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Abstract

The protective effects of the ethylacetate fraction of persimmon leaves (PEF) against experimentally induced
gastric mucosal damage and gastric ulcers were evaluated in rats. In the prophylatic study, 100 mg/kg ethylacetate
fraction of persimmon leaves (PEFH) exhibited a total protection of 73.8% and 65.7% against HCl-ethanol and
0.2 N NaOH-induced gastric mucosal membrane lesions, respectively, which was superior to cimetidine 50 mg/kg,
a commonly used anti-ulcer drug. PEFH showed excellent anti-ulcer effects against pylorus ligation induced gastrie
ulcers, compared to the control group, however, 50 mg/kg ethylacetate fraction of persimmon leaves (PEFL) and
PEFH did not affect ulcers induced by water immersion stress, and that is inferior to cimetidine 50 mg/kg. In
conclusion, the results suggest that the ethylacetate fraction of persimmon leaves can be used both in prevention
and treatment of experimentally induced gastric mucosal damage and ulcers.
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INTRODUCTION

Persimmon leaves (leaves of Diospyros kaki Tunberg.) have
been used as a herb medicine for the treatment of coagulation,
apoplexy, hematemesis, chilblain, asthma, atherosclerosis and
diabetes mellitus (1,2); its usage is expanded for the prepa-
ration of herb tea (3,4) and traditionally employed for the
treatment of hypertension (5-7). It has been found that con-
densed tannins and flavonoids from persimmon leaves are
mainly responsible for the antihypertensive, antimutagenic,
anticarcinogenic and antioxidative actions (8-10). Four fla-
vonoids such as astragalin, kaempferol-3-O-(2"-O-gallyl)-
(27-O-gallyl)-glucoside, isoquercetin and quercetin-3-O-(2"-
O-gallyl) glucoside, have been isolated from persimmon leaves
(11). Especially flavonoid aglycones in persimmon leaves,
such as catechin, kaempferol, and quercetin reportedly pos-
sess strong antioxidative activities acting as oxygen radicals
scavenger, metal chelator and lipid peroxidation inhibitors
(12-14). And kaempferol inhibits the synthesis of nucleic
acid in tumor cells and transcription by RNA polymerase
I (15). However, more systematic studies on the characteri-
zation of persimmon flavonoid glycosides and their anti-
oxidative activity are not available yet.

Recently, flavonoids contained in herb medicines were
found to be effective in cases of experimentally-induced gas-
tric mucosal damage and gastric ulcers in rats (16). However,
very few studies have examined their effectiveness in phar-
macological experiments.

The objective of this study was to investigate the effects

*Corresponding author. E-mail: mylee@mail.chosun.ac.kr
Phone: 82-62-230-7722, Fax: 82-62-224-8880

of the ethylacetate fraction of persimmon leaves on gastric
mucosal membrane protection and the recovery from gastric
damage and ulcers.

MATERIALS AND METHODS

Materials

Fresh leaves of persimmon, Diospyros kaki Tunberg.
(Ebenaceae), were extracted twice with methanol-water (80
: 20, v/v), and the extracts were then fractionated with n-
hexane, chloroform, ethylacetate, n-butanol and water. The
ethylacetate fraction showed the highest antioxidative activ-
ity, evaluated by the DPPH test, among these extracts and
was divided two groups of doses ; 50 mg/kg, 100 mg/kg, re-
spectively.

Animals

Male Sprague-Dawley rats (200~250 g), aged 7 weeks,
purchased from the experimental animal center of Chosun
University, were used in this study. The animals were kept
under standard laboratory conditions and allowed access to
rodent chow (Che-il, Korea) and drinking water. Animals were
divided into 4 groups : control group (CON), ethylacetate frac-
tion of persimmon leaves 50 mg/kg administered group (PEFL),
ethylacetate fraction of persimmon leaves 100 mg/kg admin-
istered group (PEFH) and cimetidine 50 mg/kg administered
group (CMT).

HCl-ethanol induced gastric mucosal membrane lesions

Male rats weighing approximately 200 g were divided into
4 groups of 5 animals. After 24 hr of fasting, they were orally
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administered test samples. After 30 min of administration,
each rat was treated with 1 ml of 150 mM HC1-60% ethanol.
Each rat was then killed by ether 6 hr after the treatment
of the necrotizing agent, and the stomach was excised and
filled in 2%-formaline solution (17). Lesion index was calcu-
lated by adding the length (mm) of the lesions in the fundus
region. Student’s #-test was used for the statistical analysis.

0.2 N NaOH induced gastric mucosal membrane lesions

The examination was the same method as in the HCI-
ethanol induced gastric mucosal membrane lesions (17) ex-
cept that 0.2 N NaOH was used as the necrotizing agent
instead of HCl-ethanol.

Indomethacin induced gastric mucosal membrane le-

sions

The examination was the same method as in the HCl-ethanol
induced gastric mucosal membrane lesions except that test
samples were given orally 10 min before treatment of indo-
methacin (20 mg/kg, s.c.) suspended in 1% CMC (carboxy
methyl cellulose) as the necrotizing agent instead of HCI-
ethanol (18).

Pylours ligation induced gastric ulcers

Male rats were divided into 4 groups of 4~6 animals.
After 48 hr of fasting, rats were anesthetized with ether and
the abdomen was opened. The pylours region of the stomach
was ligated, followed by administration of test samples into
the duodenum. After 6 hr of administration, the stomach was
excised and fixed in 2%-formaline solution. The severity of
the ulcer was determined based on the ulcer formation in the
forestomach as follows : 0: normal; 1: local bleeding; 2: two
or more sites of small ulceration (<3 mm); 3: five or more
sites of small ulceration or one or more sites of large ulcera-
tion; 4: two or more sites of large ulceration; and 5: gastric
perforation (19). The perforated stomach was scored 50% in
all.

Inhibition ratio (%)

_ ulcer index (control) - ulcer index (test samples) % 100

ulcer index (contorl)

Water immersion stress induced gastric ulcers

Male rats were divided into 4 groups of 4 ~6 animals. After
24 hr of fasting, test samples were administered orally, and
each animal was put into a vinyl chloride pipe, which is
covered at the top and bottom with metal mesh, and immersed
in water (22°C) to the neck. After 5 hr the animals were sac-
rificed and the stomachs were excised. Each stomach was then
fixed in 2%-formaline solution (20). The ulcer index and statis-
tical analysis were determined by the same method as for
pylorus ligation induced gastric ulcers.

Adaptive cytoprotection on absolute ethanol-induced

gastric mucosal damage

After 24 hr of fasting, male rats were divided into 6 groups
of 5 animals as follows:

I. absolute ethanol treated group;

. 10% ethanol administered group before absolute etha-
nol treatment;

I. ethylacetate fracton of persimmon leaves (50 mg/kg)
administered group before 4 hr of absolute ethanol
treatment;

IV. ethylacetate fracton of persimmon leaves (50 mg/kg)
administered group before 3.5 hr of 10% ethanol and
4 hr of absolute ethanol treatment;

V. cimetidine (50 mg/kg) administered group before 4 hr
of absolute ethanol treatment;

VI. cimetidine (50 mg/kg) administered group before 3.5
hr of 10% ethanol and 4 hr of absolute ethanol treat-
ment.

After 1 hr the animals were sacrificed and the stomachs
were excised and fixed in 2%-formaline solution (21). Lesion
index and the statistical analysis were calculated by the same
method as for HCl-ethanol induced gastric mucosal membrane
lesions.

RESULTS AND DISCUSSION

Effects of ethylacetate fraction of persimmon leaves on

HCl-ethanol induced gastric mucosal membrane lesions

As shown in Table 1, the ethylacetate fraction of persimmon
leaves at 100 mg/kg significantly inhibited the gastric mucosal
membrane lesions induced by the treatment of HCl-ethanol,
which is used for the examination of cellular protective ac-
tions, as compared to the control group. That was superior
to cimetidine 50 mg/kg, a commonly used anti-ulcer drug. It
has been shown that drugs which are effective against HCI-
ethanol induced gastric mucosal membrane lesions can pos-
sess gastric mucosal membrane protective actions (22,23).
The anti-ulcer effects of the ethylacetate fraction of persimmon
leaves were shown in a dose-dependant manner. These re-
sults suggest that the ethylacetate fraction of persimmon
leaves may activate the gastric mucosal membrane protective

Table 1. Effects of persimmon leaves ethylacetate fraction on HCl-
ethanol induced gastric lesions in rats

T 1 Dose No. of Gastric lesion Inhibition
reatment (mg/kg, p.o.) rats (mm) (%)

CON - 6  211.4%+10.7% -

PEFL 50 6  1546+14.1*Y - 269
PEFH 100 6 556+ 7.9+  73.8
CMT 50 6  105.9+254* 499

Gastric lesions were induced by treatment of 1ml of HCl-ethanol(6
0% ethanol + 150 mM HCI). Each sample was given orally 1 hr
before HCl-ethanol treatment. Animals were sacrificed 1 hr after
HCl-ethanol treatment.

YPEFL : Persimmon ethylacetate fraction (50 mgfkg, b.w./day, p.0.)
PEFH : Persimmon ethylacetate fraction (100 mg/kg, b.w./day, p.o.)
CMT : Cimetidine (50 mg/kg, b.w./day, p.o.)

Mean + S.E.

3)Signiﬁcantly different from control at p<0.05.

“Significantly different from control at p<0.01.



Effects of Ethylacetate Fraction of Persimmon Leaves on Experimentally-induced Gastric Mucosal Damage 39

mechanism and thereby exhibit anti-ulcer effects.

Effects of ethylacetate fraction of persimmon leaves on

0.2 N NaOH induced gastric mucosal membrane lesions

As shown in Table 2, the oral administration of ethylacetate
fraction of persimmon leaves at 100 mg/kg significantly abol-
ished the gastric lesions induced by 0.2 N NaOH treatment
by 65.7% as compared to the control group.

Effects of ethylacetate fraction of persimmon leaves

on indomethacine induced gastric mucosal membrane

lesions

Indomethacine produced moderate mucosal damage in the
gastrointestinal tract including the stomach and small and
large intestine (24). The gastric lesion scores of 50 mg/kg
and 100 mg/kg of ethylacetate fraction of persimmon leaves,
and cimetidine 50 mg/kg were 10.5+2.2,4.5+0.3,and 74+
0.7, respectively, shown in Table 3. All the test samples were
proved to be effective against indomethacine induced gastric
mucosal membrane lesions, but the ethylacetate fraction of
persimmon leaves at 100 mg/kg markedly attenuated the dis-
ease activity index as compared to the control group.

Effects of ethylacetate fraction of persimmon leaves

on pylorus ligation induced gastric ulcers.

As shown in Table 4, ethylacetate fraction of persimmon
leaves (50 mg/kg) did not show any significant inhibitory

Table 2. Effects of persimmon leaves ethylacetate fraction on 0.2
N NaOH induced gastric lesions in rats

i Dose Gastric lesion Inhibition
Treatment” (o poy N0 OF TS () (%)
CON - 5 499+847 -
PEFL 50 5 41.4+71 17.1
PEFH 100 5 17.1+53% 657
CMT 50 5 26.1+7.8°Y 276

Gastric lesions were induced by treatment of 1 ml of 0.2 N NaOH.
Each sample was given orally 1 hr before 0.2 N NaOH treatment.
Animals were sacrificed 1 hr after 0.2 N NaOH treatment.
;)See the legend of Table 1.

"Mean £ S.E.

3)Signiﬁcamly different from control at p<0.05.

“Significantly different from control at p<0.01.

Table 3. Effects of persimmon leaves ethylacetate fraction on indo-
methacin induced gastric lesions in rats

Treatment” Dose Gastric lesion Inhibition
(mg/kg, s.c.) (mm) (%)
CON - 26.7+3.8” -
PEFL 50 10.5+2.2%+ 60.5
PEFH 100 4.5+0.3** 83.2
CMT 50 7.41+0.7%* 72.3

Gastric lesion were induced by giving indomethacin (20 mg/kg,
s.c.). Each sample was given orally 10 min before indomethacin
treatment. Animals were sacrificed 7 hr after indomethacin treat-
ment.

;)See the legend of Table 1.

'Mean + S.E.

3)Significanlly different from control at p<0.01.

Table 4. Effects of persimmon leaves ethylacetate fraction on
gastric ulcer in pylorus ligated rats

Ulcer index Inhibition (%)

Treatment” Dose (mg/kg, id)

CON - 4.8+0.7° -

PEFL 50 3.6+£0.5 25.0
PEFH 100 1.8+03* 63.0
CMT 50 25+04*> 489

Each sample was given intraduodenally immediately after pylo-
rus ligation. Animals were sacrificed 6 hr after pylorus ligation.
;)See the legend of Table 1.
'Mean = S.E.
3)Signif'lca.ntly different from control at p<0.05.
YSignificantly different from control at p<0.01.

action against pylorus ligation induced gastric ulcers, but the
ethylacetate fraction of persimmon leaves (100 mg/kg) inhib-
ited significantly the ulceration by 63.0% as compared to the
control group, and that was superior to the cimetidine 50
mg/kg administered group.

Effects of ethylacetate fraction of persimmon leaves

on water immersion stress induced gastric ulcers

Table 5 shows that the oral administration of the ethylacetate
fraction of persimmon leaves at 50 mg/kg and 100 mg/kg did
not have any inhibitory effect on the stress induced ulcers,
whereas a dose of 50 mg/kg cimetidine significantly prevented
stress induced ulcers. The reduction of the ulcer index by
the ethylacetate fraction of persimmon leaves at 10 mg/kg was
half that of cimetidine (50 mg/kg).

Effects of ethylacetate fraction of persimmon leaves on

adaptive cytoprotection by absolute ethanol-induced

gastric mucosal damage

As shown in Table 6, the cytoprotective effects of the
ethylacetate fraction of persimmon leaves at 50 mg/kg against
absolute ethanol- induced gastric mucosal damage was sig-
nificantly diminished by 66.7% as compared to the control
group, which is an absolute ethanol-single treated group.
And it was found that the ethylacetate fraction of persimmon
leaves at 50 mg/kg significantly enhanced the adaptive cyto-

Table 5. Effects of persimmon leaves ethylacetate fraction on
stress induced gastric ulcer in rats

Dose . Inhibition

Y}

Treatment (mg/kg, p.0.) Ulcer index %)
CON - 2.3+04% -
PEFL 50 1.9+0.2 17.4
PEFH 100 1.6+02*” 30.4
CMT 50 0.7+0.3** 69.6

Gastric ulcers were induced by immersing animals into the water
bath (22°C) up to the xiphoid process. Each sample was given
orally 10 min before stress. Animals were sacrificed 5 hr after
immersion into the water bath.
USee the legend of Table 1.
“Mean+S.E.
Significantly different from control at p<0.05.
A)Signiﬁcantly different from control at p<0.01.
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Table 6. Adaptive cytoprotective effects of persimmon leaves ethylacetate fraction on absolute ethanol-induced gastric mucosal damage

in rats

Treatment Dose (mg/kg, p.o.) NO. of rats Gastric lesion (mm) Inhibition (%)
EtOH - 5 223.8+35.6" -

10% EtOH+EtOH - 5 1132+15.3**? 49.4
PEFL + EtOH 50 5 191.2+12.8 14.6
PEFL+ 10% EtOH+EtOH 50 5 74.6 +958** 66.7
Cimetidine + EtOH 50 5 167.11+20.2 25.3
Cimetidine +10% EtOH +EtOH 50 5 82.7£7.3** 63.1

Gastric lesions were induced by treatment of 1ml of EtOH. Each sample was given orally 4 hr before EtOH treatment. Animals were

sacrificed 1 hr after EtOH treatment.
YMean+ S.E.
2)Signiﬁcantly different from control at p<0.01.

protective action of 10% ethanol against the absolute ethanol-
induced gastric mucosal damage, though its exact underlying
mechanism remains to be clarified (25). The present findings
demonstrate the ethylacetate fraction of persimmon leaves
exerts gastric protective actions for the stomach against ab-
solute ethanol treatment, but more experimental studies about
the level of prostaglandins and NO (nitric oxide) in the gastric
mucosal membrane in order to examine the protective effects
should be undertaken.
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