Houngbeme et al., 1JPSR, 2014; Vol. 5(5): 1739-1745.
IJPSR (2014), Vol. 5, Issue 5

ISSN: 0975-8232; P-ISSN: 2320-5148
(Research Article)

i INTGPNATI%RFIAL JOURNAL ===
I ‘ FPHARMACEUTICAL SCIENCES ~ B
&3 AND (=)
- ReseArcH -

Received on 27 November, 2013; received in revised form, 19 February, 2014; accepted, 16 March, 2014; published 01 May, 2014

PHYTOCHEMICAL ANALYSIS, TOXICITY AND ANTIBACTERIAL ACTIVITY OF BENIN
MEDICINAL PLANTS EXTRACTS USED IN THE TREATMENT OF SEXUALLY
TRANSMITTED INFECTIONS ASSOCIATED WITH HIV/AIDS

Alban G. Houngbeme * 2, Clément Gandonou ' %, Boniface Yehouenou 3, Salomé D.S. Kpoviessi % *,
Dominique Sohounhloue *, Mansourou Moudachirou * and Fernand A. Gbaguidi *

Laboratoire de Pharmacognosie/Centre Béninois de la Recherche Scientifique et Technique (CBRST)/ UAC %, 01
BP 06 Oganla Porto-Novo

Laboratoire de Pharmacognosie et des Huiles Essentielles/FSS-FAST/Université d’ Abomey-Calavi 2 OBP 188 ISBA
CHAMP DE FOIRE Cotonou, Bénin.

Laboratoire d’Etude et de Recherche en Chimie Appliquée (LERCA)/Ecole Polytechnique d’Abomey-
Calavi/Université d’abomey-Calavi % 01BP2009 Cotonou.

Laboratoire de Chimie Organique Physique et de Synthése (LaCOPS), Faculté des Sciences et Techniques (FAST)
Université d’Abomey-Calavi (UAC) *, BP: 526 Cotonou, Bénin

Keywords:
Phytochemical screening, toxicity,
Benin medicinal plants, bactericidal

activity, Staphylococcus aureus ATCC

25923, Escherichia coli ATCC 25922.

Correspondence to Author:
Pr Fernand Gbaguidi

Organic Chemistry and Naturals
Products Teacher/University of
Abomey-Calavi; Benin, 01 BP 06
Oganla Porto-Novo

E-mail : ahokannou@yahoo.fr

ABSTRACT: Phytochemical screening of thirteen medicinal plants used in the
treatment of sexually transmitted infections (STI), HIV/AIDS in Benin, showed
that mucilage, gallic tannins and anthocyanins were the most common chemical
groups. Water-ethanol (HE): 4/6 v/v, aqueous (A) and dichloromethane (DCM)
extracts were prepared for each plant and tested for toxicity against shrimp
larvae (Artemia salina Leach). Twenty two extracts were found not toxic (LCso
> 0.1 mg / mL) with A13 aqueous extract of Vitex doniana Sweet (LC 5o = 1.35
mg / mL) as the most selective one. Antibacterial tests of extracts showed
bacteriostatic activity on both strains tested (E. coli ATCC 25922 and S. aureus
ATCC 25923) with the minimum inhibitory concentrations (MIC) ranging from
0.625 mg / mL to 5 mg/mL on E. coli and 0.078 to 1.25 mg/ml on S. aureus.
Only the hydroethanolic extract of Acanthospermum hispidum (HE7) showed
bactericidal activity against both strains with minimum bactericidal
concentrations (MBC) values of 2.5 mg/mL and 0.625 mg/mL on E. coli ATCC
25922 and S. aureus ATCC 25923 respectively, while the hydro ethanolic
extracts of Ocimum gratissimum (HE3), Caesalpinia bonduc (HE9) and
Calotropis procera (HE10) were active against S. aureus ATCC 25923 with
MBC values of 0.3125 mg/mL, 0.625 mg/mL and 1.25 mg/mL, respectively.

INTRODUCTION: Sexually transmitted
infections have become nowadays a most
significant public health concern and can lead to
very serious complications in the absence of
effective treatment.

QUICK RESPONSE CODE

DOI:
10.13040/1JPSR.0975-8232.5(5).1739-45

Article can be accessed online on:
WWwWw.ijpsr.com

DOI link: http://dx.doi.org/10.13040/IJPSR.0975-8232.5(5).1739-45

International Journal of Pharmaceutical Sciences and Research

In a context of high HIV-AIDS, any strategy that
aims at improving access to effective treatments
must take into account the priority communities
(especially rural) with limited access to health
services because of their difficult economic status.

Health systems in Africa are facing nowadays
many challenges due to the poor performance of
available preventive and curative services and to
the high cost of services in hospitals *. Faced with
these difficulties, Traditional Medicine remains the
primary source of medical care to the health needs
of increasingly growing population when we know
that 80% of the African population makes
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increasingly use of medicinal plants to treat
themselves This work aims at exploring
scientifically the Beninese plants identified to treat
sexually transmitted infections (STI) often
associated to HIV/AIDS 2 in order to confirm their
antimicrobial properties. In this study, the
antibacterial potency of extracts of Beninese plants
most commonly used against STI by traditional
healers  will be evaluated on different strains
involved in STI HIV/AIDS, their phytochemical
and their general toxicity will also be assessed.

MATERIALS AND METHODS:

Material: Thirteen plants (Table 1) selected by an
ethnobotanical survey in Benin in December 2010

TABLE 1: LIST OF STUDIED PLANTS

ISSN: 0975-8232; P-ISSN: 2320-5148

used by traditional healers for the treatment of
STI of HIV/AIDS, were harvested and dried for ten
days in a room at constant temperature (air
conditioning) and carefully powdered with an
electric grinder (of Flour MILLS NIGERIA, El
MOTOR No 1827). Eggs of Shrimp larvae
(Artemia salina Leach) commercialized by German
company JBL GmbH & Co.KG, were used as
biological material for assessing the toxicity of
plant extracts. Reference strains (American Type
Culture Collection): Staphylococcus aureus ATCC
25923 and Escherichia coli 25922 were purchased
from the company Biomerieux SA in France and
used to evaluate the antimicrobial activity of
extracts. These strains were maintained by
subculture on nutrient agar supports growth *,

3

S. No. Species Familly Part used Lieu de récolte
1 Jatropha curcas L. Euphorbiaceae leaves Danto
2 Momordica charantia L. Cucurbitaceae leafy stem Séme-Podji
3 Ocimum gratissimum L. Lamiaceae leaves Danto
4 Senna alata syn. Cassia alata L. Caesalpiniaceae leaves Adjohoun
5 Crateva religiosa Forst. Capparaceae leaves Adjohoun
6 Centella asiatica(L.)Urban Apiaceae leaves Séeme-Podji
7 Acanthospermum hispidum DC. Asteraceae AP Danto
8 Amaranthus graecizans L. Amaranthaceae leaves Seme-Podji
9 Caesalpinia bonduc (L.) Roxb. Caesalpiniaceae leaves Adjohoun
10 Calotropis procera (Aiton) W.T. Aiton Asclepiadaceae leaves Abomey-calavi
11 Khaya Senegalensis (Desr.)A. Juss. Meliaceae leaves Abomey-calavi
12 Lantana camara L. Verbenaceae leaves Danto
13 Vitex doniana Sweet Verbenaceae leaves Adjohoun

A .P: aerial parts

Phytochemical screening: The phytochemical
screening of the extracts was performed according
to the standard procedures Mayer’s and
Dragendorff’s tests for alkaloids, Fehling’s test for
free reducing sugars, Fehling’s test for glycosides,
Liebermann-Burchard’s test for triterpenoids,
Liebermann-Burchard’s test for steroids, frothy test
for saponins, Shinoda’s and sodium hydroxide tests
for flavonoids, ferric chloride test for tannins,
Guignard’s test for free cyanogenetics derived and
Borntrager’s test for free anthraquinones °.

Preparation of crude extracts: Fifty grams (50 g)
of each powdered plant were mixed with 500 mL
of solvent [distilled water (A), water-ethanol: 4/6,
viv. (HE) and dichloromethane (DCM)]. The
mixture was macerated for 72 hours and filtered
three times successively. Then the filtrate was

evaporated to dryness at 40°C using a rotary
evaporator (Heidolph efficient Laborota 4000)
coupled to a water chiller (Julabo FL 300) to give
the crude extracts.

Larval toxicity test: The test is performed against
Artemia salina Leach by the method of Fatondji et
al °, Sakirigui et al "® and proposed in the literature
as a simple bioassay method for assessment of
preliminary toxicity of natural active products *°.
The eggs of Artenia salina were incubated in sea
water until hatching of young larvae (48 hours).
Then, series of solutions of each tested crud extract
at varying and progressive concentrations were
prepared. A defined number of larvae (16) were
introduced into each solution. All solutions and
control solution containing no active substance
were left under stirring for 24 hours.
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Counting under a microscope the number of dead
larvae in each solution was used to evaluate the
toxicity of the solution. In the case, where there
was death in the control medium, the data was
corrected by Abbott's formula:

% death = [(test - control) / control)] x 100 **

Data (dose-response) are transformed by logarithm
and the LCso were determined by linear regression
12 Tests were carried out in triplicate.

In vitro antibacterial test: The evaluation of the
sensitivity of microorganisms E. coli ATCC 25922
and S. aureus ATCC 25923 to different extracts
prepared was carried out by the technique of broth
dilution microplate (96 wells) coupled with the
spread on solid medium such that it was described
by Moussaid et al * and successfully tested by
Kpadonou et al °. The test is based on the
determination of minimum inhibitory and
bactericidal concentrations (MIC and MBC) and to
calculate of the antibiotic potency (a.p) of the
tested extracts. For this, a stock solution of 20
mg/mL of DMSO (1%) of each extract was
prepared and filtered through Millipore membranes
of 0.2 microns (Acrodisc, USA). After
identification and isolation of different strains, a
microbial suspension 10° colony forming units
(CFU/mL) was prepared according to NCCLS

ISSN: 0975-8232; P-ISSN: 2320-5148

Mueller Hinton Broth (MHB) and then with the
whole in an oven at 37°C for 2 hours.

Two blank tests were performed during this test:
negative control containing extract (successive
dilutions of 100 pL of extract with 1% DMSO) and
a positive control for controlling the growth of
germs on the first two rows of the microplate. Then
on the third line, 100 puL of microbial suspension is
introduced into 100 pL of each of the ten dilutions
of extract (successive twofold dilutions with 1%
DMSO) and the plate is covered and incubated in
an oven at 37°C. Twenty-four hours after
incubation, we determined macroscopically the
minimum inhibitory concentration (MIC) *.

The MBC was determined following the MIC by
transplanting dilutions whose concentration is
greater than or equal to the IJC on the solid
medium Mueller Hinton agar 38 g/L poured into
sterile boxes kneaded and the antibiotic potency
(ap) of the extracts was calculated by ap = MBC /
MIC. When ap is less than 4, this means that the
tested extract has antibiotic power.

RESULTS AND DISCUSSION:
Phytochemical screening: Phytochemical

screening results were summarized in Table 2.
Among these plants, eleven (11), ten (10) and nine

McFarland Scale 2, 2002 by dissolving in a (9) contained mucilage, gallic tannins and
sterilized tube colony of germs in 5 mL mid anthocyanins, respectively.
TABLE 2: RESULTS OF PHYTOCHEMICAL SCREENING
Plants Al TC TG FI Ant Leu Qn SP Tp St Cy Mu Cm Cr HI O-H C-H H-C
Jatropha curcas - -+ - ++ o+t -+ - -+t - ++ - - = -
Momordica _ _ L s ow ; + +
charantia
O(;m_um - ++ ++ - ++
gratissimum
Senna alata - ++ +*  ++ + /- ++ ++ ++
Crateva religiosai - ++  ++ - - ++ ++ - ++
Centella asiatica - ++  ++ ++ ++ ++  ++ ++ + ++
Acant_ho_spermum 4 ) ) + 4 +
hispidum
Amarapthus ++ - - - ++  ++ ++ ++
graecizans -
Caesalpinia ) ++ ) ) P —+
bonduc
Calotropis procera - +H+ 4+ 4 = ++  ++ o+t ++ ++
Khaya . - + +* + + + + + + +
Senegalensis
Vitex doniana - - + 4/ 0+ - + - + o+ +
Lantana camara B - ++ ++ - ++  ++ - - - ++  ++ ++ - - -
Totaux” 1 4 10 6 9 4 0 6 8 5 0 1.1 3 8 4 1 0 1
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- (absent or not reveled); +/- (doubtful presence) + (present) ; ++ (abundant) ; =@: Number of plants containing a given chemical
group * orange color. Al: alkaloids, TC: catechin tannins, TG: gallic tannins, Fl: flavonoids, St: Steroids, Tp: terpenes, Leu
Leucoanthocyanes, Ant: Anthocyanins, Mu: Mucilage, O-H: O-heterosides, C-H: C-heterosides; HI: free glycosides, Cr:

reducing compounds; Cm: Coumarins, Hc: cardiac heterosides; Qn: Quinones, Sp: saponins, Cy cyanogenic derivatives.

Thus, these three chemical groups (mucilage, gallic
tannins and anthocyanins) were the most common
ones in the studied plants. They contained at least
one of the chemical groups such as alkaloids,
anthocyanins, leuco  anthocyanin, reducing
compounds, mucilage, terpenes and steroids which
possessed various pharmacological properties
including  anti-edematous,  anti-inflammatory,
antibacterial, antiviral, antifungal, antiseptic, anti-
tumor, healing. These results could explain in part,
TABLE 3:

VALUES OF LETHAL CONCENTRATIONS 50%

the use of these plants in the treatment of STIs
related to HIV-AIDS. But the presence of cardiac
glycosides compounds in the leaves of Senna alata
indicates that this plant should be used with
caution.

Larval toxicity and antibacterial activity of the
extracts: LCsp values, minimum inhibitory and
bactericidal concentration and antibiotic power of
tested extracts were summarized in Table 3.

(LCsp), MINIMUM INHIBITORY OR

BACTERICIDAL CONCENTRATION, SELECTIVITY INDEX AND ANTIBIOTIC POWER OF THE TESTED

EXTRACTS.
Strains
Extracts (rlﬁc; r?1ol) Escherichia coli Staphylococcus aureus
J MIC Sl MBC p.a MIC Sl MBC p.a
DCM1 0.73 0.625 1.17 - - 0.625 1.17 - -
DCM?2 5.410° 2.5 2.16 10-5 - - 0.625 8.64 10-5 - -
DCM3 0.04 0.625 0.07 - - 0.625 0.06 - -
DCM4 0.04 0.625 0.07 - - 0.3125 0.13 - -
DCM5 0.19 0.3125 0.61 - - 0.3125 0.61 - -
DCM6 0.07 5 0.02 - - 1.25 0.06 - -
DCM7 0.41 1.25 0.33 - - 0.3125 1.31 - -
DCMS8 0.03 25 0.01 - - 0.1562 0.19 - -
DCM9 0.14 2.5 0.06 - - 0.625 0.22 - -
DCM10 0.07 0.625 0.11 - - 0.3125 0.22 - -
DCM11 1.26 1.25 1.08 - - 1.25 1.01 - -
DCM12 0.17 1.25 0.14 - - 0.3125 0.54 - -
DCM13 0.59 0.3125 1.88 - - 1.25 0.47 - -
HE1 0.04 0.625 0.07 - - 0.0781 0.51 - -
HE2 0.02 5 0.01 - - 0.625 0.03 - -
HE3 0.05 2.5 0.02 - - 0,3125 0.16 0.3125 1
HE4 0.19 2.5 0.08 - - 1.25 0.15 - -
HE5 0.19 1.25 0.15 - - 1.25 0.15 - -
HE®6 0.04 25 0.02 - - 1.25 0.03 - -
HE7 0.39 1.25 0.31 2.5 2 0.3125 1.25 0.625 2
HES8 0.05 2.5 0.02 - 0.3125 0.16 2.5 8
HE9 0.35 1.25 0.28 - - 0.625 0.56 0.625 1
HE10 0.02 1.25 0.02 - - 1.25 0.02 1.25 1
HE11 0.10 2.5 0.04 - - 1.25 0.08 - -
HE12 0.23 1.25 0.18 - - 1.25 0.18 - -
HE13 0.08 1.25 0.07 - 1.25 0.06 - -
Al 0.01 5 0.002 - - 0.625 0.16 - -
A2 0.02 25 0.01 - - 0.3125 0.06 - -
A3 0.19 5 0.04 - - 1.25 0.15 - -
Al 0.06 25 0.02 - - 1.25 0.05 - -
A5 0.13 0.625 0.21 - - 0.1562 083 - -
Ab6 0.04 5 0.01 - - 0.625 0.06 - -
A7 0.28 1.25 0.22 - - 1.25 0.22 - -
A8 0.59 5 0.11 - - 0.625 0.94 - -
International Journal of Pharmaceutical Sciences and Research 1742
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A9 0.14 2.5 0.05
Al0 0.23 5 0.04
All 0.7 25 0.28
Al2 0.19 0.625 0.30
Al3 1.35 0.3125 4.35

0.3125 0.44
0.625 0.36
0.625 1.12
1.25 0.15

0.1562 8.64

MIC: Minimum Inhibitory Concentration (mg/mL) MBC: minimum bactericidal concentration (mg/mL), pa: antibiotic power;
DCM: dichloromethane extract, A: aqueous extract, HE: hydro-ethanolic extract, SI = LCs, / MIC: Selectivity index. The

indices 1, 2... 13 were the numbers of tested plants in Table 1.

There is a net correlation between toxicity against
shrimp larvae and cytotoxicity on 9KB and 9PS
(nasopharygien human carcinoma) cells, on the one
hand '° and cytotoxicity on A-549 carcinoma lung
cells and HT -29 colon carcinoma cells, on other
hand . To assess the degree of toxicity from the
LCso values, we used the correlation of Table 4 *2,

TABLE 4: CORRESPONDENCE BETWEEN LCs, AND
TOXICITY

LCs Toxicity
LCs,>0. 10 mg/mL No toxic
0.10 mg/mL > LCs,>0.0 5 Low
mg/mL
0.05 mg/mL > LCs,>0.01 Moderate
mg/mL
LCs< 0.01 mg/mL Higth

According to Table 4, LCsy values proved that 22
extracts were not toxic; 6 extracts showed low
toxicity; 10 extracts were moderately toxic while
only one extract (DCM2) had a high toxicity. The
aqueous extracts are non-toxic. The A13 extract
was the least toxic extract with LCs value of 1.35
mg / mL and the second one was DCMy; extract
(LCsp = 1.26 mg/mL). A13 exhibits on both strains
a very nice selectivity index of 432 on Escherichia
coli and 864 on Staphylococcus aureus.

For all the tested extracts, MICs values ranged
from 0.625 mg/mL to 5 mg/mL for E. coli 25922
and 0.078 to 1.25 mg/mL for S aureus 25923.
Moreover, the CMBs range from 0 to 2.5 mg / mL
for E. coli and 0.3125 mg / mL to 2.5 mg / mL for
S. aureus. Similarly, we note that only the
hydroethanolic ~ extract of  Acanthospermum
hispidum (HE7) showed an antibiotic power (ap <
4) on E coli and four extracts (HE7, HE3, HE10
and HE9) showed on S. aureus. E coli (Gram-)
were the most resistant organism and S. aureus
(Gram+) was the most sensitive to these plant
extracts.  The  Acanthospermum  hispidum
dominated by the presence of gallic tannins and
accessorily triterpenes, steroids and mucilage,

International Journal of Pharmaceutical Sciences and Research

showed bactericidal activity against E. coli ATCC
25922. This activity seemed to be due to its
composition rich in gallic tannins and a synergistic
activity with flavonoids, triterpenes, steroids and
mucilage . It was the same with regard to its
bactericidal property against S. aureus ATCC
25923, with MBC four (4) times less than that
obtained on E. coli ATCC 25922. As extracts HE3,
HE9, HE10, they did not present bactericidal
activity against E. coli ATCC 25922.

However, they had a bactericidal effect on S.
aureus ATCC 25923 with MBC values of 0.3125
mg/mL, 0.625 mg/mL and 1.25 mg/mL,
respectively. These MBC values were identical to
the corresponding CMI and their antibiotic power
identical and equal to unity. This shows that the
hydroethanolic extracts of Ocimum gratissimum,
Caesalpinia bonduc and Calotropis procera were
bioactive against strains of S. aureus ATCC 25923,
a gram +ve.

The extract HE10 has a MBC twice higher than
HE3 extract. Its bactericidal activity against S.
aureus ATCC 25923 seemed to be due to the
presence in this extract of saponins, triterpenes,
steroids, flavonoids and reducing compounds that
strengthen the activity of the compounds having in
common with the HE3 extract as gallic tannins,
anthocyanins and mucilage. In the same way, the
extract HE8 has bactericidal activity against S.
aureus ATCC 25923 but its antibiotic power is
negligible.

The HES8 extract contained the same compounds as
the extract HE10 with the only difference that
HE10 contained more anthocyanins and reducing
compounds. These two compounds gave a better
efficiency compared to extract HES8 that has a low
antibiotic power (Pa = 8). Among the four extracts
(HE3, HE7, HE9, and HE10) that have bactericidal
activity on S. aureus ATCC 25923, HE7 was the
most active one on E. coli ATCC 25922 with a fair
selectivity (SI =1.25 > 1).
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This extract deserves to be investigated because of
its antibiotic power (Pa = 2) on both tested strains.
Our results were in harmony with those of
Kpadonou-Kpoviessi et al ** who report
antimicrobial activities and toxicity of ethanol
extracts and fractions of Ocimum gratissimum and
those of Kraus et al ** who showed bactericidal and
fungicidal effects of methanol extracts of the aerial
part of Acanthospermum hispidum on pathogenic
germs as well as nonpathogenic namely Bacillus
subtilis, Pseudomonas stutzen and Cladospodum
cucumerinum.

Also in 2003, Fleisher et al **> showed that polar
fractions of ethanol extracts of leaves and flowers
of the plant had a good antibiotic activity on
various pathogens, those nonpolar one were found
less active. As for the aqueous extract, no activity
was shown. In 2007, the antibiotic properties of six
isolated  sesquiterpenes of  Acanthospermum
hispidum DC (Asteraceae) were tested by
Cartagena et al . In total, this dual bactericidal
activity showed on E. coli ATCC 25922 and S.
aureus ATCC 25923 confirmed its antibiotic power
against the two germs.

Therefore, it is active on both of the positive and
negative gram organisms whose bacterial
membranes do not have the same chemical
compositions. Gram-negative organisms contain in
their walls, in addition to peptidoglycan,
lipopolysaccharides and phospholipids  which
reduce the penetration of the extract into the
cytoplasm. Thus gram-negative strains are less
sensitive to the plant extracts than gram -ve "8
° This could explain the lack of MBC in some
extracts tested.

CONCLUSION: This study helps to show that all
plant extracts were less toxic against Artemia
salina LEACH except dichloromethane extract
from Momordica charantia L. All extracts inhibited
the growth of tested bacteria. But only
hydroethanolic extracts of four plants showed
bactericidal effects. These included the extract of
Acanthospermum hispidum (HE7) that presented
bactericidal activity in both E. coli and S. aureus
and extracts of Ocimum gratissimum (HE3),
Caesalpinia bonduc (HE9) and Calotropis procera
(HEZ10) which killed only S. aureus.
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It should be pointed out however that A13 exhibits
a very nice profile with a selectivity index
culminating at 432 on Escherichia coli and 864 on
Staphylococcus aureus.

The results reinforce those of the phytochemical
analysis in the justification of their antimicrobial
activity attributed to these plants. These bioactive
extracts are therefore good candidates for the
enrichment of the therapeutic arsenal against
infectious diseases. Our work could also help for
further work on the activity study of these plants in
other  strains  (Mycobacterium  tuberculosis,
Mycobacterium ulcerans and Neisseria
gonnhoreae) involved in opportunistic sexually
infections transmitted HIV - AIDS and on the
possible isolation of active compounds.
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