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ABSTRACT

Objective: In order to verify the antidiarrheal activities of Dichrocephala integrifolia, Dioscorea preusii, Melenis minutiflora, Tricalysia okelensis, the
in vitro antimicrobial effect on Salmonella typhi, Escherichia coli, Shigella dysenteriae A1 and Candida albicans, and the in vivo antidiarrheal activities
on the intestine transit of the hydro/ethanol (v/v) plants extracts were studied.

Methods: The antimicrobial effect of the extracts was assayed in vitro by the disc diffusion and the agar dilution methods. For in vivo study, male
and female mice received per os castor oil and one hour later different doses of the extracts.

Results: In vitro, D. integrifolia, D. preusii, M. minutiflora, and T. okelensis extract showed concentration-dependent activity against all the tested
microbial strains with the inhibition zone ranged from 08 to 24 mm. D. integrifolia 0.5 mg/mL showed the lowest MIC on Candida albicans. The M.
minutiflora and D. integrifolia MIC was 3 mg/mL on Escherichia coli and Shigella dysenteriae A1.In vivo, D. integrifolia, D. preusii, T. okelensis extract at
50 and 100 mg/kg bw and M. minutiflora 75 and 150 mg/kg bw significantly (P< 0.01) inhibited the intestinal charcoal transit. D. integrifolia 100
mg/kg bw exhibited the highest inhibition rate, 70%.

Conclusion: These results suggest that D. integrifolia, D. preusii, M. minutiflora and T. okelensis extracts possesses antimicrobial and antidiarrheal
properties, could be effective for diarrhea treating, and could thus justify their use in traditional medicine to treat diarrhea. D. integrifolia could have
the most efficiency antimicrobial properties.

Keywords: Dichrocephala integrifolia, Dioscorea preusii, Melenis minutiflora, Tricalysia okelensis, Antidiarrheal effects, Antimicrobial activity.

INTRODUCTION

Diarrhea is characterized as rapid movement of faecal matter
through an intestine resulting in poor absorption of water, nutritive
elements and electrolytes producing abnormal frequent evacuation
of watery stools. Diarrhea is one of the main causes of the high
mortality rate. According to the World Health Organization (WHO), 3
- 5 billion cases occur annually and approximately 5 million deaths
are accountable to diarrhea. Over 2.5 million children under the age
of five die annually from severe diarrheal diseases [1].

The disease may be caused by a wide array of agents such as entero-
pathogenic microorganisms (Shigella flexneri and Shigella
dysenteriae, Staphylococcus aureus, Escherichia coli, Salmonella typhi
and Candida albicans), alcohol, irritable bowel syndrome, bile salts,
hormones, secretory tumors and intoxication [2,3]. Plants have been
a valuable source of natural products for maintaining human health
for many years. The use of herbal drugs in the treatment of diarrhea
is a common practice in many African countries. About 80 % of
individuals from developed countries receive traditional medicines
including compounds derived from medicinal plants.

Hence, medicinal plants can be exploited since it has been shown
that they are important sources of new chemical substances with
potential therapeutic effects [4].

However, there is limited scientific evidence supporting the
potential use of these plants as antidiarrheal agents. The WHO
suggested that medicinal plants would be the best source from
which could be developed a variety of medications. We have
therefore investigated the scientific basis for the efficacy of
Dichrocephala integrifolia, Dioscorea preusii, Melenis minutiflora, and
Tricalysia okelensis selected basing on their ethnomedicinal
importance in diarrhea treatment.

MATERIALS AND METHODS
Test organisms

Three gram negative bacteria: Escherichia coli ATCC 35218, Shigella
dysenteriae Al, Salmonella typhi, and the fungus Candida albicans
were collected from Centre Pasteur of Cameroon. Their pure
cultures were maintained in Muller-Hinton agar and stored at 4°C.

Animals

Young healthy Swiss albino mice (20-30 g) of either sex were bred in
the University of Yaoundé I animal house. Animal housing and in vivo
experiments was done according to the guidelines of the European
Union on Animal Care (CEE Council 86/609) [5] that were adopted
by the Institutional Committee of the Ministry of Scientific Research
and Innovation of Cameroon. They were housed under laboratory
natural temperature and day/light cycle. The animals were fed with
standard diet and received water ad libitum.

Plant extracts

Fresh plants of Dichrocephala integrifolia, Dioscorea preusii, Melenis
minutiflora, and Tricalysia okelensis were collected in June, 2011,
from Batié subdivision, West Region of Cameroon. Botanic
identification was performed at the Cameroon National Herbarium,
Yaoundé, Cameroon, by comparison with the voucher kept under No.
5603/SRFcam, 16394/SRFcam, 34330/HNC, and 23930/SRFcam
respectively.

The collected plants were shade dried and then grounded into
powder. 600 g of the powder of each plant was macerated in
water/ethanol (v/v) for 3 days. Then each macerate was filtered.
The resulting filtrates were concentrated using a rotary evaporator
and further dried in an oven at 40°C. The dried extracts obtained
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were 27.80 g (4.63%), 21.30 g (3.55%), 26.20 g (4.36%) and 22.60 g
(3.76%) respectively for Dichrocephala integrifolia, Dioscorea
preusii, Melenis minutiflora, and Tricalysia okelensis.

Preliminary phytochemical analysis

The extract of each plant was subjected to qualitative chemical
investigation for the identification of different phytochemical
constituents [6].

Antimicrobial susceptibility

The susceptibility screenings of the extracts were done with the
methods of dilution [7]. The sterilized medium (autoclaved at 121 °C
for 15 min) maintained at 40°C was inoculated (1 mL/100 mL of
medium) with the microorganism suspensions of 105CFU/mL
(matched to McFarland barium sulphate standard) and poured into
sterile petri dishes to give a depth of 3-4 mm.

Every discs (6 mm in diameter) were impregnated with 10 pL of
each plant extracts dilution (0.39, 0.78, 1.56, 3.12, 6.25, 12.5, 25, 50,
100 and 200 mg/mL) and placed on the surface of the inoculated
Muller-Hinton agar. The inoculated plates were pre-incubated for 1
h at room temperature and then incubated at 37 °C for 18-24 h for
antibacterial, and at 25°C for 48 h for antifungal activities.
Ciprofloxacin (30 pg/disc) and Nystatin (100 pg/disc) were used as
standard for antibacterial and antifungal activities respectively.
Antimicrobial activity was evaluated by measuring the inhibition
zone of the tested microorganism growth. All inhibition assays were
made in triplicate.

Determination of minimal inhibitory concentration (MIC)

The determination of the minimal inhibitory concentration (MIC) of
the hydro ethanolic plants extracts was carried out using the agar
dilution method [8]. Two-fold dilutions of the extracts were
prepared and 2 mL aliquot of different concentrations of the solution
were added to 18 mL of pre-sterilized molten Muller-Hinton agar at
40 °C to give final concentration regimes of 50 to 0.05 mg/mL. The
medium was then poured into sterile Petri dishes and allowed to
solidify. The surfaces of the media were streaking with 18 h old
microorganisms cultures. The plates were later incubated at 37 °C
for 18-24 h for bacteria and at 25°C for 48 h fungi, after which they
were examined for the microbial growth. The MICs were taken as
the lowest concentration of extracts that prevent the visible growth
of the tested microorganisms.

Minimum bactericidal concentration (MBC) and minimum
fungicidal concentration (MFC) assessment

To determine the minimal bactericidal concentration (MBC) and
minimal fungicidal concentration (MFC) of the plant extracts against
the microbes, the plates of the MIC that showed no growth of the
microbes were sub-cultured by streaking using wire loop on sterile
Muller Hinton agar plates. The plates were incubated at 37°C for 18-
24 h and at 25°C for 48 h respectively for bacteria and fungi. The
MBCs and MFC were taken as the lowest concentration of the extract
that showed not microbial growth on the agar plates [9].

All the antimicrobial assays were performed under strict aseptic
conditions to ensure consistency of all findings.

Antidiarrheal activity: castor oil-induced gastrointestinal
motility

Ten groups of five mice each were fasted for 18 hours with free
access to water. Each mouse orally received 0.5 mL of castor oil. One
hour later, group I received 10 mL/kg bw distilled water; group III
and group IV respectively received 50 and 100 mg/kg bw of D.
integrifolia extract; group V and group VI respectively received 50
and 100 mg/kg bw of D. preussii extract; group VII and group VIII
respectively received 50 and 100 mg/kg bw of T. okelensis extract;
group IX and group X respectively received 75 and 150 mg/kg bw of
M. minutiflora extract; After one hour all treated animals orally
received 0.5 mL of charcoal meal (activated carbon 10 % in gum 5
%). 30 min after charcoal meal administration, the mice were
sacrificed by cervical dislocation, and intestine was removed
without stretching and placed length wise on moist filter paper and
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its total length measured. The distance moved by the charcoal from
the pyloric sphincter to the caecum was measured. This distance
was expressed as percentage of the small intestine total length [10].

Statistical analysis

The results were expressed as mean + SEM. Statistical significance
was determined by the one-way analysis of variance (ANOVA)
followed by Dunnett’s test using the software Graph Pad In Stat.

RESULTS
Preliminary phytochemical analysis

The preliminary phytochemical analysis of ethanol/water extracts of
D. integrifolia, D. preusii, M. minutiflora, and T. okelensis revealed that
these plants content saponins, phenolic compounds, coumarins,
reduce sugar, polysaccharides and volatile oil, and no flavonoids.
Tannins and alkaloids were present in D. integrifolia, M. minutifllora,
and T. okelensis extract but not in D. preussii extract. D. integrifolia
extract contents sterols which is absent in other extracts, whereas
terpenoids are absent in D. integrifolia extract (Table 1).

Table 1: Preliminary phytochemical screening of ethanol/water
extracts of Dichrocephala integrifolia, Dioscorea preusii, Melenis
minutifllora, and Tricalysia okelensis

Secondary D. D. M. T.
metabolites integrifolia  preussii __minutiflora _ Okelensis
Alkaloids + - + +
Anthraquinones + + + -
Coumarins + + + +
Flavonoids - - - -
Phenols + + + +
Polysaccharides + + + +
Reduce sugar + + + +
Saponins + + + +
Sterols + - - R
Tannins + - + +
Triterpens - + + +
Volatile oil + + + +

Key: +: present; -: absent.

Antimicrobial susceptibility

The results obtained from the disc diffusion assay showed that the plant
extracts possess antimicrobial activities against the tested
microorganisms (S. typhi, S. dysenteriae, E. coli, C. albicans) in dose-
dependent manner. The highest inhibition activities were observed with
the highest extract test dose 200 mg/mL (Table 2).

The inhibition diameter with D. integrifolia extract was 24 mm on
both S. typhi and C. albicans, 19 and 17 mm respectively on E. coli,
and S. dysenteriae Ai. D. preussii and M. minutiflora inhibition
activities were respectively 22 and 19 mm against S. typhi. D. preussii
and M. minutiflora extracts activities on C. albicans were 18 and 23
mm respectively. T. okelensis extract showed 20 mm inhibition
activity only on C. albicans.

Minimal inhibitory concentration (MIC)

The minimal inhibitory concentration (MIC) obtained with D.
integrifolia was 0.5, 1, 2 and 3 mg/mL respectively on C. albicans, S.
typhi, S. dysenteriae and E. coli, 1 and 2 mg/mL with D. preussii
respectively on C. albicans and S. typhi, 2 and 3 mg/mL with M.
minutiflora respectively on C. albicans and S. typhi and 2 mg/mL with
T. okelensis on C. albicans (Table 3).

Minimal bactericidal concentration (MBC) and minimal
fungicidal concentration (MFC)

The Minimal Bactericidal Concentration (MBC) values were ranges
from 1-10 mg/mL. The lowest MFC value, 1 mg/mL was obtained on
C. albicans with D. integrifolia extract. The highest MBC and MFC
values, 10 mg/mL were recorded for S. dysenteriae and C. albicans
with respectively D. integrifolia and T. okelensis (Table 3).
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Intestinal transit time

The different extracts (50, 75, 100 and 150 mg/kg) significantly (p<
0.01) inhibited the intestinal transit of the charcoal meal in mice
(Table 4). D. integrifolia, D. preusii, T. okelensis extracts at 50 and 100
mg/kg and M. minutiflora extract at 75 and 150 mg/kg significantly
(p< 0.01) inhibited the charcoal intestinal transit.
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The highest inhibition rate (70 %) was observed with 100 mg/kg of
D. integrifolia extract and lowest inhibition rate (37.50 %) was
obtained 100 mg/kg of D. preusii extract. The inhibition rate of the
intestinal normal propulsion by the most tested extracts were
comparable to (or more important than) the reference drug
Loperamide.

Table 2: Antimicrobial susceptibilities (Inhibition diameter in mm) of Dichrocephala integrifolia, Dioscorea preusii, Melenis minutiflora,
and Tricalysia okelensis extracts and standard drugs (Ciprofloxacin and Nystatin)

A Microbial strains Concentration of the extracts (mg/mL)
Plant extracts 019 030 0.78 1.56 3.12 6.25 12.50 25 50 100 200
D. integrifolia S. typhi - 8.00 9.00 10.00 12.00 14.00 16.00 17.00 20.00 22.00 24.00
E. coli - - - - 9.00 10.00 11.00 12.00 13.50 15.00 17.00
S. dysenteriae - - - - 9.00 10.00 12.00 14.00 16.00 17.00 19.00
C. albicans - 8.00 10.50 11.00 12.00 13.00 14.50 16.00 18.00 19.50 24.00
M. minutiflora S. typhi - - - 9.00 10.00 12.00 14.00 15.00 17.00 19.00 19.00
E. coli - - - - - - - - - - -
S. dysenteriae - - - - - - - - - - -
C. albicans - - - 9.00 10.50 12.00 15.00 17.00 18.00 20.00 23.00
D. preussii S. typhi - - - 9.00 10.00 11.00 13.00 14.00 16.00 19.00 22.00
E. coli - - - - - - - - - - -
S. dysenteriae - - - - - - - - - - -
C. albicans - - - 8.00 9.00 10.00 12.00 13.50 14.50 16.00 18.00
T. okelensis S. typhi - - - - - - - - - - -
E. coli - - - - - - - - - - -
S. dysenteriae - - - - - - - - - - -
C. albicans - - 8.00 10.00 11.00 12.50 14.00 15.50 16.50 17.50 20.00
B
Standard drugs
Ciprofloxacin S. typhi 36
30 pg/mL E. coli 38
S. dysenteriae 35
Nystatin C. albicans 32
100 pg/mL

E. coli: Escherichia coli S. typhi: Salmonella typhi, S. dysenteriae: Shigella dysenteriae A1 C. albicans: Candida albicans

Table 3: Minimal Inhibitory (MIC) and bactericidal (MBC) or fungicidal (MFC) concentrations (mg/mL) of the ethanol/water extract of
Dichrocephala integrifolia, Dioscorea preusii, Melenis minutiflora, and Tricalysia okelensis on Salmonella typhi, Shigella dysenteriae A,
Escherichia coli and Candida albicans

Plant extract Salmonella typhi Escherichia coli Shigella dysenteriae A1 Candida albicans

MIC MBC  MBC/MIC MIC MBC  MBC/MIC MIC MBC MBC/MIC MIC MFC MFC/MIC
D. integrifolia 1.00 2.00 2.00 3.00 4.00 1.30 2.00 10.00 5.00 0.50 1.00 2.00
D. preussii 2.00 5.00 2.50 - - - - - - 1.00 4.00 4.00

M. munitiflora 3.00 5.00 1.70 - -
T. okelensis - - - - -

- - - 2.00 4.00 2.00
- - - 2.00 10.00 5.00

Table 4: Effect of ethanol/water extract of Dichrocephala integrifolia, Dioscorea preusii, Melenis minutifllora, and Tricalysia okelensis on
castor oil-induced intestinal transit

Traitements LSI LCM PI %
(cm) (cm) inhibition

Distilled water 48.90 +2.56 43.80 £2.47 89.75+3.80 -
Di50 50.00 £1.58 26.70 £2.39** 53.40+3.54 ** 40.50
Di100 48.08 + 2.22 13.20 £ 2.39** 27.4543.73 ** 70.00
Dp50 48.30 +2.44 19.00 + 3.53** 39.3348.22 ** 55.00
Dp100 53.46 £1.95 30.00 £1.81** 56.1142.43 ** 37.50
Mm75 47.20 £ 1.60 19.60 + 1.93** 41.52+4.30 ** 54.00
Mm150 45.68 + 1.77 22.28 + 1.47** 48.77+2.30 ** 46.00
To50 45.10 + 1.10 22.80 £1.67 ** 50.55+4.54 ** 43.40
To100 4340 +1.74 18.90+1.12** 43.56+2.18 ** 51.50
Lop5 30.00+ 1.15 13.70+ 0.58** 45.67+ 0.78** 43.73

LSI = Length of Small Intestine; LCM = Length of Charcoal Meal; PI = Peristaltic Index; Values are means + SEM (n=5);

significant difference: **P<0.01 compared to control. Dichrocephala integrifolia extract 50 mg/kg bw (Di50) and 100 mg/kg bw (Di100); Dioscorea
preusii extract 50 mg/kg bw (Dp50) and 100 mg/kg bw (Dp100); Melenis minutiflora extract 75 mg/kg bw (Mm75) and 100 mg/kg bw (Mm150);
Tricalysia okelensis extract 50 mg/kg bw (To50) and 100 mg/kg bw (T0100); Loperamide 5 mg/kg (Lop5).
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DISCUSSION

Dichrocephala integrifolia, Dioscorea preusii, Melenis minutiflora, and
Tricalysia okelensis are some medicinal plants used in folk medicine
in West Cameroon to treat diarrhea. In order to verify their
antidiarrheal activities, the in vitro antimicrobial effect on
Salmonella typhi, Escherichia coli, Shigella dysenteriae A1 and
Candida albicans, and the in vivo activities on castor oil-induced
small intestinal motility were studied.

The ethanol-water extract of D. integrifolia, D. preusii, M. minutiflora,
and T. okelensis showed dose-dependent activity against all the
tested microbial strains with inhibition activity varied from one
plant to another. D. integrifolia extract was the most active drug
against all the tested microbial strains. D. integrifolia, D. preusii, M.
minutiflora, and T. okelensis extract showed significant activity
against C. albicans; whereas D. preusii, and M. minutiflora extracts
showed significant antibacterial activity against Salmonella typhi but
were found to be ineffective against Shigella dysenteriae type 1 and
Escherichia coli. T. okelensis extract was inactive on Salmonella typhi,
Shigella dysenteriae A1, and Escherichia coli.

Various phytochemicals compounds like alkaloids, saponins, tannins,
reducing sugar, phenols, polysaccharides, anthraquinons, coumarins,
triterpens and sterols were present in D. integrifolia, D. preusii, M.
minutiflora, and T. okelensis. The antimicrobial susceptibility of these
medicinal plants could be attributed to some phytochemicals
compounds which possess antimicrobial activities, such as
anthraquinones [11], tannins [12], polysaccharides [13], alkaloids
[14], saponins, phenols [15], and sterols [16]. The antibacterial
activity of the plant extracts can be attributed to single bioactive
compound or combined action of many compounds contained in the
extracts [17].

Castor oil induced diarrhea in mice probably through its most active
metabolite, ricinoleic acid by irritating the gastrointestinal tract
mucosa and reducing sodium ion and chloride ion permeability,
resulting in increased intestinal motility followed by diarrhea [18]. It
also activates adenylate cyclase or mucosal cAMP mediated active
secretion, endogenous prostaglandin E and F and nitric oxide
formation [19,20].

In this study, the loperamide was adopted as the standard drug,
which is at present one of the most efficient and widely employed
antidiarrheal drugs [21]. The loperamide slows down transit in the
intestine, reduces colon flow rate, and possesses antimotility and
antisecretory properties [22]. The ethanol/water extracts of D.
integrifolia, D. preusii, M. minutiflora, and T. okelensis inhibited
gastrointestinal propulsion in the castor oil-induced transit. The
antidiarrheal properties of the ethanol/water extracts may be due to
the presence of secondary metabolites such as tannins which could
denature proteins in the intestinal mucosa by forming protein
tannates complex. The protein tannates make the intestinal mucosa
more resistance and hence, reduce the peristaltic movements and
intestinal secretion [18].

CONCLUSION

In conclusion, the results of this investigation revealed that ethanol-
water extracts of D. integrifolia, D. preusii, M. minutiflora, and T.
okelensis were effective antimicrobial agents against certain
microorganisms implicated in either typhoid fever and/or other
gastrointestinal infectious diseases such as diarrhea and dysentery.
D. integrifolia extract has shown the best bactericidal, fungicidal and
antidiarrheal activity. The results provide the rationale for the use of
these extracts by traditional healers as antidiarrheal drug
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