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ABSTRACT—Recently, it has been pointed out that growth factors play an important role in the healing of
gastrointestinal ulcers. In the present study, we examined the role of endogenous basic fibroblast growth
factor (bFGF) in the healing of gastric ulcers in the rat. In male SD rats, gastric ulcers were induced in the
antrum by injection of acetic acid. Time-dependent changes in the area and bFGF content in the ulcerated
area and distribution of bFGF in the ulcerated mucosa were examined. Effects of bFGF mutein CS23
(TGP-580) and a monoclonal antibody for bFGF (MAb 3H3) on the healing of the gastric ulcers and
angiogenesis in the ulcer bed were also examined. The content of bFGF in the ulcerated area increased with
time as the ulcer healed and reached a maximum 7 days after ulcer formation. In the gastric ulcer bed, many
cells such as fibroblasts and macrophages were positively stained immunohistochemically by anti-bFGF
antiserum. MAb 3H3 (0.1 mg/rat/day, i.v.) inhibited angiogenesis in the ulcer bed and significantly delayed
ulcer healing, while TGP-580 (0.001 -0.1 mg/kg X 2/day, p.o.) increased the number of microvessels in the
ulcer bed and accelerated the healing. These results suggest that endogenous bFGF may play an important
role in the healing of gastric ulcers in the rat and that the angiogenic properties of bFGF (TGP-580) may be
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involved in its effect on ulcer healing.
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Gastric ulcer

Most of the studies on the healing of peptic ulcers in the
past have focused on gastric acid secretion and mucosal
protection. However, recently, from the viewpoint of
wound healing they have focused on the role of growth
factors such as epidermal growth factor (1-3), trans-
forming growth factors (4, 5), fibroblast growth factors
(6—11) and platelet derived growth factor (12) in the
process of ulcer healing. Among them, basic fibroblast
growth factor (bFGF) is the most active angiogenic pep-
tide (13), and it has been found to play an important role
in wound healing (14 - 16). We have reported that bFGF
is present in the stomach and duodenum both in rats and
humans, and the content of bFGF was found to increase
in the ulcer bed of experimentally induced duodenal ul-
cers in rats (8). In addition, we found that oral adminis-
tration of bFGF or its mutein CS23 (TGP-580) increased
the number of microvessels in the ulcer bed and acceler-
ated the healing of duodenal ulcers in rats (7-9).

Konturek et al. (10) obtained similar results using bFGF
in a rat model of gastric ulcers. These results strongly sug-
gest that bFGF plays an important role in the healing of
gastroduodenal ulcers. However, the role of endogenous
bFGF in the healing of ulcers is not yet fully understood.

The purpose of the present study was to elucidate the
role of endogenous bFGF in the healing of ulcers; and for
this, we examined 1} the distribution of bFGF both in in-
tact and ulcerated gastric wall, 2) time-dependent changes
in the content of bFGF in ulcerated gastric wall, and
3) effects of a monoclonal anti-bFGF antibody (MAb 3H3)
and TGP-580 on angiogenesis in the ulcer bed and healing
of gastric ulcers in rats.

MATERIALS AND METHODS

Formation of gastric ulcers
Seven-week-old male Jcl:Sprague-Dawley rats weigh-
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ing 200 -240 g were used. Gastric ulcers were produced as
described by Takagi et al. (17). Rats were anesthetized
with ether, and laparotomy was done via a midline inci-
sion. After exposing the stomach, 20 1 of 20% acetic
acid solution was injected into the subserosal layer of the
anterior wall of the antrum, and the abdomen was closed
by suturing. The animals were sacrificed by CO, asphyxi-
ation according to the schedule after the operation; and
the stomach was removed, filled with 10ml of a 1% for-
malin solution, immersed in the same formalin solution
for 10 min, and then opened along the greater curvature.
The stomach was then spread flat on a piece of paper. The
ulcerated area (mm?) and severity of the ulcer (Grade 0:
almost normal, 1: erosion, 2: moderate ulcer with inflam-
matory products in the bottom of the ulcer, 3: deep ulcer
or perforation) were measured under a dissecting micro-
scope with a 1-mm square grid eyepiece ( x 10). We consider-
ed ulcers healed when the severity was superficial erosion
or scar. An ulcer index was obtained as the product of the
area and the severity grade. Those ulcers that adhered
to the liver markedly or had many hairs in the bottom
were eliminated from the calculations.

Measurement of bFGF content in the gastric wall

The animals were sacrificed by CO, asphyxiation, and
the stomach was removed, filled with 10 ml of ice-cold
saline and then immersed in ice-cold saline for 10 min.
The stomach was opened along the greater curvature,
washed with ice-cold saline and spread flat on a piece of
paper. After excess moisture was absorbed with paper,
samples of the ulcerated area of the gastric wall (80 mm?)
were taken using a punch (diameter: 10mm) and
weighed. A sample of the posterior area of the antral wall
was taken as a reference control. The tissue was minced in
a test tube containing modified 50 mM Tris-HCl buffer
(pH 7.6) in a volume 19 times the wet weight of the tissue.
The Tris-HC] buffer contained 1.6 M NaCl, 10 mM
ethylenediaminetetraacetic acid (EDTA; Sigma, St. Louis,
MO, USA), 1 mM phenylmethylsulfonyl fluoride (PMSF;
Wako Pure Chemical, Osaka), 1 mM (p-amidinophenyl)-
methanesulfonyl fluoride HCl (p-APMSF, Wako Pure
Chemical) and 0.05mM N-ethylmaleimide (NEM,
Sigma). The tissue was then homogenized with a
Polytron® (Kinematica, Lucerne, Switzerland) on ice.
The homogenate was centrifuged for 2 min at 12,500 x g,
and the supernatant was stored at —80°C until it was
assayed.

bFGF content in the supernatant was measured by a
sandwich enzyme immunoassay (EIA) according to the
method by Watanabe et al. (18) using 3 monoclonal anti-
bodies (MAb 52, MAb 98 and MADb 3H3) for human
bFGF. Rat bFGF (19) was used as the standard. This
method allows a bFGF concentration of more than 100

pg/ml to be measured.

Effects of monoclonal antibodies on ulcer healing

Each monoclonal antibody (0.1 mg protein/rat) or
vehicle (saline) was administered intravenously via a tail
vein once daily for 14 days starting the day of ulcer for-
mation. The animals were sacrificed 24 hr after the final
dose, and the ulcer was observed macroscopically and
histologically. Two types of MAbs were used in this ex-
periment, i.e., MAb 3H3 which neutralizes bFGF activ-
ity (50ng of MADb 3H3 antagonizes the proliferating
activity of 1 ng of bFGF on endothelial cells of human
umbilical vein origin) (20) and MAb 78 which binds to
bFGF without affecting the activity (21).

Effects of drugs on ulcer healing

Each drug or vehicle was administered orally once daily
for 14 days starting 2 days after ulcer formation. The
animals were sacrificed 24 hr after the final dose, and the
ulcer was observed macroscopically as described in the
previous section. For the histologic study, the ulcerated
area was removed and embedded in paraffin after being
fixed with 10% buffered formalin. Several consecutive
thin sections from almost the center of the ulcer were
prepared and then stained with Hematoxylin-Eosin and
Azan stains.

Distribution of endegenous bFGF in the stomach

The ulcerated gastric wall 7 days after the operation
was taken and frozen with dry ice-acetone after being
embedded in OTC Compound® (LAB-TEK Products,
Elkhart, IN, USA). Several consecutive thin sections of
12 #m from almost the center of the ulcer were prepared
using a cryostat microtome and mounted on gelatin-coat-
ed glass slides. The sections were fixed in ice-cold acetone
for 10 min and treated with 0.3% hydrogen peroxide in
methanol for 30 min at room temperature to inactivate
endogenous peroxidase. They were then immersed in 10%
non-immune goat serum for 30 min, washed in 0.01 M
phosphate buffer saline (pH 7.2) and stained with poly-
clonal rabbit anti-human bFGF antiserum for 2 hr at
room temperature. Primary antibody preabsorbed with
excess human bFGF (50 xg/ml) for 3 hr at room tempera-
ture or phosphate-buffered saline were substituted for the
primary antibody to carry out a control staining. After
washing in phosphate-buffered saline, bound antibody
was detected by a Vectastain ABC Kit (Vector Labs.,
Burlingame, CA, USA). The sections were incubated for
30 min at room temperature in biotinylated goat anti-
rabbit IgG and then in ABC reagent (avidin-biotin com-
plex coupled to peroxidase) for 60 min at room tem-
perature. To visualize the antigen-antibody complexes,
the sections were then incubated for 6 min at room tem-
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perature in 3-amino-9-ethyl-carbazole (Biomeda Corp.,
Foster, CA, USA). The antiserum used in this experiment
has crossreactivity with rat bFGF but not with bovine
acidic FGF, mouse FGF, mouse EGF (epidermal growth
factor), mouse NGF (nerve growth factor), porcine
PDGF (platelet-derived growth factor), bovine insulin,
human TGF (transforming growth factor)-5 or human L
(interleukin)-2 (unpublished observation; M. Yamaoka et
al., Takeda Chemical Ind., Ltd.). In addition, when the
serum reacted with a sufficient amount of human bFGF,
the section was not stained immunohistochemically.

In another study, the distribution of endogenous bFGF
in the corpus and antral wall of the stomach was exam-
ined in normal rats.

Histological measurement of angiogenesis in the ulcer bed

The ulcerated gastric wall 16 days after the operation
was taken and fixed in ice cold-acetone. After dehydra-
tion using a graded alcohol series, tissues were embedded
in paraffin (Tissue Prep"g; Fisher Labs., Inc., Fair Lawn,
NJ, USA). Several consecutive thin sections of 4 gm from
almost the center of the ulcer were prepared. The section
showing the maximal length of the ulcer crater was
chosen, and the endothelial cells of the microvessels were
stained immunohistochemically using rabbit polyclonal
antibodies for human factor VIII (Dako Japan Co.,
Kyoto). As microvessels in the ulcer bed originated from
the ulcer margin and extended to the surface of the ulcer
bed, photographs of two areas of the middle part of both
ulcer edges were taken for each animal. The numbers of
microvessels positively stained for factor VIII in the two
areas (total of 2.3 mm?) were measured under blind con-
ditions.

Distribution of TGP-580 in the ulcerated area
Distribution of TGP-580 in the ulcer bed was deter-
mined by methods similar to those used to determine the
distribution of endogenous bFGF in the ulcer bed.
Briefly, TGP-580 (0.1 mg/kg) was administered to rats
orally before or 3 or 6hr or 1, 3, 5, 7, 10, 14, 21 or 28
days after ulcer formation, and the animals were killed by
CO, asphyxiation 1 hr later. The stomach was removed,
filled with 10 ml of ice-cold saline and immersed in ice-
cold saline for 10 min. The stomach was opened along the
greater curvature, washed with ice-cold saline and spread
flat on a piece of paper. The ulcerated area and severity of
the ulcer were measured as described previously. After
excess moisture was absorbed with paper, samples of the
ulcerated area of the gastric wall (80 mm?) were taken
using a punch (diameter: 10 mm) and weighed, and the
content of TGP-580 was measured by sandwich EIA as
described in the previous section for the measurement of
endogenous bFGF. In this study, however, MAb ATI-3

was used instead of MADb 52 and MAD 98, because MAb
ATI-3 is at least 1000 times more specific for TGP-580
(22).

The distribution of TGP-580 in the ulcer bed was also
examined immunohistochemically. In this study, TGP-
580 (0.1 mg/kg) was administered orally 7 days after ulcer
formation, and the stomach was removed 1 hr later under
ether anesthesia. Samples of the ulcerated and intact area
were taken, and the distribution of TGP-580 was exam-
ined immunohistochemically using monoclonal anti-
bFGF antibody MADb 3H3. This antibody responds to
TGP-580 as well as bFGF (20).

Measurement of gastric secretion

Each drug or vehicle was administered orally after a
24-hr fast. One hour later, the pylorus was ligated under
light ether anesthesia and the abdomen was closed by
suturing. Each animal was sacrificed by CO; asphyxiation
3 hr after the pylorus was ligated, and the stomach
was removed. The gastric contents were collected and
centrifuged at 1,500 x g for. 15 min. The volume of the
supernatant of each sample was measured, and the acid
concentration was determined by automatic titration
(TTAS81; Radiometer, Copenhagen, Denmark) to pH 7.0
with 0.1 N NaOH. Total acid output during the 3-hr
period was calculated.

Drugs

Cimetidine was obtained from Sigma (St. Louis, MO,
USA). TGP-580 {recombinant human basic fibroblast
growth factor (FGF-2) mutein CS23 in which Cys 69 and
Cys 87 are both replaced by serine residues, Fig. 1} (23)
and rat bFGF (19) were produced using gene technology
and purified at our Division. MAbs (MAb 3H3, 52, 78, 98
and ATI-3) for bFGF and anti-bFGF antiserum were
provided by Drs. Igarashi, Kozai, Hori, Ichimori and
Sudo of Takeda Chemical Ind., Ltd. Each drug was dis-
solved or suspended in a 0.5% methylcellulose solution
containing 1% NaHCO; (pH 8.55) and administered
orally in a volume of 1 ml/100 g body weight. In the con-
trol group, the same volume of vehicle was administered.
MAbs were stored at —80C until use. For intravenous
injection, MAbs were thawed just before use and diluted
with saline. Each MAb was administered intravenously
via a tail vein in a volume of 0.5 ml/rat (0.1 mg/rat). In
the vehicle group, the same volume of saline was injected.

Statistical analyses

Data are expressed as mean values with standard error.
The statistical significance of the differences among the
groups was determined by Dunnett’s test or by Student’s
t-test for unpaired values. The significance of the differ-
ences in curative ratio was determined by the y*-test.



62 H. Satoh et al.

Approval by animal welfare commitiee
This study was approved by the animal welfare com-
mittee of Takeda Chemical Ind., Ltd.

RESULTS

Distribution of endogenous bFGF in the stomach
Distribution of bFGF containing cells was determined
immunohistochemically using anti-bFGF antiserum (Fig.
2 and Table 1). In the corpus, the mucosal epithelial cells,
basal gland cells, lamina muscularis mucosae and

Fig. 1. Three dimensional structure of TGP-580. Two cysteine
residues (Cys 69 and Cys 87) on the surface of human bFGF are
replaced by serine residues in TGP-580. Since the amount of molec-
ules with an amino-terminal Met was less than 0.1% in the TGP-580
preparation, the amino acid residues are numbered starting from the
amino-terminal Pro of the mature molecule in this paper. (This
photograph was furnished by A. Fujishima, Takeda Chemical Ind.,
Ltd.; for more detail, refer to J Biochem 110, 360-363 (1991).)

Fig. 2. Distribution of bFGF in the corpus (left) and antrum (right) of the rat gastric wall. bFGF was stained immuno-
histochemically (reddish area) using anti-bFGF antiserum. Mucosal epithelium, parietal cells, basal gland cells and lamina
muscularis mucosae in the corpus and basement membrane of mucosal epithelial cells, lamina muscularis mucosae, blood ves-
sels and muscle layers in the antrum are positively stained. (ABC method, x 170).
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Table 1. Distribution of bFGF in the gastric wall of rats

Response to anti-bFGF antiserum

Tissue - -
Corpus Antrum
Mucosal layer
Mucosal epithelium ++ ++
Goblet cell F -+
Mucous neck cell + N.D.
Parietal cell + N.D.
Chief cell + N.D.
Basal gland cell + + +
Tunica propria mucosae
Vascular wall + +
Lamina muscularis mucosae ++ ++

Tunica submucosa
Vascular wall + +
Tunica muscularis
Smooth muscle cell + +
Perineurium + + ++

+, positive; — I, intensively positive; N.D., not determined.

perineurium showed strongly positive staining for bFGF;
and the Goblet cells, mucous neck cells, parietal cells,
chief cells, vascular endothelial cells and smooth muscle
cells showed weak staining. In these cells, the nuclear
membrane and basement membrane were stained mark-
edly as compared to the cytoplasm. In the antrum, a
similar pattern of staining was observed.

Time dependent changes in ulcers

The animals were sacrificed 3 hr to 21 days after the in-
jection of acetic acid, and time-dependent changes in the
gastric mucosa were examined. Changes in the area and
severity of the ulcers and ulcer index are shown in Figs. 3
and 4. At 3 hr, hyperemia and hemorrhage were observed
in the gastric mucosa; in 2 out of the 7 rats, the mucosa
was almost completely lost, and blood vessels were ob-
served in the bottom of the lesion. At 6 hr, the mucosa
was detached in all seven rats; and in most of the rats, a
clot of aggregated blood was observed in the ulcer bed. At
24 hr, obvious ulcers were observed in all animals, and
the ulcer bed was covered with white or yellowish materi-
als consisting of a mixture of necrotized mucosa and
inflammatory products. At 3 days, more severe ulceration
of the mucosa was observed, and perforation was seen in
2 out of the 7 rats. Maximum ulcer area was seen 6 hr
after the injection of acetic acid (35.6--0.8 mm?, Fig. 3),
but the ulcer severity continued to increase, and maxi-
mum severity was not seen until 3 days after injection
(the grade was 2.710.1, Fig. 3). The ulcer index obtained
from the area and severity reached a maximum 24 hr after
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Fig. 3, Time-dependent changes in the area and severity of the
gastric ulcers induced by acetic acid in rats. Twenty microliters of
20% acetic acid was injected into the subserosal layer of the gastric
antrum, and the gastric ulcers were examined at the times indicated.
Data show the mean values and the S.E. of the 7 rats in each group.

ulcer formation (77.1+5.7) and then gradually decreased
(Fig. 4).

Time-dependent changes in bFGF content
The bFGF content in the anterior and posterior gastric
antrum was 25.9+1.5 ng/80 mm?* (395+17 ng/g w.w.,
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Fig. 4. Time-dependent changes in the ulcer index and the content
of bFGF in the gastric ulcers induced by acetic acid in rats. The ul-
cerated area (80 mm?) was sampled at the times indicated. The ulcer
index was obtained as the product of the area and the severity grade
of the ulcer. Data show the mean values and the S.E. of the 6 rats in
each group. *: P<0.05, **; P<(0.01 vs normal control.
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n=6) and 25.2+1.4ng/80 mm® (353%+10ng/g w.w.,
n=¢6), respectively. The bFGF content in the ulcerated
area was decreased 3, 6 and 24 hr after the injection of
acetic acid, but within 3 days after the injection, the level
had returned to normal (Fig. 4). The content then in-
creased with time, reaching a maximum at 7 days
(73.5+7.6 ng/80 mm?, n=6) and thereafter, decreased
gradually. The level was though still high even at 21 days
(52.7%8.0 ng/80 mm?, n=6) (Fig. 4). The content in the
intact posterior antrum did not change until 24 hr after
ulcer formation. It was slightly high at 3 and 5 days, but
the level was normal on day 7.

The wet weights of the normal anterior and posterior
antrum were 66 +4 and 72=+4 mg/80 mm’ (n=6), respec-
tively. The weight of the ulcerated mucosa did not change
until 24 hr after ulcer formation. It increased with time
and reached a maximum at 7 days (244 +31 mg/80 mm?,
n=46). It then gradually decreased. The weight of the
intact anterior antrum did not change during the 21-day

observation periods.

Distribution of endogenous bFGF in the ulcer bed

Seven days after ulcer formation, many cells including
smooth muscle cells of the muscle layer, fibroblasts,
macrophages, newly formed vascular endothelial cells
and vascular wall cells near the margin of the ulcer bed
were stained positively for bFGF (Fig. 5). In fibroblasts
of granulation tissue, the extracellular matrix was also
weekly stained in addition to the nucleus.

Effects of monaclonal anti-bFGF antibodies on ulcer
healing and angiogenesis in the ulcer bed

Effects of MAb 3H3 and MAD 78 given i.v. for 14 days
on ulcer healing and angiogenesis in the ulcer bed were
examined, and the results are shown in Fig. 6. The area
and severity of the ulcer and the ulcer index in the group
given saline were 5.3=0.9 mm?, 1.7+0.1 and 9.0=1.5
(n=12), respectively; and the number of microvessels in

Fig. 5. Distribution of bFGF in the gastric ulcer bed 7 days after ulcer formation in rats. bFGF was stained immuno-
histochemically (reddish area) using anti-bFGF antiserum (ABC method, left: x 170, right: % 340). Smooth muscle cells (SMC)
and blood vessels (BV) (on the left) and fibroblasts (F) and macrophages (M) (on the right) are stained intensively. In addition,
the extracellular matrix of the fibroblasts is stained weakly (right).



Role of bFGF in Healing of Gastric Ulcers 65

20 | 120
E
# E
- ~
gl
5 2
[+1]
210t 15 3
5 S
8 o
> L2
- E
S
2
1
0 0
Vehicle MADb 3H3 MAD 78
Fig. 6. Effect of anti-bFGF monoclonal antibodies (MAb 3H3 and

MAD 78) on the healing of gastric ulcers and angiogenesis in the ul-
cer bed in rats. Monoclonal antibodies or vehicle were administered
i.v. once a day for 14 days starting on the day of ulcer formation.
Data show the mean values and the S.E. of the 10 to 12 rats in each
group. *: P</0.05 vs vehicle, *: P<0.05 vs MAD 78.

the ulcer bed was 18.0+2.4 vessels/mm? (n=12). The
administration of MAb 3H3 obviously inhibited the heal-
ing of the ulcer, i.e., the ulcer index was 13.9+2.2
(n=12), which was significantly larger than that in the
groups given saline or MAb 78. MAb 3H3 showed a tend-
ency to decrease the number of microvessels in the ulcer
bed (14.3£1.5 vessels/mm®, n=12). The administration
of MADb 78 did not inhibit the healing of the ulcer and
rather slightly accelerated it, but did not affect the num-
ber of microvessels.

Effect of TGP-580 on ulcer healing and angiogenesis in
the ulcer bed
Effects of TGP-580 and cimetidine given orally twice a

Fig. 7. Light micrographs of rat gastric ulcers treated with vehicle
(upper) or TGP-580 (lower) {Azan stain, < 34). Vehicle or TGP-580
(100 zg/kg) was given orally twice a day for 14 days starting 2 days
after ulcer formation, and the rats were autopsied the day after the
final dosing day. In the group treated with TGP-580, many mature
collagen fibers are arranged transversely in the ulcer bed; part of the
ulcerated mucosa is covered with regenerated mucosa (RM); and the
maximal length of the ulcer crater (UC) has decreased.

day for 14 days on ulcer healing were examined, and the
results are shown in Table 2. Cure rate, area and severity
of the ulcer and ulcer index in the group given the vehicle
were 8% (2 out of 25 rats healed), 4.4+0.8 mm?, 1.4+0.1
and 7.2+ 1.8 (n=25), respectively. TGP-580 at doses of
0.001, 0.01 and 0.1 mg/kg obviously accelerated the heal-
ing of the ulcer and increased the cure rate to 35%, 30%
and 52%, respectively. TGP-580 decreased the area and
severity of the ulcer in a dose-dependent manner. Cimeti-
dine at a dose of 100 mg/kg also accelerated the ulcer

Table 2. Effects of drugs on the healing of gastric ulcers in rats
Cure rate Gross appearance of the ulcer

Dose No. - —
Treatment  (mg/ke,  of  No ofrats  Area (A) Severity Ulcer index

p-0-)  rals  hedled (%) (mm?) gr&f;f’) (A% G)
Vehicle 25 2(8 ) 4.4+0.8 1.4£0.1 7.2+1.8
TGP-580 0.001 23 8(35%) 3.0x0.7 1.0£0.1* 4.4+1.2
TGP-580 0.0t 23 7 (30* ) 2.9+0.6 1.0+0.1 3.2+0.7
TGP-580 0.1 21 11 (52%% 2.0+0.4% 0.7+0.1%* 1.8+ 0.4%*
Cimetidine 100 19 6 (32* ) 2.5+0.7% 1.1+0.1 4.1+£1.7*

Each drug or vehicle was administered orally twice daily for 14 days starting 2 days after ulcer for-
mation, and the animals were autopsied 24 hr after the final dose. The area and severity of the ulcer
were measured, and the ulcer index was obtained as the product of the area (A) and the severity grade
(G). Ulcers with superficial erosion or scar were considered cured ulcers. Data show the mean values
and the S.E. *: P<<0.05, **: P<C 0.01 vs vehicle (by Dunnett’s test, nonparametric).
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Fig. 8. Angiogenesis in the gastric ulcer bed in rats treated with vehicle (left) or TGP-580 (right}. Microvessels were stained
immunohistochemically (reddish area) using anti-Factor VIII antiserum (ABC method, x 85). The number of microvessels
(shown by the arrow) is increased in the group treated with TGP-580.

healing; it increased the cure rate to 32% and decreased
the area and severity.

As seen in Fig. 7, in the group treated with TGP-580,
the ruptured muscle layers were well repaired, granula-
tion tissue was well replaced with many matured collagen
fibers, the thickness of the ulcer bed was thin and part of
the ulcerated mucosa was covered with regenerated
mucosa.

In the other study, the effects of TGP-580 and cimeti-
dine on angiogenesis in the ulcer bed were examined. The
results are shown in Figs. 8 and 9 with the effects on ulcer
healing. In the group given the vehicle, the area and
severity of the ulcer and ulcer index were 5.5+ 1.2 mm?,
1.8+0.1 and 10.9+1.8 (n=11), respectively; and the
number of microvessels in the ulcer bed was 19.4+3.2
vessels/mm? (n=11). The administration of TGP-580
(0.1 mg/kg, p.o.) accelerated the healing and decreased
the ulcer index to 5.0+ 1.4 (P<0.05) and increased the
number of microvessels to 36.2+4.7/mm? (P <0.05).

20
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2 8
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0 :
Vehicle TGP-580  Cimetidine
©.1mg/kg) (100 mg/kg)

Fig. 9. Effect of TGP-580 and cimetidine on the healing of gastric
ulcers and angiogenesis in the ulcer bed in rats. Fach drug or vehi-
cle was administered p.o. twice a day for 14 days starting 2 days after
ulcer formation. Data show the mean values and the S.E. of the
9 to 11 rats in each group. *: P <0.05 vs vehicle.
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Fig. 10. Distribution of TGP-580 in the gastric ulcer bed in rats.
Upper: Time dependent changes in the ulcer index and the concen-
tration of TGP-580 in the ulcerated area. TGP-580 (0.1 mg/kg) was
administered orally before or after ulcer formation, and samples of
the ulcerated area (80 mm?) were taken 1 hr later. Data show the
mean values and the S.E. for the 7 rats in each group. Lower:
Relationship between the ulcer index and the concentration of
TGP-580 in the ulcerated area. Data are taken from the results
shown above. Points represent the mean values for the 7 rats in each
group. The concentration of TGP-580 is shown following
logarithmic transformation. The correlation coefficient is 0.93
(P<0.01).

Cimetidine (100 mg/kg, p.o.) also accelerated healing of
the ulcer, but did not increase the number of microvessels
and rather decreased it to 13.9+1.1/mm?® (not signifi-
cant).

Distribution of TGP-580 in the ulcer bed

TGP-580 (0.1 mg/kg) was administered orally before
or up to 28 days after ulcer formation, and the content of
TGP-580 in the ulcerated area was measured 1 hr later
(Fig. 10). The concentration of TGP-580 in normal
mucosa 1 hr after the administration of TGP-580 was
3.1£0.5 ng/g tissue (n=7). The concentration in the
ulcerated area increased with time after ulcer formation,
reached a maximum when TGP-580 was administered 24
hr after formation (27.9+10.4 ng/g tissue, n=7) and
then decreased with time. Ten days after ulcer formation
or later, the concentration of TGP-580 was close to or less
than 2.5 ng/g tissue (minimum detectable concentration
by EIA). A close relationship between the ulcer index and
TGP-580 concentration in the ulcerated mucosa was ob-
served (Fig. 10).

In the other study, TGP-580 (0.1 mg/kg) was admin-
istered orally 7 days after the ulcer formation, and the
distribution of TGP-580 in the ulcer bed and intact mu-
cosa was examined histologically by immunohistochemi-
cal staining for TGP-580. As seen in Fig. 11, intensive
staining derived from TGP-580 was observed in the sur-
face layer of the ulcer bed but not in the intact mucosa
(data not shown).

Effect of TGP-580 on gastric acid secretion

Gastric acid secretion in the vehicle group was
156.3+20.5 puEq/3 hr (n=8). Cimetidine (100 mg/kg,
p.0.) significantly decreased the acid secretion by 86%,
but TGP-580 (0.001, 0.01 and 0.1 mg/kg, p.o.) did not
affect the secretion (Table 3).

Table 3. Effects of drugs on gastric acid secretion in pylorus-ligated rats

Dose No. Gastric acid secretion
Treatment (mg/ke, of Volume Acidity Acid output

p-o.) rals g («Eq/ml) (#Eq/3 hr)
Vehicle 8 2.4+0.2 65.6+4.5 156.3+20.5
TGP-580 0.001 8 2.0£0.3 55.4+8.6 113.926.6
TGP-580 0.01 8 2.0+0.2 59.7+6.5 124.8+22.3
TGP-580 0.1 8 2.3+0.3 62.8+8.8 155.8+34.0
Cimetidine 100 8 1.3+0.3* 19.84.5%* 21.8% 6.6

Each drug or vehicle was given orally after a 24-hr fast, and 1 hr later, the pylorus was
ligated under ether anesthesia. Gastric juice was collected 3 hr after pylorus ligation.
Data show the mean values and the S.E. *: P<0.05, **: P<0.01 vs vehicle.
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o

Fig. 11. Distribution of TGP-580 in the gastric ulcer bed 7 days after ulcer formation in rats. TGP-580 was stained immuno-
histochemically (reddish area) using MAb 3H3 (ABC method, * 85). TGP-580 (0.1 mg/kg) was given orally 7 days after ulcer
formation, and 1 hr later, the stomach was removed. Compared with the group treated with vehicle (left), intense staining is
observed in the surface layer of the ulcer bed in the group treated with TGP-580 (right).

DISCUSSION

Recent reports have indicated that many growth factors
play an important role in the healing of gastrointestinal
ulcers (1 -12). In the present study, we examined the role
of endogenous bFGF in the healing of gastric ulcers in-
duced by acetic acid in the rat and obtained the following
results: 1) the content of bFGF in the ulcerated area in-
creased during the period of ulcer healing; 2) upon histo-
logical examination, many cells responding to anti-bFGF
antiserum were seen in the ulcer bed 7 days after ulcer
formation, and most of them were fibroblasts, macro-
phages and vascular endothelial cells; 3) ulcer healing was
significantly inhibited by the administration of anti-bFGF
monoclonal antibody 3H3; and 4) ulcer healing was
obviously accelerated by the administration of TGP-580,
recombinant human bFGF mutein CS23. All of these
results indicate that endogenous bFGF plays an im-
portant role in the process of gastric ulcer healing.

In cysteamine-induced duodenal ulcers in rats, we
found that bFGF levels in the duodenal mucosa decreased
in the pre-ulcer stage and the early stage of duodenal ul-
ceration, suggesting that the depletion of mucosal bFGF
plays a role in the pathogenesis of duodenal ulceration
(24). In the present study, the content of bFGF in the
ulcerated area decreased in the early phase of ulcer
formation up to 24 hr after the injection of acetic acid.
However, we think that the decrease in bFGF content in
the present model may not be the cause of ulcer forma-
tion but rather a result of ulcer formation; i.e., 1) the
amount of bFGF in the ulcerated area is decreased as a
result of the release of bFGF from the damaged cells, 2)
the response of bFGF to the antibodies used in the EIA
decreased in the ulcerated area due to the degeneration of
bFGF by acetic acid or 3) simply, the mucosa containing
bFGF became detached during ulcer formation.

We found that bFGF content in the duodenal ulcer bed
was significantly higher than that in normal mucosa 7



Role of bFGF in Healing of Gastric Ulcers 69

days after ulcer formation in rats (8). In the present ex-
periment, the bFGF content in the ulcerated area began to
increase in association with the start of ulcer healing (3
days after ulcer formation) and reached a maximum 7
days after the injection of acetic acid. Thereafter, the
content was maintained at a high level until the end of the
3-week observation period. The results were consistent
with the previous findings in duodenal ulcers and sug-
gested that endogenous bFGF is involved in the process of
ulcer healing. To confirm this possibility, we examined
the effect of treatment with monoclonal antibodies for
bFGF on the healing of gastric ulcers and found that the
healing was significantly inhibited by administration of
MAD 3H3 which can neutralize the activity of bFGF but
was not affected by treatment with MAb 78 which binds
to bFGF without inhibiting its activity. The content of
bFGF in the ulcerated area 7 days after ulcer formation
was 73.5+ 7.6 ng/80 mm?>. Fifty nanograms of MAb 3H3
can neutralize the activity of 1ng of bFGF (20}, indi-
cating that 4 yg of MADb 3H3 can neutralize 80 ng of
bFGF. Therefore, the dose (100 pg/day) of MAb 3H3
should be sufficient to inhibit the activity of endogenous
bFGF in the ulcerated area. Recently, we reported that
MAD 3H3 inhibits the healing of duodenal ulcers in rats
(25). We also found that the healing of colonic ulcers in-
duced by NEM were prevented by the administration of
MAD 3H3 (unpublished observation). These results indi-
cate that bFGF plays an important role in the healing of
ulcerated mucosa not only in the stomach but also in other
areas of the gastrointestinal tract.

The results that anti-bFGF antibody (MAb 3H3) in-
hibited ulcer healing suggest that endogenous bFGF re-
leased from some cells is involved in the process of ulcer
healing. However, an important and basic question is
from which cells bFGF is released. It has been reported
that bFGF is widely distributed in most cells, especially in
vascular endothelial cells, fibroblasts, smooth muscle cells
and macrophages (26—29) and stored in the basement
membrane (30) and extracellular matrix (31). We previ-
ously demonstrated that bFGF is widely observed in the
mucosa and submucosa of the rat stomach by immuno-
histochemical studies (8). In the present study, we ex-
amined the distribution of bFGF determined by the
response to anti-bFGF antiserum in detail and found that
the cells stained by anti-bFGF antiserum were widely ob-
served in the intact stomach, and intensive staining was
seen in the mucosal epithelial cells, basal gland cells,
lamina muscularis mucosa and perineurium. In the
ulcer bed 7 days after ulcer formation, many cells such as
fibroblasts, macrophages, smooth muscle cells and endo-
thelial cells of new vessels responded to the antiserum.
These results revealed that there are many cells containing
bFGF in the normal gastric wall and the ulcer bed. From

these results, it is postulated that bFGF may be released
from the damaged cells of the gastric wall during ulcer
formation and that bFGF may be released from inflam-
matory cells such as macrophages during ulcer healing
more than 3 days after ulcer formation. This is partly
supported by the findings that bFGF content decreased
during ulcer formation. However, the mechanism for the
release of bFGF from intact cells is not vet understood as
bFGF does not have the signal peptides needed for re-
lease of a peptide through the Golgi apparatus in the cells
in its molecule. Recently, Yuet al. (32) pointed out the
possibility that bFGF is released by exocytosis in bovine
endothelial cells. This releasing mechanism may explain
the source of bFGF during the healing stage in the present
study.

In the present study, it was revealed that TGP-580 ac-
celerated the healing of gastric ulcers in rats. Konturek
et al. (10) have reported that bFGF given orally or intra-
peritoneally enhances the healing of acetic acid-induced
gastric ulcers in rats. We have reported that both bFGF
and TGP-580 accelerate the healing of duodenal ulcers
induced by cysteamine in rats (7 —9). We also found that
both bFGF and TGP-580 accelerate the healing of colonic
ulcers induced by NEM in rats (33). These results suggest
that both bFGF and TGP-580 can accelerate the healing
of ulcers not only in the stomach but also in other areas of
the gastrointestinal tract.

Angiogenesis in granulation tissue in the ulcer bed is
thought to be critical in ulcer healing as well as wound
healing (8). As bFGF is the most active angiogenic pep-
tide among the growth factors (13), it was expected that
bFGF promotes neovascularization in the ulcer bed. In
fact, we have found that both bFGF and CS23 (TGP-580)
increase the number of microvessels in the duodenal ulcer
bed in rats (8, 9). A similar angiogenic effect of bFGF has
been reported by Konturek et al. (10) in a rat model of
gastric ulcers. It has been suggested that the angiogenic
effects of these peptides play an important role in the
healing of ulcers. In the present study, TGP-580 sig-
nificantly increased the number of microvessels in the
gastric ulcer bed. On the other hand, the angiogenesis in
the gastric ulcer bed was inhibited by MAb 3H3 which
can neutralize the activity of bFGF, but it was not in-
hibited by MAb 78. These results support the previous
findings and suggest that the angiogenic activity of TGP-
580, as well as bFGF, is involved in the healing effect of
this peptide on gastric ulcers. Paimella et al. (34) and
Dignass et al. (35) reported that bFGF promotes the
migration of gastrointestinal mucosal cells and suggested
that bFGF may mediate rapid epithelial repair after sur-
face injury. Recently, Nakamura et al. (36) reported that
CS23 (TGP-580) promotes the reinnervation of newly-
formed microvessels through its effect on the Schwann
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cells in the gastric ulcer bed in rats. These actions of
bFGF (TGP-580) may explain, in part, the healing effect
of TGP-580 on gastric ulcers.

When TGP-580 was given orally, the concentration of
TGP-580 in the ulcerated area increased with time after
ulcer formation, reaching a maximum when TGP-580
was administered 24 hr after formation and subsequently
decreasing with ulcer healing. A close relationship was
seen between the ulcer index and TGP-380 concentration
in the ulcerated arca. Immunohistochemical studies re-
vealed that TGP-580 was distributed in the surface layer of
the ulcer bed 1 hr after administration. These results sug-
gest that TGP-580 given orally is distributed in the ulcer
bed from the surface of the ulcer base and promotes ulcer
healing by stimulating proliferation of many cells in the
ulcer bed. Furthermore, it is suggested that the distribu-
tion of TGP-580 into the ulcerated area depends on the
severity of the ulcer; i.e., intense distribution is seen when
the ulcer is active, but the distribution of TGP-580
decreases with the progress of ulcer healing, indicating
that TGP-580 is distributed into the ulcerated area only
when it is needed.

Gastric acid plays an important role in both the forma-
tion and healing of gastroduodenal ulcers. To elucidate
the mode of action of TGP-580, the effect of TGP-580 on
gastric acid secretion was examined in pylorus-ligated
rats. Cimetidine at a dose of 100 mg/kg significantly in-
hibited the acid secretion, but TGP-580 did not affect the
secretion even at a dose of 0,1 mg/kg. These results are in
agreement with the previous findings (7 —10) that neither
bFGF nor CS23 (TGP-580) inhibited gastric acid secre-
tion in rats and suggested that TGP-580 accelerates ulcer
healing by a mechanism other than an antisecretory ac-
tion. This is supported by the finding that TGP-580 ac-
celerates the healing of colonic ulcers in rats in which acid
is not involved (33).

bFGF is very unstable in the presence of acid or pepsin,
and we have suggested that some antiulcer drugs may
accelerate ulcer healing, at least in part, via stabilization
of endogenous bFGF by inhibiting acid secretion or
by binding to bFGF (8). However, in the present
study, cimetidine did not stimulate but rather inhibited
angiogenesis, a typical biological effect of bFGF, in the
ulcer bed. Tsuchida et al. (37) also reported that cimeti-
dine decreased the number of microvessels in the ulcer
bed of gastric ulcers in rats. These results do not always
support the hypothesis, but more detailed studies will be
needed to draw any precise conclusion.

The present study revealed that endogenous bFGF
plays an important role in the healing of gastric ulcers and
also revealed that a mutein of bFGF, TGP-580, acceler-
ates gastric ulcer healing by a new mode of action such as
stimulation of angiogenesis in the ulcer bed. Antisecre-

tory drugs such as histamine H,-receptor antagonists and
proton pump inhibitors accelerate ulcer healing indirectly
by eliminating a deleterious substance (acid), but bFGF
(TGP-580) can accelerate ulcer healing by acting directly
on the ulcer bed in the presence of acid. It is interesting to
compare the quality of ulcer healing with TGP-580 and
antisecretory drugs. Recently, we found that gastric ul-
cers healed by TGP-580 treatment were more resistant to
indomethacin-induced relapse than those healed by treat-
ment with histamine H,-receptor antagonists (38). Clini-
cal studies on TGP-580 are now underway (39, 40), and in
the near future, we hope the usefulness of this new ap-
proach to ulcer therapy will be widely recognized.

Acknowledgments

The authors wish to thank Mses. K. Hirai, E. Oda, R. Maeda and
1. Inada and Messrs. K. Hikawa and K. Kawahara for technical col-
laboration and are grateful to Drs. K. Igarashi, K. Sudo, Y. Kozai,
A. Hori, Y. Ichimori and K. Nishimura for providing monoclonal
antibodies and antiserum for bFGF and TGP-580, Dr. 1. Ueno for
measuring the content of TGP-580 and Mr. J. Hogan for comments
on the manuscript.

REFERENCES

1 Olsen PS, Poulsen SS, Therkelsen K and Nexo E: Oral admin-
istration of synthetic human urogastrone promotes healing
of chronic duodenal ulcers in rats. Gastroenterology 90,
911-917 (1986)

2 Tarnawski A, Stachura J, Durbin T, Sarfeh 1J and Gergely H:
Increased expression of epidermal growth factor receptor dur-
ing gastric ulcer healing in rats. Gastroenterology 102, 695—698
(1992)

3 Konturek 8J, Dembinski A, Warzecha Z, Brzozowski T and
Gregory H: Role of epidermal growth factor in healing of
chronic gastro-duodenal ulcers in rats. Gastroenterology 94,
1300- 1307 (1988)

4 Polk WH, Dempsey PJ, Russell WE, Brown Pl, Beauchamp
RD, Barnard JA and Coffey RI: Increased production of
transforming growth factor « following acute gastric injury.
Gastroenterology 102, 1467 —1474 (1992)

5 Beauchamp RD, Barnard JA, McCutchen CM, Cherner JA and
Coffey RJ: Localization of transforming growth factor « and its
receptor in gastric mucosal cells. J Clin Invest 84, 1017-1023
(1989)

6 Burgess AW and Sizeland AM: Growth factors and the gut.
J Gastroenterol Hepatol 5, Supp 1, 10—-21 (1990)

7 Szabo S, Vattay P, Morales RE, Johnson B, Kato K and
Folkman J: Orally administered bFGF mutein: Effect on heal-
ing of chronic duodenal ulcers in rats. Dig Dis Sci 34, 1323
(1989)

8 Folkman J, Szabo S, Stovroff M, McNeil P, Li W and Shing Y:
Duodenal ulcer: Discovery of a new mechanism and develop-
ment of angiogenic therapy that accelerates healing. Ann Surg
214, 414427 (1991)

9 Szabo S, Folkman J, Vattay P, Morales RE, Pinkus GS and
Kato K: Accelerated healing of duodenal ulcers by oral ad-
ministration of a mutein of basic fibroblast growth factor in



10

13

14

16

17

18

20

21

22

23

25

Role of bFGF in Healing of Gastric Ulcers 71

rats. Gastroenterology 106, 1106—1111 (1994)

Konturek SJ, Brzozowski T, Majka J, Szlachcic A, Bielanski
W, Stachura J and Otto W: Fibroblast growth factor in gastro-
protection and ulcer healing: interaction with sucralfate. Gut
34, 881-887 (1993)

Fitzpatrick LR, Jakubowska A, Martin GE, Davis M, Jaye MC
and Dionne CA: Acidic fibroblast growth factor accelerates the
healing of acetic acid-induced gastric ulcers in rats. Digestion
53, 17-27 (1992)

Kusstatscher § and Szabo S: Effect of platelet-derived growth
factor (PDGF) on the healing of chronic gastritis in rats.
Gastroenterology 104, 125A (1993)

Folkman J and Klagsbrun M: Angiogenic factors. Science 235,
442 —447 (1987)

McGee GS, Davidson JM, Buckley A, Sommer A, Woodward
SC, Aquino AM, Barbour R and Demetriou AA: Recombinant
basic fibroblast growth factor accelerates wound healing. J Surg
Res 45, 145-153 (1988)

Greenhalgh DG, Sprugel KH, Murray MJ and Ross R: PDGF
and FGF stimulate wound healing in the genetically diabetic
mouse. Am J Pathol 136, 12351246 (1990)

Broadley KN, Aquino AM, Woodward SC, Buckley-Sturrock
A, Sato Y, Rifkin DB and Davidson JM: Monospecific anti-
bodies implicate basic fibroblast growth factor in normal wound
repair. Lab Invest 61, 571—-575 (1989)

Takagi K, Okabe S and Saziki R: A new method for the
production of chronic gastric ulcer in rats and the effect of
several drugs on its healing. Jpn I Pharmacol 19, 418-426
(1969)

Watanabe H, Hori A, Seno M, Kozai Y, Igarashi K, [chimori Y
and Kondo K: A sensitive enzyme immunoassay for human
basic fibroblast growth factor. Biochem Biophys Res Commun
175, 229-235 (1991}

Kurokawa T, Seno M and Igarashi K: Nucleotide sequence of
rat basic fibroblast growth factor cDNA. Nucleic Acid Res 16,
5201 (1988)

Hori A, Sasada R, Matsutani E, Naito K, Sakura Y, Fujita T
and Kozai Y: Suppression of solid tumor growth by immuno-
neutralizing monoclonal antibody against human basic fibro-
blast growth factor. Cancer Res 51, 6180 -6184 (1991)

Seno M, Iwane M, Sasada R, Moriya N, Kurokawa T and
Igarashi K: Monoclonal antibodies against human basic fibro-
blast growth factor. Hybridoma 8, 209-221 (1989}

Soutter AD, Nguyen M, Watanabe H and Folkman J: Basic
fibroblast growth factor secreted by an animal tumor is detect-
able in urine. Cancer Res 53, 52975299 (1993)

Seno M, Sasada R, Iwane M, Sudo K, Kurokawa T, Ito K and
Igarashi K: Stabilizing basic fibroblast growth factor using pro-
tein engineering. Biochem Biophys Res Commun 151, 701 -708
(1988)

Bishop J, Kusstatscher S, Sakoulas G and Szabo S: Depletion
of mucosal basic fibroblast growth factor (bFGF) in the early
stage of cysteamine-induced duodenal ulcer in rats. Gastro-
enterology 104, A813 (1993)

Kusstatscher S, Sandor Zs, Satoh H and Szabo S: Inhibition of
endogenous basic fibroblast growth factor (bFGF) delays duo-
denal ulcer healing in rats: Implications for a physiologic role of
bFGF. Gastroenterology 106, Al113 (1994)

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Gospodarowicz D, Ferrara N, Schweigerer L and Neufeld G:
Structural characterization and biological functions of fibro-
blast growth factor. Endocrine Rev 8, 95-114 (1987)
Cordon-Cardo C, Vlodavsky I, Haimovitz-Friedman A, Hicklin
D and Fuks Z: Expression of basic fibroblast growth factor in
normal human tissues. Lab [nvest 63, 832—840 (1990)
Schweigerer L, Neufeld G, Friedman J, Abraham JA, Fiddes
JC and Gospodarowicz D: Capillary endothelial cells express
basic fibroblast growth factor, a mitogen that promotes their
own growth. Nature 325, 257259 (1987)

Baird A, Mormede P and Bohlen P; Immunoreactive fibroblast
growth factor in cells of peritoneal exudate suggests its identity
with macrophage-derived growth factor. Biochem Biophys Res
Commun 126, 358 -364 (1985)

Folkman J, Klagsbrun M, Sasse J, Wadzinski M, Ingber D and
Vlodavsky 1. A heparin-binding angiogenic protein-basic
fibroblast growth factor is stored within basement membrane.
Am J Pathol 130, 393400 (1988)

Vlodavsky I, Folkman I, Sullivan R, Fridman R, Ishai-Michali
R, Sasse J and Klagsbrun M; Endothelial cell-derived basic
fibroblast growth factor: Synthesis and deposition into sub-
endothelial extracellular matrix. Proc Natl Acad Sci USA 84,
2292-2296 (1987)

Yu Z-X, Bire 8, Fu Y-M, Sanchez I, Smale G, Sasse J, Ferrans
V and Casscells W: Localization of basic fibroblast growth fac-
tor in bovine endothelial cells: Immunohistochemical and
biochemical studies. Exp Cell Res 204, 247-259 (1993)

Satoh H, Takami K, Kato K, Folkman J and Szabo S: Effect of
bFGF and its mutein on healing of colonic ulcers induced by
N-ethylmaleimide in rats. Gastroenterology 98, A203 (1990)
Paimella H, Goddard PJ, Carter K, Khakee R, McNeil PL, Ito
S and Silen W: Restitution of frog gastric mucosa in vitro:
Effect of basic fibroblast growth factor. Gastroenterology 104,
1337-1345 (1993)

Dignass AU, Tsunekawa S and Podolsky DK: Fibroblast
growth factors modulate intestinal epithelial cell growth and
migration, Gastroenterology 106, 12541262 (1994)
Nakamura M, Oda M, Inoue J, Ito T, Akiba Y, Kitajima M and
Tsuchiya M: Reinnervation of microvessels from acetic acid-
treated gastric ulcer by basic fibroblast growth factor. Gastro-
enterology 104, A155 (1993)

Tsuchida T, Tsukamoto Y, Segawa K, Goto H and Hase S:
Effects of cimetidine and omeprazole on angiogenesis in granu-
lation tissue of acetic acid-induced gastric ulcers in rats. Diges-
tion 47, 8- 14 (1990)

Satoh H, Shino A, Murakami [, Asano S, Sato F and Inatomi
N: New animal model for gastric ulcer relapse in the rat: bFGF
may play a role in prevention of ulcer relapse. Gastroenterology
102, A159 (1992)

Wolfe MM, Bynum TE, Parsons WG, Malone KM, Szabo S
and Folkman J: Safety and efficacy of an angiogenic peptide,
basic fibroblast growth factor (bFGF), in the treatment of gastro-
duodenal uvlcers: A preliminary report. Gastroenterology 106,
A212 (1994)

Hull MA, Cullen DJE, Hudson N and Hawkey CI: Basic
fibroblast growth factor treatment for non-steroidal anti-
inflammatory drug associated gastric ulceration. Gut 37,
610-612 (1995)



