Comparative Antioxidant Properties of Juniperus communis L.
and Juniperus virginiana L. Extracts Obtained by Refluxing and
Sonication Methods

CARMEN MANUELA PLESA*, AUREL ARDELEAN, MIHAI COSMIN PASCARIU, ALFA XENIA LUPEA
Vasile Goldis Western University of Arad, Faculty of Pharmacy, 86 Liviu Rebreanu Str., 310414, Arad, Romania

The aim of this study was to evaluate the antioxidant activity of ethyl acetate and tetrahydrofuran extracts
of Juniperus berries, branches and needles, by using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay. Two
Juniperus species, Juniperus communis and Juniperus virginiana, from different regions were used. The
extracts obtained by sonication and refluxing extraction were studied by gas chromatography-mass
spectrometry, which revealed that the Romanian juniper extracts are largely comprised of monoterpene
hydrocarbons, suchas a-pinene, (-pinene, B-hellandrene, sabinene, 3-cadinene, T-cadinene, (3-caryophyllene,
[B-cubebene, B-elemene and germacrene D. The antioxidant activity was highest in ethyl acetate Juniperus
communis needles extract from Lipova (Romania) and in ethyl acetate Juniperus virginiana branches
extract from Macea Botanical Garden (Romania). The mean rates (v_) of DPPH consumption were higher
for the tetrahydrofuran Juniperus communis branches extract from Lipova and ethyl acetate Juniperus
virginiana branches extract than in tetrahydrofuran Juniperus communis berries extract from Lipova.
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antioxidant activity

It is commonly accepted that free radicals play an
important role in the pathogenesis of many diseases.
Antioxidants, on the other hand, can control the degradation
of biomolecules caused by the free radicals. Thus,
considerable efforts have been made towards locating
naturally occurring antioxidants for use in food or
medicines, in order to replace the synthetic antioxidants
[1]. The side effects of artificial antioxidants are a strong
reason for considering their replacement with natural
equivalents. Essential oils are one source of natural
antioxidants, with a great potential for application in
pharmaceutical products [2]. Juniperus species, for
example, contain such essential oils and are used for
treatment of hyperglycemia, tuberculosis, bronchitis,
pneumonia, ulcers, intestinal worms and other [2].

For centuries, juniper berries have been used in folk
medicine for the treatment of opportunistic infections, as a
spice for meat, and as flavor in the preparation of gin and raki
[3]. Juniperus communis oil is of interest to perfumery,
cosmetic and pharmaceutical industries because of its
aromatic and diuretic (based on its terpinen-4-ol content)
properties [4,5].

Juniperus L. (Cupressaceae family) is a genus of
evergreen shrubs or trees and the second most diverse
conifer, with 67 species in the world [6]. Juniperus
communisL. (section Juniperus) grows in scrubs, pastures
and cliffs, from sea level to high mountain regions,
throughout Europe, Asia and North America [7,8]. Juniperus
communis is an evergreen dioecious shrub or tree, with
fleshy female cones, in which the cone scales are fused
resembling berries of dark blue - black color [8,9].

The main Juniperus compounds of this study are (-
phellandrene, a-pinene, sabinene and germacrene D. The
hydrodistillation method was previously applied to needles
[4,8-10] and berries [5-7,9,11,12] of Juniperus communis,
supercritical CO, extraction was also used for berries [13]. A
number of studies have shown that monoterpenes, contained
in juniper essential oil, enhance, through their antioxidant
activity, the oxidative stress resistance of living organisms.

Their antiradical activity affects the levels of the most important
enzymes responsible for the neutralization of ROS: SOD, CATs,
peroxidases, and glutathione transferase [3].

The purpose of this work was to evaluate the antioxidant
activity of different extracts of Juniperus communis and
Juniperus virginiana.

Experimental part
Materials and methods

The plant material was collected from wild growing
Juniperus communis shrubby trees from Lipova (Arad
County, Romania) and from Albac (Alba County, Romania).
Juniperus virginiana was collected from Macea Botanical
Garden (Arad County, Romania). Three kind of samples
were selected, i.e. black mature berries, needles and
branches, which were all dried at room temperature.

Ethyl acetate and tetrahydrofuran, both from Chimopar
Bucharest, were used as solvents for refluxing extractions.
The former was also used as solvent for sonication
extractions. All solvents used were of puriss or p.a. grade.

All filtered extracts were dried on anhydrous sodium
sulfate (Fluka Chemie AG).

Extraction methods
Refluxing extraction

The plant material was dried and stored at room
temperature. Dried berries, needles, and branches (2 g in
each case) were grounded, treated with 15 mL solvent
(tetrahydrofuran or ethyl acetate) and refluxed for 30 min.
After cooling, the extract was filtered, dried over anhydrous
Na,SO, and stored at -4 °C in glass containers, until the gas
chromatography - mass spectrometry (GC-MS) analysis
was performed.

Sonication extraction

In order to obtain the volatile compounds from the three
anatomical parts (berries, needles, and branches) of the
two Juniperus species, 1 g of dried and grounded plant
material was placed in a vial with 6 mL solvent (ethyl
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acetate). The vial was covered and then placed in the
sonication water bath (HK2200, 100 W, 50 kHz) for 10 min
[14]. After sonication, the extract was filtered, dried over
anhydrous Na,SO, and stored at -4°C until the GC-MS
analysis was performed

GC-MS analysis

The extracts obtained by refluxing and sonication were
analyzed by GC-MS in order to identify the main
components. A Hewlett Packard HP 6890 Series gas
chromatograph coupled with a Hewlett Packard 5973
mass selective detector (GC-MS) system was used. A HP-
5 MS capillary column was used for the GC system. The
temperature program was set from 50 to 250°C, with a
rate of 6°C/min, using helium as carrier gas. The relative
percentage concentrations of the volatile compounds for
the two species of juniper were computed from the GC
peak areas. The identification of the main compounds was
performed by matching the experimental mass spectra
with those from the NIST/EPA/NIH Mass Spectral Library
2.0.

2,2-Diphenyl-1-picrylhydrazyl radical-scavenging

A DPPH solution of approximately 1 mM was prepared
in ethanol (96 %) and diluted to obtain a standard curve for
DPPH. The absorbance was recorded at 517 nm (Lambda
25 UV-Vis Spectrophotometer) using ethanol as blank. The
mean rate (v, ) of DPPH consumption was calculated for
all extractsas the ratio between the decrease in
concentration (Ac, uM) and the time interval (At, s),
according to equation 1 [15].

Vv ——E
"= @)
The antioxidant activity was calculated according to
equation 2.
A= 2o
where A _ is the absorbance for the positive control
(DPPH sblutron without the sample) and A is the

absorbance after 15 min.

~ A9 100 @

(t=15)

Results and discussions
Composition of Juniperus extracts

The amount of the extracted compounds is expressed
as a percentage of the obtained peak area, compared with
the total area of all peaks (table 1). Of the large number of
compounds found in all extracts (over 100), only the most
important (26 compounds) were discussed.

The GC-MS analyses showed that a-pinene is present
in all extracts. a-Pinene is present in higher amount
(26.70%) in J. communis branches from Lipova ethyl
acetate extract obtained by sonication, by comparison with
the supercritical CO, extraction (a-pinene 7.11 %) [13].
Also, germacrene D s present in a higher amount (14.42
%) in J. communis branches from Lipova ethyl acetate
extract prepared by sonication, along with sabinene
(10.22%) from the Juniperus virginiana needles extract in
tetrahydrofuran from Macea Botanical Garden, when
compared with commercial essential oil from Bulgaria
(sabinene 5.8%) [3].

Table 1
THE MAIN COMPONENTS OBTAINED BY REFLUXING AND SONICATION EXTRACTION FROM JUNIPERUS COMMUNIS AND JUNIPERUS
VIRGINIANA NEEDLES, BERRIES AND BRANCHES (% OF TOTAL AREA)

%0 of total area
No Compounds Refluxing extraction Sonication
: E: Ex E4 Es Es E- Es Eo E:
[16] [16] [16]
1.|o-Pinene 1973 | 1381 | 936|066 237 | 1436 | 1.31 1.74 26.70
1.|B-Pinene 10,10 | 047 | 085|028 427 0.85 033 | 2.39 247
3.|Bizabolene epoxide 0.16 010 | 013 [ 003 0.11 0.19 - - -
4 |3-Carene 0.61 - 015| - 0.05 - 0.08 - -
3.|f-Cadinens 0.65 0.47 - | 0351 - 0.37 0.43 011 2.72
6.|t-Cadinene 0.20 0.18 - | 0.32 - 0.18 0.26 0.12 1.13
7.|t-Cadinol 0.08 - - - - - - 2.50
& |Camfene 0.17 | 008 | 008 | - - - 0.03 0.03 -
0 |Cariophylene 1.83 044 1010|123 192 | 310 1.18 1.20 1.88
10 |Carveol 0.08 001 | 036|009 004 | 0.09 - 0.03 0.03
11 |Cedrene - 0.12 - | 0.02 - - 0.03 - 0.14
11 |Copaene 0.55 | 0.04 - - - - - - 0.11
13.[f-Cubebene - 214 (042 - 1.75 - 0.07 1.12 -
14 |G-Elemene 204 | 088 - | 013 015 0.10 0.22 0.18 1.85
13 |t-Elemene 4.43 189 | 020|014 025 - 0.20 0.08 425
16.|(-Phellandrens 1031 | 812 26| 798| 46.64 | 1051 | 0.11 | 26.93 471
17 |Germacrene D 342 3.49 - | 303| 607 | 209 | 278 326 14.42
18 |o-Humulene 1.59 | 027 | 003 013| 0.18 0.35 0.12 0.10 149
19 |Limonene 475 | 208 | 137|054 1.21 0.68 0.60 0.83 5.05
20 |Linalool 0.07 - - | 006 006 0.73 0.06 0.03 -
21 |Ocimene - 0.02 - | 006 009 0.33 - - 0.72
22 |Sabinene - 12,07 | 7,70 - - - 10,22 - 0.46
23.|Epamlencl 0.56 - 0.07 [ 0.09 - - - - 048
24 |ciz-f-Terpineol 0.76 | 0.05 | 069 017| 042 024 | 045 0.62 0.11
25.|t-Terpinens 0.28 - 023|042 009 - 0.19 1.02 0.36
26.| Terpinclene 0.76 | 032 | 039 024| 045 0.25 0.13 0.32 0.33
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Table 2
THE ABBREVIATION FOR ANTIOXIDANT ACTIVITY EXTRACTS

Abbreviation Extracts for DPPH assay
Ex Juniperus communis berries extract in ethyl acetate from Albac
Ez Juniperus communis branches extract in ethyl acetate from Albac
E; Juniperus communis needles extract in ethyl acetate from Lipova
Eq Juniperus communis branches extract in tetrahydrofuran from Lipova
Es Juniperus virginiana needles extract in ethyl acetate from Macea Botanical Garden
Es Juniperus virginiana berries extract in ethyl acetate from Macea Botanical Garden
E; Juniperus virginiana branches extract in ethyl acetate from Macea Botanical Garden
Eg Juniperus virginiana needles extract in tetrahydrofuoran from Macea Botanical Garden
g Juniperus virginiana berries extract in tetrahvdrofuran from Macea Botanical Garden
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Fig. 1. Reduction of DPPH by juniper extracts

To conclude, the extracts are mainly comprised of
monoterpenes (limonene, T-terpinene, terpinolene, cis-3-
terpineol, B-phellandrene, a-pinene, B-pinene) and
sesquiterpenes ([3-cadinene, t-cadinene, B-caryophyllene,
germacrene D, a-humulene).

Antioxidant activity

The DPPH assay test was used in this study in order to
determine the ability of juniper extract to act as hydrogen
atom donors. All nine extracts reduce the DPPH radical
from a deep violet color to colorless when neutralized, as
can be seen in figure 1. By monitoring the reaction at 517
nm, a decrease in absorbance for extracts E , E,, E,and E,
in the first three minutes can be observed (ta‘ble 2). For
branches, this decrease was slower than for needles and
berries.
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Fig. 2. Antioxidant activity of Juniperus communis needles extract
in ethyl acetate from Lipova

The antioxidant activity was calculated by using the
absorbance values for the positive control and for the
sample after 15 min (eq. 2, table 3). The obtained
antioxidant activity values were between 33.31% (E,) and
89.98% (E,). Juniperus communis needles extract in ethyl
acetate from Lipova had the highest antioxidant activity
(fig. 2); also, for Juniperus communis branches extract in
ethyl acetate from the Macea Botanical Garden, the value
was very close (89.69%, fig. 3).

Juniperus communis branches extract in
tetrahydrofuran from Lipova had the highest mean rate
(v), calculated with equation 1, (0.0212 uM/s), followed
by the Juniperus communis branches extract in ethyl
acetate from Macea Botanical Garden (0.0122 uM/s).
Juniperus virginiana berries extract in ethyl acetate from
Macea Botanical Garden had the lowest values (0.026 pM/
s), (table 3).
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Fig. 3. Antioxidant activity of Juniperus communis

branches extract in ethyl acetate from Macea Botanical

Garden
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Table 3
ANTIOXIDANT ACTIVITY AND MEAN RATE FOR JUNIPER EXTRACTS
A% Mean rate, vm
Extracts (DPPH) (uMs)
E1 2582 0.0050
Ez 77.54 0.0043
E: 80.08 0.0063
E4 74.01 0.0212
Es 3331 0.0032
Es 3293 0.0026
E; 2069 0.0122
Eg 6i).28 0.004%
Es 78.35 0.0034
Conclusions

Nine juniper extracts, obtained using ethyl acetate and
tetrahydrofuran as solvents, were used for antioxidant
activity determinations. Sonication extracts showed the
higher contents of a-pinene and limonene (5.05 %,
comparable with the essential oil from literature [5]) in
Juniperus communis branches extract in ethyl acetate
from Albac (Romania). By refluxing extraction, the sabinene
from Juniperus communis needles extract in ethyl acetate
from Lipova (Romania) showed the highest percent. The
highest antioxidant activity was attributed to the Juniperus
communis needles extract in ethyl acetate from Lipova,
which was follow by the Juniperus communis branches
extract in ethyl acetate from Macea Botanical Garden. The
mean rate of Juniperus communis branches extract in
tetrahydrofuran from Lipova and Juniperus virginiana
branches extract in ethyl acetate from Macea Botanical
Garden was higher than in the Juniperus virginiana berries
extract in ethyl acetate from Macea Botanical Garden.

Acknowledgements: This work was partially supported by the strategic
grant POSDRU 6/1.5/5/13 (2008) from the Ministry of Labor, Family and
Social Protection, Romania, co-financed by the European Social Fund
- Investing in People. Vasile Goldis Western University of Arad is
gratefully acknowledged for providing the Juniperus virginiana
samples.

902 http://www.revistadechimie.ro

References

1.EMAMI, S.A., ABEDINDO, B.F.,, HASSANZADEH-KHAYYAT, M., Iran. J.
Pharm. Res., 10, no. 4, 2011, p. 799.

2.MOEIN, M.R., GHASEMI, Y., MOEIN, S., NEJATI, M., Pharmacogn.
Res., 2, no. 3, 2010, p. 128.

3.HOFERL, M., STOILOVA, I., SCHMIDT, E., WANNER, J., JIROVETZ, L.,
TRIFONOVA, D., KRASTEV, L., KRASTANOQV, A., Antioxidants, 3, no. 1,
2014, p. 81.

4, CHATZOPOULOU, PS., KATSIOTIS, S.T., J. Essent. Qil Res., 5, no. 6,
1993, 603.

5.MATQVIC, M., BOJOVIC, B., JUSKOVIC, M., International Journal of
Life Science and Medical Science, 1, no. 1, 2011, p. 5.

6.HASHEMI, S.M., ROSTAEFAR, A., Ecologia Balkanica, 6, no. 1, 2014,
87.

7.HAZIRI, A., FAIKU, F, MEHMETI, A., GOVORI, S., ABAZI, S., DACI, M.,
HAZIRI, 1., BYTYQI-DAMONI, A., MELE, A., Am. J. Pharmacol. Toxicol.,
8, no. 3, 2013, 128.

8.CABRAL, C., FRANCISCO, V,, CAVALEIRO, C., GONCALVES, M.J., CRUZ,
M.T., SALES, F, BATISTA, M.T,, SALGUEIRO, L., Phytother. Res., 26, no. 9,
2012,1352.

9.REZVANI, S., REZAI, M.A., MAHMOODI, N., Rasayan J. Chem., 2, no. 2,
2009, 257.

10.MASTELIC, J., MILOS, M., KUSTRAK, D., RADONIC, A., Croat. Chem.
Acta, 73, no. 2, 2000, 585.

11.BUTKIENE, R., NIVINSKIENE, O., MOCKUTE, D., Chemija, 15, no. 4,
2004, 57.

12.MILOJEVIC, S.Z., STOJANQVIC, T.D., PALIC, R., LAZIC, M.L.,
VELJKOVIC, V.B., Biochem. Eng. J., 39, no. 3, 2008, 547.

13.ALIEV, A.M., RADJABOV, G.K., STEPANQV, G.V, Russ. J. Phys. Chem.
B, 7, no. 7, 2013, p. 795.

14 ALISSANDRAKIS, E., DAFERERA, D., TARANTILIS, PA., POLISSIOU,
M., HARIZANIS, PC., Food Chem., 82, no. 4, 2003, 575.
15.HADARUGA, D.l., HADARUGA, N.G., Chem. Bull. Politehnica Univ.
(Timisoara), 54(68), no. 2, 2009, 104.

16.BRANIC, A.G., PLESA, C.M., HADARUGA, N.G., ARDELEAN, A.,
HADARUGA, D.I., ORDODI, V.L., GRUIA, A.T., LUPEA, A.X., Rev. Chim.
(Bucharest), 62, no. 5, 2011, 508.

Manuscript received: 23.12.2016

REV.CHIM.(Bucharest)¢ 68¢ No. 5 ¢ 2017



