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Summary

Olives and olive oil contain large amounts of oleuropein. This phenolic compound is responsible for their
bitter taste and pungent aroma and has been recognized as a powerful hypotensive, hypoglycemic and
antioxidant agent. Thus, the aim of the present study was to evaluate the antioxidant properties of oleuropein
on ethanol-induced oxidative damage and to examine its beneficial effects on liver function. Thirty-two adult
male Sprague-Dawley rats were divided into four equal groups: the first group served as untreated control.
The second group of rats were given ethanol (4 g/kg) orally. Group 3 received oral oleuropein (15 mg/kg).
The final group of rats were fed ethanol (4 g/kg), 120 min after oral administration of oleuropein (15 mg/kg).
All of the treatments were applied for 4 weeks via gavage. Administration of ethanol to rats induced toxicity
in their liver, as shown by the significant elevation in the serum levels of transaminases, total cholesterol as
well as liver histopathological findings. Elevation of glutathione peroxidase activity, the hepatic main
antioxidant enzyme, and total glutathione was observed to suppress oxidative stress in the ethanol group.
TBARS (an indicator of lipid peroxidation) concentration is also increased in ethanol-treated rats. In contrast,
oleuropein during ethanol treatment in rats resulted in a higher antiperoxidative enzyme activity, catalase,
and inhibited toxicity to the liver, as monitored by the reduction in ALT and AST levels and TBARS
concentration. It is suggested that oleuropein possesses beneficial antioxidant effects against ethanol-induced
liver toxicity, and therefore use of olive leaf extract may have prophylactic value in reducing the common
complications resulting from oxidative stress in alcoholism.
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Introduction able to react with hydrogen peroxide to form
other types of free radicals, such as hydroxyl
It is well known that ethanol radicals (Smlth et aI., 2005) The
consumption induces oxidative stress in the susceptibility of liver to ethanol toxicity can
liver, and is linked to the imbalance between promote alcoholic liver disease (Lieber,
the prooxidant and the antioxidant systems 1994), and in recent years, a wide variety of
in favor of the former (Nordmann et al., antioxidants and diverse diets have been
1992). During the metabolism of alcohol, tested to offset the oxidative stress induced
acetaldehyde is formed as the principal by ethanol abuse (Nanji et al, 2003;
metabolite. When acetaldehyde is oxidized, Kasdallah-Grissa et al., 2008; Ramirez-
it produces superoxide free radicals that are Farias et al., 2008).
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To preserve the integrity of biological
membranes from detrimental oxidative
stress caused by free radicals, both
enzymatic and non-enzymatic mechanisms
are present in the cell (McCord, 1993). The
components of this defense system can be
divided into two main groups: antioxidant
enzymes (GPx, SOD, and CAT) and small
endogenous antioxidant molecules such as
glutathione (GSH), and coenzyme Q
(Casalino et al., 2002). Lipid peroxidation in
biological membranes is a highly destructive
phenomenon  produced when reactive
oxygen species and free radicals attack the
double bonds of polyunsaturated fatty acids
(PUFAS) to yield lipid peroxides (Halliwell
and Chirico, 1993). These compounds, when
generated in biological systems, are
cytotoxic and, if not scavenged, may initiate
a chain reaction. In this regard, sensitivity of
the LDL lipids to oxidative stress depends
on an appropriate balance between their
amount on polyunsaturated fatty acids and
antioxidant concentrations (Gutierrez et al.,
2001). Previous studies have demonstrated
that polyphenolic compounds are potent
inhibitors of LDL oxidation in vitro and in
vivo (Visioli and Galli, 1994; Visioli et al.,
1995; De La Cruz et al., 2000). Inhibition of
LDL oxidation is important because the in
vivo oxidation of LDL is strongly linked to
the formation of atherosclerotic plaques,
which in turn contribute to the development
of coronary heart disease (Edgecombe et al.,
2000). Indeed, it was reported that the
decrease in LDL-cholesterol concentration
and the increase of HDL-cholesterol level
could accelerate the removal of cholesterol

from peripheral tissues to liver for
catabolism and excretion, subsequently
inhibiting LDL-cholesterol oxidation

(Young et al., 2004).

In the Mediterranean area, olive leaves
are one of the by-products of farming of the
olive grove; they can be found in high
amounts in the olive oil industries and they
accumulate during pruning of the olive trees
(Tabera et al., 2004). Olive leaves are
considered a cheap raw material and a useful
source of high-added value products
(Briante et al., 2002; Jemai et al., 2008). The
main phenolic compound in olive leaves is
the glycosylated form of oleuropein (Amro
et al., 2002; Visioli et al., 2002). It is a
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natural phenolic antioxidant, which is
present in high concentration in olives, olive
oil and olive tree leaves (Andreadou et al.,
2007). Despite the wide body of evidence
linking the antioxidant properties of olive oil
with positive health outcomes (Kasdallah-
Grissa et al., 2008), the current study
focused on the antioxidant effects of purified
oleuropein from olive leaves (in our
laboratory) against ethanol-induced
oxidative damage to the liver. Therefore, the
aim of this study was to investigate the
beneficial effects of oleuropein on many
biochemical indicators of liver function and
antioxidant enzyme activities as well as lipid
peroxidation in liver of rats.

Materials and Methods

Oleuropein purification

The oleuropein was isolated from Olea
europaea leaves according to the method
described previously (Andreadou et al.,
2006).

Experimental design

Thirty-two adult male Sprague-Dawley
rats were housed in temperature-controlled
conditions under a 12:12-h light/dark
photocycle with food and tap water supplied
ad libitum. After one week acclimatization
period, the rats were divided into four equal
groups (n=8 rats per cage), weight gain and
food consumption were determined at
weekly intervals and treated daily in the
following order: control group received 1 ml
normal saline, ethanol group received
ethanol (4 g/kg), oleuropein group received
oleuropein soluble in water (15 mg/kg) and
oleuropein plus ethanol group received
oleuropein (15 mg/kg) and after 120 min,
feeding with ethanol solution (4 g/kg), and
all treatments were applied orally by gavage
for 4 weeks. Dose of ethanol was
determined according to the previous studies
(Wu and Cederbaum, 2003; Turner and
Lysiak, 2008) and oleuropein based on the
average consumption of olive drupes and
olive oil in the Mediterranean diet in humans
(Andreadou et al., 2006, 2007). All rats were
treated humanely and in compliance with the
recommendations of the Animal Care
Committee for the Lorestan University of
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Medical Sciences (Khorramabad, Iran). One
the day after the last gavage, the rats were
sacrificed using diethyl ether anesthesia
(Dagenham,  UK) by  decapitation.
Immediately after rat killing, blood sample
was collected via cardiac puncture and
serum was obtained by centrifugation at
3,000 g for 5 min and stored at -70°C in
aliquots until the analysis. Livers were
excised immediately, washed with ice-cold
physiologic saline solution; the same lobes
of livers were stored at -70°C, other lobes
were removed for histopathological analysis.

Histopathological analysis

Liver tissues were fixed in 10%
formaldehyde solution. The washed tissues
were dehydrated in increasing gradient of
ethanol and finally cleared in toluene. The
tissues were then embedded in molten
paraffin wax. Sections were cut at 5 um
thickness and stained with haematoxylin and
eosin. The sections were then viewed under

light microscope to detect eventual
histopathological changes.

Biochemical parameters of liver
function

Concentrations of total cholesterol (TC),
total triglycerides (TG), and activity of
alanine  aminotransferase  (ALT), and
aspartate aminotransferase (AST) in serum
were measured by using commercially
available diagnostic kits supplied by Ziest

Chemistry  Laboratories, Ltd. (Ziest
Chemistry, Tehran, Iran).
Tissue preparation for  protein

measurement and enzyme assay

Rat livers were thawed and manually
homogenized in cold phosphate buffer (0.1
M, pH = 7.4) containing 5 mM EDTA using
liquid nitrogen, and protein content of tissue
homogenates was determined using a
colorimetric method of Lowry with bovine
serum albumin as standard (Lowry et al.,
1951).

Total glutathione (GSH content)

Total glutathione was estimated by the
model as described previously (Sedlak and
Lindsay, 1968).
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Measurement of GPx activity
Glutathione peroxidase activity (GPx)
was evaluated with Randox GPx detection
kit according to the manufacturer’s
instructions as  described  previously
(Randox, UK). One unit (U) of GPx was
defined as | pumol of oxidized NADPH per
min per milligram of tissue protein. The
GPx activity was expressed as unit per
milligram of tissue protein (U/mg protein).

Measurement of CAT activity

Tissue catalase activity was assayed
using the method described previously
(Claiborne, 1986). The CAT activity was
expressed as the unit that is defined as 1 p
mol of H,0, consumed per min per
milligram of tissue protein (U/mg protein).

Measurement of lipid peroxidation
The amount of lipid peroxidation was
indicated by the content of thiobarbituric
acid reactive substances (TBARS) in the
liver. Tissue TBARS was determined by
following the production of thiobarbituric
acid reactive substances as described
previously (Subbarao et al., 1990). TBARS

results were expressed as nmol per
milligram of tissue protein (nmol/mg
protein).

Statistical analysis

All results are presented as mean *
SEM. Data were compared by one-way
analysis of variance (ANOVA) with Tukey’s
post hoc analysis. Previously, all variables
were tested for normal and homogeneous
variances by leven’s statistic test. A
calculated p-value of less than 0.05 was
considered statistically significant.
Statistical analysis was performed using the
statistical package SPSS version 11.5.

Results

The mean values (xSEM) of the
biochemical indicators of liver function
(ALT, AST, TG, TC) of rats are presented in
Table 1. The activity of serum AST was
significantly higher in the ethanol group
compared to the other groups (P<0.05).
Also, administration of ethanol significantly
increased ALT activity in ethanol-treated
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rats compared to the oleuropein group.
Oleuropein supplementation prevented the
adverse effects of ethanol on transaminase
(ALT and AST) activities and returned them
to the normal value. Total cholesterol
concentration of treated rats by oleuropein
showed a significant decrease compared to
the ethanol group (P<0.05). Although the
concentration of total triglyceride in
oleuropein-treated rats was lower than the
ethanol group, this reduction was not
statistically significant (P=0.707). Taken
together, when oleuropein was administered
prior to ethanol, it could decrease the level
of these parameters to near the control
group.

Changes in antioxidant enzyme activities
including CAT and GPx, as well as
glutathione (GSH) content in the liver of rats
are shown in Table 2. Administration of
oleuropein significantly increased CAT
activity in the oleuropein group compared to
the other groups (P<0.05). In contrast, GSH
content (in order compensatory) increased
significantly in the ethanol group compared
to oleuropein-treated rats (P<0.05). In this
sense, GPx activity tended to approach
significance in ethanol-treated rats compared
to oleuropein-treated animals (P=0.076).

Treatment of rats with ethanol
significantly increased lipid peroxidation (as
shown by the TBARS concentration), while
in contrast, administration of oleuropein to

Table 1: Biochemical indicators of liver

the oleuropein plus ethanol group could
prevent an increase in TBARS concentration
(P<0.05). In addition, TBARS concen-
trations in oleuropein and the control group
were remarkably lower compared to the
ethanol-treated rats (P<0.05; Fig. 1).

The histopathological analysis of liver in
the ethanol, oleuropein, and oleuropein plus
ethanol treatment is presented in Fig. 2. The
scattered necrosis of several hepatocytes as
well as infiltration of both polymorph and
mono nuclear cells in the portal spaces and
occasionally into the parenchyma were
similar to the striking histopathological
findings in the ethanol-treated rats (Figs.
2A-C), while the highest population of cells
had no pathological changes in the
oleuropein plus ethanol-treated rats (Fig.
2D). Indeed, oleuropein treatment allowed,
to a certain extent, overcoming the hepatic
architecture aberrations with the pre-
servation of parenchymal structure.

Discussion

The major findings of this work in rats
are (1) ethanol administration at a dosage of
4 g/kg BW for 4 weeks is associated with an
oxidative stress and lipid peroxidation; (2)
administration of purified oleuropein from
olive leaves is able to reduce the oxidative
damage caused by ethanol in the liver; and
(3) ethanol enhances GSH content

function (alanine aminotransferase, aspartate

aminotransferase, total triglyceride, and total cholesterol) in serum of experimental groups

Groups ALT (U/L) AST (U/L) TG (mg/dl) TC (mg/dl)
Control 75.0 + 7*° 180.6 + 29.2° 103.6 + 9.8 71.0+5.7%°
Ethanol 90.2 + 6.4° 332.8 + 16" 118.4 + 25.7° 85.8 + 7.4°
Oleuropein 53.2 +6.2° 152.2 + 14.7° 78.2+7.9° 57.4+27°
Oleuropein and Ethanol 71.0 £ 7.7%° 227.2+17.2% 107.6 + 10.6° 58.2 + 4%°

&P Means in the same columns with different superscripts differ statistically (One-way ANOVA followed by
Tukey’s post hoc test). Data are expressed as mean £ SEM (n = 8 rats per group)

Table 2: Antioxidant enzyme activities (catalase, glutathione peroxidase) as well as total glutathione
(GSH-content) in the liver of experimental groups

Groups CAT (U/mg protein) GPx (U/mg protein) GSH (nmol/mg protein)
Control 172.6 +1° 9.3+15° 0.67 + 0.08*"°
Ethanol 158.6 + 2.2 104 +2.2° 0.72 + 0.04*
Oleuropein 2233+ 1.7° 53+1° 0.46 + 0.04°
Oleuropein and Ethanol 193.6 + 2.6% 7.9 +0.04° 0.56 + 0.07%"

%P Means in the same columns with different superscripts differ statistically (One-way ANOVA followed by
Tukey’s post hoc test). Data are expressed as mean £ SEM (n = 8 rats per group)
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and GPx activity (in order compensatory) to
suppress oxidative stress in the rat liver.

The present data indicated that
oleuropein consumption suppresses
oxidative stress as monitored by the
elevation activity of the main anti-
peroxidative  enzyme,  catalase, and
decreases lipid peroxidation products in the
rat liver. Our results indicate that ethanol
induces oxidative stress and enhances GSH
content and GPx activity (in compensatory
order). In this context, Masella et al. (2005)
have expressed that “antioxidant responsive
elements (AREs) are present in the promoter
regions of many of the genes inducible by
oxidative and chemical stresses”. Thus, it
appears that in the present study
consumption of ethanol (as oxidative
inducing agent) was able to increase activity

20 1 a

-

15 1 —l_

10 1

TBARS nmol/mg protein

L) L)
Control Ethanol Oleuropein Oleu. & Etha.

Fig. 1: Thiobarbituric acid reactive substances
(TBARS) concentration in the control and
treated rats. Data are expressed as Mean +
SEM of TBARS (nmol/mg protein of liver
tissue). Comparison among groups was made
using one-way ANOVA followed by Tukey’s
post hoc test (P<0.05). *° Means with different
superscripts differ statistically (n = 8 rats per

group)
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Fig. 2: Histopathological features of liver
tissue in normal (A), ethanol-treated (B),
oleuropein-treated (C) and oleuropein plus

ethanol-treated rats (D),
Hepatocytes have normal appearance in
control liver (A). Intracytoplasmic
accumulation of glycogen or lipid droplets in
most hepatocytes is formed, in which their
nuclei is located in the center or pushed into
one pole of the cytoplasm. The lesion is
principally initiated from the central vein and
expanded to the periphery in the ethanol-
treated rats (B). The normal hepatic cells are
completely intact (C). Only a small number of
hepatocytes adjacent to the central vein or
midzonal area show fatty changes or glycogen
depositions in their cytoplasm, whereas the
majority of cells show a normal appearance
with reversal of ethanol-induced changes (D)

(H&E, x100).
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of the antioxidant enzymes such as GPx by
the compensatory mechanism via AREs. In
this regard, previous studies showed that
ethanol could enhance GSH content in the
developing cerebellum of neonatal rats
(Smith et al., 2005), and GPx activity in the
kidney (Dinu et al., 2005) as well as
cerebellum of rats (Alirezaei et al., 2011).
While in contrast, chronic feeding of ethanol
(8 weeks) due to depletion of GSH
decreased activity of antioxidant enzymes
such as GPx, and SOD (Taati et al., 2011).
Thus, our results support and extend
previous reports suggesting that ethanol
intoxication generally impairs the liver
antioxidant defense system and induces lipid
peroxidation in experimental animals
(Kasdallah-Grissa et al., 2008).

The principal active component in olive
leaf extract is oleuropein. Its concentration
in olive leaf extract was high compared to
the other phenolic compounds (Jemai et al.,
2008). Oleuropein is a phenolic compound,
which has been shown to possess diverse
healing properties for its vasodilatory,
hypotensive, anti-inflammatory, anti-
rheumatic, diuretic, anti-atherogenic,
antipyretic and antioxidant effects (Visioli et
al., 1998; Diaz et al., 2000; Visioli et al.,
2000; Khayyal et al., 2002; Visioli et al.,
2002; Vissers et al., 2002; Al-Azzawie and
Alhamdani, 2006). It seems that many of
these pharmacologic features of oleuropein
are due to its potent antioxidant actions
(Manna et al., 2002; Manna et al., 2004;
Andreadou et al., 2006). It has been shown
that oleuropein is rapidly absorbed from the
intestine with ty. Of 2 h reaching a peak of
200 ng/ml of plasma after administration of
20 mg/kg oleuropein in rats (Del Boccio et
al., 2003). In addition, oleuropein has been
detected in plasma only in its glycoside
form, suggesting that it is absorbed intact
from the intestine (Al-Azzawie and
Alhamdani, 2006). Hence, the high
availability of oleuropein in its active form
in vivo may explain the positive impact on
the enzymatic and non-enzymatic (GSH-
content) antioxidants observed in our study.

Oleuropein is able to chelate metal ions,
such as Cu*" and Fe*, which catalyse free
radical generation reactions (Andrikopoulos
et al., 2002). Oleuropein and its metabolite,
hydroxytyrosol, both possess the structural
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requirement (a catechol group) needed for
optimum antioxidant and/or scavenging
activity (Al-Azzawie and Alhamdani, 2006).
Therefore, oleuropein attenuates ethanol-
induced oxidative stress and lipid
peroxidation in this study possibly by two
pathways; First, by rapid conversion of H,0,
to H,O and preventing H,O, accumulation
and second, by quenching the hydroxyl
radicals in which trapping HO®° leads to
oxidative breakdown of the phenolic
compounds (Al-Reza et al., 2009). Indeed,
both oleuropein and hydroxytyrosol have
been shown to be scavengers of superoxide
anions, and inhibitors of the respiratory burst
of neutrophils and hypochlorous acid-

derived radicals  (Al-Azzawie  and
Alhamdani, 2006). Therefore, it was
concluded that oleuropein protects the

membrane of liver cells against ethanol-
induced oxidative damage and appears to be
a good candidate in the prevention of
ethanol-induced injuries in the liver.

Ethanol-induced liver injury associated
with increased oxidative stress and free
radical-mediated tissue damages are widely
demonstrated in rats and in humans (Lieber,
1994; Manna et al., 2002). Several studies
have demonstrated the ability of olive oil to
inhibit oxidative stress in the liver through
various mechanisms (De La Cruz et al.,
2000; Aguilera et al.,, 2003; Kasdallah-
Grissa et al., 2008). The present work
showed that purified oleuropein from olive
leaves, is able to prevent lipid peroxidation
when tested on rat liver. Similar results with
olive oil compounds preventing lipid
peroxidation were found in the liver of rats
chronically exposed to ethanol (Kasdallah-
Grissa et al., 2008). Thus, our data suggest
that the potent antioxidant effect exerted by
phenolic constituent of olive leaves,
oleuropein, might contribute to protecting
the structure of phospholipids containing
polyunsaturated fatty acids present in rat
liver membranes from oxidation.

It is well known that oxidative stress is
one of the main factors that links
hypercholesterolemia with atherosclerosis
(Young and Eneny, 2001). Hyper-
cholesterolemia  leads to  increased
cholesterol accumulation in cells thereby
activating the production of reactive oxygen
species (ROS), and coronary vessels are
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extremely vulnerable to these oxidative
challenges and hypercholesterolemia (Kay et
al., 1991). In this investigation,
administration of oleuropein resulted in
reductions of total cholesterol concentration
and transaminases activity in serum of the
oleuropein group compared to ethanol-
treated rats. Similarly, the phenolics extract
of olive leaves decreased the concentration
of TG and LDL-cholesterol and improved
the level of HDL-cholesterol that has been
linked to a lower risk of coronary heart
disease (Jemai et al., 2008).

Data have been collected indicating that
the elevated phenolic antioxidant content of
the components of the Mediterranean diet,
together with antioxidant vitamins, greatly
contributes to the health-beneficial effects of
this diet (Manna et al., 2002; Manna et al.,
2004; Al-Azzawie and Alhamdani, 2006;
Andreadou et al., 2006). In this respect, our
results exhibit significant antioxidant effects
in oleuropein-treated rats. Our findings and
those in the literature confirm the nutritional
benefit of olive leaf extract.

In conclusion, the findings of the present
study reveal that oleuropein administration
during ethanol consumption in rats reduces
ethanol-induced toxicity in the liver by
improving antioxidant defense system and
reducing the levels of lipid peroxides.

Acknowledgements

This research was financially supported
by Lorestan University Research Council
and Lorestan University of Medical
Sciences. We are most grateful to Dr. P.
Hashemi (A member of the Basic Sciences
School, Lorestan University) for providing
the oleuropein standard.

References

Aguilera, CM; Mesa, MD; Ramirez-Tortosa,
MC; Quiles, JL and Gil, A (2003). Virgin
olive and fish oils enhance the hepatic
antioxidant defence system in atherosclerotic
rabbits. Clin. Nutr., 22: 379-384.

Al-Azzawie, HF and Alhamdani, MSS (2006).
Hypoglycemic and antioxidant effect of
oleuropein in alloxan-diabetic rabbits. Life
Sci., 78: 1371-1377.

Alirezaei, M; Jelodar, G; Niknam, P; Ghayemi, Z

224

and Nazifi, S (2011). Betaine prevents
ethanol-induced oxidative stress and reduces
total homocysteine in the rat cerebellum. J.
Physiol. Biochem., 67: 605-612.

Al-Reza, SM; Bajpai, VK and Kang, SC (2009).
Antioxidant and antilisterial effect of seed
essential oil and organic extracts from
Zizyphus jujuba. Food Chem. Toxicol., 47:
2374-2380.

Amro, B; Aburjai, T and Al-Khalil, S (2002).
Antioxidative and radical scavenging effects
of olive cake extract. Fitoterapia. 73: 456-
461.

Andreadou, 1; Iliodromitis, EK; Mikros, E;
Constantinou, M; Agalias, A; Magiatis, P;
Skaltsounis, AL; Kamber, E; Tsantili-
Kakoulidou, A and Kremastinos, DT (2006).
The olive constituent oleuropein exhibits
anti-ischemic, antioxidative, and hypo-
lipidemic effects in anesthetized rabbits. J.
Nutr., 136: 2213-2219.

Andreadou, I; Sigala, F; Iliodromitis, EK;
Papaefthimiou, M; Sigalas, C; Aligiannis, N;
Sawvvari, P; Gorgoulis, V; Papalabros, E and
Kremastinos, D (2007). Acute doxorubicin
cardiotoxicity is successfully treated with the
phytochemical oleuropein through supp-
ression of oxidative and nitrosative stress. J.
Mol. Cell. Cardiol., 42: 549-558.

Andrikopoulos, NK; Kaliora, AC;
Assimopoulou, AN and Papageorgiou, VP
(2002). Inhibitory activity of minor
polyphenolic and nonpolyphenolic con-
stituents of olive oil against in vitro low-
density lipoprotein oxidation. J. Med. Food.,
5:1-7.

Briante, R; Patumi, M; Terenziani, S; Bismuto,
E; Febbraio, F and Nucci, R (2002). Olea
europaea L. leaf extract and derivatives:
antioxidant properties. J. Agr. Food Chem.,
50: 4934-4940.

Casalino, E; Calzaretti, G; Sblano, C;
Landriscina, V; Felice Tecce, M and
Landriscina, C (2002). Antioxidant effect of
hydroxytyrosol (DPE) and Mn2+ in liver of
cadmium-intoxicated rats. Comp. Biochem.
Phys. C: Toxicol. Pharmacol., 133: 625-632.

Claiborne, A (1986). Catalase activity. In:
Greenwald, RA (Ed.), CRC handbook of
methods for oxygen radical research. (2nd
Edn.), Boca Raton, FL: CRC Press. PP: 283-
284.

De La Cruz, JP; Quintero, L; Villalobos, MA and
Sanchez de la Cuesta, F (2000). Lipid
peroxidation and glutathione system in
hyperlipemic rabbits: influence of olive oil
administration. Biochim. Biophys. Acta.
1485: 36-44.

Del Boccio, P; Di Deo, A; De Curtis, A; Celli, N;



Iranian Journal of Veterinary Research, Shiraz University, Vol. 13, No. 3, Ser. No. 40, 2012

lacoviello, L and Rotilio, D (2003). Liquid
chromatography-tandem mass spectrometry
analysis of oleuropein and its metabolite
hydroxytyrosol in rat plasma and urine after
oral administration. J. Chromatogr. B.
Analyt. Technol. Biomed. Life Sci., 785: 47-
56.

Diaz, AM; Abad, MJ; Fernandez, L; Recuero, C;
Villaescusa, L; Silvan, AM and Bermejo, P
(2000). In vitro anti-inflammatory activity of
iridoids and triterpenoid compounds isolated
from Phillyrea latifolia L. Biol. Pharm. Bull.,
23: 1307-1313.

Dinu, D; Nechifor, MT and Movileanu, L
(2005). Ethanol-induced alterations of the
antioxidant defense system in rat kidney. J.
Biochem. Mol. Toxic., 19: 386-395.

Edgecombe, SC; Stretch, GL and Hayball, PJ
(2000). Oleuropein, an antioxidant poly-
phenol from olive oil, is poorly absorbed
from isolated perfused rat intestine. J. Nutr.,
130: 2996-3002.

Gutierrez, VR; de la Puerta, R and Catala, A
(2001). The effect of tyrosol, hydroxytyrosol
and oleuropein on the non-enzymatic lipid
peroxidation of rat liver microsomes. Mol.
Cell. Biochem., 217: 35-41.

Halliwell, B and Chirico, S (1993). Lipid
peroxidation: its mechanism, measurement,
and significance. Am. J. Clin. Nutr., 57: 715-
725.

Jemai, H; Bouaziz, M; Fki, I; El Feki, A and

Sayadi, S (2008). Hypolipidimic and
antioxidant activities of oleuropein and its
hydrolysis derivative-rich extracts from
Chemlali olive leaves. Chem. Biol. Int., 176:
88-98.

Kasdallah-Grissa, A; Nakbi, A; Koubaa, N; El-
Faza, S; Gharbi, N; Kamoun, A and

Hammami, M (2008). Dietary virgin olive oil
protects against lipid peroxidation and
improves antioxidant status in the liver of rats
chronically exposed to ethanol. Nutr. Res.,
28: 472-479.

Kay, NMR (1991). Drosophila to bacteriophage
to erythrocyte; the erythrocyte as a model for
molecular and membrane aging of terminally
differentiated cells. Gerontology. 37: 5-32.

Khayyal, MT; El-Ghazaly, MA; Abdollah, DM;
Nassar, NN; Okpanyi, SN and Kreuter, MH
(2002). Blood pressure lowering effect of an
olive leaf extract (Olea europaea) in L-
NAME induced hypertension in rats.
Arzneimittelforschung. 52: 797-802.

Lieber, CS (1994). Alcohol and the liver: 1994
update. Gastroenterology. 106: 1085-1105.
Lowry, OH; Rosebrough, NJ; Farr, AL and
Randall, RJ (1951). Protein measurement
with the folin phenol reagent. J. Biol. Chem.,

225

193: 265-275.

Manna, C; D’Angelo, S; Migliardi, V; Loffredi,
E; Mazzoni, O; Morrica, P; Galletti, P and
Zappia, V (2002). Protective effect of the
phenolic fraction from virgin olive oils
against oxidative stress in human cells. J.
Agr. Food Chem., 50: 6521-6526.

Manna, C; Migliardi, V; Golino, P;
Scognamiglio, A; Galletti, P; Chiariello, M
and Zappia, V (2004). Oleuropein prevents
oxidative myocardial injury induced by
ischemia and reperfusion. J. Nutr. Biochem.,
15: 461-466.

Masella, R; Benedetto, RD; Vari, R; Filesi, C
and Giovannini, C (2005). Novel mechanisms
of natural antioxidant compounds in
biological ~ systems:  involvement  of
glutathione and glutathione-related enzymes.
J. Nutr. Biochem., 16: 577-586.

McCord, JM (1993). Human disease, free
radicals, and the oxidant/antioxidant balance.
Clin. Biochem., 26: 351-357.

Nanji, AA; Jokelainen, K; Tipoe, GL;
Rahemtulla, A; Thomas, P and Dannenberg,
AJ (2003). Curcumin prevents alcohol-
induced liver disease in rats by inhibiting the
expression of NF-kappa B-dependent genes.
Am. J. Physiol. Gastrointest Liver Physiol.,
284: 321-327.

Nordmann, R; Ribi re, C and Rouach, H (1992).
Implication of free radical mechanisms in
ethanol-induced cellular injury. Free Radical.
Bio. Med., 12: 219-240.

Ramirez-Farias, C; Madrigal-Santillan, E;
Gutiérrez-Salinas, J; Rodriguez-Sanchez, N;
Martinez-Cruz, M; Valle-Jones, |; Gramlich-
Martinez, I; Hernandez-Ceruelos, A and
Morales-Gonzélez, JA (2008). Protective
effect of some vitamins against the toxic
action of ethanol on liver regeneration
induced by partial hepatectomy in rats. World
J. Gastroenterol., 14: 889-890.

Sedlak, J and Lindsay, RH (1968). Estimation of
total, protein-bound, and  nonprotein
sulfhydryl groups in tissue with Ellman’s
reagent. Anal. Biochem., 25: 192-205.

Smith, AM; Zeve, DR; Grisel, JJ and Chen, WJA
(2005). Neonatal alcohol exposure increases
malondialdehyde (MDA) and glutathione
(GSH) levels in the developing cerebellum.
Develop. Brain Res., 160: 231-238.

Subbarao, KV; Richardson, JS and Ang, LC
(1990). Autopsy samples of Alzheimer’s
cortex show increased peroxidation in vitro.
J. Neurochem., 55: 342-345.

Taati, M; Alirezaei, M; Meshkatalsadat, MH;
Rasoulian, B; Kheradmand, A and Neamati,
Sh (2011). Antioxidant effects of aqueous
fruit extract of Ziziphus jujuba on ethanol-



Iranian Journal of Veterinary Research, Shiraz University, Vol. 13, No. 3, Ser. No. 40, 2012

induced oxidative stress in the rat testes. Int.
J. Vet. Res., 12: 39-45.

Tabera, J; Guinda, A; Ruiz-Rodriguez, A;
Sefiorans, FJ; Ibafiez, E; Albi, T and Reglero,
G (2004). Countercurrent supercritical fluid
extraction and fractionation of high-added-
value compounds from a hexane extract of
olive leaves. J. Agr. Food Chem., 52: 4774-
4779.

Turner, TT and Lysiak, JJ (2008). Oxidative
stress: a common factor in testicular
dysfunction. J. Androl., 29: 488-498.

Visioli, F; Bellomo, G and Galli, C (1998). Free
radical-scavenging properties of olive oil
polyphenols. Biochem. Bioph. Res. Comm.,
247: 60-64.

Visioli, F; Bellomo, G; Montedoro, GF and
Galli, C (1995). Low density lipoprotein
oxidation is inhibited in vitro by olive oil
constituents. Atherosclerosis. 117: 25-32.

Visioli, F; Caruso, D; Galli, C; Viappiani, S;
Galli, G and Sala, A (2000). Olive oils rich in
natural  catecholic  phenols  decrease

226

isoprostane excretion in humans. Biochem.
Bioph. Res. Comm., 278: 797-799.
Visioli, F and Galli, C (1994). Oleuropein

protects low density lipoprotein from
oxidation. Life Sci., 55: 1965-1971.
Visioli, F; Poli, A and Gall, C (2002).

Antioxidant and other biological activities of
phenols from olives and olive oil. Med. Res.
Rev., 22: 65-75.

Vissers, MN; Zock, PL; Roodenburg, AJC;
Leenen, R and Katan, MB (2002). Olive oil
phenols are absorbed in humans. J. Nutr.,
132: 409-417.

Wu, D and Cederbaum, Al (2003). Alcohol,
oxidative stress, and free radical damage.
Alcohol Res. Health. 27: 277-284.

Young, IS and Eneny, JMC (2001). Lipoprotein
oxidation and atherosclerosis. Biochem. Soc.
Trans., 29: 358-362.

Young, CE; Karas, RH and Kuvin, JT (2004).
High-density lipoprotein cholesterol and
coronary heart disease. Cardiol. Rev., 12:
107-119.



