
 

 
 

 
Vol. 7(20), pp. 2372-2377, 14 May, 2013  

DOI: 10.5897/AJMR2012.2448 

ISSN 1996-0808 ©2013 Academic Journals  

http://www.academicjournals.org/AJMR 

African Journal of Microbiology Research 

 
 
 
 
 

Full Length Research Paper 
 

Efficacy of the essential oil of Origanum glandulosum 
Desf against skin infections With PVL-producing 

Staphylococcus aureus strains in mice 
 

KHADIR Abdelmounaïm1, BENDAHOU Mourad*1, BENBELAÏD Fethi1, GHELLAÏ Lotfi1, 
ABDOUNE Mohamed Amine1, BELLAHSENE Chafika1, ZENATI Fatima1, ABDELOUAHID 

Djamel Eddine1, MUSELLI Alain2, PAOLLINI Julien2, DESJOBERT Jean-Marie2  
and COSTA Jean2 

 

1
Laboratory of Applied Microbiology in Food, Biomedical and Environment (LAMAABE), Department of Biology, Faculty 
of Nature and Life, Earth and Universe Sciences, AboubekrBelkaïd University of Tlemcen, 13000 Tlemcen, Algeria. 

2
Université de Corse, Equipe Chimie des Produits Naturels, UMR-CNRS 6134, Quartier Grossetti,  

BP 52, 20250 Corti, France. 
 

Accepted 3 May, 2013 
 

Skin and soft tissue infections (SSTI) caused by staphylococcal toxins including Panton-Valentine 
leukocidin (PVL) have increased these last years. Treatment of these complicated infections is often 
difficult. The search for new methods and new antimicrobial substances is necessary. 
Natural products such as essential oils appear among the possible solutions. The objective of our 
work was to prove the effectiveness of treatment of these infections with essential oils in vivo on Wistar 
rats; we have chosen the oil of Origanum glandulosum from Algeria to perform this treatment because 
of its antiseptic properties. The treatment was done on infections induced in Wistar rats using PVL 
producing Staphylococcus aureus strain isolated from Tlemcen University Hospital. The results of our 
experiment have shown a significant decrease in the number of colonies collected from rats treated by 
the concentrations of 1 and 5% of O. glandulosum essential oil. The treatment of skin infections 
especially wounds caused by PVL positive S. aureus is possible with the essential oil of O. 
glandulosum which seems to be effective in eradicating the germ from infected wounds. 
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INTRODUCTION 
 
Skin and soft tissue infections (SSTI) are among 
the human diseases that have shown an alarming in-
crease in the prevalence in recent years (Kaltsas et al., 
2011). These infections are due to a variety of species of 
microorganisms among which Staphylococcus aureus is 
classified primarily (May et al., 2009). This species colo- 

nizes the skin and wounds of patient by forming 
a biofilm that allows this organism to persist in this 
condition and produce toxins (Percival et al., 2011) of 
several types such as exfoliatins, toxic shock syndrome 
toxin TSST-1, enterotoxins and Panton- Valentine leuko-
cidin (PVL), that is why this bacterium is among the spe-
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cies that contain the largest number of virulence factors 
(Archer 1998). 

PVL is associated with several skin diseases such as 
furunculosis (Del Giudice et al., 2011), cellulitis and skin 
abscess (del Giudice et al., 2009). It kills human 
polymorphonuclear leukocytes and is expressed at high 
toxic levels in human skin abscess (Badiou et al., 2008) 
and in necrotizing pneumonia (Labandeira-Rey et al., 
2007). It is encoded by two genes, lukF-PV and lukS-PV 
which are transported horizontally by phages such as 
ΦSLT (Sachiko et al., 2001) and secreted by methicillin-
susceptible S. aureus strains (MSSA) and methicillin-re-
sistant strains (MRSA) circulating in community and 
hospital (Lo et al., 2009; Varshney et al., 2010). This 
toxin is sometimes produced at high level by methicillin-
susceptible MSSA strains (Varshney et al., 2010). In vivo 
studies in mice have shown a positive correlation 
between the production of PVL and the damage of the 
infected wounds (Varshney et al., 2010). Treatment of 
such infections continues to report therapeutic failures 
(Nichols 1999) because of its complications that may 
develop kidney failure (Pereira et al., 2012). PVL may be 
responsible for serious infections, especially in children in 
neonatology (Dunlop and Eadie, 2011), but also in cases 
of infections with multidrug-resistant germs (Nichols 
1999). Efficient and prompt treatment does not exist until 
now (Gillet et al., 2011). There is a need of a more 
convenient and less expensive treatment mainly during 
cutaneous infections with PVL-producing MSSA (Halcon 
and Milkus, 2004). 

The search for new substances to better treat these 
infections is necessary (Nathwani, 2009). Natural pro-
ducts of plant origin such as essential oils seem to be a 
good way to replace the treatments with antibiotics 
(Warnke et al., 2009) since they constitute a reservoir of 
antimicrobial molecules (Edris, 2007), but also for 
their ability to inhibit virulence factors of S. aureus (Qiu et 
al., 2011) and quorum sensing (Szabo et al., 2010) in 
addition to their anti-biofilm effect (Quave et al., 2008), 
wound healing activity (Ipek et al., 2012) and stimu-
lating the immune system response (Standen and Myers, 
2004). 

Origanum glandulosum, is a spontaneous (Basli et al., 
2012) and endemic (Quezel and Santa 1963) plant of 
Northern Algeria, belonging to the Lamiaceae family. O. 
glandulosum is an interesting medicinal plant known by 
various therapeutic properties (Basli et al., 2012) namely 
the treatment of whooping cough, cough, fever and 
bronchitis (Sari et al., 2006), and its antiseptic 
use traditionally on skin  used in baths (Belhattab et al., 
2005). The antimicrobial activity of O. glandulosum 
essential oil was studied in previous studies; Bekhechi et 
al. (2008) have demonstrated the antimicrobial activity of 
O. glandulosum essential oil against various species of 
fungi and  bacteria including three S. aureus  strains,  two 
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reference strains ATCC 601 and ATCC 43866 and one 
clinical strain. The results show a strong anti-
staphylococcal activity with inhibition diameters ranging 
from 22 to 25 mm with the vincent method (Bekhechi et 
al., 2008). In the other hand, Bendahou et al. (2008) 
tested O. glandulosum essential oil obtained by hydro-
dstillation and microwave extraction on microbial species; 
among them, one strain was S. aureus. The two types of 
essential oil showed strong activity against S. aureus 
strain with an inhibition diameter of 23 mm (Bendahou et 
al., 2008). 

In the absence of in vivo treatment with essential oils of 
infections due to S. aureus toxin-producing strains, spe-
cifically the Panton-Valentine leukocidin, we had the idea 
to make this work which involves inducing skin infection 
in mice with PVL-producing S. aureus strains, then ma-
king a treatment with essential oil obtained from an 
Algerian medicinal plant, O. glandulosum. 
 
 
MATERIALS AND METHODS 
 
Materials 
 
Bacterial strains 
 
One S. aureus strain was selected from a number 
of clinical strains to be used in this work based on its PVL toxin 
production. This strain was isolated from skin infections at Univer-
sity Hospital of Tlemcen. The identification was realized with API 
Staph gallery, BioMérieux, Marcy-l’Étoile, France. This identification 
was confirmed using matrix-assisted laser desorption ionization 
time-of-flight mass spectrometry (MALDITOF-MS) (BrukerDaltonics, 
Bremen, Germany) (Seng et al., 2010). 

 
 
Animals 
 
Twelve (12) Wistar rats of weight between 20 and 22 g adult males 
were used for this experiment. The strains were provided by 
Pasteur Institute of Algeria. The rats were left for 48 h before the 
experiment as an acclimatization phase; water and feed were 
provided to rats. Experiments on these animals were done 
according to the European decree on ethical rules Directive 
86/609/EEC. The rats were divided into two groups: the first group 
consisted of six rats. Five rats suffered an infection and one 
uninfected rat represents the negative control. Among the infected 
in this group, one rat was used as a positive control. The second 
group suffered the same conditions except for the positive control, 
which in addition to the infection; this rat was exposed to a 
treatment with paraffin oil (BIOCHEM Chemopharma) alone. 

The negative control of the first group has neither been infected 
nor undergone incisions and it was treated with essential oil diluted 
to 5% in paraffin; while, the negative control of the second group 
underwent incisions but was not infected. 
 
 
Plant materials 
 
The plant material was harvested in full flowering stage during June 
2011 in Sebdou located in south of Tlemcen (Algeria, 34°69’41.32”  
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to 1°31’70.72”). The species identification was confirmed by the 
Laboratory of Botany, University of Tlemcen. A specimen was 
deposited at the herbarium of this laboratory under code Lb.06. 

Obtaining essential oil was made by hydrodistillation for 3 h using 
a Clevenger-type apparatus. The oil obtained was dehy-
drated by anhydrous sodium sulfate and then kept at a temperature 
of 4°C and protected from the effect of light until analysis. 
 
 
Methods 
 
PCR amplification 
 
The search for the PVL gene was made by real time polymerase 
chain reaction (PCR) using a StratageneMx 3000 appartus and 
TaqMan probe primers as previously described (Francois et al., 
2004). 
 
F> (5’-AAAATGCCAGTGTTATCCAGAGGTA-3’) 
R> (5’-TTTGCAGCGTTTTGTTTTCG-3’) 
Prob (5’-CTTCAATCCAGAATTTATTGGTGT-3’). 
 
 
Induction of infection 
 
The rats used for the experiment had a local anesthesia (Suntar et 
al., 2011). Then, they were been shaved at the back dorsal part 
with an electric razor and cleaned with 70% ethanol; three 
superficial incisions were made using sterile surgical blade 
(Varshney et al., 2010). Then 20 μl of the bacterial suspension of 
PVL positive S. aureus at 10

7
 CFU/ml was introduced directly into 

the incisions in the wounds for a development of infection with PVL-
positive S. aureus. Then, each rat was isolated in a separate cage 
to avoid contamination between rats. Cages were subjected to 
regular cleanings with detergents. 
 
 
GC/MS analysis 
 
The analysis of the essential oil of O. glandulosum was performed 
on an Auto system Perkin Elmer GC-type apparatus with standard 
non polar/polar capillary columns coupled with a mass 
spectrometer Perkin Elmer Turbo Mass detector.  
 
 
Susceptibility tests 
 
The susceptibility of the strain used in this experiment to the 
essential oil was evaluated by the disk method of Bauer and Kirby. 
In short, a culture of 18 h on BHIB (brain heart broth, 
CondaPronadisa™, Spain) was standardized to 10

8
 CFU/ml, then 

inoculated by swabbing the surface of Mueller-Hinton agar 
(FlukaBioChemika, Spain) according to the recommendation of 
CLSI 2010. Sterile filter paper disks (Whatman No. 2) with 6 mm 
diameter were impregnated with 2 μl of essential oil, and then the 
disks were placed on the surface of Mueller-Hinton medium. The 
minimum inhibitory concentration was been also calculated by the 
method of microdilution (Mann and Markham, 1998). Susceptibility 
tests were made in triplicate. 
 
 
Treatment 
 
Treatment   with  essential oil  of O. glandulosum   Desf.,  has  been  

 
 
 
 
made in preparing four oil concentrations in the pure paraffin 
(BIOCHEM Chemopharma) (5, 1, 0.5 and 0.25%). 

The treatment was applied to the infected rats by spreading 500 
μl of the solution directly on the infected wounds. Before each 
treatment, a swabbing is performed then the swab is inserted into a 
tube of 5 ml of sterile physiological saline while the solution was 
vortexed. For each sample, four successive dilutions were made, 
100 μl of each dilution was then deposited on to mannitol salt agar 
(Merck). The inoculation was then performed by a sterile swab 
and incubation was for 24 h at 37°C for enumeration. The colony 
forming unit (CFU) values determination was determined according 
to Petrou et al. (2012). After incubation, the colony count was done 
directly on agar plate for dilutions which have colonies numbers 
between 30 and 300 colonies, and then the number of colony was 
expressed in decimal logarithm. Standard deviation was calculated 
with the difference between the two replication values of CFU of 
each dilution. 
 
 
RESULTS  
 
Identification of S. aureus strain used in this experi-
ment by API Staph bioMerieux gave a biotype 6726153. 
This identification was confirmed by using MALDI-TOF 
MS with a score greater than 2. The results of PCR 
amplification have shown that the strain used in this work 
was a PVL-positive strain as shown in Figure 1 among a 
number of clinical strains. This strain was selected for the 
experiment. 

The extraction of our oil by hydrodistillation gave a yield 
of 5%. O. glandulosum essential oil is rich in thymol 
(42.3%), p-cymene (17.6%) and γ-terpinene (25.9%) 
(Table 1). The antibacterial activity of our oil to PVL-
positive strain tested in this experiment gave high 
inhibition diameter of 42 mm using only 2 μl of oil, 
resulting to extreme antimicrobial activity (Ponce et al., 
2003) and an MIC of 0.0625 µl/ml. 

All rats have developed an infection after 24 h of 
incubation. The infection was characterized by production 
of pus around the incision. No mortality was observed, 
and no sign of inflammation or susceptibility to oil was 
observed for the negative control. 

The treatment of skin infections by PVL-positive S. 
aureus in rats with Origanum glandulosum has 
shown a decrease in the number of CFU for all the 
concentrations used (Figure 2). After the first treat-
ment, there was a stability in the number of colonies for 
concentrations 0.25, 0.5 and 1%, while for the con-
centration of 5%, a slight decrease was observed after 
the first treatment, whereas the second treatment has 
shown a significant reduction in number of CFU for the 
concentration of 5% by 0.93 log10 and a slight de-
crease for 1% concentration. For the third treatment, a 
severe reduction of CFU for the concentration of 5% by 
1.8 log10 and for 1% by 1.06 log10 was observed; also, a 
remarkable decrease in the concentra- tions 0.5 and 
0.25% which have shown a stability of CFU  in the first
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Figure 1. Real-time PCR amplification of PVL-positive Staphylococcus 
aureus:      , Positive control;    ,  PVL-positive strain. 

 
 
 

Table 1. The major compounds of Origanum 
glandulosum Desf. 
 

Compound RIa RIp % 

p-Cymene 1011 1268 17.6 

Limonene 1020 1199 0.9 

γ-Terpinene 1047 1243 25.9 

Thymol 1266 2189 42.3 

Carvacrol 1278 2219 02.3 

Monoterpene hydrocarbons 
  

52.2 

Oxygenated monoterpenes 
  

45.7 
 

RIa and Rip are retention index on RTX-1 apolar column 
and RT-Wax polar column, respectively 

 
 
 

two treatments. 
In the fourth treatment, we clearly saw an eradication of 

the germ from the infection sites for 5% concentration 
and a very substantial reduction in the concentration of 
1% by 1.28 log10.  

The fifth treatment reveals a total eradication of CFU 
for the concentration of 5% while a dramatic decrease in 
the number of CFU by 1.69 log10 and 1.3 log10 for the 
concentrations 1 and 0.5% respectively, while for the two 
positive controls no decrease was observed and the 
number of CFU was stable during the treatment days. 

 
 
DISCUSSION 
 
From these results, we can say that treatment with a 5% 

concentration allows a rapid eradication of the organism 
in five days but the concentration 1% allows a considera-
ble reduction of infection with 1.69 log10 in five days of 
treatment, while the positive control have shown a stable 
number of CFU which confirms the strong colonization of 
the site of infection by this pathogen in the absence of 
treatment (Figure 2). We can deduce that this treatment 
with the essential oil is concentration dependent. We can 
also say that the concentrations in the range between 1 
and 5% may be effective in eradicating this organism 
producing PVL toxin, this efficiency is due to the low MIC 
of this strain to our essential oil which has a value of 
0.0625 µl/ml. 

If we compare our results with those obtained with 
reference molecules such as mupirocin tested by Gisby 
and Bryant (2000), we will notice that O. glandulosum oil 
has a stronger effect. In the study performed by Gisby 
and Bryant (2000); the autors demonstrated 
that mupirocin cream at 2% reduces CFU from 7.23 log10 

to 2.51 log10 as a reduction of 65.28% on the fifth day of 
treatment. While O. glandulosum oil only in concentration 
of 1% gave a reduced number of CFU from 2.19 log10 to 
0.5 log10 as a reduction of 77.16% in the fifth day of 
treatment. This confirms the effectiveness of O. 
glandulosum oil treatment. In addition, there is an urgent 
need to look for other substances to replace mupirocin 
because of the spread of S. aureus resistant strains to 
this molecule (Park et al., 2012). 

In our work, we demonstrated treatment of skin 
infection produced by PVL-positive S. aureus with 
essential oil from O. glandulosum Desf. Our choice of the 
PVL-positive strain of S. aureus was based on ability 
to cause more serious infections in mice than PVL-
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Figure 2.The effect of essential oil on reducing the number of CFU from the infected 
wounds by PVL-producing Staphylococcus aureus. 

 
 
 
negative strains (Varshney et al., 2010) to prove the 
efficacy of this treatment against infections complicated 
and difficult to treat. Our oil has allowed a good 
eradication of the number of CFU at concentrations 
higher than 1%. This in vivo activity is mainly due to 
content in thymol (42.3%) which has the highest toxic 
activity against the membrane of S. aureus by 
inducing permeability (Cristani et al., 2007) and acts in 
the same manner in MRSA and MSSA (Nostro et al., 
2004). This activity is also due to γ-terpinene and p- 
cymene which have significant amount of 25.9 and 
17.6%, respectively and are known for their cytotoxic 
activity against Gram-positive and Gram-negative 
bacteria (Cristani et al., 2007). The mechanism of action 
of these three monoterpenes is due to penetration into 
the plasma membrane and the disruption of lipid 
fractions and other membrane functions (Cristani et al., 
2007). 

S. aureus colonizes the wounds in the form of a biofilm 
that is not treatable with antibiotics (Katsuyama et al., 
2005) and only the action of polymorphonuclear 
leukocytes which is capable of destroying this biofilm 
(Akiyama et al., 2002). The problem with infection by 
PVL-positive S. aureus is that leukocytes are destroyed 
by the PVL which explains the complication of these 
infections being difficult to treat. Our results show that the 
essential oil of O. glandulosum Desf., has a remarkable 
effect on the eradication of this PVL-producing germ in 
infected wounds. These results leave us to think that this 
essential oil that has been used medicinally for several 
therapeutic purposes in Algeria can be a good solution to 
fight against skin infection due to PVL-producing S. 

aureus. For this purpose, we assume that 
the herbal treatment with essential oils is possible in the 
form of an ointment or lotion and can be an alternative 
treatment to antibiotics in infections difficult to treat such 
as SSTI caused by PVL-producing S. aureus. 
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