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ABSTRACT

The objective of the study was to evaluate the antidiabetic activity of Ginkgo biloba and to probe into its
mechanism of action. Methods. Albino wistar rats with streptozotocin induced diabetes were divided into
4 groups of 10 each. Gum acacia, troglitazone 36 mg/kg, Ginkgo biloba 50 mg/kg and 100 mg/kg, were
administered to group | (control), group Il (standard), group Ill and group IV respectively. After 10 and 15
days of drug administration fasting blood sugar (FBS), blood glutathione (GSH) and serum ceruloplasmin
were estimated. Results. Ginkgo biloba in a high dose of 100 mg/kg produced a significant reduction in
FBS of 31% and increase in blood GSH (57.6%) that is however much less than the fall in FBS produced
by troglitazone (47%). However treatment with troglitazone and Ginkgo biloba at both doses did not alter
the serum ceruloplasmin levels significantly. Conclusion. The antidiabetic activity of Ginkgo biloba may

be attributed to its antioxidant activity without having a role in metal ion mediated lipid peroxidation.
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Diabetics have significantly accelerated levels of
oxidative stress and this contributes massively to most
neurological, cardiovascular, retinal, renal diabetic
complications [1]. A panoply of defenses against oxida-
tive stress has evolved and operate at distinct levels.
They are reduced generation of reactive oxygen species,
enhancement of antioxidant enzymes like- Superoxide
dismutase (SOD), catalase, glutathione peroxidase
(GPX), and Glutathione Reductase (GSH) and repair
systems at the level of DNA. Hyperglycemia signifi-
cantly diminishes glutathione levels lowering defences
against oxidative stress. N-acetyl cysteine a precursor of
GSH inhibited the development of functional and struc-
tural abnormalities of peripheral nerves in experimental
diabetes [2]. In contrast to these modalities, ceruloplas-
min may contribute a mechanism to block the induction
of oxidative injury through sequestration of tissue iron
[3].

Though the role of oxidative stress in the develop-
ment of diabetes mellitus and its vascular complications
are extensively studied, there are very few therapeutic
agents, which are targeted to this. Recently several thia-
zolidenediones such as troglitazone and pioglitazone
have been developed as antidiabetic drugs. Of interest
among these is troglitazone, which possess structural
similarity to alpha tocopherol an established antioxidant
[4]. Several studies have revealed the antioxidant prop-
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erties of troglitazone, which complements the drugs
hypoglycaemic, and hypolipidemic effects in diabetic
patients [5].

Ginkgo biloba has been used in traditional Chinese
medicine for 5000 years. Egb 761, its standardized
preparation is used for a number conditions like cerebral
insufficiency and peripheral vascular diseases. The Fla-
vonoid glycosides in Egb 761 are responsible for its
antioxidant activity and may prevent free radical dam-
age from occurring [6].

The therapeutic role of Ginkgo biloba extract on im-
pairment of visual function and pathological histology
of the optic nerve was studied in alloxan induced dia-
betic rats, which showed an increase in the amplitude of
Visual Evoked potentials indicating axonal protection
[7].

Egb 761 has also been found useful in the treatment
of retinal impairment in diabetes [8]. A significant im-
provement of amplitude in the electroretinograms re-
sulted from administering 100 mg/d of the extract for 2
months in alloxan induced diabetic rats [9].

Ginkgo biloba extract decreased the phagocytic ac-
tivity of macrophages in alloxan induced diabetes,
which indicate that it was effective in reducing lipid
peroxidation in experimental diabetes [10].

Therefore, the present study was carried out to
evaluate the antidiabetic activity of Ginkgo biloba in
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STZ induced diabetes and to probe into the mechanism
of its antidiabetic property.

MATERIALS AND METHODS

The experiments were initiated after seeking ap-
proval from the institutional ethics committee.

Animals

Albino rats of wistar strain of either sex weighing,
150-200 gms bred in the central animal house Kasturba
Medical College were used in the study. They were in-
dividually housed in polypropylene cages in well venti-
lated rooms, under hygienic conditions. Animals were
given water ad libitum and fed with rat pellet feed
(Hindustan Lever).

Reagents

Ginkgo biloba Egb761: Pure extract obtained from
German remedies, Pvt. Ltd. Mumbai. Streptozotocin,
5.5’-Dithio-bis (2-nitrobenzoic acid) or Ellman’s re-
agent, Troglitazone and Glutathione (Sigma chemicals,
U.S.A.). Glucose estimation kit was obtained from Ran-
baxy Laboratories Ltd.

Induction of Experimental Diabetes

STZ solution of 10 mg/ ml was prepared in ice-cold
citrate buffer 0.1 M, pH 4.5 kept in ice and was admin-
istered within 5 minutes at a dose of 50-mg/kg-body
weight intraperitoneally.

After 48 hours of STZ administration, rats with
moderate diabetes having glycosuria and hyperglycae-
mia (i.e., with a blood glucose of 200-300 mg/dl) were
taken for the experiment.

Preparation of Drugs

Ginkgo biloba was prepared as 1% gum acacia sus-
pension. Troglitazone was prepared as 1% gum acacia
suspension.

Experimental Procedure

Rats, weighing 150-200 g, fasted overnight were
used for induction of diabetes.Rats was divided into two
sets: Diabetic and non diabetic.

In the diabetic set, 5 days after the induction of dia-
betes, animals were divided into 4 groups:

Group I. received 1 % gum acacia and served as
control.

Group II. Received Troglitazone 36 mg/kg body
weight once a day orally for 15 days using an intragas-
tric tube.
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Group III. Received Ginkgo biloba 50 mg/kg body
weight once a day orally for 15 days.

Group IV. Received Ginkgo biloba 100 mg/kg body
weight once a day orally for 15 days.

In the non diabetic group:

Group V. Received 1% gum acacia and served as
control.

Group VI. Received Ginkgo biloba 50 mg/kg body
weight once a day orally for 15 days.

Group VII. Received Ginkgo biloba 100 mg/kg
body weight once a day orally for 15 days.

Rats were fasted overnight and blood was withdrawn
from the retro orbital plexus on the fifth day of induc-
tion of diabetes and 15™ and 20™ day post induction
(that is 10 and 15 days of drug treatment) for all groups
and fasting blood sugar and ceruloplasmin level (in se-
rum) and blood glutathione (in heparinised blood) were
determined.

Determination of Blood Glucose

FBS was estimated by glucose oxidase peroxidase
(Brief description may lee appropriate) method by using
a glucose estimation kit from Ranbaxy laboratory Ltd.

Determination of Blood Glutathione

Blood glutathione was estimated by the method of
Beutler et.al (Brief description may lee appropriate)

[11].
Determination of Serum Ceruloplasmin

Serum ceruloplasmin was estimated by using Dia-
mine oxidase (Brief description may be appropriate)
method [12]

Statistical Analysis

The results of the biochemical estimations were re-
ported as Mean £ SEM. The total variation present in a
data was analyzed by one-way analysis of variance
(ANOVA). Differences among the means were ana-
lyzed by Scheffe’s test. For this an MS-Windows based
SPSS computer package was used.

RESULTS
Fasting Blood Sugar Levels (FBS)

The FBS levels in STZ treated rats were signifi-
cantly high (p < 0.05) when compared to the normal.
The FBS values on the 15" day were 110 + 10.9 mg/dl
for Group II (troglitazone treated), 222 + 11.8 mg/dl for

Table 1. Effect of Ginkgo biloba on fasting blood sugar (mg/dl) and blood glutathione levels (mg/dl) (Mean + SEM).

Post Induction Days

Groups 5™ 15" 20"
FBS GSH FBS GSH FBS GSH
Normal 65.74+2.1 26.74+0.68 71.04+2.3 23.25+0.59 80.13+2.4 25.62 +0.64
I 250.38+9.2¢ 13.13+0.78¢ 240.13+9.1° 13.14+1.2¢ 240.87+8.9¢ 13.74 + 0.96¢
1 211+17.8 16.8+1.0 110+£10.9° 21.53+1.7° 111.26+11.7° 22,42 +2.6°
11 225+17.6 14.6x1.1 222+11.8 18.01+1.64 213.26+11.7 1635+ 1.5
v 243+12.5 15.8+1.2 197.88+16.5° 21.89+1.4/ 167.50+12.0° 249+ 1.9
“p <0.05 vs Normal (60.97) “p<0.05 vs Group I (46.33) “p <0.05 vs Group I (6.22)
?p<0.05 vs Group 1 (40.14) 4p <0.05 vs Normal (12.85) /p<0.05 vs Group I (7.33)

Note The difference between two means is significant, if the means differ by the said allowance values.
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Table 2. Effect of Ginkgo biloba on fasting blood sugar (mg/dl) and
blood glutathione levels (mg/dl) in non-diabetic animals (Mean+SEM).

Group V Group VI Group VII
FBS 71.04+2.3 66.22+1.8 71.70+3.9
GSH 26.74+0.7 27.0+0.9 26.24+1.6

Group III (Ginkgo biloba 50 mg/dl) and 197.88 £ 16.5
mg/dl for group IV (Ginkgo biloba 100mg/d) and on the
20™ day were 111.25 + 11.7 for Group II, 213.25 +11.7
mg/dl for Group III and 167.5 £ 12.0 mg/dl for group
IV (Table 1).

Troglitazone treated group (Group II) showed a sig-
nificant decrease in the FBS levels (p < 0.05) that came
near to the normal range on 10™ and 15™ day post treat-
ment. Ginkgo biloba at the lower dose of 50 mg/kg
(Group III) did not show a significant reduction in the
blood sugar levels both on 10™ and 15™ day post treat-
ment. However higher dose of Ginkgo biloba of 100
mg/kg (Group IV) showed a significant decrease in FBS
(p < 0.05) on 10" and 15" day post treatment. However
this reduction was not as much as that seen with stan-
dard drug troglitazone.

Non-diabetic rats treated with Ginkgo biloba (Group
VI & Group VII) at both the dose levels for 15 days did
not exhibit any change in the FBS levels (Table 2).

Blood Glutathione Levels

The GSH levels in normal rats were 26.74 + 0.68
mg/dl. In STZ treated diabetic rats (Group I) the GSH
levels decreased significantly (p < 0.05). Troglitazone
treated rats (Group II) showed a significant increase (p
< 0.05) in the GSH levels on both 10™ and 15" post
treatment days. Ginkgo biloba treated rats showed a
significant increase (p < 0.05) in the blood GSH levels
in the higher dose treated group (Group IV), whereas
the low dose treated group (Group III) showed a mar-
ginal increase that was not significant (Table 1).

Non-diabetic rats treated with Ginkgo biloba (Group
VI & Group VII) at both the dose levels for 15 days did
not exhibit any change in the GSH levels (Table 2).

Serum Ceruloplasmin Levels

The serum ceruloplasmin level in normal rats was in
a range of 18.2-24.8 mg/dl with a mean of 20.5 £ 2.7
mg/dl. In STZ treated diabetic rats the serum ceru-
loplasmin levels was 4.7-16.6 mg/dl with a mean of
10.35 + 1.6 mg/dl, which was consistent till the 20th
day. This showed a significant decrease (p < 0.001)
when compared to the normal rats. However treatment
with troglitazone and Ginkgo biloba at both doses did
not alter the ceruloplasmin levels significantly (Table
3).

DiscussIiON

In diabetes, oxidative stress is due to both an in-
creased production of plasma free radical concentration
and a sharp reduction of antioxidant defenses.

GSH, being the most important biomolecule against
chemically induced toxicity can participate in the elimi-
nation of reactive intermediates by reduction of hydro
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peroxides in the presence of Glutathione peroxidase.
GSH also functions as free radical scavenger and in the
repair of free radical caused biological damage [13].

The important mechanism implicated in the diabe-
togenic action of STZ is by increased generation of
oxygen free radicals, which causes a decrease in plasma
GSH concentration, and plasma GSH/GSSG ratio [14].
Hence, drugs that could prevent the generation of these
oxygen free radicals or increase the free radical scav-
enging enzymes may be effective in STZ induced diabe-
tes.

In the present study the observed significant increase
in blood glucose level in diabetic rats and a decrease in
the level of blood GSH levels could be due to destruc-
tion of pancreatic BB cells by STZ reinforcing the view
that STZ induces diabetes probably through the genera-
tion of oxygen free radicals [15]. The standard antidia-
betic drug that was taken was troglitazone. It was shown
that troglitazone could prevent the development of dia-
betes mellitus in mice injected with multiple low doses
STZ, due to its antioxidant property [16]. Accordingly,
our study also showed a significant decrease in FBS and
an increase in blood GSH levels after treatment with
troglitazone.

Ginkgo biloba particularly the flavonoid component
is known to be efficient in scavenging the highly reac-
tive hydroxyl radical and superoxide anion and inhibits
the lipid peroxidation by quenching the peroxyl radicals
[17]. In contrast to a low dose of 50 mg/kg body weight,
a higher dose of Ginkgo biloba (100 mg/kg body
weight) has shown a significant reduction in fasting
blood glucose levels which was comparable to that of
troglitazone. Ginkgo biloba at higher doses has in-
creased the antioxidant status in diabetic animals which
is likely to have brought about its hypoglycaemic effect.

Pancreas has a relatively weak defense system
against oxidative stress, which can be externally
strengthened. Antioxidants such as N-acetylcysteine and
dietary antioxidants such as Vitamin C and E have
shown to be beneficial in protecting the beta cells from
glucose toxicity in diabetes [18]. Vitamin C and E, and
lipoic acid, the natural antioxidants if supplemented
have been shown to increase the levels of liver GSH in
diabetic animals. GSH infusion has been shown to in-
crease plasma GSH/GSSG ratio and potentiate the insu-
lin action in diabetic patients [14]. Thus, any drug that
replenishes glutathione may be able to reverse the oxi-
dative damage caused in diabetes mellitus and prevent
the associated disorders. Ginkgo biloba, a known anti-
oxidant, at higher dose probably strengthened the anti-
oxidant status as evidenced by increase in the GSH lev-
els than the lower dose and particularly so after 15 days
of treatment. This may explain the dose dependent
antidiabetic activity of Ginkgo biloba at higher dose

Table 3. Effect of Ginkgo biloba on serum ceruloplasmin levels
(mg/dl) (Mean+SEM).

Post Groups

I“‘:)‘;“;:’“ Normal 1 I 1 v
st 205+27 12.16:22° 11912 98+14 79+l.1
15" 19.242.5 14.19+2.7* 11.5242.9 15.37429 13.3+1.7
20" 21.841.9 10.35+1.6* 142422 133+1.4 18.1%2.1
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level after 15 days of treatment.

Ceruloplasmin forms a major part of the extracellu-
lar antioxidant defense. It also inhibits iron and copper
dependent lipid peroxidation and also has a superoxide
radical scavenging activity [19]. In our study diabetic
rats showed a significant decrease in ceruloplasmin that
may be so because of increased free radicals generated
due to STZ. Neither Troglitazone and Ginkgo biloba
treated diabetic rats did not show a significant im-
provement as seen with blood GSH levels indicating
they probably do not have a significant role in metal ion
mediated lipid peroxidation. Further study may be re-
quired to elucidate the action of Ginkgo biloba on ceru-
loplasmin, using higher doses and longer duration of
treatment.

In conclusion the present investigation showed that
Ginkgo biloba by enhancing effect on cellular antioxi-
dant defenses such as GSH has contributed to the pro-
tection against oxidative damage in STZ diabetes with-
out significant effect on serum ceruloplasmin levels.
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