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Introduction: The continuous increase in the incidence of bacterial resistance to existing 
antibiotics represents a worldwide health burden. A surrogate strategy to combat such crisis 
is to find compounds that restore the antimicrobial activity of the already existing antibiotics 
against multidrug resistant bacteria. Metformin is a commonly used antidiabetic medication. 
It has proven benefits in other diseases including cancer, aging-related and infectious 
diseases. In this study, the potential effect of metformin as an adjuvant therapy to antibiotics 
was investigated.
Methods: Two multidrug resistant bacterial strains were used; methicillin-resistant 
Staphylococcus aureus (MRSA; ATCC 33,591) and multidrug resistant Pseudomonas aeru
ginosa (ATCC BAA-2114). To assess its efficacy, metformin was combined with several 
antibiotics: levofloxacin, chloramphenicol, rifampicin, ampicillin, and doxycycline. The 
antibacterial effect of metformin was tested using the micro broth dilution method. The 
minimum inhibitory concentration (MIC) was also measured. Cytotoxicity studies were also 
performed on mammalian cells to assess its safety.
Results: Metformin exhibited an antibacterial effect when combined with the antibiotics on 
the two tested strains. It also showed low toxicity on the mammalian cells. Moreover, 
synergetic studies showed that metformin enhanced the effect of the combined antibiotics, 
as these combinations provide either a synergistic or additive effect with significant reduction 
in the MIC.
Conclusion: Metformin exerts an adjuvant antibacterial effect; thus, it could be a possible 
candidate as an adjuvant therapy to reduce antimicrobial resistance.
Keywords: metformin, antibacterial resistance, multidrug resistant bacteria, non-antibiotics, 
MIC, adjuvant

Introduction
For the past two decades, huge efforts were made to combat infections caused by 
resistant bacteria.1 Despite the implementation of rigorous strategies to reduce their 
spread, the fast, widespread dissemination of infections caused by highly resistant 
bacteria is still a major global health concern.2 Paralleling the development of 
resistance in Gram-positive bacteria, resistance in Gram-negative strains are also 
a growing problem.3 Around 700,000 people die yearly due to infections caused by 
multidrug resistant (MDR) Gram-positive and Gram-negative bacteria, and this 
number is expected to further increase and reach up to 10 million deaths by 
2050.4,5 The negative impact of infections caused by MDR is extended to impact 
not only in the health field, but also the economic field due to longer hospitalization 
and greater costs of longer care when compared with infections caused by 
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antimicrobial susceptible bacteria.6 The number of antimi
crobial medications discovered within the last two decades 
is much lower compared with previous discoveries.7 This 
might be due to the high cost required to develop new 
antimicrobials, justifying why many pharmaceutical com
panies withdraw from researching new antimicrobial 
agents.8,9 Among the strategies used to reduce resistance, 
is combination among the antibiotics. However, this strat
egy is failing with the increasing cost and adverse effects 
of such combinations.1,10 Furthermore, irrational use of 
antibiotics combinations may worsen the current scenario 
of bacterial resistance.11 On the other hand, the idea of 
reversing bacterial resistance by means of non-antibiotic 
antimicrobials is now taking place and seems to be 
favorable.10,12 A variety of medicinal compounds that 
were used originally for the management of non- 
infectious pathologic conditions exhibit an antimicrobial 
activity against different microorganisms.1,13 These medi
cations, which are pharmacologically not considered to be 
conventional antibiotics but exert antimicrobial activity, 
are called non-antibiotics.14,15 Non-antibiotic antimicro
bial agents were shown to obviate, lessen and reverse 
bacterial resistance to the classical antibiotics.16 

Moreover, non-antibiotic medications were shown to 
enhance the in vitro activity of the classical antibiotics, 
making bacteria more susceptible to the formerly conven
tional ineffective therapy.17–20 Medications including anti
histamine, neuroleptics, non-steroidal anti-inflammatory 
medications and the antidiabetic drug metformin were 
found to have a degree of antimicrobial activity.21–24

Metformin (dimethylbiguanide) is a commonly used 
antihyperglycemic medication.24 Its tolerably manageable 
side-effect profile along with its non-antidiabetic benefits, 
including the reduction of cardiovascular events, make 
metformin the first-line therapy for most patients with 
type two diabetes.14 In several studies, diabetic patients 
receiving metformin were less likely to have 
infections,25,26 suggesting a possible antimicrobial benefit 
of metformin.14,27 In a recent study, metformin exhibited 
a potential synergistic effect when combined with tetracy
cline group against a highly resistant strain of E. coli in an 
animal model.28

Although not fully understood, metformin can exert 
adjuvant antimicrobial activity through several possible 
mechanisms, including potentiation of the activity of the 
antibiotics, modifying the immune response of the host 
cells to the infection, and its ability to increase the intra
cellular accumulation of different antibiotics through 

disrupting the outer membranes of bacteria.12,28,29 Thus, 
metformin can possibly overcome bacterial resistance 
through not only enhancing the antimicrobial effect of 
the antibiotics, but also through its immunomodulatory 
effect.28

In the current study, we investigated the possible anti
microbial activity of metformin in vitro. Two highly resis
tant bacterial strains were used: the Gram-positive strain 
methicillin resistant Staphylococcus aureus (MRSA), and 
to test its effect on Gram-negative bacteria, multidrug 
resistant (MDR) Pseudomonas aeruginosa were used. 
Micro broth dilution method was used to assess the anti
bacterial effect of metformin. This study could be of 
clinical significance as metformin could prove to be 
a potential antimicrobial agent to be used for antibiotic- 
resistant bacteria.

Materials and Methods
Chemicals and Materials
All chemical reagents, metformin and the antibiotics were 
obtained from Sigma Chemical Co. (St. Louis, MO, USA). 
Manufacturer’s recommendations were followed for better 
handling of these reagents and materials.

Bacterial Strains
Two bacterial strains were used for testing and determin
ing the antimicrobial activity of metformin: methicillin 
resistant Staphylococcus aureus (MRSA) ATCC 33,591 
and the multidrug resistant (MDR) Pseudomonas aerugi
nosa (P. aeruginosa) ATCC BAA-2114. Bacterial strains 
were derived from American Type Tissue Culture 
Collection (ATCC; Manassas, VA, USA).

Bacterial Susceptibility Assay
The micro broth dilution method, using 96-well plates, 
described in Clinical and Laboratory Standards Institute 
(CLSI) was adopted to test bacterial susceptibility.2,30 

Bacterial susceptibility was assessed through measuring 
the minimum inhibitory concentration (MIC) for metfor
min and for the tested antibacterial agents. MIC can be 
defined as the lowest concentration of the antibiotic 
required to visibly inhibit bacterial growth after overnight 
incubation.31 In brief, bacteria from the two tested strains 
were removed from their frozen stocks and grown over
nightin Mueller Hinton Broth (MH) and diluted to 106 

CFU/mL in a culture media before being used. After 
that, 50 µL of 2-fold dilution of metformin (in 
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a concentration of 500 μM) were added to 50 µL of each 
bacterial suspension in its mid-log phase and placed on 96- 
well plates, which were then incubated at 37°C for 18 h to 
read the MIC. The positive control contained 50 µL of the 
agar media and 50 µL of the bacterial suspension. The 
negative control consisted of 100 µL of sterilized agar. 
MIC was measured at a wavelength of 600 nm using an 
enzyme linked immunosorbent assay (ELISA) microplate 
reader (Epoch TM; BioTek, Winooski, VT, USA). The 
minimum bactericidal concentration (MBC) was measured 
after that. Bacterial aliquots (10 µL of the well content) 
were obtained from the wells that showed no visible tur
bidity, spread on Mueller Hinton Broth agar media (MHB; 
Oxoid Ltd, Basingstoke, UK), and allowed for 24 or 48 
h incubation at 37°C. The minimum concentration that 
leads to less than 1% survival of the bacterial subculture 
was considered as the MBC. All MIC and MBC calcula
tions were made in triplicate.

Synergistic Checkerboard Assay
The synergistic effect of combining metformin with other 
antibiotics was tested using two bacterial strains: MRSA 
ATCC 33,591 and P. aeruginosa ATCC-2114. Five anti
microbial agents were used: rifampicin, levofloxacin, 
chloramphenicol, ampicillin, and doxycycline. The proce
dure was performed as mentioned in previous studies.5,32 

Using 96-well microplates, 25 µL of metformin and 25 µL 
of one of the mentioned antibiotics were added to 50 µL of 
5×105 CFU/mL of each bacterial strain suspension on each 
well. The microplates were then incubated for 24 h at 37° 
C. The MICs were then measured at 600 nm using an 
ELISA microplate reader (EpochTM, BioTeck, Winooski, 
VT, USA). All the procedures were conducted in triplicate.

Finally, the fractional inhibitory concentration (FIC) 
was calculated for each combination by adding the FIC 
of metformin to the FIC of the antibiotic. Determining 
FICs value were made by dividing the MIC of each drug 
in combination by the MIC of the same drug alone. The 
reaction was classified as synergetic if the FIC ≤0.5, addi
tive if greater than 0.5 or lower/equal than 1, indifferent if 
greater than 1 but less than 2 and antagonistic if greater or 
equal to 2.32

Mammalian Cell Cytotoxicity
To test the cytotoxicity of metformin and the other tested 
antimicrobial agents, VERO cell culture, a commonly used 
mammalian cell culture obtained from the kidneys of the 
African monkey were used.33 VERO cell cultures (Sigma- 

Aldrich, St. Louis, MO, USA) were first allowed to grow 
in RPMI 1640 media. This mammalian growth media 
contains 1% v/v concentration of streptomycin and peni
cillin and 10% of fetal bovine serum. Cells were cultured 
as single layers (monolayers) in 95% air, 5% CO2 at 37°C. 
VERO cells were then transferred to the 96-well microtiter 
plate to give a density of 5×103 cells/well and incubated 
for 18 h with metformin and the tested antibiotics in 
a fixed dose combination equivalent to the MIC or multi
ple of the MIC of metformin and the antibiotics tested as 
shown in Table 1. Thereafter, 20 µL with a final concen
tration of 5 mg/mL from 3-(4,5-dimethylthiazol-2-yl)- 
2,5-diphenyltetrazolium bromide (MTT) was added to 
each well and incubated for an additional 6 h. The viability 
of the mammalian cells was tested by changing the color 
of MTT into a purple color, suggesting the production of 
formazan crystals. Following extraction, formazan crystals 
were dissolved in 100 µL of dimethyl sulfoxide (DMSO). 
The absorbance of the extracted and dissolved formazan 
crystals was checked at a wavelength of 550 nm using an 
ELISA reader (EpochTM, BioTeck, Winooski, VT, USA).

Results
Bacterial Susceptibility Against Metformin 
and the Used Antimicrobials
The microbroth-dilution method was used to study the pos
sible adjuvant antibacterial effect of metformin. Two highly 
resistant bacterial species were used; one Gram-positive as 
well as one Gram-negative bacteria (MRSA and 
P. aeruginosa, respectively). Metformin exerted a potent anti
microbial activity on the two tested strains when combined 
with the other antibacterial agents. The MIC for metformin 
alone was the same (500 µM) for all the tested strains. For the 
other studied antibacterial agents, MRSA showed the highest 
sensitivity and the lowest MIC with rifampicin, and the low
est sensitivity and the highest MIC was against chloramphe
nicol. On the other hand, the highly resistant Gram-negative 
bacteria, P. aeruginosa, had the highest sensitivity against 
levofloxacin and exerted the lowest sensitivity against ampi
cillin, manifested by high MIC required to inhibit bacterial 
growth. The MBC readings of metformin measured against 
the studied strains were equal to the MIC for all the strains, 
suggesting a bactericidal potential of metformin (Table 1).

Synergistic Checkerboard Assay
Given the possible antibacterial effect of metformin, we 
examined the probable synergistic effect when metformin 
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was combined with the other antibacterial agents using 
checkerboard method. Five antimicrobial agents were 
used for the synergistic studies: levofloxacin, rifampicin 
chloramphenicol, ampicillin, and doxycycline. The resis
tant bacterial strains used were MRSA ATCC 33,591 and 
MDR P. aeruginosa ATCC BAA-2114. First, FIC indices 
were calculated, and values were analyzed and inferenced. 
The combinations were interpreted, based on EUCAST as 
synergistic (FIC ≤0.5), additive 0.5< FIC index ≤1, indif
ferent 1< FIC <2, or antagonistic (FIC≥2).31–34 As illu
strated in Table 1, the combinations of metformin with the 
tested antimicrobial agents, against MRSA, were all syner
gistic, with the exception of rifampicin which was addi
tive. Combining metformin with doxycycline resulted in 
the highest reduction in the antibiotic MIC with approxi
mately 93% reduction in doxycycline MIC. On the other 
hand, rifampicin-metformin combination had an additive 
effect with the lowest reduction in the MIC of the tested 
agents, which was around 37% of rifampicin MIC. In 
addition, as shown from the same table, metformin showed 
a synergistic effect against P. aeruginosa ATCC BAA- 
2114 when combined with all tested antibiotics. For the 
same tested strain, the highest antibiotic MIC reduction 
was 93% (chloramphenicol-metformin) accompanied with 
a 97% drop in metformin MIC. On the other hand, com
bining metformin with levofloxacin resulted in 75% reduc
tion of levofloxacin MIC, which was the lowest reduction 
in the MIC of the studied medications. At the same time, 
adding metformin to all tested agents, for the two studied 
species, was associated with a decline in the MIC of 
metformin. The highest reduction of metformin MIC was 
when combined with chloramphenicol and doxycycline 
against MRSA (97% reduction in metformin MIC) and 
the lowest reduction was approximately 85% when added 
to ampicillin against MDR P. aeruginosa. Overall, the 
combination of metformin with the antibacterial agents 
had either synergetic or additive effects or the MIC con
centration for all studied antimicrobials was reduced when 
combined with metformin. This drop in antibiotics-MIC 
was also accompanied with a decline in metformin MIC.

Mammalian Cell Cytotoxicity Assay
Using the MTT assay method, the safety of metformin was 
investigated on the mammalian cells using VERO cell 
lines. The cytotoxicity of metformin on eukaryotic cells 
has been investigated when used in combination with 
various antibiotics. As illustrated in Figure 1, to induce 
50% cytolysis in the mammalian cells, more than three Ta
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times the MIC of the combination metformin-doxycycline 
was required. For the measured MIC of this combination, 
approximately 57% of the cells remained viable. This 
suggests high safety of this combination. It is worth noting 
that the addition of metformin to doxycycline resulted in 
a remarkable reduction in the MIC for both metformin and 
doxycycline. This further enhanced the safety of metfor
min when used as an adjuvant with this antibacterial agent 
since lower doses of doxycycline can be given (Figure 
1A). Other combinations were also tested. When adding 
metformin to the fluoroquinolone “levofloxacin” and to 
ampicillin, cells were viable even when using high con
centration of the combinations, as more than 85% of the 
cells remained alive (with more than four times of the MIC 
for the two combinations) (Figure 1B and C).

Adding metformin to the remaining antibiotics rifam
picin and chloramphenicol does not produce a significant 
cytotoxicity for the mammalian cells either. When apply
ing high concentrations of these two combinations on 
VERO cell culture (4 times the MIC), more than 50% 

and 75% of the cells survived with rifampicin and chlor
amphenicol, respectively (Figure 1D and E). As a result, 
these combinations are safe and do not produce 
a significant harm to the mammalian cells when used in 
standard concentrations.

Discussion
In recent years, the emergence and fast spread of antibio
tic resistance has become a severe threat to health all over 
the globe.35,36 Classical methods that were aimed to con
tain or slow the rapid progression of bacterial resistance 
through better antibiotic prescribing policies, have 
become insufficient at the global level.37,38 Urgent mea
sures along with identification of novel adjuvant strategies 
to restore the efficacy of the preexisting antibiotics and 
ensure better clinical outcomes, in a cost-effective man
ner, are highly needed.39 Of the strategies that were exten
sively studied to reduce bacterial resistance is the use of 
non-antibiotic medications that possess an antimicrobial 
effect.16,20,40,41 Metformin, a mainstay in the treatment of 

A B

C D

Figure 1 The cytotoxicity of combinations of metformin and tested antibiotics in VERO cell line expressed as cell viability percentage, A. Metformin + Doxycycline, B. Metformin + 
Levofloxacin, C. Metformin + Ampicillin, and D. Metformin + Rifampicin. Dose of combination is expressed as multiples of MIC of the combination of metformin and the tested 
antibiotic. Points between the two stars (*) are significantly different from baseline (zero dose) cell viability using unpaired t-test and P<0.05. Values are expressed as Mean±SD.
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type two diabetes, was found, in addition to being 
a glucose-lowering medication, to possess an adjuvant 
antimicrobial effect either alone or when combined with 
other antibiotics.42 It is generally a safe and a well- 
tolerated medication with gastrointestinal symptoms 
being the most reported adverse effects.43 It is one of 
the few approved medications for type two diabetes in 
children.44 The usual therapeutic dose of metformin 
ranges from 500–2500 mg daily.45 Several advance stu
dies, both in vivo and in vitro, showed that metformin has 
an antimicrobial effect against a variety of microorgan
isms including mycobacterium tuberculosis, Gram- 
positive and Gram-negative bacteria and that metformin 
can be a possible adjunct therapy with other 
antimicrobials.28,34,46 The major finding of the current 
project is that metformin showed a possible antimicrobial 
effect when studied in combination with other antibiotics, 
and that metformin can be used to reduce bacterial resis
tance to already existing antimicrobials.

In our study, two highly resistant strains of Gram- 
positive and Gram-negative bacteria were studied, MRSA 
and multidrug P. aeruginosa, respectively. Metformin was 
able to reduce the resistance of these two strains to the 
tested antibiotics namely, doxycycline, levofloxacin, ampi
cillin, chloramphenicol, and rifampicin. Measuring MIC 
was used as a tool to demonstrate bacterial resistance. 
Furthermore, these combinations (metformin-tested anti
biotics) provided either a synergistic or an additive effect; 
suggesting that metformin efficiently enhances and 
potentiates the activity of these antibiotics.

Consistent with our findings, several previous pub
lished studies showed that metformin has the potential to 
be used in combination with other antibiotics,14,27–29 and 
metformin can reduce the resistance of bacteria and effi
ciently restore the efficacy of the antibiotics.28 These stu
dies along with other studies confirm the antimicrobial 
potential of metformin either alone or in combination, 
not only with antibacterial,24,28,47 but also with 
antifungal,48 antiprotozoal, and anti-tuberculosis 
effects.49,50

Another important aspect is the safety of metformin 
when combined with other antibiotics. Metformin is gen
erally a safe medication with few, manageable side 
effects.28 Because of its low side-effects profile, in addi
tion to its pleiotropic effects including weight loss and 
cardiovascular risk reduction, it is by far the preferred 
first-line therapy for most type two diabetic patients.51–54 

In the current study, metformin safety was evaluated using 

the VERO mammalian cell line. VERO cell viability was 
measured as a tool to assess the safety of metformin. The 
viability of the cells remained satisfactory and high 
despite using high concentrations of metformin, suggest
ing a high safety profile of metformin. When combined 
with rifampicin and doxycycline, the lowest viability was 
detected, suggesting that the lowest safety was with these 
two combinations. This can be explained by the harm 
induced by these two antibiotics and not related to met
formin. Our findings are in accordance with other for
merly published studies that showed a favorable safety 
profile for metformin.54–57 Although there are other med
ications, including non-steroidal anti-inflammatory medi
cations (NSAIDs), antidepressants and some neuroleptics 
that exert a potential antimicrobial effect,16,58 metformin 
was the selected medication for this study. It was chosen 
not only because of its superior efficacy as an adjuvant 
antibacterial, but also because of its preferred safety 
profile.59

Although the exact mechanism underlying the anti
bacterial effect of metformin is not fully understood,28 

several mechanisms have been proposed; one of these 
mechanisms is the ability of metformin to enhance the 
antimicrobial effect of the antibiotics.60 Furthermore, 
metformin disrupts the outer membrane of the bacteria 
which affects the permeability of the antibacterial agents, 
allowing better penetration of antibiotics.28 Moreover, 
metformin reduces the inflammatory effect induced by 
bacteria.61 Taking all these possible mechanisms 
together, metformin enhances the accumulation of the 
antibiotics in the bacteria, thus reducing microbial resis
tance. Although we have not investigated the mechan
isms of the antimicrobial effect of metformin, our future 
studies will be directed toward better understanding the 
mechanisms which underlie this effect.

In summary, metformin, in combination with other anti
biotics, exerts an antimicrobial effect when studied on differ
ent bacterial strains. It may be promising to consider 
metformin as an adjuvant therapy to tackle bacteria. Several 
studies are still needed for better understanding the mechan
isms underlying this preventive effect of metformin, but the 
preliminary findings from our study highly support the use of 
metformin as an adjuvant to antibiotics to reduce bacterial 
resistance.
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