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Abstract.   

The discovery of new molecules with 

antimicrobial activity, and the understanding of 

the mechanisms of action, are important 

strategies against multiresistant pathogens. The 

positive enantiomer of α-pinene appears as an 

alternative to combat them, since it inhibits the 

growth of microorganisms, including strains of S. 

aureus, which gives the possibility of its use as an 

antimicrobial agent, isolated or in combination 

with other drugs. Therefore, the main goal of this 

study is to evaluate the modulating effect of (+)–

α–pinene on the activity of synthetic 

antimicrobials that act on protein synthase and 

interfere with bacterial genetic material. The 
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modulating effect of (+)–α–pinene on the activity 

of antibiotics for clinical use on some S. aureus 

strains was studied using the modified disc-

diffusion method. The disks contain the following 

antimicrobials: Ciprofloxacin 5 μg, Tetracycline 

30 μg, Nitrofurantoin 300 μg and Rifampicin 5 

μg. 50 microliters of (+) - alpha-pinene (160 

µL/mL) were added to the disks containing the 

antimicrobials to verify the modulating effect of 

monotrepene. Indifferent activity was observed in 

the association between the phytoconstituent and 

the four tested antimicrobials. Further studies 

using new methods in order to evaluate the 

antimicrobial activity of the association between 

the (+)–α–pinene and commercial antimicrobials 

are still needed.  

 

 

Introduction  

Bacterial resistance is a major challenge in global health, affecting both developed and emerging 

countries, as there is a significant increase in the number of bacterial strains increasingly resistant to 

antibiotic therapy available today. Thus, the control of infections in the hospital environment is difficult, 

resulting in prolonged hospitalization, the need to use more expensive medicines and health services, as 

well as increased mortality of patients, especially the most vulnerable. , such as the elderly, children, 

immunosuppressed, patients admitted to the intensive care unit (ICU) (SANTOS, 2004; REIS et al., 

2013). 

Analyzing the data from the 1940s to the mid-1960s, we can find several discoveries of 

antimicrobials developed from experiments with natural products. These agents have been shown to be 

efficient in the treatment of gram-positive bacteria, and these substances are present in the antimicrobial 

classes: β-lactams, aminoglycosides, tetracyclines, macrolides, peptides, among others. (GOODMAN, 

2006; GUIMARÃES et al., 2010).  

Given this perspective, the positive enantiomer of α-pinene appears as an alternative to combat 

them, as it has been observed in the literature that it was able to inhibit the growth of microorganisms, 

including strains of Staphylococcus aureus, which gives it the possibility of use as an antimicrobial agent 

alone or in combination with other drugs (SILVA et al., 2012; EDUARDO et al., 2017). Therefore, this 
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research aims to evaluate the modulating effect of (+)-α-pinene on the activity of synthetic antimicrobials 

acting on protein synthase and interfering with bacterial genetic material. 

 

Materials and Methods  

Phytoconstituent (+) - α - pinene (+ AP) was obtained from the company Sigma-Aldrich do Brasil 

Ltda and the solutions were prepared at the time of testing, first dissolving them in 1% Tween 80 and 

5% DMSO , and using sterile distilled water to achieve desired concentrations (CLEELAND; SQUIRES, 

1991). In the performance of the tests to evaluate the phytoconstituent antibacterial activity, the culture 

medium used was Mueller-Hinton Agar (AMH), (HIMEDIA, India), which was prepared according to 

the manufacturer's guidelines. 

To perform the modulation test, discs containing the commercial antimicrobial (ATM) were 

used: CIP - Ciprofloxacin 5μg, TET - Tetracycline 30 µg, NIT - Nitrofurantoin 300 µg and RIF - 

Rifampicin 5 µg. The modulating action of monoterpene on the antimicrobial activity of antibiotics for 

clinical use on standard S. aureus strains ATCC 25923 was determined by the modified disc diffusion 

method (BAUER et al., 1966), modified (OLIVEIRA et al., 2006). Commercial discs of antimicrobial 

agents (ATB) were applied to the medium surface and to each disc were added 20 μL (+) - α-pinene (+ 

AP) with a concentration of 160 μL / mL (EDUARDO et al., 2017). To evaluate the effect of the + AP 

- ATM combination, ATM disks without the addition of + AP were tested. 

After incubation of the plates at 35 ° ± 2 ° C for 24 hours, the diameters of the microbial growth 

inhibition halos were read. The halos diameters formed by each AP + ATM association were compared 

to those determined by the ATM alone. A synergistic effect was considered when the combination 

showed an increase in inhibition halo diameter ≥ 2 mm; antagonistic effect when the diameter of the 

halos determined by the combination was smaller than that of the isolated ATM; and indifferent effect, 

when the combination demonstrated an increase in the ATM halo diameter <2mm (CLEELAND; 

SQUIRES, 1991). 

All experiments were performed in triplicate. Results were statistically treated using GraphPad 

Prism 5.0 software (GraphPad Software, Inc., San Diego, CA). Data were submitted to analysis of 

variance (ANOVA) and expressed as mean + standard deviation. Differences were assessed by paired 

t-test. Differences were considered significant when p < 0,05. 

 

Results and Discussion  
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As it is oily in nature, preparation of the phytoconstituent dilution was carried out with the aid of 

surfactants which, according to the literature, these solvents DMSO and Tween 80 do not have 

antimicrobial activity at the concentrations used, 5% and 1%, respectively (BRITO et al., 2017; SILVA, 

et al., 2017). 

After the experiments, it is possible to observe the differences in the average diameter of the 

inhibition halos (IH) before and after the association with the phytoconstituent. The S. aureus ATCC 

25923 strain was found to be sensitive to all antibiotics before and after association with (+) - α-pinene, 

ie the association with antimicrobials with phytoconstituent did not lead to a qualitative change. 

sensitivity profile of the microorganism.  

As shown in Figure 1, which shows a comparison between the means of the size of the isolated 

inhibition halos and in association with the monoterpene, the following diameter values were found for 

the isolated antimicrobials: (+) - α-pinene: 14,33 mm (+1.53 mm), ciprofloxacin: 27.00 mm (+ 1.73 

mm), rifampicin: 34.33 mm (+ 3.06 mm), tetracycline: 31.67 mm (+ 2.08 mm) and nitrofurantoin: 23.00 

mm (+ 1.00 mm).  

 

Figure 1 – Comparation of the sizes of the diameters of halos of inhibition of bacterial growth alone and 

in combination commercial antimicrobial against S. aureus ATCC 25923. 

Staphylococcus aureus ATCC 25923

TET

TET+a
C
IP 

C
IP

+ R
IF

R
IF

+a
N
IT

N
IT

+a

0

10

20

30

40

*

______________________________________________

Antibiotics Isolated and Associated with (+)--pinene

D
ia

m
e
te

r 
o

f 
h

a
lo

s
 (

m
m

)

 

 

Then, the association test of antimicrobial activity with phytoconstituent was performed. After 

the combination, the values of the growth inhibition halo diameters were changed to: ciprofloxacin: 
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30.67 mm (+1.56 mm), rifampicin: 32 mm (+0.00 mm), tetracycline: 36.00 mm (+2.00 mm) and 

nitrofurantoin: 28.33 mm (+0.58 mm). After conducting the association experiment between the + AP 

and the ATMs used, it can be observed that no ATM used showed a statistically significant difference, 

so as to consider the indifferent effect. 

 

Conclusions  

Given the results obtained, with the indifferent effect found for the four antimicrobials under 

study, further research using new methodologies is recommended to evaluate the antimicrobial activity 

of the association between monoterpene and other commercial antimicrobials. 
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