Pharmacologyonline 3: 1-14 (2007) Swamy et al.
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Summary

A study was undertaken to evaluate the effect of methanolic extract of the root-
bark of Aegle marmelos Corr. (MAMC) against several experimental models of diarrhoea
in rats. MAMC treated animal’s showed significant inhibitory effect against castor-oil
induced diarrhea and PGE; induced enteropooling in rats. The extract also showed a
significant reduction in gastrointestinal motility in the charcoal meal test in rats. The
results obtained to establish the efficacy and substantiate the folkare claim as an anti-
diarrhoeal agent.
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Introduction

Diarrhoea has long been recognized as one of the most important health problem

in the developing countries (1). World Wide distribution of diarrhea accounts for more
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than 5-8 millions deaths each year in infants and small children’s less than 5 years.
According to WHO estimation for the year 1998, there were about 7.1 million deaths due
to diarrhea (2). Secretory diarrhoea is most dangerous symptom of gastrointestinal
problems (3) and is associated with excessive defecation and stool outputs. The stool
being of abnormally loose consistency (4). The World Health Organization has
constituted a Diarrhoeal Disease Control program (CDD), which includes studies of
traditional medicinal practices, together with the evaluation of health educational and
prevention approaches (5).

Aegle marmelos Corr. (Rutacea), known as Bael in Hindi, Sripal or Bilwa in
Sanskrit and Bael tree in English (6). Traditionally this plant useful in treating pain,
fever, inflammation, respiratory disorders, cardiac disorders, dysentery and diarrhea (7-
9). Reports indicate the pharmacological activities of this plant include anti-bacterial &
antifungal (10-12), hypoglycemic (13), anticancer (14), cardio tonic (15) and anti-
inflammatory, anti-pyretic and analgesic activity (16). The phytochemical constituents of
root-bark contain tannins, reducing sugars (6), alkaloids, sterols, coumarins and essential
oils (17).

Materials and Methods

Plant Material

The root bark of Aegle marmelos Corr. were collected from Nandhi hills, Kolar
district, Karnataka, India in February 2005. The plant was identified by routine
pharmacognostical studies including organoleptic tests, microscopic and macroscopic
observation. The vouches specimen AMC1/ RCP 04-05 has been retain in our laboratory
for future reference. The collected root barks were air dried and pulverized using

mechanical grinder.

Preparation of Extract
The powdered root-barks (500g) were extracted using 85% methanol. The solvent

was removed completely removed from the extract by distillation in vocuo and a brown
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coloured semisolid mass obtained. (Yield 16.2% w/w, with respect to the dry powder).
The extract was stored in dessicator and used for further experiment after suspend in
aqueous tween 80 solution (2%). The chemical constituents of the extracts were
identified by qualitative tests and further confirmed by TLC study for the presence of
alkoloids, tannins, sterols, and carbohydrates.

Animals

Wister Albino rats (either sex) weighing between 150-200gm were used. The
animals were divided into five groups (n=6) and were housed in polyacrylic cages with
standard diet and water ad libitum except in the castor oil model, in which the animals
were placed individually in separate cages. The animals were maintained under standard
laboratory conditions for acclimatization period of 7 days prior to perform the
experiment. The animals were fasted for 18hours prior to the experiment.

Experimental Design

Toxicity Study

An acute toxicity study relating to the determination of LDs, value was performed
using different doses of the extract according to the method described by Ghoshet.al (18)
from the toxicity study, it was observed that the root-bark extract is non-toxic upto dose
of 3.2g/kg body weight. It is safe and was used in different doses for further studies
(Table 2).

Castor Oil Induced Diarrhoea (19)

The doses of MAMC were selected on a trial basis and administered orally (100,
200 & 400mg/kg body weight) by gavage to three groups of animals. The fourth group
received diphenoxylate (5mg/kg body weight) orally and the fifth group received neither
drug nor extract but 2% v/v aqueous Tween 80 (1 ml) only and served as a control. After

60 min of drug treatment, each animal was administered 1ml of castor oil orally by



Pharmacologyonline 3: 1-14 (2007) Swamy et al.

gavage and observed for defecation up to 4hrs after castor oil administration.
Characteristic diarrheal droppings were noted in the transparent plastic dishes placed
beneath the individual perforated rat cages. The mean number of wet feces was calculated

from the diarrhoeal droppings in the transplant plastic dishes (20).

PGE; - Induced Enteropooling (21)

For this evaluation, rats of same stock as above were deprived of food and water
for 18hrs prior to the experiment. Five groups of six animals were used, which were
placed in five perforated cages. The first three groups of rats were treated with MAMC
(100, 200 & 400mg/kg body weight, p.o) while the fourth and fifth group received 1ml of
5% v/v ethanol in normal saline (i.p). The fourth group was then administered 1ml of
normal saline and used as control. Immediately afterwards, each rat was treated with
PGE; (100ug/kg body weight in 5% v/v ethanol in normal saline) administered orally.
All the rats were sacrificed under mild anesthesia after 30min. The entire length of
intestine from the pylorus to the caecum was dissected out, and its contents were

collected and measured.

Gastrointestinal Motility Test (21)

In this method rate were tasted for 18hrs and placed in five metal cages, six in
each. Each animal was given 1ml of charcoal meal (3% deactivated charcoal in normal
saline). The first three groups of animals were administered MAMC orally (100, 200 &
400 mg/kg body weight) immediately after the charcoal meal treatment. The fourth group
received atropine (0.1mg/kg body weight, i.p) as standard for comparison. The fifth
group was treated with normal saline as control. 30min after administration of the
charcoal meal, animals of each individual group were killed and the movement of
charcoal from pylorus to caecum was measured. The charcoal movement in the intestine

was expressed as percentage.

Statistical Analysis
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For all the above experiments results were expressed as mean £SEM. Statistical
significance tests were performed using the students‘t’ test and p-values (Graph Pad

software) were calculated by comparison with control groups.

Results
Chemical Analysis
The results of the preliminary photochemical screening of methanolic extract of

Aegle mormelos corresponding root-bark have been presented in Table — 1.

Table-1: Phytochemical screening of Aegle marmelos Corr, -, absence; +, presence.

Test Methanol extract
Alkaloids +
Tannins +
sterols +
Carbohydrates +
Toxicity Study

From the toxicity study it was observed that the root-bark extract is non-toxic and
caused no death up to a dose of 3.2g/kg orally. It is safe and was used in doses for further
studies (Table - 2)

Table-2: Toxicity Study:

Treatment 5005’; \Sv”e]?éﬁg aﬁ?r.ng];s SLIJ\Ir%iSZS No. of deaths | LDsg, valve

Control | 270 tween 80 20 20 0 i
solution
MAMC 100 20 20 0 -
200 20 20 0 -
400 20 20 0 -
800 20 20 0 -
1600 20 20 0 -
>3.2g9/k
3200 20 20 0 body v?/eigh t
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MAMC: Methonolic extract of Aegle marmelos corr.

Inhibition of Castor-Oil Induced Diarrohea

The extract (MAMC) inhibited the frequency of defecation significantly, like
standard drug (diphenoxylate) as compared to control (2% aqueous tween 80 treated).
The wetness of fecal material also reduced by both the standard and extract (MAMC).

The results are shown in Table - 3.

Table-3: Inhibition of castor oil induced diarrhea.

Oral pretreatmerxeail;r(]igmin (mg/kg body Mean number of wet feces (mean £ SEM)
2% v/v aqueous tween 80(5) 27.2+2.01
Diphenoxylate(5) 10.8 +1.44°
MAMC(100) 21.3+1.63"
MAMC(200) 156 +1.17°
MAMC(400) 12.8+1.09°

2 P<0.001, ® p<0.01 as compared to control (n=6)

MAMC: Methanol extract of Aegle marmelos Corr.

Anti-Enteropooling Activity
PGE, induced a significant increase in the fluid volume of the rat as compared to

control animals receiving only ethanol in normal saline. The extract (MAMC)

significantly inhibited PGE, induced enteropooling in rats at almost all doses used (Table

- 4).

Table-4: Anti-enteropooling activity
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Treatment Volume of intestinal fluid P _ value
ml(mean + SEM)
Ethanol in saline 0.76 £0.13 -
PGE2 in ethanol 2.93+£0.19 <0.001°
MAMC(100mg/kg body weight) 1.84+0.11 <0.001°
MAMC(200mg/kg body weight) 1.22+0.12 <0.001°
MAMC(400mg/kg body weight) 1.07 £ 0.05 <0.001°

#significance with respect to ethanol in saline treatment

® with respect to PGE; treatment (n=6)

MAMC : methanol extract of Aegle marmelos corr.

Effect on Gastrointestinal Motility

The extract (MAMC) decreased propulsion of charcoal meal through the

gastrointestinal tract significantly with respect to the control group. The effect was

comparable to the standard drug. The results are shown in Table — 5.

Table-5: Effect on gastrointestinal motility

Treatment Dose (mg/kg body weight) | Movement of charcoal meal (%)
Control 2% aqueous tween 80 85.2+21
Atropine 0.1 40.6 +2.3°
MAMC 100 744 +25°
MAMC 200 65.6 +2.1°
MAMC 400 548 +2.3°

P-value calculated with respect to control group (n=6)

%p<0.001, ® p<0.02

MAMC: Methanol extract of Aegle marmelos Corr.

Discussion
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In developing countries a quarter of infant and childhood mortality is related to
the diarrhea (22). The highest mortality rates have been reported to be in children less
than five years of age. During the past decade oral dehydration therapy has reduced
mortality from acute diarrheal disease, where as chronic diarrhea remains a life-
threatening problem in those regions in which malnutrition is common co-existing and
complication factors number of factors, such as infective, immunological and nutritional
has been involved in the perpetuation of the diarrheal syndrome (23). Many plants
conveniently available in India are used in traditional folklore medicine for the treatment
of diarrhea and dysentery of the indigenous plants used, Andrographis Peniculata,
Asparagus racemosus, Butea monosperm, Cassia auriculata and other are mentioned
(24). Several studies have shown that prior administration with some plant extracts had
protective effect on the intestinal tract (25,26,27).

In the present study, methanol extract of root-bark of Aegle marmelos have not
been studied so far was evaluated for its anti-diarrhoeal potential against castor oil
induced diarrhea, gastro intestinal motility in charcoal meal test & PGE; induced
enteropooling in Albino Wistar rats.

The MAMC exhibited significant anti-diarrheal activity against castor oil induced
diarrhea in rats. The extract had a similar activity as diphenoxylate, when tested at 100,
200 & 400mg/kg and statistically significant reduction in the frequency of defecation and
the wetness of the fecal droppings when compared to untreated control rats.

It is widely known that castor oil or its active component ricinoleic acid induces
permeability changes in mucosal fluid and electrolyte transport that result in hyper
secretory response of diarrhea (28,29). The experimental studies in rat’s demonstrated a
significant increase in the portal venous PGE, concentration following oral
administration of castor oil (30). The recinoleic acid from castor oil results in irritation
and inflammation of the intestinal mucosa, leading to release of prostaglandins, which
stimulate motility and secretion (31). Inhibitors of prostaglandin biosynthesis delayed
castor oil induced diarrhea (19).

The MAMC significantly inhibited the PGE; induced intestinal fluid

accumulation (enteropooling). It has been shown that E type of prostaglandin cause
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diarrhoea in experimental animals as well as human beings (32). Their mechanism has
been associated with dual effects on gastrointestinal motility as well as on water and
electrolyte transport (33). PGE; also inhibit the absorption of glucose a major stimulus to
intestinal adsorption of water and electrolytes (34).

These observations tends to suggest that MAMC reduced diarrhea by inhibiting
PGE; induced intestinal accumulation of fluid.

The MAMC appears to act on all parts of the intestine. Thus it reduced the
intestinal propulsive movement in the charcoal meal treated model. The MAMC showed
activity similar to that of atropine. Previous study shows that activated charcoal avidly
absorbs drugs and chemicals on the surface of the charcoal particles there by preventing
absorption (35). Thus gastrointestinal motility test with activated charcoal was carried out
to find out the effect of MAMC on peristalsis movement. The results shows that the
MAMC suppressed the propulsion of charcoal meal thereby increased the absorption of
water and electrolytes.

Previous reports have demonstrated the antidiarrhoeal activity of tannins (36),
alkaloids (37), sterols and reducing sugars (38) containing plant extracts. The
phytochemical analysis of the extract showed presence of tannins, alkaloids sterols and

reducing sugar. These constituents may responsible for the antidiarrhoeal activity.

References

1. Snyder JD, Merson MH. The magnitude of the global problem of acute diarrhea
disease: A review of active surveillance of data. Bull WHO 1982;60:605-613.

2. Park K. Park’s text book of Preventive and Social Medicine. Banarsidas Bharat:
Publishers: Jabalpur, 2000:122-175.

3. Fontaine O. Diarrhea and treatment. Lancet 1988;28:1234-1235.

4. Aranda MJ, Gianella RA. Acute diarrhea: A practical review AM J Med
1999;106:670-676.

5. Pulok K. Mukherjee J, Das R. Balasubramanian, Kakali Saha, Pal M, Saha BP.
Antidiaraheal evaluation of Nelumba nueofera rhizome extract. Ind J Pharmcol
1995;27:262-65.



Pharmacologyonline 3: 1-14 (2007) Swamy et al.

10.

11.

12.

13.

14

15.

16.

17.

18.

Nadkarni AK. Dr. KM. Nadkarni’s Indian Materia Medica. Vol-1. Popular
Prakashan Company: Bombay: India, 1986:45.

Dymock WC.J, Warden H, David H. Pharmacographia indica. In: A history of
the principal drugs of vegetable Origin Met within British India. Vol-1. Kegan
paul: Trench Trubner and co. Ltd: London, 1890;277-281.

Kirtikar KR, Basu BD. ICS. Indian medicinal plants, 2" ed. International book
distributors: Dehradun:India, 1935:448-502.

Murugesa MKS. Materia Medica of Tamil system of medicine. Part-1. Tamil
Nadu Siddha Medical Board: Govt of Tamil Nadu: India, 1988:638-642.

Banerji N, Kumar R. Studies on the seed oil of Aegle marmelos and its effects on
some bacterial species. J Inst Chem. 1980;52: 59-60.

Pattnaik S, Subramanyam VR, Kale C. Antibacterial and antifungal activity of ten
essential oils In vitro. Microbios. 1996;86:237-46.

Rana BK, Singh UP, Taneja V. Antifungal activity and kinetics of inhibition by
essential oil isolated from leaves of Aegle marmelos. J Ethnopharmacol 1997;57:
29-34.

Ponnachan PTC, Paulose CS, Panikkar KR. Effect of leaf extract of Aegle
marmelos in diabetic rats. Ind J Exp Biol 1993;31:345-47.

. Singh RP, Banerjee S, Rao AR. Effect of Aegle marmelos on biotransformation

enzyme system and protection against free radical mediated damage in mice. J
Pharm Pharmacol 2000;52: 991-1000.

Haravey SK. A preliminary communation of the action of Aegle marmelos (Bael)
on heart. Ind J Med Res 1968;56:327-331.

Veerappan A, Shigeru MR, Dhananjayan A. Studies on the anti-inflammatory,
antipyretic and analgesic properties of the leaves of Aegle marmelos corr. J
Ethnopharmacol 2005; 96:159-163

Basu D, Sen R, Alkaloids and coumarins from root bark of Aegle marmelos.
Phytochem 1974;13:2329-30

Ghosh MN. Fundamental of Experimental Pharmacology. 2" ed. Scientific book
agency: Calcutta: India, 1984: 53.

10



Pharmacologyonline 3: 1-14 (2007) Swamy et al.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

Awouters F, Nimegeers CJE, Lenaerts FM, Janseen PAJ. Delay of castor oil
diarrhea in rats; a new way to evaluate inhibitors of PG synthesis. J Pharm
Pharmacol. 1978;30:41-45.

Mandal SC, Mukherjee PK, Saha K, Pal M, Saha BP. Antidiarrheal evaluation of
Ficus racemosa Linn. Leaf extract. J. Nat Prod Scn 1997;3(2):100-103.
Gunakkunra A, Padmanahan K, Thirumal P, et al. Antidiarrheal activity of Butea
monosperma in experimental animals. J Ethanopharmacol 2005;98(3):241-244.
Jousilahti P, Madkour SM, Lambrechts T, Sherwin E. Diarrheal disease morbidity
and home treatment practical in Egypt public health, 1997;111(1):5-10.

Galvez J, Sanchez De Medina F, Jimenez J, et al. A effect of quercitrin on
lactose- induced chronic diarrhea in rats. Plant Med 1995;61:302-306.

Chopra R.N, Nayar S.L and Chopra I.C. Glossory of Indian medicinal plants.
Countil of scientific and Industrial research, New Delhi, 1956.

Rani S, Ahamed N, Rajaram S, et al. Antidiarrheal evaluation of clerodendrum
phlomidis Linn. Leaf extract in rats. J. ethanopharmacol 1999; 68: 315-319,
Mujumdar AM, Upadhye AS, Misar AV. Studies on antidiarrhoeal activity of
Jatropha curcus root extract in albino mice. J Ethanopharmacol 2000;70:183-87.
Kumar S, Dewan S, Sangraula H, Kumar VL. Antidiarrhoeal activity of the latex
of Calotropis procera. J Ethanopharmacol. 2001;76:115-18.

Ammon HV, Thomas PJ, Phillips S. Effect of oleic and recinoleic acid on net
jejunal water and electrolyte movement. J Clin Inves 1974;53:374-379.

Gaginella TS, Stewart JJ, Ison WA, Base P. Actions of recinoleic acid and
structurally related fatty acid on gastrointestinal tract Il. Effect on H,O and
electrolyte absorption In Vitro. J Pharmacol Expt Ther 1975;195:355-361.
Luderer JR, Dermers IM, Hayes AT. Advances in prostaglandin and thromboxane
research: Raven press: New York, 1980;1633-1638.

Peirce NF, Carpenter CCJ, Ellioh HZ, Geenough WB. Effect of transmucosal
water and electrolyte movement in canine jejunum. Gastroenterol 1971;60:22-23.
Eakins KE, Sanner JM. Prostaglandins Antagonists, in Karim SMM(Ed),

prostaglandins progress in research: Wiley Interscience: New York, 1972;263-64.

11



Pharmacologyonline 3: 1-14 (2007) Swamy et al.

33.

34.

35.

36.

37.

38.

Dajani EZ, Roge EAN, Bertermann RE. Effect of E Prostaglandins, diphenoxylate
and morphine on intestinal motility In Vivo. Eur J Pharm 1975;34:105-13.

Jagge BM. Prostaglandins and serotonin. Non peptide diarrhoeagenic hormones.
World J Surg 1979;3:565-78..

Leves G. Gastrointestinal clearance of drugs with activated charcoal. New Eng J
Med 1982;307:676-78.

Mukherjee PK. Saha K. Murugesan T, et al.. Screening of antidiarrhoeal profile of
some plant extracts of a specific regions of west Bengal, India. J
Ethanopharmacol 1998:60:85-89.

Gricilda SF, Molly T. Study of antidiarrhoeal activity of four medicinal plants in
castor oil induced diarrhea. J Ethanopharmacol 2001;76: 73-76.

Otshudi AL, Vercruysse A, Foriers A. Contribution to the ethanobotanical,
phytochemical and pharmacological studies of traditionally used medicinal plants
in the treatment of dysentery and diarrhoea in Lomela area (DRC). J
Ethanopharmacol 2000; 71: 411-423

12



