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Abstract

Croton zambesicus Muell Arg. {Euphorbiaceace} is used in the management of various ailments including
diarrhoeaand dysentery. The present study was carried out to investigate the antispasmodic and antidiarrhoeal
activities of aqueous leaf extract of Crofon zambesicus in albino rats. The effect of the extract on acetylcholine,
calcium chloride and angictensin ll-induced cantraction of the rat ileum was determined. The antidiarrhoeal
activity of the leaf extract was evaluated using castor oil-induced diarrhoea and gastrointestinal motility test in
rats. The leaf extract (1.60 and 6.40 mg/m!) significantly inhibited (P<0.05 and F<0.01} acetylchaline-induced
contraction of the ratileum. Calcium chloride-induced contraction was significantly (P=0.001) inhibited at a
concantration of (5.40 ma/ml). Aten times lower concentration of the extract {0.64 mg/ml) produced a significant
{FP=0.01) concentration-dependent inhibition of angiotensin ll-induced contraction of the ratileum. The extract
(400 and 800 myg/ky) produced a significant (P<0.05, P<0.001; reduction in frequency of castor cil-induced
gastrointestinal motility. In addition, the extract (400 and 800 mgfkg) significantly {F<0.01, P=<0.001} decreased
gastrointestinal motility in rats. The results from this study indicate that aqueous leaf extract of Crofon
zambesicus has gastrointestinal relaxant and antidiarrhosal activities mediated passibly via inhibitary effects
on calcium channels, muscarinic and angiotensin type 1 receptors,
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Croton zarmbesicus Muell Arg. (Euphorbiaceace) est utilise dans la gestion de diverses affections, y compris
la diarrhée ¢t |a dysenterie. La présente etude a éta menée pour &tudier les activités antispasmodiques et
antidiarrh&igues d'extrait de feuilles agueuses de Croton zambesicus chez des rats albinos. L'effet de I'extrait
sur l'acétylcholing, le chlorure de calcium et la contraction induite par I'angictensine |l de l'iléon du rat a &té
déterminé. L'activité antidiarrhéique de I'extrait de feuilles a été évaluée a l'aide d'une diarrhée induite par
Ihuile de ricin et d'un test de motilite gastro-intestinale chez le rat. L'extrait de feuilles {1,60 et 6 40 mg / ml}
a inhibé de maniere significative (P <0,05 et P <0,01) une contraction induite par l'acétylcholine de I'iléon du
rat. La contraction induite par le chlorure de calcium était significativement {F <0,001}) inhibée & une
concantration de (5,40 mg / mi). Une concentration dix fois plus faible de P'extrait (0,684 mg / mi) 2 produit une
inhibition significative (P <0,01) dépendant de la concentration de |a contractian induite par Fangiotensing |1
de l'leon du rat, U'extrait (400 et 300 mg / kg) a produit une réduction significative (P <0,08, P <0,001) de 12
fraquence de la motilité gastro-intestinale induite par Fhuile de ricin, En outre, 'extrait (400 et 300 myg ! kg) de
manigre significative (P <0,01, P <0,001) a diminué la motilite gastro-intestinale chez les rats. Les résultats
de cette etude indiquent que Fextrait de feuilles agueux de Croton zambesicus a des activites de relaxant
gastro-intestinal et antidiarrhéigue méediées eventuellement par des effets inhibiteurs surles canaux calsiques,
l2s recepteurs mussarnigues et les recepteurs d'angiotensine de type 1.
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Introduction

Traditional medicines of proven quality, safety and
efficacy contribute to the goal of ensuring all pecple
have access to health care. The affordability of most
traditicnal medicines make them more acceptable at
atime of soaring health care cost and nearly universal
austerity [World Health Crganization 2013). The
regqular use of traditional therapies demands scientific
evidenca for active principles in the therapies so as
to improve efficacy and safety {Patwardhan ef af.,
2005).

Croton zambesicus Muell Arg. (Euphorbiaceace) {syn
C. amabilts muell, Arg., C gratissimus Burch.) s
at ornamantal free grown in villages and fowns in
MNigeria. it Is a slender divacious frae up to 30 fast
figh, sometimes forming a bole, with scaly bark. The
leaves have a painfed apex and are sivery rusty-scaly
below. If is commanly called bushveld, and refarred
fo koriba or ichen maser in Hawsa, Ajekobale in
Yoruba, mfam in Ekol and Moramora in Kilba
(Hutchinson and Daziel, 1872}, Croton zambesicus
leaf extract is used by traditional medicine
practitioners in Migeria for the management of
diarrhoea, dysentery, fever, convulsion, hypertension
and winary fract infections.

Fravious pharmacological sludies revealed the planit
possesges hypotensive (Ayannivi ef al, 20714),
anticanvulsant (Ayanniyi and Wannang, 2008 a) and
neuropharmacological effects [Avannivi and
Warnnang, 2008 b). The ethanalic root extract of the
plant has been reported to have anti-inflammatory,
analgesic and antipyretic activity (Okakon and Nwafor,
2010). In ancther study, diterpenes isolated from the
plant were reported to have vasorelaxant activity on
the rat aorta (Baccelli st af, 2010; Martinsen &f al.,
2010).

There is dearth of literature on the pharmacological
actions of Croton zambesicus extract on the
gastrointestinal tract. The present study was carried
out to evaluate the antispasmeodic and antidiarrhosal
activity of aqueous leaf extract of Crofon zambesicus
in experimental animals.

Materials and Methods

Ethics approval. Ethics clearance was obtained from
the University of llorin Ethics Review Commitiee, All
experiments were carried out in accordance with the
(Guidelines for laboratary Procedures |aid down by
the University of llorin Ethics Committes an Research
as well as the International Animal Care and Use
Cammittes (IACUC) in Migeria.

Animals. Male Albino rats weighing 120-150 g were
obtained from the Animal House of the Department of
Biochemistry, University of llorin, llarin. The animals
were allowed to acclimatize for 48 hours in the

laboratory priar to the experiments and were fed
standard laboratory animal diet and given tap water
ad libitum.

Plant material. The leaves of Croton zarmbesicus
were collected between April and Juneg, 2014 from
Jos, Jos North local government arsa of Plateau State,
Migeria. The plant was identified by Mr, LA Kareem,
a taxonomist at the Federal College of Farestry, Jos,
Migeria and further authenticated at the Herbarium
Section in the Department of Pharmacognasy,
University of Jos, Nigeria. The plant was found to
comespond with voucher specimen number UNPGPH!
HSP/O801.

Praparatlon of the aquaous leaf extract of Croton
zambesicus (CZ)

The leaves were removed from the stem, shade dried
for 2 weeks and reduced to fine powder using martar
and pestle. The powdered leaves (300 ¢) wers
extracted by maceration with distilled water for 24
hours and filtered with Whatnnan filter paper (No.1).
The filtrate was evaporated to dryness on a water
bath at 50-55°C. The leaf extract obtained was dark
brown in colour with a percentage yield of 12.2 % w!
w. This was stored in a dessicator prior to use,

Effect of Crofon zambesfcus Extract on ACh-
Induced Cantraction of Rat lleum

The animals wera fasted overmight but allowead
free access to water. They were euthanized by cervical
dislacation. The abdomen was cut apen, the caecum
lifted forward and ths ileo-ceacal junclion identified.
The ileum was cut af this peint and transferred (o a
petri dish containing Tyrade salutian. The mesentery
was removed and the ileumn cut inte pieces of 1-1.5
cm length. A piece was fixed to a tissue clamp with a
thread and placed in a 10 mL organ bath with Tyrede
solution at 37 *C and aerated with oxygen. The other
end was fixed to an isatanic transducer connected tg
a data capsule digital recarder 17400 (Ugo basile,
Itaty). Cantrol responses to ACh (1 M) were recorded.
The ileum was then pretreated with agueous leaf
extract of CZ (0.64 - 8.4 mgdmL) for 3 minutes and
correspanding respanses to ACH was recarded. This
protocal was repaated for atrapineg (10 yM).

Effect of Crofon zambesicus Extract on CaCl,-
Induced Contraction of Rat lleum

The ratileurn was isolated and mounted as described
above, The tissue was bathed for 15 minutesin Ca™
free Tyrode solution (Gilani et al., 2010). Twa
cumulative concentration-respanse curves for CaCl,
(1-30 mM) wera abtained, The ilaum was pretreated
with CZ (.64 - 6.4 ma/mL} for 3 minutes, and thena
third cumulative concentration-response curve for
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CaCl was obtained. This protocel was repeated for
nifedipine (2.5 uM).

Effect of Crofon zambesicus Extract on
Angiotensin Il (Ang ll}-Induced Contraction of Rat
leum

Anpiece of ileum about 1.5 cmwas fixed to a
tissue clamp with a thread and placed in 10 mL organ
bath containing Tyrade solution at 37°C and aerated
with oxygen. The tissue was allowed to stabilize for
20 minutes. Acumulative concentration-response for
Ang [1{0.01 nM-1 uM})was obtained. The tissue was
washed three times every 5 minutes and allowed {o
equilibrate for 15 minutes to allow full recovery of
receptars. The tissue was then pretreated far three
minutes with CZ and ancther cumulative
concentration-response curve for Ang | was abtained.
This protocol was repeated for CZ concentrations af
(0.08-8.4 mg/mL) and completed with a cumulative
cancantration curve of Ang |l alone.

Effect of Croton zambesicus Exiract on Castor Qil-
Induced Diarrhoea in Rats

The antidiarrhosal activity of the agueous leaf extract
of Croton zambesicus was evaluated using the castor
pil-induced model in rats (Capasso at al., 2008),
Thirty rats were randomly grouped into six groups,
each with five rats and fasted for 18 hours priar to the
experiment. The first group was injected with saling;
three groups were treated with CZ (100-800 mg/kg}.
The fifth graup was injected atropine 6 mg'kg L. p.
One hour after this treatment, the rats in all the six
groups received a single aral dose of 1 ml Castar oil.
Each rat was placed in cages with adsorbent paper
on the floor. The cumulative frequencies of wet and
dry stools were cbserved over a four-hour period in all
the groups. The percentage inhibition of diarrhoea was
calculated and the antidiarrhoaal activity of the extract
determined interms of percentage protection {Chitme
et al. 2004; Tijani ef al. 2008).

Effect of Croton zambesicus Extract on
Gastrointestinal Motility Test in Rats

Thirty rats were randomly grouped into six groups of
fiva rats each. They weara fasted for 18 haours prior to
the experimant. The first group was injected with
saline; three groups were injected with G2 {100-800
mg/kg). The fifth group was injected atrapine & mg/
kg ip.

Cine hour after treatment, all animal in the six groups
received 1 mL of the marker {10 % activated Charcoal
suspension in 5 % Acacia gum) orally.

The rats in all the groups were euthanized after 30
minutes by cervical dislocation and the abdomen was
cut apen. The distance traveled by the marker from
the pylorus to the caecum was measured using a

thread and the length of the thread was determined

with a ruler. This length was expressed as a

percentage of the tetal length of the small intestine.

(Chitme ef al., 2004, Tijani et al., 2009, Dosso et a!l.,

2012).

Intestinal transit % = _
Length traveled by charcoal marker X 100
Total Length of small intesting

Percentage of transit inhibition = (T_—T /T 1% 100

T,= total length of intestine

T. = charcoal distance of test group

Statistical Analysis

Data obtained were expressed as mean t standard
error of mean (SEM). Graphs were plotted using
Microsaft Excal. Statistical analysis of difference
between contrel and treated groups was carried out
using Student’s t-test and one-way analysis of
varianee {ANOWVA) followed by Bonferroni post-hos
test. Statistical significance was taken at P < 0.05.

Results

Effect of Croton. zambesicus Extract on
Acetylcholine (ACh)-Induced Contraction of Rat
Heum

The agueous leaf extract 0.64 mg/mlL produced a
transient increase in contraction of the ileum. Higher
concentrations of 1.6 and 6.4 mg/mL significantly
inhibited (F<0.05, P<0,01) ACh-induced contraction
af the ratileum with an IC_, of 2.320.05 mg/mL. This
effect was similar to that pmdu-::en:i by atropine 10 pid

{Fig 1a).

12N 9

100 4

i o

Fil

20 <

2N -

N B

[{RN | '-hr-.g i

U Meepune

CE woac ol

Figure 1a: Inhibitory effect of leaf extract of
Craton zambesicus on ACh-induced contraction
of rat ileum n=5, *F<0.05 and **P=0.01 vs control.

Effect of Croton zambesicus Extract on CaCl -
Induced Contraction of Rat lleum

The aguecus extract of Crofon zambesicus (0.64 mg’
mL} had no significant inhibitory effect on calcium
chloride-induced contraction of the rat ileum.
Howewer, 1 at concentrations of 1.5 and 6.40 mg/mL
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the extract significantly (P<0.05 and P<0.001)
inhibited calcium chloride-induced contraction

respectively with an 1C, = 2.7+0.1 mg/mL (Fig. 1b).
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Figure 1b: Inhibitory effect of leaf extract of
Croton zambesgicus on calcium chloride-induced
contraction of rat ileurn n=5, *P<0.05, **P<0.001
vE contral.

Effect of Croton zambesicus Extract Angiotensin
Il {Ang ll}-Induced Contraction of rat lleum

The extract {0.64 and 8.4 mg/ml) produced significant
(F=0.01 and P=0.001) inhibition of Ang Il-induced
contraction of the ratileum with an 1C,, of 0.50£0.03
mg/ml (Fig. 2a). The inhibition was concentration-
dependent and similar to that produced by valsartan
an angiotensin type 1 (AT 1) receptor antagonist (Fig

2b).

LU L

=

&

o Tespon ge

KA.

M- Lol k)

Figure 2a: Inhibitory effect of aqueous extract
of Croton zambesicus on Ang ll-induced
contraction of rat ileum n=5*P<0.01 and **P<0.001
vs contral. x Ang Il, A CZ 0.08 mg/ml, | CZ 0.32
mg/ml, %C2Z 0.64 mg/ml, % CZ 6.4 mg/ml CZ:
Agqueous extract of Croton zambesicus
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Figure 2b: Effect of valsartan on Ang ll-sinduced
contraction of rat ileum n=5, *P=0.05 *P<0.001
vs cantrol, | Ang Il, % valsartan 1 nM, %
valsartan 110 nM,

Effect of Croton zambesicus Extract on Castor
oil-induced Diarrhoea

The agueous leaf extract of Croton zambesicus {400
and 800 mg/kg) preduced significant {P<0.05 and
P=0.001) reduction in the frequency of loose and dry
stocls which was dose-dependeant. Similarly, atropine
{6 ma/kg) praduced a significant (P<0.01) reduction
in the frequency of loose and dry stools (Fig 3a).
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Figure 3a: Inhibitery effect of Croton zambesicus
[CZ) extract on castor vil-induced diarrhoea n=5
*£<0.05 and "*P<0.001 vs control. CZ: Aqueous
extract of Croton zambesicus

Effect of Croton zambesicus Extract on
Gastrointestinal Motility

Thea aqueous leaf extract of Croton zambesicus (400
and 800 mg'kg) also produced significant (P=0.05 and
F=0.001) inhibition of gastrointestinal motility. The
inhibition produced by atropine (6 mg/kg) was
significant (P<0.05} and similar to that produced by
axtract 400 mgikg (Fig 3b).
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Figure 2b: Inhibitory effect of Croton
zambesicus (CZ) extract on intestinal motility in
rats n=5 *P<0.05 and “*P<0.001 vs control, CZ:
Aqueous extract of Croton zambesicus

Discussion

Phytomedicines of proven safety and efficacy
contribute to the goal of ensuring majority of people
have access to health care (WHQ, 2013). Croton
zambesicus was selected for this study based on
its ethnomedicinal use in the management of
gastrointestinal disorders such as diarrhoea and
dysentery (Adjanohaun, 1889). The data obtained from
this study provide evidence that the leaves of Crofon
zarmbesicus contain antispasmeodic principles with
petential benefits in the management of
gastrointeatinal disorders.

The extract significantly inhibited ACh-induced
contraction of the rat ileum indicating a smooth muscle
relaxant effect (Pintérava et a/,, 2011). Acetylcholine
{ACh} acts on muscarinic M 3 receptors coupled to
G-proteins which results in activation of IP., efflux of
extracellular caicium and release from intracellular
storas (Guibert et al, 2008; Pintérova et al., 2011).
The role of calcium channels in antispasmodic activity
of CZ was investigated and CaCl -induced contraction
was significantly inhibited by CZ extract in a pattern
also similar to nifedipine. This finding may suggest
the extract inhibits contractile mechanisms involving
extracellular calcium influx (Morel et al., 1987).

Inhibition of extracellular Ca™ influx by medicinal
herbs in both intestinal and vascular smaooth muscle
has been reparted (Ajagbonna et sl , 2001 and Giliani
et g, 2010}. Baccilli ef al (2007); Martinsen ef al
{2010) reported inhibition of KC1-induced contraction
of the rat aorta by diterpenes isolated from Crofon
Fambesicus.

In the isclated intestinal musecle preparation of the
rat, cummulative increase in concentration of
angictensin |l produce maximal response between
107 and 10° M (Ewert ¢f &/, 2006 and Spark ef a!.,
2008). The agueous extract of CZ produced a
significant, dose-dependent inhibiticn of angiotensin
ll-induced contraction. characterized by a decrease
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in maximal response with a shift of the dose-respanse
curve to the right. Low concentrations of CZ produced
maximal inhikbition of angiotensin Il-induced
contractions of the rat ileumn, while a 10-fold increase
in concentration was reguired for ACh and calcium
chloride. Ang Il produces centraction of smonth
muscle via distinet post-receptor mechanism (Guibert
et af,, 2008}, it acts on angictensin type 1 (AT1)
recaeptors and causes cantraction of intestinal smooth
muscle, which is meadiated by 3 protein-dependant
signaling pathways {Akazawa et al., 2013}, Inhibition
of Ang |l-induced cantraction by CZ may be linked to
its binding on AT1 receptors in the rat ileum. The male
of AT1 receptors ta small and large intestinal muscle
contractility provides an opportunity to discover
medicinal plants beneficial in motility disordars
through AT1 receptor stimulation or inhibition (Garg
gtal, 2012}

Agqueous leaf extract of Crofon zambesicus caused
asignificant decrease in the frequency of loose stoals
and this may be attributed {o its relaxant effect on
srmoaoth musacles in the gastrointestinal tract, Castor
oil increases gastrointestinal motility and volume of
intestinal contents by preventing its rasorption from
the intraluminal space. The iritation and inflammation
produced by rinoleic asid prevents the reabsarption
of salt and water (Chitme ef al. 2004

In addition, the agqueous leaf extract produced a
significant, dose-dependent inhibition of
gastrointastinal motility with a resultant decrease in
intestinal transit of charcoal meal {Omoboyawa ef
al., 2013). The effect produced by the extract was
more potent compared with atropine. Inhibitory effect
of atropine on muscarinic receptars produces
relaxation of smooth muscles and consequently a
decrease in intestinal transit time {Brown and Taylor
2001). The antispasmodic and antidiarrhoeal
activities of CZ extract may be attributed to its
inhibitery action on calcium, muscarinic and
angictensin type 1 (AT 1) receptors in smooth muscles
of the gastrointestinal tract. {Finterova et al., 2011
and Garg etaf., 2012},

Phytochemical screening of the aqueous extract of
Crofon zambesicys and calumn subfractions revealed
the presence of flaveneids, alkaloids, terpenocids,
sapaning and tannins (Salatino ef al,, 2007 and
Ayannivi af &, 2014). The smooth muscle relaxant
activity of medicinal plants has been reported to be
due to the presence of alkaloids, flavonoids, steroids,
tannins andfor terpenoids,

The results from this study show that aqueous leaf
extract of Croton zambesicus produces relaxation of
smooth muscles in the gastrointestinal tract. The
extract has antidiarrhoeal activity mediated via
inhibitian an calcium channels, muscarinic and
angiotensin 1 recaptors, Further bioassay-guided
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phytochemical studies will be carried out to isclats
and characterize the active constituents.
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