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ABSTRACT

Essential oils are natural products extracted from plant materials,
which can be used as antibacterial, antifungai, antioxidant and
anticarcinogenic agents or to preserve and give specific flavours to
foods. The activities of five essential oils isolated from clove,
marjoram, Artemisia judaica (Shih balady), ginger and eucalyptus
(fruits) in inhibiting the copper- catalysed oxidation of human low-
density lipoproteins (LDL) were determined in vitro. The lag time in
the conjugated-diene formation was dose-dependently prolonged by
addition of the tested essential oils. Clove (mainly eugenol) prolonged
the lag time of conjugated-diene formation more than 367 min,
followed by the marjoram. ginger, eucalyptus (fruits) and Artemisia
Jjudaica , within 700 min under the experimental conditions. Total
phenolic contents of these essential oils gave a correlation with LDL
antioxidant activity and could play a role in protecting LDL against
oxidation if absorbed by the body. Prevention of both the formation
and action of reactive products by antioxidants as present in these
essential oils is of great public health importance in decreasing the risk
of major diseases, which is the optimal approach to disease control and
also as an effective route to lower costs of medical care.

Key words : coronary heart disease(chd),essential oils, Idl oxidation,
conjugated-diene,phenolic compounds.
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1. INTRODUCTION

The oxidation of human low-density lipoproteins (LDL) is now
recognized to be the key event in the initiation and progression of
atherosclerosis (Steinberg,1992). The atherogenecity of oxidized LDL
is due to its high concentration of polyunsaturated fatty acids
(PUFAs), which are highly susceptible to free radical oxidation
(Esterbauer et al., 1992 and Hertog et al.,1997). With a continued high
level of oxidized lipids, blood vessel damage to the reaction process
continues and can lead to the generation of foam cells and plaques; the
symptoms of atherosclerosis.

Therefore, inhibiting LDL oxidation is known to reduce the
formation of atherosclerotic lesions.

Most chronic diseases, including coronary heart disease (CHD)
and many types of cancer depend on the in vivo conversion of cellular
macromolecules or of carcinogens to specific reactive, oxidized forms.
For that reason, health promoting nutrition involves the daily intake of
vegetables and fruits, fruit juices and tea which are rich sources of
micronutrients with antioxidant properties. Diets high in fruits and
vegetables have also been associated with lower chronic disease rates
CHD and cancer (Bailey and Williams, 1994). Dictary antioxidants
have been suggesied to play a potentially important protective role
against atherosclerosis and CHD by inhibiting the oxidation of LDL
(Kearney and Frei, 1994). Many studies have implicated the
consumption of phenolic antioxidants in food products, as factor
responsible for reduced disease(Rimm et al.,1993).

Many aromatic plants and their essential oils are used as
flavouring agents in a wide range of food, beverage, and confectionery
products and fragrance applications. They are known to support
various biological activities such as antimicrobial and antioxidant
properties (Frankel ef al.,1996 and Gritfin ez al.,1999 )-

Antioxidants rein the free radicals by offering their own
clectrons. Free radicals can be produced from a number of sources
such as cigaretie smoke, pollutants, pesticides, herbicides and from
exposure to sun light. Free radicals are responsible for inflammation,
compromised immune systems and degenerative and other age-related
diseases. Many synthetic antioxidants have shown toxic and mutagenic
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effects, which have directed most of the attention on the naturally
occurring  antioxidants. Their use has mainly centered around
prevention and maintenance of health. In fact, essential oils can play a
significant role in the scavenging effect as well ( Fejes er a/.,1998).

Herbs, spices, fruits, nuts and leafy vegetables have been widely
used not only for food but also as medicine in minor aliment. The
flavour-imparting essential oils of the spices, herbs and leafy
vegetables are important and can represent more than 5% of their fresh’
mass. As a consequence essential oils are enjoying a surge of public
interest (Hadly and Petry, 1999). Gould (1997), reported that the
terpenoids such as carveol, limonene, sobreol and perillyl alcohol,
which are found in plant essential oils are effective in the treatment of
breast,liver and/or other cancers. These facts support the idea that
some essential oils will act against damaging free radicals and may be
natural protectors against such diseases. Besides, essential oils are
natural products extracted from plants and play different roles. They
are antibacterial, antifungal and also they preserve and give specific
flavours when added to foods; in addition, they are used in
cosmetology for their aromatic and antioxidant properties. Moreover,
essential oils could fulfill many biological functions in the producing
organism. Pharmaceutical activities (hepatoprotective and anti-
carcinogenic) of specific essential oils or active principle of clove
(eugenol) were investigated and the protective activities against
hepatotoxicity in animal models were shown (Krishnaswany and
Raghuramuhu, 1998). Dictary isoprenoid constituents from essential
oils were found to suppress tumor growth in animal models (Elson
and Yu, 1994).

Radical scavengers from essential oils and other natural sources
as eugenol, isoeugenol, coniferaldehyde,which could be used as raw
materials for cosmetics, have been shown effective for their hydroxyl
radical(OH’) scavenging ability. They can be used as antioxidants for
skin change caused by (OH") generated by UV light (Clarys and Barel,
1998). These compounds can become important in the search for
“natural” replacement for “synthetic” antioxidants food additives
(Aeschbach er al., 1994 and Knekt et al.,1996).

Essential oils are used as natural additives in many foods, and
they are being consumed every day, but their antioxidant activities are
not well described. Although essential oils have been used for
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remedies and food more than a thousand years, most people used
them according to their experiences without knowledge about
relationships between constituents and their activities.

In the present study, we examined the effect of some essential
oils on copper induced low density lipoprotein oxidation irn vitro and
related it to that of the total phenolic contents with antioxidant
properties. The conjugated diene method is one of the most frequently
used assays to investigate the influence of test substances upon LDL-
oxidation.The susceptibility of LDL to in vitro oxidation, as compared
with other oxidation parameters (autoantibodies to malondialdehyde
modified LDL, oxidized LDL, and thiobarbituric acid- reactive
substances) showed the highest significance in correlation with
coronary artery disease. Therefore, this method seems to be valid for
measuring the potency of antioxidants (Halevy ef al., 1997).

The chemical compositions as well as the antioxidant activities
have been reported for some essential oils; however, no literature data
are available concerning the activities of these essential oils in
inhibiting the copper- catalyzed oxidation of human low- density
lipoproteins (LDL) in vitro.

This study evaluates the antioxidant activity by inhibiting human
LDL oxidation in vitro and this activity was related to the total
phenolic compounds.

2. MATERIALS AND METHODS

2.1. Essential oils

The essential oils of clove (Eugenia caryophyllus) and ginger
(Zingiber officinale) [local market], marjoram (Marjorana hortensis
M.), Eucalyptus (Eucalyptus camaladulensis var. brevirostris) fruits
[Nile Delta, Egypt] and artemisia (Artemisia judaica L.) [North coast,
Egypt] , used in this study were isolated by hydrodistillation using the
British ~ Pharmacopoeia  essential  oil  distillation  apparatus
(Deans,1991). Serial dilutions of the oils were made with absolute
alcohol.

2.2. Determination of total phenolic compounds
The concentration of phenolic compounds in the essential oils of

clove, marjoram, eucalyptus fruits, artemisia judaica and ginger was
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determined according to the method of Jayaprakasha et al.(2001), and
the results were expressed as gallic acid equivalents. The essential oils
were dissolved in a mixture of methanol and water (6 :4v/v). Samples
(0.2 ml) were mixed with 1.0 ml of 10-fold-diluted Folin- Ciocalteu
reagent at 0.8 ml of 7.5% sodium carbonate solution. After the mixture
had been allowed to stand for 30 min at room temperature, the
absorbance was measured at 765 nm using spectrophotometer
(SHIMADZU UV-1601 PC, JAPAN). The estimation of phenolic
compounds in tested samples was carried out in triplicate and the
results are averaged.

2.3. LDL Lipid peroxidation

Blood samples were collected after an overnight fast of >12 hr
from healthy male volunteers. Plasma was separated by centrifugation
(600Xg for 10 min at 4°C). After separation of fresh plasma, LDL
samples  were  isolated  immediately using  single-step
ultracentrifugation. Plasma ( 2ml) was adjusted to a density of 1.21 g/ml
with KBr and layered under 10 ml saline containing 0.01% EDTA in
12 ml quick-seal tubes. The tubes were centrifuged at 65000 rpm for
6hr at 4°C using a Ti 75 fixed-angle-rotor in a Beckman L5-75
ultracentrifuge (Beckman Instruments, Munich, Germany). The yellow
LDL-band was removed through the side of the tube with a needle and
syringe. Immediately prior to the oxidation incubations, LDL was
separated from EDTA by gel filtration using Econo-Pac 10 DG
columns (BIO RAD GmbH. Munich, Germany)(Mc Dowell ez
al.,1995). LDL concentration was determined by measuring total
cholesterol using CHOD-PAP-method since more than 98 % purity of
LDL- solution after LDL preparation could be obtained (Siedel et
al.,1983). The LDL-oxidation was initiated by addition of a freshly
prepared aqueous CuSO; solution.

The LDL-solution was diluted with oxygen-saturated phosphate
buffer solution (PBS) pH 7.4. In all experiments, the final conditions
were: temperature 30 °C, 0.08g/1 IDI-cholesterol , and 5 umol/l CuSO,,
final test volumelmL. The IDI-solution was supplemented with 0.2,0.4
and lumol/L of the tested substances and vitamin C prior to the
initiation of oxidation of 1DI by copper ions.

The kinetics of the oxidation of 1Dt were determined by
monitoring the change of conjugated diene formation at 234 nm
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absorbance by Perkin Elmer Lambda 2 ultraviolet / vis
spectrophotometer equipped with 8-position automatic sample changer
(Ueberligen, Germany). The change in absorbance was recorded at 5
min intervals at 37 °C. The absorbance curve (at 234 nm) was divided
into three phases; lag time, propagation and decomposition phases.
The lag time (the oxidation resistance marker) was defined as the
interval between the intercept of the tangent of the slope of the curve
in the propagation phase with the base line, and was expressed in
minutes (Hirano ef al.,1997).

3. RESULTS AND DISCUSSION

There has been an increasing interest in the interaction of
naturally occurring antioxidants with LDL since the oxidation of LDL
leading to uptake via the microphage scavenger receptors in the
arierial wall is considered to be an important event in atherosclerosis.
Also much attention has been focused on identifying dietary factors
capable of inhibiting oxiditative modification of LDL.

The concentrations of total phenols as determined by the Foiln-
Ciocalteu method (Table 1) varied from 3 to 75 %. The total phenolic
concentration is the highest for clove (contains mainly eugenol)
followed by ginger, marjoram, eucalyptus fruits and artemisia judaica -
(75, 13, 10, 7 and 3 %, respectively). Total phenolic content in the
essential oils is directly related to the plant variety and location,
growing factors in the environment, extracting techniques and the
aging process.

The variation in the fotal phenolic concentration could be
ascribed to the chemical compositions of each oil (Table 3). Some
phenolic compounds are probably more active than others, and it is
important 1o analyze and correlate the major phenolic compounds
found in essential oils with the inhibition of LDL oxidation results.
Structural, physical and chemical properties for cach phenolic
compound are probably extremely important to explain their
antioxidant activities, and if each one is absorbed, it may prevent LDL
oxidation in vivo. )

It has been documented that Cu*-induced oxidized LDL
exhibits biological and immunological properties similar to those in
vivo (Chen, et al.,1999). Cu **- induced oxidized LDL is recognizable
by scavenger receptors and causes cholesterol ester accumulation in
macrophages. Vitamin C was used as a positive control in this study.
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Antioxidant activities of essential oils were evaluated by measuring
the inhibition of dieneformation during copper- catalyzed human LDL
oxidation in vitro. The antioxidant effects of the tested essential oils;
clove, ginger, marjoram, eucalyptus fruits and artemisia judaica were
investigated individually at three different levels and as expected, large
differences in antioxidation activity were observed between the tested
essential oils (Table 2 and Figure 1).

The essential oils of clove, ginger, marjoram, eucalyptus fruits
and artemisia judaica effectively prolonged the lag time of the
conjugateddiene formation in the Cu®'- induced oxidation of LDL
(Table 1). The lag time was 28 min in the absence of the tested
extracts (control), but was prolonged in a dose dependent manner by
the addition of each essential oil. Clove (mainly ecugenol) showed high
antioxidant activity and appreciably prolonged the lag time (t =
367min), compared with Vitamin C (t = 142 min). Other essential oils
were less effective in protecting LDL from oxidation by diene
formation within 700 min under the experimental conditions.

Table (1): Effect of different essential oils on the LDL oxidation lag time
(min) as monitored by the UV absorption of dienes.

Inhibition LDL Total phenolic
Essential oils oxidation content
(lag time min) (%)
mg/100mg galiic
acid
Control 28 -
Vitamin C 142 -
Eugenia caryophyllus 367 75
(Clove)
Marjorana hortensis M. 230 10
(Marjoram)
Zingiber officinale (Ginger 173 13
root)
Eucalyptus camaldulensis 117 7
var. brevirostris (fruits)
Artemisia judaica L. 69 3
(Shih Balady)

Results are expressed as mean SD of three determinations % : mg/100mg
gallic acid.
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Table (2): Effect of different concentrations of tested essential oils on

the LDL oxidation lag time (min) as monitored by the UV
absorption of dienes.

Essential oil Clove | Ginger Marjoram | Eucalyptus | Ar temisia | Vit.C
Conc. (fruits) judaica

0.2pmol/l 367 173 230 117 69 142
0.4pmol/l 413 224 299 158 96 198
1 umol/i 567 318 373 264 173 355

Results are expressed as mean + SD of three determinations.

Table (3) :Major com

ounds of tested essential oils .

Essential oils

Principal substances

Eugenia caryophyllus
{Clove)

eugenol, eugenyl acetate, methyl eugenol,
caryophylene

Marjorana hortensis
M. (Marjoram)

o-pinene, careen, y-tepinene, thujanol,
terpinolene, sabinene hydrate, sabinene

hydrate  acetate, terpin-4-ol,thymol,
linalool
Zingiber  officinale | Terpinolene, borneol,  iseborneol,
(Ginger root) zingiberene, farnesene, zingiberenol,
paradel, shogaol, gingerol
Eucalyptus o-pinene, p-cymenene, isoterpinolene, 2-
camaldulensis  var. | methyl-6-ethyl phenol, hydroxy cumin,

brevirostris (fruits) thymol, p-cymen-7-ol, guryunene,
drimmeno!

Artemisia judaica L. | Thujone, camphor, 2-(4-

(Shih Balady) phenoxyl)ethanol,  piperitone, ethyl

cinpamate (trans), spathulencl

El-massry et al.,(2002)and El-Ghorab ef a/.,(2002)(Personal communication).

QOur results are

T Tyi 1

LDL by 23 esseniiai oiis, not inciuding our tested otis, and reported

in accordance with those of Teissedre and
Waterhous (2000), who studied the inhibition of oxidation of human
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their antioxidant activity average levels. This study showed that when
eugenol is the major component as in clove essential oil, the inhibition
of LDL oxidation is between 68-100 %. Also the nature and
concentrations of phenolic compounds in the different types of
essential oils are to be considered important to understand their
potential health and therapeutic eftects.
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Fig. (1): Effect of different concentrations of tested essential oils on the LDL
oxidation lag time | min] as monitored by the UV absorption of dienes

It is noteworthy to mention that marjoram essential oil exerts
higher antioxidant activity than that of ginger oil in spite of containing
lower phenolic content than the later (10%). This might be explained
on the basis that besides phenolics, it has other active compounds such
as terpin -4-ol, y- terpinene , sabinene hydrate and sabinene hydrate
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acetate which possess antioxidant activities by scavenging radicals
(Choi et al. ,2000).

With regard to ginger; it was reported that dietary consumption
of ginger extract significantly attenuates the development of
atherosclerotic lesions. This atherogenic effect is associated with a
significant reduction in plasma and LDL cholesterol levels and a
significant reduction in the LDL basal oxidative state, as well as their
susceptibility to oxidation and aggregation (Fuhrman ef al., 2000).

The wvariations observed in inhibition of LDL oxidation for the
different varicties can also be explained by other factors than the
extraction process during essential oils isolation. First, a difference in
the phenolic concentrations is related to plant maturity and can vary
depending on the seasonal climate( humidity, rain, sun exposure ) and
the location. Second, there may be an oxidation of phenolic
compounds during storage.

In our previous work, the composition of major monomer
phenolic constituents for each oil varieties is summarized in Table(3)
(El-massry et al., 2002 and El-Ghorab er al., 2002). These resuits
indicate that the phenolic compounds found in essential oils at
different levels are active in protecting LDL from oxidation.

These results support the concept that the inhibition of oxidation
of LDL depends on the phenolic concentration of essential oils. The
nature of the phenolics plays also an important role in the antioxidant
activity that they confer to essential oils used in this study. Naturally
occurring phenolic acids, such as caffeic and chlorogenic acids, were
reported to have anti-lipid peroxidation activities to LDL oxidation
induced by metmyoglobin/H202. Prooxidant and antioxidant activities
depending on the LDL oxidation phase (Yamanaka ef a/.,1997). Also
the differences in antioxidant activities toward LDL oxidation
observed here could also be ascribed to other factors, including
differences in solubilities and partitioning behaviour between aqueous
and lipid phases in the LDL system. Thus, the physicochemical
properties of antioxidants are known to affect their antioxidant
efficacy in complex, multiphase systems (Frankel er al. 1994).
Furthermore, the copper- mediated oxidation of tryptophan residues in
the LDL- apolipoprotein B was shown to play an important role in
initiating lipid oxidation in LDL particles (Giessauf e a/., 1995).
Structural features conferring  differences in protein binding may
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affect the antioxidant activity of phenolics in inhibiting oxidation of
LDL. The wide mixture of phenolic antioxidants found in plant foods
may interact to produce synergistic protection against LDL oxidation
(Kinsella ef al., 1993).

In general, it is believed that a free radical attacks LDL, and
abstracts one of the two hydrogen atoms on a bisaliylic carbon atom of
a polyunsaturated fatty acid in phospho-lipid, cholesterol ester, or
triacylglycerol in the LDL particle. The unpaired electron left on this
carbon atom is delocalized to form conjugated-diene.

The LDL oxidation is protected by endogenous antioxidants
such as a-tocopherol, retinoids and carotinoids (Kim ez o/.,2000). The
oxidation of LDL lipids could occur under circumstances when the
LDL particle is depieted of its antioxidants.

In our present &xper:menta the lag time of con}ugated -diene
formation in the Cu’'-induced LDL oxidation is shown to be
prolonged dose-dependent by the addition of tested essential oils
(Table2). These results show that the extracts may suppress the
formation of free radicals which had been induced by Cu™", or protect
exogenous antioxidants present in the LDL, maintaining their levels
longer and delaying the start of lipid peroxidation.

Such a mechanism has been demonstrated in vitro to explain the
compensating effect of ascorbic acid and a-tocopherol (Sato, er
al.,1990).

On the other hand, Gugliucci e al (1994).reported that the lipid
peroxidation of plasma mainly represents LDL oxidation, and whole
plasma oxidation is used to evaluate the relative roles of the different
endogenous antioxidants.

From these results, we can suggest that the tested essential oils
ncrease LDL resistance to oxidation, decreasing the consumption of
endogenous antioxidants, and administration of them may be
beneficial in the prevention of atherosclerosis and cardiovascular
diseases. Also the data presented confirm that the free radical
scavenging activities observed in each essential oil is due to the
presence of specific phytochemicals which are known to possess
reductive properties e.g., the phenolic monoterpenes; thymol and
carvacrol, and other compounds with a phenoiic nucleus present in the
active volatile oils . This supports the view that some essential oils
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rich in phenolic compounds are highly bioavailable and may be active
in the body as antioxidants and free radical scavengers.

CONCLUSION

The results of the present work indicate the efficiency of the
tested essential oils in inhibiting the copper- catalyzed oxidation of
LDL and this activity may be ascribed to their different phenolic
compositions. Moreover, ingestion of these compounds may help to
prevent in vivo oxidative damage, such as lipid peroxidation, which is
associated with many diseases, including cancer, atherosclerosis,
diabetes and immune deficiency.

Essential oils appear to be a good source of natural antioxidants
in addition to its properties of contributing various flavour notes to
food.
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