Biomedical Science Letters 2014, 20(4): 227~236

http://dx.doi.org/10.15616/BSL.2014.20.4.227
eISSN : 2288-7415

M Original Article M

Gingko biloba Extract Ameliorates Colonic Inflammation in
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Ki-Jong Rhee', Sun-Yeong Gwon', Soonjae Hwang', Chang Gun Lee',
In-Ho Jang’, Myung-Bok Wie® and Bae Dong Jung™'

'Department of Biomedical Laboratory Science, College of Health Sciences, Yonsei University,
Wonju, Gangwon-do 220-710, Korea,
’Department of Biomedical Laboratory Science, College of Health Sciences, Sangji University,
Wonju, Gangwon-do 220-702, Korea,
JCollege of Veterinary Medicine & Institute of Veterinary Science, Kangwon National University,
Chuncheon, Gangwon-do 200-701, Korea

Ulcerative colitis (UC) is a serious gastrointestinal tract disease characterized by recurrent chronic inflammation and
mucosal damage of the gastrointestinal tract. The conventional therapies of choice are anti-inflammatory agents, steroids
and anti-TNF-o therapy. However, inherent limitations in these therapies have steered many UC patients to supplement
existing therapies with alternative medicinal products. In the current study, we tested the efficacy of Gingko bilola extract
(EGDb 761) in abating colonic inflammation in a DSS-induced murine model of colitis. C57BL/6 mice were administered
2% DSS in the drinking water for 7 days, then regular water for 7 days, and then 2% DSS for an additional 7 days. EGb
761 (1 mg/dose) was oral gavaged daily for the duration of the experiment. At the termination of the experiment, mice
treated with EGb+DSS showed higher body weight, lower spleen weight and longer colon length compared to mice
treated with DSS alone. HE-stained colon tissues also exhibited less histologic inflammation in mice treated with EGb+
DSS mice compared to mice treated with DSS alone. The serum levels inflammatory cytokines, KC and TNF-a, were
also decreased in mice treated with EGb+DSS compared to mice treated with DSS alone. Finally, addition of EGb 761
to TNF-a treated colonic cell line (HT29/c1) decreased secretion of IL-8 in vitro. These results collectively suggest that

EGb 761 abates induction of colitis in DSS-induced model of colitis in mice.
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INTRODUCTION

Ulcerative colitis (UC) is a serious gastrointestinal tract
disease characterized by recurrent chronic inflammation

and mucosal damage of the gastrointestinal tract. Patients
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with UC exhibit a myriad of clinical symptoms including
diarrhea, bloody stool, weight loss, anemia and abdominal
pain (Hanauer, 2006). However, the etiology and patho-
physiology of this debilitating disease remains unclear.
Although no definitive cause is known for UC, various
factors including environmental, genetic, lifestyle and
immunological dysfunction are generally considered to be
contributing factors (Sands, 2007). From a clinical perspec-
tive, the main sign of UC is inflammation of the intestine.
Thus the elucidation of the inflammatory pathway has
offered insights into potential therapeutic strategies for UC
(Strober et al., 2007; O'Connor et al., 2010). In UC, induction
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of NF-kB is a key transcription factor which leads to the
production of pro-inflammatory cytokines such as TNF-a,
IL-6 and IL-1B (Mizoguchi et al., 2002; Pizarro and
Cominelli, 2007; Mudter et al., 2008). In addition, Th17
cytokines such as IL-17 and IL-23 have been major con-
tributing factors in UC (Hue et al., 2006; Yen et al., 20006;
Seiderer et al., 2008; Sarra et al., 2010). This increase in
pro-inflammatory cytokines induces COX-2, iNOS, myelo-
peroxidase (MPO) and STAT-3, all of which collectively
further enhances colonic inflammation and leads to a con-
comitant decrease in antioxidant levels. The final outcomes
of these molecular events are an increase in immune cell
infiltration, especially neutrophils and culminate in epithelial
cell damage and disruption of the mucosal barrier (Kucharzik
etal., 2001; Buhner et al., 2006; Schulzke et al., 2009).
Since UC predominantly manifests as inflammation of
the intestine, anti-inflammatory drugs such as sulfasalazine
and S-aminosalicylic acid are treatments of first choice
(Neurath and Finotto, 2009; Mehta et al., 2013). Commonly,
these treatments often lose their effectiveness and then the
patients are treated with biologics. Anti-TNF-a therapy is
the most often used biologic, especially infliximab and
adalimumab (Hanauer, 2006). These treatments neutralize
TNF-a and thus dampen subsequent inflammatory response.
The biologics are frequently used in combination with con-
ventional immunosuppressive drugs. However, the thera-
peutic benefits of these treatments are limited to alleviation
of the inflammation and their complications. In addition,
long-term usage result in side effects and high relapse. In
many cases, surgical excision of the inflamed area is the
last option left to the patient. Surgery phobia and repeated
relapses in UC have steered many patients to use comple-
mentary and alternative medicine to supplement conven-
tional therapy in hopes of abating clinical symptoms (Head
and Jurenka, 2004). Most of these patients have attributed
significant benefits with few reported adverse complications
(Hilsden et al., 2003). Of the extensive list complementary
and alternative medicine used, botanicals comprise the
major portion. Plants and other dietary agents have been
studied extensively for their therapeutic potential in UC
patients (Saxena et al., 2014). A few examples include

apple, bilberry, black raspberry, green tea, garlic and ginger.

The proposed beneficial effects of these products are broad
and likely due to many factors including scavenging of free
radicals, homeostatic regulation of intestinal microflora,
activation of T regulatory cells and most importantly anti-
inflammatory responses. However, the efficacy and mech-
anism of these products require further studies in in vitro
and in vivo animal models to provide mechanistic insights
into their function.

Ginkgo biloba is a tree native to Korea, Japan and China.
Extracts from the leaves have been used for half a millen-
nium for traditional medicinal purposes. Purported beneficial
effects of Ginkgo biloba led to therapeutic applications in
alternative medicine. The predominant pharmacologically
active components in Ginkgo biloba are flavonols and
terpene trilactones (van Beek and Montoro, 2009; Mohanta
et al., 2014). However, the therapeutic effects are not
attributed to any one constituent and thus maximal benefit
is thought to be achieved using the whole extract (Gertz
and Kiefer, 2004; Mahadevan and Park, 2008). Although
several commercialized Ginkgo biloba extracts (EGD) exist,
the standardized EGb 761 leaf extract is most popular. EGb
has been reported to be beneficial in Alzheimer's disease,
memory loss, cancer, vascular diseases and oxidative stress
(Oyama et al., 1996; DeFeudis and Drieu, 2000; Mahadevan
and Park, 2008; Silberstein et al., 2011; Mohanta et al.,
2014). The "anti-stress" effects of EGb 761 have been
researched most extensively and the results indicate that
EGD act mainly as antioxidants and free radical scavengers
as well as its influence on apoptosis (Maclennan et al.,
2002).

Oral administration of dextran sulfate sodium (DSS) is
widely used to make a standardized model of colitis in
order to study UC (Okayasu et al., 1990). By directly
damaging colonic epithelial barrier and following exposure
of the bacteria flora, DSS induces colitis characterized by
mucosal infiltration of inflammatory cells, epithelial injury
and ulceration. DSS-induced colitis is a reproducible model
of large intestinal damage that closely resembles human
UC. DSS-colitis can be induced in rats and mice, making
this an appropriate model for the study of Gingko. DSS
induced colitis in both rats and mice induce a loss of body

weight, increase in spleen weight and shortening of the
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colon length, all of which occur in proportion to the extent
of colonic damage. Therefore, these parameters have been
used extensively for indirect measures of colonic damage
in the DSS model. The aim of the present study was to
evaluate the efficacy of Ginkgo for treatment of UC. There-
fore, we administered DSS and investigated several colitis
parameters including mouse weight, spleen weight, and
inflammatory cytokines then compared them after treatment
of EGb 761.

MATERIALS AND METHODS
Animal experiments

Six-week-old female C57BL/6 mice (ORIENT BIO,
Korea), weighing approximately 16 g were used in this
study. The mice were housed in a standard 12-h light/dark
cycle at room temperature, and had ad libitum access to
food and water. This animal study was approved by the
Animal Care and Use Committee of Yonsei University at
Wonju (#YWC-120424-1). Chronic colitis was induced by
administering 2% DSS (MW 30,000~45,000, MP Bio-
chemicals, Solon, OH, USA) in the drinking water for 7
days, regular water for 7 days and finally 2% DSS for an
additional 7 days. In a subset of mice, EGb 761 (Dr. Willmar
Schwabe Pharmaceuticals, Germany) was diluted in water
(1 mg/100 pL) and orally gavaged daily for the duration of
the experiment (i.e., 21 days). Each experimental group
consisted of a total of 5~10 mice. All animal experiments
were performed twice and the data pooled for analysis.
Body weight was assessed daily. Mice were euthanized
using carbon dioxide euthanasia. Colon lengths and spleen

weights were assessed at time of sacrifice.
Histological analysis

Colon tissues were excised, washed extensively with
cold PBS and preserved in 10% buffered formalin prior to
histologic examination by hematoxylin and eosin staining
of 5 um sections. To facilitate examination of the colon,
tissue samples were 'Swiss rolled' prior to embedding and
sectioning. Colon sections were graded for inflammation
using a scale of 0 (no inflammation), +1 (mild increase in

inflammatory cells; no mucosal changes), +2 (moderate

increase in inflammatory cells; mild scattered proliferation
and/or focal loss of crypt architecture), +3 (severe increase
in inflammatory cells; diffuse or nearly diffuse proliferation,
focally extensive loss of crypt architecture), +4 (complete

or nearly complete mucosal destruction).
Cell culture and reagents

HT29/cl (human colonic epithelial cell line) cells were
cultured in 10% FBS-DMEM containing 20 mM HEPES,
penicillin (100 U/ml) and streptomycin (100 pg/mL) at
37C in 5% CO,. All cell culture reagents were purchased
from GIBCO BRL Life Technologies (Rockville, MD,
USA). HT29/c1 cells were seeded at a density of 2 X 10°
cells/well in 6-well plates. After 48 h, cells were treated
with varying doses of EGb and/or recombinant human
TNF-a (10 ng/mL) (R&D Systems). Cell supernatants
were harvested 24 h later, clarified and stored at -20C
until assessed by ELISA.

ELISA

Serum was collected from euthanized mice and stored at
-20C wuntil assayed by ELISA for TNF-o and KC. For
assessment of secreted IL-8 in cell culture supernatants,
IL-8 ELISA was used. All ELISA kits were purchased
from R&D Systems.

Data analysis

Statistical analysis and graphic presentation were per-
formed using GraphPad Prism Version 5.01 software. For
mouse experiments, data were analyzed using the non-
parametric, Mann-Whitney, two-tailed #-test. Differences
were considered significant if P<0.05. For in vitro 1L-8
ELISA results, statistical comparison was performed using
the unpaired Student #-test. P values of <0.05 were con-

sidered statistically significant.

RESULTS

EGDb ameliorate effects of inflammation in DSS murine

model

To determine if oral intake of EGb ameliorates DSS-

induced colitis in mice, C57BL/6 mice were given 2%
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DSS for one week, regular water for one week and 2%
DSS for one week (Fig. 1A). Mice in the experimental
group were orally gavaged EGb (1 mg) daily (i.e., EGb+
DSS group). The DSS alone group (i.e., DSS group) were
treated identically as above without any EGb. To determine
whether EGb alone induced colitis, mice were given EGb
for the duration of the experiment (i.e., EGb group). Finally,
another group of mice were administered only regular
drinking water and served as negative controls (i.e., water
group). We found mice in the DSS group exhibited a
decrease in body weight beginning at 5~6 days post-DSS
treatment and this decrease continued during the 21 day
experiment. In contrast, mice in the EGb+DSS group initially
showed a similar decrease in body weight comparable to
the DSS treated group but began recovery at 14 days
post-treatment (Fig. 1A). The body weight recovery was
statistically significant for up to 21 days. Mice in the EGb
treated group showed a nearly identical trend in body weight
change comparable to mice in the water group. This result

suggests that EGb uptake ameliorated the negative effects
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Fig. 1. Clinicopathologic analysis of CS7BL/6 mice
treated with DSS and/or EGb. Mice were administered
2% DSS for 7 days then regular water for 7 days and then
DSS for an additional 7 days. EGb 761 (1 mg/dose) was
given daily by oral gavage throughout the duration of the
experiment (i.e., 21 days). (A) Body weight change. The
daily body weight of individual mice was normalized to
the starting body weight (n = 10~15 mice). (B) Colon
length. (C) Spleen weight. Bars, median weight. *P<0.05.
Mann-Whitney, two-tailed #-test.

on DSS on body weight.

Shortening of the colon length is used as an indirect
measure of colitis severity in the murine DSS model of
colitis (Okayasu et al., 1990). The mouse colon shrinks in
length during colonic inflammation and mouse colon lengths
are used as a parameter for inflammation. The colon lengths
were measured at time of sacrifice. We found that DSS
treated mice exhibited dramatic shortening of the colon
length as expected while the EGb+DSS treated mice showed
a statistically significant increased colon length compared
to DSS mice (Fig. 1B). EGb mice showed similar colon
length compared to the water control group. These results
are consistent with the body weight change data and imply
that EGb ameliorated DSS colitis. Another often used indirect
parameter of colitis severity in the DSS colitis model is
increased spleen weight (Okayasu et al., 1990). We found
that the spleen weights of EGb+DSS treated mice was
lower than that of DSS mice consistent with the results that
EGb ameliorate DSS-induced colitis severity (Fig. 1C).
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EGb ameliorates histologic damage of colon in DSS

treated mice

We found that whereas DSS treated mice exhibited
extensive inflammation of the colon, the EGb+DSS mice
showed a decrease in inflammation of the colon compared
to DSS mice (Fig. 2A). EGb mice showed no histologic
evidence of inflammation in the colon (Fig. 2B) comparable
to the water treated group. In all groups, there was no
evidence of inflammation of the small intestine (data not

shown).

EGDb ameliorates induction of inflammatory cytokines

in serum

The results thus far suggest that EGb ameliorates DSS
induced colitis in C57BL/6 mice. We next determined if
EGb also ameliorated induction of systemic inflammatory
cytokines. At the end of the 21 day experiment the serum
was collected and analyzed for two canonical inflammatory
cytokines, KC and TNF-a. Murine KC is a homologue of
human IL-8 and promotes recruitment of neutrophils.
TNF-a is a key inflammatory cytokine produced primarily

by macrophages and is involved in initiation of inflam-

" EGb+DSS

matory response. We found that both KC and TNF-a was
elevated in serum of DSS treated mice, whereas EGb+DSS
treated mice showed statistically reduced levels of both KC
and TNF-a (Fig. 3).

EGb decreases inflammatory responses in colonic

epithelial cell line

The experimental evidence thus far suggests that EGb
uptake reduces DSS-induced colitis in mice. DSS admini-
stration induces secretion of TNF-a which can in turn induce
secretion of KC in mice. We determined if EGb could
directly suppress inflammatory responses in epithelial cells
in response to TNF-a treatment. HT29/c1 cells, a human
colonic epithelial cell line, were treated with TNF-a+EGb
for 24 h and the secretion of 1L-8 assessed by ELISA. We
found that addition of EGb (1 mg/mL) to TNF-a treated
HT29/c1 cells decreased IL-8 levels compared to TNF-a
treated cells (Fig. 4). EGb did not exhibit an inhibitory
effect at lower doses. There was no evidence of cell toxicity
when cells were treated with EGb at 1 mg/mL but cells
treated at higher concentrations of EGb exhibited a loss in
cell viability (data not shown). These results suggest that
the protective effect of EGb in the DSS-induced colitis in
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Fig. 2. EGb ameliorates DSS-induced colitis. (A) H&E-stained tissue sections of the colon at 21 days post-treatment (*<100). (B)
Histologic inflammation scores of the colon at day 21. *P<0.05. Mann-Whitney, two-tailed #-test.
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Fig. 3. EGD inhibits induction of serum inflammatory cytokines in DSS-treated mice. C57BL/6 mice were administered EGb and/or
DSS for 21 days and levels of inflammatory cytokines analyzed by ELISA. (A) Serum KC levels. (B) Serum TNF-a levels. *P<0.05. Bars,

median. Mann-Whitney, two-tailed #-test.

the murine model may be in part to reduction of the IL-8

homologue, KC.

DISCUSSION

Although much progress has been made into the treat-
ment of UC, these conventional treatment strategies often
induce undesired side effects. Thus many UC patients have
turned to alternative therapies to complement existing con-
ventional therapy (Hilsden et al., 2003; Head and Jurenka,
2004). Although the efficacy of Ginkgo biloba extracts in
UC patients are still under investigation, in a small study,
33% of UC patients treated with a commercialized formula
of Ginkgo biloba extract (Cedemin) underwent disease
remission (Sandberg-Gertzen, 1993). These results offer
promise for use of EGD in alleviating UC related symptoms.

There were several studies on testing the efficacy of EGb
extract on colitis in rodent models. Similar to our current
study, Kotakadi et al., also tested the efficacy of EGb extract
on DSS-induced colitis in mice (Kotakadi et al., 2008). In
this study, EGb 761 was mixed into the mouse chow so
that the average consumption of EGb 761 was estimated to
be approximately 0.5~1 mg per mouse per day. This dose
was equivalent to ~58 mg daily for a human which is
generally the recommended dose in humans (Koltermann
et al.,, 2007). At this dose, EGb decreased DSS-induced

colitis and more importantly caused a statistically significant
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Fig. 4. EGb ameliorates IL-8 secretion in TNF-a treated colonic
epithelial cells. HT29/c1 cells were seeded at a density of 2 X
10° cells/well in 6-well plates. After 48 h, cells were treated with
varying doses of EGb and/or recombinant human TNF-o (10 ng/
mL). Cell supernatants were assessed for IL-8 secretion by ELISA.
Data are shown as mean = SEM from three independent experi-
ments. *P<0.05. Student's -test.

remission of established DSS-induced colitis. Furthermore,
the induction of TNF-a, in the colonic tissues was decreased.
However, serum TNF-a levels was not examined. Of note,
in the study by Kotakadi et al., the investigators supple-

mented the standard diet with double the iron content. The
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dietary iron supplementation enhances DSS-induced colitis
in mice (Seril et al., 2002). To our knowledge this is the
only study testing the efficacy of EGb in a DSS-colitis
model in mice.

Two studies were conducted on rats testing the effect of
EGDb on colitis, using acetic acid as colitis inducing agent.
In the first study, Mustafa et al., orally gavaged EGb (30~
120 mg/kg) for 2 days prior to induction of colitis and then
induced colitis using intracolonic instillation of acetic acid
(Mustafa et al., 2006). The rats were examined five days
later. They found that MPO activity, indicative of neutrophil
infiltration, was decreased, as well as TNF-a and IL-1P
levels in the colonic tissues. In addition, they found decreased
histologic damage of the colon suggesting that EGb may
be protective in rats. In the second study, Harputluoglu et
al., induced colitis in rats using intracolonic instillation of
acetic acid but EGb was administered by intraperitoneal
injection prior to induction of colitis (Harputluoglu et al.,
2006). They found that histologic colonic damage was
slightly decreased but did not reach statistical significance
compared to acetic acid treated control rats. The authors
concluded that EGb did not significantly affect histopatho-
logic parameters in experimental colitis. Although it is not
clear why this discrepancy exist, possible reasons include
the source of the EGb extract used, dose of acetic acid and
the duration of the experiments. Furthermore, Mustafa et al.
administered EGb via oral gavage whereas Harputluoglu et
al. administered EGb via intraperitoneal injections. It would
appear that oral gavage is more physiologically relevant as
EGb is consumed orally. However, intraperitoneal injection
of EGb did protect mice in a LPS-induced sepsis model
suggesting that intraperitoneal injections is an effective
route of administration (Rhee et al., 2012).

In addition to using acetic acid as a colitis inducing agent
in rats, the effects of EGb on colitis was tested using the
2,4 6-trinitrobenzenesulfonic acid (TNBS) colitis model.
TNBS is a well characterized hapten that induces chronic
colonic inflammation and ulceration in the rat colon (Morris
et al., 1989; Neurath et al., 2000). Zhou et al., found that in
the TNBS-induced colitis rat model, daily oral gavage of
EGb (50~200 mg/kg) for 4 weeks attenuated mRNA

expression of TNF-o and IL-6 in colonic tissues as well as

decreased histologic damage (Zhou et al., 2006). In a similar
study, Motawi et al., also used the TNBS model in rats, and
gave EGb (100 mg/kg) via intraperitoneal injection 3 days
prior to induction of colitis with TNBS (Motawi et al., 2012).
They found decreased levels of MPO, matrix metallo-
proteases (MMP), nitric oxide (NO) and TNF-o in the
colonic tissues as well as decreased histologic damage in
the colon.

In our current study, we found that EGb did not have a
noticeable benefit on body weight change for up to 13 days
post induction of colitis. Starting from day 14, there was a
statistical difference in body weight change in EGb+DSS
treated mice showing increased body weight change indica-
tive of colonic regeneration. This positive trend remained
for the duration of the experiment. Other parameters of
colitis, namely colon length and spleen weight, suggested
an improvement in colitis in EGb+DSS treated mice com-
pared to DSS treated mice. More importantly, histologic
examination showed a decrease in colonic inflammation in
EGb+DSS treated mice compared to DSS treated mice.
The serum levels of the inflammatory cytokines, KC and
TNF-0, were also decreased in EGb+DSS treated mice
compared to DSS treated mice suggesting that these in-
flammatory mediators were decreased not only locally in
the colonic tissues but decreased in the circulation. To our
knowledge, our study is the first to detect decreased KC
and TNF-a levels in the serum of EGb+DSS treated mice.
Mice treated with EGb alone were identical to water treated
mice in all parameters examined. This is consistent with
the notion that EGb is well tolerated even at high concen-
trations with no deleterious effects (Zimmermann et al.,
2002; Gertz and Kiefer, 2004).

Macrophages produce TNF-o, the levels of which are
often increased in both animal models and UC patients
(Rogler and Andus, 1998). TNF-a secreted by macrophages
stimulates production of IL-8 by epithelial cells. IL-8 is a
key mediator of neutrophil recruitment which exacerbates
colitis in UC patients. The infiltrated and activated neutro-
phils represent an important source of reactive oxygen
species which can further cause tissue damage. Neutrophils
also release proteases that degrade the extracellular matrix.

The novel finding in our study is that treatment of TNF-a
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stimulated colonic epithelial cell line (HT29/c1) with EGb
exhibited decreased secretion of IL-8 (Schuerer-Maly et al.,
1994). The finding that EGb can directly suppress TNF-a
induced IL-8 secretion by epithelial cells provides a new
aspect of EGD protective effect. Previously, Kotakadi et al.
showed that EGb can suppress TNF-a expression in IFN-y
stimulated macrophages (Kotakadi et al., 2008). In the
same study, the authors demonstrated that apoptosis of
CD4+ T cells was increased by EGb treatment. Cheng et.
al., showed that EGb inhibited TNF-a secretion in T cells
(Cheng et al., 2003). It is possible that in our model system
EGb may also be inducing T cell apoptosis and/or sup-
pression of TNF-a secretion as well as suppressing 1L-8
secretion by epithelial cells.

In summary, our study shows that oral administration of
EGb 761 in DSS-treated mice dampens colitis. We show
for the first time that EGb suppresses IL-8 secretion by
epithelial cells. This mechanism as well as the suppression
of TNF-a secretion by T cells and T cell apoptosis may all
play a role in EGb induced suppression of colitis. The
diverse mechanism by which EGb 761 exerts its anti-
inflammatory effect in the colon needs is beginning to be

elucidated and warrants further investigation.
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