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INTRODUCTION 

 

Respiratory tract infection (RTI) is one of the most common infections which 

causes morbidity and mortality if untreated (Prajapati et al., 2011). Klebsiella 
pneumoniae  is considered one of the most common bacteria that cause RTI and it 

is the classical cause of Gram-negative bacillary pneumonia (Kombade and 

Agrawal, 2014). Once established, pneumonia caused by K. pneumoniae is 

extremely difficult to control and the mortality rates, even for treated patients, may 

be higher than 50% (Saini et al.,  2009). K. pneumoniae is a facultative anaerobic 
encapsulated Gram-negative bacillus that belongs to the family 

Enterobacteriaceae (Iyer et al., 2019). It is a common opportunistic hospital-

associated pathogen that is responsible for about one third of all Gram-negative 
infections, and is the 8th most common nosocomial pathogen (Surgers et al., 

2019). In addition to pneumonia, K. pneumoniae can cause urinary tract 

infections, cystitis, surgical wound infections and fatal infections, such as 
septicemia and endocarditis (Upadhyay and Parajuli, 2013). 

The hallmark of K. pneumoniae infection is the difficult therapy due to its high 

multiple intrinsic antibiotic resistance, that leads to the low efficacy of antibiotic 
therapy. Nosocomial K. pneumoniae was found to have a high rate of resistance 

against commonly used antibiotics such as penicillins, fluoroquinolones, 

aminoglycosides, macrolides in addition to tetracyclines, folate inhibitors, 
lincosamides and phenicols (Shi et al., 2013, Sun et al., 2014). Mechanisms of 

resistance production of hydrolytic or modifying enzymes, mutations in antibiotics' 

transporters impeding their entrance and use of energy-dependent efflux pumps to 
extrude the antibiotics, impairing their accessibility to the target (Chikere et al., 

2008). Bacteria are termed multidrug resistant (MDR) when they display 

resistance to three or more classes of antibiotics. Not only MDR isolates of  K. 
pneumoniae  are common, but also extensively drug-resistant and pan-drug-

resistant strains of K. pneumoniae have been found (Singh et al., 2017). 

One of the most important reasons for MDR in K. pneumonia is the presence of 

active efflux pumps that export several structurally unrelated antimicrobial 

agents outside bacterial cells (Filgona et al., 2015). Bacterial efflux pumps or 

transporters are categorized on the basis of bioenergetical and structural features 
into two major families; ATP-binding cassette (ABC) primary transporters or 

single drug transporters that  hydrolyze ATP to be used as a source of energy and 

secondary or MDR transporters that use the proton (or sodium) gradient as an 
energy source (Fournier et al., 2006). Secondary transporters include four 

families; multidrug and toxic compound extrusion (MATE), major facilitator 

(MF), resistance-nodulation-division (RND) and small multidrug resistance 
(SMR) (Auda et al., 2020). Resistance Nodulation Division (RND) efflux 

pumps represent a major type of efflux pumps in Gram-negative bacteria. they 
are responsible for the resistance to many biocides, heavy metals, and antibiotics 

such as penicillins,  cephalosporins, aminoglycosides, tetracyclines, macrolides 

and fluoroquinolones (Li et al., 2015). 
K. pneumoniae have AcrAB and MdtK efflux pump systems that are members of 

the RND and MATE family efflux pumps; respectively. The AcrAB-TolC pump 
is a tripartite pump that is composed of a periplasmic component (AcrA), a 

secondary transporter located in the inner membrane (AcrB) and outer-

membrane channel (TolC) (He et al., 2015). This pump is involved in MDR to 
different classes of antibiotics such as quinolones and tetracyclines (Du et al., 

2014). Efflux pumps of the type MdtK can expel some antimicrobial agents (Sun 

et al., 2014). On the other hand, OmpK35 and OmpK36 porins are essential 
ports for the entry of cephalosporins and carbapenems into bacterial cells (Shi et 

al., 2013). These facts signify the detection of such antibiotic resistance genes in 

K. pneumoniae strains isolated from health care associated infections (Ranjbar 

et al., 2019). 

Due to the role of efflux pumps in antibiotic resistance, it is of great importance 

to find out drugs that can inhibit efflux pumps, so that they can be used to 
reverse antibiotic resistance (Kabra et al., 2019). Verapamil is a calcium 

channel blocker that was identified to block bacterial efflux pumps in vitro (Li 

and Nikaido, 2009). Verapamil was found to enhance bacterial killing in mice 
infected with drug-resistant and -sensitive bacteria in murine tuberculosis models 

(Louw et al., 2011) in addition to its ability to reduce relapse rates (Gupta et al., 

2017). Moreover, ascorbic acid exerted efflux pump-inhibiting activity in E. coli, 
by which it augmented the antimicrobial activity against E. coli (Serry et al., 

2008).  

Metformin (1, 1-dimethylbiguanide hydrochloride) is a common hypoglycemic 
biguanide drug used for the treatment of type 2 diabetes mellitus (Martins et al., 

2013). Metformin was reported to inhibit breast cancer cell growth (Zakikhani et 

al., 2006) and to combat breast cancer chemo-resistance (Vazquez-Martin et al., 

2009). There is a significant substrate overlap observed between bacterial and 

mammalian efflux pumps P-glycoproteins (P-gp). Due to this overlap, many 

mammalian MDR inhibitors, such as reserpine, verapamil and piperine can inhibit 
bacterial efflux pumps (Neyfakh et al., 1991). Metformin significantly inhibited 

MDR1 gene expression that encodes P-gp in cancer cells by blocking MDR1 gene 

transcription. Moreover, metformin significantly increased the intracellular 
accumulation of the fluorescent P-gp substrate rhodamine-123 (Kim et al., 2011). 

This study aimed to investigate efflux pumps as a mechanism of antibiotic 

resistance in K. pneumoniae phenotypically and genotypically and to assess 
metformin as a potential efflux pump inhibitor. 

Respiratory tract infections caused by Klebsiella pneumoniae are frequently associated with high mortality and morbidity rates. 

Treatment of these infections is usually difficult due to the emergence of multiple resistances to antibiotics. Multidrug efflux pumps are 

greatly involved in antibiotic resistance in Gram-negative bacteria including Klebsiella pneumoniae. In the current study, efflux activity 

was observed in 93.75% of Klebsiella pneumoniae clinical isolates by the qualitative acridine orange agar method. This finding was further 

confirmed genotypically by polymerase chain reaction that showed the presence of efflux genes AcrA, AcrB, TolC and mdtk in these isolates. The 

ability of metformin to inhibit efflux activity was compared with the reference efflux pump inhibitors verapamil and ascorbic acid. Metformin 

was more active than ascorbic acid and less active than verapamil. Up to our knowledge, this is the first report that shows that metformin has an 

efflux pump-inhibiting activity in Klebsiella pneumoniae. 
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MATERIALS AND METHODS  

 

Media and chemicals 

 
Müeller-Hinton agar (MHA), Müeller-Hinton broth (MHB) and nutrient agar 

were obtained in dehydrated form from OXOID, Hampshire, England. Tryptone 

soya broth (TSB) was obtained in dehydrated form from LAB M, LIMITED, 
Lancashire, United Kingdom. Meropenem was obtained from ASTRA ZENECA 

UK Limited, Inc, United Kingdom. Amoxicillin, ethidium bromide and acridine 

orange were obtained from SIGMA, St. Louis, Mo, USA. Cefoperazone-sulbactam 
and ampicillin-sulbactam were obtained from EGYPTIAN PHARMACEUTICAL 

INDUSTRIES COMPANY (EPICO), Tenth of Ramadan City, Egypt. 
Azithromycin was obtained from PFIZER Company. Ciprofloxacin was obtained 

from AMRYIA PHARMCEUTICAL INDUSTRY CO., Alexandria, Egypt, 

amikacin from GLAXOSMITHKLINE, Brentford, London, and cefepime and 
tetracycline from PHARCOB INTERNATIONAL, Alexandria, Egypt. PCR 

master mix, My Taq™ Red Mix (2X), agarose DNA grade, DNA marker (100 bp), 

Tris-acetate-EDTA (TAE) buffer (50X) and the PCR primers (Table 1), provided 
by Integrated DNA Technologies, were obtained from SIGMA, St. Louis, Mo, 

USA. DNase free water used for PCR reaction mixture was obtained from 

THERMO FISHER SCIENTIFIC, Waltham. MA, USA. 
 

Bacterial strains 
 
Seventeen MDR Klebsiella pneumoniae clinical isolates were obtained from the 

culture collection of the Microbiology and Immunology department, Faculty of 

Pharmacy, Zagazig University. These isolates were recovered from sputum and 
tracheal swabs samples and were previously obtained from patients with 

nosocomial pneumoniae that were admitted to Zagazig and Tanta University 
Hospitals, Egypt. 

 

Phenotypic screening of efflux pumps activity in multi-drug resistant 

bacteria by the acridine orange agar method 

 

The potential efflux ability of the selected multi-drug resistant isolates was 
screened by assessment of their ability to efflux acridine orange (AO; N, N, N’, N’-

tetramethylacridine-3, 6-diamine) by the acridine orange agar method. Bacterial 

isolates were inoculated in MHB until reaching mid-log phase of growth that 
matches OD600 of 0.6. In each culture, a sterile swab was dipped and excess fluid 

was removed from each swab by touching the inner sides of the culture tube. MHA 
plates with increasing concentrations of AO ranging from 0.0 to 20 mg/L were 

prepared and swabbed from the center of the plate to its (Martins et al., 2011). The 

plates were incubated for 16 h at 37 ˚C and the fluorescence produced by the 
overlying bacterial streak was detected with a source of UV trans-illuminator. The 

plates were photographed and the lowest concentration of AO that showed 

fluorescence of the bacterial streak was recorded (Martins et al., 2013). 
 

Genotypic screening of efflux pump genes by PCR 

 
Seventeen MDR isolates were tested for the presence of three genes encoding for 

the multidrug efflux pump systems (acrAB, tolC and mdtk) and two porin encoding 

genes (ompk35 and ompk36) encoding efflux pumps in K. pneumonia by PCR 
amplification technique. Specific primers used for amplification of acrAB, tolC, 

mdtk, ompk35 and ompk36 genes are listed in Table 1. 

 

 

Table 1 Primers used in PCR amplifications [27]  

Gene Primer PRIMER sequence (5-̀3̀) 
Annealing 

temperature 
Product size (bp) 

acrAB 
acrAB-F 

acrAB-R 

ATCAGCGGCCGGATTGGTAAA 

CGGGTTCGGGAAAATAGCGCG 
52ºC 312 

tolC 
tolC-F 
tolC–R 

ATCAGCAACCCCGATCTGCGT 
CCGGTGACTTGACGCAGTCCT 

52ºC 527 

mdtk 
mdtk-F 

mdtk-R 

GCGCTTAACTTCAGCTCA 

GATGATAAATCCACACCAGAA 
43 ºC 453 

ompk35 
ompk35-F 

ompk35-R 

CTCCAGCTCTAACCGTAGCG 

GGTCTGTACGTAGCCGATGG 
52ºC 241 

ompk36 
ompk36-F 

ompk36-R 

GAAATTTATAACAAAGACGGC 

GACGTTACGTCGTATACTACG 
43 ºC 305 

Legend: bp: base pair, F: forward primer, R: reverse primer 

 

The crude cell lysate was prepared according to Nair and Venkitanarayanan  
(2006). Overnight cultures of each isolate on nutrient agar were prepared. Two 

or three colonies were suspended in 50 μL PCR- quality water that was heated at 

95°C for 10 minutes in PCR thermocycler. The suspension was quickly 
centrifuged at 13000 rpm for 30 seconds to separate DNA-containing 

supernatant that was stored at -20°C for use in the PCR. Two μl of the prepared 

extract of each isolate was used as DNA template for PCR amplification. The 
amplification mixture was prepared in a final volume of 25 μL. Each PCR 

mixture contained 12.5 L of PCR master mix 2x, 1.5 L of forward primer, 1.5 

L of reverse primer, 2 L of DNA template and nuclease free water to 7.5 L. 

PCR cycling programs were performed using PCR machine and amplification of 

tested genes was performed in cycles with initial denaturing at 94oC for 5 

minutes. Then, 35 cycles were performed. In each cycle, denaturation was at 
94oC for 30 seconds, primer annealing for 30 seconds and elongation at 72 oC for 

90seconds. Following these cycles, a final elongation step was performed at 

72oC for 10 minutes. Then, the obtained amplification products were separated 
by electrophoresis 1% agarose gel at 100 V for 1 h and photographed under UV 

light (UV-TM-25-230V; Hoefer, USA) after staining with Ethidium bromide 

(Sambrook and Russel, 2001, Martins et al., 2011). 
 

Screening for the potential efflux pump inhibitor by acridine orange agar 

method 

 

In order to screen for the potential ability of metformin to inhibit efflux, the 

cartwheel assay was used in the presence of ¼ MIC of metformin and 
fluorescence was recorded and compared to control plates without tested drugs. 

 

Minimum inhibitory concentration (MIC) determination 

 

The minimum inhibitory concentrations (MIC) of different antibiotics and tested 
agents (metformin, verapamil and ascorbic acid) against selected MDR isolates 

were determined by the broth microdilution method (CLSI, 2016). The antibiotics 

used were meropenem, amoxicillin, ampicillin-sulbactam, cefepime, amikacin, 
ciprofloxacin and tetracycline. Overnight cultures of each isolate on MHA were 

prepared. A suspension was prepared from each strain in sterile saline to have a 

visible turbidity equivalent to 0.5 McFarland standard. Then, 50 µL of 0.5 
McFarland was added to 5 mL broth to make 1:100 dilution. Aliquots of 50µL of 

suspension were transferred to the wells of 96-well micro titer plate which 

contain 50 µL of two-fold serial antibiotic dilutions in Müller -Hinton broth. The 

plates were incubated at 35-37˚C for 18-24 h and MIC was considered as the 

lowest concentration of antimicrobial agent at which there was no visible growth 

of the microorganism. The experiment was made in triplicates. 
 

Effect of potential efflux pump inhibitors (EPIs) on the resistance of multi-

drug resistant isolates to different antimicrobial agents 

 

In order to determine the effect of some well-reported efflux pump inhibitors 

(ascorbic acid and verapamil) as compared with the suggested drug (metformin) 
on the susceptibility of the MDR isolates, the MICs of tested antibiotics were 

determined by broth microdilution method in the presence of ¼ MIC of the 

tested agents. The antibiotics used were meropenem, amoxicillin, ampicillin- 
sulbactam, cefepime, amikacin, ciprofloxacin and tetracycline (CLSI, 2016). A 

four-fold decrease in MIC of antibiotics in the presence of the tested agents was 

considered indicative of reduced efflux activity (Martins et al., 2013). All assays 
were performed in triplicate. 

 

Statistical analysis 

 

Statistical analysis was performed by means of the SPSS 21.0 statistical software 

(IBM Corporation, Armonk, NY, USA). The chi-square test and Fisher’s exact 
two-tailed test were applied to measure any significant relationship. P value < 

0.05 was considered as statistically significant. 
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RESULTS 

  

Phenotypic assessment of multi-drug resistant bacteria for efflux pumps 

 
All the selected MDR isolates (17 isolates) were subjected to qualitative assessment of 

efflux pumps by the acridine orange agar method. Concentrations of AO which first 

promotes fluorescence of tested bacterial isolates were recorded (P < 0.001) (Table 2 
& Figure 1). Efflux activity was observed in 93.75% of isolates. 

It can be observed from the results that isolate K150 began to fluoresce at a low 

concentration of AO (1 mg/L) indicating the inability to expel the low concentration 
of the intercalating dye or in other words a negative efflux pump activity, while other 

isolates began to fluoresce at higher concentration of AO (5 mg/L) indicating the 
presence of efflux pumps that could expel AO or a positive efflux pump activity. 

 

Table 2 Qualitative assessment of efflux pump activity in  K. pneumoniae 
isolates by acridine orange agar method 

Acridine orange (mg/L) and degree of fluorescence produced 

Isolate 

No. 
Efflux activity 0.5 1 2 5 10 20 

K3 Positive - - - + ++ ++ 

K6 Positive - - - + ++ ++ 

K8 Positive - - - + ++ ++ 

K9 Positive - - - + ++ ++ 

K10 Positive - - - + ++ ++ 

K20 Positive - - - + ++ ++ 

K21 Positive - - - + ++ ++ 

K22 Positive - - - + ++ ++ 

K23 Positive - - - + ++ ++ 

K24 Positive - - - + ++ ++ 

K39 Positive - - - + ++ ++ 

k102 Positive - - - + ++ ++ 

K107 Positive - - - + ++ ++ 

K120 Positive - - - + ++ ++ 

K139 Positive - - - + ++ ++ 

K150 Negative - + + ++ ++ ++ 

K151 Positive - - - + ++ ++ 

Legend: K= K. pneumoniae, -= no fluorescence,+= fluorescence, ++= high 
fluorescence 

 

 

 
Figure 1 Qualitative assessment of efflux pumps activity by acridine orange agar 

method. Different K. pneumoniae isolates were streaked on agar plates with 

increasing concentrations of AO and the ability of the cells to produce 
fluorescence was detected using UV trans-illuminator. Isolates K3, K20 and 

K151 showed fluorescence at higher concentrations of AO (5, 10 and 20 mg/L) 

indicating a positive efflux pump activity, while K150 shows fluorescence at a 
low concentration of AO indicating negative efflux pump activity. 

 

Genotypic detection of efflux pump genes by PCR 

 

To confirm the presence of efflux pump as an antibiotic resistance mechanism in 

MDR isolates, the seventeen MDR isolates were tested for the presence of genes 
encoding efflux pump (acrAB, tolC, mdtk, ompk35 and ompk36) in K. pneumonia 

by PCR amplification. As shown in table 3 and figures (2-6), tested genes were 
found in 15 isolates, one isolate (K8) was lacking ompk36. On the other hand, one 

isolate (K150) showed only ompk35, while other efflux genes were absent. This 

may explain the inability of this isolate to expel AO in the phenotypic assay unlike 
the other isolates. 

 

Table 3 Genotypic investigation of efflux pump genes among MDR K. 
pneumoniae isolates. 

Isolate No. 
acrAB 

312 bp 

tolC 

527 bp 

mdtk 

453 bp 

ompk35 

241 bp 

ompk36 

305 bp 

K3 + + + + + 

K6 + + + + + 

K39 + + + + + 

K120 + + + + + 

K107 + + + + + 

K20 + + + + + 

K139 + + + + + 

K10 + + + + + 

K102 + + + + + 

K150 - - - + - 

K24 + + + + + 

K9 + + + + + 

K8 + + + + - 

K151 + + + + + 

K21 + + + + + 

K22 + + + + + 

K23 + + + + + 

Legend: K= K. pneumoniae, - = absent,+ = present  
 

 
Figure 2 Agarose gel electrophoresis of PCR of ompk35. M; marker (100 bp). 

Isolates 3, 6, 39, 120, 107, 20, 139, 10, 102,150, 24, 9, 8, 151, 21, 22 and 23 
showed a band at approximately 241 bp that corresponds to ompk35. 
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Figure 3 Agarose gel electrophoresis of PCR of ompk36. M; marker (100 bp). 

Isolates3, 6, 39, 120, 107, 20, 139, 10, 102, 24, 9, 151, 21, 22, 23 and 6 showed a 
band at approximately 305 bp that corresponds to ompk36. 

 

 
Figure 4 Agarose gel electrophoresis of PCR of acrAB. M; marker (100 bp). 

Isolates 3, 6, 39, 120, 107, 20, 139, 10, 102, 24, 9, 8, 151, 21, 22 and 23 showed a 

band at approximately 312 bp that corresponds to acrAB. 
 

 
 

Figure 5 Agarose gel electrophoresis of PCR of mdtk. M; marker (100 bp). 
Isolates 3, 6, 39, 120, 107, 20, 139, 10, 102, 24, 9, 8, 151, 21, 22, 23 and 6 

showed a band at approximately 453 bp that corresponds to mdtk. 

 

 
Figure 6 Agarose gel electrophoresis of PCR of tolC. M; marker (100 bp). 

Isolates 3, 6, 39, 120, 107, 20, 139, 10, 102, 24, 9, 8, 151, 21, 22 and 23 showed a 

band at approximately 527 bp that corresponds to tolC. 

 

Antibiotic susceptibility of MDR bacteria 

 

In order to test the effect of the tested agents on the susceptibility of MDR K. 

pneumonia isolates to different selected antibiotics, the MICs of these antibiotics 

against sixteen MDR K. pneumoniae that showed efflux activity by phenotypic 
and genotypic investigation were determined by the broth microdilution method 

according to CLSI (2016) as shown in table 4. 

 
Table 4 Susceptibility of MDR isolates to selected antimicrobial agents  

Isolate 

number 

MIC (µg/ml) 

ME

M 
AML SAM FEP AK CIP TE 

K3 512 512 1024/512 1024 1024 16 2048 

K6 32 64 128/64 64 128 16 1024 

K8 128 512 1024/512 128 1024 64 2048 

K9 512 256 512/256 1024 512 128 512 

K10 16 512 1024/512 32 1024 512 128 

K20 128 512 2048/1024 256 >2048 1024 256 

K21 32 512 128/64 16 64 256 512 

K22 128 32 1024/512 512 512 2048 128 

K23 32 1024 1024/512 512 4096 512 1024 

K24 2048 512 512/256 16 128 256 128 

K39 128 32 1024/512 1024 4096 128 64 

K102 64 32 128/64 1024 4096 32 32 

K107 32 64 1024/512 1024 4096 1024 2048 

K120 2048 512 512/256 16 128 256 128 

K139 64 2048 2048/1024 512 4096 16 128 

K151 2048 256 256/128 256 2048 128 16 

Legend: MEM: meropenem AML: amoxicillin SAM: (ampicillin-sulbactam) 
FEP: cefepime AK: amikacin CIP: ciprofloxacin TE: tetracycline 

 

Metformin inhibited efflux pump activity in MDR isolates in the AO agar 

method 

 
All the sixteen MDR K. pneumonia isolates containing efflux pumps were subjected 

to qualitative assessment of efflux pumps inhibition by the acridine orange agar 

method in the presence of 1/4 MIC of metformin (50 mg/ml). Concentrations of AO 
which first promote fluorescence of tested bacterial isolates were recorded (Table 5 & 

Figure 7). Metformin was able to inhibit efflux pump activity in tested MDR K. 

pneumonia isolates. All isolates fail to expel AO even at low concentration in the 
presence of metformin as shown by the ability of the isolates to produce fluorescence 

at all concentrations of AO. 

 
 

 

 
 

 

M M 
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Table 5 Inhibition of efflux activity in MDR K. pneumonia isolates by 
metformin in the acridine orange agar method 

AO (mg/L) and degree of fluorescence produced 

Isolate 
No. 

Efflux activity 0.5 1 2 5 10 20 

K3 Negative + + + ++ ++ ++ 

K6 Negative + + + ++ ++ ++ 

K8 Negative + + + ++ ++ ++ 

K9 Negative + + + ++ ++ ++ 

K10 Negative + + + ++ ++ ++ 

K20 Negative + + + ++ ++ ++ 

K21 Negative + + + ++ ++ ++ 

K22 Negative + + + ++ ++ ++ 

K23 Negative + + + ++ ++ ++ 

K24 Negative + + + ++ ++ ++ 

K39 Negative + + + ++ ++ ++ 

k102 Negative + + + ++ ++ ++ 

K107 Negative + + + ++ ++ ++ 

K120 Negative + + + ++ ++ ++ 

K139 Negative + + + ++ ++ ++ 

K151 Negative + + + ++ ++ ++ 

Legend: K= K. pneumoniae, -= no fluorescence,+= fluorescence, ++= high 
fluorescence 

 

 

 
Figure 7  Inhibition of efflux pump activity by sub-inhibitory concentration of 
metformin. MDR K. pneumonia isolates showed fluorescence at all concentartions 

of AO and could not expel the dye in the presence of metformin. 

  
Metformin, verapamil and ascorbic acid could synergize antibiotics against 

multi-drug resistant isolates. The susceptibility of MDR isolates to selected 

antibiotics was again determined in the presence of ¼ MIC of metformin (50 mg/mL), 
ascorbic acid (5 mg/mL) and verapamil (1.25 mg/mL). As shown in tables (6-8) and 

figures (8-10), metformin and the well-reported efflux pump inhibitors verapamil and 

ascorbic acid potentiated activity of all tested antibiotics. Metformin augmented 
meropenem in all isolates, while ascorbic acid and verapamil potentiated it in 75% of 

isolates, respectively. Furthermore, amoxicillin was augmented by both ascorbic acid 
and verapamil in 93.75% of isolates and by metformin in 81.25% of isolates. Each of 

ascorbic acid and metformin showed synergism with ampicillin-sulbactam in 75% of 

isolates, while verapamil showed similar activity in 81.25% of isolates. The three 
agents showed similar synergy with cefepime in 93.75% of isolates. Moreover, 

ascorbic acid synergized amikacin in all isolates, more than both verapamil and 

metformin (93.75%). Also, all tested K. pneumonia isolates showed a higher 
sensitivity to ciprofloxacin when combined with metformin, while ciprofloxacin was 

potentiated in 81.25% and 68.75% of isolates when combined with ascorbic acid and 

verapamil, respectively. Tetracycline was augmented by ascorbic acid and verapamil 
in 93.75% of isolates, each, while it was potentiated by metformin in 75% of isolates. 

  

Table 6 Synergistic activity of ascorbic acid with antibiotics against MDR K. pneumonia isolates.  

Isolate number 
MIC (Fold decrease) 

MEM AML SAM FEP AK CIP TE 

K3 8(64) 32(16) 256/128(4) 8(16) 128(8) 8(2) 64(32) 

K6 32(ND) 1(64) 16/8(8) 4(16) 4(32) 16(ND) 128(8) 

K8 64(2) 16(32) 512/256(2) 2(64) 32(32) 8(8) 128(16) 

K9 8(64) 32(8) 64/32(8) 32(32) 16(32) 2(64) 8(64) 

K10 0.25(64) 8(64) 256/128(4) 1(32) 64(16) 32(16) 16(8) 

K20 32(4) 16(32) 256/128(8) 32(8) >128(32) 16(64) 4(64) 

K21 16(2) 16(32) 16/8(8) 1(16) 16(4) 8(32) 8(64) 

K22 2(64) 2(16) 128/64(8) 32(16) 16(32) 32(64) 2(64) 

K23 2(16) 128(8) 128/64(8) 8(64) 512(8) 8(64) 64(16) 

K24 64(32) 8(64) 256/128(2) 16(ND) 16(8) 8(32) 2(64) 

K39 16(8) 2(16) 128/64(8) 128(8) 128(32) 128(ND) 1(64) 

K102 32(2) 32(ND) 16/8(8) 128(8) 1024(4) 2(64) 1(32) 

K107 1(32) 4(16) 512/256(2) 64(16) 128(32) 64(16) 128(16) 

K120 128(16) 8(64) 64/32(8) 1(16) 16(8) 8(32) 32(4) 

K139 1(64) 256(8) 512/256(8) 8(64) 128(32) 1(16) 4(32) 

K151 64(32) 8(32) 256/128(ND) 4(64) 256(8) 32(4) 16(ND) 

Legend: MEM: meropenem AML: amoxicillin SAM: (ampicillin, sulbactam) FEP: cefepime AK: amikacin CIP: ciprofloxacin TE: 
tetracycline, ND: no decrease in MIC 
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Table 7 Synergistic activity of verapamil with antibiotics against MDR K. pneumonia isolates.  

Isolate number 
MIC (Fold decrease) 

MEM AML SAM FEP AK CIP TE 

K3 16(32) 8(64) 8/4(128) 64(16) 16(64) 16(ND) 16(64) 

K6 8(4) 1(64) 64/32(2) 4(16) 2(64) 8(2) 32(16) 

K8 64(2) 8(64) 8/4(128) 128(ND) 64(32) 4(16) 64(16) 

K9 16(32) 32(8) 128/64(4) 128(8) 4(128) 2(64) 4(128) 

K10 8(2) 4(128) 8/4(128) 2(16) 16(64) 32(16) 32(4) 

K20 2(64) 8(64) 128/64(16) 4(64) 256(>8) 16(64) 8(32) 

K21 2(16) 8(64) 64/32(2) 1(16) 2(32) 16(16) 8(64) 

K22 32(4) 1(32) 256/128(4) 64(8) 16(32) 128(16) 1(128) 

K23 1(32) 64(16) 64/32(16) 4(256) 128(32) 256(2) 128(8) 

K24 32(64) 16(32) 32/16(16) 1(16) 2(64) 2(128) 8(16) 

K39 64(2) 0.5(64) 2/1(512) 2(512) 256(16) 128(ND) 1(64) 

K102 64(ND) 16(2) 2/1(64) 16(64) 256(16) 8(4) 8(4) 

K107 1(32) 4(16) 256/128(4) 128(8) 64(64) 128(8) 256(8) 

K120 128(16) 8(64) 32/16(16) 2(8) 2(64) 2(128) 2(64) 

K139 32(2) 128(16) 16/8(128) 4(128) 128(32) 8(2) 2(64) 

K151 256(8) 1(256) 256/128(ND) 32(8) 2048(ND) 2(64) 8(2) 

Legend: K= K. pneumoniae, -= no fluorescence,+= fluorescence, ++= high fluorescence MEM: meropenem AML: amoxicillin SAM: (ampicillin, sulbactam) FEP: 

cefepime AK: amikacin CIP: ciprofloxacin TE: tetracycline, ND: no decrease in MIC 

 
Table 8 Synergistic activity of metformin with antibiotics against MDR K. pneumonia isolates.  

Isolate number 
MIC (Fold decrease) 

MEM AML SAM FEP AK CIP TE 

K3 16(32) 16(32) 256/128(4) 256(4) 32(32) 2(8) 64(32) 

K6 1(32) 1(64) 128/64(ND) 2(32) 4(32) 1(16) 128(8) 

K8 32(4) 128(4) 512/256(2) 32(4) 16(64) 1(64) 128(16) 

K9 32(16) 4(64) 32/16(16) 32(32) 32(16) 32(4) 32(16) 

K10 2(8) 32(16) 8/4(128) 8(4) 32(32) 32(16) 64(2) 

K20 4(32) 32(16) 4/2(512) 4(64) 64(>32) 8(128) 32(8) 

K21 2(16) 8(64) 64/32(2) 2(8) 1(64) 4(64) 256(2) 

K22 4(32) 32(ND) 16/8(64) 16(32) 8(64) 16(128) 32(4) 

K23 0.5(64) 512(2) 8/4(128) 32(16) 32(128) 32(16) 2(512) 

K24 8(256) 512(ND) 16/8(32) 16(ND) 4(32) 64(8) 8(16) 

K39 4(32) 2(16) 4/2(256) 64(16) 16(256) 2(64) 32(2) 

K102 8(8) 2(16) 32/16(4) 128(8) 1024(4) 1(32) 4(8) 

K107 2(16) 1(64) 16/8(128) 32(32) 512(8) 128(8) 256(8) 

K120 256(8) 32(16) 16/8(32) 1(16) 8(16) 4(64) 64(2) 

K139 0.25(256) 256(8) 32/16(64) 32(16) 64(64) 2(8) 4(32) 

K151 8(128) 2(128) 256/128(ND) 16(16) 2048(ND) 2(64) 1(16) 

Legend: K= K. pneumoniae, -= no fluorescence,+= fluorescence, ++= high fluorescence MEM: meropenem AML: amoxicillin SAM: (ampicillin, sulbactam) FEP: 
cefepime AK: amikacin CIP: ciprofloxacin TE: tetracycline, ND: no decrease in MIC 

 

DISCUSSION  

 

K. pneumoniae accounts for a significant proportion of healthcare-associated 

infections. Healthcare-associated infections are very common in patients 
suffering from respiratory tract infections. In addition to nosocomial pneumonia, 

K. pneumoniae is a leading cause of other healthcare-associated infections such 

as urinary and blood stream infections, all are recognized as an urgent threat to 
public health (Bluestone et al., 2002). Immunocompromised individuals are 

more seriously affected by K. pneumonia infections, but the emergence and 

spread of hypervirulent strains have increased the number of susceptible to 
include also healthy people (He et al., 2015). The high rate of emergence of 

MDR K. pneumoniae strains have rendered the treatment of infection very 

difficult (Jabar and Hassoon, 2019). Efflux pumps are involved in multidrug 
resistance in clinical K. pneumoniae isolates (Wu  et al. 2009). Efflux of 

antibiotics outside bacterial cells reduces their intracellular concentration and 

therefore increases the likelihood of bacterial survival (Piddock, 2006). 
In this study, the AO agar method was used for the phenotypic assessment of 

efflux pumps in MDR clinical K. pneumoniae isolates and drug efflux pump 

activity was identified in 93.7% of K. pneumoniae isolates. The most important 
antibiotic resistance genes of K. pneumoniae, acrAB, tolC, mdtk, ompk35, and 

ompk36 were predominant amongst K. pneumoniae isolated from hospital-
acquired RTI (Liao et al., 2009). The increased efflux of the antimicrobial agents 

results in the decrease of its intracellular concentration, giving bacteria the 

opportunity to survive. The presence of the efflux pump system (AcrAB-tolC) 
was significantly related to antibiotic resistance and the AcrAB efflux pump was 

more predominant than mdtk in K. pneumonia (Chen et al., 2010, Padilla et al., 

2010, Kim et al., 2011). However, in current study, the prevalence of acrA, acrB 
and tolC that encode the AcrAB-tolC efflux pump components was similar to 

that of mdtk gene. 

The outer membrane of Gram negative bacteria displays poor permeability to 
both hydrophobic and hydrophilic compounds. As a result, most antibiotics, 

apart from β-lactams need porins to cross the membrane to get access to reach 

their intracellular targets (Nikaido, 2003). It was previously reported that 
carbapenems and ciprofloxacin resistance increased by the loss of porins 

OmpK35 and OmpK36 (Kaczmarek et al., 2006). Astonishingly, OmpK35 and 
OmpK36 porins were present in all but one isolate and was not correlated to 

MDR. A similar surprising result was reported by Wasfi et al. (2016) that was 

explained by the presence of point or promoter region mutations or disruption in 
the protein coding sequence (Doumith et al., 2009). On the other hand, Ompk35 

and Ompk36 also play a role in K. pneumoniae virulence and infection (Piddock 

2006, Chen et al., 2010, Padilla et al., 2010).  
Due to the significant role of efflux pump in MDR, it is vital to screen for agents 

that can interfere with efflux activity to reverse the resistance to antibiotics. 

Metformin inhibited mammalian P-glycoprotein (P-gp) efflux activity in situ and 
down-regulated P-gp expression in vitro (Abbasi et al., 2016) . In the current 

study, the reference efflux pump inhibitors ascorbic acid and verapamil, and the 

potential one metformin significantly reduced the MICs of antibiotics 
meropenem, amoxicillin, ampicillin-sulbactam, cefepime, amikacin, 

ciprofloxacin and tetracycline. The synergistic activity of ascorbic acid was 

previously reported with chloramphenicol, meropenem, cefepime and 
cefoperazone against P. aeruginosa (Abbas, 2012). 

In order to compare the synergistic activities of metformin with those of ascorbic 

acid and verapamil, the fold decrease in MIC found with 50% of K. pneumoniae 
isolates in which synergy was found was calculated. Based on this calculation, it 

was found that verapamil was the most potent efflux inhibitor, followed by 
metformin, and both showed higher activities than ascorbic acid. Ascorbic acid 

showed synergism with tetracycline, amoxicillin and meropenem (≤32 folds) 

followed by cefepime and amikacin (≤16 folds), while the least synergism was 
obtained with ampicillin-sulbactam and ciprofloxacin (≤ 8 folds). For verapamil, 

the potentiation was found with amikacin and amoxicillin (≤ 64 folds) followed 

by meropenem and tetracycline (≤ 32 folds), ampicillin-sulbactam, cefepime and 
ciprofloxacin (≤ 16 folds). Moreover, when combined with metformin, the most 

synergized antibiotic was ampicillin-sulbactam (≤ 64 folds), followed by 

meropenem, and amikacin (≤ 32 folds), amoxicillin, cefepime, tetracycline and 
ciprofloxacin (≤ 16 folds). In our previous study, metformin was found to be a 

potent inhibitor of efflux pumps in Staphylococcus aureus. Metformin was more 

potent than the standard efflux pump inhibitor verapamil. Metformin synergized 
the antibiotics linezolid, levofloxacin, doxycycline, ampicillin-sulbactam, 
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vancomycin, co-trimoxazole, amikacin and imipenem. The reduction in MICs 
was high to the extent of 1024-2048 folds (Baiomy et al., 2020). Furthermore, 

metformin augmented doxycycline and minocycline, against MDR S. aureus, S. 

enteritidis, E. faecalis and E. coli. Moreover, metformin could serve as a quorum 
sensing and virulence inhibitor in Pseudomonas aeruginosa (Abbas et al., 2017, 

Hegazy et al., 2020). 

 

CONCLUSION  
  

Efflux pumps play a significant role in resistance of clinical K. pneumoniae isolates to 
antibiotics. AcrAB and Mdtk efflux pumps are common in pneumoniae. Efflux pump 

inhibitors can synergize antibiotics. Metformin is a new efflux pump inhibitor that can 
resensitize K. pneumoniae to antibiotics.  
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