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Effects of Ethylacetate Fraction of Plantain (Plantago asiatica L.) on

Experimentally-Induced Gastric Mucosal Damage and

Gastric Ulcers in Rats

Young Jun Won, Myung Soon Na and Myung Yul Lee'
Dept. of Food and Nutrition, Chosun University, Gwangju 500-759, Korea

Abstract

Plantain has been used for antidiarrhea, antihemorrhage and the remedy of indigestion. Plantain was ex—
tracted with ethanol and fractionated systemically with n-hexane, chloroform, ethylacetate (EtOAC) and n-
butanol. Antioxidant index (Al was expressed as induction period of oil containing various fractions/induction
period of oil of 600 ppm) of EtOAC fraction was the highest among fractions in vitro. The protective effects
of the EtOAC fraction of plantain (PE) administered 1 mL orally or intraduodenally on experimentally induced
gastritis, gastric ulcer and gastric secretion were evaluated in rats. Sprague-Dawley rats weighing 250~ 300
g were divided into 4 groups; negative control group (CON), PE 200 mg/kg treated group (PEL), PE 400 mg/kg
treated group (PEH) and positive control group (cimetidine 100 mg/kg~CMT or omeprazol 100 mg/kg ireated
group—-OMT), respectively. PE significantly suppressed HCl-ethanol induced gastric lesions and indomethacin-
induced gastric ulcers (administered subcutaneouly) in rats. Specially PE 400 mg/kg showed significantly
inhibitory effect, which was more potent than that of 100 mg/kg of commercial drug, cimetidine, and elevated
an inhibitory effect to be close to the level in inhibitory ratio of omeprazol administered group in Shay’s ucler.
On gastric secretion in pylorus ligated rat, PE 200 mg/kg and 400 mg/kg decreased the gastric volume and
acid output, but did not show an apparent effect on pepsin activity. In addition, PE 400 mg/kg depressed gastric
ulcers induced by water immersion stress and duodenal ulcers induced by cysteamine administered subcutaneouly.
These results suggest that the ethylacetate fraction of plantain can be used in prevention and treatment of

experimentally induced

gastric mucosal damage and ulcers.
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bacter pylori 7}, vl2®|Eol=A &9 Z=4 9 A (non-
steroidal antiinflamatory drug, NSAID) % 45%94 o} B
4, B A AeH, 37, A - SAH 2B
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plantagoside, acetoside, plantaginin, homoplantagin, muci~
lage<! plantasan, plantago-mucilage A(L-arabinose, D~
xylose, D-glucuronic acid, D-galacturonic acid &)<} 2
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A 26932 go] 7 A 6oteld S 122 3he] 24
A17F A A A7 F Ueno 5-(18) 2 Urushidani %5(19)¢} vk
L2 Agsiedch F A7 o] EtOACEE 200 mg/kg E&
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n- hexaneOI 1.17, n-BuOH~} 1.12
roformE &) 099# 22 AA
EtOAC¥ 8ol thak o5& & &
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A A o] EtOACHE Eo] HCI-EtOHS9 & fid I3 9
FA A vlA e oS vebd A Fig. 19 2ok A
A G pahe 5o &4 =T (CON)-X 60% HCI-EtOH

3% Rancimatj 22 &%
. ZF 2.8 9] Al= EtOAC7}1.60,
2, water¥-3 ¢} 1.02 2 chlo-
olo] &% JHASEAL
et

"able 1. Antioxidative activities of each fraction of plantain
ethanol extract on soybean oil

Fraction " (h) AP
Control 7.83 1.00
n-hexane 9.17 1.17
Chloroform 7.82 0.99
EtOAC 12.53 1.60
n-BuOHI 8.82 1.12
Water 8.07 1.02

YInduction period (IP, hr) of oil was determined by Rancimat
at 110°C for 3 times.

P AT (antioxidant index) was expressed as IP of oil containing
various fraction/IP of control oil.
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Fig. 1. Effect of plantain ethylacetate fraction on HCl-ethanol

induced gastric lesions in rats.

Gastric lesions were induced by treatment of 1 mL of HCI-

ethanol (60% ethanol +5 mM HC1). Each sample was given orally

(po) 1 hr before HCl-ethanol treatment. Animals were sacrificed

1 hr after HCl-ethano! treatment.

YCON: Saline (1 mL, id), PEL: Plantain EtQOAC fraction dissolved
in saline and suspensioned with 0.5% CMC (200 mg/kg, bw/day,
1 mL, id), PEH: Plantain EtOAC fraction dissolved in saline and
suspensioned with 0.5% CMC (400 mg/kg, bw/day, 1 ml, id),
CMT: Cimetidine dissolved in saline (100 mg/kg, bw/day, 1 mL, po).

Bars are mean= SE of 6 rats per each group. Bars with different

letters are significantly different (p<0.05) between groups by

Tukey test.
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Fig. 2. Effect of plantain ethylacetate fraction on indome-
thacin-induced gastric ulcers in rats.

Gastric ulcers were induced by giving indomethacin (35 mg/kg,
sc). Each sample was given orally 10 min before the subcutaneous
administration of indomethacin. Animals were sacrificed 7 hr after
indomethacin treatment.

USee the legend of Fig. 1.

Bars are means £ SE of 6 rats per each group. Bars with different
letters are significantly different (p<0.05) between groups by
Tukey test.
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A &35 vehll=dl o] A= Oshima §(48)9] X9} 72
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Shay #| o> fri-F72 2l 23 $) A2 A F2f $14HEn] 2
Pl °ﬂ of3led ZA QAo Whoiglzle] B o2 ity
S W)=, acetylcholine, gastrin, hista-
mine, pepsin, 14t HHA 5 FH el i %”75’1 =l g
2 8-& s, geksat
z=, A 2l UL%::! = =2 w2 _:;:_;\L,:ﬂ
A A3 prostaglandin 5] A3HA] A oke] H&OJ °1Z}i 2ka-
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Fig. 3. Effect of plantain ethylacetate fraction on gastric
ulcer in pylorus ligated in rats.
Each sample was given intraduodenally immediately after py-
lorus ligation. Animals were sacrificed 6 hr after pylorus ligation.
1gee the legend of Fig. 1.
JOMP: Omeprazol dissolved in saline (100 mg/kg, bw/day, 1
mL, id).
Bars are means = SE of 6 rats per each group. Bars with different
letters are significantly different (p<0.05) between groups by
Tukey test.

#Fslo] Foigk PEH(400 mg/kg) 489% = oA thzof
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73t AH| 24 HK -ATPase®} v 4 A& 2288 e
= AGABAR 7FE g akEn) A7) sE MR e
= (12), A X F-o) A omeprazol-S A+ FH9% A$ LDy
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HaE s 9)ch(49).
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Aoz g Vel o folAd L gddl o ok dmetEal
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2]l A ako] Zste] AAZAH7|FR A5 2HEHY F
Al abo} whed ol zbe) BFFo) Alet A} = Aok )

é ;g o) Hu],,] 7&-/\ =1} erg‘L Q]-oH oz 013}04 Hl-<>1
7)) st $1ake] Aol A ARNDA R 2FHA



664 EEERRRR

Table 2. The effect of plantain ethylacetate fraction on gastric secretion in pylorus ligated rats

n Dose No. of Volume Acid output Pepsin activity
Treatment™ (o q0iq)  rats pH (mL/6 hr, means*SE) (WEq/6 hr, means+£SE) (ug tyrosine/mL, means=SE)
CON - 6 1254008 51%£0.7 597.6+103.3° 11.24%3.28
PEL 200 6  1.851032° 48107 395.1+159.2° 9.35+2.14
PEH 400 6  165+0.08 3912 365.4+318.2° 8.76+5.21
OMP 100 6  265%062° 2103 299.8+78 6 850%4.10

Following pylorus-ligation under ether anesthesia, animals were sacrificed 6 hr later with full anesthesia. The stomachs were
excised and the gastric juice was collected. Following centrifugation of gastric fluid (4000 X g, 15 min), the volume of gastric juice
and pH were determined. The activity was measured by titrating with 0.01 N-NaOH using pheolphthalein as indicator. The test
sample was given intraduodenally (id) immediately after pylorus-ligation.

USee the legend of Fig. 1 & 3.
DValues are means* SE of 6 rats per each group.

YValues with different superscripts in the same column are significantly different (p<0.05) between groups by Tukey test.
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Fig. 4. Effect of plantain ethylacetate fraction on water im-
mersion stress-~induced gastric ulcers in rats.

Gastric ulcers were induced by immersing animals into the water
bath (23 £1°C) up to the xiphoid process. Each sample was given
orally 10 min before stress. Animals were sacrificed 10 hr after
immersion into the water bath.

YSee the legend of Fig. 1 & 3.

Bars are means T SE of 6 rats per each group. Bars with different
letters are significantly different (p<0.05) between groups by
Tukey test.
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Fig. 5. Effect of plantain ethylacetate fraction on cysteamine
induced gastric lesions in rats.

Gastric lesion were induced by giving cysteamine (250 mg/kg,
sc). Each sample was given orally after cysteamine was ad-
ministered subcutaneously. After animals were fasted for 18 hrs.
YSee the legend of Fig. 1.

Bars are means £ SE of 6 rats per each group. Bars with different
letters are significantly different (p<0.05) between groups by
Tukey test.

il

t}. 3 # off cysteamined Fol st YAFEN] ) o1
F B ERrt AeE AWEEY wiEA ] A A
Hugn AolA g 9N A A X F1uo] Fogo] st
= 7 A3 HCOs #1171 F713hA ). o] Ao Ao 2%
2] AbE3ts AR cysteamineF o] 3~44]ZF F-o] Alo]A]
2] pH7} 7 A% 7)) A%k o o) A7 2 H7F G 4k
A Ele] Aol Ak eFo] ATk B E 9 rH(53). ol ¢}
72 ¥ 31 o] cysteamine> Al 7AW E1]| 32 0 2 soma-
tostatin o] el & FFA A A ] AAHGEA Y o 71|
el za i 24293 Yehlle Ao 2n 4 A qf
ch(54). CMT+= 4 Aol A A4 <& CONef v] 8] 2 59%
Ax A st -8k FHGEIAE bl Al BTl
PEL ¥ PEH¥ CMTHE.t}h A A A3} 43813 = gdgkor}
ok 40~43% A4 =2 AAEE velyoh B A”lelA A A )
EtOACE-8 %o Z CONvell n]sle] Ao x| 25 & =h of
by A2 W ze] AgE Gz a 4R % FolE
o] A} ALAE Jet e o) A7 o) EtOACEH o)
Ale| A AFe] whojlai e Ae) B4 & HH o2 A cystea-
mineell W& ZA4AE 9314171 7beAdol AlAlE

e o

B AN = PF A AP oz FAAY, S 2
AolA A Hok& fiibata Ago] o AelAelo] 2R3 S F
ofato] eld 2 FH ARG vl A ke R
W oul oSt A AAE dodvk 1 A Fe] B EFEES
n-hexane, chloroform, ethylactae % n-butanol2 A%
st F&3le] invitroollA] ksl & &A% A1) ethyl-

acetate®-gol 74 -3ttt 2. A7 o] oAl cAjElo] 2R
E(PEL ¥ PEH)-& HCl-ethanolell &3+ 9137 &abellA] o
FT-(CON)ell vjdle] 7} gk 2 55.7% 2 62.1%2] 94
ol 9288 ety on, 53] v garoi7ql PEHS
7% oA dlxoFE R F(605%) Bt ¢4 EE vie}
W} 3. Indomethacinel] 2] & 1k 9 Hlekol| 4], PEL %
PEHE A tl2F &9 CMTE] #)4ek o A&(61.6%)l
¥ tha vl A %] $-8h9] 20k CONe| vl 8hed f-2)Ad g9l A A
A5 vhebdlich 4. Shay 9] Al oFell A, A7 o] ol A ob A €] o]
EF3] 200 mg/kgS Aol AR A SN2 Fo3tol s of 4
oFo} Al go] 37.9%= CONel| 8)3}ed Shay$] 4 F-& o 4|3}
Aot FoAlE At ol o] Saks Feksle] &
o] gk PEH(400 mg/kg)= 48.9% 2 %A & 2FE-2l omep-
razolZ 5§18 OMP2] #| sl &3}(55.6 %)l A tsich. 5.
A 7olo] ool AHo| ER-E-S S H 2 Fofg of 9
o] pH7F dl Z3tel] B8] Fzhe] Fhaw gl ot A4 HgH R
AL A=A ofghar oA Al 2k ETd OMP= 2

Mo 2 9149 pHE FANUA F2AZH Adz 4 &
AabEn el 45, izl vlste] PEL ¥ PEH7}F 242}
33.8%9} 38.7%2] ZF AR IE el ovt Fo4-2 sld e
o} o}A of 2ok %9l omeprazolWHE FHgF A= B S ¢
Sith. 6. Pepsin@ A ol M, A7 o] ool ejo] 8- 5} o
A dlzoFE 52 pepsin @A o] WxTrol vle] 2} o
17%, 22% % 24%°] FAdA & A5 Jeby ot 2ol A
FelAdsle wske otk 7. 74 - A2 EH 20 93
ksl AloFe] 7%, PEL 2 PEHM % 288 Eubgt 4ok
o] FA =gl o1} CONel v aled #)oke] Zo)7} o 9t~
2h oAl A bz ol A FENET A Ak
°] 3 4lo] CON= PEL 4 PEHe) B}ste] #AFsg/d9] 3-8-o
v} gl ot A o] &3ty ) 8. Cysteaminee] &
& = Aol XA okl A, CMT7F 52.2%2] f-2] & %k
o] A &5 Vel PEHS 3% #2438 ol 2} 9F 43%
o] Aol A &g et

ZtAle| 2
2 A7 Brdsm AF471 S TAE 7] X
Aol 2j3to] o] Rolxl T Ae] Uolu] ole] ZHAFE
=8y

1. Halter F. 1995. Pathology of peptic ulcer disease. In Sucr—
alfate. Hollander D, Tygat GNJ, eds. Plenum Medical Co.,
New York. p 1-13.

2. Park KH, Cha SM, Choi JS, Ki ND. 1983. Evaluation of
neutralizing capacities of antacid products. Yakhak Heoeji
27: 13-22.

3. Yoshikawa T, Ueda S, Naito Y, Takahashi S, Oyamada H,



o1

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

4

a

Morita Y, Yoneta T, Kondo M. 1985. Role of oxygen-
derived free radicals in gastric mucosal injury induced by
ischemia or ischemia-reperfusion in rats. Free Rad Res
Comm 7T: 285-291.

. Amellal M, Bronner C, Briancon F, Haag M, Anton R,

Landry Y. 1985. Inhibition of mast cells hitamine release by
flavonoids and bioflavonoids. Planta Med 450 16-20.

. Middleton E, Kandaswami C. 1992. Effects of flavonoids on

tmmune response and inflamatory cell functions. Biochem
Pharmacol 43: 1167-1179.

. Okura A, Arakawa H, Yoshinari T, Monden Y. 1988. Effects

of genistein on topoisomerase activity and on the growth
of Ha-ras-transformed NIH 3T3 cells. Biochem Biophys
Res Commum 157: 183-189.

. Salim AS. 1989. Role of oxygen-—derived free radicals in the

mechanism of chronic gastric ucerlation in the rat: Im-
plications for cytoprotection. Digestion 43: 113-119

. Bolton JP, Palmer D, Cohen MM. 1978. Stimulation of mu-

cus and non-parietal cell secretion by E; prostaglandins.
Dig Dis 23: 359-364.

. Lee EB. 1995. The effect of Artemisia Herba on gastric

lesion and ulcers in rats with isolation of eupatilin. Unesco
Regional Seminar on the Chemistry, Pharmacology and
clinical use of flavonoid compounds. Oct. 11-15, Chungnam
National University, Daejon, Korea. p 13-20.

Lee JS. 1996. A mechanism of gastric antiulceration ny the
extract of Artemisiae argyi. MS Thesis. Choongbuk Na-
tional University.

Oh J. 1980. Effect of Sophorae Radix methanol Ex. on the
experimentaly induced gastric ulcer in rats. MS Thesis.
Chosun University.

Kim EJ. 1997. A study on the antigastric and antiulcer ef-
fects of propolis extract and its effective compounds. PhD
Thesis. Duksung University.

Song YO. 1995. The antigastric and antiulcer action og the
extract of panax ginseng Radix. MS Thesis. Duksung Uni-
versity.

Lee SJ. 1966. Korean folk medicine. Publishing center of
Seoul National University, Seoul. p 130.

Park JH, Lee JK. 2000. The encyclopedia of medicinal plants.
Shinil books Co., Seoul.

Park CH. 1996. A taxonomic and systematic study of Genus
Pantago in Korea. MS Thesis. Korea University.

Mizui T, Doteuchi M. 1983. Effect of polyamines on acid-
ified ethanol-induced gastic lesion in rats. Jpn J Pharmacol
33 939-945.

Ueno N, Suzuki, Okabe S. 1977. Effects of meta~magnesium
aluminosillicate. Extract of Licirice root and their combi-
nation on various experimental gastric uvlcers. Clinical Pha-
maco 113: 519-523.

Urushidani T, Okabe S, Takeuchi K, Takagi K. 1977. Ef-
fects of various amino acids on indomethacin-induced gas—
tric ulcers in rats. Japan J Pharmaco! 27: 316-319.
Shay H, Kpmarrov SA, Fels SS. 1945. The experimental
gastric ulcers in rats. Gastroenterology 5. 43-51.

Shay H, Kormarov SA, Fels SS, Meramze D, Gruenstein
M, Siplet H. 1945. A simple method for the uniform pro-
duction of gastric ulceration in the rat. Gastroenterol 5:
43-61.

Olbe L, Haglund U, Leth R, Lind T, Cedergerg C, Ekenved
G, Elander B, Fellenius E, Lunborg P, Wallmark B. 1982.
Effect of substituted benzimidazole (H 149/94) on gastric
acid secretion in humans. Gastroenterology 83: 193-198.
Anson ML. 1938. The estimation of pepsin, trypsin, papain
and catherpsin with hemoglobin. J Gen Physio 22: 79-85.
Lim YK, Lee JK, Lee YS. 1990. The study of new model

b

25.

26.

21.

28.

29.

30.

31

32.

33.

34.

35.

36.

317.

38.

39.

40.

41.

42.

43.

for stress-induced gastric ulcer in rats. Kor J Food Hygiene
5 187-196.
Kitagwa H, Fujiwara M, Osumi Y. 1973. Effects of water—
immersion stress on gastric secretion and mucosal blood
flow in rats. Gastroenterology T7: 298-302
Takagi K, Okabe S. 1968. The effect of drugs on the pro-
duction and recovery process of the stress ulcer. Japan J
Pharmacol 18: 9-15%.
Hayase M, Takeuchi K. 1986. Gastric acid secretion and
lesion formation in rats under water-immersion stress. Dig
Dis Sci 31: 166-171.
Briden S, Flemstroim G, Kivilaaakso E. 1985. Cysteamine
and propionitrile inhinit the rise of duodenal mucusal alkine
secretion in respose to luminal acid in rats, Gastroenter—
ology 88. 295-306.
Keshavarzian A, Wibowo A, Gordonn JH, Fields JZ. 1990.
MPTP-induced duodenal ulcers in rat. Gastroenterology
98: 554-563.
Ishii T, Fujii Y, Homma M. 1976. Gastric acid stimulating
action of cysteamine in the rat. Eur J Pharmacol 36: 331-
336.
Robert A, Zamins JE, Lan caster C, Hancher AJ]. 1979.
Cytoprotection by prostaglansins in rats. Prevention of gas—
tric mecrosis produced by alcohol, HCI, NaOH, hypertonic
NaCl and thermal mjury. Gastroenterology 77 433-443.
Kurebatashi Y, Ikeda T, Osada Y. 1988. Cytoprotective action
of cetrexate against HCl-ethanol induced gastric lesion in
rats. Japan J Pharmacol 46. 17-25.
Vahi R, Guttman FM, Mimaker B. 1979. Mechanism of cy-
toprotective effects of PGEz. Surg Forum 30: 332-334.
Hung CR, Lee C H. 1991. Protective effect of cimetidine
on tannic acid-induced gastric damage in rats. J Pharm
Pharmacil 43. 559-561.
Henn RM, Isenberg JI, Maxwell V, Sturdevant RAL. 1975.
Inhibition of gastric acid secretion by cimetidine in patients
with duodenal ulcer. N Engl J Med 293: 391-375.
Pounder RE, Williams JG, Russell REC. 1976. Inhibition of
food stimulated gastric acid secretion by cimetidine. Gut
17: 161-168.
Binder HJ, Donaldson RM. 1978, Effects of cimetidine on
interinsic factor and pepsin secrestion in man. Gastroen-
terol 4: 371-375.
Lichtenberger LM. 1982. Importentance of food in the reg-
ulation of gastrin release and formation. Am J Physiol 243:
429-441. '
QOates PJ, Hakkinen JP. 1988. Studies on the mechanism of
ethanol-induced gastric damage in rats. Gastroenterology
94: 10-21.
Mattsmoto T, Moriguchi T, Yamada H. 1993. Role of poly-
morphonuclear leucocytes and oxygen derived free radicals
in the formation of gastric lesions induced by HCI/EtOAC,
and possible mechanism of protection by antiulcer poly-
saccharide. J Pharm Pharmacol 45: 535-539.
Takeuchi K, Ueshima K, Hironaka Y, Fujioka Y, Matsumoto
J, Okabe S. 1991, Oxygen free radicals and lipid peroxi—
dation in the pathogenesis of gastric mucosal lesions in—
duced by indomethacin in rats. Digestion 49: 175-184.
Whittle BJR. 1977. Mechnisms underlying gastric mucosal
damage induced by indomethacin and bile—salts, and the
actions of prostaglandin. Br J Pharmacol 60: 455-460.
Kent TH, Cardelli RM, Stamier FW. 1969. Small intestinal
ulcers nd intestinal flora in rats given indimethacin. Am
J Path 54: 237-249.
. Guslandi M. 1985, Ulcer-healing drugs and endogeneous
prostaglandin. Init J Clin Pharm Ther Toxicol 23: 398-402
. Halter F. 1954. Both topical and systemic treatments with



46.

47.

48.

49.

50.

Aot Ay ez e &

16, 16-dimethyl prostaglandin E2 are tropic to rat gastric
mucosa. Saand J Gastroenterol 19: 47-53.

Reinhart WH, Muller O, Halter F. 1983. Influence of long-
term 16, 16-dimethyl prostaglandin E2 treatment on the rat
gastrointestinal mucusa. Gastroenterology 85. 1003-1010.
Whittle BJR. 1976. Rela.ionship between the prevention of
rat gastric erosions and the inhibition of acid secretion by
protaglandins. Eur J Pharmacol 40: 233-239.

Oshima A, Asayama K, Sakai N, Kitajima M. 1990. The
role of endogenous free radical scavenger on tissue recov-
ery in the experimental ulcer model. J Clin Gastroenterol
12: 58-64.

Ekman L, Hansson E, Havu N, Carlsson E, Lumdberg C.
1985. Toxicological studies on omeprzol. Scand J Gastro—
enterol 20: 53-65.

Okabe S, Jino H, Nishida A. 1985. Effcts of 15 (R)-15-methyl
protaglandin Ez (Arbaprostil) on gastirc secretion and var-

SEEERCEDEINERRE

51.

52.

a3.

>4

667

1ous gastric lesions induced in rats. Jpn J Pharmacol 40:
329-337.

Sciffers MJ, Segal ML, Miller LL. 1963. Separation of pep~
sinogen 1, pepsinogen II, and pepsinogen III from human
gastric mucosa. Am J Physiol 205: 1106-1111.

Suwa T, Fukushima K, Koyogoku K. 1984, Effect of
anti-ulcer agent, 2'-carboxtmethoxy-4,4’-bis(3-methyl-2-
butenyloxy) chalcone (SU-88), on the biosynthesis of gas—
tric sulfted mucosubustances in restrained and water-
immersed rats. Japan J Pharmacol 34: 89-94.
Flemstrom G, Ganmner A. 1983, Gastroduodenal HCO3
transport characteristics and proposed role acidity reg-
ulation and mucosal protection. Am J Physiol 242: G183-
G186.

. Hahm KB, Lee SI, Yim DS, Kim WH. 1992. Influence of

various factors on cysteamine-induced duodenal ulcers in
the rats. Korea J Gastroenterology 24: 743-752.

(2004 19 7 A 20049 49 29 AE)



