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ABSTRACT

Background: The development of resistance to antimicrobial agents is a major problem in chemotherapy. 
Finding agents which potentiate antimicrobial activity could be favorable. There are some reports that 
methylxanthines changed the inhibitory effect of antibacterial agents. Thus, possible synergistic effect of 
methylxanthines, aminophylline and caffeine on some antibiotics, carbenicillin, ceftizoxime and gentamicin, 
which are effective on P. aeruginosa and Staphylococcus aureus, were studied.  Method: The interaction of 
methylxanthines and antibiotics were studied in vitro using a checkerboard method.  Results: At 
concentrations of 0.25-4 mg/ml, aminophylline and caffeine decreased the MIC of the antibiotics 2-4 times 
against P. aeruginosa and Staph. aureus. Both methylxanthines also reduced the minimum bactericidal 
concentration of the antibiotics by up to 2 times. Caffeine and aminophylline had no antimicrobial effect 
themselves.  Conclusion: The results of the present study reveal that aminophylline and caffeine potentiated 
the antimicrobial action of carbenicillin, ceftizoxime and gentamicin against Staph. aureus and P. aeruginosa.  
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INTRODUCTION

ethylxanthine drugs such as 
aminophylline and caffeine block 
adenosine receptors [1-3], inhibit 

phosphodiesterases [4] and other enzymes including 
5´-nucleotidase and alkaline phosphatase [5]. They 
also cause the release of calcium from intracellular 
stores [6, 7]. Adenosine receptor blockade occurs at 
low micromolar concentrations of some 
methylxanthines, while other actions occur in the 
millimolar concentration range [8].

There are some reports [9-12] that 
methylxanthines changed the inhibitory effect of 
antibacterial agents. Caffeine increased the 
inhibitory effect of penicillin G and tetracycline 
against Staphylococcus aureus by a factor of 4 [9]. 

While in another study, both theophylline and 
caffeine decreased the antimicrobial effect of 
tetracycline hydrochloride and chloramphenicol 
[10]. Also, caffeine increased the efficacy of 
furazolidone against vibrios [11]. An enzymatic 
(specific) degradation of caffeine to non-toxic 
compound is mediated by Pseudomonas and 
Aspergillus [12].

The development of resistance to antimicrobial 
agents is a major problem in chemotherapy. Finding 
agents which potentiate antimicrobial activity could 
be favorable. Thus, possible synergistic effect of 
methylxanthines, aminophylline and caffeine on 
some antibiotics, which are effective on P. 
aeruginosa and Staph. aureus, were studied. Three 
different category antimicrobial agents, penicillin 
(carbenicillin), cephalosporin (ceftizoxime) and 
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aminoglycoside (gentamicin), which are effective 
against Staph. aureus and P. aeruginosa were 
evaluated.

MATERIALS AND METHODS

Materials. Carbenicillin was purchased from 
(Beecham Pharmaceutical), Ceftizoxime from (Jaber 
ebn Hayyan, Iran), Gentamicin and caffeine from 
(Daru Phakhsh, Iran), Aminophylline from (Iran 
Hormone, Iran), Caso Agar from (Merck, Germany)
and Muller Hinton Broth (Difco, Germany).

Cultivation of organisms and the preparation of 
cell suspension for inoculation. The organisms used 
were Staph. aureus (ATCC 29737) and P. 
aeruginosa (ATCC 9027). Prior to the test, the 
surface of plate of caso agar medium (Merck, 
Germany) was inoculated from recently grown stock 
culture of each of the specified microorganisms 
already on caso agar and incubated at 35-37°C for 
18-24 h. Colonies (n = 4-5) of the cells were 
inoculated into 5 ml Muller Hinton Broth Cation 
Supplemented (CSMHB), Difco (Germany), and 
incubated at 37°C for 3-4 h. When turbidity of about 
0.5 McFarland was attained, the cells were diluted 
1:500 with CSMHB to give a cell suspension of 3 
105 cfu/ml [13].

Determination of minimum inhibitory 
concentration (MIC). Equal volumes of CSMHB 
(0.5 ml) were added to sterile capped test tubes 
(except the first one). A volume of 0.5 ml of the 
solution of antibiotics (carbenicillin, ceftizoxime or 
gentamicin) or methylxanthines (aminophylline or 
caffeine) in CSMHB was added to the first 2 tubes. 
From the second tube, 0.5 ml was added to the third 
and continued to the last one, and from that 0.5 ml 
was discarded. Cell suspension (0.5 ml) was added 
to all tubes and incubated at 37C for 18-24 h. After 
the incubation period, the minimum concentration of 
antibiotic with no growth on the tube was reported

as MIC [13]. Each experiment was done in 
triplicate.

Determination of minimum bactericidal 
concentration (MBC). From the above tubes with 
no growth (no turbidity), 0.1 ml was spread over the 
surface of agar plate (Caso Agar). After incubation 
at 37C for 48 h, the colonies were observed and 
minimum concentration of antibiotics causing 
99.9% death of the bacteria was considered as MBC 
[13, 14]. Each test was done in triplicate. 

Interaction of methylxanthines and antibiotics 
(checkerboard method). A set of 6  6 tubes 
containing combined concentration of antibiotics 
(from 0 to MBC) and methylxanthines (from 0 to 4
mg/ml) were prepared (1.5 ml). Cell suspension (0.5
ml) was added to each tube and incubated at 37C 
for 18-24 h. After the incubation period, the tubes 
with no growth (-) and with growth (+) were 
recorded. From the tubes with no growth, 0.1 ml 
was spread on the surface of agar plates. Agar plates 
with no colonies were reported as 99.9%
effective, and the MBC of antibiotics in the 
presence of that concentration of methylxanthines 
were reported [13]. Each experiment was done in 
triplicate.

Statistical analysis. Each experiment was done 
three times and the mode of results reported. 

RESULTS

MIC and MBC determination of antibiotics and 
methylxanthines.  Methylxanthines (up to 4 mg/ml 
aminophylline and 8 mg/ml caffeine) did not show 
any antibacterial activity against the two 
microorganisms. The MIC and MBC of ceftizoxime, 
gentamicin and carbenicillin against P. aeruginosa
and Staph. aureus were determined as shown in 
Table 1.

  Table 1. The MIC and MBC of antimicrobial drugs against P. aeruginosa and Staph. aureus.

Drug
MIC (g/ml) MBC (g/ml)

P. aeruginosa Staph. aureus P. aeruginosa Staph. aureus
Ceftizoxime 64 8.0 128 16
Gentamicin 8 0.5 16 2
Carbenicillin 64 1.0 256 2

  For determination of MIC and MBC, broth dilution method was used.
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Interaction of methylxanthines and antibiotics.  
Caffeine and aminophylline had no antimicrobial 
effect themselves. At concentrations of 0.25-4
mg/ml, aminophylline decreased the MIC and MBC 
of ceftizoxime, gentamicin and carbenicillin against 
P. aeruginosa 2-4 times (Fig. 1A).

At concentrations of 0.5-4 and 1-8 mg/ml, caffeine 
decreased the MIC and MBC of ceftizoxime, 
gentamicin and carbenicillin against P. aeruginosa 
2-4 times, respectively (Fig. 1B).

At concentrations of 0.25-4 mg/ml, aminophylline 
decreased the MIC and MBC of ceftizoxime, 
gentamicin and carbenicillin against Staph. aureus 
2-4 times (Fig. 2A).

`Fig. 1. Interaction of aminophylline (A) and caffeine (B) on the 
inhibitory and bactericidal effects of carbenicillin (CBN),
ceftizoxime (CFZ) and gentamicin (GNN) against P. aeruginosa. 
MIC, minimum inhibitory concentration; MBC, minimum 
bactericidal concentration, each point is the mode of 3
experiments.   CBN (MBC),   CBN (MIC),                  
             CFZ (MBC),              CFZ (MIC),             GNN (MBC),     
             GNN (MIC), each point is the mode of 3 experiments.

Fig. 2. Interaction of aminophylline (A) and caffeine (B) on the 
inhibitory and bactericidal effects of carbenicillin (CBN), 
ceftizoxime (CFZ) and gentamicin (GNN) against Staph. aureus.
MIC: minimum inhibitory concentration, MBC: minimum 
bactericidal concentration, each point is the mode of 3
experiments.

At concentrations of 0.5-4 mg/ml, caffeine 
decreased the MIC and MBC of ceftizoxime, 
gentamicin and carbenicillin against Staph. aureus 
2-8 times (Fig. 2B).

DISCUSSION

The present study shows that methylxanthines, i.e. 
aminophylline and caffeine, reduce the MIC and 
MBC of antibiotics: ceftizoxime, gentamicin and 
carbenicillin against P. aeruginosa and Staph. aureus. 

The antibiotics used in this study are effective 
against P. aeruginosa and/or Staph. aureus [15, 16]. 
Gentamicin has a bactericidal effect against aerobic 
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Gram-negative micro-organisms and some Staphylo-
coccus species [15]. In this study, the MIC and MBC 
of gentamicin against Staph. aureus were 0.5 and 2
µg/ml and against P. aeruginosa were 8 and 16
µg/ml, respectively. As effective plasma concen-
tration for gentamicin is 8 µg/ml [14], thus, the micro-
organisms may be sensitive to gentamicin in vivo.
Theophylline and caffeine had a synergistic effect on 
antimicrobial effect of neomycin against P.
aeruginosa and Staph. aureus [9]. These activities of 
methylxanthines were similar to our results about 
gentamicin.

Carbenicillin, a carboxypenicillin, has a bactericidal 
effect against some Pseudomonas species [16]. In this 
study, the MIC and MBC of carbenicillin against 
Staph. aureus were 1 and 2 µg/ml and against P. 
aeruginosa were 64 and 256 µg/ml, respectively. 
Intravenous injection of carbenicillin (1 g) induces a 
plasma concentration of about 70-140 µg/ml [17], 
thus, the micro-organisms may be sensitive to this 
penicillin in vivo.

Ceftizoxime, a third generation cephalosporin, has a 
broad spectrum of activity against Gram-negative and 
Gram-positive bacteria [16]. In this study, the MIC 
and MBC of ceftizoxime against Staph. aureus were 
8 and 16 µg/ml and against P. aeruginosa were 64
and 128 µg/ml, respectively. Intramuscullar injection 
of ceftizoxime (0.5 and 1 g) induces a plasma 
concentration of about 14-39 µg/ml [17], thus, the 
micro-organisms may be sensitive to Staph. aureus in 
vivo but resistance to P. aeruginosa. Both 
aminophylline and caffeine when used with 
ceftizoxime reduced the MIC and MBC of this 
antibiotic against the resistant micro-organisms, thus 
the use of the methylxanthines with ceftizoxime may 
cause Pseudomonas become sensitive to ceftizoxime 
in vivo.

The reduction of MIC and MBC of the antibiotics 
by methylxanthines may also decrease adverse effects 
of the antimicrobial drugs. For example, Gentamicin 
as aminoglycosides has nephrotoxicity and outoxicity  
[13, 18]. Thus, co-administration of these drugs may 
reduce their adverse reactions. The exact mechanism 
of action of this synergistic effect is not clear. 
Caffeine and theophylline inhibit Staphylococcus 
penicillinase enzyme [19]. This activity will 
potentiate the effect of antibiotics sensitive to 
penicillinase and reduce resistance. Caffeine inhibits 
incorporation of adenine and thymidine in the 
synthesis of DNA [20], with inhibition of thymidine 
kinase. Caffeine also inhibits the synthesis of DNA 
[21] or enhances genotoxicity after DNA damage 

[22]. It may be possible that penicillin and 
cephalosporin cause lyses of the cell wall, facilitating 
the diffusion of methylxanthines into micro-
organisms and affect on DNA. The synergistic effect 
may be also due to the fact that aminoglycosides and
caffeine inhibit syntheses of proteins and DNA, 
respectively.  The therapeutical blood levels for 
methylxanthines such as aminophylline are in the 
range of 10-20 g/ml [23] but the concentration of 
these drugs for the above interactions is higher than 
normal values. Thus, further experiments such as 
structure activity relationship experiments for finding 
methylxanthines with the higher potency should be 
done.

This study shows that there is a potentiation effect 
between the methylxanthines and some antibiotics. 
Clinically, this might be very important for the 
treatment of infective diseases that are resistance to 
antibiotics. It is suggested to study the effect of 
topical preparations which consists of methyl-
lxanthines and some antimicrobial agents against 
some local infections such as burns. 
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