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Abstract

AIM: To investigate the effects of Ginkgo biloba extract on
cytoprotective factors in rats with duodenal ulcer.

METHODS: Sprague-Dawley rats were randomly divided
into four groups: sham operation without ginkgo, sham
operation with ginkgo, duodenal ulcer without ginkgo, and
duodenal ulcer with ginkgo. Rats with duodenal ulcer were
induced by 500 mL/L acetic acid. Rats with ginkgo were
intravenously injected with Ginkgo biloba extract from the
tail at a dose of 0.5 mg/(kg- d) for 7 and 14 days.

RESULTS: Pathological result showed that duodenal ulcer
rats with ginkgo improved mucosal healing and inflammation
compared with those without ginkgo after 7 d treatment. After
14 d treatment, duodenal ulcer rats with ginkgo significantly
increased weight gain (34.0+4.5 g versus 24.5+9.5 g,
P<0.05) compared with those without ginkgo. Duodenal
ulcer rats significantly increased cell proliferation (27.4+4.0
and 27.8+2.3 BrdU-labeled cells in duodenal ulcer rats with
and without ginkgo versus 22.4+3.5 and 20.8+0.5 BrdU-
labeled cells in sham operation rats with and without ginkgo,
P<0.05) compared with sham operation rats. Mucosal
prostaglandin E, concentration significantly increased by
129% (P<0.05) in duodenal ulcer rats with ginkgo compared
with that in those without ginkgo. Duodenal ulcer rats without
ginkgo significantly decreased superoxide dismutase activity
in the duodenal mucosa and erythrocytes (19.4+6.7 U/mg
protein versus 38.1+18.9 U/mg protein in the duodenal mucosa,
and 4.87+1.49 U/mg protein versus 7.78+2.16 U/mg protein
in erythrocytes, P<0.05) compared with sham operation rats
without ginkgo. However, duodenal ulcer rats with ginkgo
significantly increased erythrocyte superoxide dismutase activity
(8.22+1.92 U/mg protein versus 4.87+1.49 U/mg protein,
P<0.05) compared with those without ginkgo. Duodenal
ulcer rats without ginkgo significantly increased plasma lipid
peroxides (4.18+1.12 mmol/mL versus 1.60+1.10 nmol/mL
and 1.80+0.73 nmol/mL, P<0.05) compared with sham
operation rats without ginkgo and duodenal ulcer rats with
ginkgo during the experimental period.

CONCLUSION: Ginkgo biloba extract can improve weight

gain and mucosal healing in duodenal ulcer rats by the actions
of cytoprotection and antioxidation.
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INTRODUCTION

Extract from the leaves of Ginkgo biloba (maidenhair tree)
has been used therapeutically for centuries in the traditional
Chinese pharmacopeia, and is used for the treatment of asthma
and bronchitig¥. In Western countries, Ginkgo biloba extract
is administrated as film-coated tablets, a liquid, or by
intravenous injection. In Germany and France, Ginkgo biloba
extract isthe most commonly prescribed medicineto improve
circulation and cardiovascular health™™, Standard Ginkgo biloba
extract, EGb 761, contains 240 mg/g flavonoids (ginkgo-
flavone glycosides) and 60 mg/g terpenoids (ginkgolides and
bilobalides) which are the most important active ingredients
in the extract. Ginkgo biloba extract is well known for its
antioxidant property to scavenge free radicals, especially
oxygen-centered freeradicals, suchasOH, O, ", RO, and ROO',
and to neutralize ferryl ion-induced peroxidation!?. It has been
reported that the antioxidant activity of Ginkgo biloba extract
can prove helpful in the prevention and treatment of diseases
and degenerative processes associated with oxidative stress.

Oxygen-derived radicals are involved in the pathogenesis
of duodenal ulceration®. A previous study found that the
pathogenesisof duodend ulcer induced by diethyldithiocarbamate
in rats could be significantly prevented by subcutaneous
injection of antioxidative agents, such as superoxide dismutase
(SOD, 50 000 units/kg), allopurinol (50 mg/kg), or glutathione
(200 mg/kg), and antisecretory agent cimetidine (100 mg/kg)™.
Additionally, SOD injection significantly elevated the rate of
alkaline secretion in the duodenum, suggesting that the mucosal
antioxidative system including SOD may play arolein the
regulation of alkaline secretion and contribute to duodenal
mucosal defensive ability. In cysteamine-induced duodenal
ulcer rats, Cu, Zn-SOD activity significantly decreased, but
lipid peroxidation products determined by thiobarbituric acid
reactants significantly increased®. The results suggest that an
increase of oxygen-derived free radicals and a decrease of Cu,
Zn-SOD activity in the duodenal mucosa may be involved in
the pathogenesis of cysteamine-induced duodenal ulcer. Non-
smokers with peptic ulcer, clinically diagnosed as gastric or
duodenal ulcer, had ahigher level of malondialdehyde (MDA)
inplatelets, whereas platelet SOD activity significantly decreased
compared with healthy subjects®.

Several mechanisms of gastroduodenal cytoprotection have
been proposed, including increased formation of prostaglandins
and scavenging of freeradicals, to protect against gastroduodenal
mucosal injury rather than inhibition or neutralization of gastric
acid™. Thereisno study yet to investigate the effect of Ginkgo
biloba extract on peptic ulcer. Presumably, the property of a
free radical scavenger for Ginkgo biloba extract can protect
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duodenal ulcer from oxidative damage. Therefore, the purpose
of this study was to investigate the effect of Ginkgo biloba
extract on cytoprotective factorsin ratswith acetic acid-induced
duodenal ulcer.

MATERIALS AND METHODS

Animals and duodenal ulcer operation

Male Sprague-Dawley rats (200-250 g) were purchased from
the National Laboratory Animal Center (National Science
Council, Taipei, Taiwan). The rats were housed in individual
cages and had free access to food (powdered laboratory
autoclavablerodent diet 5010, PMI Nutrition International Inc.,
Brentwood, MO), except for the fasting period. Thelight cycle
was 12 hours and the room temperature was kept at 22-24C.
One hundred and forty-four rats were randomly divided into
four groups: sham operation without ginkgo, sham operation
with ginkgo, duodenal ulcer without ginkgo, and duodenal
ulcer with ginkgo (n=36 per group). Rats with duodenal ulcer
wereinduced by acetic acid®. Prior to operation, the rats were
fasted overnight, anesthetized by intraperitoneal injection with
50 mg/kg body weight thiopental sodium (Abbott Australasia
Pty.Ltd., Kurnell, Australia), and the abdomen was then
opened. A plastic tube (4.5 mm ininner diameter) filled with
70 nL of 500 mL/L acetic acid was applied tightly to the
surface of the duodenum for 15 s. Due to different tolerance
to acetic acid in various layers of the duodenum, it only caused
immediate necrosis in the mucosa and submucosa, and a part
of muscular layersexactly within the areaof acetic acid application
without penetration or perforation to the surrounding organs.
Normal salinewas used in sham operation ratsinstead of acetic
acid. After operation, the rats were allowed to recover from
anesthesia. Operated rats received only water on the day of
operation (day 0), and were fed with a normal chow diet ad
libitum next day (day 1) before treatment. Body weight of the
rats was routinely recorded. All protocols were conducted
under the guidelines of Animal Care and Use Committee,
Taipei Medical University.

Treatment and pathological observation

The next day after operation, the rats were intravenoudly (iv)
injected with Ginkgo biloba extract solution (Cerenin®, Dr.
Willmar Schwabe GMBH & Co., Karlsruhe, Germany) from
thetail at asingle dose of 0.5 mg/(kg- d) for 7 and 14 days. The
dose of Ginkgo biloba extract was calculated from the clinical
recommendation of 35 mg intravenous injection (5 mL
injection solution) for 70 kg adults (Cerenin®. Each mL of
the injection solution contained 3.5 mg Ginkgo biloba extract
(240 mg/g flavonoids and 60 mg/g terpenoids), 30 mg of
960 mL/L ethanol, 40 mg sorbitol, and 0.1 mol/L NaOH. The
injection volume was adjusted daily by body weight. Rats
without ginkgo were intravenously injected with the same
volume of vehicle solution without ginkgo from the tail. Four
ratsin each group werekilled on day 1 before ginkgo treatment
to identify the formation of duodenal ulcer, and sixteenratsin
each group were sacrificed for both biochemical analyses
(8 rats) and pathological examination (8 rats) after 7 and 14 d
treatment, respectively. The duodenum (5 mmx5 mm) was
excised, preserved in 40 mg/L paraformal dehyde, and stained
with haematoxylin and eosin. Under light microscope at a
magnification of x100 or X200, coded specimenswere evaluated
by a pathologist in a blinded fashion.

Semiquantitation of cell proliferation

Ratswereintraperitonedly (ip) injected with bromodeoxyuridine
(BrdU; Sigma-Aldrich Co., St. Louis, MO) 5 mg/kg body
weight one hour before sacrifice for immunohistochemical

analysig¥. The duodenum (4 nm thick) was fixed in formalin
and embedded in paraffin. The duodenum sections were
deparaffinized in xylene, dehydrated by graded ethanol series,
and placed in 0.01 mol/L phosphate buffered saline (pH 7.4).
Antigen retrieval was performed by boiling the duodenum
sections in 0.1 mol/L citrate buffer (pH 6.0) for 10 min to
deactivate endogenous akaine phosphatase activity. Thetissue
sections were then exposed to 3% H,O, to block endogenous
peroxidases, and followed by partial denaturation of double-
stranded DNA by treatment with 1 mol/L HCI. The sections
were incubated with monoclonal mouse anti-BrdU antibody
(2:50 dilution; DAKO, Denmark) for 1 h, and incubated with
biotinylated anti-mouse 1gG for 30 min. The sections were
stained by a streptavidin-biotin complex method using a
commercial kit (LSAB2 kit/HRP, DAKOQ), and detected by
diaminobenzidine. The number of cellsin the proliferation zone
was calculated by counting the cells between the first stained
cellsof the serosal side and the last stained cells of the mucosal
surface of acrypt under light microscopeto evaluate the healing
of the mucosa®. The number of BrdU-labeled cells in the
proliferation zone was counted by the number of positive cells
from the serosal side to the mucosal surface of a crypt to
evaluate DNA synthesis.

Prostaglandin E, concentration in duodenal mucosa
Prostaglandin E, (PGE,) concentration in the duodenal mucosa
was quantitated by ELISA using a commercial kit (DE2100,
Research and Diagnostics Systems, Inc., Minneapolis, MN).
The duodenal mucosa (100 mg wet weight) was homogenized
with 1 mL of 150 mL/L methanol, and centrifuged at 8 000xg
at 4°C for 10 min. The supernatant was applied to a C;s Sep-
Pak® minicolumn (Amersham Biosciences Ltd. Taiwan
Branch, Taipei, Taiwan) at the flow rate of 0.5 mL/min. The
column was washed with 2 mL petroleum ether followed by
2 mL of 150 mL/L methanol, and prostaglandin was eluted by
2 mL methyl formate. The elute was evaporated using nitrogen
gas, and the residue was dissolved in 0.5 mL deionized water.
The sample suspension or standards (100 L) were added to a
96-well plate coated with goat anti-mouse polyclonal antibody,
incubated with 50 m_ prostaglandin E, conjugated to alkaline
phosphatase and 50 ni. mouse monoclonal anti-prostaglandin
E; antibody at 2-8°C for 18-24 h. After several washes, the
sampleswereincubated with 200 ni p-nitrophenyl phosphate
substrate at 37°C for 1 h, and the reaction was terminated by
50 i trisodium phosphate solution. Thelevelsof prostaglandin
E, were determined at 405 nm using an ELI SA reader (Multiskan
RC, Thermo Labsystems, Helsinki, Finland). Protein content
in the duodenal mucosa was determined by the modified
method of Lowry et al. using a Bio-Rad DC protein assay kit
(Bio-Rad Laboratories, Hercules, CA)19,

Superoxide dismutase activity in duodenal mucosa and
erythrocytes

The activity of SOD was determined spectrophotometrically
at 525 nm using a commercial kit (Bioxytech® SOD-525™
assay, Oxis International, Inc., Portland, OR). Duodenal
mucosa (15-20 mg) was homogenized in 0.25 mol/L sucrose
solution, and centrifuged at 8 500xg at 4°C for 10 min. Blood
samples (200 ni.) were centrifuged at 2 500xg at 4°C for 5 min.
The erythrocyte pellet was suspended in ice-cold water. The
mucosa supernatant and erythrocyte suspension were extracted
with ethanol/chloroform (62.6:37.5, v/v) for removal of
hemoglobin interference. The samples were incubated with
the chromogenic reagent (5,6,6a,11b-tetrahydro-3,9,10-
trihydroxybenzo[ c]fluorene) in alkaline condition (pH 8.8),
and the absorbance was read at 525 nm within 1 min. The
specific activity of SOD was expressed as unit/mg protein.
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One SOD unit was defined as the activity that doubled the
autooxidation rate in the absence of SOD.

Lipid peroxidation in plasma

Because of the limited amount of the duodenum specimen, lipid
peroxidation was measured in the plasma. The concentration
of lipid peroxidesin the plasmawas assessed colorimetrically
at 586 nm using a commercial kit (Calbiochem 437634,
Calbiochem-Novabiochem Cor., La Jolla, CA). The plasma
(200 L) was mixed with 650 L of Reagent 1 (7.7 mM N-
methyl-2-phenylindolein 750 mL/L acetonitrile and 250 mL/L
methanol) and 150 nL. of Reagent 2 (15.4 M methanesulfonic
acid) at 45°C for 40 min. The levels of MDA and 4-hydroxy-
2(E)-nonenal (4-HNE), the end products derived from
peroxidation of polyunsaturated fatty acids and related esters,
were measured at 586 nm.

Statistical analysis

The data are expressed as mean+SD. The data were analyzed
by two-way ANOV A to determinethe main effects of duodend
ulcer and ginkgo using SAS (version 6.12, SAS Indtitute, Cary,
NC). Post hoc multiple comparisons between two groups
were performed by Fisher’ sleast significant difference test.
Statistical significance was assigned at the 0.05 level.

RESULTS

Thetotal dose of ginkgo was 108.7+4.1 mg/d, 105.3+8.0 mg/d
for 7 d treatment, and 106.2+4.7 mg/d, 114.8+3.5 mg/d for
14 d treatment in sham operation and duodenal ulcer rats,
respectively. Duodenal ulcer ratsfor 14 d treatment had higher
ginkgo administration (P<0.05) compared with other rats.
However, the total dose of ginkgo did not significantly differ
among other rats. Theinitial weight on day 1 was217.3+19.6 g,
206.619.1 g, 214.7+15.9 g, and 202.7+16.9 g for 7 d treatment,
and 221.8+11.4 g, 199.8+10.5 g, 200.2+18.6 g, and 212.6+7.5 g
for 14 d treatment in sham operation rats without ginkgo, sham
operation ratswith ginkgo, duodenal ulcer rats without ginkgo,
and duodenal ulcer rats with ginkgo, respectively. The initial
weight did not significantly differ among the groups. Weight
gain did not significantly differ among four groups during the
first week (Figure 1). Duodenal ulcer rats without ginkgo
(24.5£9.5 g) had significantly lower weight gain (P<0.05)
compared with sham operation rats without ginkgo (32.5+8.4 g)
and duodenal ulcer rats with ginkgo (34.0+4.5 g) during the
second week. However, weight gain did not significantly
differ between sham operation rats with and without ginkgo
(25.2+7.7 g versus 32.518.4 g), and between sham operation
rats without ginkgo and duodenal ulcer rats with ginkgo
(32.5+8.4 g versus 34.0+4.5 g).

[J Sham operation

50 without ginkgo
bc ¢ O Sham operation
<40+ with ginkgo
%D ab a O Duodenal ulcer
= 30+ ] without ginkgo
=S l & Duodenal ulcer
= 20 T with ginkgo
2
(<]
= 10+
0

1st 2nd 1st 2nd 1st 2nd 1st 2nd wk

Figure 1 Weight gain of rats during the first and second weeks.
Data are mean+SD (n=8). Values not sharing the same letter
differ significantly (P<0.05) within the same week by Fisher’s
least significant difference test.

To identify the formation and healing of duodenal ulcer in
rats after operation, gross morphological appearance magnified
by %100 or x200 is shown in Figure 2. Compared with sham
operation rats (Figure 2A), duodenal ulcer rats on day 1 before
treatment had the discontinuous lining of the mucosal and
submucosal layers, damage in the muscular layer, and serious
inflammation with aggregation of the leukocytes (Figure 2B),
which was similar to human duodenal ulcer in the pathology.
The mean diameter of the ulcer damage was 2 mm under
microscopic observation. After 7 d treatment, duodenal ulcer
rats without ginkgo still had inflammation (Figure 2C). The
mean diameter of the ulcer damage reduced to 1 mm. However,
the inflammation almost recovered, and the microvilli
proliferated in duodenal ulcer rats with ginkgo (Figure 2D).
The mean diameter of the ulcer damage reduced to less than
1 mm. After 14 d treatment, the inflammation lessened and
the microvilli increased proliferation in duodenal ulcer rats
without ginkgo (Figure 2E). The mucosal healing and
proliferation were more advanced in duodenal ulcer rats with
ginkgo (Figure 2F). The diameter of the ulcer damage was
undetectable in duodenal ulcer rats with and without ginkgo.

Cdll proliferation of the duodenal mucosawas determined
by anti-BrdU-immunohistochemical staining (Figure 3A).
Duodenal ulcer rats had significantly higher number of total
cells (P<0.05) in the proliferation zone than sham operation
rats during the experimental period (Figure 3B). After 7 d
treatment, duodenal ulcer rats with ginkgo (30.1+4.1) had
significantly higher number of BrdU-labeled cells (P<0.05) in
the proliferation zone compared with sham operation rats with
(23.7+£2.9) and without ginkgo (25.4+3.0) (Figure 3C). After
14 d treatment, duodenal ulcer rats (27.4+4.0 and 27.8+2.3
for those with and without ginkgo) had higher number of BrdU-
labeled cells (P<0.05) in the proliferation zone than sham
operation rats (22.4+3.5 and 20.8+0.5 for those with and
without ginkgo). However, the number of both total and BrdU-
labeled cellsin the proliferation zone did not significantly differ
between duodenal ul cer or sham operation ratswith and without
ginkgo during the experimental period.

The concentration of PGE, in the duodenal mucosa did
not significantly differ among four groups after 7 d treatment
(Figure 4). However, after 14 d treatment, duodenal ulcer rats
with ginkgo (61.6+37.5 pg/mg protein) significantly increased
PGE, concentration at least two-fold (P<0.05) compared
with other rats (29.84+14.8 pg/mg, 28.0+25.2 pg/mg, and
26.9+11.9 pg/mg protein for sham operation rats without
ginkgo, sham operation rats with ginkgo, and duodenal ulcer
ratswithout ginkgo, respectively). Mucosal PGE, concentration
did not significantly differ among other three groups.

The activity of SOD in the duodenal mucosa and
erythrocytes did not significantly differ among four groups
after 7 d treatment (Figure 5). After 14 d treatment, sham
operation rats with ginkgo (21.0+6.9 U/mg protein) and
duodenal ulcer rats without ginkgo (19.4+6.7 U/mg protein)
significantly decreased the activity of SOD in the duodenal
mucosa by 45% and 49% (P<0.05), respectively, compared
with sham operation rats without ginkgo (38.1+18.9 U/mg
protein) (Figure 5A). The activity of SOD in the duodenal
mucosa did not significantly differ between duodenal ulcer
rats with ginkgo (27.1+9.7 U/mg protein) and other rats.
Duodenal ulcer ratswithout ginkgo (4.87+1.49 U/mg protein)
significantly decreased the activity of SOD in the erythrocytes
by 37% and 41% (P<0.05) compared with sham operation
rats without ginkgo (7.78+2.16 U/mg protein) and duodenal
ulcer rats with ginkgo (8.22+1.92 U/mg protein), respectively
(Figure 5B). The activity of SOD in the erythrocytes did not
significantly differ between sham operation rats with and
without ginkgo (6.31+2.34 U/mg versus 7.78+2.16 U/mg protein),
and between sham operation and duodenal ulcer rats with
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Figure 2 Representative micrographs of duodenal mucosa stained by haematoxylin and eosin. A: sham operation rats on day 1
before treatment (x200), B: duodenal ulcer rats on day 1 before treatment (x100), C: duodenal ulcer rats without ginkgo after 7 d
treatment (x100), D: duodenal ulcer rats with ginkgo after 7 d treatment (x200), E: duodenal ulcer rats without ginkgo after 14 d
treatment (x100), and F: duodenal ulcer rats with ginkgo after 14 d treatment (x200).
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Figure 3 Representative micrographs (x400) stained by anti-bromodeoxyuridine (anti-BrdU) immunohistochemical method (A),
and quantitation of the number of total (B) and BrdU-labeled (C) cells in the proliferation zone from the duodenal mucosa of the
rats. Data are meanSD (n=8). The nuclei of BrdU-labeled cells were stained in brown. The number of total and BrdU-labeled cells
was obtained from three individual crypts for each rat. Values not sharing the same letter differ significantly (P<0.05) within the
same day by Fisher’s least significant difference test.

ginkgo (6.31+2.34 U/mg versus 8.22+1.92 U /mg protein). ginkgo (3.52+0.99 nmol/mL) and duodenal ulcer rats without

Sham operation rats with ginkgo (3.14+1.21 nmol/mL) and ginkgo (4.18+1.12 mmol/mL) significantly increased lipid
duodenal ulcer rats without ginkgo (2.92+0.90 nmol/mL) peroxides in the plasma by 120% and 161% (P<0.05),
significantly increased lipid peroxides in the plasma by 85% respectively, compared with sham operation ratswithout ginkgo
and 72% (P<0.05), respectively, compared with sham operation (1.60£1.10 mmol/mL). Duodenal ulcer ratswith ginkgo after 7
rats without ginkgo (1.70+0.76 nmol/mL) after 7 d treatment (1.65+0.69 nmol/mL) and 14 d treatment (1.80+0.73 mmol/mL)
(Figure 6). After 14 d treatment, sham operation rats with significantly decreased lipid peroxidesin the plasma by 43%
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and 57% (P<0.05), respectively, compared with duodenal ulcer
rats without ginkgo in the corresponding days. Lipid
peroxidation in the plasmadid not significantly differ between
duodenal ulcer rats with ginkgo and sham operation rats
without ginkgo during the experimental period.
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Figure 4 Concentration of prostaglandin E, (PGE,) in duode-
nal mucosa of the rats during experimental period. Data are
meanSD (n=8). Values not sharing the same letter differ sig-
nificantly (P<0.05) within the same day by Fisher’s least sig-
nificant difference test.
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Figure 5 Activity of superoxide dismutase (SOD) in duodenal
mucosa (A) and erythrocytes (B) of the rats during experimen-
tal period. Data are mean+SD (n=8). Values not sharing the
same letter differ significantly (P<0.05) within the same day
by Fisher”s least significant difference test.

[J Sham operation without ginkgo
_ [ Sham operation with ginkgo
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Figure 6 Concentration of lipid peroxides (malondialdehyde
and 4-hydroxy-2(E)-nonenal) in plasma of the rats during ex-
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7 14d

perimental period. Data are mean+SD (n=8). Values not shar-
ing the same letter differ significantly (P<0.05) within the same
day by Fisher’s least significant difference test.

DISCUSSION

Ginkgo biloba extract was administered by iv injection in this
study. The precise dose of ginkgo was well controlled by iv
injection into the rats, although oral administration was more
convenient for humans. The dose of ginkgo administration was
constant at 0.5 mg/(kg- d). However, the total dose was higher
in duodenal ulcer rats for 14 d treatment, because weight
gain was higher in duodenal ulcer rats with ginkgo after 14 d
treatment.

Reactive oxygen species (ROS) could play an important role
in the pathogenesis and aggravation of duodenal ulceration®,
Certain forms of ROS such as H,0O, might act as signal
transduction messengers to activate transcription factors NF-
kB and AP-1, which bind to the promoter region of alarge
variety of genesthat are directly involved in the pathogenesis
of diseased'?. Additionally, oxygen free radicals have been
reported to trigger leukocyte adhesion and activation through
modulating the expression of leukocyte adhesion molecules
and CD markerg®¥. Pathological resultsin our study showed
that Ginkgo biloba extract could eliminate inflammation
caused by duodenal ulcer probably because of its antioxidant
property. Ginkgo biloba extract or its component exerted an
anti-inflammatory effect by suppressing the production of
active oxygen and nitrogen species*®¥. Additionally, gross
appearance found that more microvilli formation occurred in
duodenal ulcer rats with ginkgo compared with those without
ginkgo, indicating Ginkgo biloba extract could improve
mucosal repair and proliferation. However, semiquantitation
of cell proliferation demonstrated that only duodenal ulcer per
se significantly increased numbers of total and BrdU-labeled
cellsin the proliferation zone of the duodenal mucosa. Ginkgo
biloba extract did not influence these numbers in duodenal
ulcer rats. It could be due to a small dose of BrdU (5 mg /kg,
ip) and the short exposure time (1 h) to BrdU before sacrifice
in our study compared with the administration of BrdU at
100 mg/kg (ip) 90 min prior to euthanasiain a previous study!*®.
It can not be ruled out the possibility that duodenal ulcer rats
with ginkgo increase numbers of total and BrdU-labeled cells
in the proliferation zone compared with those without ginkgo
after administration of BrdU at a higher dose for a longer
incorporation time. Dissimilar to thisin vivo study, our in vitro
study showed that EGb 761 at 1 000 mg/L significantly decreased
cell proliferation to 45% and 39% of the control group in human
hepatocellular carcinoma HepG2 and Hep3B cellg*.

Prostaglandins E, F, and | have been found to exist in the
mucosa and fluid of the gastrointestinal tract, and play
important rolesin modul ating the mucosd integrity and various
functions of the gastrointestinal tract!**2%, Besides the
antisecretory property of prostaglanding®, several mechanisms
of the gastroduodenal cytoprotective action for PGE, have been
reported, including against disruption of gastric mucosal
microvasculature!??, stimulation of mucus and bicarbonate
secretion®, elevation of blood flow*824, gtimulation of calcium
efflux?, and stabilization of microtubules®!. Although PGE,
concentration in the duodenal mucosa did not significantly
differ among duodenal ulcer rats without ginkgo, sham
operation ratswith and without ginkgo during the experimental
period, duodenal ulcer ratswith ginkgo significantly increased
PGE; concentration in the duodenal mucosa by 2.3-fold
compared with those without ginkgo after 14 d treatment.
Similarly, a previous study found that PGE, concentration in
the duodenal mucosa significantly increased by 2- or 3.2-fold,
respectively, after H,-blocker drug treatment with famotidine
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(40 mg daily) or ranitidine (150 mg twice daily) in duodenal
ulcer patients for 4 weeks?®!, The data suggest that Ginkgo
biloba extract has similar effectiveness in increasing PGE,
concentration in the duodenal mucosa to Hx-blocker drugs.
Moreover, increased PGE, concentration in the duodenal
mucosa may play an important rolein duodenal cytoprotection
to improve the repair of the duodenal mucosa.

Duodenal ulcer rats without ginkgo significantly decreased
the activity of SOD in the duodena mucosa and erythrocytes
compared with sham operation rats without ginkgo after 14
days. Similarly, SOD activity markedly depleted in the ulcer
edge of patients with duodenal ulcer compared with that in
biopsies from the duodenal bulb of healthy control subjects,
and increased after one month of anti-ulcer treatment!”.
However, SOD activity in erythrocytes and serum did not differ
between patients with duodenal ulcer and healthy control
subjects. The decreased activity of SOD might attribute to the
increased consumption of SOD for the defense of superoxide
radicals generated in the duodenal ulcer rats. After 14 d
treatment, Ginkgo biloba extract significantly restored SOD
activity in erythrocytes of duodenal ulcer rats, but did not
affect SOD activity in duodenal mucosa. The previous study
demonstrated that coadministration of SOD and catalase
protected against gastric mucosa lesions induced by water
immersion restraint stress in rats, and suggested that the
protective effect of SOD and catalase could be due to their
antioxidant activity to scavenge ROS?¥, Ginkgo biloba
extract has been reported as a strong scavenger for superoxide
anion'?, It is assumed that Ginkgo biloba extract given by
intravenous injection may directly compensate the utilization
of SOD in erythrocytes for the defense of superoxide anion.
Whereas the trend for increased SOD activity in the duodenal
mucosa of duodenal ulcer ratswith ginkgo was not obvious as
observed in erythrocytes, probably because the amount of
ginkgo reached to the duodenal mucosa was less than that in
the circulation, and the treatment duration was not long enough
to significantly raise SOD activity in the duodenal mucosa.

Duodenal ulcer rats without ginkgo significantly increased
plasma lipid peroxides compared with sham operation rats
without ginkgo during the experimental period, suggesting that
duodenal ulcer may be accompanied by oxidative damage to
the body. The decreased SOD activity in erythrocytes of
duodenal ulcer rats without ginkgo might be attributed to the
increased utilization of SOD for the protection against the
increased lipid peroxides in plasma. Ginkgo biloba extract
significantly decreased the elevated lipid peroxidesin plasma
of duodenal ulcer rats after 7 and 14 d treatment. Similarly,
Ginkgo biloba extract has been demonstrated to act as an
antioxidant and afreeradical scavenger to reduce the increased
lipid peroxides induced by gentamicin in rat plasma and
kidney!?®, Unexpectedly, sham operation rats with ginkgo had
lower SOD activity in the duodenal mucosa and higher lipid
peroxides in plasma compared with those without ginkgo. In
contrast with Ginkgo biloba extract as an antioxidant in
previous studies®*?, it might play a prooxidant rolein sham
operation rats. Flavonoids with phenol rings in Ginkgo biloba
extract could be metabolized by peroxidaseto form prooxidant
phenoxyl radicalswhich, in some cases, were sufficiently reactive
to cooxidize glutathione or NADH accompanied by extensive
oxygen uptake and reactive oxygen species formation=?.
However, no report has directly pointed out the possibility of
Ginkgo biloba extract as a prooxidant.

Overall, duodenal ulcer rats with ginkgo had less
inflammation and more microvilli proliferation, and
significantly reduced lipid peroxidesin plasma compared with
those without ginkgo after 7 d treatment. Additionally,
duodenal ulcer rats with ginkgo tended to increase PGE; level
in the duodenal mucosa and SOD activity in erythrocytes

compared with those without ginkgo, but not statistically
significant. After 14 d treatment, besides further improvement
in the healing of duodenal ulcer observed by gross appearance
and a decrease in plasmalipid peroxides, duodenal ulcer rats
with ginkgo significantly increased weight gain, PGE,
concentration in the duodenal mucosa, and SOD activity in
erythrocytes. Changes in the level of plasmalipid peroxides
seemed to be more sensitive and were accompanied by the
repair of the duodenal mucosa in duodenal ulcer rats after
Ginkgo biloba extract treatment. In conclusion, Ginkgo biloba
extract can increase PGE; level, SOD activity, and reduce
oxidative damage by the actions of cytoprotection and
antioxidation to improve the repair of the duodenal mucosain
duodenal ulcer rats.
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