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ABSTRACT KEYWORDS
Evidences have suggested that andrographolide (AP) attenuates gastric Gastric ulcer;
mucosal injury; however its mechanism has not yet been established. The Proton pump;
aim of the present study was to eval uate the gastroprotective mechanism Gastric acid secretion;
of andrographolide isolated from Andrographis paniculata. Andrographolide;
Andrographolidewasevaluated against cold restraint (CRU), aspirin (AS), Gastrinlevel.

alcohol (AL) and pyloricligation (PL) induced gastric ulcer modelsinrats.
Potential anti-ulcer activity of andrographolide was observed against CRU
(62.5%),AS(57.81%),AL (72.41%) and PL (60.00%) induced ulcer models.
The standard drug omeprazol e (10mg/kg, p.o.) showed 77.40% protection
against CRU, 57.08% against AS and 69.42% against PL model. Sucralfate,
another standard drug (500 mg/kg, p.0.) showed 62.72% protectionin AL
induced ulcer model. andrographolide significantly reduced free acidity
(50.42%), total acidity (24.43%) and upregulated mucin secretion by 34.24%
respectively. Further, andrographolideinhibited H* K*-ATPase activity in
vitrowith IC_; of 71.435 pg/ml respectively as compared to the IC_ value
of omeprazole (30.24 pg/ml) confirming their anti-secretory activity. Con-
clusively, the anti-secretory mechanism of andrographolide mediated ap-
parently through inhibition of H* K*-AT Pase with corresponding decrease
in plasma gastrin level, which is a novel property in our finding.
Andrographolide was found to possess anti-ulcerogenic activity which
might be due to its anti-secretory activity and subsequent strengthening
of the defensive mechanism.  © 2013 Trade SciencelInc. - INDIA

INTRODUCTION bonate) factors. Consequently reduction of gastricacid

production aswell asreinforcement of gastric mucosal

Gastric ulcer disease (GUD) isone of themajor  protection has been the major therapeutic approaches
gestrointestinal disorderswhich occur duetoanimba-  of gastric ul cer diseasg™. A number of anti-ulcer drugs
ancebetween offensive (acid, pepsin and Helicobacter  including proton pumpinhibitors(PPI) and H, receptor
pylori) and defensive (mucin, prostaglandinandbicar-  antagonistsareavail ablefor thetreatment of GUD, but
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clinica eva uation of thesedrugshasshownincidence
of relapse, sdeeffectsand drug interactions. Thishas
been therationaefor the development of new anti-ul-
cer drugsand thusthe search for novel moleculeshas
been extended to medicind plantsthat can offer better
protection and decrease rel apses.

Several Indian medicinal plant species like
Allophylus serratus?, Desmodium gangeticunmt®,
Ocimum sanctumi®, Xylocarpus granetum® etc.
havebeen reported to possessanti-ul cer activity. Sudies
ondifferent biologicd activitiesof A. paniculataingen-
erd aednavalable But thereislessinformation avail-
ableregarding itsmechanism of action on gastrointesti-
na system. Keeping thesefactsin considerations, we
have assessed the anti-ulcer activity of the
andrgrapholideisolated from Andrographispanicul ata.

Andrographis paniculata belongsto the Natural
Order Acanthacege. A.panniculataisamedicinal plant,
commonly known asking of bitters. A.panniculatawas
reported to possess antimicrobial activity!®, antiviral
properties” hepatoprotective and anti oxidant®, anti-
diabetic®, anti hyperglycaemic activity (10), anti
angiogenicactivity (11), anti inflammatory propertyt*2,
and treatment of upper respiratory tract infectiong®.
The present study was undertaken to investigate the
underlying mechanism of the anti-ul cer property of
Andrographolideisolated from A.pannicul ata respon-
sblefor these gastroprotective effects by which mecha
nismof action.

MATERIALSAND METHODS

Plant material

A. paniculata plant growsnaturaly intidal forests
along the East and West coastal areasupto Maharastra
andinAndaman Idand. TheA. paniculataleaveswere
purchased from Lucknow market and was authenti-
cated by botany division of the Central Drug Research
Ingtitute (CDRI), Lucknow.

Extraction/fractionation procedure

The shade dried leaves (1.0 Kg) was powdered
and extracted with 95% ethanol (4x2.01it). Combined
extrac was filtered and concentrated under reduced
pressure below 50°C in arotavapour To agreenvis-
cousmass.(31.2g). Theethanol extract thus obtained
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was macerated with chloroform and concentratedina
rotavapour to get chloroform solublefraction (4.2 g).

Thechloroform solublefraction wasdissolvedin25ml

of methanol and left in arefrigerator. Whitedepositin
the solution was filtered and identified as
andrographolidemixtureby phys cochemica methods
reported in the literature. This mixture of

andrographolideswasused for biologica screening of

antiulcer activity.

Experimental animals

Adult Sprague Dawley ratsof either sex, weighing
180-200g were housed in rai sed bottom mesh cages
to prevent coprophagy and werekept in environmen-
tally controlled rooms (25 + 2°C, 12 hours light and
dark cycle). Animalswerefed with standard |abora-
tory food pelletsand water was provided ad libitum.
All experimental protocol swere approved by our In-
ditutiona Ethica Committeefollowing theguiddinesof
CPCSEA (Committeefor the Purpose of Control and
Supervision of ExperimentsonAnimals) which com-
plieswith International normsof INSA (Indian Nationa
ScienceAcademy).

Materials

Sucralfate was obtained from Meranani Pharma:
ceuticalss, India, whereasomeprazol e and other chemi-
cdswereobtainedfromM/s. SgmaChemicads S Louis,
MO, USA.

Treatment schedule

Andrographolide (20 mg/kg), standard drug
omeprazole (Omz) (10 mg/kg) and sucrafate (SUC)
(500 mg/kg) were prepared in 1% carboxymethyl cel-
lulose (CMC) as suspension and administered orally
45 minsprior to exposure of ulcerogenstotheanimals
at avolume of 1ml/200g of body weight. All animals
weredeprived of food for 16 h before ulcerogens ex-
posure and were divided into threegroups, (n=6).

1. Control group of anima sweretrested with vehicle
1% CMC.

2. Graded dosesof Andrographolide (20 mg/kg p.o.)
were tested against Cold restraint ulcer (CRU)
model toidentify the effective dose and selected
for further studiesin other ulcer models.

3. Experimentd group wastreated with stlandard anti-
ulcer drugssuchasOmz (10 mg/kg, in (CRU), aspi-
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rin(AS), pyloricligation (PL), and SUC (500 mg/
kg, p.o.)inAlcohol (AL) induced ulcer mode.

Anti-ulcer studies
(a) Cold restraint induced gastriculcer (CRU)

Animaswere subjected to cold restraint stress af-
ter 45 minsof treetment with andrographolideand Omz.
All theanima swereimmobilizedinrestraint cage and
kept a 4°C in an environmenta chambert, Two hours
later the animals were sacrificed and stomachswere
observed and scored under Magnascopefor ulcers.
(b) Aspirininduced gastriculcer model (AS)

Aspirin at adose of 150 mg/kg was administered
to induce ulcer after 45mins of treatment of
andrographolide and omeprazole. Theanimalswere
sacrificed 5 hours after aspirin treatment™ and the
stomach was dissected out, incised along the lesser
curvature and thelesion was scored.

(c)Alcohol induced gastriculcersinrats(AL)

Gastric ulcer wasinduced inratsby administering
chilled absoluted cohol (1ml/200g, body weight of ani-
mals)*%. TheAndrographolideand sucrafatewere ad-
ministered 45 minutesbefore a cohol trestment. After 1
hour of acohol administration, the animal swere sacri-
ficed and stomach was cut open a ong the greater cur-
vatureto observethe gastric lesionswhich appear as
hemorrhagic bands a ong the mucosal ridges of the
stomach. Thelengthsof thelesionsweremeasured us-
ing Biovisimage analyzer software and summated to
giveatotda lesonscore.

(d) Pyloricligationinduced ulcer model (PL)

After 45 minsof adminigtration of Andrographolide
and Omz, ulcer wasinduced inratsby pyloricligation.
Under Chlora hydrateanesthesia(300mg/kg, i.p.), the
abdomen was opened and the pyl oric end of the stom-
ach wasligated avoiding any damageto the adjacent
blood vessd 9171, Stomach wasreplaced carefully and
theanimalswereallowed to recover with free access
to water. After 4 hoursthe anima swere sacrificed and
the stomach was dissected out. Lesionswere scored
and gastric fluid was collected and centrifuged at 2000
rpmfor 10 mins. The collected supernatant was used
for the estimation of gastric secretion studies, mucin
estimation and peptic activity.
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Gastric secretion study

Freeandtotal acidity wasmeasured from the col-
lected gastricjuice by titrating against 0.01N NaOH,
using phenol phthaein asan indicator and expressedin
terms of pequiv./mii*8, Mucus content was expressed
intermsof mg%o.

M easur ement of ulcer index

Ulcer formed due to treatment with different
ulcerogens were observed under Magnascope (5X
magnification) and were scored according to the arbi-
trary scoring system as described by, The severity
andintensity of thelesionsweregraded asfollowing: i)
Shedding of epithelium = 10; (ii) Petechia and frank
hemorrhages = 20; (iii) one or two ulcers = 30; (iv)
more than two ulcers=40; and (v) Perforated ulcers=
50.

Gastrin measur ement

Inorder to determinethegastrinlevelsin plasma,
blood was collected by cardiac puncture, centrifuged,
andtheplasmawasanadyzedfor gastrinlevelsusing rat
gastrin| enzymeimmunoassay kit (assay designs, Hines
DriveAnnArbor, USA) following themanufacturer’s
instructions. Theresultswere expressed aspg/ml.

PGE, estimation

PGE, was determined in gestrictissueobtained from
sham, control and treatment groups. Briefly, mucosa
was scrapped and rapidly rinsed withice-cold saline.
Thetissue wasweighed and homogenized in 10 vol-
umesof phosphate buffer (0.1 M, pH- 7.4) containing
1 mM EDTA and 10 uM indomethacin. The homoge-
nate was centrifuged (10,000 rpm, 10 min, 4°C), and
thesupernatant wasprocessed for PGE, estimationusing
theBiotrak enzymeimmunosorbent assay kit (Cayman),
following themanufacturer’s instructions. Results were
expressed aspg PGE,/mg protein.

Invitroassay of H* K*-AT Pase activity

H* K*-ATPase activity wasassayed in gastric mi-
crosomesisolated from normal fasted rat stomach(2Y.
For the enzyme assay, gastric microsomesincubated
with or without different concentrations of
andrographolide aswell as standard drug Omz for 10

minat 37°C, were added to an assay buffer containing
(inmM) 150KCl, 10 PIPES, 1MgSO,, 5MgATR, 1
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EGTA and 0.1 ouabain, a pH 7.2 and 10pg/ml valino-
mycin, 2.5ug/ml oligomycin. The reaction was carried
out at 37°C for 20 min and was stopped by adding
10% ice-coldtrichloroacetic acid. After centrifugation
(2000 g for 1 min), inorganic phosphate rel ease was
determined from theresulting supernatant spectropho-
tometrically at 310 nmwavelength?? and expressed as
uM/hr/mg protein.

Satistical analysis

All vduesshowninthefiguresand tablesrepresent
themeans+ S.E.M. IC_ vaueswith 95% confidence
limitswereestimated usng Maximum Likelihord Itera:
tive Procedure?!. Statistical analysiswas performed
with Prism version 3.0 software using one-way anay-
sisof variance (ANOVA) followed by Dunnett’s mul-
tiple comparison test. P<0.05 was considered to be
ddidicaly sgnificant.

RESULTS

Anti-ulcer effect of Andrographolideagainst cold
restraint induced ulcer inrats

Graded doses of andrographolide (10, 20 and
40mg/kg, p.o.) showed percentage protection of 37.5,
62.5 (P<0.01) and 68.7 (P<0.01) respectively whereas
standard drug, omeprazol e showed a percentage pro-
tection of 77.4 (P<0.01) in comparison to control
against CRU model. From this observation 20mg/kg
dose of Andrographolidewasidentified asthe effective
doseand selected for further studies. Theresultsare
graphically represented in Figure 2.
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Figurel: Chemical structureof andrographolide.
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Figure?2: Effect of graded doseof andrographolide (AP) and
standar d drugs (Omz) on percentage protection of ulcer
against cold restraint induced gastric ulcer modelsinrats.
Data expressed asmean % protection + S.E.M. Statistical
analysswasdoneby OneWay ANOVA followed by dunnett’s
multiplecomparison test. * Satistically significant at P<0.05
and **P<0.01, in comparison to control. n =6in each group.

Effect of andrographolideagainst aspirin induced
ulcer inrats

Potentia anti-ul cer activity of andrographolidewas
observed whenits efficacy wastested against aspirin
induced ulcer modd . 57.81% protection (P<0.01) was
observed when andrographolide was administered
whereas omeprazole showed 57.08% protection in
comparisonto control asshowninFigure3.

Effect of andrographolideagaingt alcohol induced
ulcer

Andrographolide showed significant anti-ul cer ac-
tivity againgt ethanol induced ul cer having 72.41% pro-
tection (P<0.01), whereasthestandard drug, sucradfate,
showed 62.72% protection (P<0.05) as depicted in
Figure3.

Anti-ulcer effect of andrographolide against py-
loricligation induced ulcer in rats

Anti-ulcer activity of andrographolide wasa so
observed against pyloricligationinduced ulcer inrats
whereit showed protection of 60.00% (P<0.01) and
omeprazole showed 69.42% (P<0.01) protection
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(Figure3).
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Figure3: Effect of andrographolide (AP) and sandard drugs
(Omz and SUC) on per centage protection of ulcer against
cold restraint, aspirin, pyloricligation and alcohol induced
gagriculcer modelsinratsand hissamineinduced duodenal
ulcer in guineapigs. Data expressed asmean % protection +
S.E.M. Satistical analysis was done by one way ANOVA
followed by dunnett’s multiple comparison test. *Statistically
significant at P<0.05and **P< 0.01, in comparison tocontrol.
n=6in each group.

Effect of Andrographolideon gastric secretion

The antisecretory effect of andrographolidewas
evaluated by estimating freeand tota acidity of gastric
juiceand by estimating theactivity of mucinasshownin
TABLE 1. Andrographolide hasreduced free acidity
(50.42%, P<0.01), total acidity (24.43%) which was
comparablewith standard drug omeprazole (60.37%,
P<0.01) and (30.50%, P<0.05) respectively. It Signifi-
cantly upregulated mucin secretion by 34.24% (P<0.01)
whereas omeprazole increased mucin secretion by
17.53% (P<0.05) in comparisonto control.

TABLE 1: Effect of CAand Omz on freeacidity, total acidity
and mucin contentsin pyloricligation model (n=6in each

group).

Treatment

Mucin
pg/ml

Total acid
pequiv./ml

Free acid
pequiv./ml

58.30+3.182
28.942.256"
23.10£3.760*

Control
Andrographolide
Omz(10mg/kg)

142.10+2.560
107.38+3.950
98.75+1.320"

3829.027+44 16
5823.127+205.2*
4643.294+12.432%

Effect of Andrographolide on H* K*-AT Pase ac-
tivity

The antisecretory mechanism of action of
andrographolide (10-100ug/ml), has been confirmed
through theinhibition of gastric H* K*-AT Paseactivity
in comparison with control with an IC_; value of
71.435ng/ml. Omeprazole (10-50pg/ml) used as posi-
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tive control reduced the enzymeactivity withanIC_,

vaueof 30.24ug/ml (Figure 4.)
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Figure4: Effect of APand standard drug Omzon H+ K +-
ATPaseactivity intherat gastric microsomes. Dotsand lines
aremean+£S.E.M. of experiments performed in triplicates
(n=3). *SKatistically significant at P<0.05and **P< 0.01, in
comparison tocontrol. n =6in each group.
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Figure5: Effect of AP and Omz on gastric PGE, level in
comparison toulcer control group. *Satistically significant
at P<0.05and **P< 0.01, in comparisontocontrol.n=6in
each group.

DISCUSSION

In our modern times, the use of medicinal plants
and natural products has become universal. Natural
products have gained powerful attention dueto itsef-
fectiverolesin chemo-thergpeutic agents. Thediscov-
ery of new and novel pharmaceutical productsfrom
plantsusedintraditiond system of medicineor folklore
for thetreatment or amelioration of theincidence of
gadtriculcers. Theanti-ulcer activity of androgrgpholide
isolated from A. panicul ata hasbeen studied against
various modelsof experimentaly induced gastric ulcer
inorder to evauateitsmechanismof actioninvolvedin
prevention of ulcer formation. Thefinding receivesan
impetus by considering thefact that Andrographolide
isolated from A. paniculata showed anti-ul cerogenic
activity inall themodel's, each of whichinduced ul cer
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through adifferent mechanism.

Gastric ulcer ispostul ated to devel opwhenthereis
adisbaanceof aggressve and defensivefactorseither
because of increased secretion of acid or pepsin or
because of impairment of mucosal resistance. Sowe
select two models one of antisecretory and other of
cytoprotectivefor thepreliminary gasiroprotective study
of andrographolide.

We performed adose dependent anti-ul cer study
of andrographolidein CRU model. CRU isawell-ac-
cepted mode for theinduction of gestriculcers, inwhich
periphera sympathetic activationandincreased acid se-
cretion play important roles. Andrographolide exhib-
ited significant protectionin adose dependent manner
inthe CRU model, In addition, Andrographolide ex-
erted aprotective effect against ethanol -induced gas-
triclesonsin contrast to tandard drug, sucrdfate. Since
ethanol damagesthesuperficid epithdid layersandin-
hibit thereleaseof mucosd prostaglandinsand depresses
the gastric defensive mechani sms, these agents appear
to augment the gastric mucosa defenseindicatingthe
cytoprotective potential sof andrographolide.

Graded doses of andrographolide exerted anti-ul -
cer effectinthe CRU model, offering maximum pro-
tection at much lower dose 20mg/kgindicating active
congtituentsisolated from A. panicul ata. Hence, 20mg/
kg dose was considered to be the optimal dose for
evduationinfurther sudies. Andrographolidewashighly
effectivein decreasingthe hemorrhagiclesonsinduced
by ethanol in contrast to standard drug, sucrafate, re-
flectingitscytoprotectiveactivity.

Furthermore, gastric acid isanimportant factor for
thegenessof ulcerationinpyloric-ligated modd. Inthis
model, auto-digestion of mucosaby gastric acid and
pepsin results in the development of ulcers.
Andrographolide significantly reduced free and total
acidity inthismodel, which suggestsits anti-secretory
potency.

In an attempt to clarify the mode of action of
andrographolide, through the anti-secretory pathway,
itsinfluenceon gastric secretion wasstudied usnginhi-
bition of H* K*ATPase (Proton pump). This proton
pump isamembrane bound enzymethat catalysesH*
transport at the expense of ATPhydrolysis. Thusthe
inhibition or the blockade of H*K*-ATPase may ac-
count for suppressed acid secretion observedinthein
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vivo studies. The results obtained with gastric mi-
crosomes isolated from rat stomach showed that
andrographolide potently inhibited the H* K*-ATPase
activity comparabletothepositivecontrol, Omeprazole,
thus suggesting that andrographolidemight beimparting
anti-ul cer activity through decreasein acid secretionvia
proton pumpinhibition.

The cytoprotective ability of andrographolidewas
evident withincreaseinmucin contentinpyloricligation
model and protection against ethanol induced ulcer
model in comparison with the standard drugs. Tofur-
ther substantiate the cytoprotective potency of
andrographolide, itseffect against NSAIDsinduced
ulcer modd wasexplored. Studiessuggest that NSAIDs
induces ulcersdueto their effect on cyclooxygenase
enzyme |leading to reduced prostaglandin production
andincreasein acid secretion. Andrographolide signifi-
cantly reduced ul cer incidence, which further supports
cytoprotective effect of andrographolide, which may
be mediated by prostaglandins. We also measurethe
level of prostaglandinswefound that it so significantly
incresaesthelevd of prostaglandins.

Phytochemica investigationsof A. paniculatadem-
onstrated the presence of pure compounds namely
andrographolide. The gastroprotectiveactivity of the
compounds andrographolideisestablished but the ex-
act mechanism of gastroprotectionisnot well estab-
lished. Thus, we investigated the effect of
andrographolideon H* K*-ATPaseinhibitory activity in
isolated gastric microsomes from rat stomach.
Andrographolideinhibited theproton pump activity with
an|C,;71.435ug/ml showing that anti-secretory activ-
ity of andrographolide. Though different biological ac-
tivities of the plant A. paniculata has been reported
earlier, anti-ul cer mechanism of thisplant hasnot been
reported till date. Our study isthefirst of itskind to
show significant anti-secretory and cytoprotective ef -
fect of andrographolide isolated from the
andrographolide.

Thus, the present study demonstrated that the
andrographolideimpart gastroprotectiveeffectsthrough
theinhibition of H* K*-ATPase(proton pump) activity
andincreseingthe PGE2 level. Thus, andrographolide
may emergeasamore potent thergpeuticagent intreating
gastric ul cer incidences since they possessboth anti-
secretory and cytoprotective potentials.
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