.1 149.0 + 10.54* 166.0 + 13.45
(NT) (2.2) (NI) (NT)
Glibenclamide 0.5 187.4 +22.74 178.6 £ 21.27 183.0 +20.88 190.0 +22.96 188.0 +23.54 190.8 + 26.94
(2.46) (6.38) (5.26) (6.83)
NDNT - 195.6 + 13.67 195.6 £ 13.67 192.4 +13.77 200.0 +£15.66 202.0+15.18 205.0 +15.21
(ND) (2.25) (3.27) (4.81)
NDT 200 188.8 + 14.69 188.8 + 14.69 183.8 +13.76 184.6 £ 13.24 179.8 +11.8 189.4 +11.39
(NT) (NT) (NT) (0.32)
400 193.5 +8.97 193.5 +8.97 193.5 +9.22 195.0 £ 10.65 183.5+11.02 210.5+9.22
(NI) (0.78) (NI) (8.79)

n=>5; *P <0.05 compared to day 4 (ANOVA; LSD post hoc); ME, methanol extract; NDNT, non-diabetic non-treated; NDT, non-diabetic
treated with ME.
Values of body weight shown are Mean + SEM; Values in parenthesis represent % increase in body weight calculated relative to day 4; NI,

no increase.

glucose elevation is dependent on the extent of glucose
absorption after a meal and also likely glucose clear-
ance by the liver for glycogen synthesis and storage,
which are secondary effects to the release and action of
insulin (Stalmans et al., 1997). Interestingly, results of
our study showed that the extract may reduce the extent
of carbohydrate absorption by inhibiting the enzymatic
actions of a-amylase and a-glucosidase. o.-Amylase and
membrane-bound a-glucosidase in the lumen of the
small intestine aid the production of glucose from the
catabolism of complex starches and oligosaccharides.
o-Amylase hydrolyzes complex starches to oligosaccha-
rides, while a-glucosidase hydrolyzes oligosaccharides
to glucose and other monosaccharides. Inhibition of

these enzymes produces a postprandial antihypergly-
cemic effect by reducing the rate and extent of glucose
absorption from the small intestine (Rhabasa-Lhoret &
Chaisson, 2004) with modest reduction of hemoglobin
glycosylation in diabetes (Kim et al., 2005). Thus, the
enhanced glucose tolerant effect caused by the extract
in treated diabetic animals is likely due to inhibition
of glucose absorption. The potency of postprandial
antihyperglycemic and glucose tolerant effects of the
extract may derive from synergism due to concurrent
inhibition of a-amylase and a-glucosidase. Inhibition
of postprandial carbohydrate metabolism has a short-
term blood glucose lowering effect and long-term effect
evidenced by small reductions in glycated hemoglobin
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(Lebovitz et al., 2001; Philips et al., 2001), which may be
an additional mechanism of anti-diabetic activity of the
extract.

Assessment of the effect of the extract on hemoglo-
bin glycosylation in diabetic rats showed that treat-
ment reduced glycation of hemoglobin as evidenced by
reduced levels of hemoglobin-bound sugar. Glycation
was increased in the diabetic control animals, prob-
ably as a result of chronic hyperglycemia. Reduction in
hemoglobin glycation, which results from hypoglycemic
and postprandial hyperglycemia suppressive effects
of the extract, provide further evidence for its effective
glycemic control in diabetes. The induction of chemical
diabetes increases glycated hemoglobin levels in the long
term (Koenig et al., 1976). Evidence has also shown that
glycation can cause the generation of oxygen-derived free
radicals in diabetes (Gupta et al., 1997) which is capable
of worsening the insulin-secreting ability of the compro-
mised pancreas.

Chronic administration of the extract also stimulated
glycogen synthesis and storage as shown by increased
liver weight and liver glycogen content. The liver plays
a central role in maintaining glucose homeostasis by
regulating its metabolism. At the dose levels used, the
extract increased absolute and relative liver weight of
treated diabetic rats as well as the liver glycogen content.
It is undoubtedly clear that the increase in liver weight
may be directly related to enhanced glycogen storage in
the liver. Thus, it is reasonable to suggest that enhanced
glucose clearance may contribute to the hypoglycemic
effect of this plant.

Finger-printing of the extract was performed to
establish a phytochemical identification marker for
the extract. Although the anti-diabetic constituents
of this plant are yet to be identified, tannins and poly-
phenolic principles from extracts of other plants have
been shown to inhibit the amylase and glucosidase
enzymes (McDougall et al., 2005). The presence of tan-
nins, alkaloids and flavonoids which are polyphenolic
compounds have been reported in extracts of this plant
(Damle, 2008).

Conclusions

In conclusion, findings from this study showed that
aerial parts of P. niruri may owe its blood glucose low-
ering properties to inhibition of glucose absorption and
enhancement of glucose storage. The effect of the extract
on insulin release remains to be investigated.

Acknowledgements

The authors wish to acknowledge the technical assis-
tance from Abuh Garba of the Departments of Pharma-
ceutical Technology and AY. Tijani of the Department
of Pharmacology and Toxicology, National Institute for
Pharmaceutical Research and Development (NIPRD)
Abuja, Nigeria.

Declaration of interest

The authors report no conflicts of interest. The authors
alone are responsible for the content and writing of the

paper.

References

Ali H, Houghton PJ], Soumyanath A. (2006). a-Amylase inhibitory
activity of some Malaysian plants used to treat diabetes, with
particular reference to Phyllanthus amarus. ] Ethnopharmacol, 107,
449-455.

Babu KS, Tiwari AK, Srinivas PV, Ali AZ, Raju BC, Rao MJ. (2004).
Yeast and mammalian a-glucosidase inhibitory constituents from
Himalayan rhubarb Rheum emodi Wall.ex Meisson. Bioorg Med
Chem Lett, 14, 3841-3845.

BavarvaJH, Narasimhacharya AVRL. (2007). Comparative antidiabetic,
hypolipidemic and antioxidant properties of Phyllanthus niruri in
normal and diabetic rats. Pharm Biol, 45, 569-574.

Bunn HG, Gabby KH, Gallop PM. (1978). The glycosylation of
hemoglobin: Relevance to diabetes mellitus. Science, 200, 21-27.

Chandra R. (2000). Lipid lowering activity of Phyllanthus niruri. ] Med
Aromat Plant Sci, 22, 29-30.

Chopra RN, Nayar SL, ChopraIC. (1986). Glosssary of Indian medicinal
plants. Ranchi, India: CSIR New Delhi Catholic Press.

Damle MC, Gala SH, Joshi AA, Rajagopalan K, Vora S. (2008).
Phyllanthus niruri. Pharmaceut Rev, 6. Available at: http://www.
pharmainfo.net/reviews/phyllanthus-niruri (accessed June 2009).

GhoshR, SharatchandraKh, Rita S, ThokchomIS. (2004). Hypoglycemic
activity of Ficus hispida (bark) in normal and diabetic albino rats.
Indian J Pharmacol, 36, 222-225.

Goldstein S, Simpson A, Saenger P. (1990). Hepatic drug metabolism
increase in poorly controlled insulin dependent diabetes mellitus.
Acta Endocrinologica, 12, 3550-3558.

Gupta BL, Nehal M, Baquer NZ. (1997). Effect of experimental
diabetes on the activities of hexokinase, glucose-6-phosphate
dehydrogenase and catecholamines in rat erythrocytes of different
ages. Indian ] Exp Biol, 35, 792-795.

Halim BE Ali AY. (2002). Oral hypoglycaemic effect of Phyllanthus
niruri Linn. J Biochem, 16, 342-347.

Holdsworth D, Gideon O, Pilokos B. (1989). Traditional medicine of New
Ireland, Papua New Guinea part III. Int J Crude Drug Res, 27, 55-61.

Holdsworth D, Balun L. (1992). Medicinal plants of the East and West
Sepik Provinces, Papua New Guinea, Int ] Pharmacog, 30, 218-222.

Jain SR, Sharma SN. (1967). Hypoglycaemic drugs of Indian indigenous
origin. Planta Med, 15, 439-442.

KimY, JeongY, Wang M, Lee W, Rhee H. (2005). Inhibitory effect of pine
extract on a-glucosidase activity and postprandial hyperglycemia.
Nutrition, 21, 756-761.

Koenig R], Araujo DC, Ceram A. (1976). Increased HbA _ in diabetic
mice. Diabetes, 25, 1-5.

Kumar GPS, Arulselvan P, Kumar DS, Subramanian P. (2006).
Antidiabeticactivity offruits of Terminalia chebulaonstreptozotocin
induced diabetic rats. J Health Science, 52(3), 283-291.

Lebovitz HE, Dole JE, Patwardhan R, Rappaport EB, Freed MI. (2001).
Rosiglitazone monotherapy is effective in patients with type 2
diabetes. J Clin Endocrinol Metab, 86, 280-288.

Lenzen S. (2008). The mechanisms of alloxan- and streptozotocin-
induced diabetes. Diabetologia, 51, 216-226.

Lin TJ, Su CC, Lan CK, Jiang DD, Tsai JL, Tsai MS (2003). Acute
poisonings with Breynia officinalis - An outbreak of hepatotoxicity.
J Toxicol Clin Toxicol, 41, 591-594.

Matsui T, Ueda T, Oki T, Sugita K, Terahara N, Matsumoto K. (2001).
a-Glucosidase inhibitory action of natural acylated anthocyanins.
1. Survey of natural pigments with potent inhibitory activity. J Agric
Food Chem, 49, 1948-1951.

McDougall GJ, Shpiro F, Dobson P, Smith P, Blake A, Stewart D. (2005).
Different polyphenolic components of soft fruits inhibit a-amylase
and a-glucosidase. J Agric Food Chem, 53, 2760-2766.

RIGHTS LI MN Kiy


http://www.pharmainfo.net/reviews/phyllanthus-niruri
http://www.pharmainfo.net/reviews/phyllanthus-niruri

Pharmaceutical Biology Downloaded from informahealthcare.com by 41.203.64.250 on 04/09/11

For personal use only.

Mellinger CG, Carbonero ER, Noleto GR, Cipriani TR, Oliveira MB,
Gorin PA, Iacomini M. (2005). Chemical and biological properties
of an arabinogalactan from Phyllanthus niruri. ] Nat Prod, 68,
1479-1483.

Mohamed B, Abderrahim Z, Hassane M, Abdelhafid T, Abdelkhaleq L.
(2006). Medicinal plants with potential antidiabetic activity - A
review of ten years of herbal medicine research (1990-2000). Int J
Diabetes Metab, 14, 1-25.

Morales MA, Jobaggy AJ, Terenizi HE (1973). Mutations affecting
accumulation of Neurospora glycogen. News Letter, 20, 24-25.

Naik AD, Juvekar AR. (2003). Effects of alkaloidal extract of Phyllanthus
niruri on HIV replication. Indian ] Med Sci, 57, 387-393.

National Institutes of Health. (1985). Guide for the Care and Use
of Laboratory Animals. Public Health Service. Bethesda, MD,
National Institutes of Health.

Nayak SS, Pattabiraman TN. (1980). A new colorimetric method for the
estimation of glycosylated hemoglobin. Clin Chim Acta, 109, 267-274.

Neraliya S, Gaur R. (2004). Juvenoid activity in plant extracts against
filarial mosquito Culex quinquefasciatus. ] Med Aromat Plant Sci,
26, 34-38.

Njike GN, Watcho P, Nguelefack TB, Kamanyi A. (2005). Hypoglycemic
activity of the leaves extract of Bersama engleriana in rats. Afr ] Trad
CAM, 2, 215-221.

Oliver-Bever B. (1986). Medicinal plants in tropical West Africa.
Cambridge: Cambridge University Press.

Paranjape P. (2001). Indian medicinal plants: Forgotten healers. Delhi:
Chaukhamba Sanskrit Pratisthan.

Parkin CG, Brooks N. (2002). Is post prandial glucose control important?
Is it practical in primary care settings? Clin Diabetes, 20, 71-76.

Phillips LS, Grunberger G, Miller E, Patwardhan R, Rappaport EB,
Salzman A. (2001). Once- and twice-daily dosing with rosiglitazone

Studies on the possible mechanisms of antidiabetic activity 255

improves glycemic control in patients with type 2 diabetes. Diabetes
Care, 24, 308-315.

Rajesh KG, Mohinder PM, Shrinivas KK. (2004). Evaluation of anti-
hyperglycemic activity of some novel monocyclic beta lactams.
J Pharm Pharmaceut Sci, 7, 80-83.

Rhabasa-Lhoret R, Chaisson JL. (2004). a-Glucosidase inhibitors. In:
Defronzo RA, Ferrannini E, Keen H, Zimmet P eds. International
textbook of diabetes mellitus. Vol 1, third edition. John Wiley,
901-914.

Shimizu M. (1989). Studies on aldose reductase inhibitors from natural
products. II. Active components of a Paraguayan crude drug Para-
parai mi, Phyllanthus niruri. Chem Pharm Bull, 37, 2531-2532.

Singh YN. (1986). Traditional medicine in Fiji. Some herbal folk cures
used by Fiji Indians. J Ethnopharmacol, 15, 57-88.

Sircar NN. (1984). Pharmacotherapeutics of dasemani drugs, Ancient
Sci Life, 3, 132-135.

Stafender JC, Eaton RP. (1983). Evaluation of a colorimetric method for
determination of glycosylated hemoglobin. Clin Chem, 29, 135-140.

Stalmans W, Cadefau J, Wera S, Bollen M. (1997). New insight into the
regulation of liver glycogen metabolism by glucose. Biochem Soc
Trans, 25, 19-25.

Syamasundar KV, Singh B, Thakur RS, Husain A, Kiso Y, Hikino H.
(1985). Antihepatotoxic principles of Phyllanthus niruri herb.
J Ethnopharmacol, 14, 41-44.

Unander DW, Webster GL, Blumberg BS. (1995). Usage and bioassays
in Phyllanthus (Euphorbiaceae) IV: Clustering of antiviral, uses
and other effects. ] Ethnopharmacol, 45, 1-18.

XuZ, Wang X, Zhou M, Ma L, Deng Y, Zhang H, Zhao A, Zhang Y, Jia W.
(2008). The antidiabtic activity of total lignan from Fructus arctii
against alloxan-induced diabetes in mice and rats. Phytother Res, 22,
97-101.

RIGHTS LI MN Kiy


https://www.researchgate.net/publication/49838246

