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ABSTRACT

Theantiulcer effect of methanol leaf extract of Cajanuscajan (L.) Millsp.
(Fabaceae) was evaluated using ulcers experimentally induced by in-
domethacin and ethanol in rodents. The effects of the extract on rodent
gastrointestinal motility, and contractions of isolated intestinal tissues
induced by acetylcholine (1.6 pg/ml) and histamine (3.2 ug/ml) were also
studied. The results showed that the extract significantly inhibited the
development of gastric lesions induced by indomethacin and ethanol. It
also inhibited intestinal propulsion and antagonized contractions evoked
by acetylcholine and histamine. Acute toxicity tests showed anoral LD,
greater than 5000 mg/kg in mice. The presence of saponins, tannins,
reducing sugars, terpenoids and resins in the extract was detected by
general phytochemical tests. These findings demonstrate that the plant
possesses pharmacological properties which lend credence to its
ethnomedicinal use as an antiulcer and antidiarrhoeal agent.
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INTRODUCTION

Peptic ul cer, abenign lesion of gastric or duodena
mucosa, occurs dueto an imbalance between the ag-
gressive (acid, pepsin and Helicobacter pylori) and
the protective (gastric mucus and bicarbonate secre-
tion, prostaglandin and i nnate resi stance of themucosal
cdls) factors. Different thergpeutic agentsinc uding plant
extractsthat inhibit the aggressivefactorsor boost the
mucosa defensive mechanism areused to re-establish
the balance and promote hedling. Oneof such plantsis
Cajanus cajan (L.) Millsp. (Fabaceae), an erect
woody and annual or short- lived perennial shrub or

small treethat iswidespread and cultivated throughout
thetropicsand subtropics. Itiscommonly known as
“Pigeon pea” (English), “Guandu” (Brazil), “Fio-fio”
(Ibo - Nigeria) and “Caja” or “Puspo-poroto” (Peru).
The seeds (pigeon peas) are popular food in devel op-
ing countries. InAfrica, Asaand South Americadiffer-
ent parts of the plant are used in the management of
variousdisorderssuch asulcer, diarrhea, pain, diabe-
tes, cough and sores. The plant, often grown asashade
crop, iscommonly used all over theworldfor thetreet-
ment of diabetes, dysentery, hepatitis, meades, and as
afebrifugeto stabilizethemenstrual period™. Intra-
ditiona Chinesemedicine, theleaveshavebeenwidey
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used to stop bleeding, relievepain, kill wormg?®, treat
wounds, bedsoresand malaria, aswell asdiet-induced
hyperchol esterolemid®¥. Thehypoglycemicd™?, antioxi-
dant*!! and protective effects of theleaf extractsagaingt
hypoxi c-ischemic brain damage and al cohol-induced
liver damage have a so been documented?*3, Pigeon
pealeavesarerichinflavonoidsand stilbenesconsid-
ered responsiblefor someof itstherapeutic effectd#+
18], Antiplasmodia compounds- betulinic acid (roots)
andlongistylinA and C (leaves) havebeenisolated from
the plant™.

Thisstudy eva uated the antiul cer and spasmolytic
potentialsof themethanol leaf extract.

MATERIALSAND METHODS

Materials
Solventsand reagents

Methanol, absolute ethanol (Sigma, Germany),
Tween 20

Drugs

Indomethacin, atropine, histamine, acetylcholine,
ametidine(Sigma, Garmany), sucrdfate (Chugd Pharma
Ltd., London).

Animals

Adult New Zealand rabbits (1.5- 3.0 kg), guinea
pigs(350—400 g), Swiss albino rats (150 - 250 g) and
mice (19 - 35 g) of either sex bred in the Laboratory
Anima facility of the Department of Pharmacol ogy and
Toxicology, University of Nigeria, Nsukkawereused
for the study. The animalswere maintained freely on
the appropriate respective diet and allowed 2 weeks
for acclimatization beforeuse. All animd experiments
werein compliancewith National Ingtitute of Health
Guidefor Careand Use of Laboratory Animals (Pub
No. 85— 23, revised 1985).

Preparation of extract and phytochemical analysis

Fresh leaves of Cajanuscajan werecollectedin
Nsukka, Enugu State, Nigeriain April. The plant was
identified and authenticated at the Internationd Centre
for Ethnomedicine and Drug Development
(InterCEDD), Nsukka, Enugu State, whereavoucher
specimen is deposited (specimen number:
INTERCEDD/915) The leaves were cleaned, dried
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under shadefor 5 days and reduced to coarse powder
using amill. Theleaf powder (700 g) was extracted
with methanol by maceration at roomtemperature (28
+ 1°C) for 48 h with intermittent shaking. The filtrate
was concentrated in a rotary evaporator at 50°C to
yield 85.45 g of the methanol extract (CCM; 12.2%
w/w), whichwas stored in arefrigerator (—4°C). The
phytochemica condituentsof CCM wereidentifiedusng
standard procedures”8l,

Methods

Acutetoxicity tests

Theacutetoxicity andlethdity of CCM wasevau-
ated using the method described by Lorke (1983).
Briefly, nineratsrandomly divided into three groups
(n=3) wereoraly administered 10, 100, and 1000 mg/
kg of the extract respectively and observed for degths
within 24 h. Since no death wasrecorded, higher doses
of 1,600, 2,900 and 5000 mg/kg of the extract were
administered to afresh batch of animals(n=1) and the
number of deathsin 24 h recorded*9.

Indomethacin —induced ulcer

Ratsfasted for 24 h but allowed freeaccesstowater
were used to determinetheleast effective dose of in-
domethacin that would produce 100% gastric ul cer-
ation. Variousdoses of indomethacin (40, 60 and 100
mg/kg p.o) were administered, and it was observed
that, 100 mg/kg produced gastric ulcerationin al rats
in4 h. Consequently, afresh batch of ratsfasted for 24
hwere randomly divided into four groups (n=5) to
receiveoral administration of oneof 400 or 800 mg/kg
of CCM suspended in 10% v/v Tween 20. Control
animasrecaivedether thevehide(5ml/kg) or ametidine
(100 mg/kg). Thirty minutes|ater, ulcer wasinduced
with indomethacin (100 mg/kg; p.0). Four hoursafter
indomethacin adminigtration, theanimasweresacrificed
with overdoseof chloroform anaesthesaand their scom-
achsdissected out. The stomachswere opened along
the greater curvature, rinsed under astream of water
and pinned flat on acork—board. The stomachs were
coded to prevent observer’s bias and studied. Erosions
formed only on the glandular mucosawere counted and
each onegiven aseverity ratingonal - 3scaewhere
O=normd, 1.0=lessthan1 mm, 2.0=1to2mm, 3.0
=>2 mm%, Mean score for each group was cal cu-
lated and expressed asul cer index (Ul).
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Theleve of protection (%) of thetreated groups
against ulcer formation wascalculated using therela-
tion; [(UI_-Ul.)/ (Ul )] 100, where Ulc =ulcer index
of control group and Ul = ulcer index of thetreated
group?y,

Ethanol-induced gastriclesons

Ulceration was induced as described by Robert
(1979)22, Twenty albino ratsfasted for 24 hoursprior
to theexperiment but allowed free accessto water, were
randomly divided into 4 groups (n = 5) toreceive ora
administration of one of 400 or 800 mg/kg of CCM
suspended in 10% v/v Tween 20. Control animalsre-
celved either thevehicle (5 mi/kg) or sucrafate (1000
mg/kg). Thirty minutes|ater, ulcer wasinduced by ora
administration of 1 ml absolute ethanol to all theani-
mals. The animals were sacrificed 1 h later, and the
stomachsremoved and opened along the greater cur-
vature. The stomach wasrinsed under astream of wa-
ter and fixed with 10% forma dehydein saine, pinned
flat on a corkboard and observed with a hand lens
(x20). Thenumber and severity of erosonswere scored
according to an arbitrary scale (Adami et al., 1964)13,
where0=no ulcer; 1 =haemorrhagicand dight ul cer,
length <2 mm; 2 =onehaemorrhagic and dight ulcer,
length <5 mm; 3=morethan onegrade2 ulcers; 4=
oneulcer of length <5 mm and diameter <2mm; 5=
oneto threeulcersof grade4; 6 =four tofiveul cersof
grade4; 7=morethan six ulcersof grade4; 8 = com-
pletelesion of the mucosawith haemorrhage. Mean
scorefor each group was cal cul ated and expressed as
ulcer index (Ul). Thelevel of protection (%) of the
treated groups against ethanol ulcerswere calculated
usingtherelation; (Ul .- Ul.)/ (Ul )] 100, where Ulc
= ulcer index of control group and Ul = ul cer index of
thetreated group.

Gastrointestinal motility test

Theeffect of CCM on small intestina propulsion
was determined in mice using the charcoa meal
method !, with somemodifications. Twenty micefasted
for 24 h but allowed free access to water, were ran-
domly divided into four groups (n=5) torecelveord
administration of one of 400 or 800 mg/kg of CCM
suspended in 10% v/v Tween 20. Control animalsre-
ceived either thevehicle (5 ml/kg) or atropine (10 mg/
kg). Thirty minuteslater, charcoa meal (0.5ml of 5%
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activated charcoal in 10% aqueous sol ution of traga
canth powder) wasadministered ora ly toeach animal.
The animalswere sacrificed 30 min |ater, and the ab-
domen opened. Thesmall intestinewas carefully in-
spected and ligated at both the pyl oric sphincter and
wherethe charcoa meal stopped, to avoid disruption
of thecharcoa mea during handling. Thedistancetra
versed by the charcoal meal fromthe pylorus, and the
length of thewhole smdll intestinewere measured. The
extent of intestind propulsion (%) andlevd of inhibition
of intestinal propulsion (%) was calcul ated for each
animal and the mean for each group determined.

Intestinal propulsion (%) =100[DT/TL]

Inhibition of intestina propulsion (%) =100[TL-DT/
TL], whereDT = Distancetraversed by the charcoal
medl; TL =Tota length of smal intestine.
Sudiesontheisolated guineapigileum

Guineapigsweresacrificed by cervicad didocation
and bled, and asegment of theileum wasremoved af-
ter discarding the portion nearest to theil eocaeca junc-
tion. Theiled grips(approximatey 2cminlength) were
mounted vertically under restingtensionof 0.5gin 20
ml organ baths. Thetissue bathing fluid was Tyrode
solution of thefollowing composition (g/L) NaCl (8),
KCI (0.2), CaCl, (0.2), NaHCO, (1.0), MgCl, (0.1),
NaH,PO, (0.05), glucose (1.0); which wasmaintained
a 37°C and aerated with air. The tissue was allowed to
equilibratefor 60 min duringwhichthebathing fluidwas
changed every 10 min. Responsesof theisolated ileum
to graded concentrationsof CCM, histamineand ace-
tylcholinewererecordedisometricdly onanUgoBaslle
Unirecorder (7050) through isometric transducer
(7004). Drug tissue contact timewas 1 min, and a3
mintimecyclewasmaintained.

Alsotheeffectsof CCM onhistamine- (3.2 pg/ml)
and acetylcholine- (1.6 pg/ml) induced contractions of
the guineapigileum wererecorded. The extract was
added to thetissue bath and allowed to act for 3min;
subsequently, the standard agonistswere added and
allowed to act for 1 min beforewashing off the drugs.
Theexperimentsweredoneintriplicatesusingileum
fromdifferentanimas.

Sudiesonisolated rabbit jggunum
Rabbitswere sacrificed by cervicd didocationand
bled, the stomachswere removed and segmentsof the
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jgunum (about 2 cm long) removed and dissected free
of mesenteric attachments. The jgjunal tissueswere
mounted vertically under restingtensionof 0.5gin 20
ml organ baths. Thetissue bathing fluid was Tyrode
solution maintained at 37°C and aerated with air. The
tissuewasdlowed to equilibratefor 60 minduringwhich
the bathing fluid was changed every 10 min. Responses
of theisolated tissueto graded concentrationsof CCM,
and acetyl cholinewererecorded isometrically onan
Ugo Basile Unirecorder (7050) throughisometrictrans-
ducer (7004). Drug tissue contact timewas| min, and
a3 mintimecyclewasmaintaned.

Alsotheeffectsof CCM onacetylcholine (1.6 pg/
ml) - induced contractions of therabbit jgunum were
recorded. Theextractswere added to thetissue baths
and allowed to act for 3 min; subsequently, the stan-
dard agonistswereadded and allowed toact for 1 min
beforewashing off thedrugs. The experimentswere
doneintriplicatesusngjg unumfromdifferent animas.
Satistical analysis

Dataobtained wasanayzed us ng One-Way andy-
sisof variance (ANOVA) and further subjected to LSD
post hoctest for multiple comparisons. Theresultswere
presented asMean+ SEM. Differences between means
of treatment and control groupswere accepted signifi-
cant at P<0.05.

RESULTS

Phytochemical constituentsof CCM

The phytoconstituents detected in CCM were sa-
ponins, tannins, terpenoidsand resins (TABLE 1).

TABLE 1: Phytochemical congtituentsof CCM

Phytochemical condituents CCM
Alkaloids
Carbohydrates
Flavonoids
Glycos des -
Reducing sugars ++
Resns ++
Saponins +
Tannins +++
Terpenoids ++

+++= Conspicuously present, ++= moderately present, +=
present, - = absent

Acutetoxicity and lethality

Ora administration of upto 5,000 mg/kg of CCM
caused no deathintreated mice. Hence, theoral LD,
of CCM in mice was estimated to be greater than 5,
000 mg/kg.

Effect of CCM on indomethacin induced ul cer

The CCM significantly (P<0.05) inhibited thefor-
mation of indomethacin-induced gastriclesionsina
dose-related manner. Theextract (800 mg/kg) afforded

85% protection against indomethacin-induced ulcer in
treated animas(TABLE 2).

TABLE 2: Effect of CCM on indomethacin-induced gastric
ulcers

Treatment Dose Ulcer index Protection (%)
(mg/kg)
CCM 400 9.00 £ 4.94 41.94
800 225+ 1.31% 85.48
Cimetidine 100 0.25+£0.25 98.39
Control 15.50 + 3.40 -

n = 5; *P<0.05 compared to control (ANOVA; LSD post hoc);
CCM = C. cajan Methanol extract; Protection (%) was calcu-
lated relative to the control.

Effect of CCM on ethanol induced ulcer

Ord administration of CCM dlicited asignificant
(P<0.05) dose-related inhibition of ethanol-induced
gastric ulcers. Theextract (800 mg/kg) afforded 81%
protection against ethanol-induced ul cer, and wasmore
potent than sucralfate (TABLE 3).

TABLE 3: Effect of CCM on ethanol-induced gastriculcers

Treatment Dose Ulcer index Protection (%)
(mg/kg)
CCM 400 475+ 1.03 13.64
800 1.00+0.70* 81.82
Sucrafate 1000 475+ 1.03 13.64
Control 5.50+0.28 -

n = 5; *P<0.05 compared to control (ANOVA; LSD post hoc);
CCM = Methanol extract; Protection (%) was calculated rela-
tive to the control.

Effect of CCM on gastrointestinal propulsion

The CCM reduced the distance traversed by char-
cod medl. Theinhibition of smdl intestind transit was
dose-related (TABLE 4).

Effect of CCM on isolated guineapigileum
The CCM neither relaxed nor contracted theiso-
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TABLE 4: Effect of CCM on gastrointestinal propulsion

Treatment Dose Total I_ength of Distancetraversed Intes.tinal Inhibit.ion of
(mg/kg) intestine (cm) by charcoal meal (cm) Propulsion (%) propulsion (%)

CCM 400 4464+ 1.94 27.58+5.49 60.98 + 11.02 39.02+11.02

800 42,96+ 1.63 25.06 +3.68 58.15+ 7.77 41.85+7.77

Atropine 10 4528+ 1.41 17.18+3.44 37.41+6.66 62.59 + 6.66*

Control - 39.88+0.96 31.92+1.47 80.38+4.93 19.62 +4.93

n = 5; *P<0.05 compared to control (ANOVA; LSD post hoc); CCM = C. cajan methanol extract; Intestinal propulsion (%) and
Inhibition (%) was calculated for each animal and the mean for each group recorded

lated guineapigileum. However, it potently inhibited
acetylcholine (1.6 ug/ml)- and histamine (3.2 ug/ml)-
induced contractions of theileumwith IC_ values of
500 and 180 pg/ml respectively (Figures 1, 2and 5).
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A =Ach 1.6 p g/ml; B,C,D,E,F = Ach 1.6 p g/ml + CCM 0.05, 0.1,
0.2, 0.4 or 0.8 mg/ml

Figurel: Effect of CCM on acetylcholine-induced contrac-
tionsof theisolated guinea pigileum
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A = histamine 3.2 p g/ml; B,C,D,E and F = histamine 3.2 p g/ml +
CCM 0.05, 0.1, 0.2, 0.4 or 0.8 mg/ml
Figure2: Effect of CCM on histamine-induced contractions
of theguineapigileum

Effect of CCM on rabbit jggunum

The CCM inhibited the rhythmic contractions of
theisolated rabbit jgunum. It a so reduced jgjunal con-
tractionsinduced by acetylchaline (1.6 ug/ml), withIC_,
of 150 ug/ml (Figures3, 4 and 5).
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Ach 32 ng/mi

Figure 3: Effect of CCM on rhythmic contractions of the
isolated rabbit jjunum

.[‘

A =Ach 1.6 p g/ml; B,C,D and E = Ach 1.6 p g¢/ml + CCM 0.05, 0.1,
0.2 or 0.4 mg/ml

Figure4: Effect of CCM on Ach-induced contractionsof the
isolated rabbit jejunum
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Figure5: Effect of CCM on agonist-induced contr actionsof
intestinal tissues

DISCUSSION

Thisstudy hasshown that leavesof C. cajan pos-
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sessantiul cer and spasmol ytic properties. The extract
protected rats against gastric ulcers induced by in-
domethacin and ethanol , inhibited gastrointestinal mo-
tility by reducing smal intestina propulsionand exhib-
ited spasmol ytic effectsby inhibiting jguna contrac-
tions and antagonizing contractions of theisolated in-
testind tissues evoked by acetyl cholineand histamine.

Indomethaci n-induced gastric mucosa damagere-
sultsfrom suppression of prostaglandin synthesisviathe
arachidonic pathway. Hence, inhibition of indomethacin-
induced ulcer formationislikely aconsequenceof en-
hanced progtaglandin synthesis. Prostaglandinsareknown
to servecytoprotectivefunctionsinthestomach by main-
taining gestric microcirculaion® and causing gastric
secretion of bicarbonaté?” and mucus?®. Thissuggests
that theleaf extract may protect against gastric mucosd
damageby enhancing gadtric cytoprotectivemechanisms.
Consistent with thisistheprotectionit offered against
ethanol chdlenge. Ethanol-induced ulcers, which arepre-
dominantintheglandular part of thestomach, may result
from factorsranging from direct toxic action of ethanol
and reduction of the secretion of bicarbonateto deple-
tion of gastric wall mucug®*¥. Ethanol reducesendog-
enousglutathioneand prostaglandinlevelsand increases
thereeaseof histamine, influx of caciumionsand gen-
eraion of freeradica sviaincreased|ipid peroxidation"
4 which culminatein damageto cdll and cdl membranes.
Hence, likeinindomethacin ulcer, inhibition of ethanol-
induced gastric mucosd |lesionsindi catescytoprotective
effect duepossbly to enhancement of mucosd defensive
factors Although theprecisemechanismof cytoprotection
remainsto beinvestigated, the protective effect of the
extract againgt ulcer formation in both mode spointsto
the cytoprotective potential and the ability to enhance
mucosd defensivefactors.

Studieson gastrointestind motility showed thet the
extractinhibited perigtatic propulsvemovementindica-
tiveof inhibition of gastrointestina matility. Thisisconss
tent with theresults of isolated intestinal tissue studies
where CCM neither relaxed nor contracted theguinea
pigileum, but potently inhibited acetylcholine- and hista:
mine-induced contractions suggestive of non-specific
gpasmolytic activity. Thus, thespasmolytic effect of the
extract may contribute, albeit in part, to theanti-ul cer
propertiesof theplant sinceinhibition acetylcholine- and
histamine-induced contractionsmay derivefrom suppres-
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sion of processesmediated by these spasmogensinclud-
ing those associ ated with ulcer induction. Acetylcholine
and higamineareimplicatedin ul cer pathogenesissince
both neurotranamittersstimulateand regulategedtricacid
secretion®1, Antagonism of their actionsisapt to pro-
videbeneficid effectinulcer thergpy by further reducing
gadtric acid secretion. Inaddition toameliorating ul cer,
reduced intestinal motility may account for theantidiar-
rhed activity of thisplant. Theplant extract can begen-
eraly regarded assafé* sincethehigh LD, valuesug-
gestsremoterisk of acuteintoxication.

The phytochemical constituentsresponsiblefor
these pharmacologicd activitiesareyet to beidentified.
Although preliminary phytochemistry studiesreved ed
thepresenceof severa constituents, further studiesare
needed toisolate and characterize the antiul cer and or
pasmolytic congtituents.

Inconclusion, findingsfrom thisstudy showed that
leavesof C. cajan possessantiulcer and antidiarrheal
properties. The antiulcer effect is attributable to
cytoprotection through enhancement of mucosal bar-
rier whilereduction of gastrointestina matility and spas-
molytic effectsprovideapharmacological basisfor the
usefulnessasantidiarrhoeal remedy.
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