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Anti-diabetic property of ethanolic extract of Andrographis
paniculata in streptozotocin-diabetic rats
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ABSTRACT

AIM. To investigate the anti-diabetic effect of a crude
ethanolic extract of Andrographis paniculata in normal
and streptozotocin  { STZ )-induced diabetic rats.
METHODS & RESULTS: Oral administration of the
extract at different doses (0.1, 0.2, and 0.4 g/body
weight) significantly reduced the fasting serum glucose
level in STZ-diabetic rats compared to the vehicle ( dis-
tilled water), but not in normal rats. This effect was
dose-dependent. A simmlar result was seen with met-
formin (0.5 g/body weight). In the glucose tolerance
test, an oral administration of the extract at the same dos-
es suppressed the elevated glucose level in normal and di-
abetic rats, as did metformin. The effects were also
dose-respondent. In the long-term experiment, the ex-
tract (0.4 g/body weight)}, metformin (0.5 g/body
weight), and vehicle were given twice daily to diabetic
rats for 14 d. On d 15, fasting serum ghicose levels
were found to be significantly lower in the extract- and
metformin-treated groups {( P < 0.001) than in the vehi-
cle-treated group. The mean food and water intakes over
14 days were significantly lower in the extract-treated
group ( P < 0.05, P < 0.01, respectively) and also in
the metformin-wreated group (both P < 0.001) when
compared to the vehicle-treated group. No significant
change in insulin level was observed among the 3 groups
of diabetic rats. The extract, like metformin, main-
tained the leptin levels after 14-d wreatment, whereas this
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level was significantly decreased ( P <0.05) in the vehi-
cle-treated group. The activity of hepatic glucose-6-
phosphatase { G-6-Pase) was significantly reduced by the
extract as well as by metformin (both P <0.05). No
significant difference in hepatic glycogen stores was noted
among the 3 groups. The extract caused 49.8 % reduc-
tion of fasting serum triglyceride levels, compared io
27.7 % with metformin. However, neither the extract
nor metformin significantly affected serum cholesterol lev-
el. CONCLUSION: The ethanolic extract of A panic-
ulara possesses antidiabetic property. Its antidiabetic ef-
fect may be attributed at least in part to increased glucose
metabolism. Iis hypotriglyceridemic effect 1s also bene-
ficial in the chabetic state.

INTRODUCTION

Diabetes mellitus is a metabolic disorder character-
ized by hyperglycemia, altered metabolism of lipids, car-
bohydrates, and proteins, and an increased risk of com-
plications from vascular disease!'’. In spite of the intro-
duction of hypoglycemic agents, diabetes and its related
complications continue to be a major medical problem.
Like many other discases, diabetes has been treated by o-
ral administration of plant extracts based on traditional
practice since ancient timest?’. More than 400 local
plant treatmenis for diabetes mellitus have been recom-
mended by the traditional health care provider®>*,
However, only a few of the traditional plant treatments
for diabetes have received scientific scrutiny, and the
World Health Organization has recommended that this
area watrants attention'® .

Andrographis paniculata (Burm f) Nee ( Acan-
thacege ) is a bitter shrub that is widely vsed as traditional
medicine in Southeast Asia. It is clamed to possess
many antibacterial, anti-inflammatory, immunclogical,
antivenin'® , antihepatotoxic'”’ and hypotensive'® proper-
ties. In Malaysia, this plant is considered as a potent
medicine for the treatment of diabetes and hyperten-

sion?” . However, a review of the current literature
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indicates that the only report on the hypoglycemic effect
of A paniculata, was by Borhanuddin M and his col-
leagues-'> who found that an aqueous extract of this plant
could improve glucose tolerance in normal rabbits.

Streptozotocin (STZ) is widely used to induce ex-
perimental diabetes, as it is less toxic than other chemical
agents which induce diabetes'’ . Rats treated with STZ
display many of the features seen in human subjects with
uncontrolled diabetes and provide valuable information
about the pathophysiological changes that lead to chronic
diabetic complications:'?"* .

In the present study, we evaluated the antidiabetic
effect of an ethanolic extract of A paniculata on fasting
blood glucose and glucose tolerance in normal and STZ-
induced Sprague-Dawley (SD) diabetic rats, and com-
pared its effects with those of metformin, a biguanide
used as an antidiabetic agent. We also investigated
whether the extract could affect some biochemical markers
of carbohydrate metabolism, such as insulin, leptin con-
tent, liver glycogen and glucose-6-phosphatase ( G-6-
Pase) activity, as well as lipids, such as triglyceride
(TG) and total cholesterol (TC) in STZ-diabetic rats.

MATERIALS AND METHODS

Preparation of the extract The fresh aerial
parts of A paniculata were purchased from the local mar-
ket and identified as A paniculata (Burm. f.) Nees
( Acanthaceae ) by Professor Wee Yeow Chin, Depart-
ment of Botany, National University of Singapore. A
dried specimen is deposited in the herbarium ( vouch No
569).

The fresh aerial parts of A paniculara (1 kg) were
blended and extracted with 80 % ethanol exhaustively at
room temperature. After filtration with cotton wool, the
filtrate was centrifuged at 10 000 x g for 20 min. The
supernatant was concentrated at 40 C by a rotavapor
(Buchi Labortechnik AG. Switzerland), and approxi-
mately 0.5 L of an aqueous solution was obtained. This
solution was then freeze-dried to yield 70 g of the green
powder. The powder was suspended in distilled water
before use.

Animals Locally bred male SD rats, 200 — 250
g, were obtained from the Laboratory Anmimal Cender,
Nationa! University of Singapore and housed in a room
with controlled temperature (22 T +2 C) on a 12:12
light/dark cycls on at 06:00 AM). For the 2-wk
study, rais were housed 5 In a cage or were kept individ-
ually in metabolic cages for 3 d before and until the end

of the experiment. Unless otherwise indicated, animals
had free access to pelleted food ( Glen Forrest, WA,
Australia} with tap water ad libitum .

Experimental induction of diabetes in rats
Diabetes was induced in rats that had been fasted for 18 h
by intraperitoneal injection of 60 mg/kg body weight
(bw) of STZ (Sigma Chemical Co, MO, USA), freshly
dissolved in citrate buffer (0.01 mol/L, pH 4.5) to give
a concentration of 30 g/L.. The diabetic state was as-
sessed by measuring non-fasting serum glucose concentra-
tion 48 h after STZ treatment. The rats with a serum
glucose level above 3000 mg/L, as well as with polydip-
sia, polyuria and polyphagia were selected for the experi-
ment .

Collection of blood sample Blood samples
were collected in tubes by tail clipping, and centrifuged at
1000 x g for 15 min to obtain the serum.

Experimental procedure

1 Effects on fasting glucose levels of nomal
and diabetic rats The extracts at graded doses (0.1,
0.2, and 0.4 g/'kg) were given orally to different groups
(each n =6) of normal and diabetic rats after drawing the
first blood samples. Additional samples of blood were
collected at 1, 2, and 3 h after administration of the ex-
tracts. A reference drug, metformin (0.5 g/kg) (Phar-
macy, National University Hospital, Singapore), was
given to another group of rats, while control animals re-
ceived the vehicle (distilled water). Blood samples were
drawn from these groups of rats at identical times.

2 OGT test in nomal rats  Prior to an OGT
test, rats were fasted for 12 — 15 h. Distilled water, the
reference drug, metformin (0.5 g/kg), or different dos-
es (0.1, 0.2, or 0.4 g/kg) of the ethanolic extract of A
paniculata were orally administered to groups of 6 rats.
Thirty minutes later, glucose (3 g/kg) was orally admin-
istered to the rats in each group. Blood samples were
taken from the tail vein at — 30 min {just before the dis-
tilled water, metformin or the extract administration), 0
min ( just before the glucose load), 60, 120, and 180
min {after the glucose load) for the assay of glucose.

3 OGT test in the diabetic rats Four days after
the STZ administration, the OGT test was performed In
the diabetic rats as described above, with similar controls
and doses of the extract.

4 Oral administration of the ethanolic extract of
A paniculata in diabetic rats for 14 d Four days after
the STZ administration, 18 diabetic rats were randomly
divided into 3 groups of 6 rats each and were treated oral-
ly twice daily (at 09:00 AM and 06:00 PM) for 14 d as
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follows: Group 1, distilled water; Group 2, 0.4 g/kg
extract; Group 3, 0.5 g/kg metformin.

Before the start of the experiment, blood was col-
lected to measure the fasting serum glucose, insulin, lep-
tin, triglyceride (TG}, and total cholesterol (TC) lev-
els. Food and water were given ad libitum; the amount
consumed as well as the body weight were recorded dai-
ly. On the evening of day 14, all rats were fasted
overnight and killed by decapitation the following morn-
ing. Blood was collected by drainage from the carotids
and kept on ice for the above measurement. The livers
were removed and immediately frozen in liquid nitrogen
and stored at — 70 C for various assays.

Determination of glucose, TG, TC, insulin,
and leptin concentrations in serum Glucose con-
centrations were measured by the glucose oxidase
method "), using the glucose analyzer ( Sigma Chemical
Co, MO, USA). TC and TG concentrations were mea-
sured by the colorimetric method, using wet reagent diag-
nostic kits { Boehringer Mannheim GmbH). Serum in-
sulin was estimated by enzyme-linked immunosorbent as-
say ( ELISA) using a kit purchased from Mercodia, Upp-
sala, Sweden. Serum leptin level was also measured by
ELISA using a kit from R&D systems, MN, USA.

Liver glycogen and glucose-6-phosphatase
(G-6-Pase) assay Liver glycogen content was mea-
sured according to the method of Murat and Serfaty!™
Weighed frozen tissue was placed in chilled citrate buffer
(0.1 mol/L, pH 4.5) and homogenized with polytron
homogenizer ( Kinematica, GmbH, Switzerland). After
measuring the free glucose in the homogenate, amyloglu-
cosidase (Sigma Chemical Co, MO, USA) was added to
the homogenate at a concentration of 1 g enzyme/L of
homogenate and incubated overnight (16 h) at room tem-
perature. The glycogen content of the liver samples was
estimated by comparing glucose liberated from the tissue
with a standard curve obtained by treating known amounts
of glycogen with amyloglucosidase enzyme.

(G-6-Pase activity was assayed according to Bagin-
sky, et al (16) by estimation of morganic phosphate liber-
ated from glucose-6-phosphate {G-6-P). For this assay,
1 g of frozen liver tissue was homogenized in ice-cold su-
crose solution with a Polytron homogenizer. The ho-
mogenate was centrifuged sequentially at 11 000 x g for
30 min, then at 105 000 x g for 1 h using an ultracen-
trifuge (Beckman 1.8 —70). The solid pellet was resus-
pended in ice-cold sucn ic acid solution and used
as the source of the enzyme. Tubes were divided into
samples, blanks and standard. To each were added 0.1

mL of sucrose/EDTA buffer (0.25 mol/L/1 mmol/L,
pH 7.0), 0.1 mL of G-6-P (100 mmol/L), and ca-
colyte buffer solution. This was followed by the addition
of 0.1 mL of sample to the sample tube, 0.1 mL of su-
crose/EDTA solution to the blank and (3.1 mL of differ-
ent concentrations of K;HPO,{(0.5 mmol/L, 1 mmol/L,
1.5 mmol/L, and 2 mmol/L) to the standard tube. All
tubes were incubated at 37 C for 15 min and the enzyme
activity was terminated by adding 2 mL TCA/ascorbate
(10 % /2 % ). The tubes were then centrifuged at 3000
x g for 10 min. To 1.0 mL of this clean supernatant
were added 0.5 mL ammonium molybdate (1 % ) and 1
ml of Na-arsenite/Na-citrate (2 %/2 % ). The tubes
were then allowed to stand for 15 min at room tempera-
ture and absorbance was read at 840 nm. Amount of in-
organic phosphate liberated by the enzyme was calculated
by comparing the absorbance values of the standard.
The protein content in the sample was determined by the
Bio Rad Protein Assay Reagent ( Bio-Rad Laboratories,
CA, USA). Enzyme activity was expressed in ( mol of
Pi liberated/min per mg protein.

Statistical analysis The results are expressed as
X = 5;. The significance of the differences in the values
of food and water intakes between the different groups of
diabetic rats over the 14-day period was analyzed by two-
way analysis of variance ( ANOVA). Other statistical
analysis was performed by one-way ANOVA followed by
the Tukey test. P values <0.05 were considered to be
significantly different.

RESULT

Acute effect of the extract of A paniculata in
normal and diabetic rats

Hypoglycemic test in nomal and STZ-diabetic
rats In normal rats, the ethanolic extract of A panicula-
ta at all 3 doses did not produce a significant decrease in
glucose levels within 3 h after oral administration. Nel-
ther did metformin. In diabetic rats, however, the
serum glucose levels were significantly decreased in the
extract-treated group compared to the vehicle at 60 min
and 120 min. This antidiabetic effect was dose-depen-
dent. The extract at 0.4 g/kg reached a maximum re-
duction of 17.7 % at 120 min. These levels also were
markedly decreased in the metformin-treated group during
3 h after oral administration, with a maximum reduction
of 33.6 % at 180 min (Fig 1).

Oral glucose tolerance test in nomal and diabetic
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Fig 1. Effects of ethanolic extract of 4 paniculata on

mean fasting serum glucose levels in normal (A} and
STZ-induced diabetic (B) rats. n =06 rats. Xx = s,.

%P <0.05, °P<0.001, compared to the corresponding
vehicle group { one way ANOVA followed by Tukey
test) .

rats After the normal and diabetic rats were challenged
with an oral glucose load, serum glucose levels reached a
peak at 60 min, and gradually decreased to pre-glucose
load level. In both normal and diabetic groups, the ex-
tract at 0.2 and 0.4 g/kg significantly suppressed the ele-
vated serum glucose at 60 min and 120 min after glucose
load as compared to vehicle-treated rats. At 0.1 g/kg,
the extract significantly decreased glucose level only at
120 min. Metformin 0.5 g/kg also depressed the elevat-
ed serum glucose level 60 min and 120 min after glucose
load in both normal and diabetic groups (Fig 2).

Repeated administration of the A paniculata
ethanolic extract in diabetic rats

Food and water intake At the start of the experi-
ment (on d 0}, food and water intake was similar in all
groups of diabetic rats.  However, the mean food and
water intake over the 14-d treatmnent in the extract-treated
group (17.2 ¢/100 g bw, 72.6 mL/100 g bw, respec-
tively) was significantly lower when compared to those in
the vehicle-treated rats (18.4 £/100 g bw and 80.4 mL/

Fig2. Effects of ethanolic extract of A paniculata (0.4
g/kg) and metformin (0.5 g/kg) on glucose tolerance in
normal {(A) and STZ-induced diabetic (B) rats. n=6
mats. £+ 8. P<0.05, P<0.001 compared to the

corresponding vehicle group (one way ANOVA followed
by Tukey test).

100 g, respectively). These values were also markedly
decreased in the metformin-treated diabetic rats (14.7 g/
100 g bw and 52.5 mL/100 g bw, respectively )
(Fig 3, 4)

Fasting serum glucose, insulin, leptin, TG and
TC levels The fasting serum glucose levels in the ex-
tract- as well as metformin-treated diabetic rats were sig-
nificantly lower than in the vehicle-treated diabetic rats af-
ter 14-d treatment. However, no significant change was
found in the insulin levels among the three diabetic
groups. The extract and metformin could maintain the
leptin level of diabetic rats during 14-d treatment, where-
as this level was markedly decreased in the vehicle-treated
diabetic rats (Tab 1).

The oral administration of the extract for 14 d sigmf-
icantly reduced serum TG level by 49.8 % . Metformin
also cauwsed a 27.7 % decrease in serum TG level.
Serum TC was increased by 1 % and 6 %, respectively
in the extract and metformin-treated diabetic group,
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Fig 3. Changes in mean food intake (g/100 g bw) of diabetic rats treated with A paniculata (0.4 g/kg), metformin

{0.5 g'kg), and vehicle over 14d. n=6rats. Xt Sy.

Values in the extract- and metformin-treated group are sig-

nificantly lower than in the corresponding vehicle-treated group { Fy14=36.19, P <0.001; Fy4 =282.14, P <0.001;

respectively, two-way ANOVA).
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Fig4. Changes in mean water intake {mL/100 g bw) of diabetic rats treated with A paniculata (0.4 g/kg), met-

formin (0.5 g/kg), and vehicle over 14 d.

n=6brats. Xz ;.

Values in the extract- and metformin- treated group

are significantly lower than in the corresponding vehicle-treated group ( Fy = 82.20, P < 0.001; Fyyy = 757.77,

P < 0.001, respectively, two-way ANOVA).

whereas it was increased by 22 % in the vehicle-treated
diabetic rats. The differences were not significantly dif-
ferent (Tab 1).
Live glycogen content and G-6-pase activity

The extract as well as metformin tended to cause an In-
crease in the liver glycogen content of diabetic rats; no
statistical sigmificance was found between these groups.
Hepatic G-6-Pase activities were significantly decreased in

diabetic rats {both P <0.05) treated with the extract and
metformin as compared to the vehicle (Tab 2).

DISCUSSION

The present study revealed that oral administration of
three different single doses of the ethanolic extract of A
paniculata could improve glucose tolerance in normal and
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Tab 1., Mean serum glucose, insulin, leptin, cholesterol,
and triglyceride levels in the STZ-diabetic rats freated
with A peniculata for 14 d. n = 6 rats. X + s,.
%P <0.05, P<0.01 vs vehicle. °P<0.05 vs Day 0.
(One-way ANOVA followed by Tukey test).

Parameter Day Vehicle Metformin =~ A paniculata
Glucose 0 3900+272 3728 + 311 3912 + 296
(mg/L) 15 4962 + 208° 3385+ 188° 3430 + 148°
Insulin 0  575+46 645 + 99 532 + 72
(pg/L) 15  522+83 668 + 95 611 + 87
Leptin 0 09.4%8.5 101.7+10.3 100.2+11.2
(ng/L) 15 72.0+5.6° 96.6+6.6" M.1x5.2
Triglyceride 0 1426 + 167 1389 + 104 1335 + 206
(mg/L) 15 1471+ 80 1004 + 42° 670 + 89°
Cholesterol ¢ 706+ 20 692 + 46 220+ 53
(mg/L) 15 864 +47 735+ 48 829 + 70

STZ-induced diabetic rats. In the OGT curve, the peak
reflects the extent of intestinal glucose absorption and
hepatic metabolism. The finding that metformin could
suppress the peak of these curves by 29.0 % and 25.2 %
in normal and diabetic rats respectively suggests that met-
formin could decrease glucose absorption in the intestine
and increase glucose metabolism in the liver. This is
consisient with previous reporls[”'w]. The extract at a
dose of 0.4 g/kg suppressed the peak of the OGT curves
in normal and diabetic groups by 15.7 % and 17.3 %,
respectively. Our results thus indicate that the effect of
the extract on glucose absorption and hepatic metabolism
was weaker than that of metformin.

A single dose of metformin could markedly reduce
the serum glucose level but in diabetic rats only. Like
the extract, it did not affect insulin level in diabetic rats
even after 14 days of treatment. This is in accordance
with the reports which demonstrated that metformin does
not produce hypoglycemia in the non-diabetic state! "%’
Metformin has been shown to act by inhibiting hepatic

glucose production'? 2 and increasing the sensitivity of

peripheral tissues to insulin'®2) . Metformin is thus
more aptly described as an antthyperglycemic rather than
hypoglycemic agent[%}. In our study, a single dose of
the extract significantly decreased the basal glucose level
in the STZ-diabetic group, but not in normal rats. A
14-d administration of the extract at a dose of 0.4 g/kg
attenuated the fasting glucose level compared to the vehi-
cle, but did not affect serum insulin concentration. Thus
like metformin, the extract does not appear to act by
stimulating msulin from the pancreas.

The extract and metformin could decrease food and
water intake of the diabetic animals during the 14-d treat-
ment. They also prevented serum leptin levels in the di-
abetic rats from decreasing. Leptin, the ob gene prod-
uct, s a 16-kD protein secreted primarily by
adipocytes- ).  Many recent studies have demonstrated
that circulating leptin levels decreased markedly and
rapidly after the induction of STZ type I diabetes m
rats'¥ =2} This leptin deficiency contributes to the on-
set of diabetic hyperphagia while restoration of normal
physiological circulating leptin concentration prevents the
onset of the hyperphagic response'?’?. It has been pro-
posed that reduction of circulating leptin in uncontrolled
type | diabetes may be a consequence of decreased
adipocyte glucose uptake and metabolism'®" .
creases leptin levels in this kind of diabetic rats as it pro-
motes glucose uptake and metabolism by adipose tis-
suet® It is suggested that the extract and metformin
could decrease food intake in diabetic rats by maintaining
serum leptin levels. The effect of metformin in main-
taining circulating leptin levels in STZ-diabetic rats may
be attributed to the insulin-stimulated glucose uptake in
adipocytest®” and glucose oxidation by adipose tissue''s! .
The potency of the extract was similar to that of met-
formin with regards to its effect on serum leptin levels,
This leads to the hypothesis that A paniculata may have
an effect on glucose uptake and metabolism by adipose
Further experiments are required to confirm this,

Insulin in-

tissue.

Tab 2. Liver glycogen content and glucose-6-phosphatase {G-6-pase) activity in A paniculata-, metformin-, and vehicle-
treated STZ-diabetic rats. n=6rats. x*5,. "P<0.05 vs vehicle (One-way ANOVA followed by Tukey test).

: Metformin A paniculata

Vehicle (0.5 g/kg) (0.4 g/kg)

Liver gly 9.78 + 0.89 14.63+1.35 15.43 +2.01
G-6-Pase (mmol Pi/mg protein per min) 0.547 + 0.029 0.435 + 0,022 0.436 + 0.034"
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(G-6-Pase has an important function glucose metabolism
and homeotasis. It converts glucose-6-phosphate ( G-6-
P) into glucose and phosphate and represents 1) the ter-
minal enzymatic step of hepatic and renal glucose produc-
tion and 2) the common enzymatic step for both glucose-
producing pathways, gluconeogenesis and glycogenoly-
sist® %) Previous studies have reported that G-6-Pase
activity was increased in the STZ-induced type 1 diabetic
rats; and that this is due to insulin df:ﬁciency[‘g?’ 3]
Our result that metformin could decrease the G-6-Pase is
in agreement with a previous study'®) . This value was
also markedly decreased in the extract-treated diabetic
rats. The finding indicated that the hypoglycemic effect
of the extract may be mediated via suppressing the impor-
tant enpzymatic step in liver glucose production. Al-
though no statistically significant difference was observed
in the fasting glycogen content in the three diabetic
groups, this content tended to be higher in the extract-
and metformin-treated group compared to the vehicle-
treated group. A paniculata has been reported in a pre-
vious study to be a hepatoprotective agent! ). As the liv-
er is a major organ involved in carbohydrate metabolism,
a beneficial effect of the extract on liver function may
contribute to its antihyperglycaemic property.

Hypertriglyceridemia and hypercholesterolemia are
lipoprotein abnormalities that are characteristic of dia-
betest!) . The adverse effect of raised TG and TC con-
centrations 1s that they increase the risk of coronary heart
disease®-3)  Our results show that the extract could re-
duce TG content by as much as 49.8 %, compared to
27.7 % by metformin. [t also prevented the elevation of
TC in diabetic rats, These effects of the extract on dys-
lipoproteinemia in STZ-diabetic rats are of potential clini-
cal relevance.

Taken together, the present study reveals that the
ethanolic extract of A paniculata possesses an antihyper-
glycemic property. It is unlikely that it acts as an msulin
secretagogue and its main underlying mechanism remains
to be elucidated, although it seems to be attributable to
improved glicose metabolism. The extract could not
normalize the fasting blood glucose in diabetic rats after
14-d treatment. Since the STZ-induced diabetic rats we
used in the experiment resemble the insulin-dependent di-
abetes mellitus (IDDM )} in human, insulin is necessary to
treat this kind 2tes.  Oral antidiabetic drugs are
suitable for non-insulin-dependent diabetes mellitus
(NIDDM) patients stage 3% . Typically,
these NIDDM patients exhibit elevated circulating lipid
concentrations and hypertension, which with hypergly-

caemia, contribute to the microvascular lesions ( retinopa-
thy. glomerulopathy, peripheral neuropathy) commonly
observed in late stages of NIDDM. Given the value of
the extract in considerably lowering serum TG in STZ-di-
abetic rats and its anti-hypertensive property as reported
by previous studies from our labomtory[gj, we suggest
that the extract is probably more efficient in NIDDM
states.
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