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ABSTRACT

Aim of Study: The aim was to demonstrate the
effects of the leaves of Gynura procumbens
(Lour.) Merr. on blood sugar and lipid levels in
experimental animals.

Methodology: We obtained an ethanolic extract
of the leaves of G. procumbens and monitored
the effects of an oral administration of (i)
different single doses of the extract on oral
glucose tolerance in streptozotocin-induced
diabetic and normal rats and (ii) fourteen doses
over 7 days on serum cholesterol and
triglyceride levels in streptozotocin-induced
diabetic rats. Metformin and glibenclamide were
used as positive control drugs.

Results: The extract, at single doses of 50, 150
and 300 mg/kg orally, significantly suppressed
the elevated serum glucose levels in diabetic
rats; 150 mg/kg was found to be the optimum
hypoglycaemic dose. The extract however did
not significantly suppress the elevated serum
glucose levels in normal rats, unlike
glibenclamide. Metformin, but not glibenclamide,
improved glucose tolerance in the diabetic rats.
When the optimum dose was given to diabetic
rats for 7 days, the extract significantly reduced
serum cholesterol and triglyceride levels in these
rats.

Conclusion: These results indicate that the
leaves of G. procumbens may have biguanide-
iiike activity.
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INTRODUCTION

Gynura procumbens is found in various parts of
Southeast Asia. It has been used for the treatment of
eruptive fevers, rash and kidney disease!”. Recently,
the leaves of this plant have been used as folk medicine
to control diabetes mellitus and hyperlipidemia.
However by reviewing the current literature, we know
of no previous research on the pharmacological

properties of this plant. Therefore experiments were
carried out to the antidiabetic and
antihyperlipidemic activities of this plant.

The oral glucose tolerance test (OGTT) is a well-
accepted and frequently used assay to screen
hypoglycaemic activity®®. Streptozotocin (STZ) is a
valuable agent for the experimental production of

test

diabetes, and it is less toxic than other chemical agents
inducing diabetes. The diabetogenic effect of STZ is
the direct result of irreversible damage to pancreatic
B cells, allowing degranulation and loss of insulin
secretion. So the STZ-induced diabetic animal is one
of the animal models of human insulin-dependent
diabetes mellitus (IDDM)®4. Diabetes mellitus is a
disease with profound effects on lipid metabolism.
Insulin affects mammalian lipid metabolism in several
ways, eg. it inhibits the activity of lipoprotein lipase,
therefore it decreases the mobilisation of free fatty
acids from the peripheral fat depots. On the other
hand, it stimulates the synthesis of fatty acids in the
liver, adipose tissue and intestine. The STZ-induced
diabetic animal is thus considered as an animal model
of hyperlipidemia®.

The present study was undertaken to evaluate the
possible hypoglycaemic activity of the ethanolic
extract of G. procumbens leaves in the normal and the
STZ-induced diabetic rats. The effects of the extract
on serum total cholesterol (TC) and triglyceride (TG)
levels were also examined in the diabetic rats. To check
the safety of taking this plant, acute toxicity and
behavioural changes were observed.

MATERIALS AND METHODS

Preparation of the extract
The plant was collected from a private garden and
identified as G. procumbens (Lour.) Merr. by Dr Ruth
Kiew, Keeper of Herbarium and Library, Singapore
Botanic Gardens. A dried specimen is deposited in
the herbarium (voucher No. BT1).

The fresh leaves of G. procumbens (1 kg) were
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blended and extracted with 95% alcohol (1.5L) until
exhaustion. After filtration with cotton wool, the
mixture was centrifuged at 10,000 g for 20 min. The
supernatant was concentrated to 0.5L at 38°C by a
rotavapor (Buchi Labortechnik AG, Switzerland). This
solution was then freeze-dried, yielding 16.38 g of
light green powder. The extract was suspended in
distilled water before use.

Animals

Male Sprague-Dawley (SD) rats, aged 7 weeks (150 —
210 g), and male BALB/c mice (20 — 22 g) were
obtained from The Laboratory Animal Center,
National University of Singapore. The rats were
housed in individual cages and maintained on
standard laboratory rat chow with water ad libitum.

Streptozotocin-induced diabetic rats
Diabetic rats were induced by a single intraperitoneal
injection of freshly dissolved STZ (Sigma Chemical
Co., MO, USA) (60 mg/kg body weight in citrate
buffer 0.01 M, pH4.5) to overnight fasted rats.
Diabetes was identified by polydipsia, polyuria and
by measuring non-fasting serum glucose
concentration 48 hours after injection of STZ. Rats
with a blood glucose level above 300 mg/dL were
considered to be diabetic and were used in the
experiment.

Treatment schedules

1) For the OGT test, the diabetic rats were randomly
divided into groups of 4 — 5 rats each. The groups
treated with metformin (500 mg/kg) (Pharmacy,
National University Hospital, Singapore) and
glibenclamide (5 mg/kg) (RBI Research Biochemical
International, MA, USA) were taken as the positive
control. Metformin and glibenclamide were finely
powdered and dispersed in distilled water. The group
treated with an equal volume of distilled water was
used as the negative control. The rest were treated
with 50, 150 and 300 mg/kg body weight of extract
of G. procumbens leaves. The normal rats were divided
into three groups of 4 rats each: negative control
(distilled water), treatment (150 mg/kg extract),
positive control (5 mg/kg glibenclamide).

2) Repeated administration of the extract in
diabetic rats: 6 diabetic rats were treated orally with
150 mg/kg extract twice daily (at 9.00 am and 6.00
pm) for 7 days. Another 6 diabetic rats were given
orally an equal volume of distilled water and served
as controls. These diabetic rats were used for the
determination of serum total cholesterol and
triglyceride as well as liver P45, content. Food and water
were given ad libitum; the amount consumed as well
as the body weight were recorded daily.

3) Acute toxicity: The BALB/c mice were used to
investigate the possible toxic effect of the extract. The
extract was given orally to two different groups of
BALB/c mice (n = 4) at a dose of 1 g/lkgand 5 g/kg of
body weight, respectively. All mice were observed for
8 hours after administration of the extract to check
for toxic symptoms. They were kept under observation
for 7 days.
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The extract, antidiabetic drugs and their respective
vehicles were administered orally by gavage to rats.

Collection of blood samples

Blood samples were collected from the tail vein in
centrifuge tubes, and were centrifuged at 1,000 g for
15 min to obtain the serum.

OGTT

All the diabetic rats were fasted overnight (at least
12h) prior to the test. Thirty minutes following the
various treatment schedules, each rat was given an oral
glucose load, 3 g/kg body weight according to Al-
Awadi et al®. Blood samples were collected from the
tail vein at -30 minutes (just before the administration
of the extract), time 0 (prior to the glucose load), 30,
60 and 120 minutes after the glucose load. Serum
glucose concentrations were measured by the glucose
oxidase method?, using glucose analyser (Sigma

Chemical Co., MO, USA).

Serum TC and TG

The fasting blood samples were collected from the
tail vein before treatment and after the 7-day
treatment. Serum TC and TG concentrations were
analysed by the colorimetric method, using wet
reagent diagnostic kits (Boehringer Mannheim
GmbH).

Assay of liver microsomal P4, content

1) Preparation of liver microsomes. The diabetic rats
given the extract at a dose of 150 mg/kg twice daily
for 7 days were decapitated; their livers were quickly
removed, rinsed in ice-chilled normal saline and
weighed. Liver microsomes were prepared, using the
ultra-centrifugation method®. Briefly, rat liver (2 g)
was homogenised in ice 1.15% KCI (20 mL) using a
glass Potter-Elvejhem homogeniser. The
homogenate obtained was centrifuged at 10,000 g
for 10 min at 4°C and the supernatant was
recentrifuged at 100,000 g for 45 min at 4°C. The
microsomal pellet was resuspended in a volume of
glycerol buffer [200 mM potassium phosphate buffer,
pH 7.4; 50% (v/v) glycerol and 1.15% (w/v)
potassium chloride (5:8:7)] equivalent to twice the
liver weight. The pellet was further homogenised with
7 strokes of the pestle after which aliquots of the
microsomal suspension were stored at -70°C.

2) Measurement of protein content in microsomes.
Protein content in each microsomal suspension was
determined by Lowry’s method®.

3) Spectrophotometric measurement of liver
microsomal Pys content. An aliquot of microsomal
preparation of 1 mg protein/mL was obtained by
adding 0.5 mL of 1 M potassium phosphate buffer
and the required volume of 1.15% KC1. The modified
technique of Omura and Sato"” was adopted in this
assay to eliminate the absorption peak at 420 nm due
to contamination by haemoglobin in the sample. The
microsomal preparation was placed in two cuvettes
and initially saturated with carbon monoxide. A small
amount of sodium dithionite (not more than 2 mg)
was added to the sample cuvette only. The microsomal



P4so content was then determined from the difference
in absorbance values between the dithionite-reduced
and control microsomal preparations using a
Shimadzu UV-2100 dual-beam spectrophotometer.
The molar extinction coefficient of microsomal Pys,
at the Y i 0of 450 nm was 91 mM* cm™.

Statistical analysis

All values were expressed as the mean = SE
obtained from a number of experiments (n). The
serum glucose levels of extract-treated animals, the
reference drug-treated and vehicle-treated controls
were compared by ANOVA followed by Duncan’s
Multiple Range test’?. Data on serum TC and TG
values were analysed by the Student’s #-test.
Differences with p < 0.05 were considered to be
statistically significant.

RESULTS

Body weight, food and water intake

During the 7-day period of study, no significant
difference was found in the food and water intakes of
extract-treated STZ-induced diabetic SD rats when
compared to their respective vehicle-treated controls
(data not shown). The body weight increase of the
extract-treated rats was slightly more than that of the
control rats, being 20.4% * 1.7 and 17.6% =% 1.6,
respectively, but the difference was not significant.

OGTT in diabetic rats

The effects of oral administration of three different
doses of the plant extract and the positive controls
on serum glucose levels of STZ-induced diabetic rats
challenged with a glucose load are presented in Fig 1
and 2 respectively.

At 60 mins after glucose load, serum glucose
levels in all the animals reached a peak. At 120 mins,
the three doses of the extract produced significantly
lower serum glucose levels compared to the vehicle.
A maximum decrease of 15.8% was observed with
150 mg/kg of extract; this dose also produced a
significant decrease in serum glucose at 60 mins.
The reference drug, metformin (500 mg/kg) caused
a significant decrease in serum glucose levels at 30,
60 and 120 mins compared with the vehicle.
However the serum glucose levels in the glibenclamide
(5 mg/kg)-treated group throughout the study were
similar to those of the vehicle-treated group.

OGTT in normal rats

The results showed that 150 mg/kg was the
optimum dose producing significant lowering of
serum glucose levels in diabetic rats. This dose was
chosen for the OGTT in normal rats. The change
of serum glucose levels in normal rats is shown in
Fig 3. The extract (150 mg/kg) did not produce
any significant decrease in serum glucose level in
these rats when compared to the vehicle. However,
with the reference drug, ie. glibenclamide, the
serum glucose levels were significantly reduced at
60 mins and 120 mins after the oral glucose load,
compared to the vehicle.
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Vertical bars indicate standard errors of the means.
% P <0.05 compared with the corresponding negative control
- ® - vehicle (distilled water),n=5
-0- G. procumbens (50 mg/kg), n =5
- A - G. procumbens (150 mg/kg),n =5
-V - G. procumbens (300 mg/kg), n =5

Fig | — Effects of different doses of ethanolic extract of G.
procumbens (a) 50 mg/kg (b) 150 mg/kg and (c) 300 mg/kg on
OGTT in STZ-induced diabetic rats.

Serum TC And TG

As shown in Table I, serum TC was significantly
decreased in diabetic rats treated with the extract of
G. procumbens twice daily for 7 days. However, it was
slightly increased in diabetic rats treated with the
vehicle. The 72.6% increase in serum TG of the
vehicle-treated rats was 2.7 times higher than that
noted in the extract-treated rats (26.7%).

Hepatic microsomal P4, content and acute
toxicity study
There was no significant difference in the liver content
of microsomal Pys, between the extract-treated and
vehicle-treated diabetic rats (data not shown).
BALB/c mice given 1 g/kg and 5 g/kg body weight
of the extract of G.procumbens did not show any
visible signs of toxicity, eg. excitement, restlessness,
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Fig 2 — Effects of metformin and glibenclamide on OGTT in STZ-
induced diabetic rats.
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Fig 3 — Effects of ethanolic extract of G. procumbens and
glibenclamide on OGTT in normal male SD rats.

Table | — Serum cholesterol and triglyceride levels in diabetic rats
treated twice a day orally with 150 mg/kg extract of G. procumbens

Day 0
Day 7

Mean % changes
after 7 days

Cholesterol (mg/100ml)

Triglyceride (mg/100ml)

Vehicle
92.3 £ 2.1
97.1 £ 43
+5.2%

Extract-treated Vehicle Extract-treated
95.4 + 2.8 79.6 £ 3.8 784 %49

82.1 + 0.9*° 137.6 = 8.6° 99.3 + 10.9°
-13.9% +72.9% +26.7%

Values are expressed as mean £ SEM (n = 6).

Indicates statistically significant difference (P < 0.05) compared to the vehicle;

® Indicates statistically significant difference (P < 0.01) compared to the corresponding value on

day 0.
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respiratory distress, convulsion, or coma. Moreover,
they remained alive and well for up to 7 days. They
also maintained their body weights during this period.
The mean body weights of BALB/c mice given 1 g/kg
and 5 g/kg extract were 22.1 g and 20.2 g on day 0,
and 22.8 g and 20.2 g on day 7, respectively.

DISCUSSION

In the present study, the hypoglycaemic activity of
the ethanol extract of G.procumbens was evaluated
in the normal and STZ-induced diabetic rats, a
model of human insulin-dependent diabetes, using
the OGTT. The extract improved the glucose
tolerance in STZ-induced diabetic rats, but not in
normal rats. Under the same conditions, metformin
produced a significant glucose clearance in STZ-
induced diabetic rats, but glibenclamide did not.
Furthermore, after 7 days administration of the
extract, the serum TC and TG levels of the extract-
treated diabetic rats were significantly lower than
those of the control rats.

It is well known that sulfonylureas and biguanides
are the major oral hypoglycaemic agents used
worldwide. Glibenclamide, a sulfonylurea derivative,
causes hypoglycaemia by stimulating pancreatic 3 cells
to release more insulin, and inhibiting glucagon
secretion. As these effects require a functional
pancreas, it can lower blood sugar levels in non-
diabetic subjects"?. In contrast to sulfonylureas,
metformin, a biguanide derivative, has no such
stimulating activity. Its blood glucose-lowering action
dose not depend on functional pancreatic B cells,
being due to its extrapancreatic actions, such as 1)
increase of glucose utilisation and 2) reduced hepatic

12 Metformin can also ameliorate

gluconeogenesis'
abnormalities in lipid levels, causing a decrease in
circulating triglyceride and total cholesterol
concentrations!?.

In view of the similarity between the effects of G.
procumbens and metformin rather than glibenclamide,
it seems that the hypoglycaemic effect of G.
procumbens may be due to a biguanide-like activity.

Pyso is an enzyme that is responsible for drug
metabolism and detoxification in the liver!?. As Pys,
was not altered by extract treatment in the present
experiment, G. procumbens is unlikely to produce a
pharmacokinetic interaction with other drugs taken
together. The extract was also non-toxic to the
laboratory mice.

In conclusion, our studies show that the ethanolic
extract of G. procumbens leaves has antihyperglycaemic
and antihyperlipidaemic activities in diabetic rats.
Further pharmacological and phytochemical
investigations are being done to identify the active
compound(s), and also to elucidate the mechanism(s)
of action.
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