American Journal of

Biomedical Sciences

ISSN: 1937-9080
nwpii.com/ajbms

In Vivo Antidiarrheal and Cytotoxic Potential of Different Fractions of
Pandanus Foetidus Leaves

Abu Mohammed Taufiqul Islam®, Muhammad Erfan Uddin?, Md. Asharf Uddin Chowdhury?,
Md. Mominur Rahman?, Md. Razibul Habib®, Md. Atiar Rahman**

! Department of Systems Immunology, College of Biomedical Science, Kangwon National
University, Chuncheon, Gangwondo, Korea 200-701.

“Department of Pharmacy, International Islamic University Chittagong, Bangladesh.

® Superintendent of Drugs, Directorate General of Drug Administration, Bangladesh.

* Department of Biochemistry and Molecular Biology, University of Chittagong.

“Corresponding author:

M. Atiar Rahman PhD,

Assistant Professor, Department of Biochemistry and Molecular Biology

University of Chittagong

Chittagong-4331, Bangladesh

Tel:+88-31-2606001-10, Extn-4334

Fax:+88-31-726310

E-mail: atiarh@yahoo.com

Received: 22 April 2013; | Revised: 20 July 2013; | Accepted: 31 July 2013

Abstract

This study investigated the antidiarrheal and cytotoxic effects of methanol, petroleum ether, chloroform
and aqueous fractions of Pandanus foetidus leaf extract. Antidiarrheal effect was measured in castor oil
induced- diarrhea, -enteropooling and -gastrointestinal motility (GI) test models in albino mice. Cytotoxicity
was investigated in brine shrimp lethality bioassay. All data were analyzed by the software, statistical
package for social science (SPSS), Version 18.0. The extracts (200 mg/kg) showed a remarkable
antidiarrheal activity by reducing the number of defecation and maintaining the consistency of feces. The
petroleum ether, chloroform and aqueous fraction of the extract significantly (p < 0.05) inhibited the
diarrheal incidence at the dose of 200 mg/kg. Castor oil induced enteropooling and fluid accumulation was
significantly reduced by methanol and chloroform fraction, whereas gastrointestinal motility was shrunk by
the aqueous fraction only. Loperamide was used as a reference drug in the above mentioned models. In
cytotoxicity test, the lowest LCsowas found to be 106.97 pg/ml by the chloroform fraction of the extract. The
results demonstrated that Pandanus foetidus extract could be used as pharmaceutical preparation of anti-
diarrheal and cytotoxic agent obtained from appropriate solvent system.

Keywords: Antidiarrheal activity; castor oil; enteropooling; intestinal transit; cytotoxicity; Pandanus
foetidus.
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1. Introduction

Pandanus foetidus Roxb. (Pandanaceae),
locally known as kewa kata, Keora, Keurikanta or
Kewakanta, a common hedge-plant with no
proper stem, grows throughout Bangladesh,
mainly in the coastal region of the mangrove
forest, Sundarban [1] and Chittagong. Leaves of
this plant are used in leprosy, small pox, syphilis,
scabies and heart and brain diseases [2, 3].
Leaves and spadix are also used in diabetes [3].
Methanol extract of P. fotetidus leaves was found
to show potential depressant effect on the central
nervous system by interfering the cortical
function in mice. Essential oil of P. foetidus is
also used as perfumery as well as medicinal
sources [4]. As a part of our ongoing
investigation on medicinal plants of Bangladesh,
we reported here the antidiarrheal and cytotoxic
activities of P. foetidus leaf extract.

2. Materials and methods

2.1. Chemical and reagents

Petroleum ether (99%), chloroform (99.5%)
and methanol (99.5%) were purchased from
Sigma-Aldrich (India). Loperamide  (Square
Pharmaceuticals Ltd., Bangladesh), castor oil
(WELL’s Heath Care, Spain), normal saline
solution (0.9% NaCl) and charcoal meal (10%
activated charcoal in 5% gum acacia) were
used in animal model study.

2.2 Plant material

Pandanus foetidus leaves were collected
from the local forest of Chittagong district,
Bangladesh in the months of August-September,
2012 and were authenticated by Dr. Sheikh
Bokhtear  Uddin, Taxonomist and Associate
Professor, Department of Botany, University of
Chittagong, Chittagong-4331, Bangladesh. A
voucher specimen (K 4031) of the plant sample
has been preserved in Bangladesh National
Herbarium for future reference.

2.3 Preparation of crude extract
The collected plant samples were washed
thoroughly with water, chopped and air dried for

a week at 35-40°C to pulverize by electric
grinder (Miyako 3 in one grinder, China). The
obtained powder (500 @) was soaked into
methanol at room temperature (25 + 2°C) for 10
days with a two days interval. The extracts were
filtered (Whatman No. 1) and concentrated to
dryness in vacuo using rotary evaporator (RE200,
Bibby Sterling, UK) under reduced pressure
below 50°C. The powdered extract 23 g,
blackish-green, yield 4.6 % w/w) was preserved
at 4°C for further use.

2.4. Fractionation of crude extract

Crude extract was further fractionated by
petroleum ether, chloroform, methanol and water
using separation funnel. The fractions were
designated as petroleum ether fraction (PFPE),
chloroform fraction (PFCH), methanol fraction
(PFME) and aqueous fraction (PFAQ) for further
analysis.

2.5. Experimental animals

Six-week-old Swiss Albino mice weighing
20-25 g were obtained from the animal house of
the International Centre for Diarrheal Disease and
Research, Bangladesh (ICDDR, B). The animals
were housed under standard laboratory conditions
(relative humidity 55-60%, room temperature 23
+ 2°C and 12 h light: dark cycle). During the
entire period of study the animals were caged
individually and supplied with a standard pellet
diet and water ad libitum. All animal
experimentations were maintained and carried out
with the guidelines of Institutional Animal Ethics
Committee (IAEC, Reference no IIUC/AE 03).

2.6. Castor oil induced diarrhea

The experiment was carried out according to
the method described by Awouters et al. [5].
Mice were fasted for 18 hrs before the test with
free access to water and randomly divided into
six groups’ five animals in each group. Group I
was treated as control (saline 2 mi/kg bw, i.p.),
Group 1l received standard drug (loperamide, 5
mg/kg bw, i.p.) and Group Il1-VI received PFPE,
PFCH, PFME and PFAQ (200 mg/kg bw, i.p.).
One hr later, castor oil was administered orally to
these animals to induce diarrhea. The mice were
then housed individually in cages lined with
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white blotting paper. The papers were changed
every hour. The total number of both dry and wet
feces excreted was counted every hour for a
period of 4 h and compared with the control
group. The total number of diarrheal feces of the
control group was considered 100%. A numerical
score based on stool consistency was assigned as
follows: normal stool =1, semisolid stool =2 and
watery stool =3. Percent inhibition (PI) was
calculated as follows:

Pl=
Mean defecation (control group-treated group) X 100

Mean defecation of control

2.7 Castor oil induced enteropooling

Intraluminal ~ fluid accumulation  was
determined by the method of Robert et al. [6].
18 hrs fasted mice were divided into six groups
five animals in each group. Group | served as
control (saline 2 ml/kg bw, i.p.), Group Il
received standard drug (loperamide 5 mg/kg bw
i.p.) and Group IlI-VI received PFPE, PFCH,
PFME and PFAQ (200 mg/kg bw, i.p.). After one
hr, castor oil was administered orally to these
animals to induce diarrhea. Two hrs later, the
mice were sacrificed by overdose 100-120
mg/kg of chloroform anesthesia, and the small
intestine was ligated both at the pyloric
sphincter and at the ileocecal junctions and
dissected out. The small intestine was weighed.
The intestinal contents were collected by milking
into a graduated tube and the volume was
measured. The intestines were reweighed and the
differences between full and empty intestines
were calculated.

2.8 Castor oil induced gastrointestinal motility

This experiment was carried out by the
method described by Mascolo et al. [7]. Mice
were fasted for 18 hrs and divided into six
groups of five animals each group. Castor oil
was administered orally to these animals to
induce diarrhea. One hour later, Group | received
saline 2 ml/kg bw, i.p. Group Il received
standard drug (loperamide 5 mg/kg bw, i.p.) and
Group I11-VI received PFPE, PFCH, PFME and
PFAQ (200 mg/kg bw, i.p.). After one hour, all

treated animals received 1 ml of charcoal meal
(10% charcoal suspension in 5% gum acacia)
orally. In the next hour, the animals were
sacrificed by overdose 100-120 mg/kg of
chloroform anesthesia and the distance traveled
by the charcoal meal from pylorus to caecum was
measured and expressed as a percentage of
the total distance of the intestine.

2.9. Acute Toxicity Test

Wistar albino mice maintained under
standard laboratory condition were used for acute
toxicity study. A total of five animals received a
single oral dose (0.5, 1.0, 1.5, and 2.0 g/kg BW)
of the extract. Animals were kept over-night
fasting  prior to  administration.  After
administration of the extract, food was withheld
for further 3 to 4 h. Animals were observed
individually once during the first 30 min after
dosing, periodically during the first 24 h (with
special attention during the first 4 h) and daily
thereafter for a period of 14 days for delayed
toxicity. Once daily cage side observation
including changes in skin and fur, eyes and
mucous membrane, respiratory and circulatory
rate, autonomic and CNS changes were observed
[8]. The effective therapeutic dose was taken 200
mg/kg BW as one tenth of the median lethal dose
(LD50 >2.0 g/kg) [9].

2.10 Brine shrimp lethality assay for
cytotoxicity

Brine shrimp lethality bioassay was used to
determine the cytotoxic potential of the fractions
of the extract [10, 11]. Brine shrimp (Artemia
salina) eggs were collected from local aquarium
shop (Dhaka, Bangladesh) and hatched in
artificial seawater (3.8% NacCl solution) for 48 hr
to have the grown-up shrimps called nauplii at
37°C temperature with continuous oxygen
supply. Stock solutions of the sample were
prepared by dissolving required amount of plant
material in specific volume of dimethyl sulfoxide
(DMSO). Four ml of seawater was given to each
of the vials. Then specific volume of sample was
transferred from the stock solution to the vials to
attain the concentrations of 50, 100, 300, 500,
800 pg/ml. A vial containing same volume of
DMSO (as in the sample vials) was used as a
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control. Vincristine sulfate (Merck, Germany)
was used as positive control. With the help of a
Pasteur pipette 20 living nauplii were put into the
vials. After 24 hr the vials were observed and the
number of living nauplii in each vial was
counted. The percentage of mortality of Brine
Shrimp nauplii  was calculated for each
concentration of the extract.

3. Statistical analysis

All results are shown as average + SEM.
Data were statistically analyzed by one-way
analysis of variance (ANOVA) followed by post
hoc Dunnett’s test using Statistical Package for
Social Science (SPSS software, Version 18.0,
IBM Corporation, NY). Values with p < 0.05
were considered as statistically significant.

4. Results

4.1 Castor oil induced diarrhea

Diarrhea appeared in all control animals
after 1 hour of castor oil administration.
Significant (p<0.05) inhibition of diarrheal
effects was produced by the ingestion of four
different fractions of P. foetidus extract. The
fractions PFPE and PFAQ showed the maximum
inhibitions 78.92% and 81.61% at the dose of 200
mg/kg. These inhibitions were even higher than
those of the reference antidiarrheal agent
loperamide (5 mg/kg). A moderate but significant
inhibition was as well achieved by another
fraction PFCH, while PFME showed no
significant antidiarrheal effect (Table 1).

Table 1 Effect of four different fractions of P. foetidus extract on castor oil induced diarrhea in mice.

Grou Treatment Dose Total % Total number %
p number of  inhibition of diarrheal inhibition
feces of feces of
defecation diarrhea
I Castor oil + Saline 2 ml/kg 15.66 £ 0.88 - 12.67 £1.20 -
I Castor oil + LPM 5 mg/kg 7.76 £ 1.15° 50.44° 5.00 + 0.58° 60.53
i Castor oil + PFME 200 mg/kg 9.67 +0.29° 38.25° 6.00 + 0.5 52.64°
\Y Castor oil + PFPE 200 mg/kg 5.00 + 1.00° 68.07" 2.67+1.25° 78.92°
\% Castor oil + PFCH 200 mg/kg 8.00 + 1.00° 48.91° 5.00 + 0.52° 60.54°
VI Castor oil + PFAQ 200 mg/kg 3.50 + 1.25¢ 77.65" 2.33+1.04 81.61°

LPM= Loperamide, PFME= methanol fraction, PFPE= petroleum ether fraction, PFCH = chloroform fraction,
PFAQ=aqueous fraction. Data are shown as Mean + SEM of five animals in each group. Values with superscript
letters*® are significantly (p < 0.05) different from each other. Data were analyzed by one-way ANOVA followed by
Tukey’s post hoc test (SPSS, Version 18.0) for multiple comparisons.

4.2 Castor oil induced enteropooling

Castor oil caused accumulation of water and
electrolytes in intestinal loop. Administration of
200 mg/kg of PFPE, PFCH, PFME and PFAQ

fractions produced a significant (p< 0.05)
reduction compared to the reference antidiarrheal
agent loperamide (5 mg/kg) in intestinal weight
and volume (Table 2). Antidiarrheal effects of all
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the fractions were close to each other in castor oil
induced enteropooling method.

4.3 Castor oil induced gastrointestinal motility

Pandanus foetidus extract reduced the
gastrointestinal distance travelled by the
charcoal meal in animals at the dose of 200

mg/kg. Among the four fractions, PFAQ
produced the highest reduction (43.49%) of
gastrointestinal motility which was significant (p
< 0.05) compared to positive control loperamide
(5 mg/kg) producing a marked decrease in the
propulsion  of  charcoal meal through
gastrointestinal tract (Table 3).

Table 2 Effect of four different fractions of P. foetidus extract on castor oil induced enteropooling in mice.

Grou Treatment Dose Volume of Weight of % Inhibition
p intestinal intestinal of intestinal
content (ml) content (g) content
| Castor oil + 2 ml/kg 0.67 £0.04 1.76 £ 0.03
Saline
I Castor oil + 5 mg/kg 0.48 + 0.04° 1.18 + 0.04° 32.95°
LPM
I Castor oil + 200mg/kg  0.30+0.05°  0.68+0.08" 61.36"
PFME
v Castor oil + 200 mg/kg 0.4 +£0.05° 0.85 + 0.09° 51.70°
PFPE
\Y Castor oil + 200 mg/kg  0.35+0.02  0.67 +0.05 61.93¢
PFCH
VI Castor oil + 200 mg/kg  0.37+£0.03*  0.76 +£0.02° 56.8°
PFAQ

LPM=Loperamide, PFME= methanol extract, PFPE= petroleum ether extract, PFCH = chloroform extract,
PFAQ=aqueous extract. Data are shown as Mean + SEM of five animals in each group. Values with superscript
letters*® are significantly (p < 0.05) different from each other. Data were analyzed by one-way ANOVA followed by
Tukey’s post hoc test (SPSS, Version, 18) for multiple comparisons.

44 Brine shrimp lethality assay for
cytotoxicity

In brine shrimp lethality bioassay, the tested
fractions showed a concentration dependent
mortality of freshly hatched nauplii. All the
fractions except PFCH (at 500 pg/ml) achieved
100% mortality at the concentration of 800
ug/mL (Figure 1) . PFCH was found to be the
most toxic to observe the order of toxicity as
PFCH > PFME > PFAQ > PFPE, indicating that

PFCH possessed the lowest LCsq value, 106.97
pg/ml (Table 4).

5. Discussion

Different fractions of P. foetidus leaf
extract was evaluated for antidiarrheal effect in
castor oil induced intestinal motility,
intraluminal  fluid accumulation as well as
frequency of defecation. Usually diarrhea is
considered as a consequence of altered motility
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and fluid accumulation in intestinal tract.
Diarrhea can be induced by castor oil through the
production of active metabolite ricinolic acid
[12]. Ricinolic acid increases peristaltic activity
and produces permeability changes in the
intestinal mucosal membrane to electrolytes and
water. More precisely, castor oil elevates the

biosynthesis of prostaglandin [5, 13, 14] which
results in irritation and inflammation of the
intestinal mucosa to stimulate the motility and
secretion [14-16]. Castor oil model, therefore,
incorporates both secretory and motility diarrhea
[17].

Table 3 Effect of four different fractions of P. foetidus extract on charcoal induced gut transit changes

in mice.

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

(cm)
I Castor oil + 2ml/kg 59.60+0.83 54.43 + -
Saline 0.87
I Castor oil + 5mg/kg 60.60 +£1.13 32.37 % 40.52
LPM 2.15°
Il Castor oil + PFME 200 mg/kg 52.60 + 2.20 40.30 £ 25.96
1.00°
v Castor oil + PFPE 200 mg/kg  57.00 £ 1.52 43.65 19.81
0.83
\ Castor oil + PFCH 200 mg/kg  55.00 + 2.50 35.45bi 34.87
5.60
VI  Castor oil + PFAQ 200 mg/kg 51.00+0.80 30.76 + 43.49
0.37°

LPM=Loperamide, PFME= methanol extract, PFPE= petroleum ether extract, PFCH =
PFAQ=aqueous extract. Data are shown as Mean + SEM of five animals in each group. Values with superscript
letters®® are significantly (p < 0.05) different from each other. Data were analyzed by one-way ANOVA followed by
Tukey’s post hoc test (SPSS, Version 18.0) for multiple comparisons.

Table 4 Cytotoxic potential of four different fractions of P. foetidus leaves.

chloroform extract,

Regression
Extracts Regression Line coefficient L Cso (ng/ml)
PFME Y=66.138X-102.82 R°=0.9125 242.83 £1.97
PFPE Y=15.709X-12.009 R?=0.9739 4842.87 £2.11
PFCH Y= 65.388X-83.055 R?=0.9766 106.97 + 1.56
PFAQ Y=51.159X-76.532, R?=0.6193 1320.45 + 2.05
VS Y=52.692X-51.542 R?=0.9979 0.76+ 0.04 Ig/ml

PFME= methanol extract, PFPE= petroleum ether extract, PFCH = chloroform extract, PFAQ=aqueous extract,
VS=Vincristine sulfate. Data are shown as Mean + SEM of five animals in each group.
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Figure 1 Mortality of the Brine shrimps by the treatment of PFME= methanol extract, PFPE= petroleum ether extract,
PFCH = chloroform extract, PFAQ=aqueous extract, VS=Vincristine sulfate (standard cytotoxic agent).

The use of plant-derived medicines for the
treatment of diarrhea is a common practice in
many folk medications. Many people in the
developing countries still rely on the treatment
system employing medicinal plants [18].
Relevantly, different fractions of P. foetidus leaf
used in our study were found to be significantly
antidiarrheal in castor oil induced changes of
gastrointestinal tract. However, PFAQ and PFPE
of the extract displayed the highest inhibitory
action in the antidiarrheal models. The
abovementioned function needs to be clarified
with the possible mechanism how the extract
works for exerted effects so that the plant species
can be used for antidiarrheal formulation.

As we discussed the central role of
prostaglandin to cause diarrhea, several other
mechanisms had been previously proposed to
explain the diarrheal effect of castor oil
which include inhibition of intestinal Na+ K+
ATPase activity, thus reducing normal fluid
absorption [17]. It is possible that the P. foetidus
fractions were able to inhibit electrolyte
permeability due to castor oil and prostaglandins
release [19]. Suppression of the intestinal fluid
accumulation by the extract might also suggest
the inhibition of gastrointestinal function [20].
The above speculation was further supported by
the inhibitory action of the extract on intestinal

charcoal meal motility. However, it is well
proved that castor oil produces diarrhea due to
its most active component ricinoleic acid
through a hypersecretory response [ 12, 15].
Therefore, it can be assumed that the
antidiarrheal action of the extract was mediated
by an antisecretory mechanism and also by
reducing gastrointestinal motility contributed by
the phytochemical agents possessed by the plant
extract.

Phytochemical screening of the ethanolic
extract of P. foetidus ensured the presence of
carbohydrate, glycoside, alkaloids, tannins,
flavonoids and steroids [21]. The inhibitory
activity of flavonoids on intestinal motility in a
dose related manner was earlier reported [22, 23].
Apart from this, previous studies have shown that
antidysenteric and antidiarrheal properties of
plants are due to tannins, alkaloids, saponins,
flavonoids, sterol, triterpenes and reducing sugars
[24]. These findings are consistent with the
phytochemical existence of P. foetidus.
Therefore, the antidiarrheal activity of the
ethanolic extract of P. foetidus may be attributed
to the phytochemicals present in this plant and it
is as well supported by literature for other plants
[25, 26].

Toxic effect of plant-derived substances is a
major concern to scientists and medical
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practitioners [27]. Therefore, cytotoxic assay was
conducted in this study to determine the toxicity
profile of the plant extracts through the Brine
shrimp lethality (LCso, 24 h) test. It is reported
that LCso value higher than 1000 pg/ml is
considered as a cutoff point for a plant material to
be non-toxic and the value less than 1000 pg/ml
is detected as potentially harmful in brine shrimp
sensitivity test. According to the observation, the
PFPE and PFAQ fractions of P. foetidus were
found nontoxic to be used as antidiarrheal agents.
However, the two other fractions (LCs,<1000
ug/ml), detected as toxic, were also important for
pharmaceutical formulation against tumor cells,
pesticides etc. as the brine shrimp cytotoxicity
assay is considered as a convenient probe for
preliminary assessment of toxicity, detection of
fungal toxins, pesticidal and anti-tumor effect [10,
28,29].

6. Conclusion

This study supports the PFPE and PFAQ
fractions of P. foetidus leaf are the prospective
sources of antidiarrheal agent in the traditional
medicine system. However, further studies are
required to identify the active constituent(s) of
the fractions to understand the pharmacological
action of the antidiarrheal and cytotoxic effects.
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