Ekamgue et al. Investigational Medicinal Chemistry and Pharmacology 2023 6(1):75

Investigational
Medicinal Chemistry & Pharmacology

Anti-staphylococcal and antibiotic-potentiating activities of
botanicals from nine Cameroonian food plants towards multidrug-
resistant phenotypes

Boris Ekamgue, Armelle T. Mbaveng, Victor Kuete*

Abstract

Background: Staphylococcus aureus is a commensal and pathogenic bacterium responsible for both community and nosocomial infections,
superficial or deep, and benign or lethal. Staphylococcus aureus is a commensal and pathogenic bacterium responsible for both community and
nosocomial infections, superficial or deep, and benign or lethal. Because of its infectious potential and its ability to develop resistance to many
antibiotics, staphylococcal infections remain the target of reinforced clinical surveillance. To contribute to the fight against resistant
staphylococcal infections, the in vitro assessment of the anti-staphylococcal activity of methanol extracts (or botanicals) of nine food plants from
Cameroon, Persea americana, Psidium guajava, Syzygium jambos, Vernonia amygdalina, Citrus sinensis, passiflora edulis, Carica papaya,
Aframomum letestuanum, and Garcinia kola), as well as the effects of the association of some of these botanicals with antibiotics against
resistant and multidrug-resistant staphylococci.

Methods: The plant secondary metabolites were extracted by maceration in methanol; the microdilution method using the rapid para-
lodonitrotetrazolium chloride (INT) colorimetric method was applied to evaluate the antibacterial activities of the botanicals as well as the effects
of combining these extracts with antibiotics.

Results: The botanicals had a minimum inhibitory concentration (MIC) range of 64-2048 ug/mL on the 17 staphylococcal strains and isolates
tested. Extracts from Aframomum letestuanum seeds and Psidium guajava leaves and bark had the broadest activity spectra, inhibiting the
growth of 95% and 85% of the studied bacteria, respectively. In the presence of an efflux pump inhibitor, reserpine, methanol extracts from
Syzygium jambos leaves, Psidium guajava bark and epicarp, and Afromomum letestuanum epicarp showed a considerable increase in their
activity. Botanicals from the leaves of Syzygium jambos improved the activities of tetracycline, ceftriaxone, chloramphenicol, and ampicillin
against more than 80% of the tested bacteria.

Conclusion: The investigated pants, mostly Psidium guajava, Syzygium jambos, and Aframomum letestuanum could be used in the treatment of
staphylococcal infections with multidrug-resistant phenotypes.

Keywords: Antibacterial activity; Cameroon; drug resistance; food plants; potentiation; Staphylococcus aureus.

*Correspondence: Tel.: +237 677355927; E-mail address: kuetevictor@yahoo.fr;, ORCID: http://orcid.org/0000-0002-1070-1236 (Victor Kuete)

Department of Biochemistry, Faculty of Science, University of Dschang, Dschang, Cameroon.

Other authors:
E-mail: aderekamgue1997@gmail.com (Boris Ekamgue); E-mail address: armbatsa@yahoo.fr; ORCID: https://orcid.org/0000-0003-4178-4967 (Armelle T. Mbaveng)

Citation on this article: Ekamgue B, Mbaveng AT, Kuete V. Anti-staphylococcal and antibiotic-potentiating activities of botanicals from nine Cameroonian food plants
towards multidrug-resistant phenotypes. Investigational Medicinal Chemistry and Pharmacology (2023) 6(1):75; Doi: https://dx.doi.org/10.31183/imcp.2023.00075

C Invest. Med. Chem. Pharmacol. (IMCP) ISSN: 2617-0019 (Print)/ 2617-0027 (Online); © The Author(s). 2023 Open Access This article is
available at https://investchempharma.com/



mailto:kuetevictor@yahoo.fr
http://orcid.org/0000-0002-1070-1236
mailto:aderekamgue1997@gmail.com
mailto:armbatsa@yahoo.fr
https://orcid.org/0000-0003-4178-4967
https://dx.doi.org/10.31183/imcp.2023.00075
https://portal.issn.org/resource/issn/2617-0019
https://portal.issn.org/resource/issn/2617-0027
https://investchempharma.com/

Ekamgue et al. Investigational Medicinal Chemistry and Pharmacology 2023 6(1):75

Background

Staphylococci are commensal Gram-positive bacteria found on the
skin and mucous membranes, but also in the environment (water,
air, soil) and sometimes in food or on objects. There are about forty
types of staphylococci, the best known of which is Staphylococcus
aureus; it is most frequently implicated in nosocomial and
community infections. Very widespread, Staphylococcus causes a
wide variety of diseases in humans, such as food poisoning,
paronychia, septicemia, skin and soft tissue infections,
endocarditis, osteomyelitis, bacteremia, and lethal pneumonia [1].
S. aureus is generally divided into methicillin-sensitive
Staphylococcus aureus (MSSA) and methicillin-resistant
Staphylococcus aureus (MRSA). The drug resistance of S. aureus
has increased, while the infection rate of MRSA has increased
globally, with effective anti-staphylococcal agents for MRSA
scarcer [1]. This propels scientists to intensify the search for new
antibacterial substances as an alternative to certain antibiotics that
have become ineffective. Previously some African medicinal plant
showed their efficiency on S. aureus species. They include
Tridesmostemon omphalocarpoides [2], Garcinia smeathmannii [3],
Dorstenia turbinata (Moraceae) [4], or Pycnanthus angolensis [5,
6]. In our continuous search of new drugs to combat the resistant
staphylococcal infections, the present study was designed to
evaluate the anti-staphylococcal activity of methanol extracts of
nine Cameroonian food plants, as well as the effects of the
association of some of these botanicals with antibiotics against
resistant and multidrug-resistant staphylococci. The studied plants
included Persea americana Miller (Lauraceae), Psidium guajava
Linn. (Myrtaceae), Syzygium jambos (L.) Alst. (Myrtaceae),
Vernonia amygdalina Del. (Asteraceae), Citrus sinensis Linn.
(Rutaceae), Passiflora edulis Sims (Passifloraceae), Carica papaya
Linn.  (Caricaceae), Aframomum letestuanum  Gagnep.
(Zingiberaceae), and Garcinia kola Heckel (Guttiferae). Their
traditional used are shown in Table 1.

Methods

Plant material and extraction

In the present study, various part of nine food plants from
Cameroon were used. They were collected in Dschang (West
Region) and Loum (Littoral Region) in Cameroon and identified in
the Cameroon national herbarium (HNC) under a reference
voucher numbers (Table 1). They are Persea americana leaves
and bark, Psidium guajava leaves and bark (Myrtaceae), Syzygium
jambos leaves and bark, Vernonia amygdalina leave, Citrus
sinensis leaves and bark, Passiflora edulis leaves, Carica papaya
seeds (Caricaceae), Aframomum letestuanum seeds and pulps
(Zingiberaceae), and Garcinia kola leaves and bark. These plant
materials were air-dried, powdered, and soaked in methanol for 48
hours. The filtrate obtained using Whatman filter paper no. 1 was
evaporated over a vacuum to yield the crude extract or botanical.
The extraction yield or these botanicals were determined (Table 2),
and they were were kept at 4°C until further use.

Chemicals

The chemicals used include the bacterial growth indicator, para-
lodonitrotetrazolium chloride 297% (INT), ten antibiotics
(Ceftriaxone (CRO), Tetracycline (TET), Chloramphenicol (CHL),
Ciprofloxacin (CIP), Doxycycline (DOX), Imipenem (IMI), Ampicillin
(AMP), Penicillin (PEN), Augmentin (AUG), and Levofloxacin
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(LEV)), and the efflux pump inhibitor, reserpine (RES). They were
all obtained from Sigma-Aldrich (St. Quentin Fallavier).
Dimethylsulfoxide (DMSO, Sigma-Aldrich) was used to dissolve the
tested samples.

Culture media

Three culture media were used namely Mueller Hinton agar (MHA)
for the activation of bacterial strains and isolates, Mueller Hinton
broth (MHB) for microdilution tests, and Chapman (Mannitol Salt
Agar) for the identification of strains/isolates of Staphylococcus
aureus. They were purchased at Titan Biotech Ltd (Rajasthan,
India). The MHB was used to determine the minimal inhibitory
concentrations (MIC) and minimal bactericidal concentrations
(MBC) of the studied samples.

Bacterial strains and isolates

The Staphylococcus aureus strains tested included the reference
American Type Culture Collection (ATCC) strain, ATCC 25923,
MRSA3, MRSA4, MRSA6, MRSA8, MRSA9, MRSA11, MRSA12,
and nine clinical laboratory strains: ST20, ST39, ST50, ST52,
ST76, ST132, ST135, ST218, and ST674. The clinical isolates are
available in the Laboratory of Microbiology and Antimicrobial
Substances of the University of Dschang. Their bacterial features
are shown in Table 2. They were sub-cultured in the MHA for their
activation 24 hours prior to any use while the antibacterial testing
was done in the MHB.

Antibacterial evaluations

The MIC and MBC determinations on the used bacterial strains
were performed using a rapid colorimetric INT test [7-9]. 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 the control solvent.
MIC was defined as the lowest sample concentration that
prevented this change and exhibited complete inhibition of
microbial growth. The MBC of the samples was further determined
as previously reported [9]. Botanicals were also tested in the
presence of reserpine, efflux pump inhibitor, at the concentration of
100 pg/mL to evaluate the role of efflux pumps on the resistance of
the bacteria to the samples [10-12]. A preliminary assay was also
performed by evaluating a combination of the plant extracts at
different sub-inhibitory concentrations (MIC/2, MIC/4, MIC/8, and
MIC/16) with antibiotics on ATTC25923 (Data not shown), 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 [13, 14].
Activity ameliorating factor (AAF) was calculated as the ratio of the
MIC of the antibiotic alone versus MIC in the combination with the
botanical [15].

Data Analysis

Generally, botanicals were considered significantly active,
moderately active, and weakly active when their MIC values were
less than 100 pg/mL, between 100 and 625 pg/mL, and greater
than 625 pg/mL, respectively; for antibiotics and isolated
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compounds, the sample was considered to have strong activity
when the MIC value< 10 pg/mL, moderate 10 < MIC< 100 pg/mL,
and weak MIC> 100 pg/mL [16]. For in-depth analyses, the
established cutoff point for the antibacterial activity of botanicals
towards Staphylococcus aureus was used as follows: Outstanding
activity: MIC < 8 pg/mL; Excellent activity: 8 < MIC <40 pg/mL;
Very good activity: 40 < MIC 128 pg/mL; Good activity: 128 < MIC
< 320 pg/mL; Average activity: 320 < MIC = 625 pg/mL; Weak
activity: 625 < MIC = 1024 pg/mL; Not active: MIC values > 1024
pg/mL [17, 18]. The bactericidal or bacteriostatic effect of
botanicals was determined using the ratio MBC/MIC [19].

Results

Extraction yield and physical characteristics of botanicals

The characteristics (extraction yields, aspects, and colors) of the
botanicals are shown in Table 3. The extraction yields varied
between 1.325% and 28.52%. Syzygium jambos leaf extract had
the highest yield (28.52%) followed by the botanicals from Citrus
sinensis leaf (18.56%), and Garcinia kola bark ( 17.91%). The
extract of Carica papaya seeds presented the lowest yield
(1.325%). Most of the botanicals were obtained as a paste, with a
green color.

Antibacterial activities of botanicals

The evaluation of the antibacterial activity of the botanicals was
carried out by determining the MIC and the MBC of each extract
against 17 bacterial strains and isolates. To determine whether the
various extracts had bacteriostatic or bactericidal effects, the
MBC/MIC ratios were calculated, and all the results are
summarized in Table 4. Botanicals tested on the different bacterial
isolates and strains did not all have activities and the inhibition
effects varied from 64 to 2048 pg/mL. Several botanicals had a
spectrum of activity of 100%, including the extract of the leaves
and the bark of Persea americana (17/17), the extract of the leaves
and the bark of Psidium guajava (17/17), Syzygium jambos leaf
and bark extract (17/17), Afromamum letestuanum seed and pulp
extract (17/17). Carica papaya seed extract had no activity (0%)
against the different strains and isolates tested. The other extracts
showed percentage inhibitions ranging from 17.64 to 94.15%. The
extracts of the seeds and pulp of Aframomum letestuanum, of the
bark of Psidium guajava showed the best activities with MICs of 64
pg/mL against the ST35 isolate. Botanicals from the leaves of
Psidium guajava and leaves of Syzygium jambos displayed MIC
values of 128 pg/mL on ST35 and ST76. Fourteen (14) extracts
had a bactericidal effect varying from one isolate to another.
Syzygium jambos leaf extract showed the most bactericidal effect
with a total of (13/17) followed by Aframomum letestuanum seeds
with a total of (12/17) on the isolates and strain tested. Some
extracts exhibited bacteriostatic effects among the sixteen (16)
extracts; it is the Aframomum letestuanum pulp extract with a
bacteriostatic effect against ST isolates (ST30, ST39, ST52,
ST132, ST135, ST218, ST674).

Effect of reserpine on the activity of Botanicals

The evaluation of the antibacterial activity of some extracts was
carried out by determining the MIC of the latter in the absence and
in the presence of Reserpine, an inhibitor of efflux pumps, against
5 bacterial strains to highlight if the pumps are responsible for their
resistant phenotypes (Table 5). It appears that reserpine
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potentiates the activity of all botanicals extracts and the antibiotic
with increased AAF ranging from 2 to >128-folds. An antibacterial
potential ranging from 2 to 64 pg/mL of the extracts is observed in
the presence of reserpine while, in the absence of the latter, the
antibacterial activity is between 256 to 2048 ug/mL. This improved
activity in the presence of reserpine confirms that the tested
bacterial strains and isolates use the efflux mechanism as one of
the means of resistance.

Effects of the combinations of antibiotics with botanicals

A preliminary test was carried out on the strain ATCC25923 to
select the plant extracts to combine with the antibiotics. It was
found that among the 14 plant extracts used, eight (08) of them
best potentiated the activities of the antibiotics at the sub-inhibitory
concentrations of MIC/2 and MIC/4 vis-a-vis the strain
ATCC25923. These are extracts of the leaves and bark of
Syzygium jambos and Psidium guajava, the leaves of Garcinia
Kola, Passiflora edulis, Vernonia amygdalina, and the pulps of
Aframomum letestuanum (Data not shown). These eight plant
extracts were used in combination with antibiotics against seven
(07) other bacterial isolates; the results obtained have been
recorded in Table 6.

In general, the activities of the antibiotics increased in the presence
of the botanicals. Several cases of synergy were recorded with
increase AAF values varying from 2 to 128-folds; However, some
cases of antagonism and indifference were also observed. The
pulp extracts of Aframomum letestuanum, leaves and bark of
Psidium guajava and Syzygium jambos potentiated the activity of
all antibiotics vis-a-vis 100% isolates tested. The activity of CHL on
the tested bacteria increased in the presence of all the extracts
with a potential ranging from 57.14% to 100%. The activity of CRO
in the presence of the leaves of Garcinia kola, Passiflora edulis,
Vernonia amygdalina and Syzygium jambos increased on 42.85%
of the tested bacteria, and on 100% in the presence of seeds of
Afromamum letestuanum, as well as the leaves and bark of
psidium guajava and Syzygium jambos.

Discussion

The importance of African medicinal plants as a source of bioactive
agents to tackle the resistant phenotypes of bacteria, cancer cells,
or plasmodia has been well-documented in the recent years [8, 20-
33]. In the present study, a panel of ten plant extracts has been
explored for its antibacterial properties against Staphylococcus
aureus. In regard to the available standards for the classification of
the antibacterial substances from plants [16-18], it appears that
three of the extracts had significant or very good antibacterial
activity. These include the botanicals from the epicarp of
Afromomum letestuanum (64 pg/mL) on ST39, ST135, that of the
leaves of Psidium guajava and seeds of Afromomum letestuanum
(64 pg/mL) on ST135. There are also very good activities (128
ug/mL) of the extracts of the seeds of Afromomum letestuanum,
and the leaves and bark of Syzygium jambos. The antibacterial
activity of the aqueous and organic extracts of guava leaves
against antibiotic-resistant clinical isolates of Staphylococcus
aureus strains has been previously reported (Milyani et al., 2012).
The data reported corroborates with that of the present study,
therefore, confirming the antibacterial activity of Psidium guajava
leaf extract. This activity could be due to the presence of
phytochemicals such as tannins, myricetin, quercetin, luteolin,
kaempferol, oleanolic, ursolic, catecolic, guayavolic, maslinic, and
ellagic acids, and B-sitosterol [34]. The extract of the leaves of S.
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jambos showed good to average antimicrobial activity on 29% of
the strains tested, confirming the antimicrobial activity of this plant
reported by Wamba et al. [35] on Gram-positive bacteria. One of
the constituents of this plant, myricetin [36] inhibited the growth of
methicillin-resistant S. aureus [37]. This compound can be the
active anti-staphylococcal principle of this plant. The seed and
epicarp extracts of A. letestuanum were very active against the
tested bacteria. It has been shown that plants of the genus
Aframomum have antibacterial activities which have been
attributed to the presence of terpenoids such as aframodial [38].
These results, therefore, can justify the activity obtained herein.
Extracts of Persea americana leaves and bark showed moderate
activities ranging from 256 to 1024 pg/mL against different
bacterial strains and isolates. To confirm its multiple medicinal
properties, a study conducted by Nathaniel et al. [39] showed that
the methanolic extract of P. americana leaves had good
antimicrobial activity against enteric microorganisms (Gram-
negative bacteria and Gram-positive as well as yeasts). This,
therefore, corroborates the anti-staphylococcal activity obtained in
the present study. The other extracts showed weak activities vis-a-
vis some strains and isolates, namely the extract of leaves of Citrus
sinensis, Passiflora edulis, and Vernonia amygdalina, while the
extract of the seeds of Carica papaya showed a weak activity

Table 1. Information on the tested plants
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against all isolates and strains tested. The absence or low activity
of these extracts could be attributed either to the multidrug-
resistant features of the bacterial strains tested. In this work, we
observed in most cases that the MBCs are generally 4-fold higher
than the MICs, or even more. This is an indication that the tested
botanicals mostly had bacteriostatic effects [19].

The association of the extracts with the efflux pump
inhibitor, reserpine, considerably improved their activity against
100% of the strains and isolates tested [40]. Reserpine also
improved the activity of CIP, confirming that the tested bacteria use
efflux pumps as a means of resistance. In effect, Gibbons et al.
have demonstrated that reserpine reverses NorA-mediated
resistance in S. aureus by increasing norfloxacin activity up to 4-
fold [41]. Synergistic effects of botanicals in association with
antibiotics were obtained, with the AAF ranging from 2 to 128.
Botanicals from Aframomum letestuanum pulp, leaves, and bark of
Psidium guajava, and Syzygium jambos jambos had synergistic
effects with most of the antibiotics tested against 98.5% of the
isolates. This suggests that botanicals probably inhibited the efflux
pumps, increasing the activity of these antibiotics [42, 43] or
simultaneously acting as the active principle with a different site of
action, to potentiate the activity of the antibiotic.

Tested plants
(Family)/Herbarium
voucher number

Traditional uses

Active or potentially active
constituents

Reported activity of crude extract

Citrus sinensis Linn.
(Rutaceae)/
25859/HNC

Psidium guajava Linn.

(Myrtaceae)/
2884/SRF/Cam

Garcinia kola Heckel
(Guttiferae)/ 278
39/SRF-CAM

Vernonia amygdalina
Del. (Asteraceae)/
31149/SRFK

Constipation, cramps, colic, diarrhea,
bronchitis, tuberculosis, cough, cold,
obesity, menstrual disorder, angina,
hypertension, anxiety, depression, and
stress, sore throats, indigestion, relieve
intestinal gas and bloating, resolve
phlegm, and additive for flavoring [44]

Wounds, lesions, ulcers, diarrhea,
cholera, hypertension, obesity and the
control of diabetes mellitus, inflammation,
cough, diabetes, kidney problems,
diarrhea, used as tonic, laxative,
anthelminthic, conjunctivitis, oral care,
and antispasmodic [13, 61, 62]

Nervous alertness and induction of
insomnia, purgative, wound healing,
cancer, stomachache, gastritis, malaria,
venereal diseases, laryngitis, and poison
antidote [74]

Microbial infections, hiccups, kidney
problems and stomach, discomfort,
stomach-ache, gastrointestinal infections,
malarial fever, cough remedy [93],
malaria, purgative, parasitic infections,
blood glucose levels control, and eczema
[94]

Caffeic, p-coumaric, ferulic, and
sinapinic acids, hesperidine, narirutin,
naringin, eriocitrin [45]; essential oil
[46]; 5-hydroxy-3,7,8,3',4'-
pentamethoxyflavone; 5-hydroxy-
3,6,7,8,3',4"-hexamethoxy-flavone;
3,5,6,7,8,3',4-heptamethoxyflavone;
nobiletin; 3,5,6,7,3',4'-
hexamethoxyflavone; 3'-hydroxy-
5,6,7,8,4'-pentamethoxyflavone; 4'-
hydroxy-5,6,7,8,3"-
pentamethoxyflavone, and hesperidin
[47]

Tannins, myricetin, quercetin, luteolin,
kaempferol, essential oil, oleanic,
ursolic, catecolic, guayavolic, maslinic,
and ellagic acids, and B-sitosterol [34]

3",4',4" 5,5",7,7"-heptahydroxy-3,8-

biflavanone or GB-1;
3",4',4" 55" 5" 7,7"-octahydroxy-
3,8"- biflavanone or GB-2;

3"4'4"55"5"7,7"
octahydroxy-4"-methoxy-3,8"-
biflavanone) or kolaflavanone; GB-1a;
biflavonoid complex kolaviron [75, 76];
9,19-Cyclolanost-24-en-3-ol; 9,19-
cyclolanostan-3-ol,24-methylene [76];
8,0-bigarcinoic acid; 6,6-bi-O-garcinoic
acid; y,0-bi-O-garcinoic acid; (8E)-4-
geranyl-3,5-

dihydroxybenzophenone [77];
cytochalasins: 18-metoxycytochalasin
J; cytochalasins H and J; and
alternariol [78]

Vernodalin, vernomygdin, vernonioside
B1 and vernoniol B1 [95]; ricosane;
vernolide; isorhamnetin; luteolin [96];
vernonioside V [97]; steroidal
vernoniamyoside A-D; vernoamyoside
D, vernonioside B, vernoamyoside [98,
99]; nicotinic acid; cumidine; salicylic
acid; isoquinoline; 3-methyl-, and y-
octalactone [100]; vernolide, and
vernodalol [101]

Antibacterial, antifungal, antiproliferative, anxiolytic,
antimalarial, anti-Trypanosoma, anti-obesity,
antiosteoporosis, and insecticidal activities [13, 48-56];
relaxant and sedative effect on dental patients [57],
reduce the risk of adverse cardiovascular events [58],
and inotropic depression on the atria of guinea pigs
[59]; hypocholesterolemia activity [60]

Anti-inflammatory, antiproliferative, antibacterial and
antifungal, anti-diabetic, analgesic, antinociceptive,
antimalarial, antitussive, hepatoprotective, anti-allergic,
hypotensive, cardioprotective, and wound healing
activities [13, 63, 64] [61-63, 65-67] [68-73]

Anti-inflammatory, diabetic, analgesic, antibacterial,
antiproliferative, antimalarial, antiplasmodial, anti-
diabetic, hepatoprotective, nephroprotective,
antinociceptive, neuroprotective, gastroprotective, and
antiparasitic activities [79], [74, 80-82], [76, 83-91];
protection effect of kolaviron against testicular oxidative
damage induced by di-n-butylphthalate in rats [92]

Anti-inflammatory, antibacterial, antiproliferative,
antimalarial, neuroprotective, antinociceptive, and anti-
diabetic activities [97], [94, 96, 102-104]; [100, 105-
108]
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HNC: Cameroon national Herbarium

Table 1. (Continued and end)
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Tested plants
(Family)/Herbarium
voucher number

Traditional uses

Active or potentially active
constituents

Reported activity of crude extract

Carica papaya Linn.
(Caricaceae)/
18647/SRF-CAM

Passiflora edulis Sims
(Passifloraceae)/
65104/HNC

Persea americana
Miller (Lauraceae)/
57756 HNC

Syzygium jambos (L.)
Alst. (Myrtaceae)/
30458/HNC
Aframomum
letestuanum Gagnep.
(Zingiberaceae)/
43134/HNC

Gastro-enteritis, oxidative stress,
intestinal worms, hepatitis, cancer,
contraceptive, used to treat malaria,
hypertension, diabetes mellitus, jaundice,
intestinal helminthiasis, used for colic,
fever, beriberi, abortion, asthma, eczema,
psoriasis, thirst quencher, or pain
alleviator [74, 81]

Anxiety, insomnia, nervousness,
antifungal, anti-inflammatory,
antihypertensive [123], gastric trouble
[124], cancer [125], tonic, digestive,
sedative, diuretic, antidiarrheal,
insecticide, cough, dry throat,
constipation, insomnia, dysmenorrhea,
colic infants, joint pain, and dysentery
[126]

Worms, microbial infections,
diabetes, high blood pressure, stimulate

uterine contractions and relief painful
menstruations, urinary infections,
bronchitis, rheumatism, anemia,
exhaustion, hyper-cholesterolemia,
hypertension, gastritis, and
gastroduodenal ulcer, cancer, food,
analgesic, as anti-inflammatory,
hypoglycemic, anticonvulsant, and

vasorelaxant [141-143]

Digestive, stimulant and remedy for dental
disorders, fever, diarrhoea, dysentery,
and catarrh [35, 152]

Hemorrhage, muscular pains, nausea,
and vomiting [155]

malaria,

Caffeic, cinnamic,
Chloramphenicolorogenic, quinic,
coumaric, vanillic, protocatechuic acids;
naringenin; hesperidin; rutin;
kaempferol [109]; myricetin; carpaine;
carpine; pseudocarpaine;
dehydrocarpaine | and II; ferulic acid;
caffeic acid; Chloramphenicolorogenic
acid; B-carotene; lycopene;
anthraquinones glycoside; kaempferol
rhamnosides, orientin 7-O-rhamnoside;
11-hydroperoxy-12,13-epoxy-9-
octadecenoic acid; palmitic amide; 2-
hexaprenyl-6-methoxyphenol [110];
campesterol, sitosterol; squalene;
phytol [111]

lonone-I, ionone-Il, megastigma-5,8-
dien-4-1, megastigma-5,8(Z)-diene-4-1,
4,4a-Epoxy-4, 4a-dihydroedulan, 3-
hydroxyedulan, edulan-1, edulan-II,
passifloric acid methyl ester [125];
luteolin, apigenin, quercetin and its
derivatives, rutin, 4-hydroxybenzoic,
Chloramphenicolorogenic, ferulic,
vanillic, caffeic, trans-cinammic, p-
coumaric acids, vanillic acid [126];
harmidine, harmine, harmane, harmol,
N-trans-feruloyltyramine, and cis-N-
feruloyltyramine [126, 127]

Kaempferol, quercetin 3-O-a-p-
arabinopyranosides, afzelin, quercitrin,
quercetin 3-O-a-glucopyranoside,
quercetin, quercetin 3-O-f-
galactopyranoside, afzelin [141]; persin
[144]; 1,2,4-trihydroxyheptadec-16-ene;
1,2,4-trihydroxyheptadec-16-yne; 1,2,4-
trihydroxynonadecane; persenones A
and B; (1S,6R)-8-hydroxy abscisic acid-
D-glucoside; (1R,3R,5R,8S)-pi-
dihydrophaseic acid-D-glucoside;
catechin; epicatechin [145]

Phloretin 4-O-methyl ether, myrigalone
G, and myrigalone B [153], myricetin,
myricitrin, gallic acid [36]

Alkaloids, polyphenols, flavonoids,
tannins, triterpenes, sterols, saponins
[155]

Anti-inflammatory, antibacterial and antifungal,
antiproliferative, immunomodulatory, insecticidal, anti-
parasitic, anti-ulcerogenic, contraceptive, and wound
healing activities [74, 112-122]

Anti-inflammatory, antibacterial, antiproliferative, anti-
diabetic, analgesic, anxiolytic, anti-depressant, anti-
hypertensive, hepatoprotective, and anti-hyperlipidemia
activities [128-134]; [123, 135-140]

Anti-inflammatory, antibacterial, antiproliferative,

analgesic, anti-diabetic, cardiovascular,
antihypertensive, antiviral,

And wound healing activities[66, 141, 142, 146-151]

Antibacterial, analgesic, antiproliferative, and

antioxidant activities [35, 152-154]

Antibacterial activity [155]

Table 2. Bacterial features of the strains and isolates of Staphylococcus aureus.

Bacterial strains or Features References
isolates

MRSA3 Clinical isolate: OFXR, KANR, TETR, ERYR [156]
MRSA4 Clinical isolate: OFXR, KANR, CYPR, CHLR, GENR, NISR, AMPR [156]
MRSA6 Clinical isolate: OFXR, FMOXR, KANR, TETR, CYPR, IMI/CINR, CHLR, GENR, NISR, AMPR [156]
MRSA8 Clinical isolate: OFXR, FMOXR, KANR, ERYR, CYPR, IMI/CINR, CHLR, GENR, NISR, AMPR [156]
MRSA9 Clinical isolate: OFXR, FMOXR, TETR, ERYR, CYPR, IMI/CINR, CHLR, GENR, NISR, AMPR [156]
MRSA11 Clinical isolate: OFXR, KANR, ERYR, CYPR, IMI/CINR, CHLR, NISR, AMPR [156]
MRSA12 Clinical isolate: OFXR, FMOXR, KANR, ERYR, IMI/CINR, CHLR, GENR, NISR, AMPR [156]
ATCC 25923 Reference strain

ST20 Clinical isolate: ERYR, AMPR, CIPR, DOXR, [10]
ST39 Clinical isolate: ERYR, DOXR, VANR [10]
ST50 Clinical isolate: AMPR, DOXR, VANR [10]
ST52 Clinical isolate: CHLR, [10]
ST76 Clinical isolate: CIPR, VANR, DOXR, ERYR [10]
ST132 Clinical isolate: AMPR, VANR [10]
ST135 Clinical isolate: CHLR, CEFR, [10]
ST218 Clinical isolate: CHLR, DOXR, VANR [10]
ST674 Clinical isolate: VANR, IMIR, CHLR [10]

CHLR, CYPR, ERYR, FMOXR, IMI/CINR, KANR, METR, OFXR, TETR, VANR, AMPR, DOXR, AUGR, GENR, NISR: resistant to chloramphenicol, Ciprofloxacin,
Erythromycin, Flomoxef, Imipenem/Cilastatin sodium, Kanamycin, Methicillin, Ofloxacin, Tetracycline, Vancomycin, Ampicillin, Doxycycline, Augmentin, Gentamicin,
and Nisin respectively. ST: Staphycoccus aureus ATCC: American Type Culture Collection MRSA: methicillin-resistant Staphylococcus aureus
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Table 3. Plants and parts used, extraction yield and physical characteristics of botanicals.
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Plants Parts used Extract yield (%) Color Aspects
Psidium guajava Bark 14.65 Brown Crystals
Leaves 13.51 Green Paste
Vernonia amygdalina Leaves 7.85 Dark green Paste
Passiflora edulis Leaves 12.1 Light green Paste
Aframomum letestuanum Seeds 7.25 Brown Oily
Pulps 8.5 Dark brown Paste
Garcinia kola Leaves 15.5 Dark green Paste
Bark 17.91 Brown Paste
Persea americana Leaves 8.57 Green Paste
Bark 10.77 Brown Paste
Citrus sinensis Leaves 18.56 Green Paste
Syzygium jambos Leaves 28.52 Dark green Paste
Bark 15.57 Brown Crystals
Carica papaya Seeds 1.325 Light green Qily

Table 4. MICs of the tested botanicals against the Staphylococcus aureus strains.

Bacterial strains

Persea americana

Psidium guajava

Passiflora edulis

Leaves Bark Leaves Bark Leaves

MIC MBC R MIC MBC R MIC MBC R MIC MBC R MIC MBC R
MRSA3 1024 2048 512 2048 4 2048 - nd 512 1024 2 - - nd
MRSA4 256 2048 8 512 1024 2 1024 2048 2 256 256 1 1024 1024 1
MRSAG6 1024 - nd 1024 2048 2 1024 2048 2 512 1024 2 - - nd
MRSA 8 512 2048 2 512 2048 4 1024 2048 2 256 512 2 - - nd
MRSA 11 512 2048 2 2048 - nd 1024 2048 2 512 1024 2 2048 2048 1
MRSA 12 1024 - nd 512 2048 4 512 1024 2 512 1024 2 2048 2048 1
ATTCC25923 1024 - nd 256 2048 8 1024 2048 2 512 512 1 - - nd
ST20 1024 - nd 1024 - nd 512 - nd 256 512 2 - - nd
ST30 1024 - nd 2048 2048 1 1024 2048 2 1024 2048 2 2048 - nd
ST39 1024 2048 2 512 2048 4 512 - nd 128 2048 8 2048 - nd
ST52 512 1024 2 512 2048 4 512 - nd 512 1024 2 1024 2048 2
ST76 1024 1024 1 512 - nd 512 2048 4 256 1024 4 1024 2048 2
ST96 512 1024 2 512 2048 4 1024 - nd 512 2048 4 - - nd
ST132 1024 2048 2 2048 2048 1 1024 2048 2 1024 1024 1 2048 - nd
ST135 1024 1024 1 1024 - nd 128 2048 8 64 512 8 1024 2048 2
ST218 512 1024 2 1024 - nd 1024 2048 2 256 1024 4 2048 - nd
ST674 1024 1024 1 512 - nd 512 2048 4 128 1024 8 - - nd

No activity of Carica papaya was recorded in the tested bacteria; MIC: minimal inhibitory concentration (in pg/mL); MBC: minimal bactericidal concentration (in

ug/mL); R: MBC/MIC ratio; nd: not determined; (-): > 2048 pug/mL.
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Table 4. Continued...
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Bac?erial Syzygium jambos Mangifera indica Vernonia amygdalina
strains Leaves Bark Seeds Bark Leaves
MIC MBC R MIC MBC R MIC MBC R MIC MBC R MIC MBC R
MRSA3 1024 2048 2 2048 2048 1 1024 1024 1 1024 1024 1 - - nd
MRSA4 128 512 4 128 512 4 256 2048 8 1024 2048 2 - - nd
MRSA6 512 1024 2 - - nd 512 2048 4 512 1024 2 - - nd
MRSA 8 512 1024 2 1024 2048 2 1024 2048 2 256 1024 4 2048 2048 1
MRSA 11 1024 1024 1 256 1024 4 256 2048 8 512 1024 2 - - nd
MRSA 12 1024 2048 2 1024 - nd 1024 2048 2 1024 2048 2 - - nd
ATTCC25923 1024 2048 2 512 2048 512 2048 4 1024 1024 1 - - nd
ST20 1024 512 2 512 2048 512 2048 4 512 1024 2 - - nd
ST30 512 2048 4 2048 2048 1 1024 2048 2 1024 2048 2 - - nd
ST39 512 - nd 2048 - nd 1024 - nd 1024 - nd - - nd
ST52 512 2048 4 512 2048 4 512 1024 2 1024 1024 1 2048 - nd
ST76 128 1024 8 2048 2048 1 1024 1024 1 1024 2048 2 - - nd
ST96 512 2048 4 1024 2048 2 1024 - nd 1024 1024 1 - - nd
ST132 1024 1024 1 2048 - nd 2048 - nd 2048 2048 1 - - nd
ST135 256 512 2 512 1024 2 512 512 1 512 512 1 - - nd
ST218 256 2048 8 1024 2048 2 1024 1024 1 1024 1024 1 - - nd
ST674 256 1024 8 1024 - nd 512 2048 4 512 - nd 2048 - nd
Table 4. Continued and end.
Bacterial Garcinia kola Aframomum letestuanum Citrus sinensis Ciprofloxacin
strains Leaves Bark Leaves Leaves Leaves
MIC MBC MIC MIC MIC R MIC MBC R MIC MBC R MIC MBC R MIC MBC R
MRSA3 2048 - - - - 4 512 2048 4 - - nd - - nd 32 64 2
MRSA4 512 1024 1024 1024 1024 8 512 2048 4 1024 - nd - - nd 1 32 32
MRSA6 2048 - - - - 1 1024 - nd - - nd - - nd 32 64 2
MRSA 8 1024 2048 1024 1024 1024 2 512 2048 4 1024 / nd 2048 2048 1 32 64 2
MRSA 11 1024 1024 2048 2048 2048 2 512 2048 4 - - nd - - nd 32 32 1
MRSA 12 2048 - - - - 2 1024 2048 2 - - nd - - nd 16 32 2
ATTCC2 - - - - - 2 2048 - nd - - nd - - nd 16 32
5923 2
ST20 1024 - 2048 2048 2048 nd 512 1024 2 256 2048 8 - - nd 16 32 2
ST30 2048 2048 - - - 1 512 1024 2 256 2048 8 - - nd 16 32 2
ST39 - - - - - 4 128 2048 16 64 1024 16 - - nd 32 64 2
ST52 1024 2048 - - - 1 256 2048 4 128 2048 0 2048 - nd 32 64 2
ST76 512 - 2048 2048 2048 4 128 2048 16 1024 2048 2 - - nd 32 64 2
ST96 1024 1024 - - - 2 512 2048 4 512 2048 4 - - nd >1 32 >32
ST132 - - - - - nd 256 2048 8 128 1024 8 - - nd 16 32 2
ST135 1024 2048 512 512 512 2 64 1024 16 64 1024 16 - - nd 16 32 2
ST218 512 2048 - - - 2 512 2048 4 256 2048 8 - - nd 16 32 2
ST674 512 2048 - - - nd 512 2048 4 256 2048 8 2048 - nd 8 32 4
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Table 5. Anti-staphylococcal activity (MIC in pg/mL) of the botanicals in the presence of the efflux pump inhibitor, reserpine (RES).

Bacterial Psidium guajava Syzygium jambos Aframomum letestuanum Ciprofloxacin
strains Leaves Bark Leaves Pulp

+ RES Alone R + RES Alone R + RES Alone R + RES Alone R + RES Alone R
MRSA 3 64 1024 16 64 512 8 16 1024 64 64 >2048 >32 0.25 32 128
MRSA8 256 512 2 64 512 8 64 1024 16 32 256 8 0.5 32 64
MRSA 11 64 512 8 8 1024 128 8 1024 128 32 >2048 >64 <0.25 32 >128
ST 218 64 1024 16 64 256 4 64 256 4 128 256 2 <0.25 32 >128
ATCC 25923 16 1024 64 16 1024 64 16 1024 64 <8 256 >32 <0.25 32 >128

(R): Ratio of MIC (+RES)/MIC (alone)
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Table 6. Activity of antibiotics in the association with botanicals
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Bacterial strains Antibiotic Botanicals and MIC values (ug/mL) and activity ameliorating factors (AAF, in bracket)

alone Psidium guajava Syzygium jambos

Leaves Bark Leaves Bark

MIC 0 MIC/2 MIC/4 MIC/2 MIC/4 MIC/2 MIC/4 MIC/2 MiC/4
Chloramphenicol
MRSA 4 64 4(16) 4(16) 4(16) 4(16) 8(8) 8(8) 4(16) 4(16)
MRSA 8 64 4(16) 4(16) <4(216) <4(216) 4(16) 4(16) <4(216) <4(216)
MRSA 11 64 8(8) 4(16) 4(16) 4(16) 16(4) 8(8) <4(216) 4(16)
ST 20 128 8(16) 16(8) 8(16) 8(16) 16(8) 4(32) <4(232) <4(232)
ST 39 128 8(16) 16(8) 4(32) 4(32) 4(32) 4(32) <4(232) 4(32)
ST 135 64 8(8) 8(8) 8(8) 8(8) 8(8) 8(8) 8(8) 8(8)
ST 218 32 4(8) 4(8) 4(8) 4(8) 4(8) 4(8) 16(2) 16(2)
Doxycycline
MRSA 4 8 0.5(16) 1(8) 0.5(16) 0.5(16) 0.5(16) 0.5(16) 0.5(16) 0.5(16)
MRSA 8 16 4(4) 8(2) 8(2) 8(2) 4(4) 4(4) 0.25(64) 0.25(64)
MRSA 11 32 1(32) 8(4) 0.25(128) 0.25(128) 1(32) 4(8) 1(32) 4(8)
ST 20 32 0.5(64) 0.5(64) 0.5(64) 0.25(128)  1(32) 1(32) 0.25(128)  0.25(128)
ST 39 16 0.5(32) 0.125(2) 0.125(2) 0.125(2) 0.5(32) 0.5(32) 0.25(4) <0.125(2)
ST 135 8 0.25(32) 0.25(32) 0.25(32) 0.25(32) 0.25(32) 0.25(32) 0.5(16) 1(16)
ST 218 8 0.25(32) 0.25(32) 0.25(32) 1(8) 0.25(32) 0.25(32) 0.25(32) 0.25(32)
Tetracycline
MRSA 4 16 0.25(4) 0.25(4) 0.25(4) 0.25(4) 0.25(4) 0.25(4) 0.25(4) 0.25(4)
MRSA 8 8 0.25(32) 0.25(32) 0.25(32) 2(4) 1(8) 2(4) 0.25(32) 0.25(32)
MRSA 11 4 0.25(16) 0.5(8) 0.25(16) 2(2) 0.25(16) 0.5(8) 1(4) 4(1)
ST 20 8 0.5 (16) 1(8) 0.25(32) 0.25(32) 0.5 (16) 0.5 (16) 0.125(64)  0.125(64)
ST 39 8 0.125(64) 0.125(64)  0.125(64) 0.125(64) 0.125(64) 0.25(32) 0.125(64)  0.125(64)
ST 135 8 0.25(32) 0.25(32) 0.25(32) 0.25(32) 0.25(32) 0.25(32) 0.25(32) 0.25(32)
ST 218 4 0.25(16) 0.25(16) 0.25(16) 0.25(16) 0.25(16) 0.25(16) 0.25(16) 0.25(16)
Levofloxacin
MRSA 4 16 0.5(32) 2(8) 0.5(32) 0.5(32) 0.5(32) 2(8) 0.5(32) 1(16)
MRSA 8 32 16(2) 8(4) 16(2) 16(2) 1(32) 2(16) 16(2) 16(2)
MRSA 11 32 1(32) 16(2) 0.5(64) 1(32) 0.5(64) 1(32) 2(16) 8(4)
ST 20 16 4(4) 4(4) 4(4) 2(8) 4(4) 4(4) 8(2) 4(4)
ST 39 32 4(8) 2(16) 1(32) 0.5(64) 2(16) 2(16) 4(8) 4(8)
ST 135 16 0.5(32) 0.5(32) 1(16) 1(16 0.5(32) 0.5(32) 0.5(32) 1(16)
ST 218 16 0.5(32) 0.5(32) 0.5(32) 0.5(32) 0.5(32) 0.5(32) 0.5(32) 0.5(32)
Ciprofloxacin
MRSA 4 8 1(8) 2(4) 0.5(16) 2(4) 0.5(16) 0.5(16) 4(2) 4(2)
MRSA 8 32 2(16) 4(8) 1(32) 8(4) 2(16) 2(16) 0.5(16) 1(32)
MRSA 11 8 0.5(16) 4(8) 0.25(32) 0.25(32) 0.25(32) 1(8) 0.25(32) 2(4)
ST 20 4 0.5(8) 0.5(8) 0.5(8) 0.5(8) 0.125(32) 0.125(32) 0.125(32)  0.125(32)
ST 39 4 0.5(8) 1(4) 0.25(16) 0.5(8) 0.5(8) 0.5(8) 0.125(32)  0.125(32)
ST 135 16 0.25(64) 0.25(64) 0.25(64) 1(64) 0.5(32) 2(8) 0.25(64) 1(16)
ST 218 8 0.25(32) 0.25(32) 0.25(32) 0.25(32) 0.25(32) 0.25(32) 0.25(32) 0.25(32)
Ampicillin
MRSA 4 64 4(16) 8(8) 8(8) 16(4) 16(4) 16(4) 4(16) 16(4)
MRSA 8 128 32(4) 64(2) 32(4) 64(2) 16(8) 32(4) 4(32) 8(32)
MRSA 11 256 8(32) 8(32) 2(128) 4(64) 4(64) 8(32) 16(16) 32(8)
ST 20 128 8(16) 8(16) 8(16) 8(16) 4(32) 4(32) 4(32) 4(32)
ST 39 128 4(32) 8(16) 4(32) 4(32) 8(16) 8(16) 4(32) 4(32)
ST 135 128 2(64) 2(64) 2(64) 8(16) 2(64) 2(64) 2(64) 2(64)
ST 218 32 2(16) 2(16) 8(4) 8(4) 2(16) 2(16) 32(1) 32(1)
Penicillin
MRSA 4 64 4(8) 4(8) 4(8) 4(8) 4(8) 4(8) 4(8) 4(8)
MRSA 8 256 64(4) 128(2) 4(64) 4(64) 4(64) 4(64) 4(64) 4(64)
MRSA 11 256 16(16) 32(8) 32(8) 128(2) 32(8) 32(8) 128(2) 128(2)
ST 20 128 16(8) 16(8) 32(4) 32(4) 16(8) 32(4) 8(32) 8(32)
ST 39 32 16(2) 16(2) 16(2) 8(4) 8(4) 8(4) 16(2) 8(4)
ST 135 8 4(2) 4(2) 4(2) 4(2) 4(2) 4(2) 4(2) 4(2)
ST 218 32 4(8) 4(8) 4(8) 4(8) 4(8) 4(8) 4(8) 4(8)
Ceftriaxone
MRSA 4 32 4(8) 4(8) 4(8) 4(8) 4(8) 4(8) 4(8) 4(8)
MRSA 8 128 16(8) 128(1) 64(2) 128(1) 4(32) 4(32) 4(32) 4(32)
MRSA 11 4 2(2) 2(2) 2(2) 4(1) 2(2) 4(1) 2(2) 4(1)
ST 20 16 8(2) 8(2) 8(2) 4(4) 4(4) 4(4) 4(4) 4(4)
ST 39 16 4(4) 4(4) 4(4) 4(4) 4(4) 4(4) 4(4) 4(4)
ST 135 16 4(4) 4(4) 4(4) 4(4) 4(4) 4(4) 4(4) 4(4)
ST 218 32 4(8) 4(8) 4(8) 4(8) 4(8) 4(8) 4(8) 4(8)
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Table 6. continued...
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Bacterial strains Antibiotic Botanicals and MIC values (ug/mL) and activity increasing factors (in bracket)

alone Garcinia cola Passiflora edulis Vernonia amygdalina Aframomum letestuanum

Leaves Leaves Leaves Epicarps

MIC 0 MIC/2 MIC/4 MIC/2 MIC/4 MIC/2 MIC/4 MIC/2 MIC/4
Chloramphenicol
MRSA 4 32 16(2) 16(2) 32(1) 32(1) 32(1) 32(1) 4(8) 4(8)
MRSA 8 64 16(4) 32(2) 32(2) 32(2) 64(1) 128 4(16) 4(16)
MRSA 11 32 32(1) 32(1) 16(2) 32(1) 32(1) 32(1) 4(8) 4(8)
ST 20 64 32(2) 32(2) 16(4) 16(4) 32(2) 32(2) 4(16) 16(4)
ST 39 16 8(2) 8(2) 4(4) 4(4) 8(2) 4(4) 4(4) 4(4)
ST 135 64 32(2) 32(2) 32(2) 8(8) 32(2) 8(8) 32(2) 32(2)
ST 218 16 2(8) 2(8) 2(8) 2(8) 2(8) 2(8) 2(8) 2(8)
Doxycycline
MRSA 4 8 2(4) 2(4) 2(4) 2(4) 2(4) 8(1) 0.25(32) 0.25(32)
MRSA 8 16 16(1) 16(1) 4(4) 4(4) 8(2) 8(2) 0.25(64) 0.25(64)
MRSA 11 32 128(0.25)  128(0.25)  8(4) 16(2) 128(0.25) 128(0.25) 8(4) 8(4)
ST 20 32 2(16) 4(8) 8(4) 8(4) 8(4) 8(4) 4(8) 4(8)
ST 39 16 8(2) 8(2) 8(2) 4(4) 8(2) 8(2) 4(4) 4(4)
ST 135 32 0.5(64) 2(16) 4(8) 4(8) 4(8) 4(8) 0.25(128) 0.25(128)
ST 218 8 0.25(32) 0.25(32) 2(4) 2(4) 2(4) 2(4) 0.25(32) 0.25(32)
Tetracycline
MRSA 4 4 2(2) 2(2) 2(2) 2(2) 2(2) 2(2) 0.25(16) 0.25(16)
MRSA 8 8 4(2) 4(2) 1(8) 2(4) 4(2) 16(0.5) 0.25(32) 1(8)
MRSA 11 4 16(0.25) 16(0.25) 1(16) 4(1) 2(2) 4(1) 0.25(16) 0.25(16)
ST 20 2 16(0.25) 16(0.125) 1(2) 2(1) 2(1) 2(1) 0.5(4) 1(2)
ST 39 4 8(0.5) 8(0.5) 2(2) 4(1) 4(1) 4(1) 2(2) 2(2)
ST 135 8 0.25(32) 0.25(32) 8(1) 8(1) 8(1) 8(1) 0.25(32) 0.25(32)
ST 218 4 2(2) 2(2) 2(2) 2(2) 2(2) 2(2) 0.25(16) 0.25(16)
Levofloxacin
MRSA 4 16 2(8) 2(8) 1(16) 4(4) 2(8) 8(2) 0.5(32) 2(8)
MRSA 8 32 64(0.5) 64(0.5) 2(16) 2(16) 4(8) 4(8) 0.5(64) 0.5(64)
MRSA 11 32 4(8) 8(4) 0.5(64) 0.5(64) 0.5(64) 0.5(64) 0.5(64) 0.5(64)
ST 20 16 2(8) 4(4) 4(4) 8(2) 2(8) 4(4) 2(8) 2(8)
ST 39 32 8(4) 16(2) 8(4) 8(4) 16(2) 16(2) 4(8) 4(8)
ST 135 8 1(8) 1(8) 1(8) 1(8) 1(8) 1(8) 0.5(16) 0.5(16)
ST 218 16 8(2) 8(2) 0.5(32) 0.5(32) 0.5(32) 0.5(32) 0.5(32) 0.5(32)
Ciprofloxacin
MRSA 4 8 2(4) 8(1) 1(8) 2(4) 16(0.5) 16(0.5) 0.5(16) 4(2)
MRSA 8 32 16(2) 16(2) 8(4) 16(2) 8(4) 8(4) 1(32) 1(32)
MRSA 11 8 8(1) 8(1) 1(8) 2(4) 1(8) 4(2) 0.25(32) 0.25(32)
ST 20 4 1(4) 1(4) 1(4) 2(2) 0.25(16) 0.5(8) 0.25(16) 0.25(16)
ST 39 4 0.5(8) 0.5(8) 0.5(8) 1(4) 1(4) 2(2) 0.25(16) 0.5(8)
ST 135 64 2(32) 2(32) 2(32) 8(8) 2(32) 8(8) 32(2) 2(32)
ST 218 16 2(8) 2(8) 2(8) 2(8) 2(8) 2(8) 2(8) 2(8)
Ampicillin
MRSA 4 64 32(2) 64(1) 32(2) 64(1) 64(1) 128(0.5) 16(4) 16(4)
MRSA 8 128 64(2) 64(2) 32(4) 64(2) 64(2) 64(2) 16(8) 16(8)
MRSA 11 256 8(32) 32(8) 256(1) 256(1) 128(2) 128(2) 2(128) 2(128)
ST 20 64 8(8) 8(8) 4(16) 8(8) 16(4) 16(4) 2(32) 2(32)
ST 39 128 8(16) 8(16) 8(16) 8(16) 8(16) 8(16) 2(64) 4(32)
ST 135 32 0.5(64) 2(16) 4(8) 4(8) 4(8) 4(8) 0.25(128) 0.25(128)
ST 218 32 32(1) 32(1) 16(2) 16(2) 16(2) 16(2) 2(16) 2(16)
Penicillin
MRSA 4 64 32(2) 128(0.5) 4(16) 4(16) 64(1) 128(0.5) 4(16) 4(16)
MRSA 8 256 8(32) 16(16) 32(8) 64(4) 128(2) 128(2) 4(64) 4(64)
MRSA 11 256 128(2) 128(2) 8(32) 16(16) 128(2) 128(2) 8(32) 8(32)
ST 20 256 64(4) 64(4) 128(2) 256(1) 128(2) 128(2) 32(8) 32(8)
ST 39 128 32(4) 32(4) 128(1) 256(0.5) 64(2) 128(1) 32(4) 32(4)
ST 135 8 0.25(64) 0.25(64) 8(1) 8(1) 8(1) 8(1) 0.25(64) 0.25(64)
ST 218 32 4(8) 4(8) 8(4) 8(4) 8(4) 8(4) 8(4) 8(4)
Ceftriaxone
MRSA 4 32 8(4) 8(4) 4(8) 8(4) 4(8) 8(4) 4(8) 4(8)
MRSA 8 128 512(0.25)  512(0.25) 32(4) 32(4) 64(2) 128(1) 8(16) 8(16)
MRSA 11 32 64(0.5) 128(0.25) 4(8) 8(4) 64(0.5) 128(0.25) 2(64) 2(64)
ST 20 32 32(1) 32(1) 16(2) 32(1) 8(4) 8(4) 4(8) 8(4)
ST 39 32 64(0.5) 128(0.25) 16(2) 32(1) 8(4) 8(4) 4(8) 4(8)
ST 135 16 4(4) 4(4) 4(4) 4(4) 8(2) 16(1) 4(4) 4(4)
ST 218 32 4(8) 4(8) 4(8) 4(8) 4(8) 4(8) 4(8) 4(8)




Ekamgue et al. Investigational Medicinal Chemistry and Pharmacology 2023 6(1):75

Table 6. continued and end.
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Bacterial Antibiotic Botanicals and MIC values (ug/mL) and activity increasing factors (in bracket)
strains alone Garcinia cola Passiflora edulis Vernonia amygdalina Aframomum letestuanum
Leaves Leaves Leaves Epicarps
MIC O MIC/2 MIC/4 MIC/2 MIC/4 MIC/2 MIC/4 MIC/2 MIC/4
Imipenem
MRSA 4 32 4(8) 16(2) 8(4) 16(2) 16(2) 16(2) 2(16) 2(16)
MRSA 8 64 16(4) 32(2) 16(4) 16(4) 16(4) 16(4) 2(32) 2(32)
MRSA 11 64 16(4) 16(4) 8(8) 32(2) 16(4) 16(4) 2(32) 2(32)
ST 20 32 32(1) 64(0.5) 16(2) 16(2) 64(0.5) 64(0.5) 2(32) 2(32)
ST 39 64 16(4) 32(2) 8(8) 8(8) 32(2) 64(1) 4(16) 4(16)
ST 135 64 2(32) 2(32) 2(32) 8(8) 2(8) 8(8) 32(2) 2(8)
ST 218 16 2(8) 2(8) 2(8) 2(8) 2(8) 2(8) 2(8) 2(8)
Augmentin
MRSA 4 64 16(4) 32(2) 16(4) 32(2) 16(4) 32(2) 4(16) 8(8)
MRSA 8 128 128(1) 128(1) 32(4) 32(4) 64(2) 64(2) 2(64) 2(64)
MRSA 11 32 4(8) 4(8) 4(8) 4(8) 2(32) 4(8) 0.25(128) 0.25(128)
ST 20 64 16(4) 16(4) 16(4) 32(2) 32(2) 32(2) 8(8) 8(8)
ST 39 64 16(4) 16(4) 16(4) 16(4) 16(4) 16(4) 8(8) 8(8)
ST 135 32 0.5(64) 2(16) 4(8) 4(8) 4(8) 4(8) 0.25(128) 0.25(128)
ST 218 128 4(32) 8(16) 2(64) 2(64) 64(2) 64(2) 2(64) 2(64)
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bacterial efflux pumps should be blocked to improve their inhibitory
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letestuanum could be used effectively alone or in combination with
antibiotics in the treatment of Staphylococcus aureus infections.
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