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Abstract  
Background: The alarming trend of infectious diseases in public health is mainly due to bacterial multidrug resistance, the emergence of which 

is partly caused by the inappropriate use of antibiotics. Bacteria of the Klebsiella genus have acquired a priority level of resistance to antibiotics, 

reducing their effectiveness. The aim of this study was to evaluate the anti-Klebsiella activity of methanol extracts of Vernonia calvoana flowers 

and Senna spectabilis leaves against multidrug-resistant Klebsiella phenotypes overexpressing efflux pumps. 

Methods: The antibacterial activity of Vernonia calvoana and Senna spectabilis extracts alone, in combination with Phenylalanine-Arginine β-

Naphthylamide (PAβN) and antibiotics, was assessed using the liquid medium microdilution method. Qualitative phytochemical composition was 

determined according to reference experimental protocols. 

Results: Phytochemical screening of the different methanol extract revealed the presence of alkaloids, triterpenes, polyphenols, flavonoids and 

saponins. These extracts had inhibition spectra of 93.75%, with MICs ranging from 32 to 1024 µg/mL for Vernonia calvoana flower extract and 

from 16 to 1024 µg/mL for Senna spectabilis leaves. The excellent activity with a MIC value of 32 µg/mL against K. oxytoca isolate (KO95) and 

64 µg/mL against K. pneumonia isolate (KP203) was observed in Vernonia calvoana flower extract. However, Senna spectabilis leaf extract 

showed an excellent activity, with MIC values of 16 µg/mL against K. pneumoniae (KP175) and 64 µg/mL against K. pneumoniae (K2) and K. 

oxytoca (KO107) strains. The anti-Klebsiella activity of Vernonia calvaona flower extract and Senna spectabilis leaf extract was improved by 

87.5% and 100% respectively in the presence of PAβN, with activity improvement factor (AIF) values ranging from 2 to 256. Both extracts 

modulated the activity of antibiotics with activity modulator factor (AMF) values ranging from 2 to 128. The activity of ceftriaxone and tetracycline 

was enhanced to at least 75% at MIC/2 and MIC/4, imipenem and cefixime were modulated to 50% at MIC/2 and MIC/4 respectively, and 

levofloxacin to 62.5% at MIC/2. 

Conclusion: Extracts from Vernonia calvaona flowers and Senna spectabilis leaves can be used alone or in combination with the usual 

antibiotics against Klebsiella phenotypes overexpressing efflux pumps, but further investigation is needed to identify the active compounds 

responsible for the observed activity. 
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Background 
 

Infectious diseases are the greatest major threat causing a high 

number of deaths in public health across the world [1]. Those 

caused by drug-resistance are approximately responsible for 

700,000 deaths each year [2]. It is estimated that antimicrobial 

resistance will cause about 10 million deaths by 2050 [3], this is 

because microbial infections usually fail to respond to treatment. In 

fact, the inappropriate use of antibiotics to control the spread of 

these infections, particularly those caused by bacteria, leads to the 

emergence of Multidrug-Resistance (MDR) phenotypes. Most of 

these phenotypes also include those of the genus Klebsiella mainly 

Klebsiella pneumoniae and Klebsiella oxytoca [4, 5]. The anti-

biotherapy mostly used to fight this MDR has lost its effectiveness 

due to the resistant mechanisms developed by these bacteria 

towards antibiotics. According to the World Health Organization, 

these bacteria are classified as priority pathogens resistant to third-

generation cephalosporins and carbapenems known as the best 

antibiotics to fight against MDR phenotypes [6]. One of the 

resistant mechanisms expressed by the Klebsiella species is the 

RND (Resistance Nodulation Division) efflux pumps family [7], 

including AcrAB-TolC which is the major and the most clinically 

important efflux pump in Gram-negative bacteria [8]. The 

expression of these pumps towards antibiotics leads to therapeutic 

failures [9]. Faced with these problems, there is an urgent need for 

alternatives to fight this multidrug resistance. Plant-derived 

bioactive compounds have displayed their potential through a 

direct antibacterial effect on pathogenic bacteria or by restoring the 

activity of usual antibiotics in combination [10-11-12]. Some 

previous investigations highlighted the direct or potentiated effect 

of these substances from food and medicinal plants from the 

African flora against the MDR phenotype [13-14]. Also, plant-

derived drugs obtained from medicinal plants underwent preclinical 

tests and have been licensed in a particular country through clinical 

trials [15]. For instance, “Tokoro Combination” and “Akebia 

Formula” derived from Dioscorea tokoro and Akebia sp. 

respectively are being used as a drug from plants to fight against 

bacteria involved in urinary tract infections [16]. Vernonia calvoana, 

commonly called sweet bitter leaf, belongs to the family of 

Asteraceae. It is widely consumed as a vegetable in African 

countries and used in folk medicine to treat physiological disorders 

such as diabetes, measles, tuberculosis, and hyperlipidemia [17, 

18]. This plant has been stated to be involved in the treatment of 

ovarian cancer [19]. Its hepatoprotective effects, hypo-lipidemic, 

and anti-diabetic activities have been demonstrated [20]. In 

addition, the antibacterial activity of methanol extract from the 

leaves of Vernonia calvoana against Staphylococcus aureus, 

Escherichia coli, and Pseudomonas aeruginosa phenotypes was 

highlighted [21]. Senna spectabilis (DC.) Irwins and Barneby is a 

plant belonging to the Fabaceae family, widely used in Africa, Asia, 

Australia, and South and Latina America. Apart from growing as an 

ornamental plant in tropical and subtropical areas, S. spectabilis is 

one of the medicinal plants whose leaves are used in Cameroon by 

traditional healers by infusion to treat various diseases such as 

epilepsy, constipation, insomnia, malaria, dysenteries, headaches 

and anxiety [22, 23, 24]. This plant also possesses antimicrobial 

activity [25]. In effect, Senna spectabilis leaves were found to be 

active against Salmonela typhi, Shigella flexineriae, and Shigella 

Dysenteriae using a disc diffusion method [26]. In addition, the 

work of Arantes et al. [27] demonstrated that the extract of the 

leaves of this plant is effective against Staphylococcus aureus 

ATCC 6538 and Streptococcus pyogenes ATCC 19615 strains. In 

our continuous search for new natural products to fight against 

bacterial drug resistance, the present work was designed to 

evaluate the antibacterial activity of extract from Vernonia calvaona 

flowers and Senna spectabilis leaves and the effect of their 

association with usual antibiotics against clinical MDR strains and 

isolate of the Klebsiella species. 

 

Methods 
 

Plant material and extraction 

 
The flowers of Vernonia calvoana and the leaves of Senna 

spectabilis were harvested in Dschang (West Region) and 

Mutengene (Sud West Region of Cameroon) respectively and were 

later identified at the National Herbarium of Cameroon (HNC) by 

Mr. TCHATCHOUANG NGANDOF Eric, comparing them with the 

reference samples preserved under code 42381/ HNC for Vernonia 

calvoana and 45740/ HNC for Senna spectabilis. The harvested 

plant parts were dried away from the sun. They were then crushed, 

and the powder obtained was soaked in methanol (in a 1:3 w/v) for 

48 hours at room temperature, with shaking to enhance the 

extraction. The powder-solvent mixture was then filtered using 

Wattman No.1 paper. The resulting filtrates were concentrated 

using a BÜCHI R-200 rotary evaporator at 65°C and then dried at 

45°C until the residual solvent completely evaporated. The 

resulting crude extract or botanicals were collected and stored in 

dark, sterile bottles at 4°C for future use.  

 

Chemicals and culture media 

 
The chemicals used include the bacterial growth indicator, para-

Iodonitrotetrazolium chloride ≥97% (INT). Eight antibiotics amongst 

which some of them belong to the class of β-lactams: ampicillin 

(AMP), penicillin (PEN); carbapenem: imipenem (IMI); 

cephalosporins: cefixime (CFX), and ceftriaxone (CTX); 

fluoroquinolones: ciprofloxacin (CIP) and levofloxacin (LEV), and 

the tetracycline (TET) were used. The activation of the bacteria 

was done using the Mueller Hinton Agar (MHA) and the micro-

dilution was done using the Mueller Hinton Broth (MHB) as a 

nutrient medium for bacteria. The purity of bacteria was confirmed 

using Eosin methylene blue (EMB) as a differential and specific 

culture medium. The Phenylalanine-Arginine β-Naphthylamide 

(PAβN) at 0.2% was used as efflux pump inhibitor (EPI). All 

chemicals were purchased from Sigma-Aldrich (St. Quentin 

Fallavier, France). 

 

Tested bacteria 

 
The Klebsiella species tested include ten (10) reference strains and 

clinical isolates of Klebsiella pneumoniae and six (06) of Klebsiella 

oxytoca as reported in Table 1. Their features were earlier reported 

[28, 29, 30, 31].  

 

Determination of minimal inhibitory and bactericidal concentrations 

 
The determinations of the Minimal Inhibitory Concentrations (MIC) 

and the Minimal Bactericidal Concentrations (MBC) on the used 

bacteria strains and isolates were performed using a 96-well broth 

micro-dilution method combined with the rapid colorimetric INT test 

[32, 33]. Both plant extracts and the reference drug (imipenem) 

were respectively prepared at 8192 µg/mL and 512 µg/mL after 

being dissolved in DMSO-MHB. The bacterial inoculum used was 

prepared at 1.5 × 106 CFU/mL and the incubation conditions were 
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37°C for 18 hours. DMSO was used as the control solvent at a 

concentration less than 2.5%. MIC was defined as the lowest 

concentration of botanical exhibiting complete inhibition of bacterial 

growth after 18 to 24 hours of incubation, meanwhile, MBC was 

defined as the lowest concentration of a sample that did not induce 

a color change by adding INT after the following additional 48 

hours of incubation [34-35]. Botanicals were also tested in the 

presence of PAβN which is an efflux pump inhibitor prepared at 

100 µg/mL to evaluate the role of efflux pumps on the resistance of 

the bacteria to the samples [28]. Imipenem was used as a positive 

antibacterial control, meanwhile DMSO 2.5%+MHB and DMSO 

2.5%+bacterial inoculum were respectively used as neutral and 

negative controls. Each experiment was repeated three times in 

triplicate. 

 

Evaluation of the effect of efflux pumps on the antibacterial activity 

of the samples 

 
The different extracts and the antibiotic (imipenem) were tested in 

the presence of PAβN as previously described [28]. The 

potentiation level of sample activity in the presence of PAβN was 

determined using the MICsample alone/MICsample-PAβN combination ratio 

known as the activity improvement factors (AIFs). The bacteria 

tested included K. pneumoniae (K2, KP55, K24, KP175, and 

KP93), and K. oxytoca (KO249, KO096, and KO095). Each assay 

was repeated thrice.  

 

Determination of the antibiotic-potentiating effects of the botanicals 

 
The effect of the association of the botanicals with antibiotics was 

determined against K. pneumoniae K2, KP55, K24, KP175, KP93, 

and K. oxytoca KO249, KO96, and KO95. Previously, a preliminary 

assay was performed by evaluating the combination of the plant 

extracts at different sub-inhibitory concentrations (MIC/2, MIC/4, 

MIC/8, and MIC/16) with antibiotics on KP93, which then allowed 

the selection of the appropriate sub-inhibitory concentrations of 

MIC/2 and MIC/4 for further combination testing (Data not shown). 

Activity Modulation Factor (AMF) was calculated as the ratio of the 

MIC of the antibiotic alone versus MIC in combination with the plant 

extract. The potentiation effect was considered for AMF ≥ 2. 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). Activity Modulation Factor (AMF) was then calculated 

as the ratio of the MIC of the antibiotic alone versus MIC in 

combination with the botanicals. The potentiation effect was 

considered for AMF ≥ 2 [36].  

 

Phytochemical screening of botanicals 

 
Phytochemical screening was done following the standard methods 

described for alkaloids, anthocyanins, flavonoids (Shinoda test), 

phenols, saponins, and triterpenes (Liebermann-Burchard test) [37, 

38]. 

 

Interpretation of antibacterial data 

 
Updated and rationally defined cutoff points of the antibacterial 

botanicals for Enterobacteria including Klebsiella species have 

been defined as follow: outstanding activity (MIC ≤8 µg/mL), 

excellent activity (8 < MIC ≤64 µg/mL), very good activity (64 < MIC 

≤128 µg/mL), good activity (128 < MIC ≤256 µg/mL), average 

activity (256 < MIC ≤512 µg/mL), weak activity (512 < MIC ≤1024 

µg/mL), and not active (MIC values >1024 µg/mL) [39]. This 

appreciation criterion was used to discuss the antibacterial 

activities of the studied samples. The bacteriostatic effect was 

considered when the ratio of the MBC/MIC was above 4 and the 

bactericidal effect when the MBC/MIC ratio was below or equal to 4 

[40, 41].  

 

 

Results 
 

Antibacterial activity 

 
The anti-Klebsiella activity of botanicals whose results are 

summarized in Table 3, was evaluated by determining the MICs 

and MBCs against three strains and thirteen isolates of K. 

pneumoniae and K. oxytoca. These results shows that the 

methanol extract from the flowers of V. calvaona had MICs ranging 

from 32 to 1024µg/mL, and from 16 to 1024µg/mL for the leaves of 

S. spectabilis, against Klebsiella strains and isolates. Both extracts 

displayed inhibitory activity spectra of 93.75% (15/16) against the 

strains and isolates studied in the present work. However, extract 

from the flowers of V. calvaona showed excellent anti-Klebsiella 

activity, with a MIC value of 32 µg/mL against K. oxytoca isolate 

(KO95) and a MIC value of 64 µg/mL against K. pneumoniae 

isolate (KP203), very good anti-Klebsiella activity with a MIC value 

of 128 µg/mL against K. pneumoniae (K2, KP55, K24, KP77 and 

KP126) and K. oxytoca (KO26) strains and isolates. We also 

noticed average anti-Klebsiella activity with a MIC value of 512 

µg/mL against isolates of K. pneumoniae (KP81) and K. oxytoca 

(KO96, KO107, and KO55), and weak anti-Klebsiella activity with a 

MIC value of 1024 µg/mL against K. pneumoniae (ATCC11296 and 

KP175) and K. oxytoca (KO249). 

In the case of Senna spectabilis leaf extract, we noticed excellent 

anti-Klebsiella activity with a MIC value of 16 µg/mL against K. 

pneumoniae (KP175) and 64 µg/mL against K. pneumoniae (K2) 

and K. oxytoca (KO107) strains and isolates, and very good anti-

Klebsiella activity with a MIC value of 128 µg/mL against K. 

pneumoniae isolate (KP77). Furthermore, this extract presented 

good anti-Klebsiella activity with a MIC value of 256 µg/mL against 

K. pneumoniae (ATCC11296 and KP24) and K. oxytoca (KO249) 

strains and isolates. In addition, we perceived average anti-

Klebsiella activity with a MIC value of 512 µg/mL against isolates of 

K. pneumoniae (KP55, KP203 and KP126) and K. oxytoca (KO26 

and KO55) and a weak anti-Klebsiella activity with a MIC value of 

1024 µg/mL against K. pneumoniae (KP81) and K. oxytoca (KO96 

and K95) strains and isolates. However, extracts from V. calvaona 

flowers and S. spectabilis leaves respectively showed 

bacteriostatic activity against K. pneumoniae (KP126 and KP175), 

and bactericidal activity against the rest of the strains and isolates 

tested. 

 

PAβN increased the activity of both VCF and SSL. 

 
The expression of efflux pumps pumps as well as their implication 

on the anti-Klebsiella activity of botanicals was demonstrated by 

using an efflux pump inhibitor (PAβN), with results conferred in 

Table 4. Extract from the flowers of V. calvaona was improved at 

87.5% (7/8) against the strains and isolates tested, with activity 

improvement factors (AIF) ranging from 4 to 256 in the presence of 

PAβN. Similarly, S. spectabilis leaf extract was 100% enhanced 

against the various strains and isolates tested, with activity 
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improvement factors (AIF) ranging from 2 to 128 in the presence of 

the efflux pump inhibitor (EPI). 

 

Antibiotic-activity modulation effects of VCF and SSL 

 
The ability of botanicals to modulate the activity of antibiotics in 

association was assessed by determining their activity modulator 

factors (AMF) at sub-inhibitory concentrations. The results are 

summarized in Table 5 and Table 6. At MIC/2 and MIC/4, extract 

from the flowers of V. calvaona enhanced the activity of antibiotics, 

with activity modulator factors (AMF) ranging from 2 to 128 against 

strains and isolates tested. This potentiation was 100% at MIC/2 in 

the presence of ceftriaxone (CTX) and 75% at MIC/4 against 

various strains and isolates tested. Also, the activity of antibiotics 

ciprofloxacin (CIP), levofloxacin (LEV) at MIC/2, imipenem (IMI), 

and penicillin (PEN) at MIC/2 was improved at 87.5%, 87.5%, 

62.5%, and 50% respectively against the strains and isolates 

tested. Moreover, the activity of tetracycline (TET) was enhanced 

at 62.5% at MIC/2 and at 50% at MIC/4 which was the same as 

levofloxacin (LEV) against Klebsiella phenotypes. Additionally, 

ampicillin (AMP) and cefixime (CFX) activity was enhanced at 50% 

at MIC/2 and 37.5% at MIC/4 against the strains and isolates 

tested. Similarly, at MIC/2 and MIC/4, S. spectabilis leave extract 

modulated the activity of antibiotics, with activity modulator factors 

(AMF) ranging from 2 to 128 for the strains and isolates tested. 

This potentiation was 75% at MIC/2 and MIC/4 in the presence of 

ceftriaxone (CTX) and tetracycline (TET) at MIC/2 against the 

tested bacteria. In addition, the activity of levofloxacin (LEV) and 

cefixime (CFX) was improved by 62.5% at MIC/2 and by 50% at 

MIC/4 against Klebsiella phenotypes. Imipenem (IMI) was 

improved by 50% at MIC/2 and by 37.5% at MIC/4. Furthermore, 

the activity of antibiotics ciprofloxacin (CIP), penicillin (PEN) at 

MIC/2, and ampicillin (AMP) were potentiated respectively by 25%, 

25%, and 12.5% against the tested bacteria. 

 

Phytochemical composition of the botanicals  

 
Botanicals from the flowers of V. calvaona and the leaves of S. 

spectabilis both revealed the presence of triterpenes, polyphenols, 

flavonoids, alkaloids, and saponins. 

 

Discussion 
 

Infectious diseases are amongst the most frequently reported 
physiological disorders that increase mortality rates in developing 
countries. Globally, the perspectives of control and treatment of 
these diseases are slowly shifting from conventional drugs to drugs 
based on natural substances derived from plants, due to the rapid 
accessibility and predilection for organic products. This is 
particularly observed in sub-Saharan Africa, where the World 
Health Organization estimates that nearly 80% of the population 
uses plant-derived products as their primary care needs [42]. 
Indeed, these natural plant-derived compounds have shown 
promising results in combating the resistance of pathogenic 
bacteria, including those of the genus Klebsiella [28, 31, 43-54]. It 
is along the same line that the present work was carried out to 
determine the anti-Klebsiella activity and potentiating effect of 
extracts from V. calvaona flowers and S. spectabilis leaves against 
multidrug-resistant Klebsiella phenotypes overexpressing efflux 
pumps. 

To assess the activity of both extracts, we used the 
classification method developed by Kuete [39] for 
Enterobacteriaceae. According to this classification, botanicals 
used in this study presented inhibitory activity spectra of 93.75%, 
with MICs ranging from 16 to 1024 µg/mL. Extract from the flowers 

of V. calvaona displayed excellent anti-Klebsiella activity with a 
MIC value of 32 µg/mL against K. oxytoca isolate (KO95) and a 
MIC value of 64 µg/mL against K. pneumoniae isolate (KP203), 
and a very good anti-Klebsiella activity with a MIC value of 128 
µg/mL against K. pneumoniae strains and isolates tested (K2, 
KP55, K24, KP77, and KP126) and K. oxytoca (KO26). Similarly, 
extract from the leaves of S. spectabilis showed excellent activity 
with a MIC value of 16 µg/mL against K. pneumoniae (KP175) and 
64 µg/mL against K. pneumoniae (K2) and K. oxytoca (KO107) 
strains and isolates, and very good anti-Klebsiella activity with a 
MIC value of 128 µg/mL against K. pneumoniae isolate (KP77). 
Previous investigations carried out in Nigeria reported the high 
antimicrobial potency of the leaf extract of V. calvaona against a 
range of pathogens, including Gram-negative resistant strains [21] 
as obtained in the present study. The good anti-Klebsiella activities 
obtained in the present work concerning the leaf extract of S. 
spectabilis, confirmed the report of certain investigators, who 
highlighted that the ethanol, ethyl acetate, and hexane extracts of 
S. spectabilis leaves had good antibacterial activity with a MIC 
value of 250 μg/mL against Gram-positive bacteria [27]. However, 
the weak activity obtained in the study carried out in Kenya by 
Mugweru et al. [26] using the aqueous extract of S. spectabilis 
leaves, with a diameter of inhibition of 9.2-15.8 mm against 
resistant Gram-negative bacteria, compared to the activity of the 
present work, could be due to the type of extract used. Recent 
investigations reported methanol extract to possess high 
antibacterial activity compared to aqueous extract [44]. In general, 
both extracts displayed MBC/MIC ratios lower than or equal to 4, 
clearly indicating their bactericidal effect [41]. 

MDR phenotypes overexpressing efflux pumps can 
inhibit the direct effect of antibacterial agents, leading them to 
express low levels of activity. To bypass this phenomenon, the 
activity of botanicals can be improved by associating them with an 
efflux pump inhibitor (EPI). PAβN is an EPI that has been shown to 
inhibit the RND efflux system, particularly the tripartite AcrAB-TolC 
efflux pump [45-46]. In the present study, the resistance of the 
different bacteria used was elucidated using PAβN. The activity of 
botanicals was improved with activity improvement factors ranging 
from 2 to 256 in the presence of PAβN against Klebsiella strains 
and isolates tested. These results are similar to those reported in 
the previous work of certain investigators [31, 47]. The significant 
increase in activity of the various extracts in the presence of PAβN 
could justify the fact that phytochemicals found in these extracts 
are preferential substrates for efflux pumps. Furthermore, it was 
demonstrated that phytochemicals whose activity is being 
increased in the presence of PAβN are efflux pump substrates [28-
29]. 
The effectiveness of antibacterial agents has reduced against MDR 
phenotypes. To improve their activity, these agents can be 
combined with natural substances derived from plants [48]. 
However, the activity of antibiotics has been reported to be 
modulated when combined with botanicals. In the present study, 
the various extracts potentiated the activity of antibiotics, with 
AMFs ranging from 2 to 128. They enhanced the activity of CTX by 
75% at MIC/2 and MIC/4. The antibacterial activities of IMI and 
CFX were improved by 50%, while LEV was enhanced by 62.5% at 
MIC/2. Both extracts potentiated the activity of TET by 62.5% and 
75% at MIC/2 and MIC/4 respectively. Previous work has shown 
that the secondary metabolite of the plant, when combined with 
antibiotics against Klebsiella species, destabilizes the cytoplasmic 
membrane of bacteria [49]. This could be attributed to terpenoids 
[49], and saponins [50] while flavonoids [51] and polyphenols [52] 
interfered with the antibiotic's efflux mechanism. For instance, 
certain flavonoids inhibit the growth of K. pneumoniae when 
associated with ampicillin [51]. Moreover, polyphenols including 
epigallocatechin gallate have been shown to modulate the activity 
of antibiotics including ciprofloxacin, tetracycline against K. 
pneumoniae isolates [52]. The synergistic effects of the various 
extracts with antibiotics against the tested strains and isolates 
suggest that they may be potential efflux pump inhibitors. Braga et 
al. [53] highlighted that plant extracts modulating the activity of at 
least 70% of antibiotics on at least 70% of bacteria strains are 
efflux pump inhibitors. Previous investigations reported numerous 
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classes of phytochemical compounds in the tested plant extracts. 
Both extracts contained triterpenes, polyphenols, flavonoids, 
alkaloids, and saponins [18, 26]. This indicates that the anti-
Klebsiella activity including the potentiation of antibiotics activity 

obtained in this study could be due to the presence of these 
secondary metabolites. Finally, this study confirmed the importance 
of the flora of Africa as a good source of plant-based medicine [55-
80].  

 

 

 

Table 1. Bacterial features of the studied Klebsiella pneumoniae and Klebsiella oxytoca strains. 

Bacteria strains and isolates Features References 

Klebsiella pneumoniae   

ATCC11296 Reference strain [37, 41] 

K2 AcrAB-TolC  Laboratory collection of UNR-MD1, 

University of Marseille, France 

KP55 Clinical isolate : MDR : TETr ,AMPr ,ATMr, CEFr [37] 

K24 Clinical isolate: TETr, Chlr, AMPr, ATMr Laboratory collection 

KP203 Clinical isolate: IMIr, AMXr, CAZr, FOXr, CTXr, CXMr, CIPr, OFXr, NALr, CTRr, 

COLr, PRLr, PPTr, TCCr, TETr, OXAr, VANr, ATMr, AMCr, FOSr 

[31] 

KP175 Clinical isolate: IMIr, AMXr, CAZr, FOXr, CTXr, CXMr, [31] 

KP77 Clinical isolate: IMIr, AMXr, CAZr, FOXr, CTXr, CXMr,  [31] 

KP93 Clinical isolate: IMIr, AMXr, CAZr, FOXr, CTXr, CXMr,  [31] 

KP126 Clinical isolate : MDR, AMPr Laboratory collection 

KP81 Clinical isolate: AMXr, FOXr, CTXr, CXMr, COTr, NALr, PRLr, NITr. Laboratory collection 

Klebsiella oxytoca   

KO249 Clinical isolate: IMPr, AMXr, CAZr, FOXr, CTXr, CXMr, AMKr, NALr, CTRr, COLr, 

PRLr, PPTr, TCCr, TETr, OXAr, VANr, NITr, ATMr, AMCr, FOSr 

[31] 

KO96 Clinical isolate : MDR : AMXr, CAZr, FOXr, CTXr, CXMr, ERYr, NALr, CTRr, COLr, 

PRLr, TETr, VANr, CIPr, OFXr, ATMr, NITr, AMCr, FOSr. 

Laboratory collection 

KO107 Clinical isolate : MDR, ATMr, DOXr, MITr, CIPr. Laboratory collection 

KO95 Clinical isolate : MDR : AMXr, CAZr, FOXr, CTXr, CXMr, ERYr, NALr, CTRr, COLr, 

PRLr, TETr, VANr, CIPr, OFXr, ATMr, NITr, AMCr, FOSr. 

[31] 

KO26 Clinical isolate :MDR, AMCr Laboratory collection 

KO55 Clinical isolate: AMXr, CAZr, FOXr, CTXr, CXMr, ERYr, NALr, CTRr, PRlr, TETr, 

VANr, CIPr, OFXr, NITr. 

[31] 

AMXr, TETr, AMPr, ATMr, CEFr, ERY r, CAZr, CIPr, DOX r, CTXr, IMIr, NORr, NALr, STRr, PRL r, NIT r, FOXr , COL r, VAN r, OFX r, CMX r, MIT r, PPT r, TCC r resistant 
respectively to: Amoxicillin, tetracycline, ampicillin, aztreonam, cefepime, erythromycin, ceftazidine, ciprofloxacin, doxycycline, ceftriaxone, imipenem, norfloxacin, 
nalidixic acid, streptomycin, piperacillin, nitrofurantoin, cefoxitin, vancomycin, ofloxacin, cefmenoxime, methicillin, triclocarban MDR: Multidrug Resistant. AcrAB-TolC, 
AcrAB: efflux pumps, ATCC: American type culture collection. 
 
 
 
 
Table 2. Phytochemical composition of methanol extracts from the flowers of Vernonia calvaona (VCF) and the leaves of Senna spectabilis (SSL). 

Secondary metabolites Botanicals 

VCF SSL 

Triterpenes + + 
Polyphenols + + 
Flavonoids + + 
Alkaloids + + 
Saponins + + 
Anthocyanins - - 

(+): present; (-): absent, VCF: Vernonia calvaona flowers, SSL: Senna spectabilis leaves. 
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Table 3. Minimum inhibitory and bactericidal concentrations of the extracts from the flowers of V. calvaona (VCF) and leaves of S. spectabilis 

(SSL), and IMI against the tested Klebsiella strains and isolates. 

Bacteria 
 

Botanicals 
 

Antibiotic 

Vernonia calvaona     Senna spectabilis Imipenem 

MIC MBC R MIC MBC R MIC MBC R 

Klebsiella pneumoniae 
ATCC11296 1024 1024 1 256 <256  32 <32 nd 
K2 128 256 2 64 512 nd 32 128 4 
KP55 128 256 2 512 2048 4 128 128 1 
K24 256 1024 4 256 512 2 64 128 4 
KP203 64 128 2 512 2048 4 <1 16 nd 
KP175 1024  nd 16 1024 64 16 128 8 
KP77 128 512 4 128 256 2 >128 nd nd 
KP93 2048 >2048 nd 2048 >2048 nd 16 64 4 
KP126 128 1024 8 512  nd 8 64 8 
KP81 512  nd 1024  nd 32 >128 nd 
Klebsiella oxytoca 
KO249 1024  nd 256  nd >128 nd nd 
KO96 512  nd 1024  nd 32 128 4 
KO107 512  nd 64 128 2 <1 128 nd 
KO95 32 128 4 1024 2048 2 >128 nd nd 
KO26 128 512 4 512 >2048 nd 32 128 4 
KO55 512 2048 4 512 >2048 nd 16 >128 nd 

MIC: Minimum Inhibitory Concentration, MBC: Minimum Bactericidal Concentration, R: MBC/MIC ratio, nd: not determined 

 

Table 4. Minimum inhibitory concentrations of the different extracts alone and in the presence of PAβN. 

Bacteria 
 

VCF SSL Imipenem 

MIC 
alone  

+PAβN 
 

R MIC 
alone  

+PAβN 
 

R MIC 
alone 

+PaβN R 

Klebsiella pneumoniae 
K2 128 <8 16 64 16 4 32 <1 32 
KP55 128 16 8 512 <8 64 128 <1 128 
K24 256 256 1 256 128 2 64 8 8 
KP175 1024 <8 128 16 <8 2 16 8 2 
KP93 2048 <8 256 2048 16 128 16 <1 16 
Klebsiella oxytoca 
KO249 1024 32 4 256 128 2 >128 16 8 
KO96 512 <8 64 1024 <8 128 32 <1 32 
KO95 32 <8 4 1024 32 32 >128 8 16 

MIC alone: Minimum inhibitory concentration in the absence of the inhibitor, +PAßN: Minimum inhibitory concentration in the presence of the inhibitor, R: MIC/+PAβN 
ratio, nd: not determined, VCF: Vernonia calvaona flowers, SSL: Senna spectabilis leaves. 

 

 

Table 5. Effects of the combination of antibiotics and VCF against MDR bacteria. 

 
ATB: Antibiotics; MIC: Minimum Inhibitory Concentration; (): AIF (Activity Modulation Factor), PBS: percentage of bacteria with synergistic effects 

 

 

ATB Extract 
concentrations 

Sub-inhibitory concentration (µg/mL) of Vernonia calvaona flower extract in the presence of antibiotics and Antibiotic-
resistance modulating factor (AMF) 

PBS 

Klebsiella pneumoniae Klebsiella oxytoca 

K2 KP55 K24 KP175 KP93 KO249 KO96 KO95 

CIP 0 64 64 8 64 64 16 1 32  
MIC/2 <1(64) 8(8) 2(4) <1(64) <1(64) 4(4) <1(1) 8(4) 87.5 
MIC/4 <1(64) 16(4) 2(4) <1(64) <1(64) 4(4) <1(1) 8(4) 87.5 

LEV 0 8 64 16 16 16 16 64 8  
MIC/2 4(2) 16(4) 32(0.5) <1(16) <1(16) <1(16) <1(64) <1(8) 87.5 
MIC/4 16(0.5) 16(4) 32(0.5) <1(16) <16(1) 4(4) <1(64) 16(0.5) 50 

TET 0 16 >128 128 64 64 >128 4 32  
MIC/2 8(2) 8(16) <1(128) <1(64) 64(1) 32(4) 8(0.5) >128(0.25) 62.5 
MIC/4 16(2) 64(2) 64(2) 128(0.5) 128(0.5) 32(4) 8(0.5) >128(0.25) 50 

CTX 0 16 128 64 >1024 256 128 32 64  
MIC/2 <8(2) <8(16) <8(8) <8(128) 64(4) <8(16) <8(4) <8(8) 100 
MIC/4 16(1) <8(16) <8(8) <8(128) 128(2) 32(4) 32(1) 32(2) 75 

AMP 0 >1024 1024 >1024 >1024 1024 >1024 >1024 >1024  

MIC/2 >1024(1) <8(128) <8(128) <8(128) <8(128) >1024(1) >1024(1) >1024(1) 50 
MIC/4 >1024(1) 8(128) 512(2) <8(128) 1024(1) >1024(1) >1024(1) >1024(1) 37.5 

PEN 0 >1024 128 >1024 16 1024 >1024 >1024 >1024  
MIC/2 >1024(1) <8(128) 256(4) <8(2) <8(128) >1024(1) >1024(1) >1024(1) 50 
MIC/4 >1024(1) 16(64) 512(2) <8(2) <8(128) >1024(1) >1024(1) >1024(1) 50 

IMI 0 32 128 64 16 16 >128 32 >128  
MIC/2 128(0.25) <1(128) <1(64) <1(16) <1(16) 4(32) 256(0.125) >128(1) 62.5 
MIC/4 128(0.25) 32(4) 128(0.5) <1(16) <1(16) 64(2) 256(0.125) >128(1) 62.5 

CFX 0 32 1024 512 256 128 256 32 256  
MIC/2 16(0.5) <8(128) <8(64) 1024(0.25) <8(16) 128(2) <8(4) 128(2) 50 
MIC/4 16(0.5) 16(64) 16(32) 1024(0.25) <8(16) 512(0.5) 32(1) 256(1) 37.5 
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Table 6. Effects of the combination of antibiotics and SSL against MDR bacteria. 

ATB: Antibiotics; MIC: Minimum Inhibitory Concentration; (): AIF (Activity Modulation Factor), PBS: percentage of bacteria showing synergistic effects 

 

 

 

Conclusion 
 

The present study aimed to demonstrate the anti-Klebsiella activity 

of methanol extract from the flowers of V. calvaona and the leaves 

of S. spectabilis. They displayed important anti-Klebsiella activity 

and potentiated the activity of usual antibiotics. Therefore, the 

extracts from the flowers of V. calvaona and the leaves of S. 

spectabilis can be used alone or in association with usual 

antibiotics to fight MDR Klebsiella phenotypes overexpressing 

efflux pumps. Although this study highlighted important results 

concerning antibacterial activity, further studies are needed to 

understand the mode of action and to purify active compounds 

responsible for the activity observed.  
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ATB Extract 
concentrations 

Sub-inhibitory concentration (µg/mL) of Senna spectabilis flower extract in the presence of antibiotics and 
Antibiotic-resistance modulating factor (AMF) 

  

PBS 

Klebsiella pneumoniae Klebsiella oxytoca 

K2 KP55 K24 KP175 KP93 KO249 KO96 KO95 

CIP 0 64 64 8 64 64 16 1 32  
MIC/2 <1(64) 64(1) 8(1) 64(1) 64(1) 16(1) <1(1) <1(32) 25 
MIC/4 <1(64) 64(1) 8(1) 64(1) 128(0.5) 16(1) 2(0.5) <1(32) 25 

LEV 0 8 64 16 16 16 16 64 8  
MIC/2 4(4) 16(4) 16(1) 32(0.5) 128(0.125) 4(4) 2(32) <1(8) 62.5 
MIC/4 4(4) 16(4) 16(1) 64(0.25) 128(0.125) 4(4) 2(32) 16(0.5) 50 

TET 0 16 >128 128 64 64 >128 4 32  
MIC/2 16(2) 64(2) 64(2) 64(1) <1(64) 16(8) <1(0.25) <1(32) 75 
MIC/4 16(2) 64(2) 64(2) 128(0.5) <1(64) 16(8) 64(0.06) 32(1) 62.5 

CTX 0 16 128 64 >1024 256 128 32 64  
MIC/2 16(1) <8(16) <8(8) <8(128) 32(8) 16(8) 16(0.5) <8(8) 75 
MIC/4 64(0.25) 32(4) <8(8) <8(128) 32(8) 16(8) 16(0.5) <8(8) 75 

AMP 0 >1024 1024 >1024 >1024 1024 >1024 >1024 >1024  
MIC/2 >1024(1) >1024(1) 1024(1) >1024(1) <8(128) >1024(1) >1024(1) >1024(1) 12.5 
MIC/4 >1024(1) >1024(1) 1024(1) >1024(1) <8(128) >1024(1) >1024(1) >1024(1) 12.5 

PEN 0 >1024 128 >1024 16 1024 >1024 >1024 >1024  
MIC/2 >1024(1) 64(2) 1024(1) >1024(0.02) <8(128) >1024(1) >1024(1) >1024(1) 25 
MIC/4 >1024(1) 128(1) 1024(1) >1024(0.02) <8(128) >1024(1) >1024(1) >1024(1) 12.5 

IMI 0 32 128 64 16 16 >128 32 >128  
MIC/2 128(0.25) 16(8) 16(4) 8(2) <1(16) >128(1) 64(0.5) >128(1) 50 
MIC/4 128(0.25) 16(8) 64(1) 8(2) <1(16) >128(1) 128(0.25) >128(1) 37.5 

CFX 0 32 1024 512 256 128 256 32 256  
MIC/2 16(2) 128(8) 128(4) 256(1) <8(16) 16(16) 32(1) 256(1) 62.5 
MIC/4 16(2) 128(8) 512(1) 256(1) <8(16) 128(16) 32(1) 256(1) 50 
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