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Abstract

Oxygen deficiency during critical illness may cause profound changes in cellular metabolism and subsequent tissue and organ dysfunction.
Thus, the present study was designed to determine the effects of hypoxia and reoxygenation on the levels of lipid peroxidation and the
morphological changes in the liver of male mice as well as the protective role of melatonin as an antioxidant. Two experiments were carried out in
this study. Experiment I includes three groups of mice (control, hypoxic, and hypoxic+melatonin) while the experiment II includes two groups
(reoxygenated and reoxygenated+melatonin). The levels of oxidized lipids were measured and the morphological changes were investigated using
light and electron microscopy. In experiment I, hypoxia strongly stimulated lipid peroxidation levels (88%) while melatonin administration
inhibited this increase (69%). Severe morphological changes (necrosis, dilated congested blood vessels, collection of inflammatory cells,
condensed heterochromatic with irregular outlines nuclei, and mitochondrial degeneration) were detected in the liver of hypoxic mice. In
experiment II, reoxygenation inhibited the levels of oxidized lipids (42%) versus hypoxic mice and some morphological changes were detected.
When melatonin was given before reoxygenation, it inhibited the levels of lipid peroxidation by 66% versus hypoxic mice. Also, melatonin
enhanced the recovery profile by 41% when compared with mice that reoxygenated with room air only. All morphological alterations that detected
in both hypoxic and reoxygenated mice were repaired when melatonin administered. These results indicate that hypoxia and reoxygenation induce
severe alterations in the liver and that melatonin exerts beneficial role in restoring tissue alterations after subjection to hypoxia.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Hypoxia is caused by a failure of oxygen supply to reach the
blood, resulting in low blood oxygen tension in the arterial
blood. The tension in the venous as well as capillary blood is
also reduced below the normal value. The rate of diffusion of
oxygen from the blood to the tissues is, thus, reduced causing
the symptoms of oxygen lack.

Prolonged living in a low oxygen atmosphere such as high
altitude induces a variety of adaptive responses in different
animals. Hypoxia is well known to produce oxidative stress in
organisms leading to tissue injury (Sarada et al., 2002). Various
oxyradicals if not neutralized, cause damage to bio-membranes,
which are reflected by lipid peroxidation. Supplementation of
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antioxidants was found to inhibit the cellular damage induced
by oxidative stress (Burton and Traber, 1990; Simon-Schnass,
1992; Palozza et al., 1997). The hypoxic cells are particularly
susceptible to oxidative stress, a phenomenon commonly
known as “Oxygen Paradox” (Goldfarb and Sen, 1994) leading
to free radical generation. Free radicals are known to be directly
involved in pathogenesis of various diseases and aging (Jackson
et al., 1998). The hypoxia stress leads to lipid peroxidation
resulting in membrane damage (Simon-Schnass, 1992).

The liver is more vulnerable than other organs to oxidative
stress under hypoxia (Nakanishi et al., 1995). It is an important
site for glutathione synthesis (Leeuwenburgh and Ji, 1995).Many
studies claimed that the levels of glutathione and glutathione
reductase activity in the liver decreased due to hypoxia (Shan et
al., 1992; Ohkuwa et al., 2004). The mechanism responsible for
hypoxic liver injury has been the focus of much research with the
broader goals of preventing such injury and improving treatment
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should it occur (Marotto et al., 1988; Suematsu et al., 1992a,b).
The previous authors claimed that in the low-flow hypoxic liver,
an intralobular oxygen gradient is present that gives rise to hy-
drogen peroxide production, which in turn induces cell death.
Motoyama et al. (2003) described a process whereby hypoxia-
induced, xanthine oxidase-dependent hydrogen peroxide produc-
tion in hepatocytes caused ischemic liver injury by selectively
inducing apoptosis in the sinusoidal endothelial cells.

During ischemia/reperfusion, damage induced by hypoxia
seems to be related to subsequent reoxygenation, which induces
hydroxyl radical (OH) responsible for the initiation of an apop-
totic program opening permeability transition pore (Crompton,
1999). Nitric oxide (NO) generated during reperfusion due to
nitric oxide synthase (NOS) activation, and the peroxynitrite
(ONOO−) produced when NO couples with superoxide anion
(O2

−) seems to be the primary cause of damage to cytochrome-I
(C-I) and C-II during reperfusion.

In recent years the function of melatonin as an antioxidant and
free radical scavenger has been extensively studied (El-Sokkary,
2000, 2002; Reiter et al., 2000; El-Sokkary et al., 2003, 2005;
Abd-Elghaffar et al., 2005). Melatonin's mechanisms of action
seem to fall into three categories: receptor-mediated, protein-
mediated, and non-receptor-mediated effects. Receptor-mediated
melatonin events involve both membrane and nuclear receptors.
The membrane melatonin receptors have been identified and are
well characterized in humans (Conway et al., 2001).

A series of experiments have provided strong evidence for the
anti-excitotoxic properties of melatonin both in vivo and in vitro
(Acuña-Castroviejo et al., 1995). Both experimental and clinical
anticonvulsant activity of melatonin were reported (Lapin et al.,
1998). In a model of ischemia/reperfusion (hypoxia/reoxygena-
tion) in gerbil, nitric oxide synthase/nitric oxide (NOS/NO) sys-
tem was inhibited after melatonin administration, resulting in a
reduction of neuronal damage associated with reperfusion
Guerrero et al., 1997). Recently, Li et al. (2005) reported for the
first time that melatonin directly interacts with malondialdehyde
to form a new product. The findings suggest that melatonin may
detoxify unsaturated carbonyls and protect against cellular dam-
age induced by oxidative stress.

The importance of melatonin as an antioxidant depends on
several characteristics: its lipophilic and hydrophilic nature, its
ability to pass all bio-barriers with ease, and its availability to all
tissues and cells. It distributes in all cell compartments, being
especially high in the nucleus and mitochondria (Menendez-
Pelaez et al., 1993; Martin et al., 2000). The aim of this work is
to study the effect of oxygen shortage and reoxygenation on the
liver and to test the melatonin's ability to modify these actions.

2. Materials and methods

2.1. Animals

A total number of 32 adult male Swiss albino mice weighing
about 30±2 g were used in the present work. The mice were
purchased from Assiut University Joint Animal Breeding Unit. It
was noticed that when two mice were placed in a well closely
fitted 2.35-l desiccator, signs of hypoxia appeared after about 3 h.
The appropriate animal care of Assiut University approved the
protocol for the experiment.

2.2. Chemicals

Melatonin, 2-thiobarbituric acid, 1,1,3,3-tetra-methoxypro-
pane, dimethyl sulfoxide and sodium dodecyl sulfate were
purchased from Sigma Co. (St. Louis, MO). Melatonin was
dissolved in ethanol before being diluted with saline. The final
concentration of ethanol in the melatonin solution was b1%. All
other chemicals were of highest quality available.

2.3. Experimental protocol

2.3.1. Experiment I
In this experiment, 20 mice were randomly divided into three

groups: The first group (7 mice), designated Hypoxia (Hypox),
was subjected to oxygen shortage (hypoxic hypoxia) as described
before (3 h). The second group (7 mice), designated Hypoxia+
Melatonin (Hypox+M), was injected subcutaneously with mela-
tonin at a dose of 10 mg/kg body weight (Reiter, 1998). The
administration of melatonin was 30 min before subjection the
animals to hypoxia. The third group (6 mice) served as controls
and left in the normal conditions. The administration of melatonin
into the non-treated maintained animals did not change basal
levels of LPO and morphological changes in different studied
organs (El-Sokkary, 2000; Reiter et al., 2000) and we did not
repeat this in the present work.

2.3.2. Experiment II
In this experiment, the animals (12 mice) were subjected to

hypoxia as those of experiment I. After 3 h, the hypoxic mice
were divided into two subgroups: The first subgroup (6 mice),
was subjected to normal oxygenation again for another 3 h (the
same time of hypoxia) to study the recovery after the oxygen
shortage (hypoxia) and designated Reoxygenated (Reoxgn).
The second subgroup (6 mice), designated Reoxygenation+
Melatonin (Reoxgn+Mel), was given subcutaneous injection of
melatonin (10 mg/kg body weight) and subjected to normal
oxygenation again to study the role of melatonin in the recovery
after the oxygen shortage (hypoxia). At the end of the experi-
ments, the animals were sacrificed by cervical dislocation.

The two experimentswere done concomitantlywith each other.

2.4. Tissue preparations

The specimens from the liver were rapidly excised, and cut
conveniently into small pieces, which were used for histology and
histopathology as well as ultrastractural investigation. Other por-
tions of the liver were frozen and stored at −20 °C for lipid
peroxidation measurement.

2.5. Measurement of lipid peroxidation

Themethodwas based on that of Ohkawa et al. (1979). A 10%
(w/v) tissue homogenate from the liver in phosphate buffer was
required for this assay (this homogenate contained 1% v/v
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dimethyl sulfoxide to prevent further oxidation). An aliquot
(0.2 ml) of tissue homogenate was mixed with 0.2 ml 8.1% w/v
sodium dodecyl sulfate solution, 1.5 ml 20% v/v acetic acid so-
lution (pH 3.5) and 1.5 ml 0.8% w/v thiobarbituric acid solution.
Themixture wasmade up to 4.0mlwith distilledwater and heated
to 95 °C for 1 h. The samples were cooled and centrifuged at
2000 ×g for 10 min and absorbance measured at 532 nm. Results
of malondialdehyde were expressed as nmol/g tissue.

2.6. Histological and histopathological examinations

For the histological and histopathological examination, pieces
of the liver were fixed in 10% neutral buffered formalin (pH 7.2),
dehydrated in ascending series of ethyl alcohol (70%–100%),
cleared in methyl benzoate and embedded in paraffin wax. Paraf-
fin sections of 5 μm in thickness were prepared.

2.7. Electron microscopy

For electron microscopy, portions of the liver were fixed in
2.5% glutaraldehyde in cacodylate buffer. The specimens were
washed in cacodylate buffer (0.1 M, pH 7.2) for 1–3 h and then
post fixed in 1% osmium tetraoxide for 2 h. The specimens were
placed in propylene oxide for 60 min, then in pure epon 812 and
incubated in a special polymerization incubator (one day at 37 °C,
second day at 45 °C and then three days at 60 °C). Semithin
sections were obtained and stained with toluidine blue and ex-
amined using a light microscope. Representative fields of semi-
thin sections were selected. Ultrathin sections were mounted in
copper grids and stained with uranyle acetate, lead citrate and
investigated with transmission electronmicroscope (Bancroft and
Stevens, 1982).

2.8. Statistical analysis

Results of the lipid peroxidation were expressed as means±
S.E.M. Differences between means were tested using one-way
analysis of variance (ANOVA) followed by the Student–
Newman–Keuls t-test. The percent of stimulation (S%) or in-
hibition (I%) in the mean values of LPO was calculated.

3. Results

3.1. Experiment I

The animals submitted to hypoxia enhanced the levels of
lipoperoxids in liver tissue compared with the values obtained in
control mice (Table 1). The hypoxia-induced stimulation in LPO
Table 1
Mean values of lipid peroxidation±S.E.M., stimulation (%) and inhibition (%) in th

Animal groups

Control Hypox Hypox+Mel Reoxgn

S% versus Cont. I% versus Hypox I% ver

1.2±0.27a 10.2±0.78b S=87.8 3.2±0.25c I=68.8 5.9±0.

S.E.M.: standard error of the mean; S: stimulation (%) and I: inhibition (%). Values
was 88% which statistically was significant (Pb0.01). When
melatonin was given 30 min before subjection the animals to
hypoxia, it inhibited (69%) the increase of LPO levels, which was
statistically significant (Pb0.01).

Examination of liver sections after exposure to hypoxia for
3 h showed different features of morphological changes such as
dilatation of central veins, which were congested with blood
cells (Fig. 1C) versus those of controls (Fig. 1A). Moreover, a
considerable number of hepatocytes showed clear cytoplasmic
vacuolation with deeply stained nuclei. Another recorded patho-
logical change was the remarkable collection of inflammatory
cells (Fig. 1D).

The most prominent features of the ultrastructure of the he-
patocyte are highly vacuolated cytoplasm, indicating damaged
mitochondria and other cell organelles. Also, the cytoplasm con-
tains tremendous amounts of lipid droplets when compared with
control animals (Fig. 1B). The nucleus is irregular, eccentric with
moderately dilated nuclear envelope and condensed heterochro-
matin (Fig. 1E).

Melatonin administration to mice (10 mg/kg) 30 min before
exposure to hypoxia showed that the hepatic lobules retained their
normal structure compared with the hypoxic liver. The protective
effect ofmelatonin in avoiding the degenerative alterations caused
by the oxidative stress induced by hypoxia could be observed in
the examined sections (data not shown). Electron microscopy
showed the ovoid form of the nucleus and the nuclear contents
retained their normal structure.Also, both ofmitochondria and the
rough endoplasmic reticulum retained their normal shape and
number due to the protective effect of melatonin, although few
vacuolation and some lipid droplets were located in certain cel-
lular areas (Fig. 1F).

3.2. Experiment II

Hypoxia significantly stimulated (Pb0.01) the product of
lipid peroxidation levels in the liver homogenates versus those
of controls. In the mice, which subjected to oxygen shortage
(hypoxia) for 3 h and then left for recovery or reoxygenation
without any type of treatment for another 3 h, the levels of the
oxidized lipids decreased (42.5%) versus those of hypoxic ani-
mals (Table 1). The statistical analysis of these data indicated
that this decrease was significant (Pb0.01). The administration
of melatonin reduced significantly the LPO content (66%) in the
liver from Reoxgn+Mel-treated mice compared with the values
obtained in hypoxic animals (Pb0.01). Also, melatonin admin-
istration significantly reduced the LPO levels in the liver tissue
from Reoxgn+Mel animals (40.6%) versus those of Reoxgn
mice (Pb0.05). Thus, using melatonin after the oxygen shortage
e liver homogenates of control and treated mice

Reoxgn+Mel

sus Hypox I% versus Hypox I% versus Reoxgn

42d I=42.5 3.5±0.30ce I=65.8 I=40.6

with unlike superscript letters significantly differ.



Fig. 1. (A) Liver section of a control mouse displaying the normal architecture of hepatic cords and their radiation from the central vein (CV) (H and E, ×200). (B)
Electron micrograph showing a rounded nucleus (N) having well discernable nuclear envelope and chromatin particles. Also, parallel cisternae of rough endoplasmic
reticulum (R) and a lot of mitochondria (M) can be observed near the nucleus (×5000). (C) Liver section of hypoxic mouse exhibits marked disturbances of the normal
architecture of the hepatic tissues and numerous of vacuolations (V) of the cytoplasm of the liver cells. The central vein exhibits remarkable dilation and distinct
features of congestion (cng) (H and E, ×200). (D) Liver section showing a huge collection of inflammatory cells (H and E, ×200). (E) An electron micrograph showing
the condensed heterochromatic eccentric nucleus (N) with irregular outlines. The nuclear envelope is moderately dilated. Also, numerous of lipid droplets (L) were
clear discerned (×5000). (F) An electron micrograph of the liver of mouse exposed to hypoxia plus melatonin showing open phase nucleus (N), elongated
mitochondria (M) and numerous of rough endoplasmic reticulum (R). There are abundance of lipid droplets (L) throughout the cytoplasm (×5000).

110 G.H. El-Sokkary et al. / European Journal of Pharmacology 540 (2006) 107–114



Fig. 2. (A) Section of the liver of reoxygenated mouse showing dilated blood vessels (BV) with blood cells and increased number of darkly stained Kupffer cells
(arrows) (H and E, ×400). (B) Electron micrograph of reoxygenated mouse liver showing some destruction in the nucleus (N) and nuclear contents. Few mitochondria
(M), vacuoles (V) and lipid droplets are present in the cytoplasm (×5000). (C) Liver section of mouse subjected to reoxygenation+melatonin showing restoration of
many degenerations. The hepatocytes appear regular and normal with round central nuclei and central vein (CV) (H and E, ×400). (D) Electron micrograph of mouse
subjected to reoxygenation+melatonin showing the restoration of the normality of the nuclear shape (N), mitochondria (M) and rough endoplasmic reticulum (R).
Small lipid droplets are present (L) (×5000).
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is faster in recovery than if the animal or patient was left without
any treatment.

Histological structure of the liver of the reoxygenated group
of mice (which subjected to hypoxia for 3 h and then exposed to
the air for another 3 h), showed some degenerative alterations in
the hepatocytes compared to the hypoxic animals. Fig. 2A dis-
played dilated blood vessel and an increase in the number of
Kupffer cells.

Electron microscopy showed some destruction in the nuclei
and the nuclear contents of the hepatocyte. Also, both the mito-
chondria and the rough endoplasmic reticulum braked down and
transformed into noticeable vacuolation. In addition, there was
abundance of lipid droplets throughout the cytoplasm (Fig. 2B).

The administration of melatonin immediately after exposure
to hypoxia for 3 h exerted a relevant cytoprotection effect that
included the recovery of normal cellular morphology (Fig. 2C).
The hepatocytes and their nuclei appeared more or less normal
in shape and size.

Electron microscopical investigation of the hepatocytes sho-
wed the restoration of their normality in the shape of the nuclei
and the nuclear contents. Also, both of mitochondria and the
rough endoplasmic reticulum restored their normal shape and
number although few vacuolations and some lipid droplets lo-
cated in certain cellular areas (Fig. 2D).

4. Discussion

Oxidative damage is a consequence of the inefficient utili-
zation of molecular oxygen (O2) by cells. The bulk of the O2

absorbed by cells is used for mitochondrial generation of energy
in the form of ATP (Acuña-Castroviejo et al., 2001).
In this study, our results showed that oxygen shortage (hy-
poxia) significantly stimulated the levels of the oxidized lipids by
88% in the liver versus control animals. This may be explained by
the destructive effect of hypoxia, which leads to an increase of
reactive oxygen substances followed by lipid peroxidation. These
results are in agreement with those of Joanny et al. (2001) who
found that oxidative stress was induced by prolonged hypobaric
hypoxia. Also,Magalhaes et al. (2004a,b) reported that hypobaric
hypoxia increased the burden of plasma oxidative stress and da-
mage markers all through the hypoxia period. They found signi-
ficant reduction of the total glutathione content while the levels of
lipid peroxidation, oxidized protein and total antioxidant status
increased due to hypoxia.

The result of oxygen radical formation is the oxidation of
molecules found in tissues, including nucleic acids, mem-
brane lipids, enzymes, and receptors. Membrane-associated
polyunsaturated fatty acids are readily oxidized by OH in a
process that results in the peroxidation of lipids. Peroxidation
of membrane lipids can disrupt membrane fluidity and cell
compartmentation, which can result in cell lysis. Thus oxy-
gen radical-initiated lipid peroxidation and protein oxidation
may contribute to the impaired cellular function and necrosis
associated with reperfusion of ischemic tissues (Cuzzocrea
and Reiter, 2001). Oxidative modification of proteins also
occurs by reactions with aldehydes produced during lipid
peroxidation. Therefore, end products of lipid peroxidation
such as malondialdehyde and 4-hydroxy-2-nonenal as well as
products from polyunsaturated fatty acids cause protein
damage (Refsgaard et al., 2000). Moreover, peroxyl radicals
are responsible for oxidation of proteins (Terao and Niki,
1986).
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Data concerning the effect of hypoxia on the generation of
reactive oxygen species are divergent and depend on experi-
mental conditions (Costa et al., 1993; Nakanishi et al., 1995). A
possible explanation for the higher malondialdehyde content in
the liver could be the increased MDA influx from other organs
for detoxification or the increased decomposition of lipid pero-
xides by the reduced glutathione system. Another explanation
could be a lower production of oxygen radicals by the mito-
chondria of the liver due to more defective and inefficient res-
piratory chain (Gonzales-Flecha, 1993; Boffoli et al., 1994) or
the direct conversion of oxygen radicals to hydrogen peroxide
(H2O2) catalyzed by the mitochondrial manganese-dependent
superoxide dismutase (Mn-SOD), which was significantly
higher expressed in the liver. This increased expression is in
agreement with the results of Sanz et al. (1997) and could also
be an adaptation to a higher radical release with hypoxia.

Reoxygenation of hypoxic tissue can cause severe cellular
damage, known as reoxygenation (or reperfusion) injury in
mammals (Halliwell and Gutteridge, 1999). In many cases, re-
oxygenation can be more harmful than hypoxia or hyperoxia
alone. Although these injuries appear to be mediated by ROS,
the molecular mechanisms of this process are not well esta-
blished (Li and Jackson, 2002). Hypoxia and hypoxia/reoxy-
genation were studied as a model of oxidative stress (Ziegelstein
et al., 2004). After reoxygenation, the hepatic MDA content was
reduced under basal conditions in rats, possibly due to the
higher activity of antioxidative enzymes indicated by the ele-
vated expression of the mRNA of copper/zinc-dependent super-
oxide dismutase (Cu/Zn-SOD) and GPX (Martin et al., 2002).

In the present study, reoxygenation significantly inhibited
the levels of LPO by 42% in the liver compared to the hypoxic
mice. Also, the results indicated that the levels of oxidized lipids
still high and more than those of control animals. In agreement
with our results, Magalhaes et al. (2004a) reported that no ad-
ditional oxidative stress and damage markers were observed
with reoxygenation at the end of the reoxygenation period.

The discovery of melatonin as a direct free radical scavenger
(Tan et al., 1993) and as an indirect antioxidant via its stimu-
latory actions on antioxidative enzymes (Reiter et al., 2000;
Rodriquez et al., 2004) has greatly increased interest in the use
of this agent in the experimental and clinical setting. Its poten-
tial utility in humans is supported by its very low toxicity
(Reiter, 1998), its availability in a pure form and the fact that it
is inexpensive.

Melatonin actions that have been identified include its ability
to directly neutralize a number of toxic reactants and stimulate
antioxidative enzymes. Furthermore, several metabolites that
are formed when melatonin neutralizes damaging reactants are
themselves scavengers suggesting that there is a cascade of
reactions that greatly increase the efficacy of melatonin in sty-
mieing oxidative mutilation. Suggested processes which may
contribute to melatonin's ability to reduce oxidative stress in-
clude stimulation of GSH synthesis (an important antioxidant
which is at high concentrations within cells), reducing electron
leakage from the mitochondrial electron transport chain (which
would reduce free radical generation), limiting cytokine pro-
duction inflammatory processes (actions that would also lower
toxic reactant generation), and synergistic effects with other
classical antioxidants e.g. vitamins C, E and glutathione (Reiter
et al., 2004).

In the present study, melatonin administration significantly
inhibited the levels of oxidized lipids in the liver by 69% in
experiment I versus those of hypoxic animals. In experiment II,
when melatonin was given for recovery after exposure to hy-
poxia, it inhibited the levels of oxidized lipids by 66% in the
liver versus those of hypoxic mice. Using melatonin for re-
covery enhanced the recovery profile by 41% in the liver when
compared with those that did not receive melatonin. Our results
were in agreement with Sener et al. (2003) who found that
melatonin treatment abolished the increase inMDA probably in
part by scavenging hydroxyl and peroxyl radicals.

The induction of oxidative stress may have a relevant impact in
the histology and cellular function in liver. Our results showed
severe morphological changes in the liver of hypoxic mice. These
changes include necrotic changes with degeneration of vacuolar
type and dilated congested blood vessels. The nuclei of the
necrotic hepatocytes were pyknotic. There was a remarkable ac-
cumulation of inflammatory cells. Most of the previous mor-
phological changes appeared in the reoxygenated group of animals
in experiment II of this study. The necrotic and degenerative
changes indicate the high susceptibility of mice to oxygen short-
age; it also considered as an important indication for the des-
tructive effect of hypoxia due to oxidative stress induction. Our
findings regarding the histological changes in the liver of hypoxic
animals are in total agreement with Hassanein (1981).

From the ultrastructure point of view, our results showed that
the hepatocytes of hypoxic mice were shrunken with eccentric
heterochromatic nuclei and irregular outlines. The cytoplasm was
highly vacuolated with mitochondrial degeneration and destruc-
tion of other living organelles. In the reoxygenated group of ani-
mals of experiment II, the same changes in the hepatocytes
morphology were detected. Our findings of ultrastructural chan-
ges agree with the previous studies that investigated the effect of
free radicals generation on the cellular organelles. In agreement
with our results,Welt et al. (2004) detected ultrastructural changes
in the rat liver exposed to hypoxia. These changes included
significant reduction in rough endoplasmic reticulum, decrease in
the volume density of mitochondrial cristae and significant de-
crease in the volume fraction of mitochondria.

The liver is highly sensitive to ischemia/reperfusion injury,
which occurs clinically during circulating shock (De La Monte
et al., 1984)], disseminated intravascular coagulation (Yoshi-
kawa et al., 1993), liver transplantation and surgery involving
this organ (Arthur, 1988). Reoxygenation of the ischemic tissue
may promote the generation of various ROS, which are known
to have deleterious effects on various cellular functions (Werns
and Lucchesi, 1990). The organ dysfunction that accompanies
this condition is generally associated with increased microvas-
cular permeability, interstitial edema, impaired vasoregulation,
inflammatory cell infiltration, and parenchymal cell dysfunc-
tion and necrosis (Granger and Korthuis, 1995). Ischemia/
reperfusion elicits an acute inflammatory response character-
ized by activation of neutrophils. Activated neutrophils are
known to induce tissue injury through the production and
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release of ROS and cytotoxic proteins (e.g. proteases, mye-
loperoxidase, lactoferrin) into extracellular fluid (Kettle and
Winterbourn, 1997).

Our study demonstrated the protective effect of melatonin
against histological and ultrastructural disturbances in the liver
of hypoxic animals. This indicates that such dose of melatonin
may be effective in the prevention of destructive effect and
oxidative stress induced by oxygen shortage. These results
postulated that melatonin scavenges or quench free radicals
liberated due to hypoxia in the liver and thus protects the cells
from hypoxia and reoxygenation injuries.
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