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Introduction
Plants have a broad range of molecules which can be explored for different medical and 

biotechnological applications. In spite of a high number of compounds purified from plants 
and animal secretions, currently only a few pharmaceutical products have been developed 
from these natural products. New drugs development from the plant raw material, which 
possess a wide spectrum of pharmacological activities conditioned by their rich secondary 
metabolites still remains one of the most important problems of the modern medicine [1,2]. 
This is especially noteworthy for the groups of drugs, which are for the polyvalent pathology 
diseases healing and their pharmacological effectiveness is accompanied by a number of 
serious side effects. These groups of drugs are NSAIDs. In this regard compounds study of 
anti-inflammatory and painkiller medicinal plants origin is too perspective [3,4]. Many plants 
possess anti-inflammatory and antinociceptive activities due to their active components, such 
as flavonoids, essential oils, alkaloids [5,6]. Essential oils are natural oils which are typically 
obtained by distillation and have the characteristic odor of the plant from which they are 
extracted. Indeed, many natural essential oils have been reported to improve healing in various 
pre-clinical models of animal wound healing, and some have shown strong antimicrobial 
effects against the most common pathogenic bacteria present in clinical chronic wound 
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infections [7]. Plants in the family Lamiaceae are a very important 
source of essential oils. Satureja is a genus of Lamiaceae family 
and comprises numerous species [8,9]. Presented study aimed to 
investigate pharmacological activities of Armenian flora Satureja 
hortensis leaves essential oil. 

Materials and Methods
Plant material

The aerial parts of cultivated Satureja hortensis were collected 
during the flowering period from the Ararat region (Armenia), and 
were shade dried (25 days) at room temperature with ventilation.

Essential oil extraction and chemical analysis
The essential oil was obtained from dried aerial parts from 

Satureja hortensis by Ginsburg’s steam distillation method for 2.5 
hours, after which it was stored in sealed vials at 4 to 6 °C prior to 
chemical and pharmacological analysis [3]. Essential oil chemical 
analysis was verified by GC-MS.

Anti-inflammatory activity
The anti-inflammatory activity of the essential oil was 

evaluated in albino rats (weighing 150-180g) using xylene-induced 
ear edema. Edema was induced in each rat by applying xylene 
(0.03mL) to the anterior and posterior surfaces of the right ear. 
The rats were pretreated with 20, 50 and 100mg/kg essential oil 
intraperitoneally, 30min before initiation of inflammation. The 
control group of animals was untreated. The anti-inflammatory 
activity was evaluated as decreasing mass differences between 
right and left ears [10,11].

Antinociceptive activity
In antinociceptive experiment essential oil used in order 

to determine pain inhibitor effect by “tail- flick” test by means 
of ANALGESY-METER LE 7106 (Panlab) apparatus (Germany). 
A radiant heat is applied to the tail and the latency of the rat to 
remove its tail from the heat is recorded after 30, 60, 90 and 
120min of injections. The maximum time of heat exposure to avoid 
tissue damage was 20sec. The animals (n=10, in each group) were 
pretreated with vehicle (saline+1% dimethyl sulfoxide (DMSO)), 
essential oil (EO 20, 50 and 100mg/kg) intraperitoneally [12]. 

Wound healing effect
The damaged tissue regeneration process was evaluated 

by planimetry, pH detection and antibacterial analysis. The 
regeneration ability of the 10% ointment from Satureja h. essential 
oil under the condition of thermal burn has been studied. White 
male albino rats (180-200g) were briefly anaesthetized with ether. 
The dorsal skin was prepared by removing the hair. Hot stainless-
steel plates (200 °C) (4x3cm) were put on animal back. Burns 
were treated with vehicle or test ointments. The wound area was 
measured at 3-day intervals and the percentage of wound healing 
was calculated for each interval [13].

Statistical analysis
Statistical analysis was carried out by means of Student’s T 

criteria. The data were shown as mean±Standard Error (SE). All 
results were determined to be within a 95% confidence level for 
reproducibility.

Results and Discussion

Figure 1: The anti-inflammatory effect of Satureja hortensis leaves essential oil different doses: A-by mass 
differences, B-by percentages. M±SE, n=10, *p<0.05 compared with control group.

Satureja hortensis leaves essential oil was obtained by 2.9% 
amount, which represents light yellowish liquid with typical 
smell. The qualitative analysis of the essential oil revealed that it 
contained aromatic mono- and diterpenoids. According to our data, 
obtained by GC-MS method, 13 components were found in the 
essential oil, the highest amount of which is carvacrol (42.262%) 
and g-terpinene (32.020%) [14]. According to literature data, 

they display anti-inflammatory, antinociceptive and antimicrobial 
activity [6,15,16]. Carried out experiments showed that the 
essential oil appears dose-dependent anti-inflammatory activity 
against acute inflammation in the xylene induced ear edema test. 
Thus, the mass difference between right and left ears in control 
group was 88.67 (±13.9) mg. After intraperitoneal injection of 
20mg/kg of essential oil, mass differences between right and left 
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ears decreases up to 43.93 (±17.7)mg, which prevents edema by 
50.45% (p<0.05). Further dose enhancement decreases the anti-
inflammatory activity: at the 50 and 100mg/kg of essential oil 
injection mass differences between right and left ears were 55.56 
(±13.7) and 68.81 (±17.6) mg respectively, which reduce edema by 
37.35% (p<0.05) and 22.41% (p=0.1) respectively compared to the 
control group (Figure 1). Data shown in the (Figure 2) demonstrate 
that essential oil emulsion significantly increases the latency period 
of pain. The mentioned effect has dose-dependent character. Thus, 
30 minutes after injection of 20mg/kg essential oil emulsion, tail-

flick time increased by 52.6%, 35.6% after 60 min, 28.4% after 90 
and 16.9% after 120 minutes compared with the same index before 
the injection. Increasing the dose of essential oil emulsion to 50mg/
kg pain latency time is more pronounced in all recorded periods 
(30, 60, 90 and 120min) compared to the initial time it is 55.1%, 
61.1%, 48.4%, 37.3%, respectively. In the case of 100mg/kg dose 
it was 49.9%-30min, 35.9%-60min, 66.7%-90min, 43.6%-120min, 
respectively. Obtained data indicate that the highest antinociceptive 
activity is expressed in 50mg/kg dose of Satureja essential oil 
injection.

Figure 2: Antinociceptive effect of Satureja hortensis essential oil different doses in “Tail-flick” test (M±SE, n=10).

Figure 3: Antinociceptive effects of Satureja hortensis essential oil and acetaminophen (M±SE, n=10)
*p<0.001 compared with control group.

According to literature data, compounds with predominantly 
central antinociceptive mechanism of action are tested in 
the “tail-flick” test [17]. In this regard, acetaminophen (with 
predominantly central antinociceptive mechanism of action) 

at the dose of 300mg/kg was compared with Satureja essential 
oil antinociceptive activity. It can be seen from (Figure 3) that 
Satureja essential oil antinociceptive effect is comparable and even 
exceeds the antinociceptive effect of acetaminophen. Based on anti-
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inflammatory and antinociceptive activity of Satureja hortensis 
essential oil, it was investigated the ability of mentioned oil to 
regenerate damaged tissue. Carried out experiments show that 
wound surface decreased on 3rd, 7th, 10th, 14th days after thermal 
burn by 19%, 9,9%, 23%, 24% consequently compared with 
control group (Figure 4). To clarify the wound healing mechanism 

of Satureja essential oil ointment antibacterial study and wound 
surface pH detection were carried out. It has been found out that 
noted ointment influences on some pathogenic bacteria, such as 
Proteus mirabilis, Klebsiella, Escherichia coli (Table 1), in which 
result pH of burn surface is decreased (Figure 5).

Figure 4: Burn wound surface changes under influence of Satureja hortensis essential oil ointment (M±SE, n=6) 
*p<0.05 compared with control group.

Table 1: Influence of the ointment obtaind from Satureja hortensis essential oil on wound microflora.

3rd Day 7th Day 10th Day 14th Day

Control Ointment Control Ointment Control Ointment Control Ointment

Proteus mirabillis ++ ++ ++ ++ - - ++ -

Staphylococcus aureus + - +++ + - ++ +++ ++

Esherichia coli ++ ++ ++ - ++ - ++ -

Klebsiella +++ - - - - - - -

Pseudomonas aeruginosa - ++ ++ ++ ++ ++ ++ ++

Figure 5: Burn wound surface difference under influence of Satureja hortensis essential oil ointment in the 14th day 
a) rat from the control group, b) rat from the tested group.

To interpret the results, it should be mentioned that wound 
surface serves as a good environment for bacterial growth, where a 
number of enzymes activity is increased, such as protease, urease, 
etc [18]. These enzymes inhibit wound regeneration processes. 
It is also known that higher pH values are typical to the wound 

surface, compared with unaffected skin. The explanation for this 
lies in the high urease activity of Proteus mirabilis bacteria, which 
leads to accumulation of ammonia and increases in pH [19]. Since 
during application of the mentioned ointment is found not only 
the Proteus mirabilis bacteria growth absence also lowering the 
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average pH-value of the test group compared to the control group, it 
can be concluded about ointment favorable influence on the wound 
regeneration process.

Conclusion
These results indicate that Satureja hortensis leaves essential 

oil could be served as a potential source for development of new 
agents with analgesic, anti-inflammatory and wound healing 
activities.
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