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The species Juniperus oxycedrus L. is a member of Cupressaceae family. The chemical composition and antiproliferative
activity of wood and seeds essential oils of J. oxycedrus, grown wild in Lebanon, were evaluated in order to investigate
whether these products could be used as sources of functional compounds. The most abundant components of the seeds
essential oils were α-pinene, β-myrcene, limonene and δ-cadinene, while wood oil components included δ-cadinene,
cis-thujopsene, τ-muurolol, widdrol, epi-cubenol, β-caryophyllene and α-calacorene. Both wood and seeds essential
oils inhibited the proliferation of K562 cell line with ic50 values of 39.8±2.7 and 147.7±3.6 μg/mL, respectively. The
J. oxycedrus wood oil showed erythroid differentiation of 16.0±2.0% at a concentration of 5 μg/mL, while the seeds
essential oil showed erythroid differentiation of 25.0±2.8% at a concentration of 50 μg/mL.
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Introduction

Juniperus oxycedrus L. (Cupressaceae) is a common
shrub or small tree (until eight meters height) growing
wild in stony places of Mediterranean and Near East
countries (1, 2). The circular-shaped fruits are green
during the first year and redden in the second year. The
oil of cade (also known as juniper tar) was traditionally
extracted from branches, seeds and wood of the plant
(3), employed in human and veterinary dermatology to
treat chronic eczema and other skin diseases (4).
Leaves and stems of J. oxycedrus L. have been found
to reduce the blood pressure of normotensive rats, to
inhibit the response to histamine, serotonin and
acetylcholine, and to exhibit significant anti-inflamma-
tory activity (5). Previous studies has shown that
J. oxycedrus wood essential oils possessed antiviral
activity against SARS-CoV and HSV-1 replication
in vivo (6), hypoglycemic properties (7, 8); berry essen-
tial oils exhibited instead antioxidant activity (9), while
leaf essential oil was a potential antidermatophytic
agent (10). In this study, we performed hydrodistillation
of seeds and wood in order to obtain two essential oils
to be chemically characterized as phytocomplexes.
Since an important branch of our past and recent
research concerns the expression of embryo-fetal
globins genes (ζ-, ɛ- and γ-) and the activation of the
terminal phases of erythroid differentiation (11–15),
both the J. oxycedrus essential oils were then assayed

for the capacity to induce antiproliferative activity on
human chronic myelogenous leukemia K562 cells and
terminal phases of erythroid differentiation.

Experimental

Plant material

Juniperus oxycedrus L. wood and seeds were collected
from Baskinta reserve, Lebanon, in November 2009 at
an altitude of 1800 m above sea level. A voucher
specimen was authenticated by Prof. S. Safi, Biology
Department, Faculty of Sciences II, Lebanese Univer-
sity, and deposited in the Chemistry Department
Herbarium, Faculty of Sciences II, and Lebanese
University, under the numbers 1050 and 1075.

Essential oils extraction and characterization

Juniperus oxycedrus wood and seeds were dried for
seven days at room temperature. The wood (200 g) and
seeds (200 g) were submitted to hydrodistillation for 3
hours using a Clevenger-type apparatus (16) to give
yields of 2.0% (w/w%) and 1.5% (w/w%), respectively,
of essential oils. These products were treated with
anhydrous sodium sulfate to remove traces of moisture
and stored at 4–8°C in brown bottles.
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Analysis of the essential oils

The analyses were performed with a Varian GC-3800
gas chromatograph (GC) equipped with a Varian
MS-4000 mass spectrometer (MS) using electron
impact and hooked to NIST and ABREG (Rev.3,
ABREG S.r.l., Cernusco sul Naviglio, Milano, Italy)
libraries, dedicated to flavor and fragrance compounds.
A Varian FactorFour VF-5ms poly–5%-phenyl–95%-
dimethyl-siloxane bonded phase column (30 m � 0.25
mm � 0.25 μm film thickness) was used. The carrier
(helium) gas flow was 1.0 mL/minute; 1 μL of sample
dissolved into appropriate solvents (methanol) was
injected with a split ratio 50:1. The injector temperature
was set at 250°C. The oven temperature was raised
from 55°C to 100°C at 1°C/minute, then from 100°C
to 250°C at 5°C/minute and finally held for 15 minutes
at 250°C. MS conditions were as follows: ionization
voltage of 70 eV, ‘full scan’ mode, acquisition mass
range 29–400 Da, scan rate of 1 scan/second, trap
temperature and transfer line temperature 150°C and
300°C, respectively. The constituents of the volatile oils
were identified by comparing their AIs (arithmetic indi-
ces) and the mass fragmentation pattern with those of
other essential oils of known composition, with pure
compounds by co-injections, by matching the mass
fragmentation patterns and AIs with the above-men-
tioned mass spectra libraries and/or with those in the
literature (16, 17). In order to determine the AIs (linear
retention indices) of the components and compare them
with those of literature (17), a commercial C8–C32 ali-
phatic hydrocarbons mixture (Sigma Aldrich), was
added to the essential oils before injecting in the gas
chromatography–mass spectometry (GC–MS) equip-
ment and analyzed under the same conditions as above.

Essential oil samples were analyzed three times and
relative percentages of components as mean values
were calculated from the peak area percent of GC–
flame ionization detector (GC–FID). The analyses were
performed under the same experimental conditions
using a Thermo Finnigan GC coupled with an FID
detector (temperature 250°C) and the same column as
described for GC–MS.

Chemicals

Chemicals, reagents, solvents used for the study were
purchased from Sigma-Aldrich Co. The fetal bovine
serum was obtained from Celbio (Milano, Italy).

Cell lines, culture conditions and in vitro antiproli-
ferative activity assays

Human chronic myelogenous leukemia K562 cells (18)
were cultured in a humidified atmosphere at 5% CO2 in
RPMI-1640 (Flow Laboratories, Irvine, UK) supple-
mented with 10% fetal bovine serum, 100 units/mL

penicillin and 100 mg/mL streptomycin. The in vitro
antiproliferative activities of essential oils from the
J. oxycedrus L. wood and seeds oils were assayed as
follows: cell number/mL was determined by using a
ZBI model coulter Counter (coulter Electronics,
Hialeah, FL). Cells were plated at an initial concentra-
tion of 3 � 104 cells/mL and the cell number/mL was
determined after three and four days of cell culture,
when untreated cells are in the log phase of cell growth.

In vitro induction of erythroid differentiation

Erythroid differentiation of the J. oxycedrus L. wood
and seeds oils was evaluated by counting benzidine
positives cells after suspending the cells in a solution
containing 0.2% benzidine in 0.5 M glacial acetic acid,
10% H2O2, as elsewhere described (12). Induction of
differentiation was evaluated after five, six and seven
days of cell culture and compared with that obtained
using well established inducers of differentiation of
K562 cells, such us cytosine arabinose, mithramycin,
angelicin, hydroxyurea and butyric acid (18–20).

Annexin V flow cytometry

The binding of Annexin V-fluorescein isothiocyanate
(Ann-V) to externalized phosphatidylserine was used as
a measurement of apoptotic K562 cells with an
AnnexinV-FITC kit (Clontech, Mountain View, CA)
according to the manufacturer’s instructions. Suspended
cells were pelleted by centrifugation, washed once with
binding buffer 1� (Clontech, Mountain View, CA) and
resuspended in 0.2 mL of binding buffer. These cell
suspensions were transferred to a 1.5-mL tube and
incubated with 0.005 mL of Ann-V for 15 minutes at
25°C in the dark. Finally, 0.4 mL of binding buffer
was added, and samples were analyzed by flow cytom-
etry within 1 hour on a FACScan flow cytometer (BD
Biosciences).

Statistical analysis

All experiments were carried out in triplicate. Data
were expressed as means±SD. Differences were
evaluated by one-way analysis of variance (ANOVA)
test completed by Dunnett’s test. Differences were
considered significant at ⁄⁄p<0.01. The 50% inhibitory
concentration (IC50) was calculated by nonlinear regres-
sion curve with the use of Prism Graphpad Prism
version 4.0 for Windows (GraphPad Software, San
Diego, CA, USA; http://www.graphpad.com).

Results and discussion

Composition of essential oils

Hydrodistillation of J. oxycedrus wood and seeds
yielded 2.0% and 1.5% (w/w%), respectively. The
chemical composition of the essential oils analyzed by
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GC–MS is reported in Table 1, in which compounds
are listed on the basis of their retention index. Seeds
essential oil of J. oxycedrus L. was characterized by
twenty components, representing 96.0% of the total, as
showed in Figure 1. The main compounds β-myrcene
(34.7%), α-pinene (33.4%), limonene (10.4%) and
δ-cadinene (4.6%) reflected the composition of berry
essential oils (7). Wood essential oil was characterized
by sixteen components, representing 95.2% of the total
(Figure 2). The main compounds were δ-cadinene
(19.0%), cis-thujopsene (16.9%), τ-muurolol (12.9%),
widdrol (11.0%), epi-cubenol (8.2%), β-caryophyllene
(4.6%) and α-calacorene (4.3%), which reflect many
similarities with the related literature (7, 21).

Antiproliferative activity and effects on cell
differentiation

In order to verify whether seeds and wood essential oils
of J. oxycedrus L. retain any biological activity, K562
cells were seeded at 3 � 104 cells/mL and then cultured
for seven days in the presence or absence of essential

oils at concentrations ranging from 0.1 to 500 μg/mL.
Both essential oils were able to exert antiproliferative
activity against K562 cells despite with different
efficacy (Table 2).

Since it is known that many antitumor agents can
activate terminal programs of differentiation of targeted
tumor cells, we tested the ability of the J. oxycedrus L.
wood and seed essential oils, at concentrations ranging
from 0.1 to 500 μg/mL, to induce erythroid differentia-
tion of K562 cell line (14). The wood oil showed a
percentage of erythroid differentiation of 16.0±2.0% at
the concentration of 5 μg/mL. A percentage of 25.0
±2.8% was found for the seeds essential oil at the con-
centration of 50 μg/mL. In this experiment, we used as
control the DNA binding compound arabinose cytosine
that is a potent and known inducer of erythroid differ-
entiation in K562 cell line. However, these data show
that levels of differentiation similar to those obtained
using butyric acid (20–35%, data not shown) (22, 23)
are reached; interestingly, butyric acid and its deriva-
tives are proposed for clinical trials (24).

Table 1. The chemical profile of Juniperus oxycedrus L. seeds and wood essential oils.

J. oxycedrus essential oils

No. Constituents AIca AIb Seeds oil, Area% Wood oil, Area% ID methodc

1 α-pinene 939 934 33.4±1.2 – MS, Co-GC
2 β-myrcene 989 988 34.7±0.9 – MS, Co-GC
3 limonene 1029 1024 10.4±0.7 – MS
4 γ-terpinene 1059 1054 0.3±0.1 – MS
5 terpinolene 1088 1086 1.3±0.2 – MS
6 linalool 1096 1094 0.4±0.1 – MS, Co-GC
7 terpinen-4-ol 1177 1176 0.3±0.1 – MS, Co-GC
8 α-terpineol 1188 1186 0.3±0.1 – MS
9 bornyl acetate 1287 1287 0.5±0.2 – MS
10 α-cubebene 1348 1345 1.1±0.3 – MS
11 α-copaene 1376 1374 – 0.4±0.1 MS
12 β-elemene 1390 1389 – 0.7±0.1 MS
13 longifolene 1407 1407 0.8±0.2 – MS
14 α-cedrene 1411 1410 – 1.3±0.3 MS
15 β-caryophyllene 1419 1417 2.4±0.4 4.6±0.4 MS
16 cis-thujopsene 1431 1429 – 16.9±1.6 MS, Co-GC
17 α-caryophyllene 1454 1452 2.1±0.3 1.9±0.2 MS
18 β-chamigrene 1476 1474 – 1.8±0.3 MS
19 cis-cadina-1,4-diene 1495 1493 1.0±0.1 0.5±0.2 MS
20 cuparene 1504 1501 – 7.4±0.6 MS
21 δ-cadinene 1523 1520 4.6±0.5 19.0±1.3 MS
22 trans-cadina-1,4-diene 1534 1531 0.6±0.2 – MS
23 α-calacorene 1546 1544 – 4.3±0.5 MS, Co-GC
24 trans-nerolidol 1563 1561 0.7±0.1 – MS
25 widdrol 1599 1596 – 11.0±1.0 MS
26 epi-cubenol 1627 1627 – 8.2±0.7 MS
27 ι-muurolol 1648 1642 0.6±0.2 12.9±1.2 MS
28 cubenol 1656 1649 – 1.6±0.3 MS
29 α-cadinol 1654 1652 0.5±0.1 – MS
30 cadalene 1676 1675 – 2.7±04 MS

Total peak identified 96.0 95.2

Notes: aArithmetic indices calculated on a Varian VF-5ms column. bArithmetic indices from literature (16). cMS, identification with library mass
spectrum comparison; Co-GC, co-injection with authentic compound.
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Figure 1. Seeds essential oil gas-chromatogram of Juniperus oxycedrus L. Peaks were labeled as reported in Table 1.

Figure 2. Wood essential oil gas-chromatogram of Juniperus oxycedrus L. Peaks were labeled as reported in Table 1.
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In order to investigate the possible apoptotic activity
of wood extract derived from J. oxycedrus, which
demonstrated the major antiproliferative activity, we set
up an additional experiment on K562 cells treated with
different concentrations (1–40 μg/mL). K562 cells were
seeded in a twenty-four-well plate, and treated with
wood essential oil. After 72 hours, they were washed
with binding buffer 1�, stained with AnnexinV-FITC
(Clontech, Mountain View, CA) and analyzed by
flow cytometry (Becton Dickinson FACScan Flow

Cytometer). We observed (Table 3) only a slight increase
in Annexin V-positive cells for all the analyzed concen-
trations, demonstrating a low activation of the apoptotic
pathway by wood essential oil. Figure 3 shows the bind-
ing of AnnexinV to K562 cells treated with 40 μg/mL of
essential oil (panel B), compared with untreated cells
(negative control, panel A). A detectable activity was
observed only at 40 μg/mL (Figure 3). These data
demonstrate that the observed antiproliferative effects
are not associated with a full activation of the apoptotic
pathway.

Some constituents of J. oxycedrus essential oils
were previously tested for their antiproliferative activity
(25). Among them α-terpineol exhibited the highest
cytotoxic activity with an IC50 value of 75.0 μM. Other
significant results were obtained with α-pinene and
α-copaene (IC50 values of 117.3 and 136.5 μM
respectively), α- and β-caryophyllene (IC50 values of
98.7 and 98.0 μM, respectively), and limonene (IC50

values of 256.2 μM).
In this respect, the development of new compounds

against chronic myelogenous leukemia cell lines
might be of great interest. Systemic chemotherapy
includes alkylating agents such as chlorambucil,

Table 2. Effect of Juniperus oxycedrus L. essential oils on K562 cell growth and differentiation.

Essential oils IC50 Differentiation max%

J. oxycedrus wood 39.8±2.7 (μg/mL) 16.0±2.0 (5 μg/mL)
J. oxycedrus seeds 147.7±3.6 (μg/mL) 25.0±2.8 (50 μg/mL)
AraC 250.0±7.0 (nM) 92.0±3.0 (500 nM)

Notes: The IC50 values were obtained after four days of cell culture from three independent experiments, when K562 are in the log phase of
growth. The maximum percentage of cell differentiation was observed after five days of culture at the indicated concentrations. Differences within
and between groups were evaluated by one-way analysis of variance test ⁄⁄⁄p<0.0001 (F=187.6, r2=0.98) followed by a multicomparison Dunnett’s
test: ⁄⁄p<0.01 compared with the positive control Ara C (cytosine Arabinose).

Table 3. Effect of Juniperus oxycedrus L. wood essential oil
on K562 cell apoptosis (AnnexinV assay).

Concentration Apoptosis%

1 μg/ml 1.24±0.16
10 μg/ml 1.38±0.11
20 μg/ml 3.92±0.42
40 μg/ml 10.68±2.01

Notes: Experiments were performed in triplicate. K562 cells were
treated with various doses of J. oxycedrus wood essential oil for 72
hours and induction of apoptosis was measured using an Annexin V-
based assay. Representative density plots (Figure 3) indicate the early
phase of apoptosis (Annexin V-positive cells).

Figure 3. Binding of AnnexinV-FITC to untreated (panel A) and treated (40 μg/ml Juniperus oxycedrus L. wood essential oil,
for 72 hours) K562 cells (panel B), analyzed by flow cytometry.
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cyclophosphamide, vincristine or fludarabine (singly or
in combination), and steroids (prednisone) when auto-
immune hemolytic anemia or thrombocytopenia occurs
(26). More importantly, Imatinib mesylate-resistant
human chronic myelogenous leukemia cell lines can be
treated with erythroid inducers, as recently demon-
strated using the phytoalexin resveratrol (27).

Conclusion

In conclusion, in this work, the chemically characterized
essential oils of J. oxycedrus L. wood and seeds were
able to inhibit the in vitro proliferation of K562 cells.
These effects are associated with activation of erythroid
differentiation but not with activation of pro-apoptotic
signaling. Our future aim will be to test the activity of
the pure and identified major constituents of seeds and
wood essential oils of J. oxycedrus against K562 cell
line. In fact, data suggest that these essential oils should
be considered a potential source of bioactive com-
pounds against cancer.
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