
Beneficial effects of Ginkgo biloba extract
on insulin signaling cascade, dyslipidemia,

and body adiposity of diet-induced obese rats

R.M. Banin1, B.K.S. Hirata1, I.S. Andrade2, J.C.S. Zemdegs2, A.P.G. Clemente4, A.P.S. Dornellas2,

V.T. Boldarine2, D. Estadella3, K.T. Albuquerque5, L.M. Oyama2, E.B. Ribeiro2 and M.M. Telles1

1Departamento de Ciências Biológicas, Universidade Federal de São Paulo, Diadema, SP, Brasil
2Disciplina de Fisiologia da Nutrição, Departamento de Fisiologia, Universidade Federal de São Paulo, São Paulo, SP, Brasil

3Departamento de Biociências, Universidade Federal de São Paulo, Baixada Santista, SP, Brasil
4Faculdade de Nutrição, Universidade Federal de Alagoas, Maceió, AL, Brasil
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Abstract

Ginkgo biloba extract (GbE) has been indicated as an efficient medicine for the treatment of diabetes mellitus type 2. It remains

unclear if its effects are due to an improvement of the insulin signaling cascade, especially in obese subjects. The aim of the

present study was to evaluate the effect of GbE on insulin tolerance, food intake, body adiposity, lipid profile, fasting insulin,

and muscle levels of insulin receptor substrate 1 (IRS-1), protein tyrosine phosphatase 1B (PTP-1B), and protein kinase B

(Akt), as well as Akt phosphorylation, in diet-induced obese rats. Rats were fed with a high-fat diet (HFD) or a normal fat diet

(NFD) for 8 weeks. After that, the HFD group was divided into two groups: rats gavaged with a saline vehicle (HFD++V), and

rats gavaged with 500 mg/kg of GbE diluted in the saline vehicle (HFD++Gb). NFD rats were gavaged with the saline vehicle

only. At the end of the treatment, the rats were anesthetized, insulin was injected into the portal vein, and after 90s, the

gastrocnemius muscle was removed. The quantification of IRS-1, Akt, and Akt phosphorylation was performed using Western

blotting. Serum levels of fasting insulin and glucose, triacylglycerols and total cholesterol, and LDL and HDL fractions were

measured. An insulin tolerance test was also performed. Ingestion of a hyperlipidic diet promoted loss of insulin sensitivity and

also resulted in a significant increase in body adiposity, plasma triacylglycerol, and glucose levels. In addition, GbE treatment

significantly reduced food intake and body adiposity while it protected against hyperglycemia and dyslipidemia in diet-induced

obesity rats. It also enhanced insulin sensitivity in comparison to HFD++V rats, while it restored insulin-induced Akt

phosphorylation, increased IRS-1, and reduced PTP-1B levels in gastrocnemius muscle. The present findings suggest that

G. biloba might be efficient in preventing and treating obesity-induced insulin signaling impairment.
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Introduction

Obesity has become a major public health problem

worldwide (1,2). It has been suggested that high levels of

abdominal adiposity and excess saturated fat intake promote

obesity-related metabolic syndrome (3-5), and that the

association between obesity, insulin resistance, and dyslip-

idemia potentiates the risk for cardiovascular diseases (6).

Ginkgo biloba extract (GbE; a standardized prepara-

tion named EGb 761, which is obtained from the leaves

of G. biloba) is one of the plant extracts most used in

therapeutics (7). GbE (50:1) contains about 24% flavonoid

glycosides, 6% terpenoids (such as the diterpenoids A, B,

C, M, and J ginkgolides, and the sesquiterpene bilobalide),

7% proanthocyanidins, and organic acids of low molecular

weight (8). Antioxidant, anti-inflammatory, vasodilator, and

anti-edematogenic properties have been reported for this

plant (9,10).

Studies have suggested that GbE intake by type 2

diabetes mellitus (T2DM) patients reduces circulatory

diseases and improves the glycemic profile (11,12).

Reduced glycemia was also reported in streptozotocin-

induced diabetic rats (13). It has been suggested that

these beneficial effects could result from a significant

stimulation of pancreatic beta-cell function/insulin produc-

tion (11) and from a significant decrease in glycated
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hemoglobin levels of T2DM patients (14). Despite the

evidence for a positive effect of GbE on glycemic

homeostasis, data in the literature are scarce about the

action of GbE on obesity-related insulin intolerance.

Thus, it is possible to speculate that GbE might also

improve insulin insensitivity on the obesity-related

impaired insulin signaling cascade. In this context, the

aim of the present study was to evaluate the effect of GbE

on the amelioration of several parameters related to

insulin tolerance in diet-induced obese rats.

Material and Methods

The present study was approved by the Ethics

Committee on Animal Research of the Universidade

Federal de São Paulo (Process #0321/11). All efforts

were made to minimize suffering.

Animals
Male Wistar rats (2 months old) were randomly

assigned to a normal fat diet (NFD) group or a high-fat

diet (HFD) group. The NFD groupwas fed standard pelleted

laboratory chow (Nuvilab1, Brazil), which provided 35.9%

of energy as carbohydrate, 22.7% as protein, and 4.5% as

fat, while the HFD group was fed a highly fat-enriched diet,

which was prepared by adding to the standard chow, 28%

(w/w) fat, 10% (w/w) sucrose, 20% (w/w) casein, to obtain

the protein content of the control diet, and butylated

hydroxytoluene in the amount of 0.4% (w/w) of additional

oil. This provided 19.5% of energy as carbohydrate,

23.2% as protein, and 57.3% as fat. Table 1 shows the

macronutrient and fatty acid compositions of the diets.

Animals were housed four to a cage and maintained in

controlled conditions of lighting (12:12-h light-dark, lights

on at 6:00 am) and temperature (23±16C), with free

access to food and water. The NFD group remained on its

respective diet for the entire study, whereas, after 8 weeks,

the HFD animals were subdivided into two subgroups,

according to the phytotherapy treatment described below.

Phytotherapy treatment
GbE was obtained from Southern Anhui Dapeng

(China). GbE contained flavone glycosides (26.12%),

terpenoids (6.86%), ginkgolide A (2.20%), ginkgolide B

(1.11%), ginkgolide C (1.05%), and bilobalide (2.50%).

Phytotherapy treatment was performed for 14 days.

The HFD group was subdivided into two groups:

HFD++Gb and HFD++V. The HFD++Gb group was

gavaged daily with 500 mg/kg GbE diluted in 2 mL 0.9%

saline (as vehicle), while the HFD++V and NFD groups

were gavaged with 2 mL of the vehicle alone.

Food intake and body weight measurements
Both body weight and 24-h food intake were measured

weekly from 2 to 4 months of age. During the phytother-

apy treatment, animals were housed individually, and

individual 24-h food intake and body weight were

measured weekly. Daily food intake was calculated as

the difference between the amount of food offered and the

food remaining after 24 h.

Serum parameters and weight of fat pads
Rats were decapitated after a 6-h fasting period. Blood

was collected, centrifuged at 1258 g for 15 min at 46C, and

the serum was stored at ––806C until analyses. Glucose,

triacylglycerol (TAG), total cholesterol, LDL-cholesterol, and

HDL-cholesterol concentrations were determined by enzy-

matic colorimetric methods using commercial kits (Labtest

Diagnóstica, Brazil). Insulin levels were measured using an

ELISA kit (Millipore1, USA). The homeostasis model

assessment estimate of insulin receptor (HOMA-IR) was

calculated from fasting insulin (mU/mL) and fasting glucose

(mmol/L), as follows: HOMA-IR = (insulin6glucose)/22.5.

Retroperitoneal, mesenteric, and epididymal adipose

tissue depots were dissected and weighed immediately.

Insulin tolerance test (ITT)
Tail blood samples were collected before (0 min) and

5, 10, 15, 20, 25, and 30 min after an intraperitoneal

injection of regular insulin (2 U/kg body weight, Humulin1

Human Insulin, Eli Lilly do Brasil Ltda., Brazil). A blood

drop was added to reactive strips, and glucose levels

were measured using a glucometer (One Touch Ultra,

Johnson & Johnson, USA).

Western blot analyses
The rats were anesthetized with sodium thiopental

(80 mg/kg body weight, intraperitoneally). The abdominal

cavity was opened, the portal vein was exposed, and 6 mg
of insulin was injected. Gastrocnemius muscle was

removed before and 90 s after the infusion of insulin

and homogenized in 1.0 mL of solubilization buffer

(100 mM Tris, pH 7.5, 0.1 mg/mL aprotinin, 2 mM phe-

nylmethylsulfonylfluoride, 10 mM sodium orthovanadate,

100 mM sodium fluoride, 10 mM sodium pyrophosphate,

and 10 mM EDTA). Triton X-100 was added to a final

concentration of 10%. Samples were centrifuged at

16,000 g for 40 min and equal amounts of proteins were

Table 1. Macronutrients and caloric value of normal fat diet

(NFD) and high-fat diet (HFD) diet.

NFD HFD

Humidity (%) 9.1 1.1

Lipids (%) 4.5 31.6

Protein (%) 22.7 27.0

Carbohydrates (%) 35.9 27.5

Total fiber (%) 18.9 8.6

Fixed mineral residue (%) 8.9 4.2

Sodium chloride (%) 0.6 0.2

Calculated energy (kcal/g) 2.7 5.0
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separated using 10% sodium dodecyl sulfate polyacryl-

amide gel electrophoresis. Proteins were then transferred

to nitrocellulose membranes by a semi-dry transfer

apparatus (p-Akt/Akt: protein kinase B, IR: insulin

receptor, and PTP-1B: protein tyrosine phosphatase 1B)

or by a wet transfer apparatus (IRS-1 and IRS-2: insulin

receptor substrates 1 and 2; Bio-Rad, USA).

Nonspecific protein binding to the nitrocellulose was

reduced by preincubating the membrane overnight at 46C

in blocking buffer (1% bovine serum albumin, 1 M Tris,

pH 7.5, 5 M NaCl, 0.02% Tween-20). Membranes were

then incubated overnight with the primary antibody

against phospho-Akt (Ser-473 9271S, Cell Signaling,

USA), IR (sc-711), IRS-1 (sc-559), IRS-2 (sc-8299), and

PTP-1B (sc-1718), obtained from Santa Cruz Biotechno-

logy (USA). All membranes were then incubated with

specific secondary antibody conjugated with horserad-

ish peroxidase (Cell Signaling 7074S for membranes

incubated with IR, IRS-1, and IRS2; Sigma-Aldrich,

USA, A-51420 for membranes incubated with PTP-1B)

followed by chemiluminescence detection (Amersham

Biosciences, USA). The same membranes used for

phospho-Akt were stripped and reprobed with the anti-

body against Akt (Cell Signaling 9272S), followed by

incubation with specific secondary antibody conjugated

with horseradish peroxidase (Cell Signaling 7074S). The

membranes used for IR, IRS-1, IRS-2, Akt, and PTP-1B

were stripped and reprobed with the antibody against

b-tubulin (Cell Signaling 2146S).

Quantitative analysis was performed with the Scion

Image software (Scion Corp., USA). In all experiments, at

least one sample from each group was analyzed in

parallel, and the results are reported as percentage

change relative to the NFD group.

Statistical analyses
Statistical analyses were performed using PASW

Statistics version 19 (SPSS Inc., USA) with the level of

statistical significance set at P,0.05. Comparisons

between two groups were performed by the Student t-
test. Comparisons among three groups were analyzed by

one-way ANOVA followed by the Tukey HSD test for

multiple comparisons. Nonparametrical data were ana-

lyzed by the Kruskal-Wallis test followed by the Dunnet T3

test for multiple comparisons among all groups. Two-way

ANOVA (time vs phytotherapy treatment) and the Tukey

HSD post hoc analysis were used for the comparison of

glucose levels in response to ITT.

Results

Food intake and body weight during an 8-week period
of diet-induced obesity development

As can be seen in Figure 1, HFD rats presented a

significant increase in body mass compared to the NFD

group at 5 (5.34%, P=0.023), 6 (6.92%, P=0.004), 7

(8.70%, P=0.002), 8 (9.37%, P,0.001), and 9 (10.78%,

P,0.001) weeks of hyperlipidic diet obesity induction.

Figure 2A shows that, from the second to ninth week,

the HFD group presented a significantly lower meal

consumption (P,0.001) compared to the NFD group,

eating approximately 35% less. In relation to energy

intake, it can be observed in Figure 2B that the HFD group

during the first week presented a significant increase of

50% (P,0.001) compared to the NFD group. However,

from the second week, the increase only reached

statistical significance at 6 (21.06%, P=0.008), 8

(17.61%, P=0.033), and 9 weeks (22.17%, P=0.012).

Food intake and body adiposity in response to
phytotherapy treatment

The cumulative food intake during the first 13 days of

phytotherapy treatment is illustrated at Figure 3A. The

HFD++V group demonstrated a significant reduction in

food intake compared to the NFD group (45.54%,

P,0.001), while the HFD++Gb group showed a greater

significant reduction of 55.33% (P,0.001) compared to

the NFD group. It is interesting to note in Figure 3A that

the HFD++Gb group ingested 18% less than the HFD++V

group (P,0.001). In relation to energy intake, it can be

observed that the HFD++Gb group also presented a

significant reduction of 18% compared to the HFD++V

group (P,0.001).

Figure 4 shows that the HFD++V group presented a

significant increase (P,0.001) of retroperitoneal, epididy-

mal, and mesenteric adipose tissue depots compared

to the NFD group. In addition, the HFD++Gb group

presented a significant reduction of retroperitoneal

(27.94%, P,0.010) and epididymal (14.20%, P,0.05)

adipose tissue compared to the HFD++V group.

Insulin sensitivity
Figure 5 depicts the results from the ITT test. It can be

seen that the HFD++V group presented elevated glycemia

Figure 1. Body mass of normal fat diet (NFD; n=16) and high-fat

diet (HFD; n=71) groups during obesity-induction period.

*P,0.05 vs NFD (Student t-test).
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levels compared to the NFD group at 5, 10, 20, 25, and

30 min (24.2, 26.7, 35.8%, P,0.01; 58.4 and 55.2%,

P,0.001, respectively). The HFD++Gb group presented

similar glycemia levels compared to the NFD group while

presenting a significant decrease compared to the

HFD++V group at 5, 10, 25, and 30 min (––18.0%,

P,0.05; ––22.9%, P,0.01; ––30.0%, P,0.01; and ––27.6%,

P,0.05, respectively).

Akt phosphorylation levels
Akt phosphorylation levels are shown in Figure 6. It

can be seen that the insulin injection significantly

increased Akt phosphorylation in gastrocnemius muscle

by 1322% (P=0.034) compared to basal levels (Figure

6A). It is interesting to note, in Figure 6B, that insulin-

induced Akt phosphorylation (HFD++V++) was impaired

by the ingestion of a high-fat diet, since no change in

relation to basal levels was observed (HFD++V––). On the

other hand, in Figure 6C, it can be seen that prolonged

administration of GbE promoted a significant increase of

Figure 2. A, Food intake (g?100 g-1?24 h-1) and B, energy intake

(kcal?100 g-1?24 h-1) of normal fat diet (NFD; n=16) and high-fat

diet (HFD; n=71) groups during obesity-induction period.

*P,0.05 vs NFD (Student t-test).

Figure 3. A, Cumulative food intake (g) and B, cumulative energy

intake (kcal/100 g) of normal fat diet (NFD; n=12), high-fat diet

plus vehicle (HFD++V; n=25), and high-fat diet plus Ginkgo
biloba (HFD++Gb; n=20) groups during phytotherapy treatment.

*P,0.05 vs NFD, #P,0.05 vs HFD++V (one-way ANOVA

followed by the Tukey HSD test).

Figure 4. Mass weight (g) of retroperitoneal, epididymal and

mesenteric white adipose tissue depots of normal fat diet (NFD;

n=16), high-fat diet plus vehicle (HFD++V; n=11), and high-fat

diet plus Ginkgo biloba (HFD++Gb; n=9) groups after phytother-

apy. *P,0.05 vs NFD, #P,0.05 vs HFD++V (one-way ANOVA

followed by the Tukey HSD test).

Figure 5. Insulin tolerance test (ITT) of normal fat diet (NFD;

n=11), high-fat diet plus vehicle (HFD++V; n=6), and high-fat

diet plus Ginkgo biloba (HFD++Gb; n=6) groups after phytother-

apy treatment. *P,0.05 vs NFD; #P,0.05 vs HFD++Gb (two-way

ANOVA –– time vs phytotherapy treatment –– followed by Tukey

HSD post hoc analysis).

Beneficial effects of Ginkgo biloba on obese rats 783

www.bjournal.com.br Braz J Med Biol Res 47(9) 2014



426.2% (P=0.029) in insulin-induced Akt phosphorylation

in relation to basal levels.

IR, IRS-1, IRS-2, Akt, and PTP-1B levels

GbE treatment promoted a significant increase of

347.8% (P=0.0458) in IRS-1 levels with a concomitant

reduction of 51.9% (P=0.0373) in PTP-1B levels com-

pared to the HFD++V group (Figures 7 and 8, respec-

tively). No differences were observed in IR, IRS-2, and

Akt levels among all groups (data not shown).

Biochemical parameters
All biochemical parameters are reported in Table 2.

Glycemia was 21% higher in the HFD++V group compared

to the NFD group (P,0.01). No differences were observed

in the HFD++Gb group. In addition, GbE treatment

promoted a three-fold increase of fasting insulinemia levels

compared to the NFD group (P=0.048), while no

differences were observed in the HFD++V group.

In comparison to the NFD group, the HFD++V group

presented a significant increase in TAG plasma levels

(17.90%, P=0.013), while the HFD++Gb group was not

different. In addition, the HDF++V group presented a

tendency to increased total cholesterol (16.43%,

P=0.058) compared to the NFD group, while GbE

treatment protected against changes in lipid profile. No

significant differences were observed in LDL cholesterol

and HDL cholesterol plasma levels.

Discussion

The present study demonstrated that high-fat intake

caused a significant increase in both energy intake and

body mass gain, especially from the sixth week during the

obesity development period. In addition, high-fat diet

Figure 6. Akt phosphorylation levels in gastrocnemius muscle of

A, NFD–– (basal, n=5) and NFD++ (insulin-stimulated, n=5); B,
HFD++V–– (basal, n=6) and HFD++V++ (insulin-stimulated, n=6);

and C, HFD++Gb–– (basal, n=6) and HFD++Gb++ (insulin-

stimulated, n=6) groups after phytotherapy treatment. Akt:

protein kinase B; NFD: normal fat diet; HFD: high-fat diet; V:

vehicle (saline); Gb: Ginkgo biloba. *P,0.05 vs basal (Student

t-test).

Figure 7. IRS-1 levels in gastrocnemius muscle of NFD (n=10),

HFD++V (n=7), and HFD++Gb (n=9) groups after phytotherapy

treatment. IRS-1: insulin receptor substrate 1; NFD: normal fat

diet; HFD: high-fat diet; V: vehicle (saline); Gb: Ginkgo biloba.
#P,0.05 vs HFD++V (one-way ANOVA followed by the Tukey

HSD test).
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intake promoted obesity in HFD++V rats, as can be

observed by the significant increase in body adiposity.

This effect might have resulted from the high energy

intake. In agreement with our findings, Lladó et al. (15)

described increased retroperitoneal adipose tissue accu-

mulation in rats fed a cafeteria diet. The authors

suggested that it could be a consequence of impaired

balance of alpha-2/beta-3 adrenergic receptors, which

resulted in reduced lipolysis.

An interesting finding of the present study was the

observation that GbE promoted a significant reduction in

retroperitoneal and epididymal adipose tissue depots

compared to the HFD++V group. The reduced food intake

presented by the HFD++Gb group might have resulted in a

reduction of body adiposity. Otherwise, the reduced body

adiposity of HFD++Gb rats might be due to the lipolytic

effect of GbE. In fact, Saponara and Bosisio (16) demon-

strated that the G. biloba biflavones stimulated lipolysis via

inhibition of the cAMP-phosphodiesterase enzymatic

complex in rat epididymal adipose tissue. In addition,

another study showed evidence that the GbE biflavones

stimulated lipolysis in cultures of 3T3-L1 adipocytes (17).

As expected, a high-fat diet intake promoted a

significant increase in plasma TAG levels while GbE

treatment protected against diet-induced hypertriglycer-

idemia. It has been reported that GbE treatment did not

alter plasma TAG levels (12-18). However, an important

effect of GbE observed in the present study was the

significant reduction in visceral adiposity, which might

have helped to decrease plasma TAG levels. Similar to

our hypothesis, Goldberg et al. (19) and Fayh et al. (20)

observed in obese subjects a significant reduction of total

cholesterol, LDL-cholesterol, and TAG levels after a

weight loss of 8% and 5% of their body mass,

respectively. It is possible that the effect presented by

GbE might occur only in a process of adiposity loss

induced by the treatment.

Our results also demonstrated that high-fat intake

decreased insulin sensitivity and resulted in hyperglyce-

mia, indicating that excess saturated fat intake might

disrupt peripheral insulin activity. Such an effect is

supported by a study, which demonstrated the develop-

ment of peripheral insulin resistance in rats fed a high-fat

lard-enriched diet during a 4-week period (21). On the

other hand, GbE treatment protected against hyperglyce-

mia and improved insulin sensitivity, since HFD++Gb rats

presented similar results of glycemia and insulin sen-

sitivity compared to the NFD group. In addition, GbE

promoted a significant 3-fold increase in fasting insulin

plasma levels compared to HFD++V. In fact, other studies

have demonstrated similar effects, since GbE was able to

enhance insulin synthesis in T2DM individuals as well as

in a culture of pancreatic beta-cells of mice (22,23).

It has been reported that insulin sensitivity might be

enhanced by reduction in body adiposity (24). It is

possible that the reduction of both food intake and body

adiposity observed in the HFD++Gb group resulted in

protection against the effects of high-fat intake on insulin

signaling impairment. Despite the fact that literature

Figure 8. PTP-1B levels in gastrocnemius muscle of NFD

(n=10), HFD++V (n=9), and HFD++Gb (n=8) groups after

phyttherapy treatment. PTP-1B: protein tyrosine phosphatase

1B; NFD: normal fat diet; HFD: high-fat diet; V: vehicle (saline);

Gb: Ginkgo biloba. #P,0.05 vs HFD++V (one-way ANOVA

followed by the Tukey HSD test).

Table 2. Glycemia, plasma insulin levels, and HOMA-IR of NFD (n=8-13), HFD++V (n=13), and HFD++Gb (n=8-13) groups and

blood lipid profile of NFD (n=8), HFD++V (n=9), and HFD++Gb (n=5) groups.

NFD HFD++V HFD++Gb

Glycemia (mg/dL) 109.78 ± 3.32 132.93 ± 3.80* 123.25 ± 2.64

Fasting insulinemia (ng/mL) 0.61 ± 0.08 0.83 ± 0.14 1.8 ± 0.14*

HOMA-IR 1.17 ± 0.16 1.89 ± 0.37 2.35 ± 0.46

Total cholesterol (mg/dL) 135.33 ± 8.59 157.57 ± 5.44 136.13 ± 7.36

Triacylglycerol (mg/dL) 103.58 ± 3.59 122.12 ± 3.33* 111.89 ± 7.11

LDL-cholesterol (mg/dL) 66.08 ± 3.91 75.83 ± 6.24 59.75 ± 4.22

HDL-cholesterol (mg/dL) 53.37 ± 2.89 58.59 ± 2.50 54.00 ± 2.02

Data are reported as means±SE. NFD: normal fat diet; HFD: high-fat diet; V: vehicle (saline); Gb: Ginkgo biloba; HOMA-IR:

homeostasis model assessment estimate of insulin receptor. * P,0.05 vs NFD group (one-way ANOVA followed by the Tukey HSD test

for glycemia, fasting insulin and HOMA-IR; Kruskal-Wallis test followed by the Dunnet T3 test for the lipid profile parameters).
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reports are scarce concerning the role of GbE on central

control of food intake, it has been demonstrated that GbE

affects the serotonergic system. In rats submitted to

stress by immobilization, Shah et al. (25) reported that

GbE restored serotonin levels in the central nervous

system (whole brain). Since serotonin plays a pivotal role

in the central control of energy homeostasis, inhibiting

food intake and stimulating energy expenditure, it is

possible that the observed inhibitory effect of GbE on food

intake might have occurred, at least in part, due to a

stimulatory role on hypothalamic serotonin release. It is

also possible that GbE might interact with other central

mechanisms involved in the complex process of energy

homeostasis. Such a hypothesis must be tested in further

studies in order to describe the pathways involved in GbE-

induced reduction of food intake.

Remarkably, the present study also showed evidence

of an impairment of Akt phosphorylation induced by

insulin in the gastrocnemius muscle of HFD++V rats.

Thus, it is well documented that obesity and high-fat

consumption reduce both IRS-1 levels and IRS-1 phos-

phorylation in insulin-dependent tissues, disrupting the

insulin signaling cascade as evidenced by reduced

glucose uptake via GLUT4 (26,27). On the other hand,

GbE treatment increased Akt phosphorylation and IRS-1

while it reduced PTP-1B levels in gastrocnemius muscle

compared to non-treated obese rats, indicating that G.
biloba plays a beneficial role against insulin signaling

impairment induced by obesity. It is noteworthy that Akt

phosphorylation is an essential step required for GLUT4

translocation to the plasma membrane and consequently

for glucose uptake by insulin-dependent tissues, and

PTP-1B has been related to reduced IR tyrosine

phosphorylation and, consequently, insulin signaling

impairment (28,29). The results mentioned earlier demon-

strate, for the first time, a direct beneficial effect of GbE on

obesity-related insulin insensitivity.

Finally, it is important to consider that, despite several

potent hypoglycemic agents available for the treatment of

T2DM, some evidence points to the important side effects

related to these drugs. A cohort study involving diabetic

patients without prior stroke showed that individuals

who had used rosiglitazones, a type of thiazolidinedione

(TZD), for 10 years presented an increased risk of

ischemic stroke and heart failure (30). Furthermore, the

long-term use of rosiglitazones has been associated with

bone loss and fracture risk (31). In addition, a review (32)

reported a positive correlation between sulfonylurea/TZD

and weight gain. It is important to note that GbE has been

described as protecting against congestive heart failure,

becoming one of the most common complementary

therapies used by patients with cardiovascular diseases

(33,34). GbE has also been recognized as protecting

against bone loss, reducing the progress of osteoporosis

(35). Taking into consideration that the present study

demonstrated beneficial effects of GbE on body adiposity

and glucose metabolism, we suggest that GbE might be a

good alternative to other hypoglycemic therapies, since it

also protects against important side effects related to the

conventional therapy for T2DM.

In conclusion, the present study demonstrated that

short-term GbE treatment significantly reduced food

intake and body adiposity while it protected against

hyperglycemia and dyslipidemia in diet-induced obese

rats. G. biloba also enhanced insulin sensitivity, IRS-1,

and Akt phosphorylation while it reduced PTP-1B levels in

gastrocnemius muscle compared to nontreated obese

rats. It is noteworthy that such effects were observed in

rats that had been fed a hyperlipidic diet. Taking into

consideration that most obese people resist adhering to a

program of nutritional reeducation, GbE therapy might be

very helpful for avoiding the development of comorbidities

in those patients. These findings suggest that G. biloba
might be an efficient therapy to prevent and/or treat

obesity-induced insulin signaling impairment, and war-

rants additional studies to better understand the complex

mechanisms involved in GbE hypoglycemic effects.
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