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Abstract
Leaves of Olea europaea L. (Oleacea) are used in Tunisian folk medicine to treat many inflammation type and bacterial infections such as icterus, 
otitis, gingivitis and cough.The aim of this study was to investigate the chemical composition and to screen the DPPH radical-scavenging activity and 
the anti-inflammatory and the analgesic activities of the essential oil of Olea europaea L. leaves (EOL). GC and GC-MS analysis of the essential oil 
resulted in the identification of 32 compounds representing 99.44% of the oil; α-pinene (52.70%) 2,6-dimethyloctane (16.57%) and 2-methoxy-3- 
isopropylpyrazine (6.01%) were the main components. The result of the (DPPH) assay showed that the radical-scavenging activity was concentration 
dependent. Intraperitoneal administration of Olea europaea L. essential oil at doses of 100, 200 and 300 mg/kg reduced significantly acetic acid- 
induced abdominal constrictions and paw edema. These results confirmed the great potential of olive leaves and validate their use in traditional 
medicine in Tunisia. 
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Introduction
Olea europaea L. (Oleaceae) is abundantly found in Tunisia by 
more than 50 different cultivars.  Chemlali is the most abundant 
olive variety. It represents more than 60% of the total olive trees in 
Tunisia 1. There has been increasing interest in olive products 
and by-products of olive tree and especially in olive leaves due to 
their various bioactivities. 
   Historically, olive leaves have been used as a remedy for fever 
and other diseases such as malaria 2-4. According to Tunisian folk 
medicine, olive leaves are recommended in wide range of 
ailments including inflammatory disorders, bacterial infections, 
hypertension and diabetes, but modes of preparation and 
administration vary: earache is cured by using olive leaves tramped 
in hot olive oil with salt. Olive leaves juice, despite of its irritation, 
is recommended for curing trachoma. When chewed, this plant 
organ is used to relieve tooth pain and to treat lips irritation. 
Leaves decoction as a liquid mouthwash, is used for treating, 
aphthous, gingivitis and glossitis 5.
   Previous studies demonstrated that olive leaves are used for their 
antimicrobial 6-8, gastroprotective 9, antioxidant 10-13, hypotensive14,
hypoglycaemic 15, 16, antiarrhythmic 17, anti-atherosclerotic 18,
antiviral 19, 20, anti-tumor 21, 22 and anti-inflammatory  properties 23.
   Despite the popular usage of olive leaves in many therapeutic 
uses, their essential oil effects have, at the best of our knowledge, 
not been investigated. According to the literature, there are only 
reports on Olea europaea L. essential oil composition but it concerns 

Italian cultivars such as Leccino, Frantoio, Cipressino 24, 25 and
Olivastra 26.
  The present paper is the first step to investigate the chemical 
composition of the Tunisian Chemlali cultivar of Olea europaea
L. leaves essential oil (EOL), and to evaluate its DPPH radical- 
scavenging activity, analgesic and anti-inflammatory effects. 

Materials and Methods
Plant material: Fresh leaves of Olea europaea L. cv. Chemlali 
were collected in February 2007 from Hammamet (Tunisia). The 
plant was identified in the biological laboratory of the Faculty of 
Pharmacy of Monastir according to the flora of Tunisia 27. A 
voucher specimen (O.E-01.71) was deposited in this laboratory. 

Extraction, isolation and analysis of the essential oils: Fresh 
leaves (200 g) were subjected to a hydrodistillation for three hours 
with 500 ml of distilled water using a Clevenger-type apparatus. 
The oil obtained was separated from the distilled water and dried 
by anhydrous sodium sulphate. The extracts are volatile and 
therefore stored in sealed glass vials in a refrigerator at 4°C in 
order to prevent changes in chemical composition. 
   Essential oil composition was investigated by GC and GC-MS. 
GC analysis performed in a gas chromatograph, HP 5890, using 
two fused silica capillary columns, HP5 (non-polar) and Innovax 
(polar) (30 m x 0.25 mm film thickness (0.25 µm) and a flame ionization 
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detector (FID). Injector and detector temperatures were set at 240°C 
and 280°C, respectively. The oven temperature programme was 
50°C for 3 min, then 50-280°C at 9°C/min and finally 280°C for 3 
min. Nitrogen was the carrier gas at a flow rate of 1 ml/min. The 
samples were injected as 0.1 µl of 1% solution diluted in hexane in 
the split mode. The percentage of the constituents was calculated 
by electronic integration of FID peak areas and normalized without 
the use of response factor correction. 
   The essential oils were analysed by GC-MS using an HP 5972/A 
mass spectrometer operating at 70 eV in the same conditions as 
described above, except that the carrier gas was helium at 20 p.s.i. 
The identification of compounds was confirmed by comparison 
of their retention indexes (determined relatively to the retention 
times of a series of n-alkanes) and with those of authentic standards 
of the Wiley library search routines 28 based on fit and purity of 
mass spectra 29. This analyse was carried out twice for the same 
sample. For the animal experimental uses, EOL were dissolved in 
10% Tween 80 solution (used as a vehicle) at the desired 
concentration, just before the administration. 

Animals: For studying the acute toxicity and the in vivo activities, 
male adult Wistar rats (150-180 g) and Swiss albino mice (18-25 g) 
of both sexes were obtained from the Pasteur institute (Tunis, 
Tunisia). They were housed in polypropylene cages with free 
access to standard pellet diet and water ad libitum. The animals 
were maintained under controlled conditions of humidity (40-45%), 
temperature (22±2°C) with a 12 h light-dark cycle. 
   Housing conditions and in vivo experiments approved according 
to the guidelines established by the European Union on Animal 
Care (CFE Council (86/609)). The rats were used for the anti- 
inflammatory evaluation of the essential oil while the mice were 
used for the analgesic investigation and for the acute toxicity 
testing.  Animals were divided into drug-treated test and Tween 
80-treated control groups of six or eight animals per group. 

Evaluation of acute toxicity induced by Olea europaea essential
oil: Groups of 10 mice received intraperitoneally (i.p.) single doses 
of EOL (50, 100, 200, 500, 1000 and 2000 mg/kg). The control group 
received only the vehicle (10% of Tween 80, 10 ml/kg). Animals 
were continuously observed during 2 h to detect changes in the 
autonomic or behavioural responses and then monitored for any 
mortality for the following 48 h. The LD

50
 was estimated according 

to the method described by Miller and  Tainter 30.

Analgesic activity: Different groups of mice (n = 6) were treated 
coutaneously with 10% Tween solution, acetyl salicylate of lysine 
(ASL, 200 mg/kg, 10 mg/kg) and EOL (at the doses of 100, 200 and 
300 mg/kg) 30 min before the experiments. The writhes were 
stimulated using 1% v/v acetic acid (10 ml/kg) intraperitoneally 
(i.p) administrated. The writhes were observed during 30 min and 
the analgesic activity was expressed as inhibition percent of the 
usual number of writhes observed in control animals. The 
percentages of inhibition were calculated according to the 
following formula 31:

% inhibition = ((number of writhes)
control

 - (number of writhes)
treated group

)
× 100/(number of writhes)

control
.

Results were given as mean ± S.E.M. during this time interval. 

Anti-inflammatory activity: The anti-inflammatory activity was 
assessed on the basis of inhibition of paw edema induced by the 
injection of carrageenan (an edematogenic agent) into the 
subplantar region of the left hind paw of the rat 32. Male Wistar 
rats were divided into different groups of six animals. The control 
group received 2.5 ml/kg of 10% Tween solution, the standard 
group received the reference drug (acetyl salicylate of lysine (ASL), 
300 mg/kg) and the test groups received different doses of 
EOL (100-300 mg/kg). Thirteen minutes after intraperitoneal 
administration of different substances, 0.05 ml of 1% of carrageenan 
suspension was injected to all animals in the left hind paw. 
  The paw volume, up to tibiotarsal articulation, was measured 
using a plethysmometer (model 7150, Ugo Basile, Italy). The 
measures were determined at 0 h (V

0
 before edematogenic agent 

injection) and 1, 2, 3, 4, 5 and 24 h intervals later (V
T
). The difference 

between V
T
 (1, 2, 3, 4, 5 and 24 h) and V

0
 was taken as the edema 

value. The percentages of inhibition were calculated according to 
the following formula: 

% inhibition = ((V
T
- V

0
)

control
 -(V

T
- V

0
)

 treated group
) x 100/ (V

T
- V

0
)

control

Antioxidant activity: The hydrogen atom or electron donation 
abilities of the compounds were measured from the bleaching of 
the purple-colored methanol solution of 1,1-diphenyl-2- 
picrylhydrazyl (DPPH). This spectrophotometric assay uses the 
stable radical DPPH as a reagent 33, 34. Of several concentrations 
of  samples in methanol, 0.1 ml was added to 3.9  ml of 6.5×10-5 M 
DPPH methanol solution. After a 60 min incubation period at room 
temperature, the absorbance was read against a blank at 515 nm. 
Inhibition of free radical DPPH in percent (I, %) was calculated as 
follows:

I (%) = (A
blank

 -A
sample

)/A
blank

x 100 

where A
blank

 is the control reaction absorbance (containing all 
reagents except the test compound) and A

sample
 is the test 

compound absorbance. Tests were carried out in triplicate 35.
Butylated hydroxy toluene (BHT) was used as an antioxidant 
reference compound 36.

Statistical analysis: Data obtained from animal experiments were 
expressed as mean ± S.E.M. and as percentage. Results were 
statistically evaluated by ANOVA and using Student’s t-test, 
P≤0.05 was considered significant. 

Results
Yield and chemical composition of the essential oils: The 
hydrodistillation of fresh leaves gave colourful oil which yield is 
0.05% (w/w). Twenty-one compounds, representing more than 
99.23% of the essential oils, were identified, α-pinene (52.70%), 
2.6- dimethyloctane (16.57%) being the most abundant components 
of the essential oil (Table 1). The other chemical components were 
2-methoxy-3-isopropylpyrazine (6.01%), tetracosane (4.38%) and 
docosane (3.58%). The following chemical components occurred 
in trace amounts: β-pinene (2.46%), z-3-hexanol (1.51%), (E, Z)- 
2,6-nonadienal (1.46%), α-ionone (1.45%) and  (E)-2-hexenol 
(1.26%). The remaining components mentioned in Table 1 are in 
amounts less than 1%. Monoterpene hydrocarbons represent 
55.16% of the total essential oil. 
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Toxicity studies: Olea europaea L. leaf essential oil did not present 
acute toxicity up to a maximum dose of 2000 mg/kg.  For 6 days of 
observation, after the experiment, the mice weights had a normal 
variation. LD

50
 was estimated to more than 2000 mg/kg. Thus, we 

supposed that EOL at the doses of 100, 200 and 300 mg/kg, i.p 
injected to animals, were safe. 

Analgesic activity: The inhibition percentages of writhing for 
EOL are shown in Table 2. Acetyl salicylate of lysine (ASL), the 
reference drug, inhibited 64.55% of the number of writhing 
elicited by acetic acid. The intraperitoneally administration of 
EOL induced a dose-dependent antinociceptive activity. Essential 
oil at doses of 100, 200 and 300 mg/kg caused respectively 35.44%, 

53.16% and 62.02% inhibition of writhes, and this effect was 
significant for the dose of 300 mg/kg (P<0.001).

Anti-inflammatory activity: This preliminary assessment of the 
anti-inflammatory activity established that EOL produced a 
reduction of the edema throughout the entire period of 
observation. In fact, EOL exhibited a dose-dependent anti- 
inflammatory activity on carrageenan-induced hind paw edema 
model in rat ranging between 47.3-57.12% at 100 mg/kg, 48.62- 
63.70% at 200 mg/kg and 54.12-67.38 % at 300 mg/kg doses (Table 
3). EOL at 300 mg/kg gave significantly (p< 0.001) the highest 
activity (67.38% inhibition at 3 h). Standard drug, ASL at 300 mg/ 
kg, decreased paw edema by a maximum of 81.24% at 3 h. 

Antioxidant activity: The essential oil was subjected to a 
screening for its possible antioxidant activity by DPPH free radical 
scavenging system. As can be seen from Table 4, the weakest 
radical scavenging activity exhibited by EOL was determined as 
74.44 ± 0.79% at 5 mg/ml concentration. The synthetic antioxidant 
BHT exhibited stronger activity (99 %). 

Discussion
Little information is available in the literature on the chemical 
composition of Olea europaea L. essential oil 24-26. These reports 
are on Olea europaea L. essential oil composition of other cultivars 
but there is no report on pharmacological activities of EOL. The 
data obtained from this study revealed that α-pinene and 2,6- 

Constituent R.I. Yield (%) 

(z)-3-hexanol 862 1.51 

(E)-2-Hexenol 879 1.26 

 –pinene 940 52.70 

 – pinene 979 2.46 

(Z)-3-Hexenyl acetate 1009 0.61 

2-Methoxy-3-isopropylpyrazine 1094 6.01 

(E,Z)-2,6-Nonadienal 1150 1.46 

(E,Z)-2,6-Nonadienol 1154 0.74 

1,4-Dimethoxybenzene 1163 0.45 

Decanal 1208 1.05 

2,6-Dimethyloctane 1230 16.57 

2,4-Dimethyldodecane 1245 0.50 

2,6,11-Trimethyldodecane 1250 0.43 

-ionone 1437 1.45 

-humulene 1461 0.84 

1-Dodecanol 1478 0.78 

 -Ionone 1499 0.89 

hexadecanoicacid 1957 0.65 

Oleic acid 2102 0.81 

Docosane 2200 3.58 

Tetracosane 2400 4.38 

Table 1. Percentage composition of the leaf 
essential oil of Olea europaea L. cv. 
Chemlali. 

R.I.: Retention index. The identified constituents are listed in their order of 
elution from a non-polar column. 

Scavenging activity (%) 
Concentration (mg/ml) 

O.E.O. BHT

0.5 14.47 ± 0.23 90

1 45.96 ± 0.38 95

2 68.88 ± 1.89 97

5 74.44 ± 0.79 99

Table 4. Scavenging of DPPH radicals by Tunisian 
                  Olea europaea L. cv.  Chemlali oil (%). 

Values are expressed as mean ± S.E.M (N = 8); *p≤0.05, **≤0.01, ***≤0.001 significant from control; ns: not significant from the control; ASL Acetyl salicylate 
of lysine. 

Mean swelling thickness (10-2 mm) ± S.E.M. (% inhibition) Extract Dose 

(mg/kg) 1 h 2 h 3 h 4 h 5 h 24 h 

Control 1 - 40.16±1.33 80.83±2.32 115.50±3.62 124.00±4.24 94.00 ±3.52 60.66±1.63

O.E.O. 100 21.17±1.17** 

(47.30) 

35.83±1.94***

(55.67) 

50.00±2.89***

(56.70)

53.16±3.25***

(57.12)

45.50±2.07*** 

(51.59)

30.50±1.87*** 

(49.72) 

O.E.O. 200 18.50±1.64***

(53.94) 

32.67±1.86** 

(59.58) 

43.50±2.42***

(62.33)

45.00±3.34***

(63.70)

44.00±1.41*** 

(53.19)

31.17±1.16*** 

(48.62) 

O.E.O. 300 17.33±1.03*

(56.84) 

31.67±1.75***

(60.82) 

37.67±2.33***

(67.38)

42.33±3.88***

(65.86)

36.83±1.83*** 

(60.81)

27.83±2.78*** 

(54.12) 

ASL 300 16.50±0.54*** 

(58.92) 

19.66±0.81** 

(75.67) 

21.66±1.21***

(81.24)

25.50±1.37***

(79.43)

26.50±1.64*** 

(71.80)

34.83±3.31*** 

(42.58) 

Table 3. Effects of Olea europaea L. cv. Chemlali essential oil and reference drug on carrageenan- 
induced paw edema. 

Values are expressed as mean ± S.E.M (N = 6). **≤0.01. ***≤0.001 significant from control; ASL 
Acetyl salicylate of lysine. 

Extract Concentration (mg/kg) 
Number of 

writhes

Inhibition of 

writhing (%) 

Control - 78.00 ± 1.15 - 

O.E.O. 100  38.66 ± 7.76** 35.44

200  34.66 ± 5.88** 53.16

300  28.83 ± 1.47*** 62.02

Reference drug (ASL 200 mg/kg)  28.16 ± 1.72*** 64.55

Table  2.  Effect of Olea europaea L. cv. Chemlali essential oil on
acetic acid-induced writhing in mice (N = 6). 
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dimethyloctane were reported to be the major components 
(respectively 52.70% and 16. 57%). EOL showed anti-oxidant, 
antinoceptive and anti-inflammatory activities. 
   The major compound of EOL, α-pinene, was shown to display 
insecticidal, spasmolytic, antilisterial and anticholinesterase 
effects37-40. This compound was also found to possess antistress 
potency, exerting an alleviative effect on stress-induced 
hyperthermia in rats 41.
   A well-known anti-oxidant, α-pinene (in both DPPH and β 
carotene systems), exhibited remarkable antioxidant activities 42.
Other studies 43, 44 showed that α-pinene tested individually didn’t 
exhibit strong antioxidative activity in all methods employed (DPPH 
and β carotene tests). In this study, essential oil showed a dose 
dependent anti-oxidant activity which confirmed the antioxidant 
effect previously reported for olive leaf extracts 10-13. We think 
that there is a synergism between α-pinene (the major component 
at a level of 52.70%) and the minor substances of the oil. 
  Experimental results demonstrated that intraperitoneal 
administration of the EOL (100-300 mg/ml) significantly inhibited 
the paw edema formation induced by carrageenan, although the 
essential oil was less effective than the reference drug ASL. 
   The time course of edema development in carrageenan-induced 
paw edema model in rats is generally represented by a biphasic 
curve 32. The first phase (90-180 min) is partly due to the trauma of 
injection and also to different chemical mediators as histamine 
and serotonin. The second phase (270-360 min) is associated with 
the release of other mediators, for example prostaglandins, 
leucotrienes and proteases 45.
  EOL showed a dose-depending anti-inflammatory activity. It 
inhibited the both phases of the carrageenan-induced edema by 
reducing the release of histamine and serotonin and also the kinin- 
like substances and prostaglandins. This pharmacological 
property may be attributed to a possible molecular mechanism by 
effectively decreasing the production of the pro-inflammatory 
cytokines of IL-6 and IL-1 and the expression of COX-2 and 
simultaneously elevating the level of anti-inflammatory cytokine 
IL-4 in the carrageenan-injected rat paw tissues 46.
  The major constituent of the essential oil, α-pinene,  is known to 
possess anti-inflammatory activity 47 and may account for the 
anti-inflammatory activity of the extract, but it is not clear whether 
it is the only contributing component or not. 
   EOL also exhibited analgesic activity in mice. It was found that 
this extract significantly inhibited the acetic acid induced writhing 
response in a dose dependent manner. This method is not only 
simple and reliable but also affords rapid evaluation of peripheral 
type of analgesic action. The abdominal constriction is related to 
the sensitization of nociceptive receptors to prostaglandins, so 
substances that exhibit activity against carrageenan also inhibit 
this algogenic process. It is therefore possible that EOL exerts an 
analgesic effect probably by inhibiting synthesis or action of 
prostaglandins. It appears that the inhibitory effect of the EOL is 
due mainly to the interaction of all constituents and not only to 
the major compound, since previous work has demonstrated that 
pure α-pinene has insignificant antinociceptive effects 48. This 
suggested that the compounds present in the greatest proportions 
are not necessarily responsible for the greatest share of the total 
activity. Thus, the involvement of the less abundant constituents 
should be considered and then, the activity could be attributed to 
the presence of minor components. 
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