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Abstract

Background: The development of new drugs from plants seems to be an interesting alternative approach to
overcoming microbial resistance. This study aims to investigate the anti-staphylococcal and antibiotic-potentiating
activity of methanolic extracts of five Cameroonian dietary plants namely Piper guineense, Fagara leprieurii, Olax
subscorpioidea, Monodora myristica and Scorodophloeus zenkeri against a panel of multidrug resistance (MDR)
Staphylococcus aureus clinical isolates.

Methods: All antibacterial assays were done by broth microdilution method.

Results: Our results revealed that the studied extracts displayed antibacterial activities with minimal inhibitory
concentration (MIC) values ranging from 256 to 2048 ug/mL. Seeds extract of F. leprieurii (FLS) showed the most
extensive antibacterial activity, with an inhibitory spectrum of 96% of the tested bacterial strains. The lowest MIC
value of 256 pg/mL was obtained with extracts of Piper guineense seed (PGS) and Scorodophloeus zenkeri seeds
(SZS) against S. aureus MRSA4 and SA68, respectively. Antibiotic-modulating effects against more than 70% of
the S. aureus strains tested were obtained when Scorodophloeus zenkeri bark (SZB) and FLS (mostly at MIC/2)
were combined with chloramphenicol, tetracycline and ceftriaxone.

Conclusions: The present study demonstrated that PGS, FLS, and SZS had anti-staphylococcal effects, and that,
some studied extracts and mostly FLS, and SZB could be used as antibiotic resistance modulators to fight against
resistant strains of staphylococcus aureus.
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Background

Bacterial infections are major public health problems
nowadays. The World Health Organization estimated
that these infections are responsible for more than
560,000 deaths each year worldwide [1]. Antibiotic-
resistant infections place a substantial health and
economic burden on the health care system and
population all over the world [2]. The Centers for
Disease Control and Prevention (CDCP) reported that
at least 23,000 people die each year in the United
States as a direct result of the infections due to
multidrug resistance (MDR) bacteria [3]. Among the
bacterial genera responsible for human infections,
staphylococci cause a wide variety of community-
based and nosocomial human infections such as
septicemia, endocarditis and skin infections [4].
Among drug resistant bacteria, methicillin-resistant
Staphylococcus aureus (MRSA) have been
designated as serious public threats [3]. Based on the
above observations, reversal of antibiotic resistance
is therefore a high priority for researchers over the
world.

Plant sources have been used since ancient
times for their remarkable pharmacological properties
among which their antimicrobial potentials appear as
an interesting alternative for the discovery of new
antibacterial substances against MDR bacteria [5, 6].
Several studies have shown the antibacterial
activities as well as the antibiotic-potentiating effects
of plant derived substances [7-9]. Previous studies
showed that Cameroonian edible plants or their
derived compounds have direct or indirect activities
against sensitive and MDR bacteria [10-13]. In the
same light, this study was designed first; to evaluate
the anti-staphylococcal and antibiotic-potentiating
activity of the methanolic extracts of five
Cameroonian dietary plants namely: Piper guineense
(Schum and Thonn) (Piperaceae), Fagara leprieurii
(Guill  and Perr) Engl. (Rutaceae), Olax
subscorpioidea  Oliv.  (Olacaceae),  Monodora
myristica Dunal (Annonaceae) and Scorodophloeus
zenkeri Harms (Caesalpiniaceae) against a panel of
staphylococcus aureus strains mainly constituted of
MDR clinical isolates.

Methods

Plant materials and extraction

The spices used in this work were purchased from
Dschang local market (West Region, Cameroon) in
October 2017. These plant samples included the
seeds of Piper guineense (Schum and Thonn)
(Piperaceae), Fagara leprieurii (Guill and Perr) Engl.
(Rutaceae), Olax subscorpioidea Oliv. (Olacaceae),
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Monodora myristica Dunal (Annonaceae), barks and
seeds of  Scorodophloeus  zenkeri Harms
(Caesalpiniaceae). Plants were identified at the
National Herbarium (Yaoundé, Cameroon), where
voucher specimens were deposited under a reference
number (Table 1). The extracts were obtained by
methanol (MeOH) maceration as previously
described [32].

Chemicals for antimicrobial assay

Six reference antibiotics (RA) purchased from Sigma-
Aldrich (St Quentin Fallavier, France) were tested:
chloramphenicol (CHL), ciprofloxacin (CIP),
erythromycin (ERY), kanamycin (KAN), streptomycin
(STR), tetracycline (TET) and ceftriaxone (CEF); p
lodonitrotetrazolium chloride  (INT; Sigma-Aldrich)
was used as microbial growth indicator; and
Dimethylsulfoxyde (DMSO; Sigma-Aldrich) was used
to dissolve crude extracts and antibiotics.

Bacteria, Culture Media, and Growth Conditions

Panels of Staphylococcus aureus used included a
reference strain obtained from American Type Culture
Collection (ATCC; ATCC 25923), 8 methicillin-
resistant S. aureus (MRSA) strains (MSSA1, MRSAS3,
MRSA4, MRSA6, MRSA8, MRSA9, MRSA11, and
MRSA12) (obtained from the culture collection of the
Laboratory of Microbiology, Graduate School of
Pharmaceutical Sciences, the University of Tokyo,
Japan, and provided by Dr Jean P. Dzoyem,
University of Dschang), and 16 resistant clinical
laboratory strains of S. aureus (SA01, SAQ07, SA18,
SA23, SA36, SA39, SA56, SA68, SA88, SAll4,
SA116, SA124,SA126, SA127, SA135, and SA139)
available in our laboratory collection and previously
isolated from patients in Ad-Lucem Hospital in Banka-
Bafang (West Region of
Cameroon). Their bacterial features are summarized
in Table S1 (Supplementary Materials). Bacteria
strains were maintained on agar slant at 4°C and
sub-cultured on a fresh Mueller Hinton Agar (MHA)
24 h prior to any antibacterial test. The Mueller Hinton
Broth (MHB) was used as liquid culture medium for
susceptibility tests.

Antibacterial assay

The anti-staphylococcal activity on the different plant
extracts was evaluated by microdilution method as
described by Eloff [33] with some modifications [34].
Briefly, the samples were dissolved in 10% dimethyl-
sulfoxide (DMSO) /Mueller Hinton Broth (MHB) and
serially diluted two fold (in a 96-well microplate). Next,
100 pL of inoculum (1 x 10° CFU/mL) in MHB were
added in each well. Ciprofloxacin was used as
reference antibiotic and the well containing the
vehicle (DMSO 2.5%) as control. Each plate was then
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covered with a sterile plate sealer and gently shaken,
After 18 h of incubation at 37 °C, the MIC of each
sample, defined as the lowest sample concentration
that inhibited complete bacteria growth was detected
following addition of 40 pL INT (0.2 mg/mL) and
incubation at 37 °C for 30 min. Viable bacteria
reduced the yellow dye to pink. The MBC value was
determined by adding 50 pL aliquots of the
preparations, which did not show any growth after
incubation during MIC assays, to 150 yL of MHB.
Then, these preparations were incubated at 37 °C for
48 h. The MBC was regarded as the lowest
concentration of samples, which did not produce a
color change after addition of INT as mentioned
above [34]. All assays were performed in triplicate
and repeated thrice.

Antibiotic Modulation Assays

To determine the antibiotic potentiating activity of the
plant extracts, P. guineense seeds (PGS); F. leprieurii
seeds (FLS); O. subscorpioidea seeds (OSS); M.
myristica seeds (MMS) and S. zenkeri bark (SZB)
and seeds (SZS) to modulate drug resistance of S.
aureus. MICs of CIP, CHL, TET, KAN, ERY and CEF
(ranging from 2 to 256 g/mL) were determined alone
and in combination first with extracts at sub-MICs
(MIC/2, MIC/4, MIC/8 and MIC/16) for preliminary
study against S. aureus SA18, then with extracts at
selected sub-MICs (MIC/2 and MIC/4) against seven
(07) drug resistant S. aureus. Briefly, after serial
dilutions of antibiotics, extract was added to each well
at its sub-MICs, the bacterial inoculation was done,
and the MICs were determined. Rows receiving
antibiotic dilutions without extracts were used for the
determination of the MIC of the antibiotics.
Modulation factors (MF), calculated as MIC of
antibiotic alone divided by the MIC of antibiotic +
extract; was used to express the antibiotic-
potentiating effects of the plant extracts [7, 35].

Results

Antibacterial Activity of extracts

Results of the antibacterial activities of the 6 tested
extracts and ciprofloxacin are presented in Table 2. It
indicates that studied extracts possess selective
antibacterial activities within a MIC range of 256—
1024 pg/mL against 24/25 (96%) tested bacteria for
Fagara leprieurii seeds (FLS), 15/25 (60%) for
Scorodophloeus zenkeri seeds (SZS), 14/25 (56%)
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for Piper guineense seeds (PGS), 13/25 (52%) for
Olax subscorpioidea seeds (OSS), 12/25 (48%) for
Scorodophloeus zenkeri bark (SZB) and Monodora
myristica seeds (MMS). The lowest MIC value of 256
pg/mL was obtained with MMS and PGS against
MRSA4 strain; with extracts at and with SZS against
SAG68 strain. The MBC values presented by the tested
extracts (512-1024 ug/mL) were globally equal or
less than 4 times the corresponding MIC values.

Antibiotic Modulation Activity of extracts

Six plant extracts: PGS, FLS, 0SS, MMS, SZB and
SBS were first tested at their various sub-MICs
(MIC/2, MIC/4, MIC/8, and MIC/16) in combination
with 8 antibiotics: CIP, CHL, TET, KAN, ERY and
CEF against S. aureus SA18 strain. The results
summarized in Table S2 (Supplementary Materials)
show that better antibiotics modulation activity was
obtained with all extracts FLS, OSS, MMS, and SZB
at MIC/2 and MIC/4. At these concentrations, two-fold
or more increase of antibiotic activities was obtained
with these extracts against at least 2 of the 6 tested
antibiotics. Consequently, we have selected extracts
FLS, OSS, MMS, and SZB and tested in combination
with the above antibiotics against seven (07) drug
resistant S. aureus (MRSA3, MRSA4,MRSA9, SA07,
SA36, SA88, SA127) at MIC/2 and MIC/4.

The results in Table 3-6 show that selected
extracts presented two-fold or more antibiotic-
modulating effects against more than 70% of the drug
resistant S. aureus used.  Antibiotic-modulating
effects were obtained when FLS was combined with
CHL (100% and 88.89 % at MIC/2 and MIC/4,
respectively), with TET and CEF at MIC/2 and MIC/4
(71.42%, Table 3); when SZB was combined with
CHL (85.71% and 71.42% at MIC/2 and MIC/4,
respectively), TET (71.42% at MIC/2 and MIC/4), and
CEF (71.42% at MIC/2) (Table 4); when OSS was
combined with CHL at MIC/2 and MIC/4 (71.42%),
and TET at MIC/2 (71.42%) (Table 5), and when
MMS was combined with CHL at MIC/2 (71.42%)
(Table 6).

Discussion
Antibacterial Potential of Extracts

Nowadays, scientists are in search of novel
antimicrobial compounds which are efficient against a
wide range of MDR bacteria and having fewer or no
side effects. As one of the main sources, they are
exploring the variety of plants among which medicinal
and edible plants. This is mainly due to the diversity
of plant secondary metabolites [6, 36]. Based on
established criteria, MIC values ranging from 100
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t01000 pg/mL are indication that the plant extract
have antimicrobial activities [37]. Also, the
antibacterial activity of extract from edible plant is
considered as very active, if values are below 100
pg/mL; significant, if 100 < MIC < 512 pg/ mL and ;
moderate if 512 <MIC < 2058 pg/mL [38]. Herein, we
explored the anti-staphyloccocal activity of selected
Cameroonian dietary plants. Results depicted in
Table 2 showed that seeds extracts of Piper
guineense (PGS) and Scorodophloeus zenkeri (SZS)
had MIC values between 100 and 512 ug/ mL against
six (6) bacterial strains. The seeds extract of
Monodora myristica (MMS) also presented significant
activity (MIC=256 pg/mL) against S. aureus MRSA4
strains (Table 2). These results clearly indicate that
seeds extracts from Piper guineense and
Scorodophloeus zenkeri have good anti-
staphylococcal potentials. The data obtained are in
accordance with previous antibacterial investigations
of the active plants. For instance, Voukeng et al. [22]
showed that methanolic extract of Fagara leprieurii is
active against Gram-negative bacteria. The antifungal
activity of its ethanolic extract has been demonstrated
[25]. The antimicrobial activities of the essential oil
[18] and the aqueous and ethanolic extracts [19] of
Piper guineense against some bacteria including S.
aureus strain are known. Scorodophloeus zenkeri
stem barks’ essential oil as well as the methanol
extract have previously presented antimicrobial
activity [22, 23]. This study focused on resistant
phenotypes and therefore provides additional
information on the good antibacterial activity of these
plants and the ability of the methanol seeds extracts
of Piper guineense, Scorodophloeus zenkeri, and
Fagara leprieurii to combat resistant phenotypes.

Antibiotic Modulation Activity
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Staphylococcus appears as one of the major
pathogens of hospital acquired infections due to their
resistance to regularly prescribed antibiotics. The
main biochemical resistance mechanisms developed
by these bacteria include the productions of B-
lactamase and the expression of efflux pumps (TetK,
msrA transporters) systems [39]. The clinical isolated
species of Staphylococcus aureus used in this study
showed resistance against some tested antibiotics
(Table S1). Several plant extracts and plant derived
compounds are known for their ability to modulate the
antibiotic resistance [8, 40]. Molecules which are able
to potentiate the activity of antibiotics on more than
70% of bacteria have been suggested as potential
effux pumps inhibitors [41]. In this study, antibiotic-
modulating activity of extracts at MIC/2 and MIC/4 on
more than 70% of the tested MDR S. aureus strains
was obtained with the association of OSS, FLS and
SZB extracts with CHL and TET (Table 3-5). This was
also the case with the combination of FLS and SZB
with CEF. Thus, these extracts and mostly the bark
extract of Scorodophloeus zenkeri as well as the
seeds extract of Fagara leprieurii can be exploited as
potential efflux pump inhibitors. Nevertheless, the
modulation effect observed with the combination of
the same extracts with CEF could also suggest the
inhibition of the enzymatic degradation of the
antibiotics, which is one of the main resistance
mechanisms among staphylococci species. These
data show that this plant could be used in
combination with some antibiotics to combat bacterial
resistance to antibiotics. This is in accordance with
previous studies. Voukeng et al. [22] showed that the
above plants were able to reverse the antibiotic
activity in some MDR gram negative bacteria. Many
Cameroonian plants have also showed antibiotic-
modulating activity against some MDR bacteria [13,
42, 43].
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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 components

Known antimicrobial activities of plants

Piper guineense
(Piperaceae) 6018/SRFC

Scorodophloeus zenkeri
(Caesalpiniaceae) 44803/SRF-
Cam

Fagara leprieurii
(Rutaceae) 37632/HNC

Monodora myristica
(Annonaceae) 2949/SRFC

Olax subscorpioidea
(Olacaceae) 3528/SRFK

Respiratory  infections, female infertility,
aphrodisiac [14], spice [15], cough, bronchitis,
rheumatism, anaemia, stomach ache and
cancer [16].

Headache, cough,
spice [15].

rheumatism, constipation,

Abdominal pain, asthma,
toothache [24], spice [15].

appendicitis,

Constipation, uterine hemorrhage, diuretic,

fever, [26], spice [15].

Constipation, yellow fever, jaundice, venereal
diseases, Guinea worm [29], arthritis and
rheumatism [30], spice [15].

B-pinene, D-limonene, caryophyllene, car-
z-ene and dodecetrien-z-0l,3,7,11-
trimethyl [17].

Alkaloids, flavonoids, phenols and tannins
[22].

Alkaloids, anthraquinones, flavonoids,
phenols, tannins and triterpenes [22].

a-phellanarene, p-cymene, a-pinene, cis-
sabinol and limonen [27].

Alkaloids, glycosides,
steroids [31].

saponins, and

Activity of: the essential oil on Pa [18]; the aqueous and
ethanol extract on Sa [19]; on Ec, Sa, Bs, Pa, Ca, An
[20, 21].

Activity of: the essential oil of stem bark on Ec, Sa, Bs,
Cu [23]; the methanol extract from fruit on Ec, Ea, Ecl,
Kp, Ps, Pa[22].

Activity of: the ethanol extract of the seeds on Ca, Cn,
Mg, Tm, Tr, Bci, Af, Afl, Sb [25]; the methanol extract
from seeds on Ec, Ea, Ecl, Kp, Ps, Pa [22].

Activity of: the fruit essential on Mt and Sa [27], the
aqueous seed extract on Sa and three other bacteria
[28].

Methanol extract from seeds on Ec, Ea, Ecl, Kp, Ps, Pa
[10].

HNC: Cameroon National Herbarium; SRF: Société des reserves forestieres; Cam: Cameroon.

Pa : Pseudomonas aeruginosa ; Sa : Staphylococcus aureus ; Ec : Escherichia coli ; Bs : Bacillis subtilis; Ca : Candida albicans; An: Aspergillus niger; Cu : Candida utilis; Cn : Cryptococcus neoformans ;
Mg : Microsporum gypseum ; Tm: Trichophyton mentagrophytes ; Tr: Trichophyton rubrum ; Bci : Botrytis cinerea ; Af : Aspergillus fumigatus ; Afl : Aspergillus flavus; Sb: Scopulariopsis brevicaulis ; Ea :
Enterobacter aerogenes ; Ecl : Enterobacter cloacae ; Kp : Klebsiella pneumoniae ; Ps : Providencia stuartii ; Mt : Micobacterium tuberculosum.
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Table 2. Minimal inhibitory concentrations (MIC) and minimal bactericidal concentrations (MBC) of the plant extracts and ciprofoxacin against Staphylococcus

aureus strains

Staphylococcus
aureus strains

Tested sample, MIC, and MBC in pg/mL

Ciprofloxacine

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
SA 01 2048 - 2048 - - - 2048 . - - . - 1 -
SA 07 - - - - - - - - - - - - 1 -
SA 18 1024 - 512 - 2048 - 1024 - 1024 - 2048 - 16 32
SA 23 512 1024 512 2048 2048 - 1024 2048 1024 1024 - - 1 1
SA 36 512 1024 1024 - 2048 - 2048 2048 2048 - 1024 2048 2 2
SA 39 - - - - - - 2048 - - - - - <0.5 -
SA 56 - - - - - - 2048 - - - 2048 - 16 -
SA 68 1024 - 256 2048 - - 1024 - 1024 2048 - - <0.5 <0.5
SA 88 - - - - - - 2048 - - - - - 1 -
SA 114 - - 2048 - 2048 - 1024 - 1024 - 1024 - 1 16
SA 116 2048 - 512 - 2048 - 512 - 1024 - 2048 - <0.5 -
SA 124 - - - - - - 2048 - - - - - 1 -
SA 126 - - - - - - 1024 - - - - - 2 2
SA 127 - - - - 2048 - 2048 - - - - - 2 16
SA 135 2048 - - - - - 2048 - - - - - 1 -
SA 139 - - - - - - 1024 - - - - ; <0.5 -
MRSA 1 512 1024 512 512 1024 2048 2048 2048 1024 - - ; 2 2
MRSA 3 - - - - - - 1024 2048 - - - - 8 -
MRSA 4 256 - 1024 - 2048 - 1024 - 1024 - 256 - 1 16
MRSA 6 512 2048 1024 - 2048 - 2048 - 1024 - - - <0.5 1
MRSA 8 2048 - 1024 - - - 2048 - - - - - 1 -
MRSA 9 1024 1024 1024 - 2048 - 1024 - 1024 - - - <0.5 -
MRSA 11 512 1024 512 512 2048 - 1024 2048 1024 1024 - - 8 16
MRSA 12 1024 2048 512 1024 2048 - 512 - 1024 1024 - - <0.5 8
ATCC25923 - - 2048 - - - 2048 - 2048 - - - 1 -

PGS : Piper guineenses seeds ; SZS: Scorodophloeus zenkeri seeds ; SZB: Scorodophloeus zenkeri bark; FLS: Fagara leprieurii seeds ; OSS: Olax subscorpioidea seeds ; MMS:Monodora myristica

seeds. - : >2048 pg/mL; MIC value in bold: signifcant activity [44-46].
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Table 3. Resistance-modulating effects of the methanol extract from Scorodophloeus zenkeri bark (SZB) at MIC/2 and MIC/4.

Antibiotics Extract Bacterial strains, MIC (ug/mL) of antibiotics in the absence (0) and presence of the extract (MIC/2 and MIC/4) Antibiotic-modulating
concentration MRSA3 MRSA4 MRSA9 SAQ7 SA36 SA88 SA127 effect (%)
CHL 0 32 4 4 32 128 32 32
MIC/2 <2(216) <2(22) <2(22) <2(216) <2(264) 32(1) 8(4) 85.71
MIC/4 <2(216) <2(22) 16(0.25) <2(216) 16(8) 32(1) 8(4) 71.42
TET 0 16 32 2 <0.5 1 8 64
MIC/2 <0.5(232) 1(32) <0.5(24) <0.5(na) <0.5(22) 4(2) 64(1) 71.42
MIC/4 <0.5(232) 1(32) <0.5(24) <0.5(na) <0.5(22) 4(2) 64(1) 71.42
ERY 0 <2 8 <2 <0.5 <2 8 8
MIC/2 <2(na) <2(24) <2(na) <0.5(na) <2(na) 8(1) 4(2) 28.57
MIC/4 <2(na) <2(24) <2(na) <0.5(na) <2(na) 8(1) 4(2) 28.57
CEF 0 32 16 256 256 32 32 4
MIC/2 <2(216) 8(2) 128(2) 16(16) <2(216) 32(1) 4(1) 71.42
MIC/4 <2(216) 8(2) 256(1) 4(4) 32(1) 32(1) 4(1) 42.85
CIP 0 4 8 <0.5 <0.5 2 <0.5 <0.5
MIC/2 <0.5(=8) 16(0.5) <0.5(na) <0.5(na) 2(1) <0.5(na) 1(20.5) 14.28
MIC/4 <0.5(=8) 16(0.5) <0.5(na) <0.5(na) 2(1) <0.5(na) 1(20.5) 14.28
KAN 0 <2 <2 <2 64 <2 <0.5 4
MIC/2 <2(na) 8(<0.25) <2(na) 8(8) <2(na) <0.5(na) 4(1) 14.28
MIC/4 <2(na) 8(<0.25) <2(na) 8(8) <2(na) <0.5(na) 4(1) 14.28

TET: tetracycline, KAN: kanamycin, ERY: erythromycin, CHL: chloramphenicol, CIP: ciprofloxacin, CEF : Ceftriaxone; (): Modulating factor; na: not applicable ; MIC Minimal Inhibitory Concentration ; Percentage of antibiotic’s
modulating effect by the plant extracts; Values in bold represent modulating factor = 2 and modulating effect observed on more than 70% of the tested MDR bacteria.

Table 4. Resistance-modulating effects of the methanol extract from Fagara leprieurii seeds (FLS) at its MIC/2 and MIC/4.

Antibiotics Extract concentration  Bacterial strains, MIC (ug/mL) of antibiotics in the absence (0) and presence of the extract (MIC/2 and MIC/4) Antibiotic-modulating

MRSA3 MRSA4 MRSA9 SA07 SA36 SA88 SA127 effect (%)

CHL 0 32 4 4 32 128 32 32

MIC/2 <2(216) <2(22) <2(22) <2(216) 16(8) 16(2) 8(4) 100

MIC/4 32(1) <2(22) <2(22) <2(=16) 16(8) 16(2) 8(4) 85.71
TET 0 16 32 2 <0.5 1 8 64

MIC/2 <0.5(=32) 2(16) <0.5(24) <0.5(=na) <0.5(22) <0.5(216) 64(1) 71.42

MIC/4 <0.5(232) 2(16) <0.5(24) <0.5(na) <0.5(22) 1(8) 64(1) 71.42
ERY 0 <2 8 <2 <0.5 <2 >64 8

MIC/2 <2(na) <2(24) <2(na) <0.5(na) <2(na) 16(>4) <2(24) 42.85

MIC/4 32(<0.5) <2(24) <2(na) <0.5(na) <2(na) 16(>4) <2(24) 42.85
CEF 0 32 16 256 256 32 32 4

MIC/2 4(8) 16(1) 32(8) 16(16) 8(4) <2(216) 4(1) 71.42

MIC/4 16(2) 16(1) 64(4) 16(16) 8(4) 4(8) 4(1) 71.42
CIP 0 4 8 <0.5 <0.5 2 <0.5 <0.5

MIC/2 1(4) 4(2) <0.5(na) <0.5(na) 2(1) <0.5(na) <0.5(na) 28.57

MIC/4 1(4) 16(0.5) <0.5(na) <0.5(na) 2(1) <0.5(na) <0.5(na) 14.28
KAN 0 <2 <2 <2 64 <2 <0.5 4

MIC/2 <2(na) 16(<0.1) <2(na) 16(4) <2(na) <0.5(na) <2(22) 28.57

MIC/4 4(=0.5) 16(<0.1) <2(na) 16(4) <2(na) <0.5(na) <2(22) 28.57

TET: tetracycline, KAN: kanamycin, ERY: erythromycin, CHL: chloramphenicol, CIP: ciprofloxacin, CEF : Ceftriaxone; (): Modulating factor; na: not applicable ; MIC Minimal Inhibitory Concentration ; Percentage of antibiotic’s
modulating effect by the plant extracts; Values in bold represent modulating factor = 2 and modulating effect observed on more than 70% of the tested MDR bacteria.



Badawe et al. Investigational Medicinal Chemistry and Pharmacology 2018 1(2):17 Page 8 of 10

Table 5. Resistance-modulating effects of the methanol extract from Olax subscorpioidea seeds (OSS) at its MIC/2 and MIC/4.

Antibiotics Extract Bacterial strains, MIC (ug/mL) of antibiotics in the absence (0) and presence of the extract (MIC/2 and MIC/4) Antibiotic-modulating
concentration MRSA3 MRSA4 MRSA9 SA07 SA36 SA88 SA127 effect (%)
CHL 0 32 4 4 32 128 32 32
MIC/2 <2(216) <2(22) 8(0.5) <2(216) <2(264) 32(1) 8(4) 71.42
MIC/4 <2(216) <2(22) 16(0.25) <2(216) 8(16) 32(1) 8(4) 71.42
TET 0 16 32 2 <0.5 1 8 64
MIC/2 <0.5(=32) 2(16) 1(2) <0.5(na) <0.5(22) <0.5(=16) 64(1) 71.42
MIC/4 <0.5(232) 2(16) 2(1) <0.5(na) <0.5(=2) 1(8) 64(1) 57.14
ERY 0 <2 8 <2 <0.5 <2 8 8
MIC/2 <2(na) <2(24) <2(na) <0.5(na) <2(na) 8(1) 4(2) 28.57
MIC/4 <2(na) <2(24) <2(na) <0.5(na) <2(na) 8(1) 4(2) 28.57
CEF 0 32 16 256 256 32 32 4
MIC/2 <2(216) 8(2) 256(1) 16(16) <2(216) 64(0.5) 4(1) 57.14
MIC/4 <2(216) 8(2) >256(<1) 16(16) 16(2) 64(0.5) 8(0.5) 57.14
CIP 0 4 8 <0.5 <0.5 2 <0.5 <0.5
MIC/2 <0.5(=8) 16(0.5) 2(<0.25) <0.5(na) 2(1) <0.5(na) 1(=0.5) 14.28
MIC/4 <0.5(=8) 16(0.5) 2(<0.25) <0.5(na) 4(0.5) <0.5(na) 1(=0.5) 14.28
KAN 0 <2 <2 <2 64 <2 <0.5 4
MIC/2 <2(na) 8(<0.25) <2(na) 16(4) <2(na) <0.5(na) 4(1) 14.28
MIC/4 <2(na) 8(<0.25) <2(na) 16(4) <2(na) <0.5(na) 4(1) 14.28

TET: tetracycline, KAN: kanamycin, ERY: erythromycin, CHL: chloramphenicol, CIP: ciprofloxacin, CEF : Ceftriaxone; (): Modulating factor; na: not applicable ; MIC Minimal Inhibitory Concentration ; Percentage of antibiotic’s
modulating effect by the plant extracts; Values in bold represent modulating factor = 2 and modulating effect observed on more than 70% of the tested MDR bacteria.

Table 6. Resistance-modulating effects of the seeds methanol extract from Monodora myristica at its MIC/2 and MIC/4.

Antibiotics Extract Bacterial strains, MIC (ug/mL) of antibiotics in the absence (0) and presence of the extract (MIC/2 and MIC/4) Antibiotic-modulating
concentration MRSA 3 MRSA 4 MRSA 9 SA 07 SA 36 SA 88 SA 127 effect (%)
CHL 0 32 4 4 32 128 32 32
MIC/2 <2(216) <2(22) 4(1) <2(216) 32(4) 32(1) 16(2) 71.42
MIC/4 32(1) 4(1) 8(0.5) <2(216) <2(264) 32(1) 16(2) 42.85
TET 0 16 32 2 <0.5 1 8 64
MIC/2 1(16) 4(8) 16(0.125) <0.5(na) 32(0.031) 8(1) >64(<1) 28.57
MIC/4 <0.5(232) 2(16) 16(0.125) <0.5(na) <0.5(22) 8(1) >64(<1) 42.85
ERY 0 <2 8 <2 <0.5 <2 >64 8
MIC/2 <2(na) <2(24) <2(na) <0.5(na) <2(na) 16(> 4) 4(2) 42.85
MIC/4 32(<0.062) <2(24) 8(<0.25) <0.5(na) 64(<0.031) 64(>1) 4(2) 28.57
CEF 0 32 16 256 256 32 32 4
MIC/2 <2(216) 16(1) 256(1) 32(8) 64(0.5) 32(1) 32(0.125) 28.57
MIC/4 16(2) 16(1) 256(1) 32(8) 32(1) 32(1) 32(0.125) 28.57
CIP 0 4 8 <0.5 <0.5 2 <0.5 <0.5
MIC/2 <0.5(28) 2(4) 1(=0.5) 1(=0.5) 2(1) <0.5(na) <0.5(na) 28.57
MIC/4 <0.5(28) 4(2) 1(=0.5) <0.5(na) 2(1) <0.5(na) <0.5(na) 28.57
KAN 0 <2 <2 <2 64 <2 <0.5 4
MIC/2 4(<0.5) 32(<0.062) <2(na) 32(2) 16(<0.125) <0.5(na) <2(22) 28.57
MIC/4 <2(na) 32(<0.062) 4(<0.5) 32(2) <2(na) <0.5(na) <2(22) 28.57

TET: tetracycline, KAN: kanamycin, ERY: erythromycin, CHL: chloramphenicol, CIP: ciprofloxacin, CEF : Ceftriaxone; (): Modulating factor; na: not applicable ; MIC Minimal Inhibitory Concentration ; Percentage of antibiotic’s
modulating effect by the plant extracts; Values in bold represent modulating factor = 2 and modulating effect observed on more than 70% of the tested MDR bacteria.
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Conclusions

In this study, the ability of the methanol seeds
extracts of Piper guineense, Scorodophloeus zenkeri
and Fagara leprieurii to fight against resistant strains
of Staphylococcus aureus was demonstrated. This
work also indicates that Scorodophloeus zenkeri and
Fagara leprieurii bark and seeds extracts,
respectively could be used as antibiotics resistance
modulators, providing a new alternative to fight
against bacterial infections involving resistant
phenotypes.

Additional file

Supplementary file.docx. Table S1. Further details on the antibiotic-
resistance profiles of tested bacteria.

Supplementary file.docx. Table S2. Preliminary antibiotic-
resistance modulation activity.
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