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Abstract  :  S tandard ized  aqueous  ex t rac t  o f  Neem (Azadirach ta  ind ica)
leaves  (AIE)  has  been reported to  show both ulcer  protect ive  and ulcer
hea l ing  e f fec t s  in  normal  a s  we l l  a s  in  d iabe t i c  r a t s .  To  s tudy  the
mechanism of its ulcer protective/healing actions, effects of AIE (500 mg/
kg) was studied on various parameters of  offensive acid-pepsin secret ion
in  4  h r  py lo rus  l iga t ion ,  pen tagas t r in  (PENTA,  5  µg/kg /hr ) - s t imula ted
ac id  secre t ion  and  gas t r ic  mucosa l  p ro ton  pump ac t iv i ty  and  defens ive
mucin secretion including l ife span of gastr ic mucosal  cells  in rats .  AIE
was found to  inhibi t  ac id-pepsin  secre t ion  in  4  hr  pylorus  l iga ted  ra ts .
Continuous infusion of  PENTA signif icant ly increased the acid secret ion
af te r  30  to  180 min  or  in  the  to ta l  3  hr  ac id  secre t ion  in  ra t  s tomach
per fusa te  whi le ,  AIE  p re t rea tment  s ign i f i can t ly  dec reased  them.  AIE
inhibited the rat  gastric mucosal proton pump activity and the effect was
comparable  wi th  that  of  omeprazole  (OMZ).  Fur ther ,  AIE did  not  show
any ef fec t  on  mucin  secre t ion  though i t  enhanced l i fe  span of  mucosal
ce l l s  as  ev idenced  by  a  decrease  in  ce l l  shedding  in  the  gas t r ic  ju ice .
Thus,  our  present  data  suggest  that  the  ulcer  protect ive act ivi ty  of  AIE
may  be  due  to  i t s  an t i - sec re ta ry  and  p ro ton  pump inh ib i to ry  ac t iv i ty
ra ther  than on defensive  mucin secret ion.  Fur ther ,  acute  as  wel l  as  sub
acute toxici ty s tudies  have indicated no mortal i ty  with 2.5 g/kg dose of
AIE in mice and no significant alterations in body or tissues weight, food
and  wa te r  in take ,  haemato log ica l  p ro f i l e  and  va r ious  l ive r  and  k idney
function tests in rats when treated for 28 days with 1 g/kg dose of AIE.
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INTRODUCTION

Azadirach ta  ind ica  (Malvacea ,  AI )
popula r ly  known as  neem (Hindi ) ,  i s  a

medic ina l  p lan t  tha t  grows f ree ly  a l l  over
Indian subcontinent. Neem has a role in the
t rea tment  o f  d i sorders  l ike  microb ia l
infec t ions ,  sk in  d iseases ,  denta l  d i sorders ,
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malaria,  syphilis,  leprosy and has antiseptic
proper ty  (1–3) .  Ant i - in f lammatory ,
immunos t imulan t  and  an t iu lcerogenic
ac t ions  have  a l so  been  repor ted  in  the
extracts  of  A.  indica (3–6) .  The medicinal
and industrial uses of various parts of Neem
tree and the compounds isolated from it have
been reviewed (7). More than 135 compounds
of diverse structure have been isolated from
various parts of Neem (8, 9) but few of them
have been s tudied  for  the i r  b io logica l  and
pharmacolog ica l  ac t ions .  F lavanoids  l ike
ru t in  and  querce t in  have  been  repor ted  to
possess  an t iu lce r  and  an t i - in f lammatory
activit ies (10).

Gastr ic  hyperacidi ty and gastroduodenal
u lcers  a re  common g loba l  p rob lems .
Hyperac id i ty  (hyperch lorhydr ia )  i s  a
pa tho log ica l  condi t ion  due  to  excess ive
hypersecretion of hydrochloric acid from the
parietal  cel l  of  the gastr ic  mucosa through
the  pro ton  pumping  H +/K + ATPase  (11) .
Peptic ulcer occurs due to imbalance between
of fens ive  ac id-peps in  secre t ion  versus
impaired mucosal  resistance which includes
mucin-b icarbona te  secre t ion ,  l i f e  span  of
cells, cell proliferation, mucosal blood flow,
mucosa l  g lycopro te ins ,  su l fhydry l  g roups ,
an t i  ox idan t  s ta tus  e tc .  Mos t  o f  the
commonly used drugs such as  H 2– blockers
( ran i t id ine ,  famot id ine  e tc ) ,  M 1– b lockers
(pirenzepine,  telenzepine etc) ,  proton pump
inhib i to rs  (omeprazo le ,  pen toprazo le ,
Rabeprazole etc),  decrease secretion of acid
while, drugs like sucralfate and carbenoxolone
promote mucosal defenses. It is now assumed
tha t  these  d rugs  u l t imate ly  ba lance  the
aggressive factors  (acid,  pepsin,  H.  pylori ,
bi le  sa l t s )  and  defens ive  fac tors  (mucin
secre t ion ,  ce l lu la r  mucus ,  b ica rbona te
secretion, mucosal blood flow, cell turnover,

etc.) (12). Reports on clinical evaluation of
these drugs show that  there  are  incidences
of  re lapses ,  adverse  e f fec ts  and  danger  of
drug  in te rac t ions  dur ing  u lce r  the rapy .
Hence ,  the  search  for  an  idea l  an t i -u lce r
drug continues and has also been extended
to herbal drugs in search for new and novel
molecu les ,  which  could  a f ford  be t te r
pro tec t ion  and  decrease  the  inc idence  of
r e l a p s e .

We earl ier  reported the ulcer  protective
and healing effects of an aqueous extract of
A.  indica leaves  agains t  var ious  acute  and
chronic gastric ulcer (GU) models in normal
and  d iabe t ic  ra t s  (13) .  The  presen t  work
per ta ins  to  the  de ta i l ed  s tudy  of  AIE and
omeprazole ,  a  s tandard  ant i secre tary  agent
on offensive acid-pepsin and defensive mucin
secretion and cell  shedding in gastric juice
of  4  h  py lorus  l iga ted  ra t s .  Fur ther ,  the
ef fec t  o f  AIE was  a l so  s tud ied  on
pentagas t r in -s t imula ted  ac id  secre t ion  and
gas t r ic  mucosa l  p ro ton  pump (H +/K + -
ATPase)  act ivi ty  in  rats .

MATERIAL AND METHODS

Animals :  Af te r  approva l  o f  the
Inst i tut ional  Ethics  Commit tee ,  Albino rats
(CF strain)  of  ei ther sex weighing between
150–200  g  and  a lb ino  mice  (CF s t ra in )
weigh ing  be tween  20–30  g  were  ob ta ined
from the  cent ra l  an imal  house  of  Ins t i tu te
of  Medica l  Sc iences ,  Banaras  Hindu
University, Varanasi.  They were kept in the
depar tmental  animal  house a t  26°±2°C and
re la t ive  humid i ty  44–56%,  l igh t  and  dark
cycles of 10 and 14 hr respectively. Animals
were  p rov ided  wi th  s tandard  rodent  pe l le t
diet .  Food was withdrawn 18–24 hrs before
the  exper iment  though  wate r  was  a l lowed
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ad l ibitum. ‘Principles of laboratory animal
care ’  (NIH publ ica t ion  no .  82–23 ,  rev ised
1985) guidelines were followed.

Drug collect ion and extract ion :  One kg
of fresh tender green leaves of Azadirachla
indica (AI) was collected from the Ayurvedic
Garden of the Institute and was dried under
shades and powdered.  The powdered leaves
were grounded in 4 li ters of distil led water
and allowed to soak overnight.  Then it  was
f i l t e red  th rough  Whatman f i l t e r  paper  and
the  aqueous  ex t rac t  o f  Azad irach la  ind ica
(AIE) was then dried. The yield was 2.4%.

Drug treatment : A fixed oral dose of 500
mg/kg of AIE was used on the basis of earlier
reported work from our laboratory (13). AIE
and  s tandard  pro ton  pump inh ib i to r
omeprazole (OMZ, 2 mg/kg) were suspended
in  1% carboxymethyl  ce l lu lose  (CMC) in
disti l led water.  The test  and standard drugs
were administered orally, once daily for six
days and the last dose of the test drugs was
given  1  h  pr ior  to  exper iment  to  18–24 h
fas ted  ra t s .  Cont ro l  g roup  of  an imals
received 1% CMC only. AIE 200, 500, 1000
and 2500 mg/kg doses  were  used  in  acute
toxici ty (mice)  s tudy and 1000 mg/kg dose
was used for sub acute toxicity study (rat).

Gastric secretion study : The gastric juice
was collected after 4 h PL and the juice was
cen t r i fuged  for  5  min  a t  2000  rpm.  The
volume of the supernatant was expressed as
ml /100g  body  weigh t .  To ta l  ac id
concentration and output was determined by
titrating the gastric juice with 0.01 N NaOH,
us ing  phenolph tha le in  as  ind ica tor  and
expressed  as  µEq/ml  as  concen t ra t ion  or
µEq/4  h  as  ou tpu t .  Pep t ic  ac t iv i ty  was
determined us ing haemoglobin  as  subst ra te

and was been expressed as µmol of tyrosine/
ml as concentration or µmol of tyrosine/4 h
as  ou tpu t  (14) .  Disso lved  mucosubs tances
were  es t imated  in  the  90% a lcohol ic
prec ip i ta te  o f  the  gas t r i c  ju ice .  The
prec ip i ta te ,  thus  ob ta ined  was  e i ther
dissolved in 1 ml of 0.1 N NaOH or 1 ml of
0.1 N H2SO4.  The former was used for  the
es t imat ion  of  p ro te in  (15)  to ta l  hexoses ,
hexosamine and fucose, while the latter was
used for  the est imation of  s ial ic  acid (16).
The results are expressed in µg/ml. The ratio
of   to ta l  ca rbohydra te  (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  (16) .  DNA conten t  was
es t imated  and  expressed  as  µg /ml  gas t r i c
juice of rats (17).

Gas t r ic  per fus ion  s tudy :  The  ac id
inhibitory effect of AIE and OMZ was seen
against acid stimulatory effect of continuous
infusion of  pentagastr in  (PENTA, 5 µg/kg/
hr) in the rat gastric perfusate following the
method  of  Ghosh  & Schi ld  (1958)  and  as
descr ibed  ear l i e r  (18) .  Br ie f ly ,  food  was
withheld for 24 h before experimentation but
water  was  a l lowed ad l ib i tum.  On the  day
of  the  exper iment  ra t s  were  anes the t ized
wi th  u re thane  (1 .6  g /kg)  admin is te red
intramuscularly.  Abdomen was opened by a
mid l ine  inc i s ion  and  a  g lass  cannula  was
in t roduced  in  the  s tomach  th rough  the
pyloric end. The glass cannula was connected
via a polythene tube draining in a test tube.
Abdomen was  c losed  in  two layers .  A
poly thene  orogas t r ic  tube  was  next  passed
in to  the  s tomach  th rough  the  mouth .
Through this orogastric tube, N/2000 NaOH
was perfused at  a  constant  rate of  10.5 ml
per 15 min, with the help a slow continuous
in jec tor .  The  NaOH so lu t ion  was  passed
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through a coiled tube kept  in a water  bath
maintained at 37°C.  Another small polythene
tube  was  passed  in to  the  jugu la r  ve in  fo r
slow intravenous infusion at a constant rate
of  3.5 ml per  hour of  ei ther  normal sal ine
(NS)  or  PENTA in  normal  sa l ine .  PENTA
was administered at a rate of 5 µg/kg/h. The
gas t r ic  per fusa te  was  co l lec ted  in  the  tes t
tube  a t  every  15  min  and  was  used  to
es t imate  the  ac id  concen t ra t ion .  Af te r  the
exper iment  was  se t  up ,  NS was  in fused
intravenously t i l l  the acid output  comes to
a  s teady  s ta te  l eve l .  Fur ther ,  i t  has  been
seen  tha t  th i s  s teady  s ta te  l eve l  usua l ly
comes within 90 min of NS infusion with N/
2000  NaOH per fus ion .  The  las t  30  min
samples were taken as the basal rate of acid
secre t ion .  Af te r  th i s  basa l  ra te  o f  gas t r i c
ou tpu t  was  ob ta ined ,  sa l ine  in fus ion  was
either continued or replaced by PG in normal
saline to note the rate of basal or stimulated
acid secretion respectively. This infusion was
car r ied  ou t  fo r  the  nex t  th ree  hours  and
ef fec t  on  ac id  ou tpu t  was  no ted .  Acid
concen t ra t ion  was  es t imated  by  t i t r a t ion
with AVI00 NaOH using phenolphthalein as
indicator. Acid output was calculated as µEq/
30 min and also expressed as percent normal
control (18).

Pro ton  pump (H +/K + - ATPase) inhibitory
activity : On 6th day, one hour after the last
dose  admin is t ra t ion  of  the  t es t  d rugs ,  the
rats  were sacrif iced by cervical  dis locat ion
and  s tomach  was  taken  ou t .  The  gas t r i c
mucosa  was  r insed  wi th  co ld  sa tura ted
sodium chlor ide  so lu t ion  for  3–5  minutes .
The  super f ic ia l  ce l l s ,  ce l l  debr i s  p lus  the
mucus  were  wiped  of f  wi th  the  edge  of  a
p las t i c  ru le r .  The  mucosa  in  the  fundic
region was scrapped off. Scrapped tissue was
weighed and suspended in 20 ml of sucrose-

EGTA buffer containing 250 mM sucrose, 2
mM magnesium chloride, 1 mM EGTA and 2
mM Tr i s  (pH 7 .4) .  The  t i s sues  were
homogenized for 3 minutes. The homogenate
was  f rac t iona ted  by  d i f fe ren t ia l
centrifugation. The nuclei,  mitochondria and
the microsomes were obtained by successive
centr ifugat ion at  3000 rpm for  10 min and
a t  20 ,000  rpm for  30  min  twice .  The
superna tan t  was  d i scarded  and  the  pe l le t
was weighed and homogenized in 10 ml of
manni to l  buf fe r  con ta in ing  250  mM
mannitol ,  2  mM magnesium chloride and 2
mM Tr is  (pH 7 .4)  (19) .  0 .1  ml  of  the
homogenized  so lu t ion  was  used  for
es t imat ion  of  ATPase  enzyme ac t iv i ty  by
us ing  Tuassky-Shor r  co lour  reagen t  (20) .
Resul ts  were  expressed as  µmol  phosphate
l ibera ted /g  t i s sue /min  and  ca lcu la ted  f rom
standard  curve  prepared  by  us ing
phosphorus  s tandard  so lu t ion .

Toxic i ty  s tud ies :  Acute  tox ic i ty  s tudy
was  ca r r ied  ou t  in  a lb ino  Char les -Fos te r
strain mice (10 mice of both sexes in equal
number)  using the fol lowing doses  of  200,
500, 1000 and 2500 mg/kg. The animals were
observed for 24 h for any behavioral changes
and mortality.  Sub acute toxicity study was
carried out in rats and AIE was given orally
in the dose of 1000 mg/kg, once daily for 4
weeks.  Food and water intake,  body weight
changes  and  mor ta l i ty  were  a l so  observed
in this group at an interval of one week up
to  4  weeks  of  t rea tment  wi th  AIE in  the
above dose. At the end of 4 weeks, the rats
were  sacr i f iced by decapi ta t ion,  b lood was
co l lec ted  fo r  hemato log ica l  s tud ies  and
serum was used for  es t imat ion of  enzymes
and  o ther  assays  by  s tandard  procedures
us ing  commerc ia l  k i t s .  Organs  were
co l lec ted ,  weighed  and  preserved  for
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his topathologica l  s tudies .

Sta t i s t ica l  analys is :  I t  was  done e i ther
by using unpaired student ‘t’ test or by one
way analysis of variance (ANOVA) followed
by Dunnett’  s  test .

R E S U L T S

AIE significantly decreased volume, acid
and pepsin concentration and output in 4 h
PL ra t s  and  was  comparab le  wi th  OMZ

(Table  I ) .  AIE showed l i t t l e  o r  no  e f fec t
e i ther  on  ind iv idua l  ca rbohydra tes ,  to ta l
ca rbohydra tes ,  p ro te in  o r  TC:P  ra t io
ind ica t ing  no  e f fec t  on  mucin  secre t ion .
However,  i t  enhanced l i fe  span of  mucosal
cell as evidenced by a decrease in the gastric
juice DNA content (Table I).

Cont inuous  in fus ion  of  normal  sa l ine
showed nearly a steady rate of acid secretion
up to 3 h of study in rats (Table II & Fig.
1).  When pentagastrin (PENTA. 5 µg/kg/h),

TABLE I : Effect of AIE (500 mg/kg, po, od for 6 days) and OMZ (2 mg/kg, po, od for 6 days) on gastric juice volume,
acid  and pepsin  secre t ion in  4  h  PL ra ts .  Values  are  mean±SEM from 8 animals  in  each group.

Gastr ic  ju ice  parameters Control (1% CMC) A I E O M Z

Volume  (ml /100 g) 2 .49±0 .28 1 .54±0.12* 1 .32± 0 .14
A c i d
Concen t ra t ion  (µEq/ml ) 88 .6± 6 . 2 51 .8± 3.1* 38 .9± 3.6*
Outpu t  (µEq/4 h) 221 .2± 29 .4 79 .2±7.8* 51 .4± 6.2*
P e p t i c
Concent ra t ion  (µmol /ml) 298 .2± 19 .4 192 .0± 15.8* 165 .2± 17.2*
Outpu t  (µmol /4 h) 742 .8± 87 .5 296 .8±26.4* 219 .1± 19.6*
Mucoprote ins  (µg /ml )
To ta l  Hexoses 234 .2± 12 .4 252 .7± 16 .2 255 .9± 11 .3
H e x o s a m i n e 166 .1± 4 . 7 171 .0± 5 . 1 166 .7± 4 . 3
F u c o s e 62 .5±2 . 7 66 .4±2 . 4 59 .7± 1 . 9
Sial ic  acid 25 .6±1 . 4 27 .8±1 . 2 28 .4± 1 . 5
Tota l  ca rbohydra te  (TC) 488 .4± 14 .8 517 .9± 15 .7 485 .0± 14 .7
Pro te in  (P ) 480 .2± 11 .4 485 .0± 14 .7 492 .2± 10 .4
TC:P  r a t io 1 .02± 0 .03 1 .07± 0 .02 1 .04± 0 .04
Cel l  shedding  (µDNA/ml) 231 .4± 11 .9 179 .2± 6.9* 240 .3± 12 .1

P<0.05 indica tes  s igni f icant ly  d i f ferent  f rom respect ive  control  group.
Stat is t ical  analysis  was done by oneway ANOVA fol lowed by Dunnet t ’s  tes t .

TABLE II : Effect of AIE and OMZ on PENTA (5 µg/kg/h)-stimulated acid secretion in rats.

A c i d - o u t p u t
T r e a t m e n t

B a s a l Basa l / s t imula ted  secre t ion T o t a l
secret ion secret ion

(–30 to 30  min 60  min 90  min 120  min 150  min 180  min 3 h
0  min)

N S 39 .6± 1 . 4 42 .4± 1 . 9 41 .7± 2 . 3 44 .6± 2 . 2 39 .9± 2 . 7 41 .7± 1 . 7 35 .0± 1 . 5 245 .3± 6 . 2
P E N T A 41 .2±2 . 1 58 .3±2.4* 84 .5±2.6* 90 .6±3.0* 88 .4±2.9* 83 .9±2.6* 66 .9± 2.5* 472 .6± 14.9*
A I E + P E N T A 34 .4±1 . 2 52 .2±2 . 5 63 .1±2 .6 + 66 .8±2 .1 + 50 .6±1 .6 + 48 .0±1 .9 + 44 .7± 2 .6 + 325 .4± 9 .2 +

OMZ+PENTA 33 .9±1 . 3 43 .8±1 .8 + 65 .3±2 .4 + 61 .5±2 .5 + 53 .9±2 .2 + 46 .3±1 .8 + 37 .4± 2 .1 + 308 .2± 10 .6 +

Values are mean±SEM from 5 animals in each group; Acid output is expressed either as µ Eq/30 min or 3 h ;
*indicates significance from normal sal ine (NS) (P<0.05) and +indicates significance from PENTA (P<0.05).
Stat is t ical  analysis  was done by one way ANOVA fol lowed by Dunnet t’s  tes t .
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a  secre togogue  was  in fused  th rough  the
jugula r  ve in ,  i t  enhanced  the  3  h r  ac id
secretion by 92.7% (P<0.05).  However,  rats
pre t rea ted  wi th  AIE and  OMZ,  a  p ro ton
pump inhibitor, showed significant inhibition
of  PENTA-s t imula ted  ac id  secre t ion  ( to ta l
acid secretion inhibited by 31.1 and 34.8 %
respectively) (Table II & Fig. 1).

AIE also showed significant proton pump
inhibitory activity in the rat gastric mucosal
homogena te .  The  % inh ib i t ion  of  p ro ton
pump activity was 43.2% and the effect was
comparab le  to  s tandard  pro ton  pump
inhib i to r  d rug ,  OMZ (71 .4% inh ib i t ion)
(Tablet  I II) .

No mortality was observed with 2.5 g/kg
dose of AIE (single administration) or  after
28 days of 1 g/kg of AIE indicating that toxic
dose was more than 2.5 g/kg compared with
the effective ulcer protective dose which was
500 mg/kg. There was an increase in weights
of  t es t i s  in  males  and  of  bo th  l iver  and
kidneys  in  bo th  the  sexes  o f  ra t s  bu t  the

weigh t  o f  adrena ls  was  no t  increased .
However,  histology of these t issues did not
show any  gross  abnormal i ty  be tween  the
control and AIE treated groups. Rats neither
showed any change in food and water intake
nor  in  the i r  body  weigh t  a t  the  end  of  4
weeks  s tudy .  L i t t l e  o r  no  change  was
observed in various hematological l iver and
rena l  func t ion  tes t s .  However ,  SGOT
and b lood  urea  t ended  to  increase  and
decrease  respec t ive ly  wi th  AIE t rea tment
(Table IV).

Fig.  1 : Effect of AIE and OMZ on pentagastrin (PENTA)-induced acid secretion in rat gastric perfusate. Statistical
analysis was done by ANOVA followed by Dunnett’s test .  *P<0.05 indicates significantly different from
respec t ive  PENTA group .

TABLE I I I : Effect  of AIE and OMZ on proton pump
(H+/K+-ATPase) activity in rats.

Oral treatment H+/K+-ATPase activity

(mg/kg, od × 6 days) (µmol Pi %
liberated/g/min) inhibition

Control (1% CMC) 9 .12±0 .64 –
A I E 5 0 0 5 .18±0.56* 43 .2
OMZ 2 . 0 2 .61±0.30* 71 .4

Values are mean±SEM from 8 animals in each group.
* ind ica tes  s ign i f i can t ly  d i f fe ren t  f rom con t ro l
group (P<0.05) .  S ta t i s t ica l  ana lys is  was  done  by
one way ANOVA followed by Dunnett’s  test .
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TABLE IV : Sub acute toxici ty s tudies with Azadiracta Indica  (1 g/kg) in rats (28 days treatment).

Male  ra ts Female  ra ts
P a r a m e t e r s

Con t ro l A I E Cont ro l A I E

Organ weight (n=6)
Liver (g) 2.61± 0.24 3.86± 0.26 2.87± 0.15 3.37± 0.23
Kidney (g) 0.69± 0.077 0.883± 0.18 0.674± 0.025 0.845± 0.023
Adrenals (mg) 25.0± 0.58 24.2± 1.11 21.8± 1.01 22.7± 0.42
Testes (g) 1.39± 0.068 1.76± 0.075 – –
Haematological parameters (n=8)
Hemoglobin (g%) 16.8± 0.48 15.9± 0.53 14.2± 0.68 13.9± 0.68
WBC (× 103/mm3) 14.0± 0.30 13.4± 0.57 13.0± 0.36 13.0± 0.644
Liver function tests  (n=6)
SGOT (IU/L) 0.609± 0.07 0.97± 0.24 0.690± 0.08 1.1± 0.13
SGPT (IU/L) 72.5± 0.75 74.3± 1.39 71.4± 2.6 71.9± 1.69
Total protein (mg/dl) 5.22± 0.36 5.79± 0.066 6.76± 0.38 6.59± 0.48
Albumin (g/dl) 2.33± 0.96 2.46± 0.15 3.17± 0.189 3.12± 0.18
Renal function tests  (n=6)
Blood urea (mg/dL) 47.9± 6.3 35.9± 4.4 48.6± 2.3 41.7± 2.5
Creatitnine (mg%) 1.16±0.11 1.27± 0.99 1.08± 0.17 1.03± 0.099
General parameters (n=8)
Body weight (gm/rat) 186± 1.50 178± 1.47 178± 1.21 181± 1.07
Food intake (g/rat/day) 27.4± 0.711 25.8± 0.62 25.6± 0.78 26.8± 0.94
Water intake (ml/rat/day) 32 .6±0 .99 31 .6±0 .67 30 .4± 0 .67 29 .8± 0 .71

Values  a re  mean±SEM from 6–8 animals  in  each  group.

D I S C U S S I O N

Recent  works  wi th  aqueous  ex t rac t  o f
leaves (13) and bark (21) of neem (A. indica)
have  ind ica ted  i t s  u lce r  p ro tec t ive  and
hea l ing  e f fec t s  aga ins t  va r ious  acu te  ( fo r
ulcer protective effect) and chronic (for ulcer
healing effect)  gastric ulcer models in rats.
Fur ther  n imbid in ,  an  ac t ive  cons t i tuen t  o f
the  o i l  o f  neem seeds  repor ted  to  possess
an t iu lce r  ac t iv i ty  by  v i r tue  o f  i t s
antisecretory action (6, 22).  It has also been
reported to show H2-blocking action (6) and
shown to decrease both free and total  acid
output and peptic activity of the gastric fluid
(5). Our present work incorporates study on
both  of fens ive  (ac id-peps in  secre t ion  and
pro ton  pump inh ib i to ry  ac t iv i ty  and
defens ive  gas t r i c  mucosa l  parameters  l ike
mucin  secre t ion and cel l  shedding,  a  good
indicator for life span of mucosal cells.

Ulcers  a re  thought  to  be  due  to  an
imbalance between offensive factors like acid
and pepsin and defensive factors like mucin
secre t ion,  ce l l  prol i fera t ion,  pros taglandins
etc (12). The role of hydrochloric acid in the
pa thogenes i s  o f  gas t r i c  u lce r  i s  we l l
established.  Acid back diffuses through the
compromised defense and destroys the cells,
cap i l l a r ies  and  ve in  caus ing  hemorrhag ic
u lcers  (23–26) .  I t  a l so  causes  re lease  o f
h i s tamine  fur ther ing  ac id  ou tpu t  and  thus
further damaging the mucosa (27).  Presence
of acid causes a decrease of gastric pH and
leads to activation of pepsinogen to pepsin,
which increases the size of the lesion by its
proteolytic action (28, 29). The reduction of
acid–secret ion is  necessary for  heal ing and
prevent ion  of  esophagea l  re f lux  d i sease ,
gas t r i c  and  duodena l  u lce rs  (30) .  AIE
decreased  the  ac id-peps in  secre t ion  and
outpu t  in  py lorus  l iga ted  ra t s  and
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s ign i f ican t ly  decreased  the  pen tagas t r in -
s t imula ted  ac id  secre t ion  in  ra t  gas t r i c
p e r f u s a t e .

The secretion of acid by the parietal cells
i s  ach ieved  by  an  enzyme hydrogen-
potassium adenosine triphosphatase (H+/ K+-
ATPase),  which pumps protons in exchange
for  po tass ium ions  ac ross  the  ap ica l
membrane (31).  H+/K+-ATPase is  located in
the upper microvillus membrane and tubulo-
ves icu la r  appara tus  o f  the  par ie ta l  ce l l .
However  t rea tment  wi th  AIE s ign i f ican t ly
inh ib i ted  the  p ro ton  pump ac t iv i ty  in  the
ra t  gas t r i c  mucosa l  homogena te  and   the
ef fec t  was  comparab le  wi th  the  s tandard
proton pump inhibi tor ,  omeprazole .

Flavanoids have been reported to possess
bo th  an t iu lce r  and  an t i - in f lammatory
ac t iv i t i es  (10 ,  32) .  The  u lce r  p ro tec t ive
effects of them may be due to their various
ef fec t s  o f  bo th  of fens ive  and  defens ive
mucosal factors which includes prostaglandins,
mucin  secre t ion ,  ac id  inh ib i t ion  and
inhibition of lipid peroxidation etc (13). We
ear l ier  repor ted  the  presence of  f lavanoids
( ru t in  and  querce t in )  and  phytos te ro l s
(β- s i tos te ro l ,  s igmas te ro l  and  campas te ro l )
in AIE (13). We did not find any effect of on
mucin  secre t ion  though  i t  was  ea r l i e r
repor ted  to  work  th rough  preven t ion  of
mucous depletion and mast cell degranulation
(21) .  However, it was found to enhance life
span  of  mucosa l  ce l l s  poss ib ly  th rough
decreased secretion of offensive acid-pepsin

secre t ion  and  subsequent  l ess  mucosa l
d a m a g e .

AIE was found to be well  tolerated and
dose up to 2.5 g/kg (single administrat ion)
or  1  g/kg when given for  28 days did not
cause any mortal i ty or  histological  changes
in the kidney, liver, testis or adrenals though
i t  e i the r  inc reased  or  t ended  to  inc rease
their weights.  Hematological parameters and
liver and kidney function tests  as observed
through  es t imat ion  of  var ious  se rum
enzymes ,  urea  or  c rea t in ine  leve ls  showed
li t t le  or  no change from the control  values
indicating it  to be a safe drug.

Thus, the present study does indicate the
ulcer protective effect of aqueous extract of
leaves of A. indica.  The protection may be
due to its antisecretory effect and action on
gastric mucosal H+/K+-ATPase activity rather
than  on  defens ive  mucin  secre t ion  as
confirmed by our  PL and gastr ic  perfusion
studies .  Our  resul ts  are  a lso in  conformity
of  the  ea r l i e r  repor ted  an t i sec re to ry  and
proton  pump inhib i tory  e f fec ts  of  aqueous
extract  of  bark of  this  plant  (21,  23) .  The
ext rac t  seems  to  be  wel l  to le ra ted  in
animals. A further clinical work may be done
to  s tudy  the  sa fe ty  and  e f f icacy  of  th i s
extract  in  pept ic  ulcer  diseases .
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