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Abstract: Antibiotic resistance has become a global public-health problem, thus it is imperative that new antibiotics 
continue to be developed. Major problems are being experienced in human medicine from antibiotic resistant 
bacteria. Moreover, no new chemical class of antibiotics has been introduced into medicine in the past two decades. 
The aim of the current study presents experimental results that evaluate the capability of biosurfactant rhamnolipid 
on enhancing the efficacy of hydrophobic antibiotics. Serial dilutions of azithromycin and clarithromycin were 
prepared. A bacterial suspension (approximately 5X105 CFU) from an overnight culture in MSM was inoculated 
into 20ml sterile test tube each containing a serial 10-folds dilution of the test antibiotic(s) in broth with or without 
200mgL-1 rhamnolipid. The tubes were incubated for 24 h with vigorous shaking at 37°C. Antimicrobial activity in 
multiple antibiotic-resistant Gram-negative bacteria pathogens and Gram-positive bacteria were assessed using 
optical density technique. The results clearly demonstrated that the presence of rhamnolipid significantly improved 
the efficiency of both antibiotics. We hypothesized that the addition of rhamnolipid at low concentration, causes 
release of LPS which results in an increase in cell surface hydrophobicity. This allows increased association of cells 
with hydrophobic antibiotics resulting in increased cytotoxicity rates.  
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1. Introduction: 

Hydrophobic antibiotics have received 
substantial interest in part because of their broad 
spectrum of activity. Due to rising rates of drug 
resistance, the need for novel antibiotics is crucial, 
nevertheless many cationic peptide antibiotics suffer 
from high dose-limiting toxicity (1,2). Surprisingly 
activity of such cationic peptide antibiotics on Gram- 
negative bacteria is markedly reduced and that is 
possibly either due to mutation of chromosomal 
genes or acquisition of resistance genes on 
chromosomal pieces of DNA or due to a decrease in 
the penetration of the antibiotic through the outer 
membrane (3,4,12). The distinction between these 
categories of resistance is imperative, because it 
permits the search for antibiotics to which the 
development of specific mechanisms of resistance are 
rare but to which the bacterial membrane is 
impermeable (5,6,7). With the emergence of 
numerous strains of multidrug-resistant bacteria has 
come a renewed attention in new antimicrobial 
agents. A number of studies have reported that the 
presence of intact phospholipids causes diffusion 
route to have low activity, on the other hand the 
hydrophilic polysaccharide chains of 
lipopolysaccharides (LP) prevent access of 
hydrophobic antibiotics to the lipid bilayer (8,9,12). 

Furthermore, bacteria with reduced LP and increased 
phospholipid in the outer layer should be more 
susceptible to hydrophobic antibiotics (9,12). Studies 
have reported that one potential solution to the 
problems of both resistance and toxicity is targeting 
outer membrane of multidrug-resistant bacteria. It is 
possible to modify the outer membrane of gram-
negative bacteria either by, mutation (8,10,11) or by 
the addition of membrane active agents, such as 
EDTA (13-15) and rhamnolipid (16-18). This results 
in overall changes in cell surface properties as well as 
in increased permeability and hydrophilicity of the 
bacterial membrane. LP mutants which have lost the 
O antigen component have increased affinity for 
hydrophobic probes (10,11,19). Interestingly it is 
well-known that EDTA can cause partial release of 
LPS (13,14,15), resulting in cells that are more 
susceptible to the action of such active but non-
penetrating hydrophobic antibiotics (20, 21). 
However, there is a little information in the literature 
about the effect of rhamnolipid (biosurfactants) on 
multidrug-resistant bacteria. 

Rhamnolipids are anionic biosurfactants 
produced by the bacterium Pseudomonas species 
(22). They consist of hydrophilic and hydrophobic 
domains, which tend to partition preferentially at the 
interface between fluids of different degrees of 
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polarity and hydrogen bonding (23, 24). Our previous 
published work has concluded that the isolated 
bacteria from the soil of local site were found to have 
the ability of producing the biosurfactant 
(rhamnolipid) (Figure 1) in the form of biological 
molecules (25). Our recent studies investigated the 
feasibility of using the rhamnolipid to remove or 
reduce heavy metals from contaminated water (26). 
Its ability to wash out the hydrocarbon contaminated 
soil was also evaluated by our team (27). 

In this study we have used rhamnolipid 
(biosurfactant) at low concentrations to improve the 
action of hydrophobic antibiotics. We hypothesized 
that rhamnolipid would effectively improve the 
solubility of hydrophobic antibiotics and increase the 
permeability of the outer membranes of gram 
negative bacteria and render these microorganisms 
susceptible to many hydrophobic antibiotics that 
allow antibiotics work at low concentration and 
presumably a higher therapeutic ratio.  

 

 
Figure 1: Structure of Rhamnolipid. 

 
2. Material and Methods 
2.1. Production of rhamnolipid (Bio-surfactants): 

Rhamnolipid produced by Pseudomonas 
aeruginosa was purified as mentioned in our previous 
published work (25). The quantification of 
rhamnolipids expressed in rhamnose (g/L) was 
measured in the culture medium using the phenol 
sulfuric acid method as described previously (25). 
The purified rhamnolipid was diluted at concentration 
of 20mg/L and pH was adjusted to 7.2 using NaOH 
solution. 
2.2. Microorganism 

The strain Pseudomonas aeruginosa 
NBIMCC33347 (National Bank of Industrial 
Microorganisms and Cell Cultures) and 
Staphylococcus aureus (BCRC 10780) were used 
during this study. Bacteria were grown on agar slants 
(nutrient agar; Difco Laboratories, Detroit, Mich.) 
and kept at 4°C for up to 3 weeks.  
2.3. Preparation of culture medium and growth 
conditions  

The bacteria cells were grown in a mineral 
salts medium (MSM) supplemented with CaCl2 
(2mM), casein hydrolysate (Fluka, 0.5% w/v), 

maltose (0.5% w/v), pH 7.2 (28). Inoculum was 
prepared by transferring the cells from agar slants to 
2ml of MSM medium (pH 7.2) in 20ml flasks and 
cultivated for overnight at 37°C with agitation at 200 
rpm. The experimental culture of 20ml was 
inoculated with 1%(v/v) inoculum and incubated in 
250ml flasks until late exponential phase (20hrs) 
Growth conditions were the same as those used for 
preparing the inoculum. The growth was monitored 
by measuring the absorbance at 570nm.  
2.4. Preparation of antibiotics  

Azithromycin was provided by Pfizer Inc. 
(New York, N.Y.) and Clarithromycin was provided 
by Abbott Japan Co. (Tokyo, Japan) were used in this 
study. Stock solutions of both antibiotics were 
prepared (1mg mL-1) in sterile water and serial 10-
fold dilution of studied antibiotics were made in 
MSM as shown in table 1 and table 2. 
2.5. Measurement of antimicrobial activity 

Antimicrobial activity of azithromycin and 
clarithromycin in multiple antibiotic-resistant Gram-
negative bacterial pathogens and Gram-positive 
bacteria was measured in the presence and absence of 
rhamnolipid. The technique is based on measuring 
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the optical density of bacteria suspension at wave 
length 470 nm. Optical density, measured in a 
spectrophotometer can be used as a measure of the 
concentration of bacteria in a suspension. Greater 
scatter indicates that more bacteria is present (29, 30). 
In brief, the assay is carried out as following, cells 
were grown overnight at 37°C in MSM and were 
diluted in the same medium as described previously. 
1ml of a bacterial suspension (approximately 5X105 
CFU) from an overnight culture in MSM was 
inoculated into 20ml sterile test tube each containing 
a serial 10-fold dilution of the test antibiotic(s) in 
broth with or without rhamnolipid (Tables 1 and 2). 
The tubes were incubated for 24 hrs with vigorous 
shaking at 37°C. 500l of bacteria suspension 

containing test antibiotic(s) with or without 
rhamnolipid were placed in disposable polystyrene 
cuvette using sterile technique, thereafter the 
absorbance was measured at 470 nm. Values were 
expressed as a percentage of the control to which no 
antibiotics were added (negative control) which 
produced 100% viability. MSM was used as a 
negative control (blank) and produced 0% viability.  
The percentage of microbial growth inhibition for 
each concentration was measured by the following 
formula: Inhibition % = (A control – A test) / A 
control x 100 

Experiments were performed in triplicate, 
and the results are expressed as means ± standard 
deviations. 

 
Table1: Preparation of serial dilutions of Azithromycin and Clarithromycin in MSM without rhamnolipid 
[Biosurfactants, (20mg L-1)], followed by the addition of 1ml of bacteria to give a final inoculum of 5 × 105 CFU/ml. Stock 
antibiotics = 1mg mL-1.  

 

Volume of Antibiotic 
solution 

(mL) 

Volume of MSM 
 

(mL) 

Volume of 
Rhamnolipid 

Solution 
(mL) 

Volume of 
Bacteria 

Suspension 
(mL) 

Final Antibiotic 
concentration 

(mg L-1) 

0 9 0 1 (-ve) Control 
1 8 0 1 100 
2 7 0 1 200 
3 6 0 1 300 
4 5 0 1 400 
5 4 0 1 500 

 
Table2: Preparation of serial dilutions of Azithromycin and Clarithromycin in MSM with rhamnolipid [Biosurfactants, 
(20mg L-1)], followed by the addition of 1ml of bacteria to give a final inoculum of 5 × 105 CFU/ml. Stock antibiotics = 
1mg mL-1.  

 

Volume of Antibiotic 
solution 

(mL) 

Volume of MSM 
(mL) 

Volume of 
Rhamnolipid 

Solution 
(mL) 

Volume of 
Bacteria 

Suspension 
(mL) 

Final Antibiotic 
concentration 

(mg L-1) 

0 8 1 1 Control 
1 7 1 1 100 
2 6 1 1 200 
3 5 1 1 300 
4 4 1 1 400 
5 3 1 1 500 

 
3. Data Statistical analysis 

Statistical analysis was carried out on the 
data using analysis of variance followed by one-way 
analysis of variance (ANOVA) in trends of possible 
clinical importance and post tests carried out using 
Fisher’s pair wise comparisons with the statistical 
package Minitab TM13 windows. P value of less 
than 0.05 was considered to represent a statistically 
significant difference. Data are reported as means ± 
standard deviations. 
 
4. Result and Discussion 

Macrolide antibiotics have been used in the 
treatment of infections caused by clinically important 

Gram-positive cocci, such as Streptococcus spp. and 
Staphylococcus spp., and Gram-negative bacteria 
such as Pseudomonas aeruginosa (1). The 
antibacterial activity of macrolides is known to result 
from their ability to inhibit protein synthesis by 
binding to the transpeptidation site of the larger 
ribosomal subunit (7). 

The measurement of optical density of 
bacteria suspension reflected the viability of 
microorganisms in each treated sample. The results in 
figure 2 showed the bactericidal activity of serial 
dilution of azithromycin and clarithromycin on p. 
aeruginosa in the presence and absence of 
rhamnolipid. From figure 2, it can be seen that 
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azithromycin and clarithromycin were effectively 
decreased the viability of p. aeruginosa. The highest 
antibacterial activity level of both antibiotics was 
seen at concentration of 400mgml-1 and this was 
nearly 2-fold higher than 100mgml-1 and 1.5-fold 
higher than 200mgml-1 concentration. On the other 
hand, antimicrobial activity of azithromycin and 
clarithromycin in the presence of rhamnolipid against 
gram- negative bacteria was statistically significantly 

(p ˂0.05) higher than the efficacy of azithromycin 
and clarithromycin in the absence of rhamnolipid. 
Comparing with the control (MSM only),the 
efficiency of azithromycin and clarithromycin in the 
presence of rhamnolipid at the 400mgml-1 was 
significantly high, which was 3-fold higher than the 
control. Furthermore, the effect of azithromycin in 
the presence of rhamnolipid was greatly enhanced 
than that observed with clarithromycin. 

 
 

 
Figure 2: Influence of rhamnolipid addition on susceptibility of P. aeruginosa to azithromycin and clarithromycin. 
Bacterial suspension (approximately 5X105 CFU) was inoculated into 20ml sterile test tubes each containing a serial 10-
fold dilution of the test antibiotic(s) in broth with or without rhamnolipid (20 mgL-1). After coincubation for 24 h at 37°C, 
viable-cell numbers were determined. Experiments were performed in triplicate, and the results are expressed as mean ± 
standard deviation. 
 

 
Figure 3: Influence of rhamnolipid addition on susceptibility of Staph. aureus to azithromycin and clarithromycin. 
Bacterial suspension (approximately 5X105 CFU) was inoculated into 20ml sterile test tubes each containing a serial 10-
fold dilution of the test antibiotic(s) in broth with or without rhamnolipid (20 mgL-1). After coincubation for 24 h at 37°C, 
viable-cell numbers were determined. Experiments were performed in triplicate, and the results are expressed as mean ± 
standard deviation. 
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Further proof of the hypothesis that 
rhamnolipid is crucial to improve the efficiency of 
azithromycin and clarithromycin was found on staph. 
aureus (Fig. 3). The result of figure 3 showed that 
azithromycin and clarithromycin were also 
effectively decreased the viability of staph. aureus. In 
the presence of rhamnolipid, the highest efficacy 
level of azithromycin was seen at concentration 
300µgmL-1 and this was approximately 2-folds higher 
than the effect of 300µgmL-1 azithromycin without 
rhamnolipid and 4-folds higher than the effect of 
200µgmL-1 azithromycin alone. On other hand, no 
significant results were observed between the effect 
of azithromycin at concentration of 300µgmL-1, 
400µgmL-1 and 500µgmL-1 and this is suggested that 
the minimum effect concentration (MIC) of 
azithromycin with rhamnolipid was at concentration 
of 300µgmL-1. Similarly, a statistically significant 
difference of p ˂0.05 was also observed between the 
clarithromycin in the presence of rhamnolipid and the 
efficiency of clarithromycin in the absence of 
rhamnolipid (Fig 3). Moreover, the antibacterial 
effect of clarithromycin at 300µgmL-1 was 
statistically indistinguishable from the antibacterial 
effect of 400µgmL-1 and 500µgmL-1 clarithromycin. 
For the 100µgmL-1 and 200µgmL-1 of clarithromycin 
with rhamnolipid (Fig 3), the results also showed 
clearly reducing in the bacteria viability but were less 
than that observed in the presence of 200µgmL-1 
rhamnolipid. furthermore, the efficacy of 
azithromycin with or without rhamnolipid on staph. 
aureus was higher than that observed within 
clarithromycin in the presence or absence of 
rhamnolipid respectively (Fig 3). In a mouse model 
of skin infection with S. pyogenes, azithromycin 
proved to be more effective than clarithromycin or 
roxithromycin while erythromycin had no effect (30). 
These results were an agreement with our results 
(Figs 2 and 3). 
 It's clearly that presence of rhamnolipid 
improved the efficiency of both antibiotics. We 
hypothesized that the addition of rhamnolipid at low 
concentration, causes release of LPS which results in 
an increase in cell surface hydrophobicity. This 
allows increased association of cells with 
hydrophobic antibiotics resulting in increased 
cytotoxicity rates. Makin et al. concluded that the 
quantity and type of LPS found on the cell surface of 
bacteria has a profound effect on the nature of 
interactions between the cell and its environment. 
Study by Herman et al. (31) demonstrated that the 
addition of rhamnolipid at concentrations less than 
the critical micelle concentration (CMC) induced 
formation of multi-cellular aggregates, implying that 
the cells forming these aggregates are hydrophobic in 
nature. Other study by Zhang and Miller (32) showed 

that rhamnolipid not only increased apparent 
hydrocarbon solubility but also modified the cell 
surface, resulting in increased hydrophobicity.  
 
5.Conclusion: 
 Due to increased bacterial drug resistance in 
the past two decades, there is an imperative need for 
development of new classes of antibiotics. The 
outcome of present study concluded that low 
concentration of rhamnolipid biosurfactant enhanced 
the antimicrobial activity of azithromycin and 
clarithromycin. Employing rhamnolipid biosurfactant 
showed promising approach to overcome the 
problems associated with the rapid emergence of 
multi-drug-resistant pathogens. Further investigations 
are proposed to support the present study for 
possibility of the application of this compound for 
human therapeutics. 
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