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ABSTRACT

Ginkgo biloba leaf extract (GBE) considered one of the most effective therapeutic herbs. We evaluated anti-diabetic
activities of GBE in rats. Rats were fed highly-fat diet for two weeks and divided into three groups (n=8): Non-diabetic
control group (CG), Diabetic group (DG), Diabetic+100mg/kg GBE group (D+GBE). On 14th day, the rats were kept in
overnight-fasting and administered single intra-peritoneal injection of alloxan-monohydrate (120-130mg/Kg body weight
(BW). BW and blood glucose were measured weekly up to 14th week. Fasting/basal blood samples were collected for the
biochemical analyses. Liver, skeletal muscle and adipose tissue were also collected for mRNA gene expressions (GLUT-
4, IRS-1, IR, PEPCK, SREBP-1c, FAS, PPAR-α, PPAR-γ, TNF-α). Significant reduction in BW was found in D+GBE
group at week 14. Glycemia became normalized as an effect of treatment. GBE significantly decreased serum glucose,
urea and ALT concentrations. We observed significant higher catalase and lower malondialdehyde levels in D+GBE
group. GBE significantly increased HDL-Cholesterol and reduced triglycerides and VLDL-Triglycerides levels. GBE
showed up-regulation for hepatic IRS-1 and down-regulation for PEPCK, however, up-regulation for GLUT-4 and
PPAR-α found in muscle. Treatment decreased TNF-α expression in liver and adipose tissue. GBE has anti-diabetic
mediated by a modulating effect on involved key genes.
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INTRODUCTION

Overwhelming evidence shows that diabetes
mellitus is one of the major public health issue worldwide
in the last few decades (Xia et al., 2011). This disease is a
cluster of metabolic alterations referred to as ‘chronic
metabolic syndrome’ mainly associated with substantial
mortality and morbidity. The cause of diabetes mellitus is
insufficient insulin secretion from pancreatic β cells may
be due to defect in the insulin secretion, insulin action or
both, which results in metabolic disorders syndrome
mainly of carbohydrate, protein or fat (Nayak and
Roberts, 2006). Oral hypoglycemic agents such as
biguanides, thiazolidinediones and sulfonylurea are
available along with insulin for the diabetic treatment but
these products have adverse effect (Yeo et al., 2011).

Ginkgo biloba (GB) has been described as a
living fossil, being last remaining member of
Ginkgoaceae family commonly known as, ginkgo,
maidenhair tree, gymnosperm tree and dates back 250
million years in China (Maltas and Yaldiz, 2012). G.
biloba leaves are used as traditional Chinese herbal
medicine to treat asthma, cardiovascular diseases, aging,
bronchitis, cancer, impair sexual dysfunction, cancer and

diabetes (Kudolo, 2001; Unger, 2013). The two major
fractions present in standardized leaves extract of G.
biloba are: 6-7% terpenoids and 24-26% flavonoids
(Smith and Luo, 2003). Flavonoids present in G. biloba
are: flavonol-gucoside of kaempferol, flavones, quercetin
and isohamnetin with glucose or rhamnose. The
terpenoids fraction consist of unique group of diterpenes
(ginkgolide A, B, C, J and M) and sesquiterpene
bilobalida (Smith and Luo, 2003; Malas and Yildiz,
2012). Very few data on the anti-diabetic molecular
mechanism of G. biloba is available, so in the present
study we investigated the anti-diabetic effect of G.
biloba, at molecular level in rat model.

MATERIALS AND METHODS

Experimental animals: A total of twenty-four
normoglycemic male adult Wistar rats weighing 150-200
g, were selected. Rats were acclimated for a period of 12
days in the animal shed of University of Veterinary and
Animal Sciences (UVAS), Lahore, Pakistan, prior to the
experiment. All the animals were housed in stainless steel
cages, 2 animals per cage, with wood litter bedding,
which was changed on weekly basis The temperature of
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animal shed was maintained at 24±5℃ with 12-h light:
12-h dark cycle and were given free access to water and
food (standard rats chow) (El-Mesallamy et al., 2011).
Body weight (BW) was recorded weekly and food intake
was measured twice a week for each rat by determining
the pre and post-weights of the food jars. The experiment
was conducted for 14 weeks under the guidelines of
ethical committee for welfare of laboratory animals of
UVAS, Lahore, Pakistan.

Experimental Design: Rats were allowed to feed on high
fat diet fed (HFD: 12.7% maize starch, 6.5% dextrose,
6%, cellulose 3.9% sunflower oil, 31.3% beef tallow,
28.6% casein, 9.7% minerals and 1.3% vitamins by
weight) for two weeks and then rats were divided
randomly into following three groups (8 rats in each
group).
 Group I: Rats of this group were served as non-

diabetic or negative control (CG) and given
standard diet without any supplementation of G.
biloba leaves extract (GBE)

 Group II: This group included diabetic control
or positive control (DG) rats and given the
standard diet without any supplementation of
GBE.

 Group III: This group was comprised of diabetic
rats with standard diet supplemented with GBE
at the dose of 100 mg/kg/day (D+GBE).
On 14th day, rats kept in fasting condition and

were administered a single dose of alloxan monohydrate
(Sigma, USA) at the dose of 120-130 mg/Kg BW intra-
peritoneally. After 6h of alloxan induction, 20% and 5%
oral glucose solution was given to the rats to prevent
hypoglycemia (Ebuehi et al., 2010). After 3 days of
alloxan injection overnight fasting blood samples were
collected from tip of tail and glycemia was measured
(ACCU check, Germany). Only rats with fasting blood
glucose levels higher than 250 mg/dl were considered
diabetic and included in the study (Shankar et al., 2005;
Cheng et al., 2013). Supplementation with the
standardized ginkgo leaves extracts (terpenoids
6%/flavonoids 24%) was purchased from Hunan
Nutramax Inc (COCO CHEN, China) and treatment was
started by mixing 100 mg/Kg GBE in the standard diet
(40.7% maize starch, 20% dextrose, 5.8% sunflower oil
and 22.5% casein, 9.7% minerals and 1.3% vitamins by
weight) for 14 weeks.

Blood sampling and biochemical parameters: At the
end of 14th week; blood samples in fasting state, were
collected by cardiac puncture and serum was separated by
centrifugation (Kumar, 2012). The biochemical analysis
of fasting serum glucose (FSG), blood urea, creatinine,
alanine aminotransferase (ALT), asparatate
aminotransferase (AST), catalase (CAT) and
malondialdehyde (MDA) was done by using
commercially available kits (Randox, UK).

Serum total cholesterol (TC) and triglycerides
(TG) were measured using enzymatic kits (Bio-Merieux,
Marcy-l'Etoile, France). Cholesterol (VLDL-C, LDL-C
and HDL-C) and TG (VLDL-TG) profiles were
performed using fast protein liquid chromatography
(FPLC) (AKTA FPLC SYSTEM, GE Healthcare, USA).
Lipoprotein isolation was performed as described by
Chetiveaux et al., (2002).

Tissue sampling and mRNA expression of genes in the
liver, skeletal muscles and visceral adipose tissue:
Liver, skeletal muscle and adipose tissues were sampled
and cleaned with normal saline solution and were stored
immediately at -80 °C. RNA was extracted (Laboratoire
de Biochimie, MMS, Nantes, France) using trizol reagent
(Ambion, USA), according to the manufacturer’s
instructions. Quantification of total RNA was measured
at 260 nm. Total RNA (1 µg) was converted in to cDNA
through the process of revers transcription using  Super-
ScriptIII Reverse Transcriptase (Invitrogen, France) in a
20 µl reaction volume. Quantitative PCR was performed
using SYBR Green Supermix on MyiQ2 Real-Time PCR
detecting system (Bio-Rad, Marnes-la-Coquette, France).
Primers Sequence was determined by the primer3
website. The mRNA levels were normalized using
GADPH as a housekeeping gene. Relative quantification
was performed using the ∆∆CT method. Primers used for
qRT-PCR are listed in Table 1

Statistical analysis: Results were expressed as mean ±
S.E.M. Data was analyzed statistically by One way
repeated measure analyses of variance (ANOVA)
followed by PLSD Fisher’s test using Statview software
(SAS Institute Inc, SAS Campus Drive, Cary, NC, USA),
to measure ginseng root extracts effects on all
physiological and biochemical parameters except mRNA
genes expression in studied organs, which were analyzed
by Kruskal Wallis, followed by Fisher’s test using
Stateview.  P < 0.05 was taken as significant difference.

RESULTS

Body weight: The BW of rats in all the three groups was
monitored on 1st and 14th week of study (Table 2). The
BW of DG was found to be significantly (P<0.0001)
decreased on week 14. D+GBE group also showed
decrease of BW but this decrease was less than that
recorded in DG group.

Blood and fasting serum glucose concentration: We
investigated whether GBE could lower the hyperglycemic
activity in diabetic rats. Non-fasting blood glucose was
measured at weekly basis throughout the study (data
shown for the week1 and week 14). We found no
significant differences in the blood glucose concentration
between DG and D+GBE group during the first 2 weeks
of treatment (data not shown). A significant increase
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(P<0.0001) in blood glucose level was recorded in DG
however, significant (P<0.0001) reduction for non-fasting
blood glucose level was recorded with effect to drug
between week 1 and week 14 (Table 2).

We further studied the FSG concentration in the
alloxan induced diabetic rats at the end of our
experimental trial is significantly (P<0.0001) higher in
DG than in CG. However D+GBE rats showed
significant (P<0.0001) decrease in FSG concentration
(Table 3).

Serum Biochemical parameters: Serum concentrations
of creatinine, urea, AST and ALT in CG, DG and
D+GBE groups were shown in Table 3. The GBE
showed no change in creatinine and AST levels, but
significant decrease in urea (P<0.001) and ALT
(P<0.001) levels was observed (Table 3).

Determination of oxidative stress: In alloxan-induced
diabetic rats, we found a significantly (P<0.0001)
decreased in serum CAT level and significant increase
(P<0.001) for MDA level. However, D+GBE rats showed
significant increase (P<0.05) for CAT and significant
reduction (P<0.05) for MDA concentrations.

Serum lipid Profile: For lipid profile, GBE treated group
showed significant (P<0.0001) enhancement in HDL-C
concentration and with no effect on TC, VLDL-C and
LDL-C levels. However, D+GBE significantly decrease
TG (P<0.0001) and VLDL-TG (P<0.0001)
concentrations (Table 3).

mRNA expression of genes: In order to understand the
underlying mechanisms that how GBE improved the

glucose tolerance in diabetic state, the mRNA expression
of key genes were studied in liver, skeletal muscles and
adipose tissues in rats. We studied glucose transporter-4
(GLUT-4) insulin receptor substrate-1 (IRS-1), Insulin
receptor (IR), Phosphoenolpyrovate carboxykinase
(PEPCK), Sterol regulatory element binding protein-1c
(SREBP-1c), Fatty acid synthase (FAS), Peroxisome
proliferator-activated receptor-α (PPAR-α), Peroxisome
proliferator-activated receptor-γ (PPAR-γ) and tumor
necrosis factor-α (TNF-α) in hepatic, skeletal muscle and
adipose tissue.

mRNA genes expression in liver: For GLUT-4, IR,
PPAR-α, SREPB1-c and FAS no significant changes
were observed in diabetic and GBE treated groups. In
parallel, we found significant up-regulation (P<0.05) of
IRS-1, and significant down-regulation of PEPCK
(P<0.05) and TNF- α (P<0.001) in the D+GBE group
(Fig 1).

mRNA gene expression in skeletal muscles: As shown
in Figure 2, significant up-regulation for GLUT-4
(P<0.001) and PPAR-α (P<0.001) in D+GBE treated
group was recorded, whereas, same genes were down-
regulated in diabetic rats.

mRNA gene expression in adipose tissues: As shown in
Fig 3, GLUT-4 and FAS were not affected in all the
studied groups. However, significant decrease in IRS-1
(P<0.0001), IR (P<0.05) and PPAR-γ (P<0.001) in DG
was found. The TNF-α showed, significant up-regulation
(P<0.0001) in DG and significant (P<0.0001) down-
regulation in D+GBE group.

Table 1. Genes and the primer sequences used.

Genes Forward primer (5'-3') Reverse primer (5'-3')
GAPDH TCCCATTCTTCCACCTTTGATGCT ACCCTGTTGCTGTAGCCATATTCAT
GLUT-4 GCTTCTGTTGCCCTTCTGTC TGGACGCTCTCTTTCCAACT

IRS-1 GCCAATCTTCATCCAGTTGC CATCGTGAAGAAGGCATAGG
IR GTGCTGCTCATGTCCTAAGA AATGGTCTGTGCTCTTCGTG

PEPCK AGTCACCATCACTTCCTGGAAGA GGTGCAGAATCGCGAGTT
SREBP-1c GGCATGAAACCTGAAGTGGT TGGGCTTTCACCTGGTTATC

FAS CGCCGTGGTGCTGGAGATTG CTTGCCGAGGTTGGTGAGGAAG
PPAR-α GAGACCCTCGGGGATCTTAG CGTCTTGTGTCCTGAGCTTG
PPAR-γ CTGACCCAATGGTTGCTGATTAC GGACGCAGGCTCTACTTTGATC
TNF-α GCAGAGCCTTCCAAGCCTACC GTTACCCAGCCCACCTCCTTTG

Abbreviations: GAPDH (Glyceraldehyde-3-phosphate dehydrogenase), GLUT-4 (Glucose transporter-4), IRS-1 (Insulin receptor
substrate-1), IR (Insulin receptor), PEPCK (Phosphoenolpyrovate carboxykinase), SREBP-1c (Sterol regulatory element binding
protein-1c), FAS (Fatty acid sythase), PPAR-α (Peroxisome proliferator-activated receptor-α), PPAR-γ (Peroxisome proliferator-
activated receptor-γ),  TNF-α (tumor necrosis factor-α).
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Table 2. Effect of Ginkgo biloba Leaves extract on body weight, and blood glucose in non-diabetic (CG), diabetic
Group(DG) and diabetic + Ginkgo biloba treated group (D+GBE) at week 1 and week 14 in rats.

Parameters
CG DG D+GBE

Week 1 Week 14 Week 1 Week 14 Week 1 Week 14

BW (g) 165.36±1.51
206.20±2.36

γ*** 165.93±1.41
143.75±2.20

a*** 166.87±0.99
150.55±1.81

b***

Blood glucose
(mg/dl)

83.43±1.28 γ*** 83.68±1.35 γ*** 417.07±25.43
a***

485.58±25.52
a*** 410.5±19.65

227.38±10.89
b***

All values are presented as mean ± S.E.M.
γ***=P< 0.0001, Ginkgo biloba VS non-diabetic     a***=P<0.001, diabetic vs non-diabetic      b***=P<0.0001, ginkgo biloba vs diabetic
Abbreviations: BW (Body weight)

Table 3. Effect of Ginkgo biloba Leaves extract on Fasting serum glucose, Creatinine, Urea, AST, ALT, anti-
oxidative stress (CAT and MDA) and serum lipid profile (TC, VLDL-C, LDL-C, HDL-C, TG and VLDL-
TG) in non-diabetic (CG), diabetic Group(DG) and diabetic + Ginkgo biloba treated group (D+GBE) at
week 14 in rats (n=8).

Parameters CG DG D+GBE
FSG (mg/dL) 83.68±1.35γ*** 485.58±25.52a*** 227.38±10.89b***

Creatinine (mg/dL) 1.63±0.12 γ** 2.01±0.03a** 1.95±0.04
Urea (mg/dL) 18.70±0.37 γ*** 173.8±3.98a*** 161.39±2.03b**

AST (µ/L) 76.88±1.43 γ*** 210.06±3.08a*** 209.43±1.56
ALT (µ/L) 36.23±0.72 40.9±1.68a** 36.88±0.19b**

CAT (KU/L) 20.83±0.26 18.60±0.65a*** 19.99±0.16b*

MDA (mmol/L) 6.54±0.23 7.55±0.28a** 6.95±0.22 b*

TC (g/L) 0.82±0.01 γ*** 1.34±0.01a*** 1.29±0.02
VLDL-C (g/L) 0.07±0.005 γ*** 0.28±0.005a*** 0.29±0.005
LDL-C (g/L) 0.06±0.001 γ*** 0.55±0.01a*** 0.54±0.01
HDL-C (g/L) 0.68±0.01 γ*** 0.49±0.009a*** 0.54±0.008b**

TG (g/L) 1.25±0.007 γ*** 2.12±0.02a*** 1.56±0.01b***

VLDL-TG (g/L) 0.19±0.01 γ*** 1.03±0.01a*** 0.75±0.006 b***

All values are presented in mean±S.E.M
γ**=P< 0.001, Ginkgo biloba VS non-diabetic         a*=P<0.05, diabetic vs nondiabetic
b*=P<0.05, Ginkgo biloba vs diabetic
γ***=P< 0.0001, Ginkgo biloba VS non-diabetic     a**=P<0.001, diabetic vs nondiabetic
b**=P<0.001, Ginkgo biloba vs diabetic

a***=P<0.0001, diabetic vs non-diabetic                  b***=P<0.0001, Ginkgo biloba vs diabetic
Abbreviations: GBE (Ginkgo biloba extract), FSG (Fasting Serum Glucose), AST (Asparatate aminotransferase), ALT (Alanine
aminotransferase), CAT (Catalase), MDA (Malondialdehyde), TC (Total Cholesterol), VLDL-C (Very Low Density Lipoprotein-
Cholesterol), LDL (Low Density Lipoprotein-Cholesterol), HDL (High Density Lipoprotein-Cholesterol), TG (Triglyceride), VLDL-
TG (Very Low Density Lipoprotein- triglyceride),
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Fig 1. Effect of Ginkgo biloba Leaves extract (GBE) on mRNA gene expression of Glucose transporter-4 (GLUT-
4), Insulin receptor substrate-1 (IRS-1), Insulin receptor (IR), Phosphoenolpyrovate carboxykinase
(PEPCK), Sterol regulatory element binding protein-1c  (SPEPB1-c), Fatty acid synthase (FAS),
Peroxisome proliferator-activated receptor- α (PPAR-α), Peroxisome proliferator-activated receptor- γ
(PPAR-γ) and tumor necrosis factor-α (TNF-α) in the liver of alloxan induced diabetic male Wistar rats.
All values are mean ± S.E.M ; n=8. γ * P<0.05, γ** P< 0.001 non-diadetic vs Ginkgo biloba, a** P<0.001 and
a*** P<0.0001 diabetic vs non-diabetic,  b* P<0.05 and b** P<0.001 Ginkgo biloba vs diabetic group.

Fig 2. Effect of Ginkgo biloba Leaves extract (GBE) on mRNA gene expression of GLUT-4 (Glucose transporter-
4), IRS-1 (Insulin receptor substrate-1), IR (Insulin receptor), PPAR-α (Peroxisome proliferator-
activated receptor- α), TNF-α (tumor necrosis factor-α), in the muscles of alloxan induced diabetic male
Wistar rats. All values are mean ± S.E.M ; n=8. γ* P<0.05 and γ*** P<0.0001 non-diadetic vs Ginkgo
biloba, a* P<0.05 and a*** P<0.0001 diabetic vs non-diabetic,  b** P<0.001 Ginkgo biloba vs diabetic group
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Fig 3. Effect of Ginkgo biloba Leaves extract (GBE) on mRNA gene expression of GLUT-4 (Glucose transporter-
4), IRS-1 (Insulin receptor substrate-1), IR (Insulin receptor), Fatty acid synthase (FAS), PPAR-γ
(Peroxisome proliferator-activated receptor- γ) and TNF-α (tumor necrosis factor-α) in the adipose
tissues of alloxan induced diabetic male Wistar rats. All values are mean ± S.E.M ; n=8. γ** P<0.001 and
γ***P<0.0001 non-diadetic vs Ginkgo biloba, a* P<0.05, a** P<0.001 and a*** P<0.0001 diabetic vs non-
diabetic, b*** P<0.0001 Ginkgo biloba vs diabetic group.

DISCUSSION

Diabetes is a global health problem, becoming
more prevalent in the coming few decades (Wild et al.,
2004). Diabetes is a pathological condition which is
associated with oxidative stress (Ebuehi et al., 2010). In
fruits, vegetables and plants phenolic compounds such as
flavonoids and phenolic acid are widely distributes have
the ability to scavenge active oxygen, hydroxyl radicals
and superoxide by donating the electron. The flavonoids
present in G. biloba leaves extract, exert their action by
chelating or scavenging process in anti-oxidant
mechanism and terpenes inhibit platelet activation factor
(Maltas and Yildiz, 2012). These days, GBE gains
attention of many researchers because of its beneficial
anti-diabetic effects in diabetic subjects. Many authors
reported a daily single dose of 120 mg of ginkgo leaf
extracts in the clinical trials (Kudolo, 2001; Kudolo et al.,
2006). The aim of the present research is to check the
effect of G. biloba leaves extract, on alloxan induced
diabetes and associated metabolic disturbances in rat.

We found significant reduction in the BW in
diabetic rats, but although the BW was less diminished, it
was normalized by GBE treatment. Our results for the
reduction of BW in alloxan induced diabetic rats are in
agreement with previous data (Ebuehi et al., 2010; Cheng
et al., 2013). Mechanisms involved in BW reduction in

diabetic condition were reviewed by Swanston-Flatt et
al., (1990) and Baynes (1991).

We found significant reduction in hyper-
glycemic condition concentration in diabetic rats treated
with GBE. Other researchers also showed reduction in
glycemia with GBE treatment (Shankar et al., 2005; Zhou
et al., 2011; Cheng et al., 2013; Ren et al., 2013). This
blood glucose reduction could be related either to
improvement in the plasma insulin concentration due to
positive influence of flavonoids on the pancreatic β-cells
or to enhancement in the blood glucose transport to the
peripheral tissues (Cheng et al., 2013). To further
understand the mechanisms that how GBE act as
hypoglycemic agents, we investigated the mRNA gene
expressions involved in the carbohydrate/glucose and
lipid metabolic activities.

For GLUT-4 expression, significant up-
regulation was found only in skeletal muscles after
treatment with GBE. Since the expression of GLUT-4 in
the skeletal muscles are regulated by metabolism and
insulin, thus any dysfunctioning of pancreatic β cells as
the case occur in diabetes also impaired the expression of
GLUT-4 (Zorzano et al., 2005). Lee et al., (2010) found
increase in GLUT-4 protein expression in whole cell
lysates in adipose tissues and muscles in mice after
treatment with nobiletin flavonoids.

Our data showed significant increase in the
expression of IRS-1 only in hepatic tissue after GBE
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treatment. Zhou et al., (2011) found significant increase
in the expression of IRS-2 in hepatic cells but they did
not measure the expression for IRS-1. The mRNA gene
expression of IR in the liver did not vary among the
groups as did the mRNA expression of IRS-1, indicating
that insulin signaling seems little or no effect in liver,
since we found no improvement in the expression of IR
in any of the studied organ. Evidences show an increase
in IR number and mRNA level of the IR in the liver,
muscles and adipose tissue in the diabetic rats (Amessou
et al., 1999). Despite of increase in blood insulin
concentration, increased in PEPCK expression in diabetic
animal models were found (Law et al., 2002) as also in
our case. Other researchers also found down-regulation
for PEPCK after treatment with different flavonoids
(Cederroth et al., 2008; Herrera et al., 2013).

The dyslipidemia associated to diabetes
condition; an effect of GBE treatment on dyslipidemia
was also checked in this study. Although GBE treatment
showed no effect on TC, VLDL-C and LDL-C, however,
GBE normalized HDL-C, TG and VLDL-TG
concentrations in diabetic rats. Dyslipidemia (high TG
and Low HDL-C) is commonly observed in diabetes
(Briones et al., 1984) and this appears directly correlated
with an increased risk of coronary heart disease (Forte et
al., 1994). Ebuehi et al., (2010) found significant increase
in TC and TG concentration in alloxan induced diabetic
rats. Kudolo (2001) found non-significant reduction in
TC, TG and LDL-C; however they reported no change in
the values of HDL-C after treatment with ginkgo in the
non-insulin dependent diabetic mellitus (NIDDM)
patients. We studied the genes involved in the lipid
metabolism to better understand that how GBE plays a
role to correct the dyslipidemia and hypertriglyceridemia
in diabetic state.

SREBP-1c plays a pivotal role in lipolytic genes
that regulated by insulin and glucose (Yuan et al., 2011).
Lipid homeostasis is regulated by SREBPs and directly
regulates the expression of more than 30 genes involved
in the synthesis and uptake of the TC, TG, phospholipids
and FAs (Horton et al., 2002). We reported no change in
the expression of hepatic SREBP-1c in treated group and
the results are not in agreement with Zhou et al., (2011).
The mRNA expression of FAS is markedly down-
regulated under metabolic complications, like insulin
resistance and diabetes in liver (Real et al., 2010), as also
reflected by our data. Flavonoids down-regulates the
mRNA expression of FAS (Wu et al., 2011).

Our data showed that G. biloba improved lipid
metabolism, through up-regulation of PPAR-α in
muscles. PPAR-α also well characterized to increase the
circulating amount of HDL level in accordance with
measured increase of HDL-C in our study.
Dysfunctioning of PPAR-α results in TC and TG
metabolic abnormalities (Yoon et al., 2003). PPAR-γ is
reported to control insulin sensitivity (Zhou et al., 2011);

they also reported up-regulation of PPAR-γ expression in
hepatic cells after treatment with ginkgo leaves extract.

In the present study, we found the GBE helps
the body to overcome the oxidative stress in diabetic
state, by reducing MDA and enhancing CAT level in the
body. MDA, the final product of lipid break down, is an
important biomarker of oxidative stress in the body (Ren
et al., 2013) and one of the important indicators used for
the free radicals induced lipid peroxidation (El-Khayat et
al., 2011). Our data are in accordance with that reported
by Ren et al., (2013) and Cheng et al., (2013). This effect
could be attributed to the anti-oxidant properties of
flavonoids (Shankar et al., 2005; DeFeudis and Drieu,
2000) heavily present in ginkgo (Smith and Luo, 2003;
Maltas and Yildiz, 2012).

Recent data showed that oxidative stress and
inflammation play major roles in the onset and
development of chronic diseases (Camps and Garcia-
Heredia, 2014) and that inflammatory state exacerbate
insulin resistance (Babish et al., 2010). We measured
significant down-regulation for TNF-α only in liver and
adipose tissue in effect with GBE treatment. There is no
data for the tissues for TNF-α treated with G. biloba to
compare with our work. Lee et al., (2010) found non-
significant down regulation of TNF-α in adipose tissues
after treatment with nobiletin: flavonoid found in citrus
fruits.

There are strong evidences that flavonoids
reduce the blood urea and serum creatinine level in
diabetic state (Renno et al., 2008). In clinical trial on
(NIDDM) patients, Kudolo, (2001) found no change in
AST and ALT levels after 3 months treatment with G.
biloba.

In conclusion, the leaves extract of G. biloba
have strong anti-diabetic and anti-oxidative effects. It
also led to improve glucose and lipid metabolism by
acting on the expression of key genes.
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