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Levant (santonica) wormwood (Artemisia cina Berg.) is
known as the source of an antihelminthic agent. Wild-gro-
wing plants are now encountered only in South Kazakhstan
and in the Zhambyl Regions of Kazakhstan. The
above-ground parts of levant wormwood contains, besides
santonin, an essential oil (1.5 – 3%) and betaine, choline,
tannins, and pigments [1, 2]. The chemical composition of
the essential oil from levant wormwood (EOLW) has been
first studied as long ago as 1841. In 1884 (Wallace, Brass,
Hell, and Stucke) it was established that the main component
in this oil is 1,8-cineole [3]. In addition, EOLW contains sig-

nificant amounts of terpineol, p-cymene, �- and �-thujones,

borneol, �-terpinene, �- and �-pinenes, artemisia ketone,
and some other compounds [4].

We are conducting investigations aimed at creating a soft
EOLW-based medicinal preparation. It has been established
that this essential oil exhibits low toxicity upon inhalation
and produces insignificant local irritant action upon applica-
tion onto skin [5].

The purpose of this study was to assess some pharmaco-
logical properties of 1,8-cineole isolated from EOLW.

EXPERIMENTAL CHEMICAL PART

EOLW was obtained by a hydrodistillation technique
from levant wormwood flower heads crushed into 5 mm par-
ticles. Gas-chromatographic (GC) analysis of EOLW was
performed on a Model 3700 chromatograph, equipped with a

2 m � 2 mm stainless steel column and a plasma ionization
detector. The immobile phase represented a silicon elastomer
on solid carrier (5 wt.% of SE-30 on Chromaton N Super,
0.125 – 0.160 mm fraction). The GC measurements were
conducted either in a programmed temperature mode (heat-

ing from 60 to 220°C at a rate of 4 K�min) or in an isother-
mal mode (10 min at 220°C); carrier gas, argon (30 ml�min);

hydrogen to air flow rate ratio, 1 : 10; sample volume, 1 	l.
EOLW was analyzed in the form of a 2% solution in diethyl
ether. The content of components in EOLW was calculated
using relative areas under peaks with internal normalization.

1,8-Cineole was separated from EOLW containing not
less than 60% of this component. Being sufficiently stable,
1,8-cineole was isolated by rectification distillation at
amospheric pressure (177 – 178°C fraction). The purity of
the isolated product was checked by GC analyses. The bio-
logical tests were performed using target products with a GC
purity of not less than 98.5%.

EXPERIMENTAL BIOLOGICAL PART

The antiexudant activity of EOLW and 1,8-cineole was
studied in rats with an acute foot edema model induced by
carrageenan [6]. The experiments were performed on a group
of male and female Wistar rats weighing 180 – 200 g. The
inflammation model was induced by subplantar injections of

a 1% aqueous carrageenan solution (50 	l per animal)
30 min after the enteral introduction of the substance tested.
EOLW and 1,8-cineole were administered in a dose of 50,
100, or 200 mg�kg as aqueous emulsions. The reference drug
was aspirin (Sigma) in a dose of 100 mg�kg. Animals in the
control group received an equivalent amount of distilled wa-
ter. The edemation dynamics was monitored with the aid of a
water plethysmograph immediately before and after (every
hour over an 8-h period of time). The antiexudant activity
was evaluated as percentage edema growth inhibition rela-
tive to untreated control.

The analgesic activity of EOLW and 1,8-cineole was
studied using a model of acetic acid induced convulsions in
mice weighing 20 – 22 g [7]. EOLW and 1,8-cineole were
administered by intraperitoneal injections of aqueous emul-
sions (in isotonic sodium chloride solution) in a dose of 50,
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100, or 200 mg�kg. The reference drug was aspirin (Sigma)

in a dose of 100 mg�kg. Animals in the control group re-
ceived an equivalent amount of an 0.9% aqueous sodium
chloride solution. The model convulsant (0.9% aqueous ace-
tic acid solution) was injected (0.25 ml, i.p.) 30 min after
tested substances. Then the animals were placed in a plastic
box and the number of convulsions was monitored by a
counting device.

The cytotoxic activity of EOLW and 1,8-cineole was
studied by survival tests on Artemia salina sea shrimp spe-
cies using a brine shrimp bioassay technique [8, 9]. The eggs

of Artemia salina were incubated in a model sea water (3.3%

sea salt solution). The stock solution of EOLW or 1,8-cineole

(20 mg in 2 ml of ethanol) was diluted (500, 50, or 5 	l per

5 ml of sea water) to obtain a drug concentration of 1000,

100, and 10 	g�ml, respectively. Using a Paster pipette, ten

larvae were placed into each flask with a test solution, the

samples were incubated for 24 h at 25 – 27°C under artificial

illumination, the number of survived species was deter-

mined, and the toxicity (LD50) was calculated (Finney Pro-

gram Package). The reference compound was arglabin, regis-

tered as an antitumor drug in Kazakhstan (RK-LS-5, No.

003950).
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TABLE 1. Antiexudant Properties of 1,8-Cineole and EOLW

Experiment
Dose,
mg�kg

Model edema volume (M � m )

4 h 8 h

cm3 % cm3 %

Control 0.89 � 0.04 0.73 � 0.04

EOLW 50 0.44 � 0.02 50 0.36 � 0.07 51

100 0.45 � 0.04 49 0.34 � 0.04 53

200 0.42 � 0.01 52 0.34 � 0.03 53

1,8-Cineole 50 0.75 � 0.05* 16 0.5 � 0.08 32

100 0.77 � 0.05* 13 0.52 � 0.05* 29

200 0.62 � 0.1 30 0.48 � 0.1 34

Aspirin 100 0.42 � 0.03 53 0.37 � 0.03 50

Notes. Data are averaged over ten observations in each group; dif-
ferences from the control group are reliable for P < 0.05; * differ-
ences from the reference group are reliable for P < 0.05.

TABLE 2. Analgesic Activity of 1,8-Cineole and EOLW

Experiment
Dose,
mg�kg

Number
of convulsions

Percentage
inhibition

Control – 124 � 8 –

Aspirin 100 56 � 3 54

EOLW 50 42 � 2* 66

100 43 � 2* 66

200 48 � 7 62

1,8-Cineole 50 60 � 8 51

100 53 � 2 57

200 47 � 8 62

Notes. Data are averaged over ten observations in each group; dif-
ferences from the control group are reliable for P < 0.05; * differ-
ences from the reference group are reliable for P < 0.05.

TABLE 3. Antitumor Activity of 1,8-Cineole and EOLW

Experiment
Dose,
mg�kg

Melanoma H157 Carcinoma HT144

Optical density Percentage inhibition Optical density Percentage inhibition

Control (ethanol) 0.792 � 0.05 0.560 � 0.01

Control (DMSO) 0.790 � 0.003 0.616 � 0.01

EOLW 1 : 10 – 2
0.153 � 0.02 81 0.036 � 0.01 93.5

1 : 10 – 3
0.624 � 0.032 21.2 0.425 � 0.021 24.1

1 : 10 – 4
0.719 � 0.038 9.2 0.52 � 0.019 7.1

1 : 10 – 5
0.686 � 0.037 13.3 0.522 � 0.021 6.8

1 : 10 – 6
0.8 � 0.022 – 0.617 � 0.005 –

1,8-Cineole 1 : 10 – 2
0.037 � 0.003 95.3 0.0215 � 0.005 96.2

1 : 10 – 3
0.473 � 0.017 40.2 0.361 � 0.013 35.5

1 : 10 – 4
0.616 � 0.003 22.2 0.497 � 0.015 11.25

1 : 10 – 5
0.631 � 0.02 20.3 0.528 � 0.033 5.7

1 : 10 – 6
0.765 � 0.022 3.4 0.609 � 0.021 –

Arglabin 1 : 10 – 2
0.132 � 0.02 83.2 0.095 � 0.008 84.5

1 : 10 – 3
0.495 � 0.022 37.3 0.432 � 0.016 29.8

1 : 10 – 4
0.748 � 0.01 5.3 0.587 � 0.015 4.7

1 : 10 – 5
0.77 1 � 0.022 2.4 0.663 � 0.011 –

1 : 10 – 6
0.80 � 0.008 – 0.624 � 0.018 –



The antitumor activity of of EOLW and 1,8-cineole was
studied in vitro by the Sulforhodamine B assay technique us-
ing cultures of mice melanoma H157 and carcinoma HT144
cells [10]. The substances were tested in a range of concen-

trations from 1 � 10 – 2 to 1 � 10 – 6. The reference compound
was arglabin. The control experiments were performed with
96% ethanol (used as the solvent for EOLW and 1,8-cineole)
and DMSO (a solvent for arglabin). Sulforhodamine B was
used as a 0.4% solution in 1% aqueous acetic acid. The activ-
ity was estimated by monitoring the optical densities of solu-
tions at 515 nm (ELISA Reader).

RESULTS AND DISCUSSION

The results of tests on the carrageenan edema model (Ta-
ble 1) showed that 1,8-cineole exhibits a weak
antiinflammatory activity (30% edema growth inhibition rel-
ative to control). The activity of EOLW was comparable with
that of the reference drug (aspirin). The effects of EOLW and
1,8-cineole were not dose dependent. An analysis of the ex-
perimental data showed that the antiexudant activity of
EOLW is not related to the presence of 1,8-cineole. The ther-
apeutic effect of this essential oil is probably due to the syn-
ergistic action of some other combination of triterpenoids,

for example borneol and �- and �-pinenes, which were pre-
viously reported to possess antiinflammatory properties
[11, 12].

Studied on the acetic acid induced convulsions, EOLW
and 1,8-cineole showed pronounced analgesic activity (Ta-
ble 2). The efficacy of EOLW was 62 – 66% (1.1 – 1.2 times
that of aspirin) and the effect of 1,8-cineole was 51 – 62%,
being comparable with that of the reference drug. Appar-
ently, the analgesic activity of EOLW is related to the pres-
ence of 1,8-cineole in this essential oil. The therapeutic effect
was dose dependent.

The data on cytotoxicity studied using the survival tests

on Artemia salina showed LD50 = 114.4 and 190.2 	g�ml for

EOLW and 1,8-cineole, respectively, against 20.6 	g�ml for
arglabin. These values are indicative of the moderate
cytotoxicity of the substances tested.

Data on the antitumor properties of EOLW and
1,8-cineole are presented in Table 3. As can be seen, EOLW

at a concentration of 1 � 10 – 2 inhibited the growth of mela-
noma H157 and carcinoma HT144 cells by 81 and 93.5%, re-
spectively; the same dose of 1,8-cineole inhibited the growth
of H157 and HT144 by 95 and 96%, respectively. The refer-
ence drug arglabin also showed pronounced antitumor effect
on the model strains, which was comparable with the action
of EOLW and 1,8-cineole.

Thus, there is no correlation between moderate
cytotoxicity of EOLW and 1,8-cineole and the pronounced
antitumor action of these substances.

The results of our investigation show that 1,8-cineole
possesses moderate antiexudant and cytotoxic properties and
pronounced analgesic and antitumor activity. 1,8-Cineole is
convenient for the standardization of EOLW and other essen-
tial oils containing this compound in significant amounts.
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