
Ind ian  J  Phys io l  Pharmaco l  2007 ;  51 (2) :  131–140

�Correspond ing  Author  : Fax :  +91-542-2367568 ;  E-mai l  address :  rkgoe l_bhu@yahoo .co . in

EFFECT OF ETHANOLIC EXTRACT OF EUGENIA JAMBOLANA
SEEDS ON GASTRIC ULCERATION AND SECRETION IN RATS

ADITI CHATURVEDI*,  M. MOHAN KUMAR*, G.  BHAWANI*,
HARISH CHATURVEDI**, MOHAN KUMAR*** AND R. K. GOEL*�

Department  of  *Pharmacology,  **Anatomy and ***Pathology,
Insti tute of  Medical Sciences,
Banaras  Hindu Univers i ty ,
Varanasi – 221 005

( Rece ived  on  August  24 ,  2006 )

Abstract  :  Eugenia  jambolana ( Jamun)  f ru i t  has  been  repor ted  to  g ive
soo th ing  e f fec t  on  human d iges t ive  sys tem.  Presen t  s tudy  inc ludes  the
effect of ethanolic extract of seeds of E. jambolana (EJE) against gastric
ulcers induced by 2 h cold restraint stress (CRS), aspirin (ASP, 200 mg/kg,
4 h), 95% ethanol (EtOH, 1 ml/200 g, 1 h) and 4 h pylorus ligation (PL) in
rats.  To ascertain the mechanism of action of EJE, i ts effect was studied
on mucosal  offensive acid-pepsin secretion,  l ipid peroxidation (LPO, free
radical) and defensive mucin secretion, cell proliferation, glycoprotein and
glu ta th ione  (GSH,  an  an t iox idan t ) .  Acute  and  subacute  tox ic i ty  s tud ies
were also conducted for the safety profile of Eugenia jambolana. EJE 200
mg/kg, when administered orally for 10 days in rats was found to reduce
the ulcer index in all gastric ulcer models. It tended to decrease acid-pepsin
secre t ion ,  enhanced mucin  and mucosal  g lycoprote in  and decreased ce l l
shedding  but  had  no  ef fec t  on  ce l l  pro l i fe ra t ion .  I t  showed ant ioxidant
properties indicated by decrease in LPO and increase in GSH levels in the
gastric mucosa of rats. Acute toxicity study indicated LD50 to be more than
10 times (>2000 mg/kg) of the effective ulcer protective dose while subactue
toxicity study (>1000 mg/kg) indicated no significant change in the general
physiological and haematological parameters, liver and renal function tests.
The  resu l t  o f  the  p resen t  s tudy  ind ica tes  tha t  E.  jambolana  seed  has
gastro-protective properties mainly through promotion of mucosal defensive
factors and antioxidant  status and decreasing l ipid peroxidation.
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INTRODUCTION

Worldwide  in te res t  in  na tura l  p roduc ts
as preventive and therapeutic agents has led
to a greater appreciation of the rich heritage
of  t radi t ional  systems of  medicine.  Dietary

and l ifestyle modificat ions are the basis  of
Ayurvedic  medic ine ,  wi th  herba l  fo rmulas
rounding  ou t  the rapeu t ic  p rograms .
Ayurvedic formulas contain many balancing
herbs offer ing a  high degree of  safety and
ef f icacy .  Pep t ic  u lce r  i s  a  major  hea l th
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hazard  bo th  in  t e rms  of  morb id i ty  and
mor ta l i ty .  I t  occurs  due  to  imbalance
between offensive (acid-pepsin secretion. H.
py lor i ,  bi le ,  inc reased  f ree  rad ica l s  and
decreased  an t iox idan ts )  versus  impai red
mucosa l  res i s tance  (mucus ,  b ica rbona te
secretion, prostaglandins, blood flow and the
process of restitution and regeneration after
cellular injury). Various reports have shown
that commonly used drugs for peptic ulcers
such as  H 2-blockers  ( rani t id ine ,  famot idine
etc . ) .  M 1-blockers  (pirenzepine,  te lenzepine
etc) ,  proton pump inhibi tors  (omeprazole  ,
pan toprazo le  e tc . )  have  danger  o f  d rug
in te rac t ion ,  adverse  e f fec t  and  increased
inc idence  of  re lapses  dur ing  u lcer  therapy
(1).

Var ious  herba l  d rugs  no tab ly  Musa
sapien tum Tec tona  grandis .  Rhamnus
procumbens ,  Rhammis  t r iquer ta  Wall .
Withania  somni fera ,  Shi la j i t ,  Dhatura
fas tuosa ,  F luggea  microcarpa  and  Aegle
marmelos, Zingiber officinale and Asparagus
recemosus etc. have been tried for their ulcer
protective effects both experimentally (2) and
c l in ica l ly  (Musa  sap ien tum)  (3 )  and  the i r
effects seem to be due to their predominant
e f fec t  on  mucosa l  defens ive  fac tors .
Therefore,  the search for an ideal  antiulcer
drug continues and has also been extended
to herbal  drugs  for  their  bet ter  protect ion,
easy availability, low cost and toxicity.

Var ious  phys ica l  (co ld  res t ra in t  s t ress
and pylorus l igat ion) and chemical  (aspir in
and ethanol)  agents  are  used for  induct ion
of acute gastr ic  ulcers .  They induce ulcers
by affect ing the balance between offensive
and defensive factors. NSAIDs can injure the
gastro-duodenal mucosa by their topical and
systemic effects causing direct tissue damage

and  th rough  inh ib i t ion  of  p ros tag landin
synthes i s .  E thanol  l eads  to  increase  in
gas t r i c  ac id  secre t ion  and  leukot r iene  C 4

synthesis and histamine release (4) Similarly
PL leads  to  s tas i s  o f  sec re t ion  lead ing  to
acid induced mucosal damage ‘ while, stress
a f fec t s  the  gas t r i c  mot i l i ty ,  vaga l  over
activity (5) mast cell  degranulation (6) and
mucosal blood flow (7).

Jamun is a very common, large evergreen
t ree  of  Indian  subcont inent .  The  sc ient i f ic
name of jamun is Eugenia jambolana (EJ) or
Syzygium cumini Linn and it  belongs to the
myrtaceae family.  Other common names for
jamun are  Java  p lum,  b lack  p lum,  jambul ,
Ind ian  b lackber ry ,  doowet ,  faux  p is tach ier
etc. It grows naturally in tropical as well as
in  sub t rop ica l  zones .  The  ju ice  i s
carminat ive ,  d iure t ic  and  g ives  a  sooth ing
effect  on human digest ive  system (8) .  The
juice of ripe fruit is used for preparing sauces
as well  as  beverages.  I t  is  a lso dried with
salt and preserved as a digestive powder or
churan .  The bark ,  f lowers  and  seeds  have
been used in diabetes for their hypoglycemic
act iv i ty  (9) .  Frui t s  and leaves  ju ices  were
advoca ted  for  dysen t ry  and  g ing iv i t i s
(bleeding gums) (8). E. jambolana seeds were
further reported to have hypoglycemia (10),
an t i - in f lammatory  (11) ,  neuropsycho-
pharmacological  (12) ,  ant i -   bacter ial  (13) ,
an t i -HIV (14)  and  an t i -d ia r rhoea l  (15)
effects .

MATERIALS AND METHODS

Animals  :  Char les  Fos te r  s t ra in  a lb ino
mice (25–35 g) and rats (150–200 g) of either
sex were obtained from the Central  Animal
House of the Insti tute of Medical Sciences,
Banaras  Hindu  Univers i ty ,  Varanas i .  The
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on the basis of optimal ulcer protective dose
for further studies. The experimental groups
received EJE (200 mg/kg) or ranitidine (RAN,
2.5 mg/kg) suspended in 1% CMC’ once daily,
orally for 10 days, the last dose being given
1 h prior  to the experiment to 18 h fasted
rats while,  the control animals received 1%
CMC. The concentra t ion of  tes t  drugs  was
prepared in such a manner that each animal
received drug suspension as  1 ml/100 g of
body weight.

Ant iu lce r  s tudy :  Gas t r i c  u lce rs  in  ra t s
were produced by 2 h cold rest ra int  s t ress
(17),  4 h pylorus l igation (18) aspirin (18)
and  e thanol  (19)  fo l lowing  the  methods
repor ted  ear l i e r  (16) .  Br ie f ly ,  CRS-gas t r ic
ulcer (GU) was induced in 18 h fasted rats
by  s t rapp ing  them for  2  h  a t  4–6°C.  4 h
pylorus  l iga t ion  (PL)  GU was  induced  by
l iga t ing  the  py lor ic  end  of  the  s tomach
wi thout  caus ing  any  damage  to  the  b lood
supply under pentobarbtone (35 mg/kg i .p.)
anesthesia while,  aspirin (ASP)-induced GU
was produced by administering ASP in dose
of  200 mg/kg (20  mg/ml) .  The  animals  in
both  PL-  and  ASP-  induced  GU were
sacrificed after 4 h. The ulcer index in the
above groups was calculated by adding the
total  number of ulcers per stomach and the
total  severi ty of  ulcers  as  +1 per  s tomach.
The  to ta l  sever i ty  o f  the  u lce rs  was
determined by recording the severity of each
ulcer  in  p luses  (+)  a f te r  h i s to log ica l
conf i rmat ion  (20) .  Ethanol  (EtOH)- induced
GU was  produced  by  admin is te r ing
EtOH orally in the dose of 1 ml/200 g. The
animals  were sacr i f iced af ter  1  h  of  EtOH
administration. Ulcer index was scored based
upon the product of length and width of the
u lcers  p resen t  in  the  g landula r  por t ion  of
the stomach (mm2/rat)  (19) .

animals were provided with standard rodent
pellet  diet  (Pashu Aahar,  Varanasi)  and the
food  was  wi thdrawn 18–24  h  before
exper iment  though  wate r  was  a l lowed  ad
libitum. All experiments in rats were carried
out in accordance with the recommendation
of  the  gu ide l ines  fo r  ca re  and  use  o f
labora tory  an imals  approved  by  the
Institutional Animal Ethics Committee (NIH
publication no. 82–23, revised 1985).

Drug collection and extraction: Fruits of
Eugenia  jambolana  (Hyderabad  co lony ,
Banaras Hindu Universi ty and authenticated
by  Dr .  V.  K.  Josh i ,  Head ,  Depar tment  o f
Dravyaguna,  Ins t i tu te  of  Medical  Sciences ,
Banaras  Hindu  Univers i ty ,  Varanas i )  were
co l lec ted  in  the  months  o f  June /Ju ly .  The
seed pulp was taken out,  dried under shade
and powdered.  The e thanol ic  extract  of  EJ
(EJE) was obtained by soaking the dried seed
powder in adequate amounts of  ethanol  for
7  days  and  the  ex t rac t  so  ob ta ined  was
f i l tered.  The procedure  was again  repeated
twice us ing adequate  amount  of  e thanol  a t
an interval of 3 days. The extract was again
fil tered and mixed with the previous lot.  I t
was  then  vacuum dr ied  and  s to red  in  a
refrigerator until  further use. The yield was
12.3% of  the  dr ied  powdered  seeds .  Ulcer
pro tec t ive  an t i  sec re to ry  d rug  ran i t id ine
(RAN.  2 .5  mg/kg)  (16)  was  se lec ted  as  a
s tandard  drug .

Drug treatment: An initial  dose-response
study was undertaken with 100, 200 and 400
mg/kg of EJE suspended in 1% carboxymethyl
ce l lu lose  (CMC) when  adminis te red  ora l ly
daily for 10 days to find out the optimal ulcer
pro tec t ive  dose  aga ins t  2  h  co ld  res t ra in t
s tress  (CRS)-induced gastr ic  ulcers  in  rats .
A dose of 200 mg/kg of EJE was then selected
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Gastric secretion study : The gastric juice
was collected 4 h after  PL and centrifuged
for 5 minutes at  2000 rpm. The volume of
the supernatant  was expressed as  ml/100 g
body  weigh t .  To ta l  ac id  ou tpu t  was
determined  by  t i t ra t ing  wi th  0 .01N  NaOH,
us ing  phenolp tha le in  as  ind ica tor  and  i s
expressed as  µEq/ml concentrat ion or  µEq/
4 h as output. Peptic activity was determined
using hemoglobin as substrate and has been
expressed  as  µmol  o f  ty ros ine /ml  as
concent ra t ion  or  µmol  o f  ty ros ine /4 h  as
output (21).  Dissolved mucosubstances were
estimated in 90% alcoholic precipitate of the
gastric juice.  The precipitate,  thus obtained
was either dissolved in 1 ml of 0.1 N NaOH
or 1 ml of  0 .01 N H2SO4.  The former was
used for the estimation of protein (22), total
hexoses ,  hexosamine and fucose,  whi le  the
lat ter  was used for  the est imation of sial ic
acid (23).  The results  are expressed in µg/
ml. The ratio of total carbohydrate (TC) (Sum
of  to ta l  hexoses ,  hexosamine ,  fucose  and
sialic acid) to protein (P) has been taken as
the  index  of  mucin  ac t iv i ty .  DNA conten t
was estimated and expressed as µg/ml gastric
juice/100 g weight of rat (24).

Es t imat ion  of  mucosa l  g lycopro te in :
Samples  o f  gas t r i c  mucosa l  sc rap ing  were
homogenized  in  d i s t i l l ed  wate r  and
glycoprotein was estimated in 90% alcoholic
prec ip i ta te  o f  the  gas t r i c  mucosa l
homogenate  t reated wi th  90% ethanol .  The
precipitate so obtained was subjected for the
es t imat ion  of  ca rbohydra tes  and  pro te ins
following the methods as described above for
gastr ic  juice  contents .

Cell proliferation: Mucosal scraping was
homogenized  in  2 .5  ml  of  i ce  co ld  0 .6N
perchloric acid (PCA). DNA (25) and protein

(22)  were  es t imated .  The  concent ra t ion  of
DNA was  expressed  as  µgDNA/mg prote in
which is a reliable index of cell proliferation
as reported earl ier  (25).

Free  rad ica l  and  an t iox idan t :  Gas t r i c
mucosa l  l ip id  perox ida t ion  (LPO)  and
glu ta th ione  (GSH)  were  es t imated  in  the
gas t r ic  mucosa l  homogena te  in  i ce  co ld
normal saline. LPO product malondialdehyde
(MDA) and GSH were estimated following the
methods  of  Ohkawa e t  a l  (26)  and  Sedlak
and  Lindsay  (27)  respec t ive ly  and  were
expressed as  nmoles/g wet  t issue.

Toxicity studies : Acute toxicity study was
conducted in equal number of both the sexes
of mice (n=10) using the following doses of
100, 200, 500, 1000 and 2000 mg/kg of EJE
in 1% CMC. The animals were observed for
72  h  to  no te  any  changes  in  behavioura l
pattern including level of consciousness, gait,
food  and  wate r  in take  and  mor ta l i ty .
Subacute  toxic i ty  s tudy was carr ied out  in
equal number of both male and female rats
(n=8). EJE was given in dose of 1000 mg/kg,
once  da i ly  fo r  4  weeks .  Food  and  wate r
in take ,  body weight  changes  and morta l i ty
were  a l so  observed  in  th i s  g roup  a t  an
in te rva l  o f  one  week  up  to  4  weeks  of
t rea tment  wi th  EJE in  the  above  dose .  At
the  end  of  4  weeks ,  the  an imals  were
sacrificed by decapitation, blood was collected
for  hemato log ica l  s tud ies ,  l ive r  and  rena l
function tests using commercial kits. Organs
were  col lec ted ,  weighed and preserved for
his topathological  s tudies .

S ta t i s t i ca l  ana lys i s  :  Al l  da ta  were
presen ted  as  mean ± SE.  S ta t i s t i ca l
s ign i f icance  was  ca lcu la ted  f rom one-way
analysis  of  variance (ANOVA) fol lowed by
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Dunnet t ’ s  mul t ip le  compar i son  tes t s .
Unpaired ‘t’ test was applied for the subacute
tox ic i ty  s tudy .  The  d i f fe rences  were
considered to be significant when P<0.05.

RESULTS

A preliminary study using 100, 200, 400
mg/kg  aga ins t  CRS- induced  gas t r i c  u lce rs
showed a  dose-dependent  decrease in  ulcer
index (control ulcer index- 31.2 ± 2.7; 18.9%
to 48.4% ulcer protection).  EJE 200 mg/kg,
showing optimal ulcer protective effect was
selected for further study. EJE (200 mg/kg)
when tes ted  aga ins t  4  h  PL- ,  asp i r in-  and
e thanol - induced  gas t r i c  u lce ra t ion  in  ra t s
showed s ignif icant  u lcer  protect ion (34.1%
to  58 .3% pro tec t ion)  and  was  comparab le
wi th  s tandard  an t i -u lce r  d rug ,  ran i t id ine
(Table I).

In  4 h PL rats ,  EJE tended to decrease
ac id  and  peps in  secre t ion  and  showed a
significant increase in total hexoses and TC:
P rat io which is  a  rel iable index of  mucin

secre t ion.  Fur ther ,  EJE showed a  tendency
to decrease cell shedding as evidenced by a
decrease in µg DNA/mg protein (Table II) .
EJE tended to increase the gastr ic  mucosal
g lycopro te ins  in  t e rms  of  ind iv idua l
carbohydra tes  on  TC : P ra t io  compared  to
the  con t ro l  g roup .  There  was  l i t t l e  o r  no
change  in  ce l l  p ro l i fe ra t ion  e i ther  wi th
EJE or  RAN compared  wi th  cont ro l  group
(Table III).

CRS caused an increase in LPO level by
55 .8% whi le  EJE reversed  the  increase  in
LPO level  induced by CRS near  to control
value  (Table  IV) .  Gluta th ione  (GSH) level
was  s ign i f ican t ly  decreased  in  e thanol -
t rea ted  con t ro l  ra t s .  EJE pre t rea tment
caused a reversal in GSH level in rats treated
wi th  e thanol  near  to  con t ro l  va lue  (Table
IV).

The  acu te  tox ic i ty  s tudy  in  mice  a f te r
oral administration of various doses of EJE
(100 ,  200 ,  500 ,  1000  and  2000  mg/kg)
ind ica ted  no  behaviour ia l  changes  o r

TABLE I : Ef fec t s  o f  EJE  and  RAN on  gas t r i c  u lce ra t ion  induced  by  phys ica l  (Co ld  re s t r a in t
s t r e s s  and  4  h  py lo r i c  l iga t ion)  and  chemica l  agen t s  ( a sp i r in  and  e thano l )  in  r a t s .

Oral treatment C R S Pylorus ligation Asp i r in E th a n o l
(mg/kg, od×10 (4–6°C, 2 h) (4 h) (200 mg/kg, po, 4 h) 1 ml/200 gm, po, 1 h)
days )

Ulcer Percentage Ulcer Percentage Ulcer Percentage Ulcer Percentage
i n d e x protection i n d e x protection i n d e x protection i n d e x protection

Control (1% CMC) 31.2±2.7 – 10.8±1.3 – 13.3±2.1 – 17.9±1.8 –
E J E 2 0 0 18.0±3.2* 34.1 4.5±1.7* 58.3 4.7±1.7* 64.7 9.3±1.8* 48.1
RAN 2.5 16.5±2.4* 48.1 1.8±0.7* 83.3 4.9±1.3* 54.9 9.4±1.7* 47.5
One way ANOVA
F 8.298 13.434 8.454 7.964
df 17 17 17 17
P <0.05 <0.001 <0.05 <0.001

Results  are mean±SE of 6 rats  in each group.
One-way ANOVA followed by Dunnett’s  multiple comparisons test  was applied for comparing with the control
group. The difference was considered to be significant when *P<0.05 when compared with control  group.
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TABLE I I : Ef fec t s  o f  EJE  and  RAN on  gas t r i c  sec re t ion  pa ramete r s  in  4 h  py lo rus  l iga ted  ra t s .

Juice parameters N R E J E R A N

Volume (ml/100 g) 1.74± 0.17 1.63± 0.18 1.11± 0.06*

Acid
Concentration (µEq/ml) 81.0± 7.5 76.3± 3.2 57.2± 3.6*
Output (µEq/4 h) 135.8± 13.5 125.5± 17.7 80.4± 5.5*

P e p s i n
Concentration (µmol/ml) 258.6± 24.9 191.7± 28.4 171.7± 14.0*
Output (µmol/4 h) 465.3± 67.7 289.0± 31.4 242.6± 24.5*

Mucoproteins (µg/ml)
Total hexoses 277.0± 15.9 360.4± 21.8* 284.3± 15.5
Hexosamine 151.9± 15.4 176.1± 23.2 166.4± 16.1
Fucose 82.6± 4.4 84.4± 3.4 75.0± 4.7
Sialic Acid 27.4± 3.8 26.9± 1.5 24.7± 2.1
Total carbohydrate (TC) 538.4± 30.1 647.8± 41.7 550.8± 25.2
Protein (P) 603.8± 44.5 526.4± 37.8 625.2± 26.8
TC : P 0.93± 0.06 1.25± 0.05* 0.88± 0.03

Cell shedding
DNA (µg/ml) 129.0± 17.6 82.3± 8.3 94.5± 8.7

Results are mean±SE of 12 rats in NR group and 8 rats in EJE and RAN group.
One-way ANOVA followed by Dunnett’s  multiple comparisons test  was applied for comparing with the control
group. The difference was considered to be significant when *P<0.05 when compared with control  group.

TABLE I I I : Ef fec t s  o f  EJE  and  RAN on  gas t r i c  mucosa l  g lycopro te in
and  ce l l  p ro l i f e ra t ion  in  4 h  py lo rus  l iga ted  ra t s .

Mucosal parameters N R E J E R A N

Glycoproteins (µg/ml)
Total hexoses 2297± 103 2471± 164 2266± 120
Hexosamine 1518± 84 1636± 114 1500± 101
Fucose 204± 18 271± 20* 186± 19
Sialic Acid 104± 7 128± 11 102± 9
Total carbohydrate (TC) 4117± 161 4506± 142 4053± 134
Protein (P) 5547± 327 5681± 333 5766± 138
TC : P 0.74± 0.03 0.81± 0.05 0.71± 0.02

Cell shedding
Proteins (µg) 6025± 446 5917± 361 6527± 263
DNA (µg) 651± 26 673± 21 673± 25
µgDNA/mg protein 108± 4 114± 13.7 104± 3.5

Results are mean±SE of 12 rats in NR group and 8 rats in EJE and RAN group.
One-way ANOVA followed by Dunnett’s  multiple comparisons test  was applied for comparing with the control
group. The difference was considered to be significant when *P<0.05 when compared with control  group.
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mor ta l i ty  up  to  72  h  a f te r  t rea tment .
Subacute toxicity studies with EJE (1 g/kg)
in  ra t s  (4  weeks  t rea tment )  ind ica ted  no
signif icant  change in  general  physiological
parameters  (body  weigh t ,  food  and  wate r
intake), organ weight (liver, kidney, adrenals
and  tes t i s ) ,  haemato log ica l  parameters
(hemoglobin and WBC count), liver function
( to ta l  b i l i rub in ,  SCOT,  SGPT,  a lka l ine
phosphatase,  total  protein and albumin) and
rena l  func t ion  (b lood  urea  and  c rea t in ine)
tes ts .  His tological  s tudies  of  l iver ,  kidney,
testis and ovaries did not indicate any gross
or microscopic changes.

DISCUSSION

Peptic  ulcer  is  defined as  disrupt ion of
the  mucosa l  in tegr i ty  of  the  s tomach and/
or  duodenum lead ing  to  a  loca l  defec t  o r
excava t ion  due  to  ac t ive  in f lammat ion .
Desp i te  the  cons tan t  a t t ack  on  the
gastroduodenal mucosa by a host of noxious
agents  (acid ,  pepsin ,  b i le  acids ,  pancreat ic
enzymes ,  drugs ,  and  bacter ia ) ,  in tegr i ty  i s
main ta ined  by  an  in t r i ca te  sys tem tha t
provides  mucosa l  defense  and  repa i r .  This

intr icate  biologic system consis t  of  mucus-
bicarbonate layer, surface epithelial cells and
a  r ich  submucosa l  micro-c i rcu la to ry  bed
which provides bicarbonate ions to neutralize
the acid generated by parietal cell secretion
of  hydroch lor ic  ac id .  Moreover ,  th i s
microc i rcu la tory  bed  provides  an  adequate
supply of  micronutr ients  and oxygen while
removing toxic metabolic by products.

The  presen t  s tudy  ind ica ted  tha t
ethanolic extract of Eugenia jambolana (EJE)
showed ulcer protective effects against cold
restraint  s t ress- ,  pylorus  l igat ion- ,  e thanol-
and aspirin-induced gastric ulcers in rats. In
a l l  these  condi t ions ,  mucosa l  e ros ions  o r
ulceration arise when the caustic effects of
aggress ive  fac tors  (ac id ,  peps in ,  b i le )  and
diminished mucosal  b lood How overwhelm
the defensive factors of the gastrointestinal
mucosa  (mucus  and  b icarbona te  secre t ion ,
prostaglandins ,  blood f low and the process
of restitution and regeneration after cellular
in jury) .

As  ment ioned  ear l i e r  s t ress  p lays  an
important role in the pathogenesis of ulcers

TABLE IV : Effects of EJE and RAN on rat gastric mucosal lipid peroxidation (LPO) and glutathione (GSH) levels.

Trea tmen t Lipid peroxidation Trea tmen t Glu ta th ione

LPO (nmol/g wet tissue) GSH (µmol/g wet tissue)
Control (1% CMC) 189.5±17.4 Control (1% CMC) 367±15
C R S (1% CMC) 295.3±16.0* E t O H (1% CMC) 295±13*
EJE + CRS 201.3±19.3a EJE + EtOH 393±27a

One-way ANOVA F 10.839 6.647
df 17 17
P <0.01 <0.05

Results  are mean±SE of 6 rats  in each group.
One-way ANOVA followed by Dunnett’s  multiple comparisons test  was applied for comparing with the control
group. The difference was considered to be significant when *P<0.05 compared to respective control  group,
aP<0.05 compared to CRS or EtOH group.
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by  p lay ing  ro le  in  number  o f  fac tors  l ike
increase  in  gas t r i c  mot i l i ty ,  vaga l  over
ac t iv i ty  (5 ) ,  mas t  ce l l  degranula t ion  (6 )
decrease  gas t r i c  mucosa l  b lood  f low and
decrease  p ros tag land in  syn thes i s  (7 ) .  The
role of acid is questionable but decrease in
mucous secret ion has  been repor ted dur ing
stress induced ulcer (28) EJE afforded ulcer
protection in CRS principally by affecting the
mucosa l  defens ive  fac tors .  Decrease  in
gas t r i c  ju ice  con ten t  ind ica tes  inc rease  in
life span of mucosal cells (28).  EJE tended
to  decrease  the  gas t r ic  ju ice  DNA content
indicated an increase in life span of mucosal
ce l l s  and  mucosa l  res i s tance .  EJE d id  no t
a f fec t  ce l l  p ro l i fe ra t ion  hence  pro tec t ion
af forded  by  EJE may be  because  of  ce l l
res t i tu t ion  ra ther  than  ce l l  p ro l i fe ra t ion .
Pylorus  l igat ion-induced ulcers  are  thought
to  be  caused due to  increased presence  of
ac id  and  peps in  in  the  s tomach  (1) .  EJE
tended  to  decrease  the  ac id  and  peps in
secre t ion  in  the  s tomach  and  increase  the
TC: P ratio significantly indicating enhanced
mucous  secre t ion .  Asp i r in  induced  u lcers
cause  mucosa l  damage  by  in te r fe r ing  wi th
pros tag land in  syn thes i s ,  inc reas ing  ac id
secretion and back diffusion of H+ ions and
thus  lead ing  to  b reak ing  up  of  mucosa l
bar r ie r .  EJE showed s ign i f ican t  p ro tec t ion
against aspirin induced ulcer. EJE tended to
decrease the acid secretion and increased the
mucous secretion which could be capable of
preventing back diffusion of H+ ions. Ethanol
induced ulcers are caused by different factors
inc lud ing  decreased  mucosa l  b lood  f low,
damage to capillary endothelium and release
of  a rach idona te  metabol i t es  spec i f ica l ly
LTC4/D4, PAF and histamine (4). Increase in
mucosal protective factors may be the major
factor responsible for the ulcer protection of
E J E .

S t ress  causes  bo th  sympathe t ic  and
parasympathe t ic  s t imula t ion  of  s tomach
lead ing  to  loca l  hypoxia  (near  o r  ac tua l
“ischemia”).  The ischemic condit ion caused
an  increase  in  the  l eve l s  H 2O 2 which  in
conjuga t ion  wi th  O 2 genera tes  OH – ions
which oxidized various cellular consti tuents
such  as  p ro te ins ,  membrane  l ip ids  and
deple tes  g lu ta th ione .  L ip id  perox ida t ion
causes  loss of  membrane f luidity and loss
of  ce l lu la r  func t ion  (29) .  Trea tment  wi th
EJE signif icant ly decreased the LPO levels
of  gas t r ic  mucosa  aga ins t  CRS- induced
changes in LPO in rats. Reduced glutathione
in  conjugat ion  wi th  g lu ta th ione  peroxidase
and glutathione S transferase (GST) plays a
cen t ra l  ro le  in  the  defense  aga ins t  f ree
radicals. Thiols such as glutathione are able
to  b ind  to  reac t ive  f ree  rad ica l s  and  may
influence the physical properties of mucous
since i ts  subuni ts  are  joined by disulphide
br idges .  Die thy l  mala te  markedly  dep le tes
gastric glutathione and causes severe gastric
u lce ra t ion  ind ica t ing  the  defens ive  ro le
played by glutathione in ulcer formation (30).
Ethanol ingestion has been found to decrease
levels  of  GSH in ra ts  (31) .  In  our  present
study the decrease in GSH levels by ethanol
inges t ion  was  increased  by  EJE t rea tment
indica t ing  an  enhanced  an t i  ox idant  s ta tus
and ulcer  protect ion.

Drugs  used  in  the  t rea tment  o f  ac id
pept ic  d i sorders  may  be  d iv ided  in to  two
classes  i . e .  agents  tha t  reduce  in t ragas t r ic
acidity e.g. antacids, H2-receptor antagonists ,
p ro ton  pump inh ib i to rs  (PPI )  e tc  and  tha t
promote mucosal  protect ion e .g .  sucralfate ,
p ros tag land in  ana logs ,  co l lo ida l  b i smuth
compounds etc. It is now assumed that drugs
u l t imate ly  ba lance  the  aggress ive  (ac id ,
pepsin, H. pylori and bile salts) and defensive



Ind ian  J  Phys io l  Pharmaco l  2007 ;  51(2 ) Effect of Ethanolic Extract of Eugenia Jambolana 139

fac tors  (mucin  secre t ion ,  ce l lu la r  mucus ,
bicarbonate  secre t ion,  mucosal  b lood f low,
cell turnover, etc) and lead to successful ulcer
therapy (1). Although these drugs have brought
about  remarkable changes in ulcer  therapy,
the efficacy of these drugs is still debatable.

F lavanoid  d ig lycos ides  (32)  (Querce t in
and Myrice t in) ,  hydrolysable  tannins  (1-0-
galloyl castalagin and casuarinin (33) and a
triterpene, oleanolic acid (34) were isolated
from seeds of Eugenia jambolana. The gastric
u lcer  p ro tec t ive  ac t iv i ty  o f  EJE could  be
because of the presence of flavanoids in the
seeds. A further detailed phytochemical study
of  EJE should  be  ca r r ied  ou t  in  o rder  to
exactly estimate the concentration of various
c o n s t i t u e n t s .

Acute  tox ic i ty  s tud ies  o f  EJE were
car r ied  out  in  l ive  c lose  ranges  100 ,  200 ,
500, 1000, 2000 mg/kg. The maximum dose

tested being 10 times the dose given for ulcer
protective effects and was found to be safe
in  a l l  the  mice  wi thout  any  mor ta l i ty  and
behavioura l  changes .  The  h i s to log ica l
parameters,  haematological parameters,  l iver
and  k idney  func t ion  tes t  done  in  ra t s
indicated EJE to be a safe drug.

The ulcer protective activity of Eugenia
jambolana may be due to its effects on both
of fens ive  and  defens ive  fac tors .  The
antioxidant properties of EJE also contribute
towards i ts  act ivi ty.  Further  work on other
parameters  l ike  gas t r ic  mucosal  express ion
and  re lease  o f  tumor  necros i s  fac tor -α ,
interleukin-1β ,  vascular endothelium  growth
fac tor ,  p la te le t  endothe l ia l  ce l l  adhes ion
molecu le -1  and  the  mucosa l  express ion  of
heat shock protein 70 which are affected in
gastr ic  ulcer  (35) may throw more l ight  in
unders tand ing  the  mechanism of  u lcer
protect ion by EJE.
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