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Antibacterial properties of the extracts of Allexis obanensis
and Allexis batangae (Violaceae) collected at Kribi (South
Cameroon)
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Francois, Nyasse Barthelemy

ABSTRACT

The present work presents the antibacterial activities of organic and aqueous extracts of Allexis batangae and
Allexis obanensis (violaceae). These plants were collected in the locality of Kribi (South Cameroon). The leaf
powder of these plants was cold extracted with a (1:1) methanol/methylene chloride mixture and hot extracted
successively with hexane, ethyl acetate, and ethanol. Bark powder was cold extracted with methanol and hot
extracted successively with hexane, ethyl acetate, and ethanol. The root powder was hot extracted with hexane,
ethyl acetate, and ethanol. For distilled water extraction, only the leaf powder was extracted by maceration.
The best yield was of the aqueous extract of leaves (4.86%) and the lowest yield was obtained with the hexane
extract of barks (0.35%) for Allexis obanensis, the best yield was of the organic extract of leaves with ethanol
8.31% and the lowest value of the yield was obtained with the hexane extract of barks 0.81% for Allexis
batangae. These extracts were subsequently submitted to the phytochemical screening which revealed that this
plant is rich of flavonoids, alkaloids, sugars, lipids, phenol glycosides and saponins. The antibacterial test was
performed using micro dilution method on five species of bacteria such as Escherichia coli, Enterobacter
aerogenes, Enterobacter cloacae, Providencia stuartii, Klebsiella pneumonia, subdivided into nine strains
including three ATCC reference strains and six clinical isolates. It flows from these tests that the bark and the
roots of Allexis batangae present a great activity against these strains unlike leaves. Among the organic
extracts, EA extract of bark and roots strongly inhibited eight strains out of nine, including CM64, BM67,
ATCC8739, K2, PS299645, ATCC13048, EA289, ATCC11296 with MIC ranging between 31,2pug/mL to
250ug/mL. However, the EA294 strain was only weakly sensitive to EA extracts of bark and roots and not
sensitive to other extracts. The EA extracts exhibited bactericidal activities on the most strains. The aqueous
extract of leaves was inactive on all strains tested. For Allexis obanensis, the EA extract of leaves, the ethanol
extract of barks and roots and the water extract of roots inhibited the growth of the bacterial tested. This
inhibition was performed with MIC equal to 1000, 250 and 125pg/mL. The most active extract was ethanol
extract of roots. The sensibility of bacteria to these active extracts was below that of the reference drug-
Ciprofloxacine. After determining the MBC of the extracts whose MIC were equal to 250 and 125pg/mL, the
calculation of the ratio MIC to MBC discloses the bactericidal effect of the extracts. These results show that
Allexis batangae and Allexis obanensis extracts can be used in therapy against bacterial infections.

Keywords: Allexis batangae, Allexis obanensis antibacterial activities, extraction, phytochemical screening.

INTRODUCTION

The infectious diseases, caused by the infectious agents such as the bacteria, have constituted for these
last decades a true problem of public health B, The situation is much more alarming because of the
appearance of the stocks of micro-organisms antibioresistants and the emergence of the noncommon
infections [ which compromise the treatments with the existing drugs vis-a-vis these limits which the
use of the antibacterials available presently in the market. In this context, it is essential to seek for new
effective antibacterial substances, with broad spectrum of action. This research consists in looking to the
plants for the development of new drugs. Indeed, World Health Organization (WHO) (WHO, 2002)
estimates that, 80 % of the African population always have recourse to the traditional medicine for which
the major part of the therapies implies exploitation of the active ingredients of medicinal plants. Taking
into account the importance of the plants species for public health, it is wise their scientifically study for
a better use. The African vegetable flora is in general famous for its richness, because contains many
vegetable species among which some already were scientifically studied and have led to drugs useful in
primary care of health according to the WHO [El. However, the flora of Cameroon although it is rich
have been poorly studied with pharmaceutical objectives. Herein, the antibacterial properties of two
plants belonging to the Violaceae family, Allexis batangae and Allexis obanensis, were evaluated in front
of nine straints resistant to Gram negative. Violaceae plants have been constantly used by
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traditional medicine. Thus, the barks of Allexis cauliflora are used to
treat fever and syphilis (4. The bark of the Rinorea genus is used to
calm the pain in women during childbirth and are also used to treat
fever [, The roots of Hybanthus ipecuantha and Corynostylis
hybanthus are used as emetic, as well as those of Anchietea salutaris,
but also to treat sore throats and ganglionic tuberculosis 371, The aerial
parts of Viola tricolor are traditionally used in dermatological
affections, acne, scarring and in oral hygiene, and orally this plant is
indicated as antispasmodic and as antitussive [71. A bibliography
search on the Violaceae family has allowed to know that there are
fewer phytochemical reports published on the genus Allexis to date.
However, previous phytochemical studies on some species of other
genera of the Violaceae family indicate the presence of potentially
useful secondary metabolites such as flavonoids and triterpenoids 371,

The present work will be organized around the three cornerstones: (i)
preparation of the rough extracts (organic and aqueous); (ii) a
phytochemistry screening of the extracts; and (iii) determination of
the CMI and CMB of the extarcts.

MATERIALS AND METHODS
Materials
Plant material

The plants used in this work, namely Allexis batangae and Allexis
obanensis, were collected on 7th June 2014 at Bidou Il, 20 km from
the town of Kribi (South Cameroon) under the leadership of
M.NANA (Botanist). The identification was carried out at the
National Herbarium of Cameroon by M.NANA in comparison with
specimen number 31839 / HNC for Allexis batangae and sample
number 49778 for Allexis obanensis.

Botanical aspect

Identified in Gabon and southern Cameroon (Kribi) in the Kienke
forest, there are a small Shrub up to 6 m tall, with a pale brown
smooth stem and small leaves. The flowering is done on the stem. It
has pedicel fifteen millimeters long 21,

Figure 1: Allexis batangae (1) and Allexis obanensis (2) (pictures taken by
OE. Ndogo, 2014)

Bacterial strains used

Nine strains of Gram-negative bacteria including reference strains
(ATCC) and multi-resistant clinical isolates were used. These strains

belonging to different bacterial species are distributed as follows:

= Astrain of Escherichia coli (ATCC8739)

= A strain and three clinical isolates of Enterobacter aerogenes
(ATCC13048; CM64; EA289; EA294)

= Two clinical isolates of Enterobacter cloacae (BM67,K2)

= Aclinical isolate from Providencia stuartii (PS299645)

= A strain of Klebsiella pneumoniae (ATCC11296)

Culture media
Two cultures medias were used in this work:

= The Mieller Hinton Agar (MHA: Scharlau Chimie S.A.,
Barcelona, Spain) for the activation and the conservation of the
bacteria.

= The Bouillon Miueller Hinton (MHB: Scharlau Chimie S.A,
Barcelona, Spain) for the determination of MICs and CMBs.

Antibacterial reference agent

Ciprofloxacin was used as a standard antibiotic against bacteria. It is
usually used in the treatment of bacterial infections and it acts by
inhibiting the protein synthesis of the bacteria.

Method
Extraction method on Allexis batangae
Organic extraction

Sequential extractions were carried out for each part with solvents of
increasing polarity following the same procedures (extraction test).

The leaves

Cold extraction: 400 g of leaf powder and were macerated in 2.5 L of
MeOH / CH2Cl2 (1/1).

Hot extraction: some quantities of leaf powder were extracted on
sohxlet with these differents solvents: hexane, EA, EtOH as shown in
the tablel. All these extracts were concentrated with the rotary
evaporator and dried in an oven.

The barks

For the cold extraction, 600 g of bark powder was macerated in 3.5 L
of MeOH. After obtaining the extract, some quantities of bark powder
were extracted on sohxlet with these differents solvents: hexane, EA,
EtOH as shown in the tablel. All these extracts were concentrated
with the rotary evaporator and dried in an oven.

Agqueous extracts

750 mL of distilled water was added into 100 g of weighed-sheet
powder using a precision balance and stirred occasionally. After 48
hours, the mixture was filtered with a white cloth and the filtrate
carried in the centrifuge (Thermoscientific) at 6000 rpm for decanting
debris through the pores of the tissue. Subsequently, the filtrate was
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poured into the aluminum trays and placed in an oven (Roller grill) at
45 ° C for 48 h. After total evaporation of the solvent, the extracts
were scraped with a spatula and introduced into the flasks and then
weighed and stored in a refrigerator at 4°C.

Extraction method on Allexis obanensis
Organic extraction

Organic extraction was carried out sequentially as described above.
The masses of powders used are given in Table 2.

Agueous extraction
Maceration

Only the roots of the plant were macerated. 250mL of distilled water
were added of 50g of roots powder. Stirred from time to time, the
mixture was filtered after 48 h using a white cloth and the filtrate was
brought into the centrifuge (Thermoscientific) at 6000 rpm for
decanting the debris having passed through the pores of the tissue.
Subsequently, the filtrate was poured into the aluminum trays and
brought to the oven (roller grill) at 45 ° C. for 48 h. After total
evaporation of the solvent, the trays are scraped with a spatula and the
extracts collected are introduced into the flasks and then weighed and
stored in a refrigerator at 4°C.

Decoction

The decoction was carried out with the leaves. In a beaker containing
750 mL of distilled water, 100 g of powder were added and boiled for
2hours. Using a white cloth the contents were filtered, centrifuged and
subsequently poured into the aluminum trays and the same procedure
was used as before.

In vitro evaluation of the antibacterial activity of the crude
extracts

Preparation of culture media
Solid medium

7.6 g of Mueller Hinton Agar (MHA) was dissolved in 200 mL of
distilled water and then heated on autoclave at 121 ° C for 30 min.
After cooling the mixture was poured into the petri dishes near the
beak of Bunsen.

Liquid medium

13.65 g of Mueller Hinton Broth (MHB) were dissolved in 650 ml of
distilled water. A part of this medium was distributed in tubes of
15mL (10.853mL per tube which will be used for inocula). Another
part was distributed in the 2 mL tubes (1.7 mL per tube for the
dilution of the extracts). These tubes and the rest of medium were
heated in an autoclave at 121°C for 30 min.

Culture of bacterial strains
The different bacterial strains were subcultured by the method of the

streaks on MHA agar medium poured into the Petri dishes. The petri
dishes were introduced into the incubator at 37 ° C. for 18 hours in

order to obtain a young culture and isolated colonies. The isolated
colonies were used to prepare the inoculum.

Preparation of the inoculum

Using a sterile platinum loop, a few colonies of bacteria from each
strain were taken from the activation medium and each introduced
into a tube containing a sterile physiological solution (0.9% NaCl).
The contents of each tube were homogenized using the vortex in order
to obtain a turbidity comparable to the standard scale of Mc Farland
(Table 1) corresponding to the concentration of 1.5. 108 CFU / mL.
Subsequently, 147 ul of the resulting suspension was removed and
introduced into 10.85 mL of MHB for a volume of 11000 mL of an
inoculated medium at 2.106 CFU / mL.

Preparation of stock solutions of crude extracts and reference
antibiotic

At least 8 mg of the various extracts were dissolved in a volume of
DMSO to obtain a stock solution of extracts with a concentration of
40mg / mL. This solution was diluted in the sterile culture medium
(MHB), so as to have a concentration of 4mg / mL of extract. For the
reference antibiotic, at least 8 mg was dissolved in DMSO so as to
obtain a concentration of 4mg / mL of stock solution which would be
diluted in the medium to have a solution of 40 pg / mL.

Determination of MIC and CMB using the micro dilution method

The micro-dilution method was used for this purpose according to the
protocol described by 1. 100 pl of culture broth (MHB) were
distributed in each well of the 96-well microtiter plates. Subsequently,
100 pL of prepared extract solution was added to the first well of each
column and serial and successive dilutions varying according to a
geometric progression of reason 2 were made. The same procedure
was used for the reference antibiotic which served as a positive
control. Some wells containing the strain and culture medium served
as a negative control. A volume of 100 pL of bacterial inoculum was
introduced into all wells, resulting in a final volume of 200 uL per
well, with a final inoculum concentration of 1.106 CFU / mL. For the
determination of the CMBs, after 18 hours of reincubation, 20 uL of
resazurin were introduced into these wells and reincubated for 4
hours. All concentrations of extract which prevented bacterial growth
were considered as bactericidal concentrations, the smallest of which
was noted as CMB Resazurin Revealing and Recording Results. The
revelation was made by the colorimetric method using resazurin.
Viable bacteria are colored pink in the presence of this solution.
Compared to the negative controls, all concentrations that prevented
the appearance of the pink color were considered to be the inhibitory
concentrations, the smallest being the MIC or CMB. The
classification of extracts of plant material on the CMI is as follows:
Strong  inhibition: MIC less than 500 pg / mL
Moderate inhibition: MIC ranged from 500 pg / mL to 1500 pg / mL

Low inhibition: MIC greater than 1500 pug / mL. Parameters for the
determination of bacterial inhibition CMI, CMB, CMB / CMI.

The CMI and CMB are two parameters for calculating the CMB/CMI
ratio. This report makes it possible to characterize a bactericidal,
bacteriostatic action or to determine the "tolerance" of a bacterial
strain.
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The works of Berche (1993), Fauchere and Avril (2002), show that
when the CMB of an antibiotic on a given strain is close to the MIC
(CMB / MIC = 1 or 2), the antibiotic is said to be bactericidal, in
contrast, if these values are relatively distant (4 <CMB / CMI> 16),
the antibiotic is said to be bacteriostatic. Finally, if CMB / CMI> 32,
we speak of "tolerance" of the microbial strain.

RESULTS

Three types of results are obtained successively; We have raw extract
yields, phytochemical tests and tests to determine inhibition
concentrations of bacterial species sensitive to active extracts.
Leaf powder will be extracted with organic solvents; before cold
MeOH / CHzCl: (1: 1), followed by hot extractions with hexane, ethyl
acetate and ethanol. It will also undergo an aqueous extraction by
maceration paralelly. In the case of Bark Powder, it will be extracted

Table 1: Yield of various extractions of Alexis batangae

with organic solvents, first cold with MeOH and then hot as before.
Root powder will be hot extracted as before.

Extraction yield

Tables 1 and 2 present the extraction yields of the various vegetable
materials of Allexis batangae and obanensis.

Phytochemical screening

The results obtained from phytochemical analysis of each extract are
summarized in Tables 3 and 4.

Antibacterial tests

The tests of sensitivity of the bacterial stocks to the rough extracts
(CMI and CMB in pg/mL) are consigned in tables 5 and 6.

Extract Mass dries (g) Massextract(g) yield (%)
Leaves (cold extraction)  Extract MeOH/CH,Cl, (1/1) 400 11 2,75
Leaves (hot extraction) Hexane 730 14,1 1,92
Ethyl Acetate 716 9,8 1,37
Ethanol 706 334 4,73
Aqueous 100 5 4,86
Barks MeOH 600 7 1,17
Hexane 593 2,1 0,35
Ethyl Acetate 591 3 0,446
Ethanol 588,2 12 2,02
Roots Hexane 880 4 0,443
Ethyl acetate 876,1 35 0,396
Ethanol 873 18 2,05

Table 2: yield of various extractions of Allexis obanensis

Extracts Mass extract obtained (g) Mass of initial powder (g) Extraction yield (%)
Leaves HEX 34 920 3,69
Leaves EA 30,3 886 342
Leaves meoh 60 856 7,01
Leaves etoh 66,2 796 8,31
Bark HEX 4 480 0,81
Bark meoh 134 476,1 2,80
Roots water 44,8 1000 4,48
Roots meoh 1.20 50 24
Leaves water 3 100 3
Table 3: Phytochemical screening of the various extracts of Allexis batangae
Leaves Barks Roots
MeOH/CH,Cl, Hex EA EtOH water MeOH HEX EA EtOH Hex EA EtOH
Triterpenes - - - + + - - - - - + -
Sterol + + + - - + + - - + - -
Flavonoides + + + +++ +++ ++ ++ +++  +++ + + ++
Phenols + + + + - + + + + - + +
Saponins ++ - - - ++ + - - + - + -
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Tanins + - - + + - - - - - - -
Lipids + + + + - + + + + + + +
Sugal’s + + + + + + - + + +++ + +
Glycosides + + + + + + + + + + + +
Alkaloids ++ + ++ ++ + + - + + - +++  +
Table 4: Result of the phytochemical screening Allexis obanensis.
Leaves Barks Roots
MeOH/CH,Cl, Hex EA EtOH water MeOH HEX EA EtOH Hex EA EtOH
Triterpens - + + + + - - - R B + R
Sterol + + + - - + + - - + - -
Flavonoids + + + +++ +++ ++ ++ 4+ + + ++
Phenols + + + + - + + + + - + +
Saponins ++ - - - ++ + - - + - + -
Tanins + - - - + - - - - - - -
Lipids + + + + - + + + + + + +
Sugars + + + + + + - + + +++  + +
Glycosides + + + + + + + + + + + +
Alkaloids ++ + ++ ++ + + - + + - +++ +
Table 5: CMI (ug/mL) of the various extracts on the nine stocks tested
Strains CM64 BM67 ATCC8739 K2 PS299 645 ATCC 13048 EA289 ATCC 11296 EA294
Extracts
ciprofloxacine 0,156 <0,78 <0,78 <0,078 <0,078 <0,78 0,156 <0,78 <0,78
Leaves MeOH/CH,Cl, - - - - 1000 - - - -
Leaves Hexane 500 - 500 1000 - - - - -
EA 500 1000 250 500 1000 1000 1000 -
ethanol - - - - - - - 500 -
water - - - - - - - - -
Barks  MeOH 250 500 250 125 1000 250 500 250 -
hexane 1000 1000 1000 1000 1000 1000 - 1000 -
EA 62,5 31,2 31,2 62,5 125 31,2 62,5 31,2 1000
ethanol 1000 1000 1000 500 - 500 1000 500 -
Roots  hexane 1000 - - - 1000 - - - -
Roots EA 125 62,5 125 62,5 125 125 250 250 1000
ethanol 500 500 500 250 1000 250 1000 1000 -

()= 1000 pg/mL

Analysis of Table 5 reveals that the MIC of the hexane extracts varies
from 500 to 1000 pg / mL. The EA extracts of the barks and roots of
Allexis batangae, which give the best CMI results, were further
investigated for the CMB. The MeOH extract of the bark has a MIC
ranging from 125 to 1000 pg / mL and the MeOH / CH2Cl2 extract

from the leaves is inactive on all strains except for PS299645 where
the MIC is 1000 pg / mL. The ethanolic extracts of the three parts of
the plant, namely leaves, barks and roots, have a MIC of between 250
and 1000 pg / mL. The aqueous leaf extract does not inhibit the

growth of any strain.
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Table 6: CMB of the bark and root extracts of the nine strains tested and the CMB / CMI ratio

Strains  Parameters bacterial CM64 BM67 ATCC8739 K2  PS299645 ATCC 13048 EA289 ATCC11296 EA29%4
(CMB in pg/mL
Extracts and CMB/CMI)
EA barks CwvMB 62,5 125 62,5 62,5 250 62,5 125 62,5 -
CMB/CMI 1 4 2 1 2 2 2 2 -
EA roots CwvMB 250 - - 625 - 250 500 500 -
CMB/CMI 2 - - 1 - 2 2 2 -

Results indicated in Table 6 shows that the CMB / CMI ratio of the
EA extract of the bark varies between 1 and 2 for strains: CM64,
ATCC8739, K2, PS299645, ATCC13048, EA289, ATCC11296 and

Table 7: Results of the antibacterial activity of Allexis obanensis extracts

is equal to 4 for strain BM67. While the CMB / CMI ratio of the root
extract AE varies from 1 to 2 for strains CM64, K2, ATCC13048,
EA289, ATCC11296.

STRAINS CM64 BM67 ATCC8739 K2 PS 299645 ATCC 13048 EA?289 ATCC11296 EA?294

Extracts

CIPROLOXACINE 0,156 <0,78 <0,78 <0,078 <0,078 <0,78 0,156 <0,78 <0,78
LEAVES HEX X x x x x x x x x
LEAVES EA 1000 1000 x 1000 x X X 1000 X
LEAVES MeOH X x x x x x x x X
LEAVES WATER X X X X X X X X X
LEAVES EtOH X X X X X X X X X
BARKS HEX X x x x x x x x x
BARKS EtOH 250 250 125 1000 x X X 125 X
ROOTS EtOH 250 250 250 1000 1000 250 250 125 X
ROOTS WATER X 1000 x X X X X X X

Legend: x = negative result

Analysis of this table indicates that the antibiotic Ciprofloxacin
inhibits all bacterial strains at a very small MIC, less than 0.7 pg / mL.
Hexane, methanol and water decoction extracts have no effect on the
bacterial strains and clinical isolates used, as well as certain ethanolic
extracts such as leaf extracts. The leaf extract with ethyl acetate
inhibited four clinical isolates and one strain (CM 64, BM 67, K 2,
ATCC11296) to very high MICs equal to 1000 pg / mL. Only the

Table 8: CMB results on Allexis obanensis

ethanolic extract of the bark inhibits 2 strains and three clinical
isolates with MICs equal to: 1000 pg /mL for isolate K2, 250 pg / ml
for isolates

CM 64 and BM 67 and 125 pg / ML for strains ATCC 8739, ATCC
11296. For roots, ethanol extract inhibits all strains and all clinical
isolates except EA 294 isolate and aqueous extract with water
maceration inhibits only Strain BM 67.

Strains CM64 BM67 ATCC8739 K2 PS299645 ATCC 13048 EA289 ATCC11296 EA 294
Extracts
BARK EtOH 500 250 250 ND ND ND ND 250 ND
ROOQOTS EtOH 500 500 250 ND ND 500 500 250 ND

Caption: ND = Non Determined

Analysis of table 8, it arises that the CMB obtained are equal to 250 or
500 pg/mL. It should be noted that, only the most active extracts

(CMI less than or equal to 250 pg/mL) were used for given the CMB.
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Table 9: Result of ratio CMB/CMI

STRAINS CM64 BMG67 ATCC8739 K2 PS299645 ATCC13048 EA289 ATCC11296 EA294
EXTRACT
BARK EtOH 0.5 1 0.5 ND ND ND ND 0.5 ND
ROOTS EtOH 0.5 0.5 1 ND ND 0.5 0.5 0.5 ND

Caption: ND = not determined

From the analysis of Table 9, it was found that the CMB / CMI ratio
of the ethanolic extract of the bark had a bactericidal effect on the
isolates CM 64 and BM 67, strains ATCC 8739, ATCC 11296; The
ethanolic extract of the roots also has a bactericidal effect on all the
clinical strains and isolates used with the exception of PS.

DISCUSSION

The antibacterial activities of the leaves, barks and roots of Allexis
obanensis, extracted with water and organic solvents reveals that
taking into consideration both strains Bacterial and the seven clinical
isolates used, all were sensitive to at least one extract with MICs equal
to 1000, 250 and 125 png / mL except for one clinical isolate (EA 294).
This distinct sensitivity of strains to extracts in liquid medium is due
to the fact that the sensitivity of a microorganism to a plant extract
depends mainly on the composition of the extract, but also on the
microorganism itself and the environment in which it takes place the
action [,

Overall, the results obtained showing moderate to good activity taking
into account that there are extracts. At this stage of the project, it does
not make any sense to perform a direct comparison with
Ciprofloxacin, which is used as positive control. The extracts as the
own name indicates are mixtures of compounds, some with activity,
some with less or no activity, and with possibility of negative
synergistic effects. The absence of antibacterial activity observed with
organic extracts of leaves and barks with hexane, with methanol and
with ethanol (only for leaves) and aqueous leaf extract with water
decoction could be explained by the absence or low concentration of
certain secondary metabolites known as active ingredients.
The results of the MICs of the organic extracts show that only the
ethyl acetate extract of the leaves of Allexis obanensis and the
ethanolic extracts of the barks and were active on the bacterial strains
and clinical isolates used. Leaves EA extract inhibited three isolates
out of the six and one bacterial strain out of all three, with a MIC of
1000 Mg / ml. The low activity of this extract could be due to the
absence of tannins and saponins and the presence of all other
compounds. But the leaves Hex and MeOH extracts having the same
composition as the leaves EA, we do not know that extracts are
inactive on the bacterial strains and clinical isolates used, this would
be due to the fact that hexane and methanol extract chlorophyll from
the leaves, Other photosynthesis substances that interact with
secondary metabolites and therefore reduce their ability to inhibit
antibacterial activity. Ethanol extracts inhibit more strains and clinical
isolates. In addition to the strains and isolate inhibited by the leaves of
Allexis obanensis EA extract, barks of Allexis obanensis EtOH extract
inhibits another bacterial strain (ATCC 8739); This would be caused
probably by the presence of tannins in this extract. Tannins possess
toxic activity against bacteria [%3]. The antimicrobial activity of tannins
is due to their ability to complex to transport proteins (53, The roots of
Allexis obanensis EtOH extract inhibits all bacterial strains and
clinical isolates used with the exception of the EA294 isolate. The
sensitivity of the bacteria to this extract would be due to the presence

of saponins and tannins which are absent simultaneously in the other
extracts which have been active on the bacteria. In addition to the
tannins whose antimicrobial activity has been justified, saponins also
have antimicrobial properties, in fact, the therapeutic potential of
saponins against bacteria is linked to the membrane permeability of
the complex that it forms with [5 481, The observation of the results of
phytochemical screening of aqueous extracts calls into question the
action of the saponins and tannins justified above. This could be
explained on the one hand by the higher extraction yield for organic
extractions than for aqueous extractions and on the other hand by the
secondary metabolite composition of the extracts. In fact the extracts
of the leaves of Allexis obanensis with water decoction and roots with
water maceration contain tannins and saponins but only the root water
maceration extract was active and inhibited a single clinical isolate
then the simultaneous presence of tannins and saponins is not
sufficient for the antibacterial activity of Allexis obanensis. The
inhibitory activity of Allexis obanensis is probably due on the one
hand to the presence of tannins and saponins that bind to the lipids in
order to enter the microorganisms I and on the other hand to the
presence Triterpenes and sterols. These metabolites possess
antimicrobial properties against resistant bacteria [l and are perharps
responsible for the bactericidal effect of bark of Allexis obanensis
EtOH and roots of Allexis obanensis EtOH extracts. Indeed,
terpenoids are known to induce apoptosis %, tannins induce leakage
of potassium ions at the level of the bacterial membrane and therefore
a precursor effect for their death Y. The microbiological tests have
not yet been done on Allexis obanensis so we cannot compare our
results with other work. However, the inhibitory activity of
triterpenes, tannins, saponins and lipids on the bacterial species
showed the antibacterial activity of these secondary metabolites on the
bacterial species that we used [8l, The resistance of several human
pathogenic species to many antibacterial substances and the traditional
use of medicinal plants for the treatment of microbial infections are
the motivations underpinning this study whose overall objective was
to evaluate the antibacterial properties Organic and aqueous extracts
of leaves, barks and roots of Allexis obanensis. From this work it
emerges that only a clinical isolate has been resistant to organic and
aqueous extracts of leaves, barks and roots of Allexis obanensis.
Furthermore, the ethanolic extracts of bark and roots EtOH have a
bactericidal effect on the bacterial species used. The bioactive
metabolites responsible for the inhibitory and bactericidal activity of
the extracts would be tannins, saponins, lipids, triterpenes andsterols.
Evaluation of the antibacterial activities of the organic crude extracts
revealed that eight of the strains tested, namely CM64, BM67,
ATCC8739, K2, PS299645, EA289, ATCC13048, ATCC11296, were
extremely sensitive to EA extracts from leaves, barks and roots of
Allexis batangae. The EA extract was very active with the lowest MIC
ranged between 31.2 and 500 pg / mL on almost all strains tested.
This result corroborates the classification of Aligiannis [, according
to which an extract has a strong inhibition of strains when its MIC is
less than 500 pg / mL. This could be explained by the fact that this
solvent extracts in a large quantity the compounds capable of
inhibiting the growth of the strains, unlike the other solvents which
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extract them, but in a small amount, for which they possess moderate
antibacterial activity (ethanolic extract of the roots) See low (hexane
extract of the bark for most strains and roots only for CM64,
PS299645, as well as the MeOH / DCM extract of leaves on strain
PS299645). Among the extracts of the three parts (leaves, barks,
roots), it was mainly those of the bark which inhibited the growth of
the strains, this could be explained by the fact that it is at the bark
level that a large Quantity of secondary metabolites with antibacterial
activities. The mechanisms of action of the active ingredients can vary
from one species to another and also from one strain to another. This
observation would also be justified by the lack of sensitivity of the
EA294 strain to all the crude extracts except those at the bark and root
EA which showed a low antibacterial activity (1000 pg / mL) on this
strain. Moreover, this non-sensitivity could also be justified by the
fact that the antibacterial molecules present in the extracts were not
sufficiently concentrated to inhibit the growth of this bacterium. All
active extracts have a MIC greater than that of the reference antibiotic
(ciprofloxacin), so the sensitivity of these strains to these extracts is
lower than that of ciprofloxacin, this could be explained by the fact
that the active ingredient Would be present in small amounts in these
extracts, since the extracts are mixtures of compounds whereas
ciprofloxacin is a pure, isolated molecule. The absence of antibacterial
activity observed with the aqueous extract of the leaves is
characteristic and suggests a low concentration of bioactive molecules
that cannot inhibit the growth of bacterial species. When the CMB of
an antibiotic on a given strain is close to the MIC (CMB / CMI =1 or
2), the antibiotic is said to be bactericidal, if these values are relatively
far apart (4 <CMB / CMI> 16), the antibiotic is said to be
bacteriostatic. Finally, if CMB / CMI> 32, we speak of "tolerance" of
the microbial strain 1. The extract EA of the bark is bactericidal on
the strains: CM64, ATCC8739, K2, PS299645, ATCC13048, EA289,
ATCC11296 and bacteriostatic on the BM67 strain. The root extract
EA is bactericidal on strains CM64, K2, ATCC13048, EAZ289,
ATCC11296. The majority of strains and clinical isolates were
sensitive to extracts except the isolate EA 294 which was not sensitive
to any extract. The wall of all the bacteria contains polymers of
glycans which are crosslinked by a pentapeptide whose sequence is
generally attached to the sugar; This crosslinking gives the cell its
rigidity and its mechanical strength I3, The strong resistance of EA
294, one of the clinical isolates of Enterobacter aerogenes, is due, on
the one hand, to a very high crosslinking of polymers of glycans to
pentapeptides and, on the other hand, to a sharp reduction in the
synthesis of non-specific porins and the presence of a very active
efflux pump 01, All this reduces the penetration of the extract into the
cell.

CONLUSION

The obtained results confirm and validate the traditional use of some
of these plants, which could be good sources and alternative of
metabolites for anti-TB-drug development. These encouraging results
prompted us to pursue the evaluation of the most active extracts.
Therefore,  fractionation and  further  phytochemical and
pharmacological studies of these plants are evidently worthy, and our
group is focusing on this effort.
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