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Abstract  
Background: The effectiveness of antibiotics in the fight against bacterial infections motivated their massive use which resulted in the appearance 

of resistant bacteria. This phenomenon is nowadays in constant evolution and represents a major problem of public health. In this respect, the 

search for new molecules for fighting against bacterial resistance is essential. This work was committed to studying the in vitro antibacterial activity 

of the ethanol crude extract, fractions and compounds of a medicinal plant of the Cameroonian pharmacopoeia, Stachytarpheta cayennensis 

(Verbenaceae), against some multidrug-resistant (MDR) Gram-negative bacterial strains including Escherichia coli, Pseudomonas aeruginosa, 

Klebsiella pneumoniae, Enterobacter aerogenes and Providencia stuartii,. 

Methods: The antibacterial activity of the crude extract and fractions (botanicals) of this plant and their constituents (phytochemicals) in the 

presence and absence of an efflux pump inhibitor phenylalanine-arginine β-naphthylamide (PAβN) was evaluated using the serial micro-dilution 

method. The determination of the effect of the most active sample on the bacterial H+-ATPase proton pumps was carried out by a standard method 

using a pH-meter and the study of the effect of that same sample on the cell growth kinetic was done using a spectrophotometric method.  

Results: The phytochemical composition of the crude extract (SC), evaluated using standard qualitative methods, showed a rather selective 

distribution of secondary metabolites (presence of polyphenols, tannins, steroids, triterpenes, anthocyanins and absence of flavonoids, 

anthraquinones, alkaloids, saponins). The crude extract (SC) moderately inhibited the growth of 80% of studied bacteria with minimal inhibitory 

concentrations (MICs) of 256 and 512 µg/mL. Fractions SCc and SCd showed antibacterial activity against 90% and 70% of strains respectively 

with MICs ranging from 64 to 512 µg/mL, with moderate activity of the crude extract (SC) than the derived fractions. Fraction SCc showed the 

highest activity spectrum by inhibiting the growth of 90% (9/10) of the studied bacteria, with the least MIC of 64 µg/mL on Escherichia coli 

ATCC8739. In the presence of PAβN, the activity of the extract and derived fractions has been increased to at least 70% with respect of the strains 

and isolates used. Fraction SCc caused a prolongation of the lag phase and a general decrease of the growth of E. coli ATCC8739 bacteria through 

the blockage of the H+-ATPase proton pumps of that bacteria, resulting to a decrease of the acidity of the medium.  

Conclusion: The overall results obtained in the present work provide important data which constitute a trail to explore regarding the likely use of 

Stachytarpheta cayennensis in antibiotherapy. 
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Background 
 

Infectious diseases constitute nowadays a very important 

public health problem. They are responsible for 17 million 

deaths a year worldwide which is about 30% of the overall 

mortality in the world, especially in developing countries 

such as South Asia and sub-Saharan Africa. Among the 2.7 

million neonatal deaths recorded each year, 560 000 of 

them are caused by bacterial infection [1]. The discovery of 

antibiotics constituted an extraordinary medical progress 

and considerably decreased the mortality rate linked to 

infectious diseases caused by bacteria. However, these 

bacteria with time have rapidly developed resistance toward 

these antibiotics because of their adaptation to the hostile 

conditions including inappropriate use of antibiotics [2]. 

Bacteria resistance is a functional or structural property, 

innate or acquired, which confers to bacteria the capacity to 

grow in the presence of high concentrations of antibiotics 

[3]. Furthermore, multidrug resistance (MDR) occur when 

bacteria can resist against at least three different 

pharmacological classes of antibiotics. The emergence of 

MDR bacterial strains appears as the major cause of 

treatment failures [4]. Among the known mechanisms of 

resistances, active efflux via resistance-nodulation-cell 

division (RND) pumps is one of the most occurring systems 

in Gram-negative bacterial strains [5]. This phenomenon 

allowed most of the commonly used antibiotics less active 

against these bacteria. Therefore, the search for new 

molecules able to most efficiently fight against this 

resistance has become an absolute necessity. Medicinal 

and edible plants which contain an important number of 

bioactive substances, particularly those from Cameroon, 

have proven their ability to inhibit the growth of most MDR 

Gram-negative bacteria strains [6, 7, 8, 9, 10]. Most of these 

plants among which Stachytarpheta cayennensis 

(verbenaceae), a Cameroonian pharmacopeia plant, are 

traditionally used to treat many infectious diseases caused 

by resistant microorganisms [11]. In the present study, the 

activity of this plant and its constituents on some MDR 

bacteria phenotypes was investigated, as well as the role of 

bacterial efflux pumps in the resistance to the tested plant 

samples. 

 

Methods 
 

Plant sample and extraction 

 

The tested plant, Stachytarpheta cayennensis 

(verbenaceae), was collected in Bazou locality (5° 09’ 00’’ 

North and 10° 31’ 00’’ East), Nde division, West Region 

(Cameroon) and was identified at the National Herbarium 

(Yaounde, Cameroon) where a voucher specimen was 

deposited under the following reference number 

11726/SFR/CAM/NHC. 

The air dried and powdered sample (2.5 kg) from 

this plant was extracted with 10 L of ethanol (EtOH) 98% for 

72 h at room temperature. After filtration with Whatman filter 

paper n° 1, the filtrate was then concentrated under reduced 

pressure to give residue which constituted the crude extract 

(140.0 g) denoted SC. It was then stored at 4 ℃ for further 

use. The extraction yield in percentage was 5.6% and was 

obtained by calculating the crude extract weight/powder 

weight. 

 

Crude extract fractionation and purification 

 

A mass (130.0 g) of the crude extract (SC) was submitted 

to a silica gel column chromatography (0.200-0.500 mm) 

and eluted with an increasing polarity of hexane-AcOEt and 

AcOEt-MeOH mixture (100:0, 90:10, 80:20, 70:30, 60:40 

and 50:50). A total of 95 fractions for a total volume of 300 

mL were collected, evaporated under reduced pressure and 

then grouped on the basis of their analytical TLC profile to 

afford four major fractions namely SCa [(18.0 g) : 1-15], SCb 

[(24.6 g) : 16-43], SCc [(40.0 g) : 44-75] and SCd [(47.4 g) : 

76-95]. Different solvent proportions and fractions grouping 

are presented in Table S1 (see supplementary files SF1). 

Fraction SCc which was the most active fraction, was 

separated by column chromatography over silica gel (0.063-

0.200 mm) using gradients of n-hexane-EtOAc and EtOAc-

MeOH (100:0, 95:5, 90:10, 85:15, 80:20, 75:25, 70:30, 

65:35 and 60:40) to afford five compounds, a mixture of β-

sitosterol and stigmasterol (1 and 2 respectively, 21.0 mg) 

at n-hexane-EtOAc 90:10, a β-sitosterol  3-O-β-D-

glucopyranoside (3, 16.5 mg) at EtOAc 100:0, and the two 

triterpenoids, ursolic acid (4, 10.0 mg) and oleanolic acid (5, 

15.0 mg) at n-hexane-EtOAc (85:15). Notice that all 1H and 
13C NMR spectra and major chemical shifts of these 

compounds are shown in the supplementary files (SF 2). 

The structures of these compounds are shown in Figure 1. 

 

Phytochemical assay  

 

Preliminary phytochemical assay on tested crude extract 

was investigated to detect the presence of the major 

secondary metabolite classes, namely alkaloids, flavonoids, 

phenols, saponins, tannins, anthocyanins, anthraquinones, 

sterol and triterpenes, using common phytochemical 

methods as described by [12, 13]. 

 

 

Antibacterial assay 

 

Chemicals   

 

The pure antibiotic chloramphenicol (CHL) ≥ 98% was used 

as reference. p-Iodonitrotetrazolium chloride (INT) 0,2 % 

and Phenylalanine-Arginine β-naphthylamide (PAβN) ≥ 97 

% were used as microbial growth indicator and efflux pumps 

inhibitor (EPI) respectively. All these chemicals were 

provided from Sigma-Aldrich, St. Quentin Fallavier, France. 

Dimethylsulfoxide (DMSO) 2.5% at the final concentration 

was used to dissolve tested samples. 

 

 

Culture media and microbial strains  

 

Two culture media were used. The solid medium, Mueller 

Hinton Agar (MHA) for the activation of the bacterial strains 

and the liquid medium, Mueller Hinton Broth (MHB) for 

antimicrobial assays. Ten microorganisms, sensitive and 

multidrug resistant Gram-negative bacterial strains 

expressing efflux pumps, including Escherichia coli, 

Pseudomonas aeruginosa, Klebsiella pneumoniae, 

Enterobacter aerogenes and Providencia stuartii, provided 

by American Type Culture Collection, were used. Their main 

characteristics are summarized in Table 1. 

They were maintained on agar slant at 4°C and 

cultured on fresh appropriate agar plates 24 h prior to any 

antimicrobial test.  
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Bacterial susceptibility determination 

 

The respective minimal inhibitory concentrations (MICs) of 

samples on the studied bacteria were determined using 

rapid INT colorimetric assay [18, 19]. Briefly, the test 

samples were first dissolved in DMSO/MHB mixture. The 

solution obtained was then added to MHB and serially 

diluted two-fold (in a 96-well microplate). One hundred 

microlitres (100 μL) of inoculum (1.5×106 CFU/mL) 

prepared in MHB was then added. The plates were covered 

with a sterile plate sealer, then agitated to mix the contents 

of the wells using a shaker and incubated at 37°C for 18 h. 

The final concentration of DMSO was lower than 2.5% and 

does not affect the microbial growth. Wells containing MHB, 

100 μL of inoculum, and DMSO at a final concentration of 

2.5% served as a negative control. Chloramphenicol was 

used as reference antibiotic. The MICs of samples were 

determined after 18 h of incubation at 37°C, following 

addition of (40 μL) of 0.2 mg/mL INT and incubation at 37°C 

for 30 minutes [20]. Viable bacteria reduced the colourless 

dye to pink. MIC was defined as the lowest sample 

concentration that prevented this change and exhibited 

complete inhibition of microbial growth. For the minimal 

bactericidal concentrations (MBCs) determination, a volume 

of 150 μL of MHB has been introduced in a new 96-well 

microplate, following addition of 50 μL of the previous well 

microplate contents where no microbial growth was 

observed and which did not received an INT (during the 

reading of MICs). After 48 h incubation, at 37°C, the MBC 

of each sample was determined and defined by adding 40 

μL of 0.2 mg/mL INT as previously described. It should be 

noted that samples were tested alone and then, in the 

presence of PAβN, an efflux pumps inhibitor, at 30 mg/L 

final concentration. In this last case, the activity 

improvement factors (AIFs) were determined to qualify the 

potentiation level of sample activity by this inhibitor, using 

the MICsample alone/MICsample-PAβN combination ratio. All assays were 

performed in triplicate and repeated thrice. 

 

 

 

Antimicrobial mechanisms of action 

 

Effect of fraction SCc on bacterial growth kinetic 

 

Bacterial growth kinetic study of fraction SCc which showed 

the best antibacterial activity was done by 

spectrophotometric method at a wavelength of 600 nm [21]. 

Bacterium used for this study was a reference strain 

Escherichia coli ATCC8739 and the sample was tested at 

the concentrations of MIC/2, MIC and 2MIC. Firstly, 500 μL 

of bacterial suspension (1.5x108 UFC/mL) from preculture 

were added to 450 mL MHB (1/100 v/v dilution) and 

incubated at 37°C for 18 h under magnetic agitation and in 

the presence of tested sample at different concentrations. 

Reference antibiotic, chloramphenicol, was used as positive 

control whereas, inoculum (1.5x108 UFC/mL)/DMSO (2.5% 

v/v) mixture constituted the negative control. At 0, 0.5, 1 and 

2 h followed by regular interval times of 2 h from 2 to 18 h, 

aliquots of 1 mL from the preparation were deducted and 

introduced in a spectrophotometer tab and then, the optical 

density was read at 600 nm wavelength. From the obtained 

results, bacterial growth curves [OD = f (times)] were 

labelled using Microsoft Excel software (Figure 2). 

 

Effect of fraction SCc on bacterial H+-ATPase- dependent 

proton pumps 

 

The ability of tested sample to inhibit bacterial H+-ATPase- 

dependent proton pumps was evaluated following the 

acidification of the bacterial external environment, through 

the pH measurement as described by [22]. So, a fresh 

bacterial colony was dissolved in 20 mL of MHB culture 

medium and incubated at 37°C under magnetic agitation for 

18 h. Aliquots of 1 mL from this bacterial preculture were 

deducted and added to MHB to afford 100 mL final volume 

(1/100 v/v dilution) and then re-incubated at 37°C for 18 h 

under magnetic agitation. One hundred milliliter (100 mL) 

from this bacterial culture were centrifuged at 4000 rpm for 

30 min at 4°C. Collected sediments were washed with 

sterile distilled water then with KCl 50 mM and were 

dissolved in 50 mL KCl 50 mM. Obtained bacterial 

suspension was conserved at 4°C for 18 h (for glucose 

starvation), after which the pH was adjusted to 8.0 by adding 

HCl or NaOH solution. Then, 0.5 mL of tested sample was 

added to 4 mL of this bacterial culture and the mixture was 

incubated at 37°C for 10 min, after which, 0.5 mL of glucose 

20% was added (to activate the environment acidification). 

Inoculum (1.5x108 UFC/mL)/DMSO (2.5% v/v) mixture 

constituted the negative control. The pH values of tested 

samples at different concentrations were read at room 

temperature (25°C) each 10 min for 1 h, using a pH-meter. 

The curves [pH = f (times)] were labelled using Microsoft 

Excel software (Figure 3). 

 

 

Results 
 

Antibacterial activity of crude extract, fractions and 

compounds 

 

Antibacterial susceptibility of tested samples was done by 

determining the MICs and MBCs of each sample on studied 

bacteria (Table 2). Bactericidal or bacteriostatic effects of 

each sample on a bacterial strain were shown by calculating 

the MBC/MIC ratio. These results show that crude extract 

SC, fraction SCc and fraction SCd exhibited an antibacterial 

activity respectively on 80% (8/10), 90% (9/10) and 70% 

(7/10) of studied strains with MICs ranging from 64-512 

μg/mL. Fraction SCc was the most active tested sample with 

a high inhibitory potential on Escherichia coli ATCC8739 

(MIC=64 μg/mL) and moderate activities on other bacteria. 

Whereas, fractions SCa and SCb were the less active 

samples. They showed weak antibacterial activities 

(MIC=512 μg/mL) each against 20% (9/10) of strains. 

However, only fraction SCc showed a bactericidal effect 

(MBC/MIC≤4) on more than one bacterial strain (E. coli 

ATCC8739, K. pneumoniae ATCC11296 and P. aeruginosa 

PA124). Reference antibiotic, chloramphenicol, was active 

against 90% (9/10) of bacteria with MICs ranging from 4-64 

μg/mL and it showed a bactericidal effect almost on three 

bacteria (E. coli 102, K. pneumoniae KP55 and E. 

aerogenes ATCC13048). Its activity is compared to that of 

fraction SCc which was purified to afford some compounds 

whose antibacterial activities are shown in Table 3. From 

this Table 3, it was transpired that compound 4 (ursolic 

acid), the most active compound, exhibited an antibacterial 

activity against 80% (8/10) of strains, but with a weak 

antibacterial potential. Its bactericidal effect was shown only 

on the two K. pneumoniae strains (ATCC11296 and KP55). 
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Compounds 3 (β-sitosterol 3-O-β-D-glucopyranoside) and 5 

(oleanolic acid) weakly inhibited the growth of 30% (3/10), 

meanwhile the mixed compound (1 : β-sitosterol:  and 2 : 

stigmasterol) did not showed any antibacterial activity 

against studied strains. For overall results, P. aeruginosa 

PA124 and E.  aerogenes EA27 strains were more resistant 

and E. coli ATCC8739 strain was most sensitive towards 

tested samples. 

 

 

Minimal inhibitory concentrations of samples in association 

with PAβN 

 

Fractions SCc and SCd which showed the best antibacterial 

activity and plant crude extract (SC) which also exhibited 

the growth inhibition of most studied bacterial strains were 

associated to an efflux pumps inhibitor PAβN which can be 

able to restore their activity. The overall results are shown 

in Table 4. Indeed, once associated with PAβN, the activity 

of all tested samples increased on almost 70% of studied 

bacteria with the activity improvement factors (AIFs 

symbolized by R in the table) ranging from >2 to ≥128 for 

crude extract SC and fractions, and from ≥1 to ≥8 for 

reference antibiotic, chloramphenicol. This efflux pumps 

inhibitor mostly potentiated the activity of fraction SCc (90% 

(9/10)) than the two other samples (70% (7/10). Notice that 

the activity of almost all tested samples was not improved 

against Pseudomonas aeruginosa PA124. This shows the 

higher level of this bacterial strain in multidrug resistance 

and in efflux pumps expression.  

 

Phytochemical composition of crude extract 

 

Phytochemical analysis of Stachytarpheta cayennensis 

crude extract showed the presence of some secondary 

metabolite classes including polyphenols, tannins, steroids, 

triterpenes and anthocyanin. Nevertheless, flavonoids, 

anthraquinones, alkaloids and saponins were absent (Table 

5). 

 

Antibacterial mechanisms of action 

 

Effect of fraction SCc on bacterial growth kinetic 

 

Curves presented in Figure 2 show bacterial growth in 

absence and presence of fraction SCc at different 

concentrations (MIC/2, MIC and 2MIC) and 

chloramphenicol (at MIC) during time. Studied bacterial 

strain was Escherichia coli ATCC8739. Growth kinetic was 

followed during 18 h and the optical density values were 

measured each 2 h at 600 nm wavelength. Figure 2 shows 

three stages of bacterial growth for fraction SCc and 

negative controls (lag, exponential and stationary stages). 

Lag stage is prolonged till 4 h in presence of fraction SCc at 

all concentrations and is prolonged till 18 h with reference 

antibiotic chloramphenicol (CHL). Furthermore, the number 

of living bacteria in the presence of tested samples 

considerably decreased compared to negative controls 

(inoculum and DMSO 2.5%). 

 

 

Effect of fraction SCc on bacterial H+-ATPase- dependent 

proton pumps 

 

Figure 3 shows pH evolution of cell culture by incubation 

time in presence of tested sample at MIC concentration. 

Escherichia coli ATCC8739 was used as bacterial strain 

and DMSO 2.5% as negative control. Obtained curves 

showed very low decrease pH values after 60 minutes in 

presence of fraction SCc (from 8 - 7.6), meanwhile pH 

values considerably decreased in presence of DMSO (from 

8 - 6.2). Notice that a basic pH condition is unfavorable for 

the studied bacterial growth. 

 

 

Discussion 
 

Bacterial susceptibility and plant metabolites 

 

The antimicrobial potential of medicinal plant is linked to the 

presence of one or more metabolite classes or bioactive 

components in this plant. Phytochemical study of crude 

extract (SC) in this work revealed the presence of 

polyphenols, tannins, steroids, triterpenes and 

anthocyanins and the absence of flavonoids, 

anthraquinones, alkaloids and saponins. Previous 

phytochemical studies on Stachytarpheta cayennensis 

extract also showed the absence of flavonoids and the 

presence of steroids, phenols, saponins and tannins [23]. 

The antibacterial activity of a plant extract or derived fraction 

is weak if its MIC>625 μg/mL, moderate if 100<MIC≤625 

μg/mL or strong if MIC≤100 μg/mL. For antibiotics and 

isolated compounds, sample with MIC≤10 μg/mL, 

10<MIC≤100 μg/mL or MIC>100 μg/mL is considered to 

have strong, moderate or weak activity respectively [24]. 

Based on this scale, it is well notice that tested crude extract 

SC and fractions exhibited a moderate antibacterial 

potential against studied strains. Whereas, isolated 

compounds weakly inhibited the growth of these bactreia. It 

is known that plant bioactive components can have 

antagonistic effects against each other, and this 

considerably decreases the antimicrobial potential of a plant 

extract. This can explain the fact that tested crude extract 

was less active than their derived fractions SCc and SCd 

whose MICs values were from 64 to 256 μg/mL. Some 

investigations also showed weak or no antimicrobial 

activities of ethanolic crude extract of S. cayennensis root 

against some Gram negative and positive bacteria [23]. 

Moreover, previous studies have reported significant 

antibacterial activities of fractions from S. cayennensis 

against Gram negative strains such as Pseudomonas 

aeruginosa, Klebsiella pneumoniae [11; 25; 26]. Compound 

4, Ursolic acid was shown to exhibit weak antimicrobial 

activity with MICs ≥ 512 μg/mL against some bacteria 

among which P. aeruginosa and E. coli strains [27]. This 

corroborates the results obtained in the present work. 

Furthermore, some works showed the weak inhibitory 

potency of compound 5, oleanolic acid, against many 

bacteria including P. aeruginosa, K. pneumoniae and E. coli 

[28] as shown in the present study. It was reported that 

compound 3, β-sitosterol 3-O-β-D-glucopyranoside, was 

not active against many Gram-negative bacterial strains 

including those studied in this work [6].  Tested samples 

mostly presented bacteriostatic effects (MIB/MIC≤4) 

indicating that they are only able to inhibit the growth of 

studied bacteria. 

In association with PaβN (Table 4), the activity of 

tested samples significantly increased indicating that 

bioactive components contained in crude extract and 

fractions (SCc and SCd) were expelled from the cytoplasm, 
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thus reducing their intracellular concentrations and making 

them less active. This justifies the role of PAβN which 

inhibits or blocks efflux pumps maintaining high intracellular 

concentrations of antibacterial substances [29, 30] which 

can easily act upon their cell targets and inhibit microbial 

growth. This efflux pumps inhibitor had proved his capacity 

to improve the activity of many plant constituents [31, 32]. 

Unchanged activities of some samples in presence of this 

inhibitor indicate that efflux pumps are not the only 

mechanism of resistance mediated by studied bacteria.  

 

Antibacterial mode of action        

 

Fraction SCc which was the most active sample was tested 

to evaluate its influence on growth kinetic of Escherichia coli 

ATCC8739. During lag stage which makes less than 2 h in 

the normal conditions, bacteria accommodate themselves 

in their new environment and synthesize enzymes which 

metabolize nutrient substrates to be used for their growth 

and multiplication. Compared to negative control, fraction 

SCc strongly inhibited this bacteria growth by destroying 

these enzymes, some proteins and transport systems which 

are essential for bacterial life [33]. This justifies the very low 

number of multiplied bacteria during the exponential growth 

stage which persist 4 h, since there was very low quantity of 

metabolized substrates used by bacteria. In the stationary 

stage, the quantity of metabolized substrates considerably 

decreased causing death of half-bacteria and later on the 

majority of them, due to the accumulation of toxic wastes in 

the medium [33]. 

The role of fraction SCc in inhibiting H+-ATPase- 

dependent proton pumps of plasma membrane was also 

investigated. Bacterial proton pumps regulate cytoplasm pH 

and provide energy in the form of ATP essential for the 

bacterial growth and survival. Inhibition of these pumps 

causes H+ protons decrease of the extracellular 

environment which becomes less acidic [34]. The increase 

of environmental pH in presence of an antibacterial 

substance could result to inhibitory effect of H+-ATPase- 

dependent proton pumps by this substance. This could 

compromise the survival of bacteria since the quantity of 

energy produced will be very low for their metabolism, 

growth and multiplication. It is reported that minimum pH 

supporting bacterial proliferation for an Escherichia coli 

strain is 4.4 [35]. Furthermore, this bacterium is supplied by 

a multiple complex of pH dependent on many strategies of 

acid tolerance allowing it to survive in stomach acidic pH 

conditions [36, 35]. The bacterial cytoplasmic pH which is 

near of the neutrality is regulated by various cations 

transport systems. In E. coli, cytoplasmic pH is regulated by 

expulsion of H+ protons out of the cell via the respiratory 

chain and potassium ions entrance in the cytoplasm with 

acidic pH [34, 37]. Moreover, tested fraction SCc compared 

to negative control (Figure 2), induced the inhibition of H+-

ATPase-dependent proton pumps in Escherichia coli 

ATCC8739, suggesting that they constitute one of the 

antibacterial action targets of fraction SCc. 

 

 

 

 

 

 

 

Figure 1. Structures of compounds from Stachytarpheta cayennensis 

 

 

 

 

 

 



Youmbi et al. Investigational Medicinal Chemistry and Pharmacology 2020 3(1):35                                             Page 6 of 10 
 

 

 

Figure 2. Effect of fraction SCc at different concentrations on growth kinetic of Escherichia coli ATCC8739 

These results show that DMSO at 2.5% concentration used to dissolve tested samples, did not inhibit the growth of studied 
bacterial strains and did not influent the activity of these samples 
 

 

 

Figure 3. Effect of fraction SCc on Escherichia coli ATCC8739 H+-ATPase- dependent proton pumps 

 

Table 1. Characteristics of the studied bacterial strains 

 

Bacterial species  Types Characteristics References 

Escherichia coli ATCC 8739 Reference strain [14] 

AG102  AcrAB mutant AG100, owing acrF gene markedly over 

expressed; Tetr 
 

[14] 

Klebsiella pneumoniae ATCC 11296 Reference strain [15] 

KP55 Clinical MDR isolate Tetr, Ampr, Atmr, Cefr [15] 

Pseudomonas 

aeruginosa 

PA01 Reference strain [16] 

PA124 MDR clinical isolate expressing Mex efflux pump [16] 

Enterobacter 

aerogenes 

ATCC13048 Reference strain [14] 

EA 27 Clinical MDR isolate exhibiting energy-dependent norfloxacin 

and chloramphenicol efflux with Kanr, Ampr, Nalr, Strr, Tetr  

 

 

[14] 

Providencia stuartii ATCC29916 Reference strain [17] 

PS 2636 Clinical MDR isolate, AcrAB-TolC  [17] 

 

Ofxar, Kanr, Tetr, Ermr , Ampr , Nalr ,Strr, Atmr, Cefr, Cipr, Im/Csr, Chlr, Genr, Nisr, Flxr : resistant (r) to  ofloxacin, kanamycin, tetracycline, erythromycin, 

ampicillin, nalidixic acid, streptomycin, aztreonam, cefepime, ciprofloxacin,  imipenem/Cilastatin sodium, chloramphenicol, gentamycin, nisin and 

flomoxef respectively; MDR : Multidrug.resistant ;. AcrAB-TolC, AcrAB are efflux pumps  
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Table 2. Minimal inhibitory and bactericidal concentrations of S. cayennensis crude extract, its derived fractions and 

chloramphenicol 

     

MIC : minimal inhibitory concentration; MBC : minimal bactericidal concentration; R :  MBC / MIC ratio (a sample is considered as bacteriostatic or 
bactericidal when this ratio is >4 or ≤4 respectively)      (-) : MIC or MBC > 512 µg/mL for crude extract and fractions and > 256 µg/mL for 
chloramphenicol; nt : not tested; nd : not determined (as no MIC and MBC values were not observed till 512 μg/mL);  PSBS : percentage of 
susceptible bacteria to substances     SC is Stachytarpheta cayennensis crude extract; SCa, SCb, SCc and SCd are different fractions obtained from 
crude extract SC 

 

Table 3. Minimal inhibitory and bactericidal concentrations of compounds from fraction SCc 

 
 
MIC : minimal inhibitory concentration       MBC : minimal bactericidal concentration       R :  MBC / MIC ratio (a sample is considered as bacteriostatic 
or bactericidal when this ratio is >4 or ≤4 respectively)      (-) : MIC or MBC > 512 µg/mL for compounds and > 256 µg/mL for chloramphenicol      nt 
: not tested       nd : not determined (as no MIC and MBC values were not observed till 512 μg/mL)      PSBS : percentage of susceptible bacteria to 
substances      Compounds 1 and 2 mixture did not showed any activity against all studied bacterial strains         All these compounds were isolated 
from fraction SCc  

Bacterial 

strains 

Samples and concentrations (μg/mL) 

SC   SCa SCb SCc SCd Chloramphenicol 

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

Escherichia coli 

ATCC8739 256 - >2 - nt nd 512 - >1 64 128 2 128 256 2 8 256 32 

AG102 512 - >1 512 - >1 - nt nd 128 - >4 128 - >4 32 64 2 

Klebsiella pneumoniae 

ATCC11296 256 512 2 - nt nd - nt nd 128 256 2 128 - >4 8 256 32 

KP55 512 - >1 512 512 1 - nt nd 256 - >2 128 - >4 4 8 2 

Enterobacter aerogenes 

ATCC13048 512 - >1 - nt nd - nt nd 128 - >4 - nt nd 8 32 4 

EA27 - nt nd - nt nd - nt nd 256 - >2 - nt nd - nt nd 

Pseudomonas aeruginosa  

PA01 512 - >1 - nt nd 512 - >1 - nt nd 256 - >2 32 - >8 

PA124 - nt nd - nt nd - nt nd 128 512 4 - nt nd 64 - >4 

Providencia stuartii 

ATCC29916 512 - >1 - nt nd - nt nd 128 - >4 128 - >4 4 32 8 

PS2636 - nt nd - nt nd - nt nd 128 - >4 256 - >2 4 64 16 

PSBS (%) 70   20   20   90   70   90   

Bacterial strains Compounds Chloramphenicol 

3 4 5 

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

Escherichia coli  

ATCC8739 512 - >1 512 - >1 512 - >1 8 256 32 

AG102 - nt nd 256 - >2 - nt nd 32 64 2 

Klebsiella pneumoniae  

ATCC11296 - nt nd 256 512 2 - nt nd 8 256 32 

KP55 - nt nd 256 512 2 - nt nd 4 8 2 

Enterobacter aerogenes  

ATCC13048 - nt nd 256 - >2 512 - >1 8 32 4 

EA27 512 - >1 512 - >1 - nt nd - nt nd 

Pseudomonas aeruginosa   

PA01 - nt nd 512 - >1 - nt nd 32 - >16 

PA124 - nt nd - nt nd - nt nd 64 - >8 

Providencia stuartii  

ATCC29916 256 512 2 512 - >& 512 - >1 4 32 8 

PS2636 - nt nd - nt nd - nt nd 4 64 16 

PSBS (%) 30   80   30   90   
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Table 4. Minimal inhibitory concentrations of samples in the presence of PAβN 

Bacterial strains Samples (μg/mL) 

SC SCc SCd Chloramphenicol 

MIC 

 

+PAβN 

 

R MIC 

 

+PAβN 

 

R MIC 

 

+PAβN 

 

R MI

C 

 

+PAβN 

 

R 

Escherichia coli 

ATCC8739 256 <8 >32 128 8 16 128 <4 ≥32 4 <4 ≥1 

AG102 512 <8 >64 128 <4 ≥32 128 128 1 32 <4 ≥8 

Klebsiella pneumoniae 

ATCC11296 256 64 4 128 - ≤0,2

5 

128 <4 ≥32 4 <4 ≥1 

KP55 512 - <1 256 16 16 128 <4 ≥32 64 8 8 

Enterobacter aerogene 

ATCC13048 512 32 16 64 8 8 - 64 >8 8 <4 ≥2 

EA27 - 64 >8 256 32 8 - 128 >4 - <4 >64

4 Pseudomonas aeruginosa 

PA01 512 - <1 - <4 ≥12

8 

- <4 >128 16 <4 ≥4 

PA124 - - nd 128 16 8 256 256 1 32 <4 ≥8 

Providensia stuartii 

ATCC29916 512 128 4 128 <4 ≥32 128 <4 ≥32 16 8 2 

PS2636 - <8 >64 128 64 2 256 256 1 32 <4 ≥8 

PIA (%)  70   90   70   100  

 
MIC : minimal inhibitory concentration; R=AIF :  MICsample alone / MICsample+PAβN ratio (this means the factor which determines the improvement of the activity of 
samples by PAβN; the activity of a sample was considered to be improved when its AIF was > 2);  (+ PAβN) : represent MICs values of tested samples obtained in 
presence of PAβN ; (-) : MIC > 512 µg/mL for crude extract and fractions and > 256 for chloramphenicol; PIA : percentage of improved activity; nd : not determined (as 
no MIC values were not observed till 512 μg/mL)      SC is Stachytarpheta cayennensis crude extract and SCc and SCd are fractions obtained from crude extract SC  

  

Table 5. Phytochemical composition of Stachytarpheta cayennensis   

(+): presence of metabolites; (-): absence of metabolites 

 

Conclusions 
 

The overall results obtained in the present work indicate that 

the moderate antibacterial activity of Stachytarpheta cayennensis 

constituents can be significantly improved by an efflux pumps 

inhibitor to overcome multidrug-resistant bacteria overexpressing 

efflux pumps. This report provides additional information for the 

traditional use of this plant in the treatment of infections and 

diseases caused by these bacteria. Most interesting, the 

mechanisms of action of a constituent from this plant are reported in 

this work for the first time. In order to have most interesting activities, 

the effects of these constituent in combination with commonly used 

antibiotics could be investigated. 

 

Additional file 
 

Supplementary file.Docx: G1. Data and graphic for the effect of sub-
fraction SCc2 on the bacterial growth kinetic, G2. Data and graphic 
for the effect of sub-fraction SCc2 on bacterial H+-ATPase-
depending proton pumps; SF1. Tables showing the fractionation and 
purification of Stachytarpheta cayennensis; SF2. 1H and 13C NMR 
and major chemical shifts of studied compounds. Available online at: 
https://www.investchempharma.com/imcp35-supplementary-file/  
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Triterpens + 

Anthocyanins + 

https://www.investchempharma.com/imcp35-supplementary-file/


Youmbi et al. Investigational Medicinal Chemistry and Pharmacology 2020 3(1):35                                             Page 9 of 10 
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