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in hyperinsulinism-induced hepatic cells
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Abstract Ginkgo biloba, an herbal medication, is capable

of lowering glucose, fat, and lipid peroxide in diabetic

patients. In the current study, we tested the hypothesis that

Ginkgo biloba extract (GBE) prevented hyperinsulinism-

induced glucose intolerance in hepatocytes. We investigated

the effects of GBE on glucose consumption, glucokinase

activity, and mRNA levels of key genes in glucose metab-

olism and the insulin signaling pathway. To better show its

efficacy, we included a control group that was treated with

rosiglitazone, a type of thiazolidinedione (TZD). The data

indicated that GBE repressed glucose uptake under normal

conditions, while it dramatically improved glucose tolerance

under insulin-resistant conditions. Furthermore, after ana-

lyzing gene expression, we suggest that GBE chiefly exerts

its effects by stimulating IRS-2 transcription. It should be

noted that, unlike rosiglitazone, GBE did not stimulate

excessive glucose uptake as it improved glucose tolerance. It

is said that GBE treatment could avoid drug-induced obesity.

Our data suggest that GBE has the potential to prevent insulin

resistance and is a promising anti-diabetic drug.
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Abbreviations

GBE Ginkgo biloba extract

G6Pase Glucose-6-phosphatase

IRS Insulin receptor substrate

GLUT Glucose transporter

PPAR Peroxisome proliferator-activated receptor

SREBP Sterol regulatory element-binding protein

TZD Thiazolidinedione

Introduction

It is estimated that by the year 2020 there will be

approximately 300 million people affected by type 2 dia-

betes mellitus in the world. Of even greater concern is the

difficulty associated with preventing its global spread, and

most of the increase is expected occur in developing

countries. We urgently need to understand and control this

disease as soon as possible.

Ginkgo biloba, an herb, has been used in traditional

Chinese medicine for thousands of years. Ginkgo biloba

extract (GBE), which is the leaf extract of Ginkgo biloba,

is being widely studied and applied for its beneficial

properties in the treatment or prevention of human dis-

eases. GBE has been reported to lower blood glucose, fat,

and lipid peroxide and prevent atherosclerosis in animal

models and humans. In previous studies, GBE was found

to have anti-inflammatory action [1, 2] and to stimulate

skin microcirculation [3]. It has also been used as a ther-

apeutic agent for some cardiovascular and neurological

disorders. Recently, in vitro and in vivo evidence has

increasingly demonstrated that GBE has potential efficacy

in lipid metabolism, glucose metabolism, and in treating
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diabetes mellitus. Saponara and Bosisio [4] showed that

GBE inhibited cAMP phosphodiesterase in rat adipose

tissue. Dell’Agli and Bosisio [5] illustrated that the

biflavones of Ginkgo biloba stimulated lipolysis in

fully differentiated 3T3-L1 adipocytes. Boveris et al. [6]

obtained the same results as Dell’Agli and Bosisio and

further proved that GBE inhibited lipid peroxidation. By

investigating a diabetic rodent model, Nian et al. [7]

indicated that GBE lowered the postprandial blood-glucose

level; decreased the levels of total cholesterol (TC), tri-

glycerides (TG), and low-density lipoprotein (LDL); pro-

moted super oxide dismutase (SOD) activity in serum; and

relieved damage to the pancreatic islets. Moreover, Wei

et al. [8] found GBE could protect endothelial cells from

damage by decreasing serum lipid levels and suppressing

inflammatory response. It is well known that oxidation-

modified LDL plays an important role in the pathogenesis

of artherosclerosis with type 2 diabetes mellitus. Maitra

et al. [9] found GBE was also capable of inhibiting the

oxidation of LDL. In addition, early detection of retina

pathology is pivotal in monitoring visual complications in

diabetic patients. Researchers showed GBE prevented

diabetic retinopathy, and they thought it was a good

adjuvant for patients with long-lasting diabetes mellitus

[10]. All data suggested that GBE was valuable in diabetic

therapy.

The liver is an important organ for glucose metabolism

and energy homeostasis, and hepatic insulin resistance is a

key component in the development of type 2 diabetes

mellitus. In this process, PPARs, GLUT, G6Pase, IRS, and

SREBPs play crucial roles. GLUT2 is the primary glucose-

transporter isoform in the liver and is pivotal in glucose

homeostasis by mediating bidirectional transport of glu-

cose [11]. PPARs and SREBPs are well characterized

transcription factors. PPARc was deemed the main isoform

in adipocytes, but it has also been found to mediate lipid

metabolism and energy homeostasis by changing its

expression in the liver [12]. SREBP1c is crucial for the

regulation of lipogenic gene. Recent studies have also

found that it is interrelated with insulin action [13]. G6Pase

as the last enzyme in hepatic glucogenesis is an important

determinant of hepatic glucose fluxes. IRS-2 is the main

isoform in liver. It compensates for the lack of IRS-1 in the

IRS-1-/- model [14]. Hepatic insulin signaling is mediated

mainly through IRS-2 [15].

To our knowledge, no systematic study has illustrated

the molecular mechanism by which GBE improves insulin

sensitivity and enhances glucose tolerance in the insulin

resistance model. So, in this study we tested the hypothesis

that GBE is involved in modulation of insulin action and

enhances glucose tolerance. To better interpret its molec-

ular mechanism, we assayed the expression and glucoki-

nase activity of the genes listed above.

Materials and methods

Materials

The powder form of GBE was purchased from Greensky

Biological Tech (Hangzhou, China). The active component

of GBE is represented by 24% ginkgo flavone glycosides,

6% ginkgolides, and less than 1 ppm ginkgolic acid.

TRIzol was obtained from Sangon (Shanghai, China). The

Mammalian Cell Protein Extraction kit was purchased

from Shenergy Biocolor BioScience & Technology

(Shanghai, China). The glucose assay kit was obtained

from Shenergy-diasys Diagnostic Technology (Shanghai,

China).

Cell culture and treatment

The L-02 cell line was derived from adult human liver [16].

The cells were grown in Dulbecco’s modified Eagle’s

medium (DMEM) supplemented with 10% fetal bovine

serum (FBS) at 5% CO2 and 37�C. For the relevant

experiments, the density of cells was about 5 9 105 cells/

well in 24-well culture plates for RNA extraction or

5 9 106 cells/dish in 60-mm Petri dishes for metabolite

concentration assay. There were two groups of cells in the

experiments, those mimicking normal physiological status

(N) and those mimicking insulin-resistant status owing to

hyperinsulinemic treatment in vitro (A) [17–19]. The

subgroups of normal cells included the following: controls

(NC), cells treated with 10 lM rosiglitazone (NRT), and

cells treated with 10 mg/l GBE (NGT) group. All normal

cells were cultured in DMEM supplemented with 10% FBS

and treated with 10 nM insulin. The abnormal group

included the following three subgroups: controls (AC),

cells treated with 10 lM rosiglitazone (ART), and cells

treated with 10 mg/l GBE (AGT). All abnormal cells were

cultured in DMEM supplemented with 10% FBS and given

100 nM insulin. All treatments are listed in Table 1.

RNA isolation

Total RNA was isolated from L-02 cells using TRIzol after

culturing the cells for 36 h. All of the RNA samples were

treated with DNase I to digest the genomic DNA and stored

at -80�C.

Semiquantitative RT-PCR

Semiquantitative RT-PCR with 3-phosphate dehydroge-

nase (GAPDH) as an internal control was performed to

determine the levels of PPARc, IRS-2, GLUT2, SREBP1c,

and G6Pase mRNA in L-02 cells. A 4 ll RNA sample was

reverse transcribed with oligo(dT)18. cDNA (2 ll) was
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used for PCR amplification with 1 U Taq DNA polymer-

ase. The PCR products were run on a 1% agarose gel

containing ethidium bromide and viewed under UV light.

All primers are listed in Table 2. Preliminary experiments

were carried out with various PCR cycles to determine the

linear range of amplification for all genes. The results are

always normalized by the expression of GAPDH.

Protein isolation and concentration assay

Proteins in L-02 cells were isolated using the Mammalian

Cell Protein Extraction kit. Protein concentrations were

determined by Bradford assay [20].

Glucose concentration assay

The glucose concentration in medium of L-02 cells was

assayed using the glucose assay kit. Absorbance was assayed

at 340 nm using Beckman Coulter DU 800 UV/visible spec-

trophotometer. All sample concentrations were normalized

by each protein amount. The consumption of glucose was

calculated as the beginning glucose concentration minus the

ending glucose concentration.

Glucokinase assay

Enzymatic activity was assayed as described previously

[21], using NAD as coenzyme and glucose-6-phosphate

dehydrogenase as coupling enzyme. The assay buffer

contained 100 mM triethanolamine hydrochloride (Tris-

HCL, pH 7.8), 5 mM MgCl2, 5 mM ATP, 150 mM KCl,

2 mM dithiothreitol, 0.2% bovine serum albumin, 1 mM

NAD, and 1 U/ml of G6PDH. Correction for low hexoki-

nase activity was applied by subtracting the activity mea-

sured at 0.5 mM glucose from the activity measured at

100 mM glucose. Absorbance was measured at 340 nm

using Beckman Coulter DU 800 UV/visible spectropho-

tometer. Enzymatic activity was normalized by the protein

amount.

Statistical analysis

Results are expressed as mean ± SE of three independent

experiments in triplicate. Statistical differences between

the means were assessed by a two-tailed Student’s t test;

p \ 0.05 was considered significant.

Results

In normal status, GBE suppressed glucose consumption

but had little effect on glucokinase activity

All cells were cultured in DMEM. NC was treated with

10 nM insulin; NRT was treated with 10 nM insulin and

rosiglitazone; NGT was treated with 10 nM insulin and

Table 1 Cell treatments by

group
Reagent Normal conditions Abnormal conditions (hyperinsulinism-induced)

NC NRT NGT AC ART AGT

Insulin (10 nM) ? ? ?

Insulin (100 nM) ? ? ?

Rosiglitazone ? ?

Gingko biloba extract ? ?

Table 2 The primers used for

semiquantitative RT-PCR
Gene Size (bp) Forward and reverse primer (50–30) Accession number

PPARc 195 F: TCTCCAGTGATATCGACCAGC BT007281

R: TTTTATCTTCTCCCATCATTAAGG

IRS-2 383 F: CACCTCCCCACGACAGTTGC NM_003749

R: GGTGGGACAAGAAGTCAATGCTG

GLUT2 398 F: TTTTCAGACGGCTGGTATCAGC J03810

R: CACAGAAGTCCGCAATGTACTGG

SREBP1c 248 F: CACCGTTTCTTCGTGGATGG BC057388

R: CCCGCAGCATCAGAACAGC

G6Pase 244 F: CGACCTACAGATTTCGGTGCTTG NM_000151

R: AGATAAAATCCGATGGCGAAGC

GAPDH 452 F: ACCACAGTCCATGCCATCAC BC083511

R: TCCACCACCCTGTTGCTGTA
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GBE (as described in ‘‘Materials and methods’’). The

glucose consumption and glucokinase activity were deter-

mined at 0, 18, and 36 h. All results were normalized by

protein amount. The data indicated that GBE inhibited

glucose consumption (36% reduction, 18 h, p \ 0.05; 9%

reduction, 36 h) (Fig. 1a), whereas it had little effect on

glucokinase activity (no effect, 18 h; 5% reduction, 36 h)

(Fig. 1b) compared with control (NC). The trend was

toward a decrease over time. The decline in GBE con-

centration was a possible explanation for this phenomenon.

In contrast to GBE, rosiglitazone stimulated glucose con-

sumption (20% induction, 18 h; 44% induction, 36 h,

p \ 0.01) (Fig. 1a) and glucokinase activity (180%

induction, 18 h, p \ 0.01; 27% induction, 36 h, p \ 0.05)

(Fig. 1b) compared with control (NC). The results sug-

gested that in normal status cells, GBE decreased the risk

of obesity by suppressing excessive glucose consumption.

In normal status, GBE increased mRNA levels

of PPARc, IRS-2, and G6Pase

To further understand the mechanism by which GBE reg-

ulated glucose consumption, the mRNA levels of PPARc,

G6Pase, GLUT2, SREBP1c, and IRS-2 genes were mea-

sured. All cells were treated as described in ‘‘Materials and

methods.’’ After 36 h, cell RNA was isolated. The results

from semiquantitative RT-PCR (Fig. 2a) demonstrated that

GBE stimulated expressions of PPARc (30% induction;

p \ 0.05), IRS-2 (69% induction; p \ 0.05), and G6Pase

(120% induction; p \ 0.01) observably (Fig. 2b). PPARc

is involved in the insulin signaling pathway and could

regulate insulin sensitivity. The increase in its expression

would make cells sensitive to insulin. IRS-2 is a crucial

molecule in intracellular insulin signal transduction. It is

able to elevate intracellular insulin sensitivity by enhancing

its expression. The increases in PPARc and IRS-2 indicated

that GBE was able to enhance insulin sensitivity. As a

result, cells would increase glucose uptake. G6Pase as a

key enzyme catalyzed the last step in the hepatic glucose

synthesis reaction. Its increase might lead to augmented

glucose output in the liver. In contrast to GBE, rosiglitaz-

one increased all gene expressions (Fig. 2b).

In insulin resistance, GBE improved glucose

consumption

All cells were cultured in DMEM. AC cells were treated

with 100 nM insulin, ART with 100 nM insulin and ros-

iglitazone, and AGT with 100 nM insulin and GBE (as

described in ‘‘Materials and methods’’). The glucose con-

sumption and glucokinase activity were determined at 0,

18, and 36 h. All results were normalized by protein

amount. The data showed that 100 nM insulin inhibited

glucose consumption absolutely (Fig. 3a), whereas GBE

stimulated glucose consumption dramatically (Fig. 3a),

suggesting that GBE had potential efficacy in preventing

insulin resistance. In addition, GBE enhanced glucokinase

activity, but the difference was not significant, suggesting

glucokinase does not play a key role in GBE treatment.

Rosiglitazone had a similar efficacy to GBE. It markedly

stimulated glucose consumption (Fig. 3a) and glucokinase

activity (Fig. 3b).

Fig. 1a, b The effects of GBE and rosiglitazone on glucose

consumption and glucokinase activity in normal status cells. After

plating, L-02 cells were cultured for 36 h as described in ‘‘Materials

and methods.’’ After 0, 18, and 36 h, glucose concentration in

medium (a) and glucokinase activity (b) were determined. Data were

normalized by protein amount and are given as the mean ± SE of

three independent experiments in triplicate. *p \ 0.05, **p \ 0.01

compared with control group. NC Normal status control, NRT normal

status cells treated with rosiglitazone, NGT normal status cells treated

with GBE

Fig. 2a, b The effects of GBE and rosiglitazone on gene expression

in normal status cells. After plating, hepatocytes were cultured for

36 h as described in ‘‘Materials and methods.’’ After 36 h, total RNA

was extracted and analyzed for the expression of PPARc, IRS-2,

GLUT2, SREBP1c, and G6Pase (a). The quantification of blots for

these gene expressions, obtained in three independent experiments in

triplicate, is shown (b). GAPDH was used as an internal control to

normalize the expression levels of these genes. *p \ 0.05, **p \ 0.01

compared with control group. NC Normal status control, NRT normal

status cells treated with rosiglitazone, NGT normal status cells treated

with GBE
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In insulin resistance, GBE increased expressions

of IRS-2 and GLUT2 and decreased SREBP1c

expressions

To further understand the mechanism by which GBE

improved glucose tolerance, the mRNA levels of PPARc,

G6Pase, GLUT2, SREBP1c, and IRS-2 genes were measured.

All cells were treated as described in ‘‘Materials and

methods.’’ After 36 h, cell RNA was isolated. The results from

semi-quantitative RT-PCR (Fig. 4a) demonstrated that GBE

enhanced expressions of IRS-2 (1.5-fold induction; p \ 0.01)

and GLUT2 (0.9-fold induction; p \ 0.01) and inhibited

SREBP1c expression (27% reduction; p \ 0.05) compared

with control (AC) (Fig. 4b). As in normal status cells, GBE

stimulated IRS-2 expression. It was very important to improve

insulin sensitivity. Because GLUT2 is a main glucose trans-

porter in the liver, its increased expression was helpful for

cells to absorb glucose. SREBP1c is a crucial transcription

factor in lipid metabolism; thus, on the one hand, the decrease

in its expression would reduce lipid production, but on the

other hand, considering that SREBP directly suppresses IRS-2

expression at the transcriptional level, its decrease might be a

reason for the increase in IRS-2 expression. Rosiglitazone had

a similar effect to GBE on gene expression. However, PPARc
had a higher expression level and IRS-2 had a lower expres-

sion level under rosiglitazone treatment.

Discussion

This study proved that GBE is potentially efficacious in

preventing insulin resistance; the possible molecular

mechanism driving this process was discussed.

TZDs are common drugs used in type 2 diabetic therapy.

They are thought to be PPARc agonists [22] and to improve

downstream insulin sensitivity [23]. However, TZDs

increase the weight of patients, too [22, 24]. It is unclear

whether gaining weight in this way could do further harm to

diabetic patients, but it is well known that obesity is a major

risk factor for insulin resistance and type 2 diabetes mellitus.

By contrast, GBE suppressed excessive glucose consump-

tion while ameliorating glucose tolerance. Moreover,

although GBE decreased glucose consumption in normal

status cells, it did not induce insulin resistance. Kudolo

showed that long-term ingestion of GBE by healthy indi-

viduals caused a significant increase in pancreatic beta-cell

insulin response [25]. The effect of GBE on glucose

(improved glucose tolerance and inhibited excessive glucose

consumption) lead us to believe that GBE has a potential role

in diabetes therapy.

The liver, as a key metabolic organ, has two functions in

glucose metabolism, namely utilization and production of

glucose, and it plays a crucial role in regulating energy

balance. Hepatic insulin resistance has been deemed chiefly

responsible for type 2 diabetes [26]. In this study, GBE

ameliorated glucose tolerance in hyperinsulinism-induced

hepatocytes, suggesting that GBE can prevent hepatic

insulin resistance. To further explore the signaling path-

way, we determined mRNA levels of related genes and

glucokinase activity. Our data showed that in normal status

cells, GBE enhanced expression of PPARc, IRS-2, and

G6Pase; under conditions of insulin resistance, GBE

stimulated expressions of IRS-2 and GLUT2 and repressed

SREBP1c expression.

Glucokinase is the main hexokinase in the liver and

plays a key role in regulating glucose phosphatization. In

Fig. 3a, b The effects of GBE and rosiglitazone on glucose

consumption and glucokinase activity in cells induced with hyperin-

sulinism. After 0, 18, and 36 h, glucose concentration in medium

(a) and glucokinase activity (b) were determined. Data were

normalized by protein amount and are given as mean ± SE of three

independent experiments in triplicate. *p \ 0.05, **p \ 0.01 com-

pared with the normal control group (NC); #p \ 0.05, ##p \ 0.01

compared with the hyperinsulinism-induced control group (AC). ART
Cells induced with hyperinsulinism and treated with rosiglitazone,

AGT cells induced with hyperinsulinism and treated with GBE

Fig. 4a, b The effects of GBE and rosiglitazone on gene expression

in cells induced with hyperinsulinism. After plating, hepatocytes were

cultured for 36 h as described in ‘‘Materials and methods.’’ After

36 h, total RNA was extracted and analyzed for the expression of

PPARc, IRS-2, GLUT2, SREBP1c, and G6Pase (a). The quantifica-

tion of blots for these gene expressions, obtained in three independent

experiments in triplicate is shown (b). GAPDH was used as an

internal control to normalize the expression levels of these genes.

*p \ 0.05, **p \ 0.01 compared with the hyperinsulinism-induced

control group (AC). ART Cells induced with hyperinsulinism and

treated with rosiglitazone, AGT cells induced with hyperinsulinism

and treated with GBE
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our study, its activity did not change after GBE treatment.

The data suggested that GBE did not exert its effects on

glucokinase. It should be noted that IRS-2 expression was

improved after GBE treatment both in normal status and

insulin resistance. Because IRS-2 is a crucial element in

insulin signaling and researchers have found that a defi-

ciency of IRS-2 causes insulin resistance [27], its expres-

sion is understood to be closely related with insulin

sensitivity. Thus we suggest that GBE exerts its effects

mainly via IRS-2 expression. Moreover, our data indicate

that the increase in IRS-2 is followed by a decrease in

SRBEP1c, demonstrating a link between them. The results

of Ide et al. [28] support our supposition. They found

SREBP1c directly suppressed IRS-2 transcription in

hepatocytes. So we proposed that GBE improved insulin

sensitivity mainly by enhancing IRS-2 transcription. A

recent study reported that nobiletin, a polymethoxylated

flavone, improves insulin sensitivity in diabetic mice [29].

The similarity in the main components of nobiletin and

GBE suggests that plants with rich flavones have a

potential role in diabetic therapy.
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