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Abstract

Diabetes mellitus (DM) is caused by either destruction of pancreatic (-cells (type 1 DM) or un-
responsiveness to insulin (type 2 DM). Conventional therapies for diabetes mellitus have been
developed but still needs improvement. Many diabetic patients have complemented conventional
therapy with alternative methods including oral supplementation of natural products. In this study,
we assessed whether Ginkgo biloba extract (EGb) 761 could provide beneficial effects in the
streptozotocin-induced type 1 DM and high-fat diet-induced type 2 DM murine model system. For
the type | DM model, streptozotocin-induced mice were orally administered EGb 761 for 10 days
prior to streptozotocin injection and then again administered EGb 761 for an additional 10 days.
Streptozotocin-treated mice administered EGb 761 exhibited lower blood triglyceride levels,
lower blood glucose levels and higher blood insulin levels compared to streptozotocin-treated
mice. Furthermore, liver LPL and liver PPAR-a were increased whereas IL-13 and TNF-a were
decreased in streptozotocin-injected mice treated with EGb 761 compared to mice injected with
streptozotocin alone. For the type 2 DM model, mice were given high-fat diet for 60 days and then
orally administered EGb 761 every other day for 80 days. We found that mice given a high-fat diet
and EGb 761 showed decreased blood triglyceride levels, increased liver LPL, increased liver
PPAR-a and decreased body weight compared to mice given high-fat diet alone. These results
suggest that EGb 761 can exert protective effects in both type 1 and type 2 DM murine models.
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Introduction

Diabetes mellitus (DM) is a metabolic disease
caused in part by lack of insulin secretion by pancre-
atic B-cells or by lack of responsiveness to insulin.
Diabetes mellitus is classified into two groups: type 1
DM and type 2 DM. Of these two types, type 2 DM is
more prevalent [1]. Type 1 DM is caused by destruc-
tion of the pancreatic B-cells resulting in lack of insu-
lin secretion and is accompanied by high blood glu-
cose concentrations and ketoacidosis [2]. Type 2 DM is
caused by obesity and is accompanied by high blood
insulin levels and hyperlipidemia [3-6]. Complete

treatment of diabetes mellitus is difficult but can be
managed and further progression delayed by main-
taining optimal blood glucose levels. Many diabetes
patients use regular exercise and diet to augment their
diabetes therapy [7, 8]. However, increasing numbers
of patients with diabetes have turned to consumption
of natural products to complement existing traditional
therapy.

Ginkgo biloba is a tree native East Asia and ex-
tracts derived from the Ginkgo tree have been used
for traditional medicinal purposes. Although several
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biologically active components have been described
in the literature, the predominant pharmacologically
active components in Ginkgo biloba include flavonols
and terpene trilactones [9, 10]. However, the thera-
peutic effects EGb are likely not attributed to any one
compound but rather the combined effect of several
components in the whole extract [11, 12]. Several
commercialized Ginkgo biloba extracts exist but the
EGD 761 extract is by the well-standardized product.
EGD is purported be exert beneficial effects in Alz-
heimer’s disease, cancer, colitis, vascular diseases and
oxidative stress [10, 12-15]. At the molecular level,
EGD is thought to exert protective and antioxidative
effects through upregulation of superoxide dismutase
(SOD) and glutathione (GSH) expression which in
turn suppresses synthesis of reactive oxygen species
(ROS) [16, 17]. In addition, intraperitoneal injection of
EGD in rats inhibits expression of proinflammatory
cytokines such as tumor necrosis factor-o. (TNF-o)
thereby ameliorating inflammation [18]. It has also
been reported that EGb administration can regulate
fatty acid metabolism and increased Ccirculating
non-saturated fatty acids [19, 20]. In a streptozoto-
cin-induced rat diabetes model, EGb 761 suppressed
diabetic cardiomyopathy [21]. Collectively, these re-
sults suggest that EGb may be an effective therapy for
preventing and/or treatment of diabetes. In the cur-
rent study, we evaluated the efficacy of EGb in
STZ-induced type 1 DM and high fat diet induced
type 2 DM.

Materials and Methods

Induction of murine diabetes mellitus

For streptozotocin-induced type 1 DM studies,
7-week-old male C57BL/6 mice (Bio Genomic Inc.
Charles River Technology, Gapyung-Gun, Gyeong-
gi-Do, South Korea) weighing 23+1 grams were used.
Mice were administered EGb 761 (50 mg/kg, p.o.)
once a day for 10 consecutive days and then injected
once with STZ (120 mg/kg, i.p.)(Sigma-Aldrich, St.
Louis, MO, USA). Thereafter, mice were
re-administered EGb 761 (50 mg/kg, p.o.) again daily
for an additional 10 days. Mice were sacrificed one
day after the final EGb dose. Blood was collected from
retro-orbital veins. Body weight measurements were
taken daily. Food and water were provided ad labi-
tum. For high-fat diet-induced type 2 DM studies,
7-week-old male,C57BL/6 mice weighing 19+1 grams
were used. Mice were provided either normal diet
(SAM#31, Samtako, Osan, Korea) or high-fat diet
(D12451, Research Diet, Inc.) for 140 days. At day 60, a
subset of mice was administered EGb (50 mg/kg, p.o.)
or saline every two days for the duration of the ex-
periment (140 days). Blood was collected from ret-

ro-orbital veins. Body weight measurements were
taken daily. Food and water were provided ad labi-
tum. All animal protocols were approved by the In-
stitutional Animal Care and Use Committee (IACUC)
of Kangwon National University (IACUC#
KW-150512-2).

Western blot analysis

Tissues were homogenized in lysis buffer con-
taining 10% SDS and phosphatase inhibitor cocktail
(A.G. Scientific Inc., CA, USA). Lysates were clarified
at 12000 rpm, 4°C for 20 min. Proteins were electro-
phoresed, transferred to nitrocellulose membranes
and probed overnight with specific antibodies against
p-actin , LPL, PPAR-o, p-HSL, HSL, IL-1B, IL-6 or
TNF-o as described previously [22]. Immunoblots
were washed extensively and probed with appropri-
ate horse-radish peroxidase conjugated secondary
antibodies. Bands were visualized using Pierce® ECL
Plus Western Blotting Substrate (Lumigen, Inc.
Southfield, MI, USA).

Assessment of blood glucose, insulin and tri-
glyceride

Blood glucose levels were evaluated using
ACCU-CHEK Go (Roche Diagnostics Inc., Korea).
Blood insulin levels were evaluated using insulin kit
(Shinbayagi Co., Shinbukawa, Gunma, Japan). Blood
triglyceride was evaluated using Acechem TG kit (YD
Diagnostics Inc., Korea).

Statistical Analysis

Statistical analyses were performed using
one-way analysis of variance (ANOVA) or repeated
measure one-way ANOVA. A post-hoc Fisher’s PLSD
test was then applied. p < 0.05 was deemed to indicate
statistical significance.

Results

Body weight change

In the streptozotocin-induced type 1 DM mice,
the streptozotocin +saline (Stz+S) group and the
streptozotocin+EGb 761 (Stz+E) group showed a sta-
tistically significant decrease in body weight com-
pared to the streptozotocin untreated groups at day 20
(p <0.05) (Table 1). There was no difference in the
body weight between the Stz+S and Stz+E groups. In
the high-fat type 2 DM model, as expected, mice given
a high-fat diet + saline (H+S) showed increased body
weight at day 60 and at day 140 compared to mice
given a normal diet + saline (N+5S) (p <0.01) (Table 2).
Remarkably, at day 140, mice given a high-fat di-
et+EGb 761 (H+E) showed less body weight gain
compared to mice given a high-fat diet and saline
(H+S) (p <0.01)(Table 2). This result suggests that oral

http://www.medsci.org



Int. J. Med. Sci. 2015, Vol. 12

989

administration of EGb 761suppresses body weight
gain in the high-fat diet type 2 DM model.

Table 1. Body weight change in streptozotocin-induced
type 1 DM mice. Mice were administered EGb 761 (50 mg/kg,
p.o.) once a day for 10 consecutive days and then injected once
with streptozotocin (120 mg/kg, i.p.). Thereafter, mice were
re-administered EGb 761 (50 mg/kg, p.o.) again daily for an addi-
tional 10 days. The body weights are shown as mean+SEM of 7
mice. One-way ANOVA followed by Fisher’s PLSD test was used
for statistical analysis. Stz, streptozotocin; E, EGb 761; S, Saline.
Stz+S group was compared to S+S. Stz+E group was compared to
S+E group. * p <0.05.

Exp. group Day 0 Day 10 Day 20
S+S 23.0£0.6 24.0+0.2 24.1+0.2
S+E 23.1+0.5 24.1+0.4 24.4+04
Stz+S 22.50.6 23.0+0.4 21.8+0.7*
Stz+E 22.7+0.3 22.6%0.2 21.0+0.4*

Table 2. Body weight change in high-fat diet-induced type
2 DM mice. Mice were provided either normal diet or high-fat
diet for 140 days. At day 60, a subset of mice was administered
EGb 761 (50 mg/kg, p.o.) or saline every two days for the duration
of the experiment. The body weights are shown as mean+SEM of 7
mice. One-way ANOVA followed by Fisher’s PLSD test was used
for statistical analysis. N, normal diet; H, high-fat diet; E, EGb 761;
S, Saline. Statistical significance was found for high-fat diet+saline
group versus normal diet+saline group (day 60), high-fat diet+EGb
761 group versus normal diet+EGb 761 group (day 60), high-fat
diet+saline group versus normal diet+saline (day 140), high-fat
diet+EGb 761 group versus high-fat diet+saline group (day 140).
*#p <0.01.

Exp. groups Day 0 Day 60 Day 140
N+S 19.3£0.6 27.2+0.6 33.3+0.7
N+E 18.8+0.5 26.2+0.7 34.1+0.4
H+S 19.2+0.4 31.61.1%* 45.4+0.9**
H+E 18.5+0.4 31.2+0.9** 40.9+¢1.1**

Blood triglyceride levels

Blood triglyceride levels were assessed in the
DM murine model. As expected, in the streptozoto-
cin-induced type 1 DM model, blood triglyceride lev-
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els were increased at day 20 compared to mice ad-
ministered saline or EGb 761 alone (p <0.01)(Figure
1A). Interestingly, mice administered streptozoto-
cin+EGb 761 exhibited lower levels of blood triglyc-
eride compared to mice given streptozotocin alone (p
<0.01)(Figure 1A). In the high-fat diet-induced type 1
DM model, mice given a high-fat diet alone showed
an increase in blood triglyceride levels compared to
mice given a normal diet (p <0.01)(Figure 1B). How-
ever, mice co-administered EGb 761 with the high-fat
diet showed a decrease in blood triglyceride levels
compared to mice given high-fat diet alone (p
<0.05)(Figure 2B). These results suggest that EGb 761
suppresses blood triglyceride levels in both type 1
DM and type 2 DM models.

Blood glucose and insulin levels

We next evaluated the effect of EGb 761 on blood
glucose and blood insulin levels in type 1 DM and
type 2 DM mice. As expected, mice given strepto-
zotocin alone exhibited an increase in blood glucose
levels and a decrease in blood insulin levels compared
to mice given saline alone (p <0.01) (Figure 2A).
However, mice co-administered EGb 761 in strepto-
zotocin-injected mice showed decreased blood glu-
cose and increased blood insulin levels (p <0.05)
compared to streptozotocin-induced mice (Figure
2A). These results suggest that EGb 761 administra-
tion ameliorates streptozotocin-induced type 2 DM. In
the high-fat DM model, mice given a high-fat diet
exhibited increased levels of blood glucose and in-
creased levels of blood insulin compared to mice
given a normal diet (p <0.05)(Figure 2B). In contrast,
high-fat diet mice co-administered EGb 761 showed
no change in blood glucose and insulin levels com-
pared to mice injected with streptozotocin alone
(Figure 2B). These results demonstrate that EGb 761
exerted a protective effect in the streptozoto-
cin-induced type 1 DM model but not in the high-fat
diet-induced type 2 DM model.
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Figure 1. Blood triglyceride levels in DM mice. Blood triglyceride levels were measured in (A) streptozotocin-induced type | DM mice at day 20 and
(B) high-fat diet-induced type 2 DM mice at day 140. Data is shown as the mean+SEM of 7 mice. One-way ANOVA followed by Fisher’s PLSD test was used
for statistical analysis. S, saline; E, EGb 761; Stz, streptozotocin; N, normal diet; H, high-fat diet. Statistical significance are shown for Stz+S vs S+S, Stz+E vs

Stz+S, H+S vs N+S, H+E vs H+S. #p <0.05, ** p <0.01.
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Figure 2. Blood glucose and insulin levels in DM mice. Blood glucose (left panel) and insulin (right panel) levels were measured in (A) strepto-
zotocin-induced type 1 DM mice at day 20 and (B) high-fat diet-induced type 2 DM mice at day 140. Data is shown as the mean*SEM of 7 mice. One-way
ANOVA followed by Fisher’s PLSD test was used for statistical analysis. S, saline; E, EGb 761; Stz, streptozotocin; N, normal diet; H, high-fat diet. Statistical
significance are shown for Stz+S vs S+S, Stz+E vs Stz+S, H+S vs N+S, H+S vs N+S. *p <0.05, ** p <0.01, ns = not significant.

Effects of EGb 761 in levels of LPL, PPAR-a
and proinflammatory proteins in type 1 DM
mice

We evaluated changes in proteins levels of LPL,
PPAR-o and proinflammatory proteins in type 1 DM
mice. Mice injected with streptozotocin showed a de-
crease in liver LPL levels compared with mice injected
with  saline alone (p  <0.01)(Figure 3A).
Co-administration of EGb 761 in streptozoto-
cin-induced mice increased LPL levels in the liver
compared to mice injected with streptozotocin alone
(Figure 3A). Similarly, liver PPAR-o. protein levels
decreased in streptozotocin-induced mice but reached
normal levels in streptozotocin+EGDb 761 treated mice
(Figure 3B). We next evaluated levels of
pro-inflammatory cytokines in the pancreas of strep-
tozotocin-induced mice. Mice injected with strepto-
zotocin exhibited elevated levels of IL-1B, IL-6 and
TNF-o in the pancreas compared to untreated mice
(Figure 3C, D, E). Co-administration of EGb 716 in
streptozotocin-induced mice increased levels of IL-1
and TNF-o but not IL-6 in the pancreas (Figure 3C, D,
E). These results suggest that EGb 761 treatment de-
creased pancreatic inflammation in streptozoto-
cin-injected mice.

Effects of EGb 761 in levels of LPL, PPAR-a
and proinflammatory proteins in type 2 DM
mice

In mice given a high-fat diet, protein levels of
phosphorylated HSL in the liver remained unchanged
compared to mice given a normal diet (Figure 4A).
However, both LPL and PPAR-a levels decreased in
the liver of mice given a high-fat diet (Figure 4B, C).
Administration of EGb 761 in high-fat diet mice ele-
vated liver LPL and liver PPAR-a protein levels (Fig-
ure 4B, C). In contrast, high-fat diet mice exhibited no
change in protein levels of muscle LPL and muscle
PPAR-o levels nor did additional EGb 761 admin-
istration (Figure 4D, E).

Discussion

Streptozotocin causes destruction of pancreatic
B-cells which results in decreased insulin production.
As a result, fatty acid is released from adipose tissues
accompanied by increase ketone synthesis and pro-
gression to ketosis [23]. Furthermore, triglyceride
does not enter cells and thus blood triglyceride levels
are increased [24]. The increased serum triglyceride is
normally lowered by hydrolysis of triglyceride into
free fatty acid and glycerol. This process requires the
lipoprotein lipase. Peroxisome proliferator-activated
receptor a is involved in metabolism of fatty acid in
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the liver, kidney, heart, skeletal muscle, etc. Especial-
ly, LPL is highly expressed in the liver which then
metabolizes the fatty acid [25]. Streptozotocin is also
known to inhibit synthesis of LPL in the liver [26].
Insulin induces expression of PPAR-a and LPL, stim-
ulates preadipocyte proliferation and differentiation
and metabolism of adipose tissue [27]. In the current
study, we found that streptozotocin injection resulted
in decreased protein levels of LPL and PPAR-a in the
liver. However, administration of EGb 761 enhanced
protein levels of both liver LPL and liver PPAR-a in
the streptozotocin-induced model. In addition, we
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found that in the streptozotocin-induced type 1 DM
mice, co-administration of EGb 761 resulted in de-
creased blood triglyceride and blood glucose levels
and recovery of blood insulin levels compared mice
injected with streptozotocin alone. This data is con-
sistent with the results showing that EGb can decrease
triglyceride levels [28]. Therefore, EGb 761 appears to
exert a protective effect against type 1 DM in the
streptozotocin-induced DM model. Administration of
EGDb 761 at did not by itself induce any gross delete-
rious effects on mice upon examination of the liver,
spleen, intestines, lung and brain (data not shown).
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Figure 3. Western blot analysis of proteins in streptozotocin-induced type 1 DM mice. Tissue lysates were prepared and analyzed by Western
blot analysis. (A) liver LPL, (B) liver PPARa, (C) pancreas IL-1, (D) pancreas IL-6, (E) pancreas TNF-a.. One representative immunoblot (upper panel) and
densitometric analysis of five samples (lower panel, mean+SEM) are shown. One-way ANOVA followed by Fisher’s PLSD test was used for statistical
analysis. S, saline; E, EGb 761; Stz, streptozotocin. *p <0.05, **p <0.01, ns = not significant.
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Figure 4. Western blot analysis of proteins in high-fat diet-induced type 2 DM mice. Tissue lysates were prepared and analyzed by Western
blot analysis. (A) liver phosphorylated-HSL vs total HSL, (B) liver LPL, (C) liver PPARa, (D) muscle LPL, (E) muscle PPARc. One representative immunoblot
(upper panel) and densitometric analysis of five samples (lower panel, mean+SEM) are shown. One-way ANOVA followed by Fisher’s PLSD test was used
for statistical analysis. S, saline; E, EGb 761; N, normal diet; H, high-fat diet. *p <0.05, ** p <0.01, ns = not significant.

Injection of streptozotocin causes pancreatic in-
flammation ~ with  concomitant increase in
pro-inflammatory cytokines [29, 30]. In the current
study, we found that EGb 761 administration also
decreased levels of the pro-inflammatory cytokines
IL-13 and TNF-a in the pancreas of streptozoto-
cin-induced mice. Thus, our data suggests that EGb
761 can alleviate pancreatic damage since administra-
tion of EGb 761 in streptozotocin-induced resulted in
decreased IL-1B and TNF-a protein levels in the pan-
creas. This conclusion is consistent with previous
studies which demonstrated that EGb decreased
pancreatic inflammation and expression of proin-
flammatory cytokines such as IL-18, TNF-o and IL-6
[31, 32]. In addition, overexpression of IGF-1 in p-cells
of transgenic mice conferred recovery from strepto-
zotocin-induced pancreatic damage [33]. It is possible
that in our study EGb 761 induced IGF-1 in the pan-
creas leading to decreased pancreatic damage.

Obesity is the main cause of type 2 diabetes
mellitus [34]. In our high-fat diet murine model of
type 2 DM, mice given a high-fat diet for 140 days
exhibited increased body weight, increased blood
glucose and increased blood insulin levels. Blood tri-
glyceride levels were also increased. These results
confirm that mice given a high-fat diet exhibited all
the canonical attributes of type 2 DM. In the current
study, we found that administration of EGb 761 in
high-fat diet mice did not decrease elevated levels of
blood glucose nor blood insulin suggesting that EGb
761 does not affect these parameters in the high-fat
diet type 2 DM model. However, EGb 761 did de-
crease body weight gain and blood triglyceride levels
in mice fed a high-fat diet. As reported previously,
EGDb induces decrease in triglyceride levels [28]. Obe-
sity caused by the high-fat diet results in increased
number and size of adipocytes [3, 4]. The enlarged
adipocytes are refractive to insulin induce glucose
metabolism and glucose transport thereby resulting in
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insulin resistance in peripheral tissues and increased
blood insulin levels [35]. Increased insulin resistance
causes inhibition of lipoprotein lipase of peripheral
tissues [36, 37]. Our study shows that EGb 761 can
induce recovery of liver LPL but not muscle LPL.

In the current study, we found that mice given a
high-fat diet exhibited decreased protein levels of
PPAR-o and LPL in the liver but EGb 761 administra-
tion induced recovery of these two proteins. We sug-
gest that EGb induces PPAR-o which in turn induced
LPL expression and thus decrease in blood triglycer-
ide levels. However, it is unclear why the PPAR-a and
LPL levels in the muscles were unaffected. It is known
that tissue distribution of LPL differs among tissues
and also fat accumulation in the muscle is lower
compared to fat accumulation in adipose tissues [3,
38]. These observations may contribute to the lack of
EGb 761 effect in the muscle. Insulin inactivates the
hormone-sensitive lipase (HSL), a key enzyme that is
involved in hydrolysis of blood triglyceride, thus re-
sulting in accumulation of triglycerides [39]. We ex-
amined whether EGb 761 modulated liver HSL ex-
pression in the high-fat diet type 2 DM model. There
was no difference among the mice given normal diet,
high-fat diet and high-fat diet + EGb 761. In high-fat
diet type 2 DM model, we found that high-fat diet
increased blood insulin levels but did not induce
phosphorylated HSL in the liver which is possibility
due to insulin resistance.

In conclusion, we found that using the strepto-
zotocin-induced type 1 DM model EGb 761exerted an
anti-inflammatory effect in the pancreas resulting in
continued synthesis of insulin and consequently de-
creased blood glucose. Furthermore, EGb 761 de-
creased PPAR-o and LPL expression which in turn
induced decreased levels of blood triglycerides. In the
high-fat diet type 2 DM model, EGb 761 decreased
body weight gain and increased PPAR-a and LPL
expression resulting in decreased blood triglyceride
levels. Further mechanistic studies on the effects of
EGD on liver PPAR-o and LPL are warranted.
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