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Abstract  
Background: Bacterial infections continue to wreak havoc around the world with high death rates. African medicinal plants and the 

phytoconstituents showed high efficiency in impeding the growth of the resistance phenotypes of bacteria The present work was designed to 

determine the antibacterial activity of seven Cameroonian dietary plants against clinical multidrug-resistant (MDR) isolates of Klebsiella sp. 

These plants included Persea americana Miller (Lauraceae), Psidium guajava Linn. (Myrtaceae), Mangifera indica Linn. (Anacardiaceae), Citrus 

sinensis Linn. (Rutaceae), Passiflora edulis Sims (Passifloraceae), Garcinia kola Heckel (Guttiferae), and Artocarpus heterophylus Lam. 

(Moraceae).  

Methods: Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) determinations on the used bacterial strains 

alone, in the presence of an efflux pump inhibitor, phenylalanine arginine beta naphthylamide (PAβN), and in combination with antibiotics, were 

performed by the microbroth dilution method using a rapid colorimetric para-Iodonitrotetrazolium chloride (INT) assay.  

Results: The tested botanicals had different extend of antibacterial activities, with MIC ranges of between 256 μg/mL and 2048 μg/mL. 

Botanicals from Persea americana, Psidium guajava, Mangifera indica, Artocarpus heterophyllus, and Garcinia kola bark had detected MIC 

values on all 15 tested Klebsiella strains. PAβN potentiated the activity of the botanicals on all tested bacteria, with the increase of activity 

ranging from 4 to more than 128-fold. The most significant increase of 4 to more than 128-fold was observed with botanicals from leaves and 

bark of Psidium guajava and Mangifera indica. The botanicals from the leaves of Mangifera indica potentiated the activity of eight out of ten 

tested antibiotics (Ceftriaxone, Chloramphenicol, Levofloxacin, Ampicillin, Tetracycline, Imipenem, Doxycycline, and Levofloxacin) against 100% 

of the tested bacteria.  

Conclusion: In the present study, it was demonstrated that botanicals from Persea Americana, Psidium guajava, Mangifera indica, Artocarpus 

heterophyllus, and Garcinia kola had the highest spectrum of activity, and can be used to combat the resistance of Klebsiella species 
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Background 
 

Bacterial infections continue to wreak havoc around the world with 

high death rates. This is emphasized by the emergence of 

multidrug-resistant (MDR) phenotypes, including Klebsiella 

pneumoniae and Klebsiella oxytoca. They have developed 

resistance mechanisms vis-à-vis the usual antibiotics leading to the 

loss of their effectiveness [1, 2]. This development of antibiotic 

resistance is also due to the misuse of antibiotics in human and 

animal therapy. To face this threat, it is becoming urgent to 

discover novel bioactive agents. Medicinal plants constitute a 

promising source for novel drugs to combat both sensitive and 

resistant phenotypes [3-12]. In recent years, African medicinal 

plants and the phytoconstituents showed high efficiency in 

impeding the growth of the resistance phenotypes of cancer, 

plasmodium falciparum, or bacteria [13] [14] [15-20]. Some of the 

plants with prominent antibacterial activities against MDR bacteria 

including the AcrAB-TolC pumps expressing strains of Klebsiella 

pneumoniae include Pentaclethra macrophylla [21], Dioscorea 

bulbifera [22], Canarium schweinfurthii [23], Theobroma cacao [24], 

Curcuma longa [25], Cocos nucifera, Glycine max and Musa 

sapientum [26], and Coffea arabica [27]. In our continuous search 

for new natural products to fight against bacterial drug resistance, 

the present work was designed to determine the antibacterial 

activity of seven Cameroonian dietary plants against clinical MDR 

isolated of Klebsiella sp. These plants included Persea americana 

Miller (Lauraceae), Psidium guajava Linn. (Myrtaceae), Mangifera 

indica Linn. (Anacardiaceae), Citrus sinensis Linn. (Rutaceae), 

Passiflora edulis Sims (Passifloraceae), Garcinia kola Heckel 

(Guttiferae), and Artocarpus heterophylus Lam. (Moraceae).  

 P. americana is traditionally used to treat worms, 

microbial infections, malaria, diabetes, high blood pressure, 

stimulates uterine contractions and relief painful menstruations, 

urinary infections, bronchitis, rheumatism, anemia, exhaustion, 

hypercholesterolemia, hypertension, gastritis, and gastroduodenal 

ulcer,  cancer, food, analgesic, as anti-inflammatory, hypoglycemic, 

anticonvulsant, and vasorelaxant  [28-30]. Phytochemical 

investigations of the plant led to the isolation of kaempferol, 

quercetin 3-O-α-D-arabinopyranosides, afzelin, quercitrin, quercetin 

3-O-α-glucopyranoside, quercetin, quercetin 3-O-β-

galactopyranoside, afzelin [28], persin [31], 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, and epicatechin [32]. 

Various parts of the plant displayed anti-inflammatory, antibacterial, 

antiproliferative, analgesic, anti-diabetic, cardiovascular, 

antihypertensive, antiviral, and wound-healing activities [21, 28, 29, 

33-38]. P. guajava is used in the traditional medicinal system to 

treat wounds, ulcers, diarrhea, cholera, hypertension, obesity, 

diabetes mellitus,  inflammation, cough, diabetes, kidney problems, 

diarrhea, worms, conjunctivitis, and as and antispasmodic [39-41]. 

Its potential bioactive secondary metabolites include tannins, 

myricetin, quercetin, luteolin, kaempferol, essential oils oleanic, 

ursolic, catecolic, guayavolic, maslinic, and ellagic acids, and β-

sitosterol [42], The various part of the plant have shown anti-

inflammatory, antiproliferative, antibacterial and antifungal, anti-

diabetic, analgesic, antinociceptive, antimalarial, antitussive, 

hepatoprotective, anti-allergic, hypotensive, cardioprotective, and 

wound healing activities [41, 43, 44] [33, 39, 40, 43, 45, 46] [47-52]. 

M. indica is used traditionally to treat syphilis, inflammation, cough, 

hiccup, hyperdipsia, burning sensation, hemorrhages, hemoptysis, 

hemorrhoids, wounds, ulcers, diarrhea, dysentery, pharyngoplasty, 

scorpion string, wounds, ulcers, anorexia, dyspepsia, gastric 

disorders, asthma, mouth sores, liver diseases, urinary tract 

infections, diabetes, rheumatism, leucorrhea, lung hemorrhage, 

nerve disorders, and jaundice [41, 53, 54]. The plant contains 

quercetin, kaempferol, gallic acid, caffeic acid, catechins, tannins 

and mangiferin [55], careen, ocimene, terpinolene, myrcene, 

limonene,  lupeol, lupeollinoleate, luteoxanthin, violaxanthin, 

neoxanthin, zeaxanthin, cryptoxanthin, chloromangiferamide, and 

bromomangiferic acid  [54]. Its reported biological activities include 

the anti-inflammatory [56], antibacterial and antifungal [41], 

antiproliferative [57-60], antinociceptive [61], analgesic [62], 

neuroprotective [63], anti-diabetic [64], hepatoprotective [65], 

antimalarial [66], immunomodulatory [67], anthelmintic [68], anti-

hyperlipidemia [69], and gastroprotective activities [70]. C. sinensis 

is an edible fruit with medicinal properties recognized in cases of 

constipation, cramps, colic, diarrhea, bronchitis, tuberculosis, 

cough, cold, obesity, menstrual disorder, angina, hypertension, 

anxiety, depression, stress, sore throats, indigestion, relieve 

intestinal gas and bloating, resolve phlegm, and additive for 

flavoring [71]. Some potential active compounds of the plant are 

caffeic, p-coumaric, ferulic, and sinapinic acids, hesperidine, 

narirutin, naringin, eriocitrin [72],  D-limonene, β-myrcene, α-

pinene, β-pinene, γ-terpinene, α-ter- pinolene, α-Caryophyllene, 

copaene, β-phellandrene [73],  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, 

hesperidin [74]. The plant has antibacterial, antifungal, 

antiproliferative, anxiolytic, antimalarial, anti-Trypanosoma, anti-

obesity, antiosteoporosis, and insecticidal activities [41, 75-83]. P. 

edulis is used traditionally for the treatment of anxiety, insomnia, 

nervousness, antifungal, anti-inflammatory, antihypertensive [84], 

gastric trouble [85], cancer  [86],  tonic, digestive, sedative, diuretic, 

antidiarrheal, insecticide, cough, dry throat, constipation, insomnia, 

dysmenorrhea, colic infants, joint pain, and dysentery [87]. Its 

potential bioactive constituents include Ionone-I, ionone-II, 

megastigma-5,8-dien-4-1, megastigma-5,8(Z)-diene-4-1, 4,4a-

Epoxy-4, 4a-dihydroedulan, 3-hydroxyedulan, edulan-I, edulan-II, 

passifloric acid methyl ester [86],  luteolin, apigenin,  quercetin and 

its derivatives,  rutin, 4-hydroxybenzoic, chlorogenic, ferulic, 

vanillic, caffeic, trans-cinammic, p-coumaric acids, vanillic acid  

[87], harmidine, harmine, harmane, harmol, N-trans-

feruloyltyramine, and cis-N-feruloyltyramine [87, 88]. The 

pharmacological investigations of P. edulis revealed its Anti-

inflammatory, antibacterial, antiproliferative, anti-diabetic, 

analgesic, anxiolytic, anti-depressant, anti-hypertensive, 

hepatoprotective, and anti-hyperlipidemia activities [89-95]; [84, 96-

101]. A. heterophylus is used for health conditions such as 

fractures, diabetes, laxative, increases breast milk in nursing 

mothers, promotes anemia, diarrhea, and cough [102]. Its 

antibacterial activities have been demonstrated [103]. G. kola is 

used traditionally in cases of nervous alertness and induction of 

insomnia, wound healing, cancer, stomachache, gastritis, malaria, 

venereal diseases, laryngitis, and poison antidote [104]. It contains 

the biflavanones GB1 and GB2, the kolaflavanone GB-1a, 

biflavonoid complex  kolaviron  [105, 106],  9,19-Cyclolanost-24-

en-3-ol; 9,19-cyclolanostan-3-ol,24-methylene [106];  δ,δ-

bigarcinoic acid, δ,δ-bi-O-garcinoic acid; γ,δ-bi-O-garcinoic acid, 

(8E)-4-geranyl-3,5-dihydroxybenzophenone [107], 18-

metoxycytochalasin J;  cytochalasins H  and J, and alternariol 

[108]. G. kola has been reported for its anti-inflammatory, diabetic, 

analgesic, antibacterial, antiproliferative, antimalarial, antimalarial, 
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anti-diabetic, hepatoprotective, nephroprotective, antinociceptive, 

neuroprotective, gastroprotective, and antiparasitic activities [104, 

106, 109-121].  

 

 

Methods 
 

Plant material and extraction 

 

The plant material used in the present work included seven food 

plants from Cameroon. They were collected in Dschang (West 

Region) and Loum (Littoral Region) in Cameroon and identified in 

the Cameroon national herbarium (HNC). They were Persea 

americana leaves and bark (57756/HNC), Psidium guajava leaves 

and bark (2884/SRFCam), Mangifera indica leaves and bark 

(1846/HNC), Citrus sinensis leaves and fruits (25859/HNC), 

Passiflora edulis whole plant (65104/HNC), Garcinia kola bark and 

fruits (27839/SRF-CAM), and Artocarpus heterophylus leaves and 

bark (43993/HNC). They 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 botanicals were kept at 4°C until further 

use.  

 

Chemicals 

 

The chemicals used include the bacterial growth indicator, para-

Iodonitrotetrazolium chloride ≥97% (INT), antibiotics, Cefixime, 

Ceftriaxone, Chloramphenicol, Levofloxacin, Ampicillin, 

Tetracycline, Augmentin, Imipenem, Doxycycline, and 

Levofloxacin, and the efflux pump inhibitor, phenylalanine arginine 

beta naphthylamide (PAβN). They were all obtained from Sigma-

Aldrich (St. Quentin Fallavier). Dimethylsulfoxide (DMSO, Sigma-

Aldrich) was used to dissolve the tested samples.  

 

Bacterial strains 

 

The tested bacteria belong to two Klebsiella genera, Klebsiella 

pneumoniae and Klebsiella oxytoca. The strains of K. pneumoniae 

included the reference strain from American Type Culture 

Collection (ATCC) ATCC11296, and the clinical isolate available in 

Laboratory of Microbiology and Antimicrobial Substances of the 

University of Dschang, KP63, KP55, KP22, KP126, KP96, KP26, 

KP80, KP31, and KP44. The strains of K. oxytoca were also the 

clinical laboratory isolates, KO107, KO109, KO43, KO53, KO122, 

and KO58. Their bacterial features are shown in Table 1. They 

were sub-cultured in Mueller Hinton Agar (MHA) for their activation 

24 hours prior to any use while the antibacterial testing was done in 

the Mueller Hinton Broth [122, 123]. 

 

Antibacterial testing 

 

Minimum inhibitory concentration (MIC) and minimum bactericidal 

concentration (MBC) determinations on the used bacterial strains 

were performed using a rapid colorimetric INT test [124-126]. The 

different plant extracts and the reference drug were dissolved in 

DMSO-MHB. The bacterial inoculum used was 1.5 × 106 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 [126]. Botanicals were also tested in the 

presence of PAβN at the concentration of 30 µg/mL to evaluate the 

role of efflux pumps on the resistance of the bacteria to the 

samples [127, 128]. 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 KP55 (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 [41, 129]. Activity 

ameliorating factor (AAF) was calculated as the ratio of the MIC of 

the antibiotic alone versus MIC in the combination with the 

botanical (MIC of the antibiotic alone/MIC of the antibiotic with botanical) [130]. 

 

Data Analysis 

 

Generally, botanicals were considered significantly active, 

moderately active, and weakly active when their MIC values were 

less than 100 μg/mL, between 100 and 625 μg/mL, and greater 

than 625 μg/mL, respectively; for antibiotics and isolated 

compounds, the sample was considered to have strong activity 

when the MIC value≤ 10 μg/mL, moderate 10 < MIC≤ 100 μg/mL, 

and weak MIC> 100 μg/mL. For in-depth analyses, the established 

cutoff point for the antibacterial activity of botanicals towards 

Enterobacteria was used as follows: outstanding activity is 

observed when MIC ≤ 8 µg/mL, excellent activity when 8 < MIC ≤ 

64 µg/mL, very good activity when 64 < MIC ≤ 128 µg/mL, good 

activity when 128 < MIC ≤ 256 µg/mL, average activity when 256 < 

MIC ≤ 512 µg/mL, weak activity when 512 < MIC ≤ 1024 µg/mL, 

and not active MIC > 1024 µg/mL [131]. The bactericidal or 

bacteriostatic effect of botanicals was determined using the ratio 

MBC/MIC.  

 

 

Results 
 

MICs and MBCs of botanicals 

 

The MICs and MBCs were determined against 10 isolates or 

strains of K. pneumoniae and 5 strains of K. oxytoca, and the 

results are depicted in Table 2. The tested botanicals had different 

extend of antibacterial activities, with MIC ranges of between 256 

μg/mL and 2048 μg/mL. Botanicals from Persea americana, 

Psidium guajava, Mangifera indica, Artocarpus heterophyllus, and 

Garcinia kola bark had detected MIC values on all 15 tested 

Klebsiella strains. Botanicals from Passiflora edulis leaf inhibited 

the growth of 75% of the tested bacteria while those from Garcinia 

kola and Citrus sinensis leaves inhibited respectively 44% and 

50%. Each botanical, as well as the reference antibiotic, displayed 

a bactericidal effect on at least two bacterial strains. 

 

Effect of botanicals on Klebsiella sp. in the presence of PAβN 

 

The MIC values of botanicals in the presence of an efflux pump 

inhibitor (PAβN) were determined in 8 bacterial isolates to assess 

the role of the efflux pumps in the resistance to the tested samples 

(Table 3). PAβN potentiated the activity of the botanicals on all 

tested bacteria, with the increase of activity ranging from 4 to more 

than 128-fold. The most significant increase (4 to more than 128-

fold) was observed with botanicals from leaves and bark of Psidium 

guajava and Mangifera indica. 
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Effect of the combinations between antibiotics and botanicals 

 

To determine the concentration of plant extracts to be used in the 

associations with antibiotics, a preliminary assay was performed 

toward KP55. Eight of the fourteen botanicals best potentiated the 

activity of antibiotics at the subinhibitory concentrations of MIC/2 

and MIC/4 (Data not shown). These included the botanicals from 

the leaves of Persea americana, leaves and bark of Psidium 

guajava, Mangifera indica leaves, Artocarpus heterophyllus leaves, 

Citrus Sinensis leaves, and Passiflora edulis leaves. These eight 

botanicals were further tested on eight other bacterial strains at 

sub-inhibitory concentrations of CMI/2 and CMI/4. The results 

obtained are presented in Table 4. Botanicals improved the 

activities of several antibiotics at MIC/2 and MIC/4 with an AAF 

between 2 and 128. The extracts of the leaves of Mangifera indica 

potentiated the activity of eight out of ten tested antibiotics 

(Ceftriaxone, Chloramphenicol, Levofloxacin, Ampicillin, 

Tetracycline, Imipenem, Doxycycline, and Levofloxacin) against 

100% of the tested bacteria. Psidium guajava leaf extract improved 

the antibacterial activities of seven out of ten antibiotics tested 

(Ceftriaxone, chloramphenicol, Ampicillin, Tetracycline, Cefixime, 

Doxycycline, and Levofloxacin) against 100% of the tested 

bacteria. The bark extract of Psidium guajava improved the 

antibacterial activities of 60% of antibiotics (Penicillin, Ceftriaxone, 

Doxycycline, Tetracycline, Levofloxacin, and Chloramphenicol) 

against 100% of the tested bacteria. Persea americana leaf 

extracts potentiated the antibacterial activities of 60% of antibiotics 

(Ceftriaxone, Cefixime, Imipenem, Doxycycline, Levofloxacin, and 

Chloramphenicol) against 87.5%, 87.5%, 87.5%, 87.5%, 100%, 

and 100% of the tested bacteria respectively. Citrus sinensis leaf 

extracts and Passiflora edulis leaf extracts weakly potentiated the 

antibacterial activities of antibiotics against 50% to 75% of the 

studied bacteria. 

  

 

Discussion 
 

The antibacterial activity of plant extracts was determined by the 

micro broth dilution method. According to the established 

classification scales, no botanical had significant or outstanding 

antibacterial activity against the studied bacteria [131, 132]. The 

extract from the bark of Psidium guajava had a spectrum of activity 

of 100% against the tested bacteria, with 93.75% displaying good 

activities with MIC values below 256 µ/mL, followed by the extracts 

from the bark of Persea americana, Artocarpus heterophyllus bark, 

Persea americana leaf, Psidium guajava leaf, and Mangifera indica 

leaf vis-a-vis 81.25%, 62.5%, 56.25%, 56.25%, and 56.25% of the 

studied bacteria, respectively [131]. The other botanicals had 

average and weak activities [131]. The antibacterial activity of the 

extracts of the leaves and the bark of Psidium guajava obtained 

herein corroborates with that of [41], which highlighted the 

antibacterial properties of these extracts with MICs varying from 

256 to 1024 µg/mL against Klebsiela pneumoniae. Similarly, 

Hackman et al. showed that the leaf extracts of this plant possess 

activity against carbapenem-resistant Klebsiella pneumoniae [133]. 

This activity can be due to the presence of flavonoids and other 

metabolites present in the extract [134]. The results obtained with 

botanicals from the bark and leaves of Mangifiera indica 

corroborate those of Gbala and Anibijuwon. [135], In effect, they 

have demonstrated that the leaves and bark of this plant have 

antibacterial activities against carbapeneme-resistant 

Enterobacteriaceae, including Klebsiella pneumoniae. Similarly, 

Dzotam and kuete (2017) also demonstrated the antibacterial 

activity of Mangifera indica extracts against Kebsiella pneumoniae 

with MICs ranging from 512 to 1024 µg/mL. The antibacterial 

activities of extracts from the bark and leaves of Artocarpus 

heterophyllus reported herein corroborates with the work of 

Dzotam and Kuete ([136]. The tested botanicals generally 

displayed MBC/MIC values above 4, clearly indicating that they 

rather have bactericidal effects [137].  

Gram-negative bacteria can resist to the inhibitory effects 

of antibiotics through the overexpression of efflux pumps. Kuete et 

al. demonstrated that efflux pumps decrease the intracellular 

concentration of natural products and therefore their activity [127, 

128]. To highlight this resistance of the studied bacteria, the PAβN, 

which is an efflux pump inhibitor, was used. The result showed that 

the activity of all the botanicals increased against all tested 

bacteria. This result corroborates with those of the work of Touani 

et al. [4]. This increase in the activity of the extracts in the presence 

of PAβN may be because this inhibitor blocks the bacterial efflux 

pumps, thereby restoring the activity of the extracts [138].  

Antibiotics increasingly lose their antibacterial activity 

against bacteria that have become multi-drug resistant. However, it 

has been shown that plant extracts can modulate the activity of 

these antibiotics [4]. In the present study, the extracts of the leaves 

of Mangifera indica, Psidium guajava leaves and bark, and 

Mangifera indica leaf extracts modulated the antibacterial activity of 

at least six different antibiotics from different classes against 87.5% 

and 100 % (8/8) of bacterial isolates tested. Botanical from the 

seeds of Mangifera indica in combination with ampicillin previously 

had synergistic effects against Klebsiella pneumoniae Kumar et al. 

[139].  

Finally, the extracts of the leaves of Mangifera indica, 

leaves, and bark extracts of Psidium guajava had synergistic 

effects with antibiotics and can be inhibitors of the bacterial efflux 

pumps. In effect, Braga et al. [140] have stated that products 

capable of potentiating the activity of antibiotics on more than 70% 

of bacteria are considered efflux pump inhibitors. The mechanisms 

of resistance to these antibiotics have also been highlighted in the 

context of our work with PAβN. 
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Table 1. Bacterial features of the strains of the studied Klebsiella species. 

 
Souches et isolats Features Reference 

Klebsiella pneumoniae   
ATCC 11296 Souche de reference [127, 128] 
KP63 Clinical strain : Tetr, Chlr, Ampr, Atmr [16] 
KP55 Clinical isolate MDR, Tetr,Ampr ,Atmr,Cefr [9] 
KP22 Clinical isolate MDR, Lev, Atmr, Dor, Impr, fr Laboratory Collection 
KP126 Clinical isolate MDR, Amcr Laboratory Collection 
KP96 Clinical isolate MDR, Atmr, Mir, Amcr,Cnr,Akr Laboratory Collection 
KP26 Clinical isolate MDR, Amcr Laboratory Collection 
KP80 Clinical isolate MDR, Prlr, Amcr Laboratory Collection 
KP31 Clinical isolate MDR, Ofxr, Mir, Dor, Mir Laboratory Collection 
KP44 Clinical isolate MDR, Atmr Dor, Mir Laboratory Collection 
Klebsiella oxytoca  Laboratory Collection 
KO107 Clinical isolate MDR, Atmr Dor, Mir, Cipr Laboratory Collection 
KO109 Clinical isolate MDR, Atmr Dor, Mir, Impr Laboratory Collection 
KO43 Clinical isolate MDR, Atmr Dor, Mir, Impr Laboratory Collection 
KO122 Clinical isolate MDR, Levr, Fr, Atmr Dor, Mir, Impr Laboratory Collection 
KO58 Clinical isolate MDR, Mir, Amcr Laboratory Collection 

 

 
Table 2.  MICs and MBCs (in µg/mL) of the tested botanicals against the tested strains of Klebsiella pneumoniae and Klebsiella oxytoca. 

Bacterial strains Persea americana Psidium guajava 

(Leaves) (Bark) (Leaves) (Bark) 

MIC MBC R MIC MBC R MIC MBC R MIC MBC R 

KP126 1024 2048 2 512 2048 4 512 2048 4 512 - nd 
KO43 512 1024 2 512 2048 4 512 2048 4 512 1024 2 
KP31 512 2048 4 256 - nd 512 - nd 256 2048 8 
KP44 512 2048 4 512 - nd 512 - nd 512 1024 2 
KP46 1024 - Nd 512 - nd 1024 - nd 512 - nd 
KP96 512 2048 4 512 - nd 1024 2048 2 512 1024 2 
KP80 512 1024 2 512 - nd 1024 - nd 512 2048 4 
KO58 512 - nd 256 - nd 1024 2048 2 512 - nd 
KP22 1024 - nd 1024 - nd 512 - nd 512 - nd 
KO122 1024 - nd 1024 1024 1 2048 2048 1 512 - nd 
KO107 1024 - nd 512 - nd 512 2048 4 256 - nd 
KO109 2048 - nd 1024 - nd 1024 - nd 512 1024 2 
KP26 512 - nd 256 - nd 256 1024 8 256 - nd 
ATCC11296 512 2048 4 512 2048 4 512 2048 4 256 512 2 
KP55 1024 - Nd 512 2048 4 2048 - nd 1024 2048 2 
KP63 256 2048 8 256 2048 8 512 2048 4 512 - nd 

MIC: minimal inhibitory concentration (in µg/mL); MBC: minimal bactericidal concentration (in µg/mL); R: MBC/MIC ratio; nd: not determined. 

 

 

 
Table 2.  Continued… 
Bacterial strains Citrus Sinensis Passiflora edulis Mangifera indica  

(Leaves) (Leaves) (Leaves) (Bark) 

MIC MBC R MIC MBC R MIC MBC R MIC MBC R 

KP126 1024 2048 2 512 2048 4 1024 2048 2 1024 2048 2 
KO43 1024 1024 1 1024 2048 2 512 2048 4 256 2048 8 
KP31 2048 2048 1 512 1024 2 512 2048 4 2048 2048 1 
KP44 1024 1024 1 512 1024 2 256 1024 4 1024 2048 2 
KP46 512 1024 2 1024 1024 1 2048 - nd 1024 2048 2 
KP96 - - nd - - nd 2048 2048 1 1024 2048 2 
KP80 2048 - nd 2048 - nd 1024 2048 2 1024 - nd 
KO58 2048 - nd 2048 - nd 512 - nd 1024 - nd 
KP22 2048 - nd 2048 - nd 512 - nd 512 2048 4 
KO122 - - nd - - nd 1024 2048 2 1024 - nd 
KO107 - - nd 2048 - nd 512 - nd 512 2048 4 
KO109 - - nd 1024 1024 1 1024 - nd 1024 - nd 
KP26 - - nd 2048 - nd 256 1024 4 256 2048 8 
ATCC11296 - - nd - - nd 512 2048 4 512 2048 4 
KP55 - - nd - - nd 1024 2048 2 1024 2048 2 
KP63 - - nd 2048 - nd 256 512 2 512 1024 2 
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Table 2.  Continued and end. 

 
Bacterial 
strains 

Artorocarpus heterophyllus  Garcinia kola  Chloramphenicol 

(Leaves) (Bark) (Leaves) (Bark) 

MIC MBC R MIC MBC R MIC MBC R MIC MBC R MIC MBC R 

KP126 512 2048 4 256 1024 4 1024 2048 2 512 2048 4 128 128 1 
KO43 1024 2048 2 512 1024 2 1024 2048 2 1024 2048 2 128 ˃256 nd 
KP31 1024 - nd 512 2048 4 1024 - nd 1024 - nd ˃256 ˃256 nd 
KP44 1024 2048 2 256 2048 8 2048 2048 1 1024 2048 2 ˃256 ˃256 nd 
KP46 1024 1024 1 512 1024 2 2048 - nd 1024 1024 1 128 128 1 
KP96 2048 2048 1 1024 1024 1 1024 2048 2 2048 2048 1 ˃256 ˃256 nd 
KP80 1024 2048 2 256 2048 8 - - nd 1024 2048 2 ˃256 ˃256 nd 
KO58 1024 - nd 256 - nd - - nd 1024 - nd ˃256 ˃256 nd 
KP22 1024 2048 2 1024 - nd - - nd 1024 2048 2 ˃256 ˃256 nd 
KO122 2048 - nd 1024 2048 2 - - nd 2048 - nd ˃256 ˃256 nd 
KO107 1024 - nd 1024 - nd - - nd 1024 - nd ˃256 ˃256 nd 
KO109 2048 - nd 2048 - nd - - nd 2048 - nd ˃256 ˃256 nd 
KP26 512 1024 2 256 2048 8 - - nd 512 1024 2 ˃256 ˃256 nd 
ATCC11296 512 2048 4 2048 - nd - - nd 512 2048 4 ˃256 ˃256 nd 
KP55 2048 - nd 512 - nd - - nd 2048 - Nd ˃256 ˃256 nd 
KP63 512 2048 4 512 2048 4 1024 - nd 512 2048 4 ˃256 ˃256 nd 

 

 

 

 
Table 3.  Anti-Klebsiella activity (MIC in µg/mL) of the botanicals in the presence of PAβN. 

 

- : > 1024 µg /ml;  R : Activity Ameliorating Factor (AAF): MIC alone /MIC with PAβN; In bold : Significant increased; PAβN : Phenylalanine arginine beta 

naphtylamide; MIC: minimal inhibitory concentration;  

 

 
Table 3.  Continued and end. 

 
Bacterial strains Mangifera indica Chloramphenicol 

Leaves Bark 

Alone +PAβN R Alone +PAβN R Alone +PAβN R 

KP22 512 128 4 512 128 4 512 128 16 

KP46 - 128 ≤4 1024 64 16 512 64 8 
KP55 1024 64 16 1024 128 8 256 128 2 
KP63 256 ≤8 ≥32 512 8 64 128 8 128 
KP96 - ≤8 ≤128 1024 8 128 256 64 4 
KO107 512 32 16 512 16 32 512 32 32 
KO109 1024 32 32 1024 64 16 512 128 4 
KO122 1024 8 128 1024 ≤8 ≤128 512 16 128 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bacterial 
strains 

Persia americana Psidium guajava Syzygium jambos 

Leaves Bark Leaves Bark Leaves Bark 

Alone +PAβN R Alone +PAβN  R Alone +PAβN 
 

R Alone +PAβN 
 

R Alone +PAβN R Alone +PAβN R 

KP22 1024 64 16 1024 256 4 512 32 16 512 64 8 512 64 8 512 128 4 
KP46 1024 64 16 512 64 8 1024 32 32 512 32 16 256 16 16 1024 32 32 
KP55 1024 32 32 512 32 16 - 16 ≤64 1024 32 32 1024 32 32 1024 64 16 
KP63 256 ≤8 ≥32 256 8 32 512 ≤8 ≥64 512 8 64 256 ≤8 ≥32 256 ≤8 ≥32 
KP96 512 16 32 512 8 64 1024 ≤8 ≥128 512 16 32 512 16 32 512 <8 ≥64 
KO107 1024 16 64 512 16 32 512 32 16 256 16 16 512 ≤8 ≥64 256 8 32 
KO109 - 16 ≤64 1024 16 64 1024 8 128 512 16 32 1024 32 32 1024 32 32 
KO122 1024 64 16 1024 128 8 - 64 ≤16 - 64 ≤16 1024 32 32 - 64 ≤16 
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Table 4.  Anti-Klebsiella activity of antibiotics (MIC in µg/mL) in the association with botanicals and activity increasing factors (AAF) 
 

MIC: minimal inhibitory concentration; AAF: Activity ameliorating factor, ATB: antibiotic. 

 

 

Bacterial strains and 
antibiotics 

ATB           Botanicals, MICs, and Activity Ameliorating Factor (AAF, in bracket) 

 Persea americana Psidium guajava 

(Leaves) (Leaves) (Bark) 

 MIC/2 MIC/4 MIC/2 MIC/4 MIC/2 MIC/4 

Ampicillin        
KP22 32 4(8) 4(8) 4(8) 8(4) 4(8) 8(4) 
KP46 512 512(1) 512(1) 32(16) 256(2) 32(16) 512(1) 
KP63 32 8(4) 8(4) 2(16) 2(16) 2(16) 2(16) 
KP96 512 512(1) 512(1) 64(8) 128(4) 512(1) 1024(0.5) 
KP26 512 512(1) 512(1) 256(2) 512(1) 256(2) 512(1) 
KO107 128 32(4) 64(2) 16(8) 64(2) 64(2) 64(2) 
KO109 256 256(1) 512(0.5) 64(4) 256(1) 256(1) 256(1) 
KO122 512 256(2) 512(1) 4(128) 4(128) 128(4) 128(4) 
% Potentiation  50% 37.5% 100% 75% 75% 50% 
Penicillin        
KP22 32 4(8) 16(2) 4(8) 8(4) 8(4) 8(4) 
KP46 128 64(2) 64(2) 4(32) 4(32) 4(32) 64(2) 
KP63 32 4(8) 4(8) 4(8) 4(8) 4(8) 4(8) 
KP96 256 256(1) 512(0.5) 4(64) 128(2) 128(2) 256(1) 
KP26 64 64(1) 64(1) 16(4) 64(1) 32(2) 32(2) 
KO107 256 128(2) 512(0.5) 256(1) 256(1) 128(2) 128(2) 

KO109 256 4(64) 8(32) 4(64) 8(32) 4(64) 8(32) 
KO122 64 2(32) 8(8) 2(32) 2(32) 2(32) 2(32) 
% Potentiation  75% 62.5% 87.5% 75% 100% 87.5% 
Augmentin        
KP22 16 2(8) 2(8) 2(8) 2(8) 2(8) 2(8) 
KP46 64 8(8) 8(8) 2(32) 2(32) 2(32) 2(32) 
KP63 16 2(8) 2(8) 2(8) 2(8) 2(8) 2(8) 
KP96 256 128(2) 128(2) 4(64) 16(16) 32(8) 128(2) 
KP26 256 256(1) 256(1) 256(1) 256(1) 256(1) 256(1) 
KO107 64 4(16) 4(16) 2(32) 2(32) 4(16) 4(16) 
KO109 64 64(1) 64(1) 4(16) 16(4) 4(16) 4(16) 
KO122 128 2(64) 16(8) 2(64) 2(64) 2(64) 2(64) 
% Potentiation  75% 75% 87.5% 87.5% 87.5% 87.5% 
Ceftriaxone        
KP22 32 2(16) 8(4) 4(8) 16(2) 8(4) 8(4) 
KP46 64 8(8) 32(2) 2(32) 16(4) 8(8) 16(4) 
KP63 64 32(2) 64(1) 16(4) 16(4) 2(32) 8(8) 
KP96 256 256(1) 256(1) 8(32) 32(8) 64(4) 64(4) 
KP26 128 32(4) 64(2) 64(2) 64(2) 64(2) 64(2) 
KO107 128 32(4) 64(2) 32(4) 64(2) 32(4) 64(2) 
KO109 128 32(4) 32(4) 32(4) 32(4) 32(4) 32(4) 
KO122 64 2(32) 32(2) 2(32) 2(32) 2(32) 2(32) 
% Potentiation  87.5% 75% 100% 100% 100% 100% 
Cefixime        
KP22 128 32(4) 128(1) 8(16) 32(4) 128(1) 128(1) 
KP46 256 32(8) 128(2) 8(32) 32(8) 32(8) 128(2) 
KP63 64 64(1) 64(1) 2(32) 32(2) 2(32) 32(2) 
KP96 128 64(2) 64(2) 2(64) 8(16) 32(4) 32(4) 
KP26 256 64(4) 64(4) 32(8) 64(4) 32(8) 64(4) 
KO107 32 8(4) 16(2) 16(2) 16(2) 8(4) 16(2) 
KO109 128 32(4) 64(2) 4(32) 32(4) 16(8) 32(4) 
KO122 128 4(32) 4(32) 4(32) 4(32) 4(32) 4(32) 
% Potentiation  87.5% 75% 100% 100% 87.5% 87.5% 
Doxycycline        
KP22 2 0.25(8) 0.5(4) 0.5(4) 1(2) 0.5(4) 1(2) 
KP46 32 32(1) 64(0.5) 4(8) 16(2) 16(2) 16(2) 
KP63 2 1(2) 1(2) 0.5(4) 0.5(4) 0.25(8) 1(2) 
KP96 32 16(2) 16(2) 1(32) 8(4) 16(2) 16(2) 
KP26 16 8(2) 8(2) 8(2) 8(2) 8(2) 8(2) 
KO107 8 2(4) 4(2) 2(4) 2(4) 1(8) 8(1) 
KO109 16 8(2) 16(1) 0.5(32) 4(4) 2(8) 4(4) 
KO122 8 0.25(32) 0.25(32) 0.25(32) 0.25(32) 0.25(32) 0.25(32) 
% Potentiation  87.5% 75% 100% 100% 100% 87.5% 
Tetracycline        
KP22 8 0.5(16) 0.5(16) 0.5(16) 4(2) 2(4) 8(1) 
KP46 8 2(4) 4(2) 2(4) 4(2) 1(8) 1(8) 
KP63 8 8(1) 8(1) 1(8) 4(2) 0.25(32) 1(8) 
KP96 16 16(1) 16(1) 0.25(64) 0.25(64) 8(2) 8(2) 
KP26 32 8(4) 16(2) 8(4) 16(2) 16(2) 32(0.5) 
KO107 4 0.5(8) 2(2) 0.5(8) 1(4) 1(4) 1(4) 
KO109 16 4(4) 4(4) 4(4) 4(4) 4(4) 4(4) 
KO122 8 0.25(32) 0.25(32) 0.25(32) 0.25(32) 0.25(32) 0.25(32) 
% Potentiation  75% 75% 100% 100% 100% 62.5 
Levofloxacin        
KP22 8 0.5(16) 2(4) 1(8) 1(8) 1(8) 2(4) 
KP46 8 1(8) 4(2) 1(8) 2(4) 1(8) 1(8) 
KP63 8 2(4) 4(2) 0.50(16) 1(8) 0.50(16) 1(8) 
KP96 64 8(8) 8(8) 4(16) 4(16) 2(32) 4(16) 
KP26 16 4(4) 8(2) 2(8) 4(4) 2(8) 4(4) 
KO107 16 1(16) 2(8) 2(8) 2(8) 1(16) 4(4) 
KO109 32 4(8) 8(4) 8(4) 8(4) 4(8) 8(4) 
KO122 16 0.5(32) 0.5(32) 0.5(32) 0.5(32) 0.5(32) 1(16) 
% Potentiation  100% 100% 100% 100% 100% 100% 
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Table 4.  Continued… 

 

MIC: minimal inhibitory concentration; AAF: Activity ameliorating factor, ATB: antibiotic. 

 

 

Table 4.  Continued… 

 

 

 

 

 
 

Bacterial strains and 
antibiotics 

 ATB                 Botanicals, MICs, and Activity Ameliorating Factor (AAF, in bracket) 

 Persea americana Psidium guajava 

(Leaves) (Leaves) (Bark) 

 MIC/2 MIC/4 MIC/2 MIC/4 MIC/2 MIC/4 

Imipenem        
KP22 32 8(4) 8(4) 8(4) 16(2) 8(4) 8(4) 
KP46 256 64(4) 128(2) 64(4) 128(2) 128(2) 128(2) 
KP63 64 32(2) 64(1) 8(8) 32(2) 2(32) 4(16) 
KP96 128 128(1) 512(0.25) 128(1) 128(1) 128(1) 128(1) 
KP26 128 32(4) 64(2) 16(8) 32(4) 2(64) 16(8) 
KO107 32 4(8) 8(4) 4(8) 4(8) 4(8) 8(4) 
KO109 64 8(8) 64(1) 8(8) 16(4) 8(8) 32(2) 

KO122 32 2(16) 4(8) 2(16) 2(16) 2(16) 4(8) 
% Potentiation  87.5% 62.5% 87.5% 87.5% 87.5% 87.5% 
Chloramphenicol        
KP22 512 128(4) 256(2) 64(8) 256(2) 128(4) 512(1) 
KP46 512 256(2) 512(1) 128(4) 256(2) 256(2) 256(2) 
KP63 128 64(2) 128(1) 8(16) 64(2) 8(16) 64(2) 

KP96 512 256(2) 256(2) 128(4) 128(4) 256(2) 256(2) 
KP26 512 128(4) 512(1) 128(4) 128(4) 128(4) 128(4) 

KO107 256 64(4) 128(2) 128(2) 128(2) 128(2) 128(2) 
KO109 512 256(2) 256(2) 256(2) 256(2) 256(2) 256(2) 

KO122 512 64(8) 128(4) 16(32) 128(4) 16(32) 128(4) 
% Potentiation  100% 62.5% 100% 100% 100% 87 .5% 

Bacterial strains 
and antibiotics 

ATB       Botanicals, MICs, and Activity Ameliorating Factor (AAF, in bracket) 

 Mangifera indica Artocarpus heterophyllus Citrus sinensis Passiflora edulis 

(Leaves) (Leaves) (Leaves) (Leaves) 

 MIC/2 MIC/4 MIC/2 MIC/4 MIC/2 MIC/4 MIC/2 MIC/4 

Ampicillin          
KP22 32 4(8) 4(8) 4(8) 4(8) 8(4) 8(4) 4(8) 4(8) 
KP46 512 16(32) 256(2) 1024(0.5) 1024(0.5) 256(2) 256(2) 256(2) 256(2) 
KP63 32 2(16) 4(8) 4(8) 4(8) 8(4) 8(4) 4(8) 8(4) 
KP96 512 8(64) 32(16) 512(1) 512(1) 128(4) 128(4) 128(4) 128(4) 
KP26 512 256(2) 512(1) 512(1) 512(1) 512(1) 512(1) 1024(0.5) 1024(0.5) 
KO107 128 32(16) 32(16) 16(32) 16(32) 32(16) 64(2) 32(16) 32(16) 
KO109 256 64(4) 64(4) 256(1) 512(0.5) 256(1) 256(1) 512(0.5) 512(0.5) 
KO122 512 64(8) 256(2) 256(2) 512(1) 512(1) 512(1) 512(1) 512(1) 
% Potentiation  100% 87.5% 50% 37.5% 62.5% 62.5% 62.5% 62.5% 
Penicillin          
KP22 32 8(4) 16(2) 16(2) 16(2) 32(1) 32(1) 32(1) 32(1) 
KP46 128 4(32) 4(32) 128(1) 128(1) 64(2) 64(2) 32(4) 32(4) 
KP63 32 4(8) 4(8) 4(8) 4(8) 8(4) 8(4) 8(4) 8(4) 
KP96 256 4(64) 32(8) 256(1) 256(1) 256(1) 256(1) 128(2) 128(2) 
KP26 64 32(2) 64(1) 64(1) 64(1) 64(1) 64(1) 64(1) 64(1) 
KO107 256 2(128) 4(64) 4(64) 16(16) 32(8) 32(8) 16(6) 16(6) 

KO109 256 4(64) 128(2) 4(64) 4(64) 128(2) 128(2) 128(2) 128(2) 
KO122 64 32(2) 32(2) 32(2) 32(2) 32(2) 64(1) 16(4) 32(2) 
% Potentiation  100% 87.5% 50% 62.5% 62.5% 50% 62.5% 62.5% 
Augmentin          
KP22 16 2(8) 2(8) 2(8) 2(8) 2(8) 4(4) 2(8) 2(8) 
KP46 64 2(32) 2(32) 32(2) 32(2) 16(4) 16(4) 64(1) 128(0.5) 
KP63 16 2(8) 2(8) 2(8) 2(8) 2(8) 2(8) 2(8) 2(8) 
KP96 256 4(64) 8(32) 128(2) 128(2) 256(1) 256(1) 256(1) 256(1) 
KP26 256 256(1) 256(1) 256(1) 256(1) 256(1) 256(1) 256(1) 256(1) 
KO107 64 1(64) 1(64) 2(32) 2(32) 32(2) 32(2) 16(4) 32(2) 
KO109 64 32(2) 32(2) 4(16) 8(8) 32(2) 32(2) 32(2) 64(1) 
KO122 128 2(64) 2(64) 8(16) 8(16) 128(1) 128(1) 64(2) 64(2) 
% Potentiation  87.5% 87.5% 87.5% 87.5% 62.5% 62.5% 62.5% 50% 
Ceftriaxone          
KP22 32 16(2) 32(1) 8(4) 16(2) 16(2) 16(2) 8(4) 64(0 .5) 
KP46 64 2(32) 2(32) 64(1) 64(1) 16(4) 16(4) 16(4) 32(2) 
KP63 64 16(4) 32(2) 16(4) 32(2) 128(0.5) 64(1) 64(1) 128(0.5) 
KP96 256 2(128) 4(64) 32(8) 128(2) 64(4) 64(4) 64(4) 64(4) 
KP26 128 64(2) 64(2) 128(1) 128(1) 128(1) 128(1) 128(1) 128(1) 
KO107 128 16(8) 32(4) 32(4) 32(4) 8(16) 8(16) 16(8) 32(4) 
KO109 128 4(32) 8(16) 4(32) 8(16) 128(1) 256(0.5) 128(1) 256(0.5) 
KO122 64 2(32) 8(8) 2(32) 8(8) 8(8) 16(0.5) 16(0.5) 16(0.5) 
% Potentiation  100% 87.5% 62.5% 75% 62 .5% 50% 50% 37.5% 
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Conclusion 
 

In the present study, it was demonstrated that botanicals from 

Persea Americana, Psidium guajava, Mangifera indica, Artocarpus 

heterophyllus, and Garcinia kola had the highest spectrum of 

activity, and can be used to combat the resistance of Klebsiella 

species. PAβN also potentiated their inhibitory effects, highlighting 

the ability of the bacteria to expel the botanical out of the bacterial 

cells via the efflux pumps. The extracts of the leaves of Mangifera 

indica, the leaves, and the bark of Psidium guajava, with their 

antibacterial and antibiotic-potentiating activity, could be effective in 

the treatment of infections caused by bacteria of the genus 

Klebsiella. 

Abbreviations 
 

AAF, Activity ameliorating factor; ATCC, American Type Culture 

Collection; DMSO, Dimethylsulfoxide; HNC, Cameroon national 

herbarium; INT, para-Iodonitrotetrazolium chloride, KP, Klebsiella 

pneumoniae; KO, Klebsiella oxytoca; MBC, minimum bactericidal 

concentration; MDR, multidrug-resistant; MIC, Minimum inhibitory 

concentration. 
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Bacterial strains 
and antibiotics 

ATB       Botanicals, MICs, and Activity Ameliorating Factor (AAF, in bracket) 

 Mangifera indica Artocarpus heterophyllus Citrus sinensis Passiflora edulis 

(Leaves) (Leaves) (Leaves) (Leaves) 

 MIC/2 MIC/4 MIC/2 MIC/4 MIC/2 MIC/4 MIC/2 MIC/4 

Cefixime          
KP22 128 64(2) 128(1) 32(4) 32(4) 128(1) 128(1) 128(1) 128(1) 
KP46 256 2(128) 16(16) 128(2) 256(1) 32(8) 256(1) 64(4) 64(4) 
KP63 64 8(8) 16(4) 64(1) 64(1) 16(4) 32(2) 8(8) 32(2) 
KP96 128 2(64) 2(64) 64(2) 64(2) 64(2) 64(2) 64(2) 64(2) 
KP26 256 16(16) 32(8) 32(8) 32(8) 128(2) 128(2) 128(2) 128(2) 
KO107 32 8(4) 8(4) 16(2) 16(2) 4(8) 4(8) 8(4) 8(4) 
KO109 128 128(1) 128(1) 64(2) 64(2) 128(1) 256(0.5) 256(0.5) 128(1) 
KO122 128 2(64) 2(64) 2(64) 2(64) 16(8) 64(2) 64(2) 64(2) 
% Potentiation  87.5% 75% 82.5% 75% 75% 62.5% 75% 75% 
Doxycycline          
KP22 2 1(2) 2(1) 1(2) 2(1) 1(2) 1(2) 0.25(8) 1(2) 
KP46 32 0.25(128) 4(8) 32(1) 32(1) 32(1) 32(1) 32(1) 32(1) 
KP63 2 0.5(4) 1(2) 2(1) 2(1) 2(1) 2(1) 1(2) 1(2) 
KP96 32 0.5(64) 8(4) 32(1) 32(1) 16(2) 16(2) 16(2) 16(2) 
KP26 16 8(2) 4(2) 8(2) 16(1) 16(1) 16(1) 16(1) 16(1) 
KO107 8 1(8) 4(2) 4(2) 8(1) 4(2) 4(2) 4(2) 4(2) 

KO109 16 8(2) 16(1) 1(16) 8(2) 16(1) 16(1) 16(1) 16(1) 
KO122 8 0.25(32) 0.25(32) 0.25(32) 0.25(32) 2(4) 8(1) 4(2) 8(1) 
% Potentiation  100% 75% 62.5% 25% 50% 37.5% 62.5% 50% 
Tetracycline          
KP22 8 1(8) 4(2) 8(1) 16(0.5) 4(2) 8(1) 4(2) 4(2) 
KP46 8 0.5(16) 0.5(16) 4(2) 4(2) 4(2) 8(1) 4(2) 8(1) 
KP63 8 1(8) 2(4) 4(2) 4(2) 4(2) 8(1) 4(2) 8(1) 
KP96 16 0.5(32) 2(8) 8(2) 8(2) 4(4) 8(2) 8(2) 16(1) 
KP26 32 16(2) 32(1) 16(2) 16(2) 32(1) 32(1) 32(1) 32(1) 
KO107 4 0.5(8) 1(4) 1(4) 1(4) 1(4) 1(4) 1(4) 4(1) 
KO109 16 4(4) 4(4) 16(1) 16(1) 16(1) 16(1) 16(1) 16(1) 
KO122 8 0.25(32) 0.25(32) 0.25(32) 0.25(32) 2(4) 8(1) 4(2) 8(1) 
% Potentiation  100% 87.5% 75% 75% 75% 25% 75% 12.5% 
Levofloxacine          
KP22 8 4(2) 4(2) 2(4) 2(4) 1(8) 4(2) 1(8) 2(4) 
KP46 8 0.5(16) 4(2) 4(2) 4(2) 4(2) 4(2) 4(2) 4(2) 
KP63 8 4(2) 4(2) 4(2) 8(1) 4(2) 4(2) 4(2) 4(2) 
KP96 64 0.5(128) 4(16) 8(8) 8(8) 64(1) 64(1) 16(4) 32(2) 
KP26 16 4(5) 4(4) 8(2) 8(2) 16(1) 16(1) 16(1) 16(1) 
KO107 16 2(8) 2(8) 2(8) 4(4) 1(16) 1(16) 1(16) 1(16) 
KO109 32 4(8) 4(8) 4(8) 4(8) 8(4) 32(1) 16(2) 32(1) 
KO122 16 0.5(32) 1(16) 0.5(32) 1(16) 4(4) 8(2) 1(16) 8(2) 
% Potentiation  100% 100% 100% 87.5% 75% 62.5% 75% 75% 
Imipenem          
KP22 32 4(8) 16(2) 8(4) 16(2) 16(2) 16(2) 8(4) 8(4) 
KP46 256 64(4) 64(4) 256(1) 256(1) 256(1) 256(1) 256(1) 256(1) 
KP63 64 4(16) 16(4) 4(16) 16(4) 8(8) 32(2) 8(8) 16(4) 
KP96 128 64(2) 64(2) 64(2) 64(2) 64(2) 64(2) 64(2) 64(2) 
KP26 128 16(8) 64(2) 64(2) 64(2) 32(4) 64(2) 32(4) 64(2) 
KO107 32 2(16) 4(8) 4(8) 16(2) 32(1) 32(1) 16(2) 16(2) 
KO109 64 16(4) 32(2) 16(4) 32(2) 32(2) 64(1) 64(1) 64(1) 
KO122 32 2(16) 2(16) 2(16) 2(16) 16(2) 16(2) 16(2) 16(2) 
% Potentiation  100% 100% 87.5% 87.5% 75% 62.5% 75% 75% 
Chloramphenicol          
KP22 512 128(4) 256(2) 128(4) 128(4) 256(2) 256(2) 256(2) 256(2) 
KP46 512 32(16) 128(4) 512(1) 1024(0.5) 512(1) 512(1) 256(2) 512(1) 
KP63 128 32(4) 64(2) 64(2) 128(1) 128(1) 128(1) 128(1) 128(1) 
KP96 512 64(8) 256(2) 512(1) 512(1) 1024(0.5) 1024(0.5) 512(1) 512(1) 
KP26 512 128(4) 128(4) 128(4) 128(4) 128(4) 128(4) 128(4) 128(4) 
KO107 256 64(4) 128(2) 64(4) 64(4) 64(4) 128(2) 64(4) 128(2) 
KO109 512 128(4) 128(4) 128(4) 128(4) 256(2) 1024(0.5) 512(1) 1024(0.5) 
KO122 512 16(32) 256(2) 16(32) 256(2) 128(4) 512(1) 256(2) 512(1) 
% Potentiation  100% 100% 75% 62.5% 62.5% 37.5% 62.5% 37.5% 
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