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Abstract

Background: In the last ten years, the resistance of Gram-negative and Gram-positive bacteria continuously increased. The present study was
designed to evaluate the antibacterial and antibiotic-potentiating activities of nine Cameroonian medicinal plants: Cucumeropsis mannii,
Lagenaria siceraria, Citrullus lanatus, Cucurbita moschata, Salix ledermannii, Gouania longispicata, Psychotria mapourioides, Conyza aethiopica
and Conyza sumatrensis against resistant phenotypes.

Methods: Liquid broth microdilution method was used for the determination of antibacterial activities, while standard methods were used for
phytochemical screening to detect the major classes of secondary metabolites in the extracts.

Results: The result of phytochemical screening revealed that the secondary metabolite classes were selectively detected in the extracts. The
studied extracts showed antibacterial activities with minimum inhibitory concentrations (MIC) ranging from 64 to 1024 pug/mL on the tested
strains. The Gouanea longispicata extract showed the greatest spectrum of action notably against 86.4% of the bacterial strains tested. The
synergistic effects of the extracts and antibiotics observed varied from 20 to 60%. Salix ledermannii leaf extract in combination with cloxacilin and
ciprofloxacin, showed the highest synergistic effects (60%) towards the tested pathogens.

Conclusion: The present study provides information on the possible use of the tested Cameroonian medicinal plants in the control of bacterial
infections, especially those caused by resistant phenotypes. It also indicates that extracts of Gouania longispicata and Salix ledermannii leaves
can be used as natural modulators of antibiotic resistance to control MDR bacteria.
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Background

Today, bacterial infections remain a serious health problem
worldwide and particularly in developing countries. They are a
leading cause of hospital and community-acquired infections,
ranging from common infections such as skin and soft tissue
infections to life-threatening infections. An estimated 17 million
deaths from infectious diseases occur each year out of a total of 62
million observed cases [1]. Of this incidence, 70% of mortality is
associated with pathogenic bacteria [2]. These figures affect all
age groups, and the World Health Organization (WHO) estimated
the global number of neonatal deaths at 2.8 million in 2015, 47.6%
of which were due to bacterial infections [3]. This situation is more
alarming as we are witnessing the emergence of infectious
outbreaks that are difficult to manage due to the occurrence of
multi-resistant phenotypes to the usual antibiotics. Among these
infections, those caused by multi-resistant bacteria are involved in
several therapeutic failures and are, for the most part, involved in
nosocomial infections [4, 5]. As an illustration, nosocomial
infections caused by Gram-negative bacteria such as
Enterobacteriaceae (Escherichia coli, Klebsiella pneumoniae,
Acinetobacter baumannii) and Pseudomonas aeruginosa, but also
Staphylococcus aureus (Gram-positive bacteria) have become
difficult to treat due to their ability to resist several antibiotics [6, 7].
Several biochemical mechanisms of resistance have been
developed by these bacteria including enzymatic inactivation of the
antibiotic, modification of its target, and decrease of the
intracellular concentration of the antibiotic by reduction of
permeability and active efflux [8]. Bacterial resistance and/or
multidrug resistance contribute to therapeutic failures and result in
an economic burden, which, together with the adverse side effects
of synthetic antibiotics, complicates the control of bacterial
infections [9, 10]. The resistance of these bacteria to antimicrobial
agents may be associated with the presence of membrane
transport systems called efflux pumps that are thought to be
responsible for the overexpression of the multidrug resistance
phenomenon [11]. The increase of multidrug resistance (MDR)
which is more and more frequent in the bacterial world, and the
lack of new antibiotics encourage the search for new effective
antibacterial agents and/or resistance modulators via medicinal
plants. Since ancient times, plants have been considered a source
of inspiration for new drug compounds, as plant-derived medicines
have contributed greatly to human health and well-being [12].
Medicinal plants are a rich source of compounds with
pharmacological activities, such as antimicrobial activities, because
of the diversity of secondary metabolites [13]. The Cameroonian
flora abounds with a diversity of plants that have demonstrated
their potential in the control of various human ailments, including
bacterial infections [14-16]. Therefore, the exploration of this flora
appears to be an interesting strategy in the discovery of new
antibacterial drugs. In addition, several studies carried out in
Cameroon have shown antibacterial activities and modulating
effects of antibiotic activity of extracts of many medicinal plants,
food plants, and derived products against bacteria (Gram-positive
and Gram-negative) sensitive or resistant/multidrug-resistant to
common antibiotics [17-19]. In our continuous search for
antibacterials from botanical sources, we designed the present
work to study in vitro, the antibacterial activity of methanolic
extracts of nine Cameroonian medicinal plants, namely
Cucumeropsis mannii  (Cucurbitaceae), Lagenaria siceraria
(Cucurbitaceae), Citrullus lanatus (Cucurbitaceae), Cucurbita
moschata (Cucurbitaceae), Salix ledermannii (Salicaceae),
Gouania longispicata (Rhamnaceae), Psychotria mapourioides
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(Rubiaceae), Conyza aethiopica (Asteraceae) and Conyza
sumatrensis (Asteraceae). This study was extended to evaluate the
capacity of some extracts studied to potentiate the activity of
antibiotics commonly used against resistant strains. The plants
used in the present work are commonly used in traditional
medicine in Cameroon in the treatment of several diseases which
include, in addition to bacterial and fungal infectious diseases,
cancers, and metabolic syndromes (Table 1). Some of them are
also used in Cameroonian cuisine.

Methods

Plant material and extraction

The nine medicinal plants used in this work were collected from
Moungo (Littoral region, Cameroon), Dschang (Western region,
Cameroon), and Mberenka (Southwest region, Cameroon) during
the period from March 2016 to June 2017. Plant samples collected
were leaves, fruits, and seeds of Cucumeropsis mannii, Lagenaria
siceraria, Citrullus lanatus, and Cucurbita moschata, the whole
plant of Psychotria mapourioides, Conyza aethiopica, Conyza
sumatrensis and Gouania longispicata, and bark and leaves of
Salix ledermannii. Plants were identified at the National Herbarium
(Yaoundé, Cameroon) where reference specimens were deposited
under a reference number (see Table 1). Each plant sample was
air-dried at laboratory temperature (22°C) and then powdered. The
resulting powder was extracted with methanol (1:3 w/v) for 48 h at
room temperature. The extract was then concentrated under
reduced pressure at about 40°C, to give a residue that constitutes
the crude extract. All extracts were then stored at 4°C until further
use.

Chemicals for antimicrobial assay

In this study, the reference antibiotics used were ampicillin (AMP),
chloramphenicol (CHL), ciprofloxacin (CIP), kanamycin (KAN),
erythromycin (ERY), tetracycline (TET), streptomycin (STR),
norfloxacin (NOR), cloxacillin (CLO) and doxycycline (DOX), which
were all obtained from Sigma-Aldrich (St. Quentin Fallavier).
Dimethylsulfoxide (DMSO, Sigma-Aldrich) was used to dissolve the
tested samples. The microbial growth indicator used was p-
iodonitrotetrazolium chloride 297% (INT, Sigma-Aldrich) [20].

Bacterial strains and culture media

A panel of 22 bacteria (Gram-negative and Gram-positive) was
used in this work. They included resistant strains of Escherichia
coli, Enterobacter aerogenes, Klebsiella pneumoniae, Providencia
stuartii, Pseudomonas aeruginosa, and Staphylococcus aureus.
The bacterial strains were obtained from the American Type
Culture Collection (ATCC) or were clinical laboratory isolates. Their
bacterial characteristics were given previously (Additional file 1;
Table S1) [12, 21]. Bacterial strains were maintained on agar
plates at 4°C and subcultured onto appropriate fresh agar plates 24
hours before any antibacterial test. Mueller Hinton agar (MHA,
Sigma) was used for bacterial activation and Mueller Hinton broth
(MHB; Sigma) was used for minimum concentration [22] and
modulation factor determination [23].
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Antibacterial testing

Minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) determinations on the used bacterial strains
were performed using a rapid colorimetric p-iodonitrotrazolium
chloride (INT) test [20, 24]. The different plant extracts and the
reference drug were dissolved in DMSO-MHB. The bacterial
inoculum used was 1.5 x 10° CFU/mL and the incubation
conditions were 37 °C for 18 h. DMSO with concentrations less
than 2.5% was used as control solvent while CHL and CIP were
used as positive controls. A preliminary test was performed by
evaluating a combination of the plant extracts at different sub-
inhibitory concentrations (MIC/2, MIC/4, MIC/8, and MIC/16) with
10 antibiotics (AMP, CLO, DOX, CIP, NOR, CHL, TET, KAN, ERY,
and STR) on PA124 (see Additional file 1; Table S2), which
allowed us to select the appropriate sub-inhibitory concentration to
further potentiate the effect on other bacteria. Therefore, MIC/2 and
MIC/4 values were subsequently used for the combination of
antibiotics in the sample on a larger number of bacteria [25 - 28].
Fractional inhibitory concentrations were calculated as the ratio of
the MIC of the antibiotic in the combination to that of the antibiotic
alone (MIC of the antibiotic in the combinatio/MIC of the antibiotic aloney @nd
interpretation was made as synergistic (< 0.5), indifferent (1 to 4),
or antagonistic (> 4) [29, 30].

Phytochemical screening

The presence of the major classes of secondary metabolites,
namely alkaloids, polyphenols, flavonoids, triterpenes, sterols, and
saponins (Table 2) was determined using the standard
phytochemical methods described by [23].

Results

Phytochemistry of the studied plants

The results of Table 2 reporting the qualitative phytochemical
analysis indicated that the classes of secondary metabolites are
randomly distributed in the extracts of the plants studied. Only the
Salix ledermannii leaf extract tested contained all the secondary
metabolites highlighted in this work. Except for the extract from the
leaves of Lagenaria siceraria, all the other crude extracts contained
polyphenols (Table 2).

Antibacterial activity

The MIC results as compiled in Table 3 indicate that the extracts
studied possess antibacterial activity with values ranging from 64 to
1024 pg/mL. Gouanea longispicata extract presented the highest
spectrum of action notably against 86.4% of the tested bacterial
strains. The other extracts presented an inhibition spectrum
between 4.5% - 31.8% except those of Cucumeropsis mannii
seeds, Lagenaria siceraria seeds, Citrullus lanatus seeds and
leaves, Salix ledermannii bark, Psychotria mapourioides and
Conyza aethiopica which did not show antibacterial activity. The
lowest MIC value of 64ug/mL was recorded with Cucurbita
moschata against Providencia stuarti NEA16. The other extracts
showed low activities against a limited number of strains studied.
According to the MBC/MIC ratio values, the effects of the studied
extracts were mostly bacteriostatic (MBC/MIC > 4). The most
active extract, Gouanea longispicata, showed low bactericidal
activity with only one MBC against 2/22 (9.1%). CHL and CIP were
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used as reference antibiotics on Gram-negative and Gram-positive
bacteria, respectively. CHL was active on 94.4% of Gram-negative
bacteria tested and CIP on all Gram-positive bacteria (100%) with
MICs ranging from 8 pg/mL to 256 pg/mL and <0.5 pg/mL to 2
pg/mL respectively.

Antibiotic-potentiating effect of the crude extracts

Based on the results obtained in a preliminary study performed on
Pseudomonas aeruginosa PA124, the three selected extracts
(Gouania longispicata, Salix ledermannii leaves, and Conyza
sumatrensis) were combined with ten antibiotics (AMP, CHL, CIP,
CLO, DOX, ERY, KAN, NOR, STR, and TET) commonly used in
bacterial chemotherapy in order to check their potentiating
capacities. Tables 4-6 show that the selected extracts potentiated
the effect of the antibiotics in varying proportions depending on the
antibiotic and the bacterial strain at sub-inhibitory concentrations of
MIC/2 and MIC/4. These synergistic effects vary from 20 to 60% on
the different microorganisms with all extracts. Potentiation of the
antibiotic effect on more than 70% of the strains tested at the
different concentrations (MIC/2 and MIC/4) was not obtained with
the selected extracts (Table 4-6). Nevertheless, Salix ledermannii
leaf extract in combination with COL and CIP, showed the highest
synergistic effects (60%). On the other hand, Gouania longispicata
extract, the most active extract according to MIC determinations,
showed a low percentage of synergy (Table 5), the maximum of
which was obtained against 40% tested bacteria when combined
with NOR and TET. Several cases of indifference and antagonism
were also observed.

Discussion
Phytochemistry

The biological activity of plant extracts depends on the active
ingredients (secondary metabolites) it contains [32, 33]. This
activity depends not only on the presence of secondary
metabolites, but also on the types, and the quantity of the
metabolites, as well as on the possible interactions between the
constituents. These parameters can vary from one plant to another
but also from one part to another in the same plant and depend on
the harvesting period. The phytochemical screening carried out in
the framework of this study allowed us to highlight the presence of
polyphenols, flavonoids, alkaloids, triterpenes, sterols, and
saponins (Table 2).

Antibacterial effects

The search for new and more efficient ways to fight MDR bacteria
remains a real public health issue. Thus, the presence of
secondary metabolites in the different plant extracts used in this
study could justify their observed antibacterial activities. According
to Kuete's classification [14], A plant extract was considered
significantly active when MIC<100 pg/mL, moderately active for
100< MIC<624 pg/mL, and weakly active when MIC>2048 pg/mL.
However, the spectrum of activity and the level of resistance of the
strains studied should be taken into consideration. Thus, in this
work, the antibacterial activity observed varies from one extract to
another and from one bacterial strain to another. The extract of
Gouania longispicata presented the highest spectrum of activity
with an inhibitory power on 19 of the 22 strains tested (86.4%).
The extract of Cucurbita moschata seeds had a strong activity on 1
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of the strains that were sensitive to it with a bactericidal effect on it.
On the other hand, this extract had a moderate activity on 2 strains
with bacteriostatic effects and a weak activity on 4 strains with 1
bactericidal effect and 3 bacteriostatic effects. The extracts of
leaves and fruit of Cucumeropsis mannii, Lagenaria siceraria,
Cucurbita moschata, the fruit of Citrullus lanatus, leaves of Salix
ledermannii, and the extract of Conyza sumatrensis showed
activities with spectra ranging from 4.5% (1 strain out of 22) to
31.8% (7 strains out of 22). However, extracts from Cucumeropsis
mannii seeds, Lagenaria siceraria seeds, Citrullus lanatus seeds
and leaves, Salix ledermannii bark, Psychotria mapourioides, and
Conyza aethiopica showed no activity. The different distribution of
secondary metabolites within the same plant would justify the
activity observed with our cucurbitaceae extracts. The methanolic
extract of Salix ledermannii leaves was only active on 1 bacterial
strain, whereas the phytochemical screening revealed the
presence of all classes of secondary metabolites. This activity
could therefore be related to the amount (concentration) of
secondary metabolites present. The methanolic extracts of
Lagenaria siceraria fruit and leaf were weakly active while the seed
extract showed no activity (Table 3). On the other hand, many
studies have shown antioxidant, anticancer, antibacterial properties
of the seeds of this plant [34 - 37]. Also, the seeds and pulps of
this plant are used in traditional medicine in the treatment of many
diseases and against pain. Thus, the presence of some
metabolites and not others could be justified by the composition of
the soil, the temperature, and the light intensity. Cucurbita
moschata has received considerable attention in recent years
because of the nutritional and protective values of its fruits and
seeds. This plant has several therapeutic properties and is
traditionally used to prevent chicken pox, skin diseases, jaundice,
insomnia, colic, eye disorder, reduces cell damage, cancer and
improves immune function. In this study, the methanolic extracts of
the different parts of this plant showed variable activities with the
best activity found in the seed extract and the lowest in the fruit
extract. This activity corroborates those demonstrated by [38-39]
on sensitive strains and adds to the other activities listed, namely
its antidiabetic, anticancer, antihypertensive, antioxidant, antitumor,
immunomodulatory, anti-inflammation, antifungal, and
antihyperlipidemic activity [40-43]. The antibacterial activity
obtained with the extract of Gouania longispicata is significant.
Indeed, not only was this extract active on 19 of the 22 strains
tested, but we also noted MICs=128 pg/mL on 4 of the strains,
including one MRSA strain (E. coli AG102, K. pneumoniae KP55,
ATCC11296, and S. aureus MRSA9). The differences in
susceptibility found for the same extract with different strains could
be explained by intrinsic differences in the chemical composition of
the bacterial wall and/or in genetic elements of resistance that may
or may not be transferable between strains such as plasmids or
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transposons [44]. The presence of efflux pumps in bacteria is
responsible for therapeutic failures because they are involved in
resistance to several antibiotics such as tetracycline,
chloramphenicol, rifampin, quinolones, and certain B-lactams, thus
leading to an increase in MICs above therapeutic thresholds [45-
47]. This activity observed on both Gram-negative and Gram-
positive bacteria is due to the presence of phytochemicals with
antibacterial potential. It should be noted that no study has yet
been done regarding the antibacterial potential of Gouania
longispicata. Olapeju et al. [48] demonstrated some sensitivity of
some bacteria and fungi towards methanol, ethyl acetate and n-
hexane extracts of Conyza sumatrensis with clear zones of
inhibition at high concentrations. However, in the present study,
low activity (MIC = 512 pg/mL) was noted on only one of the strains
tested (NEA16). Moreover, we noted as much as Olapeju et al.
[48], during the phytochemical screening, the presence of
secondary metabolites with biological activity namely flavonoids,
terpenes, polyphenols, and tannins. Thus, the low activity noted in
the present work could be justified by the concentration of
metabolites, associated with the quality of the soil and the harvest
period. Indeed, the composition of the soil and the harvesting
period are factors that condition the concentration of metabolites
present in the plants.

Antibiotic-modulation activity

Synergistic or modulating effects following the combination of
selected plant extracts (Gouania longispicata, Salix ledermannii
leaves and Conyza sumatrensis) with antibiotics on the tested
bacteria were noted. The work of Braga et al. [28] demonstrated
synergistic effects of the combination of plant extracts with the
usual antibiotics on clinical isolates of S. aureus, this work also
showed that when a percentage of synergy is greater than or equal
to 70%, a possible existence of EPI in the extracts studied could be
noticed. Synergistic effects were obtained in this work, only the
extract of Salix ledermannii leaves in combination with CLO and
CIP, showed the most important synergistic effects (60%). This can
be explained by the fact that the extracts act as preferential
substrates for efflux pumps, or by inhibiting the synthesis of
transmembrane proteins involved in the efflux phenomenon. The
other plant extracts showed synergistic effects with at least one
antibiotic against at least 1 strain of multidrug-resistant bacteria.
Cases of indifference of some extracts towards certain antibiotics
have also been reported; this can be explained by the fact that the
extracts do not act on the resistance mechanisms developed by
the bacteria. The antagonisms observed in combination with
antibiotics could be explained by a possible neutralization of the
active function of the antibiotic by some plant components [12].
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Table 1. Information on the studied plants
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Species (family); voucher number Traditional uses Bioactive or potentially bioactive Bioactivity of crude extract
components*

Cucumeropsis mannii (Cucurbitaceae);  Healing ointment / /

1874/SFRK

Lagenaria siceraria (Cucurbitaceae); Eczema, malaria, respiratory  Cucurbitacin, polyphenols, sterols  Methanolic extract: anti-

34058/HNC disorders, jaundice, diabetes, (campester and sitosterol), flavonoids, hepatoprotective, antioxidant,
ulcer, hypertension and infectious  vitamins, saponins [49] hypolipidemic, immunoprotective,
diseases, deworming, insomnia, antiproliferative, antidepressant,

Cucurbita moschata (Cucurbitaceae);
42958/HNC

Citrullus lanatus (Cucurbitaceae); 55594/HNC

Salix ledermannii (Salicaceae) ; 42587 / HNC

Gouania
4447/SRFK

longispicata (Rhamnaceae) ;

Psychotria mapourioides (Rubiaceae); 25860
/ SRF Cam

Conyza aethiopica
5604/SRF/Cam

(Asteraceae);

Conyza sumatrensis (Asteraceae); 52936 /
HNC

epilepsy [49]

Anthelmintic, skin
inflammation [50]

conditions,

Epilepsy, asthma, bronchitis, eye

pain,  smallpox, rheumatism,
diarrhea, dysentery, vermifuge,
diuretic,  tonic, inflammation,

hypotensive, kidney stones [51]
/

Dysentery, diarrhea, irritation of
the stomach, intestines. Catarrhal
infections of the kidneys, dysuria
and gonorrhoea, syphilis, dental
caries [52]

/
Epilepsy, asthma, bronchitis, eye
pain, smallpox, rheumatism,

diarrhea, dysentery [53]

Asthma, burns tumors, diarrhea,
fever, nausea splenosis, gastric

distress, deworming, fungicide,
bactericide,  whitlow, leprosy,
dermatoses, scabies, mycoses,

snake bite, microfilaria [54]

Polysaccharides, para aminobenzoic acid,
sterols, protein and peptides, carotenoids,
aminobutyric acid [50]

Lycopene, glucose, vitamin C, B-carotene,
cucurbitacin,  triterpenes,  sterols, and
alkaloids [51]

/

Flavonoids, tannins, anthracene, sterols and
triterpenes, glycosides, saponins, steroids
[52]

cardioprotective, and antitumor [49]

Methanolic extract:

Antifungal, antidiabetic, antioxidant,
antitumor, antimicrobial, anti-
inflammatory [50]

Methanolic and aqueous extract:

antioxidant, cytoprotective [51]

/

Methanol hexane extract, chloroform
water: antibacterial, antifungal [52]

/ : not reported ; HNC: Cameroon National Herbarium; SRF/Cam/ K : Section des Réserves Forestieres du Cameroun / Kamerun.; * Several classes of secondary metabolites detected are
potential antibacterial, anticancer, anti-inflammatory agents, etc [55-61].

Table 2. Qualitative phytochemical composition of the plant extracts

Classes Studied plants and composition
Lagenaria Cucumeropsis Citrullus Cucurbita Salix Gouania Psychotria Conyza Conyza
siceraria mannii lanatus moschata ledermannii longispicata mapourioides aethiopica sumatrensis
S F L S F L S F L S F L B L w w w w
Polyphenols + + - + + + + + + + + + o+ + + + + +
Flavonoids + - - + + + - + + + + + + + - + +
Alkaloids - + + - + + - + - - + - + + - + - +
Triterpenes + + + - + + - + + - + + + + + + + +
Sterols - - + - - + + - - + - + + + +
Saponins + + - - - - - - - - + - + + + + + +

(-): Absent; (+): Present; the tested extracts were obtained from (L: Leaves; B: bark; F: Fruit; S: Seed; W: whole plant).
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Table 3. MICs and MBCs in pg/mL of methanol extracts from the studied plants, chloramphenicol, and ciprofloxacin

Bacterial Tested samples, MIC and MBC (in bracket) values (ug/mL)
strains LS CM CL CMo SL GLo Pm Ca Cs ATB
S F L S F L S F L S F L B L W w w w CHL
Escherichia coli
ATCC8739 - - 256 - - 512 - 128 - 128 512 512 - - 256(-) - - - 8(256)
(1024) Q] Q] (1024)  (512) )
ATCC10536 - - 1024 - - - - - - 512 - 1024 - - 256 - - - 16(32)
() ) ) (512)
AG100ATET - - 512(-) - - - - 512 - - - 1024 - - 512(-) - - - 64
(1024) (1024) (128)
AG102 - - - - - - - - - - - - - - 128 - - - 64(64)
(1024)
MC4100 - - 1024 - - - - 1024 - 1024 - - - - 512(-) - - - 128(128)
) ) Q]
W3110 - - () - - - - 1024 - - - - - - 256(-) - - - 64(128)
Q]
Enterobacter aerogenes
ATCC13048 - - - - - - () - - - - - 256(-) - - - 8(32)
CM64 - - - - - - - () - - - - - 1024(-) - - - 128(-)
EA27 - 1014 - - 512 - - () - - - - - 256(-) - - - --)
Q] Q]
EA289 - - - - - - () - - - - - 512(-) - - - 256(-)

Klebsiella pneumoniae

KP55 - - - - - - - -(-) - - - - - - 128(-) - - - 32(128)
KP63 - - - - - - - -(-) - - - - - - 256 - - - 128(-)
(1024)
ATCC11296 - - - - - - - () - 1024 - - - - 128(-) - - - 8(256)
Q]
Providencia stuartii
NEA16 - - - - - - - -(-) - 64 - 512 - 512 512(-) - - 512 256(-)
(64) (512) (512) (512)
ATCC29916 - - - - 512 - - -(-) - - - - - - 512 - - - 16(32)
) )
PS2636 - 1024 - - 101 - - -(-) - - - - - - 512 - - - 32(32)
©) 4() )
Pseudomonas aeruginosa
PAO1 - - - - - - - () - - - - - - 512 - - - 128(-)
)
PA124 - - - - - - - () - 1024 - - - - 1024 - - - 256(-)
(1024) Q]
Staphlococcus aureus
ATCC25923 - - - - - - -() - - - - - - -() - - - <0,5(16)
MRSA3 - - - - - - - -(-) - - - - - - -(-) - - - 2(16)
MRSA8 - - - - - - - -(-) - - - - - - -(-) - - - 2(8)
MRSA9 - - - - - - - -(-) - 1024 - - - - 128(-) - - - 2(16)
)

— 1 >1024 (MIC) or not determined; the tested extracts were obtained from (L: Leaves; B: bark; F: Fruit; S: Seed; W: whole plant); CHL: chloramphenicol; CIP: ciprofloxacin; Ca: Conyza
aethiopica; CM: Cucumeropsis mannii ; CL: Citrullus lanatus ; CMo: Cucurbita moschata ; Cs: Conyza sumatrensis; GLo : Gouania longispicata; LS: Lagenaria siceraria; Pm: Psychotria
mapourioides: SL : Salix ledermannii; Values in bold: Significant activity [61-64]; MICs and MBC: were determined by the broth microdilution method [65, 66].
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Table 4. MIC of antibiotics after the association with Salix ledermannii (leaves) at MIC/2 and MIC/4 against five MDR bacteria strains

Antibiotics® Bacterial strains®, MIC (ug/mL) of antibiotics in the absence and presence of Salix ledermannii (leaves) PSBS (%)

Extract concentration MRSA3 ATCC29916 ATCC13048 AG102 ATCC25923
STR 0 0.25 0.125 1 2 /

MIC/2 0.25 (1)1 0.0625 (0.5)S 8 (8)A /(nc)A / 1/5 (20%)

MIC/4 0.25 (1)1 0.0625 (0.5)S 22l /(nc)A / 1/5 (20%)
CLO 0 32 16 32 32 64

MIC/2 4(0.125)S 2(0.125)S 32 () 32 () 32 (0.5)S 3/5 (60%)

MIC/4 4(0.125)S 2(0.125)S 32 () 32 () 32 (0.5)S 3/5 (60%)
ERY 0 4 4 ! ! /

MIC/2 4(1)l 2(0.5)S / / / 1/5 (20%)

MIC/4 4(1)l 2(0.5)S / / / 1/5 (20%)
NOR 0 2 <0.5 2 1 16

MIC/2 1(0.5)S 16 (232)A 16 (8)A 64 (64)A 64 (4)A 1/5 (20%)

MIC/4 1(0.5)S 16 (232)A 2@ 64 (64)A 64 (4)A 1/5 (20%)
CHL 0 8 2 2 2 8

MIC/2 2(0.25)S 2 ! 4(2) 4(2) 4(0.5)S 2/5 (40%)

MIC/4 2(0.25)S 2 ! 4(2) 2 (1)l 2(0.25)S 2/5 (40%)
DOX 0 <0.5 <0.5 8 8 8

MIC/2 <0.5 (1)I <0.5 (1)l 16 (2)1 16 (2)1 16 (2)1 0/5 (0%)

MIC/4 <0.5 (1)1 <0.5(1)! 8 (1)l 8 (1)l 8 (1)l 0/5 (0%)
AMP 0 / / / / /

MIC/2 / / / / / 0/5 (0%)

MIC/4 / / / / / 0/5 (0%)
CIP 0 0.25 0.125 / 2 /

MIC/2 0.25 (D)1 0.25 (2)I 0.5 (nc)S 0.5 (0.25)S 0.5 (nc)S 3/5 (60%)

MIC/4 0.25 (1)1 0.25 (2)I / 1(0.5s 1(nc)S 2/5 (40%)
TET 0 8 8 32 16 16

MIC/2 <0.5 (<0.06)S <0.5 (0.06)S 32 (1) 32 (2l 322l 2/5 (40%)

MIC/4 2(0.25)S <0.5 (0.06)S 32 (1) 32 (2 322l 2/5 (40%)
KAN 0 0.5 0.125 2 2 2

MIC/2 0.125 (0.25)S 0.25 (2)I 2@l 2@l 2@l 1/5 (20%)

MIC/4 0.5 (1)l 1(8)A 2 (D)l 2 (D)l 2 )l 0/5 (0%)

#Antibiotics [CIP Ciprofloxacin, CHL Chloramphenicol, ERY Erythromycin, CLO Cloxacilin, DOX Doxycicline, AMP Ampicillin, KAN Kanamycin, NOR Norfloxacin, STR Streptomycin, TET
Tetracyclin]. "Bacteria: Escherichia coli [AG102], Enterobacter aerogenes [ATCC13048], Providencia stuartii [ATCC29916], Staphlococcus aureus [ATCC25923, MRSA3]. PBSS: Percentage of
bacteria strain on which synergism has been observed; S: Synergy; I: Indifference; A: antagonism; (): FIC (Fractional Inhibitory Concentration) of the antibiotics after association with extracts; 0:
MIC of the antibiotic alone; /: MIC >1024 pg/mL; nc: not calculated.
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Table 5. MIC of antibiotics after the association with Gouania longispicata at MIC/2 and MIC/4 against five MDR bacteria strains

Antibiotics® Bacterial strains®, MIC (ug/mL) of antibiotics in the absence and presence of Gouania longispicata PSBS (%)

Extract concentration MRSA3 ATCC29916 ATCC13048 AG102 ATCC25923
STR 0 0.25 0.125 1 2 /

MIC/2 2 (8)A 0.5 (4)A / (nc)A / (nc)A / 0/5 (0%)

MIC/4 0.5 (2)l 0.5 (4)A / (nc)A / (nc)A / 0/5 (0%)
CLO 0 32 16 32 32 64

MIC/2 64 (2)l / nc)A 32 (1)l 64 (2)| / (Nc)A 0/5 (0%)

MIC/4 64 (2)I 32 (2)! 32 (1)l 64 (2)I 64 (1)l 0/5 (0%)
ERY 0 4 4 / / /

MIC/2 4@ 4 ()l / / / 0/5 (0%)

MIC/4 4@ 4 (1)l / / / 0/5 (0%)
NOR 0 2 <0.5 2 1 16

MIC/2 1(0.5)S <0.5 (1) 2@l 64 (64)A 64 (4)A 1/5 (20%)

MIC/4 1(0.5)S <0.5 (1)l 2 (1) 1)l 8(0.5)S 2/5 (40%)
CHL 0 8 2 2 2 8

MIC/2 2(0.25)S 16 (8)A 8 (4)A 4(2)l 16 (2)1 1/5 (20%)

MIC/4 8 (I 16 (8)A 8 (4)A 4(2)l 4(0.5)S 1/5 (20%)
DOX 0 <0.5 <0.5 8 8 8

MIC/2 <0.5 (1)l <0.5 (1) 16 (2)I 8 (1)l 8 (1)l 0/5 (0%)

MIC/4 <0.5 (1)I <0.5 (1)1 8 )l 8 )l 8 (1)l 0/5 (0%)
AMP 0 / / / / /

MIC/2 / / / / / 0/5 (0%)

MIC/4 ! / / / ! 0/5 (0%)
CIP 0 0.25 0.125 / 2 !

MIC/2 0.5 (2)l 1(8)A 1 (nc)S / (nc)A / 1/5 (20%)

MIC/4 0.5 (2)l 0.25 () 1 (nc)S / (N0)A / 1/5 (20%)
TET 0 8 8 32 16 16

MiC/2 1(0.125)S <0.5 (<0.06)S 32 () 32 (2)l 16 (1)1 2/5 (40%)

MIC/4 1(0.125)S <0.5 (<0.06)S 32 (1)l 32 (2)l 322l 2/5 (40%)
KAN 0 0.5 0.125 2 2 2

MIC/2 1)l 0.25 (2)! 2 (D)l 2 D)l 1(0.5)S 1/5 (20%)

MIC/4 0.5 (1)l 0.5 (4)A 2 (D)l 2 D)l 2 )l 0/5 (0%)

2Antibiotics [CIP Ciprofloxacin, CHL Chloramphenicol, ERY Erythromycin, CLO Cloxacilin, DOX Doxycicline, AMP Ampicillin, KAN Kanamycin, NOR Norfloxacin, STR Streptomycin, TET
Tetracyclin]. "Bacteria: Escherichia coli [AG102], Enterobacter aerogenes [ATCC13048], Providencia stuartii [ATCC29916], Staphlococcus aureus [ATCC25923, MRSA3]. PBSS: Percentage of
bacteria strain on which synergism has been observed; S: Synergy; I: Indifference; A: antagonism; (): FIC (Fractional Inhibitory Concentration) of the antibiotics after association with extracts; 0:
MIC of the antibiotic alone; /: MIC >1024 ug/mL; nc: not calculated.
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Table 6. MIC of antibiotics after the association with Conyza sumatrensis at MIC/2 and MIC/4 against five MDR bacteria strains

Page 9 of 11

Antibiotics? Bacterial strains®, MIC (ug/mL) of antibiotics in the absence and presence of Gouania longispicata PSBS (%)

Extract concentration MRSA3 ATCC29916 ATCC13048 AG102 ATCC25923
STR 0 0.25 0.125 1 2 /

MIC/2 0.5 ()l 1(8)A 1)l / (Nc)A / 0/5 (0%)

MIC/4 1 (4)A 0.25 (2)I 4 (HA / (Nc)A / 0/5 (0%)
CLO 0 32 16 32 32 64

MIC/2 32 (L)l 2(0.125)s 32 ()l 32 ()l 64 (1)1 1/5 (20%)

MIC/4 32 (L)l 2(0.125)s 32 ()l 32 ()l / (nc)A 1/5 (20%)
ERY 0 4 4 / / /

MIC/2 2(0.5)S / (Nc)A / / / 1/5 (20%)

MIC/4 4 (1)l / (nc)A / / / 0/5 (0%)
NOR 0 2 <0.5 2 1 16

MIC/2 1(0.5)S 1(22)A 2 @)l 64 (64)A 4(0.25)S 2/5 (40%)

MIC/4 2 () 1(22)A 2@l 64 (64)A 2(0.125)s 1/5 (20%)
CHL 0 8 2 2 2 8

MIC/2 2(0.25)s 16 (8)A 2@l 4 (2)1 16 (2)1 1/5 (20%)

MIC/4 2(0.25)s 4(2)1 2@l 2@l 32 (4)A 1/5 (20%)
DOX 0 <0.5 <0.5 8 8 8

MIC/2 <0.5 (1)1 <0.5 (1)! 16 (2)! 8 (1)l 8 (1)l 0/5 (0%)

MIC/4 <0.5 (1)1 <0.5 (1)! 16 (2)! 4(0.5)S 8 (1)l 1/5 (20%)
AMP 0 / / / / /

MIC/2 / / / / / 0/5 (0%)

MIC/4 / / / / / 0/5 (0%)
CIP 0 0.25 0.125 / 2 /

MIC/2 0.5 (2)I 1(8)A 0.5 (nc)S 0.5 (0.25)S / 2/5 (40%)

MIC/4 0.25 (1)1 0.25 (2)1 1(nc)S 4(2) / 1/5 (20%)
TET 0 8 8 32 16 16

MIC/2 <0.5 (0.06)S <0.5 (0.06)S 32 () 32(2) 16 (1)1 2/5 (40%)

MIC/4 4(0.5)S <0.5 (0.06)S 32 () 322 322 2/5 (40%)
KAN 0 0.5 0.125 2 2 2

MIC/2 0.5 () 0.5 (4)A 2@ 2@ 2 (D1 0/5 (0%)

MIC/4 0.25(0.5)S 0.5 (4)A 2@l 2@l 2 (1 1/5 (20%)

#Antibiotics [CIP Ciprofloxacin, CHL Chloramphenicol, ERY Erythromycin, CLO Cloxacilin, DOX Doxycicline, AMP Ampicillin, KAN Kanamycin, NOR Norfloxacin, STR Streptomycin, TET
Tetracyclin]. "Bacteria: Escherichia coli [AG102], Enterobacter aerogenes [ATCC13048], Providencia stuartii [ATCC29916], Staphlococcus aureus [ATCC25923, MRSA3]. PBSS: Percentage of
bacteria strain on which synergism has been observed; S: Synergy; I: Indifference; A: antagonism; (): FIC (Fractional Inhibitory Concentration) of the antibiotics after association with extracts; 0:

MIC of the antibiotic alone; /: MIC >1024 pg/mL; nc: not calculated.

Conclusion

The present study provides information on the possible use of the
Cameroonian medicinal plants tested in the control of bacterial
infections, including resistant phenotypes. The results obtained
suggest that the extracts of the plants studied, the extracts of
Gouania longispicata, and the leaves of Salix ledermannii can be
used as natural modulators of antibiotic resistance to control MDR
bacteria.
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stuartii: Providencia stuartii; P. aureus: Staphylococcus aureus;
STR: Streptomycin; TET: Tetracycline.

Authors’ Contribution

OMFD and CFT carried out the study and designed the
experiments; CFT and VK wrote the manuscript; ATM, VK and
VPB supervised the work; VK provided the bacterial strains and
facilities for antibacterial assays; all authors read and approved the
final manuscript.

Acknowledgments

Authors are thankful to the Cameroon National Herbarium
(Yaoundé) for the plant identification.

Conflict of interest

The authors declare no conflict of interest

Article history:

Received: January 26, 2022

Received in revised form: March 08, 2022
Accepted: March 12, 2022

Available online: March 12, 2022

References

10.

11.

12.

13.

14.

15.

Biomerieux. Rapport annuel 2017. [En ligne] Disponible sur
https://www.fondationmerieux.org/IMG/pdf/fondation-merieux-rapport-annuel-
2015.pdf. Assessed on 18 Januaryr 2022.

Lemaoui C, Layaida H, Badi A, Foudi N. 2017. Stratégies actuelles de lutte contre
la résistance aux antibiotiques. J. Anti-Infect, 19(1):12-19.

Shefali O, Joy E, Daniel R, Colin M, Simon N. 2015. Neonatal causes of death
estimates for the early and late neonatale periods for 194 countries. Bull. World
Health Organ, 93:19-28.

Boucher HW, Talbot GH, Benjamin DK, Bradley J, Guidos RJ, Jones RN, Murray
BE, Bonomo RA, Gilbert D. 2013. 10x'20 Progress—Development of new drugs
active against gram-negative bacilli: An update from the infectious diseases society
of America. Clin Infect Dis, 56: 1685-1694.

Escolar L, Pérez-Martin J, De Lorenzo V. 1999. Opening the iron box: transcriptional
metalloregulation by the Fur protein. J. Bacteriol, 181: 6223-6229.

Magiorakos AP, Srinivasan A, Carey RT, Carmeli Y, Falagas MT, Giske CT,
Harbarth S, Hindler JT, Kahlmeter G, Olsson-Liljequist B. 2012. Multidrug-resistant,
extensively drug-resistant and pandrug-resistant bacteria: An international expert
proposal for interim standard definitions for acquired resistance. Clin. Microbiol.
Infect, 18: 268-281.

Mulani MS, Kamble E E, Kumkar SN, Tawre MS, Pardesi KR. 2019. Emerging
Strategies to Combat ESKAPE Pathogens in the Era of Antimicrobial Resistance: A
Review. Front Microbiol, 10.

Lozniewski A, Rabaud C. 2017. Résistance bactérienne aux antibiotiques. Fiches
conseils pour la prévention du risque infectieux - Infections associées aux soins.
CCLIN Sud-Est 2010.
.http://nosobase.chulyon.fr/recommandations/cclin_arlin/cclinSudEst/2010_Resistan
ceAntibiotiqgues CCIIinSE. pdf: Accessed on December 11, 2017.

Falagas ME, Bliziotis IA. 2007. Pandrug-resistant gram-negative bacteria the dawn
of the post antibiotic era. Inter J Antimicro Agts, 29:630-636.

Amgad AA, Martin RPJ, Ismail MM, Abdelkareem MA, Ahmad MA, Mohamed EH.
2012. Antimicrobial activities of seed extracts of mango (Mangiferaindical.). Adv
Microbiol, 2:571-576.

Cattoir V. 2004. Pompes d’efflux et résistance aux antibiotiques chez les bactéries.
Path Biol, 52: 607-616.

Manekeng HT, Mbaveng AT, Nguenang GS, Seukep JA, Wamba BEN, Nayim P,
Yinkfu NR, Kuete V. 2018. Anti-staphylococcal and antibiotic-potentiating activities
of seven Cameroonian edible plants against resistant phenotypes. Invest. Med.
Chem. Pharmacol, 1(1):7.

Cowan MM. 1999. Plant products as antimicrobial agents. Clin Microbiol Rev,
12(4):564-582.

Kuete V. 2010. Potential of Cameroonian plants and derived products against
microbial infections: a review. Planta Med, 76(14):1479-1491.

Seukep JA, Fankam AG, Djeussi DE, Voukeng IK, Tankeo SB, Noumdem JA, Kuete
AH, Kuete V. 2013. Antibacterial activities of the methanol extracts of seven
Cameroonian dietary plants against bacteria expressing MDR phenotypes.
Springerplus, 2:363.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 10 of 11

Tchinda CF, Voukeng IK, Beng VP. Kuete V. 2016. Antibacterial activities of the
methanol extracts of Albizia adianthifolia, Alchornea laxiflora, Laportea ovalifolia and
three other Cameroonian plants against multi-drug resistant gram-negative bacteria.
Saudi J Biol Scien, https://doi.org/10.1016/j. sjbs.2016.01.033.

Djeussi DE, Noumedem JA, Seukep JA, Fankam AG, Voukeng IK, Tankeo SB,
Nkuete AH, Kuete V. 2013. Antibacterial activities of selected edible plants extracts
against multidrug-resistant Gram-negative bacteria. BMC Complement Altern Med,
13(1):164.

Touani FK, Seukep AJ, Djeussi DE, Fankam AG, Noumedem JA, Kuete V. 2014.
Antibiotic-potentiation activities of four Cameroonian dietary plants against
multidrug-resistant Gram negative bacteria expressing efflux pumps. BMC
Complement Altern Med, 14:258.

Seukep JA, Sandjo LP, Ngadjui BT, Kuete V. 2016. Antibacterial activities of the
methanol extracts and compounds from Uapaca togoensis against Gram-negative
multi-drug resistant phenotypes. S Afr J Bot, 103:1-5.

Eloff JN. 1998. A sensitive and quick microplate method to determine the minimal
inhibitory concentration of plant extracts for bacteria. Planta Med, 64(8):711-713.
Voukeng IK, Beng VP, Kuete V. 2016. Antibacterial activity of six medicinal
Cameroonian plants against gram-positive and gram-negative multidrug resistant
phenotypes. BMC Complement Altern Med.

Kuete V, Wabo FG, Ngameni B, Mbaveng TA, Metuno R, Etoa F-X, Lall N. 2007.
Antimicrobial activity of the methanolic extract, fractions and compounds from the
stem bark of Irvingia gabonensis (Ixonanthaceae). J Ethnopharmacol, 114(1):54-60.
Fankam AG, Kuete V, Voukeng IK, Kuiate JR, Pages JM. 2011. Antibacterial
activities of selected Cameroonian spices and their synergistic effects with
antibiotics against multidrugresistant phenotypes. BMC Complement Altern Med,
11:104.

Kuete V, Nana F, Ngameni B, Mbaveng AT, Keumedjio F, Ngadjui BT. 2009.
Antimicrobial activity of the crude extract, fractions and compounds from stem bark
of Ficus ovata (Moraceae). J Ethnopharmacol, 124(3):556-561.

Tchinda CF, Sonfack G, Simo IK, Celik I, Voukeng IK, Nganou BK, Bitchagno GTM,
Ekti SF, Tene M, Tane P, Beng VP, Kuete V. 2019. Antibacterial and antibiotic-
modifying activities of fractions and compounds from Albizia adianthifolia against
MDR Gram negative enteric bacteria. BMC Complement Altern Med, 19:120.
https://doi.org/10.1186/s12906-019-2537-1.

Dzotam KJ, Simo Kl, Bitchagno G, llhami C, Sandjo PL, Tane P, Kuete V. 2018. In
vitro antibacterial and antibiotic modifying activity of crude extract, fractions and 3',
4', 7- thihydroxyflavone from Myristica fragans Houtt against MDR gram-negative
enteric bacteria. BMC Complement Altern Med, 18:15.

Voukeng IK, Kuete V, Dzoyem PJ, Fankam GA, Noumedem AJ, Kuiate RJ, Pages
MJ. 2012. Antibacterial and antibiotic-potentiation activities of the methanol extract
of some Cameroonian spices against gram-negative multidrug resistant phenotypes.
BMC Complement Altern Med, 5:299.

Noumedem J, Mihasan M, Kuiate J, Stefan M, Cojocaru D, Dzoyem J, Kuete V.
2013. In vitro antibacterial and antibiotic-potentiation activities of four edible plants
against multidrug-resistant gram-negative species. BMC Complement Altern Med,
13:190.

Coutinho HD, Vasconcellos A, Freire-Pessoa HL, Gadelha CA, Gadelha TS,
Almeida-Filho GG. 2010. Natural products from the termite Nasutitermes corniger
lower aminoglycoside minimum inhibitory concentrations. Pharmacogn Mag, 6:1-4.
Braga LC, Leite AA, KGS X, Takahashi JA, Bemquerer MP, Chartone-Souza E,
Nascimento AM. 2005. Synergic interaction between pomegranate extract and
antibiotics against Staphylococcus aureus. Can J Microbiol, 51(7):541-547.
Harbone J (ed.). 1973. Phytochemical methods: a guide to modern techniques of
plant analysis. London: Chapman & Hall.

Thangara JHS, Adjei O, Allen BW, Portaels F. 2000. In-vitro activity of
ciprofloxacin, sparfloxacin, ofloxacin, amikacin and rifampicin against Ghanian
isolates of Mycobacterium ulcerans. Antimicrob. Agents Chemother, 45 (2): 231-
233.

Wagner H. 1993. Pharmazeutische Biologe. Drogen und irhe inhaltsstaffe, Gustav
Fisher Verfag. Sturtgart-New-York, 50p.

Deore LS, khadabadi S, Patei QR, Deshmukh SP. 2009. In vitro antioxidant activity
and quantitative estimation of phenolic content of Lagenaria siceraria. Rasayan
J. Chem, 2(1).

Erasto P, Mbwambo ZH. 2009. Antioxidant activity and HPTLC profile of Lagenaria
siceraria fruits. Tanzan. J. Health Res, 11(2). DOI:10.4314/thrb.v11i2.45206.

Erasto P, Tshikalange TE. 2010. Antioxidant and HPTLC profile of the leaf and fruit
extracts of Lagenaria siceraria. Int. j. biol. Chem, 4(6). DOI:
10.4314/ijbcs.v4i6.64915.

Sukhlecha A. 2012. Bitter bottle gourd (Legendaria siceraria): Healer or Killer? Int. J.
Nutr. Pharmacol. Neurol. Dis, 2 :(3):276-277.

Rajakaruna N, Harris C, Towers G. 2008. Antimicrobial activity of plants collected
from serpentine outcrop in Sri Lanka. Pharma boil, 40(3): 235-244.

Del Castillo PA, Molinares MP, Campo UM, Bettin MA. 2012. Antibacterial activity of
total extract from leaves of Cucurbita moschata Linn. Fruits in inflammation and drug
induced gastric ulcer in wister Rats. Int. j. pharm. Pharm, 4(4): 1758-1765.
Bahramsoltani R, Farzaei MH, Abdolghaffari AH, Rahimi R. 2017. Evaluation of
phytochemicals, antioxidant and burn wound healing activities of Cucurbita
moschata Duchesne fruit peel. Iran. J. Basic Med. Sci, 20 (7): 799-806.

Wang HNGT. 2003. Isolation of cucurmoscin, a novel antifungal peptide abundant in
arginine, glutamate and glycine residues from black pumkin seeds. Peptides, 24:
969-972.

Kwon Y, apostolidis E, Kim YC. 2007. Health benefit of traditionnal corn, beans and
pumkin: in vitro studies for hyperglycemia and hypertension management.
J. Med. Food, 10: 266-275.



https://www.fondationmerieux.org/IMG/pdf/fondation-merieux-rapport-annuel-2015.pdf
https://www.fondationmerieux.org/IMG/pdf/fondation-merieux-rapport-annuel-2015.pdf
http://nosobase.chulyon.fr/recommandations/cclin_arlin/cclinSudEst/2010_ResistanceAntibiotiques_CClinSE
http://nosobase.chulyon.fr/recommandations/cclin_arlin/cclinSudEst/2010_ResistanceAntibiotiques_CClinSE
https://doi.org/10.1016/j.%20sjbs.2016.01.033
https://doi.org/10.1186/s12906-019-2537-1

Demgne et al. Investigational Medicinal Chemistry and Pharmacology 2022 5(1):58

43.

44,

45.

46.
47.

48.

49.
50.

51.

52.

53.

54.

55.

56.

Cheong NE, Choi YO, Kim WY. 1997. Purification and characterization of annual
fungal PR-5 protein from pumkin leaves.
Mol. Cell, 7:214-219.

Nikaido H. 2003. Molecular basis of bacterial outer membrane permeability revisited.
Microbiol Mol Biol Rev. DOI: https://doi.org/10.1128/MMBR.67.4.593-656.2003.

[45] Okusu A, Schwabe E, Eenisse JD, Giribet G. 2003. Towards a phylogeny of
Chitons (Mollusca, Polyplacophora) based on combined analysis of five molecular
loci. Org. Divers. Evol, 3:281-302.

Poole k. 2001. Multidrug efflux pumps and antibacterial resistance in pseudomonas
aeruginosa and related organisms. J. Mol. Microbiol, 3(2): 255-264.

Hancock RE. 1998. Resistance mechanisms in Pseudomonas aeruginosa and other
nonfermentative Gram-negative bacteria. Clin. Infect. Dis, 27(1):93-99.

Olapeju O A, Oguntoye SO, Hamid AA, Ogundare A M, Ojo DB, Ajao A, Owolabi
NO. 2016. GC-MS analysis, antimicrobial and antioxidant activities of extracts of the
aerial parts of Conyza sumatrensis. J. Appl. SCI. Environ. Manag, 20(1).

Amit K, Sangh P, Neeraj KS, Jha KK. 2012. Phytochemical, ethnobotanical and
pharmacological profile of Lagenaria siceraria. J. pharmacogn. Phytochem, 1(3).
Mukesh Y, Shalini J, Radha T, Prasard GBKS. 2010. Medicinal and biological
potencial of pumpkin. Nutr. Res. Rev, 23(2): 184-190.

Hassan LEA, Si rat HM, Yagi SMA, Koko WS, Abdelwahab SI. 2011. In vitro
antimicrobial activities of chloroformic, hexane and ethanolic extracts of Citrullus
lanatus var. citroides (wild melon). J. Med. Plant Res, 5: 1338-1344.

Hannington G, Grace B, Julius BL, Eunice O. 2020. Ethnobotany and antimicrobial
activity of Gouania longispicata Engl. J. Complement. Med. Res, 11(1): 86.

Mpondo ME, Nguene JP, Mpounze SL, Etame LG, Ngo BPC, Yinyang J, Dibong
SD. 2017. Connaissance et usages traditionnels des plantes médicinales du
Département du haut Nyong. J. Appl. Biosci, 113: 11229-11245.

Pone KB, Surjet V, Aparna S, Harveer SC, Santosh K S, Feroz K, Mahendra P,
Anirban P. 2013. Substantiation of the ethnopharmacological use of conyza
sumatrensis (Retz.) E. H. Walker in the treatment of malaria through in-vivo
evaluation in Plasmodium Berhei infected mice. J. Ethnopharmacol, 145 (1): 373-
377.

Kuete V, Sandjo LP: Isobavachalcone: an overview. Chin J Integr Med 2012,
18(7):543-547.

Mbaveng AT, Kuete V, Efferth T: Potential of Central, Eastern and Western Africa
medicinal plants for cancer therapy: spotlight on resistant cells and molecular
targets. Frontiers in pharmacology 2017, 8:343.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Page 11 of 11

Kuete V, Sandjo LP, Djeussi DE, Zeino M, Kwamou GM, Ngadjui B, Efferth T:
Cytotoxic flavonoids and isoflavonoids from Erythrina sigmoidea towards multi-
factorial drug resistant cancer cells. Invest New Drugs 2014, 32:1053-1062.

Kuete V, Nkuete AHL, Mbaveng AT, Wiench B, Wabo HK, Tane P, Efferth T:
Cytotoxicity and modes of action of 4'-hydroxy-2',6"-dimethoxychalcone and other
flavonoids toward drug-sensitive and multidrug-resistant cancer cell lines.
Phytomedicine : international journal of phytotherapy and phytopharmacology 2014,
21(12):1651-1657.

Mbaveng AT, Ndontsa BL, Kuete V, Nguekeu YMM, Celik I, Mbouangouere R, Tane
P, Efferth T: A naturally occuring triterpene saponin ardisiacrispin B displayed
cytotoxic effects in multi-factorial drug resistant cancer cells via ferroptotic and
apoptotic cell death. Phytomedicine : international journal of phytotherapy and
phytopharmacology 2018, 43:78-85.

Dzoyem JP, McGaw LJ, Kuete V, Bakowsky U: Chapter 9 - Anti-inflammatory and
Anti-nociceptive Activities of African Medicinal Spices and Vegetables. In: Medicinal
Spices and Vegetables from Africa. edn.: Academic Press; 2017: 239-270.

Kuete V, Tangmouo JG, Penlap Beng V, Ngounou FN, Lontsi D: Antimicrobial
activity of the methanolic extract from the stem bark of Tridesmostemon
omphalocarpoides (Sapotaceae). Journal of Ethnopharmacology 2006, 104(1-2):5-
11.

Lacmata ST, Kuete V, Dzoyem JP, Tankeo SB, Teke GN, Kuiate JR, Pages JM:
Antibacterial activities of selected Cameroonian plants and their synergistic effects
with antibiotics against bacteria expressing MDR phenotypes. Evid Based
Complement Alternat Med 2012, 2012:623723.

Mbaveng AT, Sandjo LP, Tankeo SB, Ndifor AR, Pantaleon A, Nagdjui BT, Kuete V:
Antibacterial activity of nineteen selected natural products against multi-drug
resistant Gram-negative phenotypes. Springerplus 2015, 4:823.

Kuete V, Sandjo LP, Mbaveng AT, Seukep JA, Ngadjui BT, Efferth T: Cytotoxicity of
selected Cameroonian medicinal plants and Nauclea pobeguinii towards multi-
factorial drug-resistant cancer cells. BMC Complement Altern Med 2015, 15:309.
Nono EC, Mkounga P, Kuete V, Marat K, Hultin PG, Nkengfack AE:
Pycnanthulignenes A-D, antimicrobial cyclolignene derivatives from the roots of
Pycnanthus angolensis. J Nat Prod 2010, 73(2):213-216.

Fankam AG, Kuiate JR, Kuete V: Antibacterial and antibiotic resistance modifying
activity of the extracts from Allanblackia gabonensis, Combretum molle and
Gladiolus quartinianus against Gram-negative bacteria including multi-drug resistant
phenotypes. BMC Complement Altern Med 2015, 15:206.


https://doi.org/10.1128/MMBR.67.4.593-656.2003

