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Diarrhea is one of the most common causes for thousands of deaths every year. Therefore, identification of new source of
antidiarrheal drugs becomes one of the most prominent focuses in modern research. Our aim was to investigate the antidiarrheal
and cytotoxic activities of methanolic extract of Maranta arundinacea linn. (MEMA) leaves in rats and brine shrimp, respectively.
Antidiarrheal effect was evaluated by using castor oil-induced diarrhea, enteropooling, and gastrointestinal motility tests at
200 mg/kg and 400 mg/kg body weight in rats where the cytotoxic activity was justified using brine shrimp lethality bioassay
at different concentrations of MEMA. The extract showed considerable antidiarrheal effect by inhibiting 42.67% and 57.75% of
diarrheal episode at the doses of 200 and 400 mg/kg, respectively. MEMA also significantly (p < 0.01) reduced the castor oil-
induced intestinal volume (2.14 + 0.16 to 1.61 + 0.12mL) in enteropooling test as well as intestinal transit (33.00 to 43.36%) in GI
motility test, compared to their respective control. These observed effects are comparable to that of standard drug loperamide
(5 mg/kg). On the other hand, in brine shrimp lethality test after 24 h, surviving brine shrimp larvae were counted and LDy,
was assessed. Result showed that MEMA was potent against brine shrimp with LD, value of 420 ug/mL. So the highest dose
of 400 ug/mL of MEMA was not toxic to mice. So these results indicate that bioactive compounds are present in methanolic extract
of Maranta arundinacea leaves including significant antidiarrheal activity and could be accounted for pharmacological effects.

1. Introduction pathological conditions, usually four major mechanisms are
responsible for pathophysiology in electrolyte and water
transportation, such as increasing of luminal osmolarity and
electrolyte secretion, decreasing of electrolyte absorption,

and acceleration of intestinal motility ultimately decreasing

Due to unhygienic livelihood condition, peoples of the third
world counties are very prone to several common diseases
including diarrhea. According to the World Health Organiza-

tion (WHO), diarrhea is the second leading reason of death
of children less than five years of age [1]. During diarrhea,
the normal bowel movement becomes changed, which results
in an increase in water content, volume, or frequency of
the stools [2]. The common reason for causing diarrhea is
gastrointestinal infection by various types of bacteria, virus,
and parasites. This infection can be spread out through food,
drinking water, and unhygienic environment. Besides other

of transition time [3].

Despite the efforts of international organizations to
control this disease, still the incidence of diarrhea is very
high [4]. Some antibiotics are used as antidiarrheal drug,
but these drugs sometimes show some adverse effects and
microorganisms are tend to develop resistance towards them
[5]. Therefore the search for safe and more effective agents
from plant origin has continued to be an important area
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of active research. However, plants have long been a very
important source of new drugs. Many plant species have been
screened for substances with therapeutic activity. For the
treatment of diarrhea, medicinal plants are a potential source
of antidiarrheal drugs [6]. Moreover, many international
organizations including WHO have encouraged studies per-
taining to the treatment and prevention of diarrheal diseases
using traditional medical practices [7-9]. At present, around
25% of drugs are isolated from plants and there are numerous
evidences available about the use of medicinal plants includ-
ing their pharmacological and biochemical properties [10].

Maranta arundinacea Linn. is a tropical and perennial
tuberous plant belonging to the family Marantaceae. Locally,
this plant is called arrowroot which contains more than 20%
of starch in its tubers. It increases digestion and used as
nourishing diet for convalescents, mainly in bowel illness.
Arrowroot is also popular in traditional medicine for its
demulcent properties [11, 12]. However, there are no available
medicinal claims about antidiarrheal activity and cytotoxicity
of this plant. That is why we are interested in examining the
antidiarrheal and cytotoxic activities of methanolic extract of
Maranta arundinacea L. leaves.

2. Materials and Methods

2.1. Plant Materials and Extract Preparation. Maranta arun-
dinacea L. leaves were collected from Saint Martin Island,
Bangladesh, and authenticated by the expert of Bangladesh
Forest Research Institute, Chittagong, Bangladesh (Voucher
number 5646). The leaves of Maranta arundinacea L. were
air dried at room temperature and ground into fine powder by
pulverization in electric grinder. The powder was successively
extracted in methanol (55-60°C) with occasional agitation
and then filtered through a cotton plug followed by Whitman
Filter Paper number 1. The solvent was evaporated under
vacuum at room temperature to yield semisolid extract. Then,
the methanolic extract of Maranta arundinacea L. (MEMA)
leaves was collected in Eppendorf tube and preserved in a
refrigerator at 4°C for further use.

2.2. Drugs and Chemicals. Castor oil (WELLs Heath Care,
Spain), 0.9% sodium chloride solution (normal saline)
(Orion Infusions Ltd., Bangladesh), charcoal meal (10% acti-
vated charcoal in 5% gum acacia), and loperamide (Square
Pharmaceuticals Ltd., Bangladesh) were used for antidiar-
rheal activity test, and dimethyl sulfoxide (DMSO) (Sigma-
Aldrich, USA) and sodium chloride (Sigma) were used for
cytotoxic activity test.

2.3. Experimental Animals. Long-Evans rats (95-100 g) were
collected from International Centre for Diarrheal Disease
and Research, Bangladesh (ICDDR, B), which were used as
the experimental model for investigation of the antidiarrheal
activity. All the animals housed under standard laboratory
condition at 25.0 + 2.0°C and 12h light: dark cycle, accli-
matized for 10 days before experiment. Standard diet and
water were provided constantly. All experiments on rat were
conducted in accordance with the National Institute of Health
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Guide for Care and Use of Laboratory Animal (Publication
Number 85-23, revised 1985).

2.4. Castor Oil-Induced Diarrhea in Rats. Rats of both sexes
(95-100 g) were fasted for 18 hours. The selected rats for castor
oil-induced diarrheal test were divided into four groups (n =
5). Group I was given normal saline (2mL/kg) orally as
control group and Group II received loperamide (5 mg/kg)
as standard group. Groups III-IV received MEMA (200 and
400 mg/kg b. wt. i.p., resp.). After 1h, all groups received
castor oil 1mL each orally. Then they were placed in cages
lined with adsorbent papers and observed for 4h for the
presence of characteristic diarrheal droppings. 100% was
considered as the total number of feces of control group [13].
The activity was expressed as % inhibition of diarrhea. The
percent (%) inhibition of defecation was measured using the
following formula:

Percent (%) inhibition of defecation

- )
B [(AAB)

] x 100,

where A is mean number of defecation time caused by castor
oil and B is mean number of defecation time caused by drug
or extract.

2.5. Castor Oil-Induced Enteropooling. Castor oil-induced
enteropooling test helps to determine the prevention of fluid
accumulation ability of extract. Here also rats of both sexes
(95-100g) were fasted for 18 hours. The selected rats for
this test were divided into four groups (n = 5). Group
I (controlled group) was given normal saline (2mL/kg)
orally while Group II (standard group) received loperamide
(5 mg/kg). The rest of the groups (Groups III-IV) received
MEMA (200 and 400 mg/kg b. wt. i.p. resp.). After 1h, all
groups received castor oil, 1 mL orally per animal. Two hours
later, all rats were sacrificed and the small intestine from the
pylorus to the caecum was isolated. The intestinal contents
were collected by milking into a graduated tube and their
volume was measured [14].

2.6. Gastrointestinal Motility Test. 'This test was done accord-
ing to the method of Mascolo et al. and Rahman et al. For
this test, selected rats were divided into four groups of five
rats in each. At first, 1 mL castor oil was given orally in every
rat of each group to produce diarrhea. After 1h, Group I
(control group) received saline (2mL/kg) orally. Group II
received standard drug (loperamide 5mg/kg b. wt. i.p) and
Groups II-IV (the rest of the two groups) received MEMA
(200 and 400 mg/kg b. wt. i.p. resp.). After 1h, all animals
received 1 mL of charcoal meal (10% charcoal suspension in
5% gum acacia) orally. One hour after following the charcoal
meal administration, all animals were sacrificed and the
distance covered by the charcoal meal in the intestine, from
the pylorus to the caecum, was measured and expressed as
percentage of distance moved [15, 16].

2.7. Brine Shrimp Lethality Bioassay. Brine shrimp lethality
bioassay was conducted for investigating the cytotoxicity of
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TABLE 1: Effect of MEMA leaves on castor oil-induced diarrhea in rats.

Total number

Group Treatment

% Inhibition of Total number of % Inhibition

of feces defecation diarrheal feces of diarrhea
Castor oil + Saline
I * %k . * ok .
@ mL/kg p.O) 18.18 £ 1.91 11.05 +£ 1.08
11 Castor oil + Loperamide 776 + 0.66™* 57.32 5.00 +0.33°" 54.75
(5 mg/kgi.p)
111 Castor oil + Leaves Extract 10 + 0.81°* 44.99 633+ 0.93"* 42,67
(200 mg/kgi.p)
Castor oil + Leaves Extract
v ** %
(400 mg/kg ip) 8 +1.52 55.99 5.79 £ 0.52 57.75

Values were expressed as mean + SEM. (n = 5). “p < 0.05, ** p < 0.01 when compared with control group (ANOVA followed by Dunnett’s ¢-test).

TaBLE 2: Effect of MEMA leaves on castor oil induced enterpooling in rats.

Group Treatment Weight of intestinal Volume of intestinal Inhibition (%)
content (g) content (mL)

I Castor oil + Saline (2 mL/kg p.o0) 3.22 +0.05*" 2.77 £0.23"" —

I Castor oil + Loperamide (5 mg/kgi.p) 1.84 + 0.44*" 1.57 £ 0.07** 42.58

111 Castor oil +Leaves extract (200 mg/kgi.p) 2.46 +0.08" 2.14 + 0.016" 30.33

v Castor oil + Leaves extract (400 mg/kgi.p) 1.92 + 0.03"* 1.61 +0.12** 40.16

Values were expressed as mean + SEM. (n = 5). " p < 0.05, “* p < 0.01 when compared with control group (ANOVA followed by Dunnett’s ¢-test).

MEMA. For this test, brine shrimps (Artemia salina) were
hatched in a round shaped vessel (1L), filled with sterile
artificial seawater (prepared using sea salt of sodium chloride
38gL™" and adjusted to pH 8.5 using 1N NaOH) with
continuous oxygen supply. After 48 h of hatching, the active
nauplii were identified and collected from clear part of the
vessel and used for the study. Twenty nauplii were withdrawn
through a glass capillary and transferred to each test tube
containing 4.5mL of brine solution. Then 0.5mL of the
extract solution(s) was added to each test tube and kept them
in room temperature for 24 h under light. After that time,
surviving larvae were counted. This experiment was done
along with control (vehicle treated), different concentrations
(50-800 pg/mL) [17].

2.8. Statistical Analysis. The results are presented as mean +
standard error of mean (SEM). The one-way ANOVA test
with Dunnett’s post hoc test was used to analyze and compare
the data using SPSS 11.5 software, while p < 0.05-0.001 were
considered as statistically significant.

3. Results

3.1. Castor Oil-Induced Diarrhea. In case of castor oil-
induced diarrheal test, the methanol extract of Maranta
arundinacea L. showed a marked antidiarrheal effect in the
rats (Table1). In both doses, 200 mg/kg and 400 mg/kg,
extract produced significant (p < 0.01) defecation. The leaves
extract doses of 200 mg/kg and 400 mg/kg decrease the total
amount of wet feces produced upon administration of castor
oil (6.33 + 0.93 and 5.79 + 0.52g) at doses 200 mg/kg and

400 mg/kg compared to the control group (5.00 + 0.33 g) at
the dose of 5 mg/kg.

3.2. Castor Oil-Induced Enteropooling. In this test, MEMA at
both of the 200 and 400 mg/kg doses produced significant
and dose dependent reduction in intestinal weight and
volume (Table 2). The leaves extract decreased intestinal
volume by 30.33% and 40.16% at doses 200 and 400 mg/kg,
respectively. The standard drug loperamide (5mg/kg) also
significantly inhibited (p < 0.01) the intestinal fluid accu-
mulation (42.58%).

3.3. Gastrointestinal Motility Test. The methanolic extract of
Maranta arundinacea L. lessened gastrointestinal distance
(101 + 2.82cm to 57.2 + 1.41 cm) traveled by the charcoal
meal in the rats noticeably compared with the control group.
Loperamide (5 mg/kg) produced a marked (46.53%) decrease
in the propulsion of charcoal meal through gastrointestinal
tract (Table 3).

3.4. Brine Shrimp Lethality Bioassay. The cytotoxicity activity
of methanolic extract of M. arundinacea leaves assayed by the
brine shrimp lethality bioassay test. The effect of the extract
was dose dependent. In this assay, at 50 ug/mL, MEMA
showed the lowest 5% of mortality where, at 800 ug/mL,
extract showed the highest 75% of mortality (Table 4). How-
ever, at 300 pg/mL concentration, % of mortality was only 20.
Overall LD5, of MEMA was 420 ug/mL. So, potent bioactive
compounds were present in the extract of M. arundinacea
leaves.
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TaBLE 3: Effect of MEMA leaves on small intestinal transition in rats.

Group Treatment Total length of intestine (cm)  Distance traveled by marker (cm)  Inhibition (%)

1 Castor oil + Saline (2 mL/kg p.o) 107.8 + 2.36 101 +2.82%*" —

I Castor oil + Loperamide (5 mg/kgi.p) 103.36 + 1.66 44 +0.077** 46.53

111 Castor oil + leaves extract (200 mg/kgi.p) 101.03 + 3.08™"" 67.6 + 2117 33.00

1\ Castor oil + Leaves extract (400 mg/kgi.p) 93.7 £2.61""" 572 + 1.41°"" 43.36

Values were expressed as mean + SEM. (n = 5). “p < 0.05, " p < 0.01 ***p < 0.001 when compared with control group (ANOVA followed by Dunnett’s

t-test).

TABLE 4: Cytotoxic effect of MEMA leaves on shrimp nauplii. Cyto-
toxicity effect of MEMA at various concentrations on the viability of
brine shrimp nauplii was examined after 24 hrs incubation.

Concentration (pug/mL) % of mortality LD;, (p#g/mL)

50 5

100 15

300 20 420
500 60

800 75

All values were the mean of three replicates.

4. Discussion

Traditionally, people use plant(s) or plant-derived prepara-
tions considering them to be eflicacious against diarrheal
disorders without any scientific basis [18]. These experimental
models were therefore employed to validate antidiarrheal
efficacy of methanolic extract of M. arundinacea leaves in the
current study.

Diarrhea can be described as the abnormally frequent
defecation of feces of low consistency which may be due
to a disturbance in the transport of water and electrolytes
in the intestines. Instead of the multiplicity of etiolo-
gies, (i) increased electrolytes secretion (secretory diarrhea),
(ii) increased luminal osmolarity (osmotic diarrhea), (iii)
deranged intestinal motility causing a decreased transit time,
and (iv) decreased electrolytes absorption may be responsible
for pathophysiology [19, 20]. Recent study claims that nitric
oxide in castor oil is responsible for the diarrheal effect,
although it is evidenced that ricinoleic acid produces diarrhea
through a hypersecretory response which is the most active
component of castor oil [21, 22]. There are several mecha-
nisms proposed to explain the diarrheal effect of castor oil
including inhibition of intestinal Na* K" ATPase activity,
consequently reducing normal fluid absorption [23, 24], acti-
vation of adenylate cyclase or mucosal cAMP-mediated active
secretion [25], and stimulation of prostaglandin formation
and platelet activating factor [15]. Usually castor oil is metab-
olized into ricinoleic acid in the gut, which causes irritation
and inflammation in the intestinal mucosa, resulting in the
release of inflammatory mediators (e.g., prostaglandins and
histamine). The released prostaglandins initiate vasodilata-
tion, smooth muscle contraction, and mucus secretion in the
small intestines. In experimental animals as well as in human

beings, prostaglandins of the E series are considered to be
good diarrheagenic agents.

Our study showed that the overall antidiarrheal study
reveals the dose dependent activity. In our study, MEMA
leaves showed significantly reduced amount of feces in castor
oil-induced rat by 44.99% and 55.99% at the doses of 200
and 400 mg/kg, respectively, and % inhibition of diarrhea was
42.67 and 57.57 at 200 and 400 mg/kg, respectively. Moreover,
our results directly demonstrate an inhibition of castor oil-
induced enteropooling with reduction of the weight and
volume of intraluminal contents by 30.33% and 40.16% at
200 and 400 mg/mL, respectively. These results suggest that
leaves of M. arundinacea contain antidiarrheal components.
Also, from these results, it can be predicted that reduction
of water and electrolytes secretion into the small intestine
may enhance electrolyte absorption from the intestinal lumen
consistent with inhibition of hypersecretion [26]. Besides dif-
ferent pathophysiological conditions of diarrhea, hypermotil-
ity characterizes diarrhea where the secretory component is
not the causative factor [27]. Castor oil produces ricinoleic
acid leading to irritation, inflammation of intestinal mucosa,
and ultimately diarrhea. At this condition, prostaglandins
stimulate gastrointestinal motility and secrete water and
electrolytes. It is also well established that loperamide inhibits
diarrhea induced by castor oil and charcoal passage test
is used to determine the effect of test substance on gut
motility [10]. In gastrointestinal motility, MEMA suppressed
the propulsive movement or transit of charcoal meal through
the gastrointestinal tract which demonstrates that the leaves
extract may be able to reduce the frequency of stool in
diarrheal conditions.

Previous report on the phytochemical screening on M.
arundinacea leaves has shown that alkaloids, tannin, cardiac
glycosides, steroids, and saponins are absent but phenols and
flavonoids are significantly present [28]. It was reported that
flavonoids and polyphenols were responsible for the antidiar-
rheal activity properties [29]. However, previous studies also
have shown that flavonoids have ability to inhibit intestinal
motility and water and electrolytes secretion [30]. Moreover,
in vivo and in vitro tests have also shown that flavonoids are
able to inhibit prostaglandin E2 induced intestinal secretion
and spasmogens induced contraction and also inhibit release
of prostaglandins and autocoids [29]. Thereby, flavonoids as
the inhibitors of prostaglandins biosynthesis are considered
to delay castor oil-induced diarrhea [31]. Polyphenols also
can show antidiarrheal property by interacting and inhibiting
cytochrome P450 systems [32]. So, the antidiarrheal activity
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of the methanolic extract of the leaves of M. arundinacea
could therefore be due to the presence of flavonoids and
phenols.

The brine shrimp lethality test was considered as a con-
venient probe for primary assessment of toxicity, detection of
fungal toxins, heavy metals, and pesticides, and cytotoxicity
testing of dental materials. It can also be extrapolated for cell-
line toxicity and antitumor activity [17, 32]. MEMA was also
assessed for its cytotoxicity using a sensitive in vitro brine
shrimp lethality bioassay (Table 4). LD, value of the extract
was 420 pg/mL. From this result, it can be well predicted
that the M. arundinacea extracts do not have considerable
cytotoxic activity.

5. Conclusion

The findings of the present study provide convincing evidence
that methanolic extract of M. arundinacea (MEMA) leaves
possesses remarkable antidiarrheal activity but has slight
cytotoxic effect. Antidiarrheal effect is rapid, long lasting,
and statistically significant at both 200 and 400 mg/kg doses.
Determination of antidiarrheal effect in other models as
well as the effect on gut motility may give a clear idea
about the mechanism(s) of antidiarrheal activity. However,
further chemical and pharmacological studies are required
to isolate the bioactive compounds and elucidate the precise
mechanisms responsible for the observed pharmacological
activities of this plant.

Conflict of Interests

The authors declare that there is no conflict of interests.

Acknowledgments

The authors wish to thank Dr. Shaikh Bokhtear Uddin,
Associate Professor, Department of Botany, University of
Chittagong, for identification of the plant. The authors are
also grateful to the authority of International Centre for
Diarrhoeal Disease and Research, Bangladesh (ICDDR, B),
for providing the experimental rats.

References

[1] WHO, Diarrheal Disease: Fact Sheet, 2009, http://www.who.int/
mediacentre/factsheets/fs330/en/index.html.

[2] R. L. Guerrant, T. Van Gilder, T. S. Steiner et al., “Practice
guidelines for the management of infectious diarrhea,” Clinical
Infectious Diseases, vol. 32, no. 3, pp. 331-351, 2001.

[3] G.D. Lutterodt, “Inhibition of microlax-induced experimental
diarrhoea with narcotic-like extracts of Psidium guajava leaf in
rats,” Journal of Ethnopharmacology, vol. 37, no. 2, pp. 151-157,
1992.

[4] M. Kouitcheu, B. Penlap, J. Kouam, B. Ngadjui, Z. Fomum, and
E Etoa, “Evaluation of antidiarrhoeal activity of the stem bark
of Cylocodiscus ganbunensis (Mimosaceae),” African Journal of
Biotechnology, vol. 5, no. 11, pp. 1062-1066, 2006.

[5] H. Knecht, S. C. Neulinger, F. A. Heinsen et al., “Effects of j3-
lactam antibiotics and fluoroquinolones on human gut micro-
biota in relation to Clostridium difficile associated diarrhea,”
PLoS ONE, vol. 9, no. 2, Article ID 89417, 2014.

[6] R. Maikere-Faniyo, L. Van Puyvelde, A. Mutwewingabo, and
E X. Habiyaremye, “Study of Rwandese medicinal plants used
in the treatment of diarrhoea I, Journal of Ethnopharmacology,
vol. 26, no. 2, pp. 101-109, 1989.

[7]1 J. D. Snyder and M. H. Merson, “The magnitude of the
global problem of acute diarrhoeal disease: a review of active
surveillance data,” Bulletin of the World Health Organization,
vol. 60, no. 4, pp. 605-613, 1982.

[8] G.D. Lutterodt, “Inhibition of gastrointestinal release of acetyl-
choune byquercetin as a possible mode of action of Psidium
guajava leaf extracts in the treatment of acute diarrhoeal
disease,” Journal of Ethnopharmacology, vol. 25, no. 3, pp. 235-
247,1989.

[9] K. Park, Park’s Textbook of Preventive and Social Medicine, M/S
Banarsidas Bharat Publishers, Jabalpur, India, 2000.

[10] S.E.Bahekar and R. S. Kale, “Antidiarrheal activity of ethanolic
extract of Manihot esculenta Crantz leaves in Wistar rats,”
Journal of Ayurveda and Integrative Medicine, vol. 6, no. 1, pp.
35-40, 2015.

[11] M. N. Madineni, S. Faiza, R. S. Surekha, R. Ravi, and M.
Guha, “Morphological, structural, and functional properties of
maranta (Maranta arundinacea L) starch,” Food Science and
Biotechnology, vol. 21, no. 3, pp. 747-752, 2012.

[12] Arrowroot, Pure, 2010, http://www.frontiercoop.com/products
.php?ct=spicesaz&cn=Arrowroot%2C%20Pure.

[13] M. Abdullahi, G. Muhammad, and N. U. Abdulkadir, Combre-
taceae. Medicinal and Economic Plants of Nupeland, Jube Evans
Books and Publications, Bida, Nigeria, 2003.

(14] J. M. Sini, I. A. Umar, K. M. Anigo, I. Stantcheva, E. N.
Bage, and R. Mohammed, “Antidiarrhoeal activity of aqueous
extract of Combretum sericeum roots in rats,” African Journal of
Biotechnology, vol. 7, no. 17, pp. 3134-3137, 2008.

[15] N. Mascolo, A. A. Izzo, G. Autore, F. Barbato, and E. Capasso,
“Nitric oxide and castor oil induced diarrhea,” Journal of
Pharmacology and Experimental Therapeutics, vol. 268, no. 1, pp.
291-295, 1994.

[16] M. M. Rahman, A. M. T. Islam, M. A. U. Chowdhury, M. E.
Uddin, and A. Jamil, “Antidiarrheal activity of leaves extract
of Microcos paniculata Linn in mice,” International Journal of
Pharmacy, vol. 2, no. 1, pp. 21-25, 2012.

(17] B. N. Meyer, N. R. Ferrigni, J. E. Putnam, L. B. Jacobsen, D.
E. Nichols, and J. L. Mclaughlin, “Brine shrimp: a convenient
general bioassay for active plant constituents,” Planta Medica,
vol. 45, no. 5, pp. 31-34, 1982.

[18] A. H. Atta and S. M. Mouneir, “Evaluation of some medic-
inal plant extracts for antidiarrhoeal activity, Phytotherapy
Research, vol. 19, no. 6, pp. 481-485, 2005.

[19] G. A. Agbor, T. Léopold, and N. Y. Jeanne, “The antidiar-
rhoeal activity of Alchornea cordifolia leaf extract,” Phytotherapy
Research, vol. 18, no. 11, pp. 873-876, 2004.

[20] S. Umer, A. Tekewe, and N. Kebede, “Antidiarrhoeal and
antimicrobial activity of Calpurnia aurea leaf extract} BMC
Complementary and Alternative Medicine, vol. 13, article 21, 5
pages, 2013.

[21] L. C. Racusen and H. J. Binder, “Ricinoleic acid stimulation of
active anion secretion in colonic mucosa of the rat,” Journal of
Clinical Investigation, vol. 63, no. 4, pp. 743-749, 1979.



(22]

(24

[25

(26]

(27]

[30]

(31]

C. Vieira, S. Evangelista, R. Cirillo, A. Lippi, C. A. Maggi, and
S. Manzini, “Effect of ricinoleic acid in acute and subchronic
experimental models of inflammation,” Mediators of Inflamma-
tion, vol. 9, no. 5, pp. 223-228, 2000.

E. Capasso, N. Mascolo, A. A. Izzo, and T. S. Gaginella,
“Dissociation of castor oil-induced diarrhoea and intestinal
mucosal injury in rat: effect of N(G)-nitro-L-arginine methyl
ester;” British Journal of Pharmacology, vol. 113, no. 4, pp. 1127-
1130, 1994.

M. Z.Imam, S. Sultana, and S. Akter, “Antinociceptive, antidiar-
rheal, and neuropharmacological activities of Barringtonia
acutangula,” Pharmaceutical Biology, vol. 50, no. 9, pp. 1078-
1084, 2012.

A. Pinto, G. Autore, N. Mascolo et al., “Time course of PAF
formation by gastrointestinal tissue in rats after castor oil
challenge,” Journal of Pharmacy and Pharmacology, vol. 44, no.
3, pp. 224-226, 1992.

S. Shah, “Evaluation of diarrhea: the challenge continues! Part-
1 Indian Journal of Medical Sciences, vol. 58, no. 2, pp. 75-78,
2004.

H. R. Chitme, R. Chandra, and S. Kaushik, “Studies on anti-
diarrhoeal activity of Calotropis gigantea R.Br. in experimental
animals,” Journal of Pharmacy and Pharmaceutical Sciences, vol.
7, no. 1, pp. 70-75, 2004.

Y. Vaghasiya, R. Dave, and S. Chanda, “Phytochemical anal-
ysis of some medicinal plants from western region of India,”
Research Journal of Medicinal Plant, vol. 5, no. 5, pp. 567-576,
2011.

K. Dosso, B. B. N'guessan, A. P. Bidie et al., “Antidiarrhoeal
activity of an ethanol extract of the stem bark of Piliostigma
reticulatum (Caesalpiniaceae) in rats,” African Journal of Tradi-
tional, Complementary and Alternative Medicines, vol. 9, no. 2,
pp. 242-249, 2011.

G. Di Carlo, G. Autore, A. A. Izzo et al., “Inhibition of intestinal
motility and secretion by flavonoids in mice and rats: structure-
activity relationships,” Journal of Pharmacy and Pharmacology,
vol. 45, no. 12, pp. 1054-1059, 1993.

S. Brijesh, P. Daswani, P. Tetali, N. Antia, and T. Birdi, “Studies
on the antidiarrhoeal activity of Aegle marmelos unripe fruit:
validating its traditional usage,” BMC Complementary and
Alternative Medicine, vol. 9, article 47, 12 pages, 2009.

J. E. Anderson, C. M. Goetz, J. L. McLaughlin, and M. A.
Suffness, “A blind comparison of simple bench-top bioassays
and human tumour cell cytotoxicities as antitumor prescreens,’
Phytochemical Analysis, vol. 2, no. 3, pp. 107-111, 1991.

Advances in Pharmacological Sciences



g - s\ | The Scientific Autoimmune
“Tropical M ienti World Journal Diseases

Anesthesiology
Research and Practice

Hindawi

Submit your manuscripts at
http://www.hindawi.com

Advances in
Pharmacological
Sciences

MEDIATORS )

INFLAMMATION [ IS N O TSk
PO <w e B < \'f

b/

Journal of

Addiction Research and Treatment

et -

Emergency Medicine Paln
International Research and Treatment

Journal of

\[acciniés
-

Biof\/\ed Journal of : - - of ‘
Research International Pharmaceutics Drug Delivery




