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Abstract: Plants represent the best and most extensively studied source of natural 
antioxidants. The present study investigated the antioxidant and anti-glycation properties 
of different concentrations of essential oils obtained from fruits and branchlets of 
Juniperus oblonga M. Bieb., Cupressaceae, using different assays. The essential oils were 
obtained by steam distillation of the branchlets of male tree (BMT), branchlets of female 
tree (BFT) and fruits of J. oblonga. Compositional analysis of oils was performed using 
a gas chromatography-mass method. Antioxidant activity was assessed using linoleic 
acid peroxidation, peroxyl radical mediated hemolysis of red blood cells (RBC) and 
low-density lipoprotein (LDL) oxidation assays. Anti-glycation properties of oils were 
evaluated using hemoglobin and insulin glycation assays. Seventeen, eighteen and fi fteen 
compounds were identifi ed in the BMT, BFT and fruit oil, which represented 82.51, 
55.69 and 96.89% of the total oils, respectively. α-Pinene was the major component of 
all three oils. All three oils possessed antioxidant effects against LDL oxidation, linoleic 
acid peroxidation and peroxyl radical mediated RBC hemolysis. Anti-glycation activities 
against hemoglobin and insulin glycation were also observed from all tested oils. Overall, 
there was no unique pattern of dose-dependence for the antioxidant properties of oils in 
different employed systems. The fi ndings of this study suggest that essential oils from 
fruits and branchlets of J. oblonga possess antioxidant and anti-glycation properties. 
Therefore, these oils might be of therapeutic effi cacy against diabetes and cardiovascular 
disease.
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Introduction

 Plants represent the best and most extensively 
studied source of natural antioxidants. A plethora of 
epidemiological evidence has supported the inverse 
relationship between consumption of diets rich in fruits 
and vegetables and incidence of numerous disorders such 
as cancer, cardiovascular disease and etc (Kang et al., 
1996).
 Free radicals are highly reactive molecules which 
can severely damage the structure of biomolecules such as 
DNA and proteins, thereby leading to impairment or even 
loss of their vital biological functions. One of the main 
targets of free radicals are unsaturated fatty acids that are 

present in the biological membranes. Oxidation of these 
fatty acids by pro-oxidant species impairs permeability, 
structure and function of membrane and mediates the 
pathogenesis of a wide variety of disorders (van Ginkel & 
Sevanian, 1994). An important outcomes of free radical 
damage is low-density lipoprotein (LDL) oxidation 
which has a pivotal role in triggering atherosclerosis 
and subsequent development of cardiovascular disease 
(Berliner et al., 1995). Another important sequelae 
of oxidative stress is glycation of proteins which is a 
process implicated in aging, LDL oxidation and diabetic 
complications (Monnier, 1990; Wolff, 1993, Selvaraj et 
al., 2002).
 Development of oxidative stress and its 
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complications could be retarded by antioxidants. In 
recent years, there has been a world-wide interest on 
finding natural antioxidants from plant sources. These 
natural antioxidants could serve as safe alternatives 
to synthetic antioxidants such as butylated hydroxy 
anisole (BHA) and butylated hydroxy toluene (BHT) 
which are suspected to exert adverse reactions such as 
carcinogenesis and hepatotoxicity (Wichi, 1986; Grice, 
1988).
 Juniperus oblonga M. Bieb. is a rather low 
and dioecious evergreen tree. This plant belongs to the 
family Cupressaceae, and Oxycedrus subgenus of the 
genus Juniperus. J. oblonga is found in Iran (Persian 
name: Chatanah), Turkey, and the Caucasus. Ripe berries 
of J. oblonga have been reported for their diuretic and 
anti-scorbutic effects (Komarov, 1968). Reports on the 
phytochemistry and biological activities of this plant 
have been very scarce. In two previous studies, Emami 
and colleagues have indicated that the essential oils of 
J. oblonga possess antioxidant activity (Emami et al., 
2007a,b). The present study investigated the antioxidant 
and anti-glycation properties of essential oils obtained 
from fruits and branchlets of J. oblonga using different 
in vitro assays.

Materials and Methods

Chemicals

 All chemicals were purchased from Merck 
(Germany) apart from the bovine insulin were obtained 
from Novo Nordisk (Denmark) and AAPH from Wako 
(USA).

Plant material

 The branchlets of male tree (BMT), branchlets 
of female tree (BFT) and fruits of Juniperus oblonga M. 
Bieb., Cupressaceae, were collected from an area between 
Makidi and Vainagh, Arasbaran, East Azarbayejan 
province (height 1500 m). The plant was identified by Dr. 
M. Assadi from the National Botanical Garden (Tehran, 
Iran). Voucher specimens of the plants (no FUMH37071) 
were deposited in the herbarium TARI. The plant materials 
were stored at -20 °C before use.

Essential oils isolation

 Steam distillation method was applied to obtain 
essential oils (4 h). Afterwards, essential oils were dried 
over anhydrous sodium sulfate and their percentages 
were calculated. Specific gravity of essential oils was 
measured using a sensitive scale (Scaitec, Germany). In 
addition, specific rotation (DIP-310 digital polarimeter, 
Electrothermal 2200, UK) and refractive index (Abbe 

refractometer) were determined for each oil.

Gas chromatography-mass analysis

 The GC/MS apparatus consisted of a Hewlett 
Packard 6890 gas chromatograph equipped with a fused-
silica column (DB-5, 30 m×0.25 mm film thickness 
0.25 mm; Agilent HP), and interfaced with a quadruple 
mass spectrometric detector (HP 6890). The operating 
conditions were: oven temperature 60-275 °C with the 
rate of 4 °C.min-1; injector mode: split injection (split 
ratio of 50:1; injection volume: 0.1 μL), with He as the 
carrier gas, flow rate of 2 mL.min-1, 70 eV ion source, 
1000 μA ionization current, and scan range of 30-300 
atomic mass unit (AMU).
 The oil components were identified from their 
retention indices (RI) obtained with reference to n-alkane 
series (Sigma, UK) on DB-5 column, mass spectra with 
those of authentic samples, composition of their mass 
spectra and fragmentation patters reported in literature 
(Adams, 2001) and computer matching with MS-data 
bank (Wiley Library).
 A stock solution was prepared from each 
essential oil as follows: one hundred microliters of 
essential oil was added to 250 µL of Tween 20 (0.2%) 
and diluted by deionized water to a final volume of 50 
mL. The obtained mixture was shaken in ultrasonic 
bath (SU3 THE, Japan) for 15 min to obtain the stock 
emulsion (2000 μg.mL-1). Different concentrations of 
essential oils were prepared by transferring different 
volumes (10, 20 and 30 µL in the LDL oxidation 
assay; 1, 2 and 3 mL in the hemoglobin and insulin 
glycation assays; and 40, 50 and 60 µL in the linoleic 
acid and red blood cell hemolysis assays) of this stock 
emulsion to the reaction mixtures. With these volumes, 
final concentrations amounted to 6.25, 12.5 and 18.75 
μg.mL-1 (in the LDL oxidation assay); 200, 400 and 
600 μg.mL-1 (in the hemoglobin and insulin glycation 
assays); and 180, 220 and 260 μg.mL-1 (in the linoleic 
acid and red blood cell hemolysis assays).

Susceptibility of LDL oxidation in vitro assay

 Twelve hours-fasted blood (100 mL) was 
obtained from a local blood bank from normal healthy 
volunteers (25-35 years) and mixed with 50 mg.mL-1 

EDTA solution (3 mL). The LDL fraction was isolated 
from whole plasma by ultracentrifugation (Beckman 
L100 XP, USA) through a KBr discontinuous gradient 
(Wang et al., 2006). To each ultracentrifugation tube, 9 
mL of 1 mg.mL-1 EDTA solution (pH 7.4) was added 
and then mixed with plasma/KBr mixture. EDTA was 
then removed by rapid filtration. Due to high volume of 
obtained LDL, it was dialyzed by special bag. Dialysis was 
performed in phosphate buffer saline (PBS) (Na2HPO4 
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0.01 mol.L-1+NaCl 0.15 mol.L-1; pH 7.4) at 4 ºC for 72 
h under nitrogen in the dark. Protein concentrations in 
obtained-LDL were determined by the method of Lowry 
(Anderson et al., 1999). LDL was oxidized using the 
classical copper-induced LDL auto-oxidation (Lowry 
et al., 1951). Incubations were carried out at 37 °C for 
measuring the conjugated diene formation during different 
times up to 210 min. In the presence and absence of each 
different concentration of examined oils (6.25, 12.50 
and 18.75 μg.mL-1) and vitamin C, conjugated diene 
formation was determined as a measure of endogenous 
LDL lipid peroxidation by monitoring the increase in 
absorbance at 234 nm in a Shimadzu UV-3100 scanning 
spectrophotometer. All experiments were performed in 
triplicate. Differences in lag times (minutes) for Cu2+-
exposed LDL were considered as an index of oxidation 
(Schinella et al., 2007).

Hemoglobin and insulin glycation in vitro assays

 Twelve hours-fasted blood (100 mL) was 
obtained from a local blood bank from normal healthy 
volunteers (25-35 years) and mixed with 50 mg.mL-1 

EDTA solution (3 mL). EDTA-blood samples were 
centrifuged (3000 x g); the clear plasma and buffy coat 
layers were discarded. The red blood cells (RBC) were 
washed with cold normal saline (9.0 g.L-1) three times. 
Then, 0.5 mL of each washed-RBC was resuspended in 
2 mL of phosphate buffer (0.1 mol.L-1, pH 7.4) and 2 mL 
of CCl4 and centrifuged at 2800 x g for 5 min. The upper 
layers (containing hemoglobin) were transferred to new 
tubes and the hemoglobin concentrations were measured 
by Drabkin method (Drabkin et al., 1993). A dilution 
with final concentration of 0.05 mg.mL-1 was prepared 
from each hemoglobin solution. 
 Bovine insulin (Novonordisk, Denmark) was 
prepared by adding phosphate buffer 0.01 mol.L-1 (pH 
7.4) to obtain a final concentration of 100 IU/mL. Three 
concentrations (200, 400 and 600 μg.mL-1) of each oil 
were tested in this assay. These concentrations were 
prepared by making 1, 2 and 3 mL of the stock essential 
oil emulsion (2000 μg.mL-1) to the final volume of 10 mL 
using deionised water. All experiments were performed in 
triplicate. The rates of hemoglobin and insulin glycation 
in the presence and absence of the examined oils were 
measured after 48 h incubation at room temperature 
(Asgary et al., 2002).

Linoleic acid in vitro assay

 One hundred fifty five microliters of linoleic 
acid was added to 200 µL of Tween 20 (0.2%) and diluted 
by deionized water to a final volume of 50 mL (emulsion 
0.01 mol.L-1). The obtained mixture was shaken in 
an ultrasonic bath for 15 min (Farag et al., 1989). The 

obtained linoleic acid emulsion was neutralized by 
KOH 1 mol.L-1 (pH 7) and diluted by phosphate buffer 
(pH 7) to a final volume of 75 mL (Valenzuela et al., 
1986). This emulsion was used to monitor linoleic acid 
peroxidation in the presence and in the absence of three 
different concentrations of each essential oil (480, 600 
and 720 μg.mL-1). Oxidation was initiated by addition of 
a FeSO4 solution (final concentration, 500 μmol.L-1) to 
a mixture of 1.5 mL of linoleic acid emulsion and 0.5 
mL of K2HPO4. The control was treated with the same 
volume of the vehicle solution of the solvent; K2HPO4. 
Incubation was performed at 37 °C for 4 h. Linoleic acid 
peroxidation was monitored by absorbance changes (at 
233 nm) in a spectrophotometer. The percentage increased 
of conjugated diene between 0 h and 4 h was determined 
every one hour. All assays were performed in triplicate. 
The inhibitory effect of each oil against conjugated diene 
production was calculated for each hour of the test using 
the following formula:

% Inhibition = [(1-(sample absorption/negative control absorption)]×100

Red blood cells hemolysis in vitro assay

 RBC were isolated by centrifugation of 
heparinized blood obtained from healthy donors - 
provided by a local blood bank - and washed three times 
by normal saline solution. Washed-RBC was suspended 
to 10% hematocrit in phosphate-buffered saline. 2,2'-
azobis dihydrochloride (AAPH) was used to induce RBC 
oxidation. The assay is based on generation of peroxyl 
radicals by the hydrophilic radical generator AAPH to, 
thereby oxidizing RBC and measuring the extent of 
RBC hemolysis by spectroscopic assay (Ljubuncic et al., 
2006). Aliquots (1 mL) of diluted RBC were incubated 
with 1 mL of freshly prepared 25 mmol.L-1 AAPH in 
the absence (negative control) and presence of different 
concentrations of J. oblonga essential oils (180, 220 and 
260 μg.mL-1) at 37 °C for 2 h. After 10 min centrifugation 
(3000 x g), the absorbance reading of supernatant was 
evaluated at 540 nm. Each assay was performed for 
six times. The percentage of inhibitory effect of each 
sample against RBC hemolysis was calculated using the 
following formula:

% Inhibition = [1-(sample absorption/negative control absorption)])×100

Results and Discussion

Phytochemical analysis

 Yield values and other characteristics (specific 
gravity, refractive index and specific rotation) of the 
obtained oils have been summarized in Table 1. In the 
essential oils obtained from BMT, BFT and fruits of 
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Juniperus oblonga, 17, 18 and 15 compounds were 
identified which represented 82.5, 55.5 and 96.9% of 
the total oils, respectively. In all three oils, monoterpene 
hydrocarbons were the predominant class of compounds, 
followed by sesquiterpene hydrocarbones and oxygenated 

monoterpenes. No oxygenated sesquiterpene was found 
in any of the analyzed oils. α-Pinene was the major 
component of all three oils, constituting 27.4, 20.6 and 
33.3% of BMT, BFT and fruit oil, respectively (Table 
2).

Table 1. Characteristics of essential oils obtained from different parts of Juniperus oblonga. 
BMT oil BFT oil Fruit oil

Appearance Pale yellow Pale yellow Clear and colorless

Yield (v/w %) 0.55 0.18 0.67

Specific gravity (g/mL) 0.87 0.86 0.86

Refractive index 1.47 1.48 1.47

Specific rotation +54.7 +31.3 +27.7

Table 2. Chemical composition (%) of the branchlet and fruit oils of Juniperus oblonga. 

Component RRIa
RA (%)b

BMT oil BFT oil Fruit oil
α-thujene 935 3.0 2.4 2.6
α-pinene 942 27.4* 20.6* 33.3*
sabinene 985 21.6 2.6 23.8
β-pinene 990 4.4 4.7 20.8
δ-2-carene 1012 0.6 1.1 -
α-terpinene 1022 - 1.0 0.3
limonene 1050 1.2* 6.0* 4.4*
γ-terpinene 1065 4.4 1.7 0.8
isoterpinolene 1088 1.9* 1.9* 1.9*
terpinen-4-ol 1158 2.0 2.2* 0.7*
2-undecanone miscellaneous 1295 2.4 2.2* -
α-cubebene 1350 3.0 1.2 -
β-elemene 1391 - - 0.3
E-caryophyllene 1435 1.3 0.7 0.2*
γ-elemene 1440 2.7 2.6 4.5
α-humulene 1450 1.7 0.4 0.1
AR-curcumene 1490 1.8 2.3 -
germacrene D 1492 - - 1.5
β-bisabolene 1510 2.7 0.9 -
γ-cadinene 1535 0.4 1.0 -
germacrene B 1585 - - 1.7
monoterpene hydrocarbons 64.5 42.0 87.9
oxygenated Monoterpenes 2.0 2.2 0.7
sesquiterpene hydrocarbons 13.6 9.1 8.3
oxygenated sesquiterpenes - - -
miscellaneous 2.4 2.2 -
total identified 82.5 55.5 96.9

 
BMT: branchlets of male tree; BFT: branchlets of female tree; aRRI: Relative retention indices as determined on a CP-SIL 8 CB column using the 
homologous series of n-alkanes; bRA: Relative area (peak area relative to total peak area); *Structure was confirmed by GC-FTIR.
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LDL oxidation

 Antioxidant activities of J. oblonga essential 
oils were tested against Cu2+-induced LDL oxidation. 
Duration of the lag phase of oxidation reaction was used 
as a metric for the antioxidant activity of essential oils and 
retardation of LDL oxidation. Vitamin C (as the positive 
control) substantially prolonged the lag phase from 15 min 
(in the negative control) to 165 min. Almost all oils could 
prolong the lag phase of the reaction and thus possessed 
antioxidant activity. The antioxidant activity of the oils 
increased as a function of concentration. For the BMT oil, 
duration of lag phase was 45 min in the negative control 
sample and 45, 75 and 90 min for oil concentrations of 
6.25, 12.50 and 18.75 μg.mL-1, respectively. Duration of 
lag phase was increased by BFT oil from 60 min to 85 
min (6.25 μg.mL-1), 120 min (12.50 μg.mL-1) and 130 
min (18.75 μg.mL-1). With respect to the fruit oil, lag 
phase was prolonged from 60 min in the negative control 
sample to 75, 100 and 120 min for oil concentrations of 
6.25, 12.50 and 18.75 μg.mL-1, respectively.

Hemoglobin glycation

 BMT, BFT and fruit oils of J. oblonga were 
found to possess inhibitory activity against insulin 
glycation at all tested concentrations. BMT oil had the 
highest anti-glycation activity and this was true for all 
three assessed concentrations. The highest inhibitory 
activity of all essential oils was at 200 μg.mL-1 and 
decreased by increasing oil concentration to 400 and 600 
μg.mL-1 (Figure 1).

Figure 1. Inhibitory effects of Juniperus oblonga essential oils 
against hemoglobin glycation. BMT: branchlets of male tree; 
BFT: branchlets of female tree.

Figure 2. Inhibitory effects of Juniperus oblonga essential oils 
against insulin glycation. BMT: branchlets of male tree; BFT: 
branchlets of female tree.

and fruit oils, the anti-glycation activity was augmented 
with increasing concentration while no direct association 
between oil concentration and inhibitory effect was 
observed for BFT oil (Figure 2).

Linoleic acid peroxidation

 All three assessed oils could exert inhibitory 
activity against linoleic acid peroxidation and this was 
true for all tested concentrations and different time points. 
Overall, the inhibitory activity of oils decreased in the 
following order: BFT oil > BMT oil > fruit oil. For none 
of the tested oils there was an association between either 
concentration or duration of incubation and inhibitory 
effect (Table 3).

Peroxyl radical mediated RBC hemolysis

 Different degrees of in vitro anti-hemolytic 
activity was observed from all tested concentrations of 
BMT, BFT and fruit oils. The only exception was the 
effect of BFT oil at 260 μg.mL-1 concentration, which was 
associated with an increase in RBC hemolysis. Overall, 
the anti-hemolytic activity of tested oils appeared to 
decrease in the following order: Fruit oil > BMT oil > 
BFT oil. No regular dose-dependent effect was observed 
for any of the tested oils (Table 4).
 The results of the present study implied that 
essential oils obtained from BMT, BFT and fruits of 
J. oblonga possess antioxidant and anti-glycation 
capacities in different models that were employed 
i.d. LDL oxidation, linoleic acid peroxidation, RBC 
hemolysis, hemoglobin and insulin glycation assays.
 Essential oils are well-documented for their 
antioxidant properties and hence nominated to be 
employed in food industry as natural alternatives for 
synthetic compounds such as BHA and BHT. Apart 
from their safety and lack of adverse effects such as 
hepatotoxicity and carcinogenesis, essential oils possess 

Insulin glycation

 Promising anti-glycation effects were observed 
from BMT, BMT, BFT and fruit oils of J. oblonga against 
insulin glycation at all tested concentrations. Overall, 
BMT oil had the highest inhibitory activity. For BMT 
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Table 3. Inhibitory effects of Juniperus sabina oils against linoleic acid peroxidation. 
Concentration Incubation time (h) BMT oil BFT oil Fruit oil

480 ppm

1 42.38±2.00 41.43±3.44 38.10±1.27
2 18.18±9.85 23.74±17.94 44.95±1.20
3 28.97±4.96 39.25±5.07 37.38±1.20
4 47.47±5.60 39.63±2.02 40.55±7.25

600 ppm

1 36.18±1.78 39.20±5.09 32.16±2.03
2 50.00±3.05 47.56±8.03 45.53±0.38
3 44.35±3.41 43.55±6.32 51.61±2.28
4 47.48±1.70 54.20±1.04 37.39±10.62

720 ppm

1 24.74±0.23 30.93±9.38 27.32±11.76
2 28.41±3.19 38.64±11.21 21.59±1.71
3 37.88±1.32 38.38±7.07 37.88±2.09
4 32.62±1.37 25.13±4.26 28.34±7.35

 
 

Table 4. Inhibitory effects of J. oblonga oils against peroxyl radical mediated RBC hemolysis. 
Concentration 180 µg.mL-1 220 µg.mL-1 260 µg.mL-1

BFT oil 34.79±12.61 26.79±12.18 -33.70±24.05
BMT oil 26.25±13.90 43.81±8.63 28.55±10.66
Fruit oil 18.93±6.21 48.16±12.70 35.23±13.28

 

additional beneficial effects such as antimicrobial and 
anti-inflammatory properties (Sahebkar & Iranshahi, 
2010; Asili et al., 2009, 2010). Since terpenoid 
compounds constitute the majority of oil composition 
(Sahebkar & Iranshahi, 2011; Emami et al., 2011) they 
are responsible for most of the observed biological 
activities of essential oils (Grassmann, 2005).
 As far as we are aware, reports on the 
phytochemistry or biological activities of J. oblonga 
have been very scant. Emami and colleagues reported a 
strong antioxidant activity from fruits as well as leaves of 
male and female J. oblonga using ferrothiocyanate and 
thiobarbituric acid assays. In both mentioned methods, 
the antioxidant activities of J. oblonga oils were higher 
than 80% (Emami et al., 2007a). In another investigation, 
essential oils obtained from the same parts of J. oblonga 
were found to exert degrees of activity in DPPH radical 
scavenging and deoxyribose degradation assays (Emami 
et al., 2007b). In this latter study, phytochemical analysis 
of J. oblonga fruit and leaf oils revealed that α-pinene, 
β-pinene and sabinene were the major components, 
each constituting > 10% of oil composition. Notably, 
this is very consistent with the findings of the present 
investigation in which the same compounds were found 
as the major components of BMT, BFT and fruit oils. 
There have also been some reports on the composition 
of J. oblonga essential oils from other parts of world 
indicating monoterpenes like α-pinene, sabinene, 

limonene, terpinene-4-ol, and thujyl alcohol as principal 
components (Adams, 2000; Pisarev et al., 2005).
 In the present study, BMT, BFT and fruit oils 
of J .oblonga were found to exert inhibitory activity 
against glycation of both hemoglobin and insulin. 
Protein glycation is implicated in the pathophysiology of 
several disorders including diabetes and atherosclerosis 
(Gugliucci, 2000; Price & Knight, 2007). There is 
considerable evidence indicating the enhancement 
of protein glycation (via autoxidative glycation and 
glycoxidation) by oxidative stress (Wolff & Dean, 
1987; Wolff, 1993). Given this close nexus, antioxidants 
could play an important role in the prevention of protein 
glycation and its detrimental effects on body organs. In 
the hemoglobin glycation assay, the BMT oil showed 
the highest activity. Along with the possible role of 
unknown components (which needs to be clarified by 
further studies), this higher activity might be related 
to the relatively higher content of γ-terpinene in this 
oil compared to BMT and fruit oils. γ-terpinene is a 
monoterpene hydrocarbone which has recently attracted 
attention for its powerful antioxidant properties (Foti 
& Ingold, 2003). Another important finding from the 
hemoglobin glycation assay was the inverse association 
between essential oil concentration and anti-glycation 
effects. This might be explained by the fact that at 
higher concentrations essential oil acts may act as 
oxygen-carrying agent and elicit pro-oxidant effects 

Values indicate inhibition percentage and are expressed as mean±SD (n=3). BMT: branchlets of male tree; BFT: branchlets of female tree. 

Values are expressed as % mean±SD (n=3). BMT: branchlets of male tree; BFT: branchlets of female tree.
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(Pérez et al., 2006; Gkinis et al., 2010; Miguel et al., 
2010). Although the net effect of all oils at all tested 
concentrations was inhibitory, such a concentration-
dependent dual activity could be hypothesized for 
some of the constituents of J. oblinga oils which leads 
to the aforementioned inverse association. However, 
this trend was not observed in the insulin glycation 
assays which could be attributed to the differences in 
the nature of assessed proteins (hemoglobin vs. insulin) 
that could affect on the ligand-protein interaction 
and thereby antiglycation effects. Apart from protein 
glycation, the tested oils could retard the oxidation of 
LDL. One of the most widely accepted hypotheses of 
atherosclerosis is based on the oxidative modification 
of LDL which triggers the process of atherogenesis 
(Berliner et al., 1995). Oxidized LDL has been shown 
to induce inflammatory response, monocyte chemotaxis 
and adhesion, endothelial cell migration, smooth 
muscle cell proliferation and etc, all being influential 
in the development and progression of atherosclerosis 
(Navab et al., 1995; Geng & Libby, 1995; Steinberg, 
1997; Chisolm & Steinberg, 2000). Therefore, inhibition 
of oxidized LDL formation could halt the process of 
atherogenesis in its early stages. In consistence with 
these observations, all three tested oils showed inhibitory 
activity against peroxyl radical mediated RBC hemolysis. 
The only exception was the highest concentration of BFT 
oil for which a pro-oxidant effect was observed. This pro-
oxidant effect could be explained by the same reason stated 
earlier for the hemoglobin glycation assay. Furthermore, 
in the phytochemical analysis, some volatile compounds 
were found to be more abundant in the BFT vs. BMT 
and fruit oils. An example is limonene which might act 
as pro-oxidant at higher concentrations. Another possible 
explanation for this finding is the role of unknown 
components. As shown in Table 1, the amount of unknown 
compounds in the BFT oil is considerably higher than 
the other two oils. While these unknown components are 
to be identified by future investigations, some of them 
might be responsible for the observed pro-oxidant effects 
of the BFT oil at the higher concentration.
 Oxidative degradation of biological lipids, in 
particular polyunsaturated fatty acids such as linoleic 
acid, is an important feature of oxidative stress injury 
that results in severe cellular dysfunction. On the other 
hand, lipid peroxidation generates several cytotoxic end 
products such as hydroperoxide-derived aldehydes which 
could spread free radical reactions and oxidative injury 
throughout the body and thereby cause deleterious effects 
such as mutagenesis, carcinogenesis and hemolysis 
(Esterbauer et al., 1991; Marnett, 1999). An interesting 
finding of the present research was inhibition of linoleic 
acid by all three tested oils. This effect could be attributed, 
at least in part, to the radical scavenging activity which 
has been previously reported for the same oils (Emami et 

al., 2007b).
 In summary, the findings of the present study 
indicated that essential oils obtained from the fruits and 
branchlets of J. oblonga possess antioxidant and anti-
glycation properties. These findings contribute additional 
evidence on the biological activities of essential oils 
and their potential to be applied in medicine and food 
processing. Further research should be done to investigate 
whether the antioxidant activities of J. oblonga oils could 
be extrapolated into the in vivo situations. To this end, 
evaluation of anti-diabetic and anti-atherosclerotic effects 
of these oils as well as their impact on the well-known 
biomarkers of oxidative stress such as malondialdehyde 
and isoprostanes could be helpful. Furthermore, studies 
are required to screen the anti-glycation activities of 
these oils against a wider panel of proteins and also 
test a broader spectrum of oil concentrations. Finally, 
confirmation of the type and relative abundance of 
essential oil components as well as safety assessment 
of J. oblonga oils are other issue that deserves to be 
investigated.
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