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ABSTRACT1A study of the appearance of liver apoptosis
after ochratoxin A (OTA) administration was performed
in male mice. Administration of OTA twice a week for one
or two weeks period results in the occurrence of apoptosis
in mice’s liver. The presence of intracellular apoptosis bod-
ies was detected at two weeks after toxin treatment. Light
microscopic examination demonstrated the presence of
eosinophilic globules, often containing apoptotic bodies.
They were found within the cytoplasm of intact hepatic
cells. The number of apoptotic bodies was further
enhanced at two weeks, resulting in 8 fold increases in liver
over the control values. No evidence of cell necrosis could
be observed by histological and biochemical analysis at
one week. However, centrilobular necrosis was evident at
two weeks. The ability of the combined antioxidants:
Coenzyme Q10 (CoQ10), L-carnitine, Zn, Mg, N-acetyl
cysteine, vitamin C, vitamin E and selenium or tamoxifen
to intervene in apoptosis induced in livers of mice by OTA
was also investigated. The inhibition by these scavengers
was more clear in mice treated with OTA for one week
than those mice treated for two weeks. Treatment with
tamoxifen, known in restoration of tumor suppressor
function and on induction of programmed cell death (apo-
ptosis), after OTA administration, had no significant inhi-
bition effect on the incidence of apoptotic bodies in liver.
Because hepatic glutathione represents the major defence
against toxic liver injury, we studied the activity of tissue
reduced glutathione (GSH), known to inhibit apoptosis.
Our finding showed that two weeks after treatment, OTA
caused a decrease of the GSH activity. However, treatment

of mice with the combined antioxidants could enhance
hepatic antioxidant/detoxification system, as indicated by
increase in hepatic reduced glutathione level. In the light
of these results, apoptosis was observed after two weeks of
OTA administration. We also suggest that use of the com-
bined antioxidants may be of interest in conditions were
certain toxin-mediated forms of cell death and/or apopto-
sis contribute significantly to toxicity. 

INTRODUCTION

Ochratoxin A (OTA) is a nephrotoxic, hepatotoxic and
teratogenic mycotoxin produced by storage molds (mainly
by species of Aspergillus and Penicillium) on a variety of
commodities. Exposure to low concentrations of this toxin
causes morphological and functional changes in kidney
and liver of several domestic and experimental animals.
The toxin has also been found in human sera from people
living in areas where Balkan endemic nephropathy occurs,
and it is suggested to be a possible determinant of this
fatal human disease (1). The molecular mechanisms
involved in OTA-induced nephrotoxicity (2), carcinogene-
sis (3, 4), teratogenic effects (5), immunosupression (6, 7),
and inhibition of mitosis (8) are not clearly defined. The
genotoxic effects, inhibition of DNA synthesis and mito-
sis, as well as histopathological effects on the nuclei of
OTA-treated cells (5) may be explained by OTA-inflicted
DNA damage, which include DNA adduct formation and
DNA single strand breaks. OTA-DNA adducts in intoxi-
cated mice kidney tissue has been reported (9). However,
the degree of OTA-induced DNA adduct formation is
dose and time dependent. Moreover, OTA-DNA adducts
in a biopsy of kidney tissue from a patient suffering from
chronic interstitial nephropathy and having high OTA
concentration in blood has been found (10). Evidence that
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OTA-induced renal tubular lesions were in fact partially
due to apoptosis has been demonstrated (11). 

Chronic exposure to low doses of OTA in vivo caused renal
adenomas and hepatocellular carcinomas in mice and rats
(3, 12). Low doses of OTA in vitro caused chromosome
aberrations in cultured human lymphocytes (13) and in vivo
in mice (14). In acute toxicity studies, OTA-induced cell
death was reported in vivo in rat renal tubules (15) and in
developing mouse embryos (5), and in vitro in human lym-
phocytes (11,16) and in HL-60 human promyelotic leuke-
mia cells (17). The type of cell death observed in the
nephrotoxicity (15) and teratogenic studies (5) remain
unclear. Cell death can generally proceed via necrosis or
apoptosis [programmed cell death (PCD)] (18,19). Necro-
sis is characterized by the formation of tubular lesions
(pores) in the plasma membrane. Apoptosis causes cell
death in a way that differs morphologically and biochemi-
cally from necrosis. Earlier studies showed that the com-
mon core mechanism of apoptosis is a DNA
fragmentation and morphological lesion, such as conden-
sation and fragmentation of the nucleus and cytoplasm
(20). It is now becoming apparent, however, that morpho-
logical characteristics of apoptosis are not always associ-
ated with the ladder-type DNA fragmentation and that it is
probably an epiphenomenon (21,22). From studies on a
variety of organisms and cell lines, many distinguishing
features of apoptosis have been discovered. It is interesting
that membrane sphingolipids are now believed to play a
role in the transduction of the apoptoic signal (23). Cell
death in host response to mycotoxins has not been fully
characterized.

Apoptosis can be triggered in two principal ways: by toxic
chemicals or injury leading to damage of DNA or of other
important cellular targets, and activation or inactivation of
receptors by growth-regulating signal factors in the organ-
ism (24). Initiation of apoptosis can result from multiple
stimuli, including heat, toxins, free radicals, growth factor
withdrawal, cytokines such as transforming growth fac-
tor-beta, loss of matrix attachment, glucocorticoid, nitric
oxide, and radiation (25,26). These stimuli work in con-
junction with other intrinsic factors that determine the
cell's potential to undergo apoptosis (27). Cell death
occurs normally in the liver but this has also been associ-
ated with hepatic disorders such as bile-salt-induced apop-
tosis (28). The recent demonstration that hepatic organic
anion transporting protein mediate Na+-independent

transport of a wide range of amphipathic substrates
among them numerous xenobiotics (e.g, ochratoxin A)
(29). 

Oxidative damage may be one of the manifestations of cel-
lular damage in the toxicity of ochratoxin A. Reactive oxy-
gen species (ROS) have a major role in the mediation of
cell damage. Several defence mechanisms attempt to mini-
mize the production and the action of harmful oxidants.
Such defence mechanisms include enzymes such as super-
oxide dismutase, catalase, and glutathione peroxidase, as
well as natural lipophilic and hydrophilic antioxidants. Free
radical damage initially induced by mycotoxins can be
propagated and magnified by lipid peroxidation chain reac-
tions (30). The notion that ROS participates in PCD regu-
lation based on I) excessive ROS or inhibitions of
antioxidant pathways induce apoptosis (31,32). Leakage of
high-energy electrons along the mitochondrial electron
transport chain, which causes the formation of superoxide
anion radicals, has been speculated to be involved in neu-
rodegenerative disorders that are triggered by toxins,
hereditary mitochondrial DNA (mtDNA) mutation and
acquired mtDNA alterations accumulating with age (33).
II) When stimulated to undergo PCD, cells hyper produce
superoxide anion, as determined with the fluorochrome
dihydroethidine (34). III). In some cases, antioxidants and
free radical scavengers inhibit the induction of PCD. The
antioxidant vitamin E and C, as well as exogenous catalase,
prevent PCD in some systems (35). Similarly, transfections
with the selenoenzyme, glutathione peroxidase (GSH-Px),
inhibits apoptotic cell death after growth factor depriva-
tion of an IL-3-dependent cell line (31).

Tamoxifen is a membrane antioxidant in that it protects
model and cellular membranes, including the nuclear
membrane, fungal infection, against the potentially carci-
nogenic free radical intermediates and the products of
lipid peroxidation (36). However, some studies have
shown the potential relevance of the oxidation products of
4-hydroxytamoxifen (4-OHTAM) in carcinogenesis. Other
studies show 4-OHTAM has antioxidant properties (37).
Current concerns about tamoxifen are the development of
rat liver tumors during long-term treatment and increased
incidence of endometrial carcinomas observed in patients.
Another concern is the development of drug resistance to
long-term tamoxifen therapy (38). 

Ochratoxin A is a nephrotoxin of environmental signifi-
cance. Its characteristics nephrotoxic effects have been
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observed in humans (Balkan Endemic Nephropathy) as
well as in a wide variety of other species e.g. in mice. In all
of these species the main target organ of OTA is the kid-
ney. Herein, we demonstrate that the liver of mice treated
with OTA have also morphologic and biochemical fea-
tures characteristic of apoptosis. Furthermore, the effect
of membrane damage caused by OTA was examined using
combined free-radical scavengers namely: Coenzyme Q10,
L-carnitine, Zn, Mg, N-acetylcystein, vitamin C, vitamin E
and selenium. Further more, the effect of treatment with
tamoxifen, a membrane antioxidant, on OTA-induced
apoptosis is also described. The levels of GSH, a presump-
tive marker for mycotoxins toxicity, was investigated. 

MATERIALS AND METHODS

Animals and diet. A total of 100 male inbred Han:NMRI
mice 3 months old and weighing approximately 29 g, were
used in this study. Based on previous investigation (39), 70
mice were randomly allocated into seven groups of ten
animals. The animals were given lab chow and tap water ad
libitum in an environment of controlled temperature,
humidity, and light/dark cycle for 1 week prior to study.
Water was freely available throughout the course of the
experiment. Weight and food intake were analysed at regu-
lar intervals during the treatment. The animals, except one
normal control group, were fed for 10 weeks a constant
semi-synthetic feed (40), deficient in vitamin C, vitamin E
and selenium used in this study. The feed contained 10%
of a mixture of soya oil and lard (1:1), 2% cellulose pow-
der, 26% maize starch, 20% casein, and 6% of a mixture of
mineral salts. Mean values for consumed diet evaluated
every day during the first week and 2 to 3 times per week
for the rest of the treatment period. Two mice were lost
before baseline measurements could be collected. The fol-
lowing groups of animals were used in the experiment: 1)
control group or control diet not supplemented with anti-
oxidants or OTA, 2) control deficient group, 3) combined
antioxidants group, 4) tamoxifen group, 5) OTA group, 6)
OTA plus combined antioxidants group and 7) OTA plus
tamoxifen groups. At designated intervals mice were killed.
Additional experiments also were performed wherein 20
mice given the same doses of OTA were killed at different
days after treatment together with their respective con-
trols. All animal experiments were performed in accor-
dance with institutional guidelines. Groups 1 and 2 were
killed at day 0. Livers were collected, and the hepatic tissue
samples were excised and rinsed with ice-cold homogenis-
ing buffer (50 mM Tris, 0.1 mM EDTA, pH 7.6). The rest

of the tissue samples were frozen in liquid N2 and stored
at -85°C.

Pretreatment of mice with combined antioxidants and tamoxifen.
The animals (10 mice/group) were pretreated for 10 weeks
before OTA administration with a combined antioxidants,
1.5 mg vitamin E (dl-α-tocopherol)/g diet), sodium selen-
ite (2.0 µg/g diet), ascorbic acid (350 µg/mg diet), CoQ10
350 µµg/g diet, L-carnitine 350 µg/g diet, Zn 291 µg/g
diet, Mg 4.5 mg/g diet and N-acetyl cysteine 250 µg or
with tamoxifen at a daily dose of diet containing 15 µg
TMX (tamoxifen citrate, Sigma Chemical Co, St. Louis,
MO, USA)/g food) for periods of one week.

Ochratoxin A administration. OTA (Sigma Chemical Co, St.
Louis, MO, USA) was dissolved in seed oil and adminis-
tered orally at a dose level of 1.8 mg/kg body weight by
gastric intubations twice a week for one or two weeks
period. Our aims was mainly to produce acute toxicity so
the results would be affective. Control animals were given
seed oil only. The liver was removed from the first group
of animals after one week of OTA administration and after
two weeks OTA administration. The hepatic tissue sam-
ples were excised and rinsed with ice-cold homogenising
buffer (50 mM Tris, 0.1 mM EDTA, pH 7.6). The rest of
the tissue samples were frozen in liquid N2 and stored at -
85°C.

Histological Examination. On the day the animals were killed,
each mouse was weighed, and the liver was dissected,
embedded in Cryo-M-bed (Bright Instrument Co), and
immediately snap-frozen in liquid nitrogen. Simulta-
neously, small portions of the fresh liver were immediately
fixed in Bouin's solution and embedded in paraffin; sec-
tions 5 µm thick were stained with hematoxylin and eosin. 

Incidence of Apoptotic Bodies. Hematoxylin-eosin-stained sec-
tions were examined for the scoring of apoptotic bodies
(41). The number of cells undergoing apoptosis was ran-
domly counted in 100 to 200 high-power microscope
fields with a laborlux D microscope (Leitz, Germany).
Approximately 10,000-20,000 hepatocytes per mice were
counted. Seven mice per group were used. The number of
apoptotic bodies was expressed as number per 100 nuclei.
Only apoptotic bodies containing nuclear fragments were
recorded. Using a unique magnification microscope we
were able to observe and differentiate between apoptotic
bodies and cell-depressed.
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Liver glutathione (GSH) measurement. Immediately after
removal, liver tissue samples (0.5 g)from animals treated
with OTA for two weeks were homogenized in 10 ml ice-
cold homogenising buffer combined with sulphosalicylic
acid with two 10 sec. burst of tissue disintegrator at 12,000
r.p.m. The tissue homogenate was used for measuring
hepatic reduced glutathione (GSH) content using Ellmans'
reagent (42). Briefly, an aliquot (0.2 ml) of hepatic homo-
genate was combined with 10% sulphosalicylic acid. After
centrifugation at 12,000 rpm for two minutes in a Eppen-
dorf centrifuge at 4°C, the supernatant was analysed spec-
trophotometrically at 412 nm, with 5,5' -dithiobis(2-nitro
benzoic acid) in 0.1 M phosphate buffer, pH 8.0, for non-
protein thiols.

Statistical analysis. The data were analyzed by analysis of
variance, and where statistically significant differences
were found, they were then evaluated with a Student's τ-
test. The comparison made were: control versus deficient,
control versus antioxidant-supplemented or tamoxifen,
control versus OTA-treated, antioxidant-supplemented or
tamoxifen plus OTA versus antioxidant-supplemented or
tamoxifen without OTA, OTA-treated versus OTA plus
antioxidants or tamoxifen treated (43).

RESULTS

Effect of Ochratoxin A on Liver Tissue. We did a preliminary
experiment to study the effect of OTA administration on
liver apoptosis at different days after toxin administration
in order to identify the most suitable time for the occur-
rence of apoptotic bodies. Examination of the liver after
mice administered a dose of 1.8 mg OTA/kg body weight
twice a week for two weeks, disclosed the presence of a
difference between hepatocytes of different zones of the
acinus, in that an eosinophilic-dense cytoplasm was charac-
teristic of the liver cells located in the periphery of the aci-
nus. Apoptotic bodies were frequently observed in the
proximity of the centrilobular vein and in the periphery of
the acinus (Figure 1).

They were scattered or in small clusters, and as for their
localization they were either in the extracellular space or
inside the cytoplasm of intact hepatocyte cell. Only little
evidence of inflammatory reaction could be observed at
one week, no signs of lytic cell necrosis could be detected.
At two weeks, an increase in the number of acidophilic
globules was observed, they were often found surrounded
by mononuclear cells (Figure 2).

Figure 1: Liver of mouse given 1.8 mg/kg body weight of
OTA twice a week for one week. Many apoptotic bodies
are present either in clusters in the central area (arrows)
or scattered between the surrounding hepatocytes with
condensed cytoplasm (Original magnification: x 300)

A prominent degree of centrilobular necrosis accompa-
nied by inflammatory reaction was also observed in the
liver of mice killed at two weeks after OTA administration.
Several clusters of acidophilic globules surrounded by
inflammatory cells could be observed around the centri-
lobular vein. Scattered apoptotic bodies were occasionally
seen also in the surrounding areas.

Figure 2: Liver of mouse given 1.8 mg/kg of OTA twice a
week for two weeks, centrilobular necrosis with
inflammatory reaction can be observed. Centrilobular
necrosis with inflammatory reaction is associated to the
presence of several mitotic figures (arrows). (Original
magnification: x 300).

Although a similar degree of inflammation was observed
in the hepatic pericentral areas of mice killed one week
��!
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after administration of OTA, a reduction in the number of
acidophilic globules was apparent at the same time. Several
hepatocytes in mitosis were observed in the acinus, sug-
gesting that regeneration was occurring. Thus from these
studies it appears that two morphologically distinct types
of cell death, namely apoptosis and necrosis, are induced
by pretreatment with OTA for two weeks.

Quantitation of Apoptotic Bodies. To quantitate the incidence
of apoptotic bodies (44), sections of liver tissue from mice
treated with 1.8 mg OTA/kg body weight, for two weeks
and then killed were analyzed. As indicated in Figure 3,
only a very small number of apoptotic bodies could be
detected in control liver (0.009 ± 0.002 ABs/100 nuclei),
thus confirming the very low turnover of adult hepato-
cytes. Although OTA administration did not significantly
increase the incidence of apoptotic bodies one week after
treatment in liver, a 8.3 fold increase was found at two
weeks when compared to control liver. 

Figure 3: Effect of the antioxidants on the incidence of
apoptotic bodies induced by OTA. Mice were given
combined antioxidants (CoQ10, L-carnitine, Zn, Mg,
vitamin C, vitamin E and selenium) for 10 weeks or
tamoxifen for 1 week. Two weeks after OTA
administration the animals were killed. (results are mean
± SEM). Significant= P< 0.05; P< 0.01

Antioxidants micronutrients inhibit apoptosis. Effects of the
combined antioxidants (CoQ10, L-carnitine, Zn, Mg, N-
acetyl cysteine, vitamin C, vitamin E and selenium) being
efficacious, which are known to act as superoxide anion
scavengers, were tested on genotoxicity of OTA. Pretreat-
ment of mice by these antioxidants induced a 20%
decrease in apoptosis in liver (Figure 3). The results indi-
cate that antioxidants treatment exerted some inhibitory
effect on the formation of apoptotic bodies. 

Effect of the Tamoxifen on OTA-induced Apoptosis. It has been
reported that tamoxifen is a membrane antioxidant in that
it protects against the potentially carcinogenic free radical
intermediates and the products of lipid peroxidation (38).
In contrast, it has also been reported that tamoxifen
induces apoptosis (45). Therefore, we investigated whether
treatment with this chemical could inhibit also OTA-
induced apoptosis or whether it would be ineffective. The
results obtained indicate that tamoxifen had no significant
inhibitory effect on the occurrence of apoptotic bodies
induced by OTA (Figure 3). 

Glutathione Activity. To determine whether the activity of
GSH could decrease during apoptosis that follows admin-
istration of OTA for two weeks, the biochemical activity of
this enzyme was analyzed. As shown in Figure 4, hepatic
glutathione decreased significantly (P<0.01) by 52% at 14
days treatment (19.7±1.8 nmol/mg liver for treated mice
compared to 37.7 ±1.9 nmol/mg liver for non treated
mice).

Figure 4: Effects of combined antioxidants pretreatment
on OTA- induced liver glutathione depletion (results are
mean ± SEM). Significant= P< 0.05; P< 0.01

This finding together with our previous observations indi-
cates that induction of cell death, in the form of apoptosis,
may be detected at a biochemical level. The implications of
this observation in testing the possible toxicity of the
chemical are obvious. Additionally, antioxidants supple-
mentation showed a protective effect (P<0.05) against
GSH content depletion (23%) caused by OTA.

DISCUSSION 

Cell death takes two distinct forms, necrosis and apoptosis.
Although necrosis is considered to be a degenerative phe-
nomenon commonly associated with chemical injury, apo-
ptosis, in contrast, appears to be an active endogenous
��"
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process implicated in the regulation of normal as well as
preneoplastic and neoplastic tissues (46,47,48).

The present study demonstrates that administration of
OTA for two weeks induces apoptosis. We believe that the
term apoptosis is appropriate at least on a morphologic
basis because the type of cell death observed after OTA
administration for two weeks was characterized by the
finding of all the cardinal morphologic features from the
initial chromatin condensation to the intracellular localiza-
tion of acidophilic globules containing nuclear fragments.
Also the absence of any inflammatory response and finally,
ultra structural changes specific to apoptosis. In agreement
with previous reports (5,11,15,16,17) cell death has been
observed after OTA treatment. However, it appears that
two distinct types of cell death take place in a sequential
fashion. Whether apoptosis may simply represent the ini-
tial response of liver cells to a toxic insult that ultimately
will lead to necrosis or is a type of cell death that is
induced by particular signal is unclear. If the former case is
correct, one may postulate that any given toxins may
induce both apoptosis and necrosis, depending on the
dose and period administered. In the other case, it is possi-
ble that not all mycotoxins may be able to induce apopto-
sis as demonstrated by Ueno et al (17). Additional studies
are needed to draw any definitive conclusion on the role of
inhibitors of protein synthesis on in vivo. However, OTA
resulted in the reduction of protein synthesis in cultured
cells (49) induced apoptosis at a significantly low concen-
tration (17). Thus, suppression of the synthesis of protein
factor(s) seems to be an important key for the induction of
apoptosis. Recently it has been shown that in rats renal tis-
sue, the degeneration increased and only karyomegalic and
apoptotic-like cells were observed after OTA administra-
tion (50). However, it has been reported that Penicillium
polonicum rather than OTA could be implicated in Balkan
endemic nephropathy (51).

Another interesting finding of our study is represented by
the inefficacy of the tamoxifen to inhibit OTA-induced
apoptosis or necrosis. Because tamoxifen, an estrogen
antagonist, has also been shown to link to rat liver tumors,
endometrial carcinomas (32) and inducing apoptosis (39).
It has been postulated that tamoxifen undergoes metabolic
bioactivation by cytochrome P-450s to a genotoxic metab-
olite which is thought to be an epoxide (52). Tamoxifen
produces DNA adducts in rat liver (53) and protein
adducts in vitro (54). It is hypothesized that tamoxifen can
become metabolically activated through selective hydroxy-

lation to form an unstable alkylating species (55). Never-
theless, even though DNA adducts can be formed by
human liver microsomes in vitro (56), no practical demon-
stration of DNA adduct formation has occurred in
humans (38). The fact that Tamoxifen did not exert any
inhibitory effect on OTA-induced apoptosis raises the
question whether the finding that mitogenic stimuli may
counteract signals that are responsible for apoptosis may
be a general finding or restricted to particular conditions.
In particular, it is possible that apoptosis taking place after
OTA is the result of a mild injury, and occurring during
regression of liver hyperplasia.                                 

A homoeostatic role for apoptosis is often evident also in
association with exposure to chemical. In fact, the occur-
rence of apoptosis in hamster kidney cells and HeLa cells
(11,57), human lymphocytes (16), and in HL-60 human
promyelotic leukemia cells (17) after exposure to Ochra-
toxin A has been considered to be part of a regulatory
mechanism triggered to restore the original size of the
organ after the initial hyperplasia caused by those chemical
agents. In all these conditions, apoptosis was the only type
of cell death observed, whereas necrosis could not be
detected. Co-existence between apoptosis and necrosis
was found in the present study after exposure of experi-
mental animals to Ochratoxin A. The finding that apopto-
sis occurs not only in physiologic circumstances but also
under conditions of tissue injury is intriguing and may lead
to speculate on common pathways. The mechanisms by
which some chemicals may elicit the induction of a form
of cell death that appears to be genetically programmed in
several physiological conditions is not known.

Glutathione (GSH) one of the most abundant antioxidant
in cells has been found to decrease (deplete) during apop-
tosis. Glutathione has been hypothesized to play a role in
the rescue of cells from apoptosis, by buffering an endoge-
nously induced oxidative stress (58). Such changes may
result from the oxidation of GSH to GSSG or from the
extrusion of intracellular GSH caused by the activation of
a distinct GSH- transporter by the apoptotic protease(s)
(59). In many cases, both of these mechanisms will proba-
bly contribute to GSH depletion during apoptosis. How-
ever, it is difficult to establish whether the lack of increase
in GSH activity is because OTA-induced apoptosis does
not require the activation of a specific gene program, or
whether it is a finding unique to some particular property
of the toxin used, i.e. it is important to note that OTA is an
inhibitor to GSH activity (60). However, it most likely that
��#
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the hepato-protection afforded by antioxidants pretreat-
ment against OTA hepatotoxicity is mediated by enhanc-
ing hepatic GSH status rather than by inhibiting OTA
metabolism.

An antioxidant such as GSH also protected in various
models of apoptotic cell death, and this phenomenon has
been attributed to an interference with apoptotic signalling
(61). For example hepatocyte apoptosis as a result of oxi-
dative stress was consistently enhanced by GSH depletion
(62). A marked decrease in hepatocyte GSH status has also
been reported in cellular necrosis (63). Thus GSH deple-
tion observed in our study raises the possibility of hepato-
cyte apoptosis and necrosis involvement. However, a
definite role for oxidative stress in apoptosis and the role
of glutathione in this respect is not clear (64). Our data on
the depletion of GSH in livers tissues support the concept
that GSH was involved in apoptotic machinery.

Emerging data indicate that reactive oxygen species can
serve as potent intracellular second messengers (65). Reac-
tive oxygen species are highly reactive metabolites gener-
ated during normal cell metabolism; the cell contains many
systems to limit their damaging effects (66), Many agents
which induce apoptosis, are either oxidants or stimulators
of cellular oxidative metabolisms, whereas many inhibitors
of apoptosis show antioxidant activities (35). For example,
thiol antioxidants such as N-acetyl cysteine and glu-
tathione completely block the activation-induced cell death
of T-cell hybridomas (67). Furthermore, Wedi et al (65)
showed significant inhibition of spontaneous eosinophil
apoptosis by N-acetyl cysteine and glutathione. In con-
trast, in neutrophils, N-acetyl cysteine and GSH have been
shown to be ineffective in delaying spontaneous apoptosis
(68,69). 

In this study the antioxidants have shown to have some
inhibitors effective on OTA-induced apoptosis. This indi-
cates that to prevent apoptosis effectively, an inhibitor
must have several qualities; the ability to neutralize oxygen
radicals seems to be an important asset. A number of anti-
oxidants known to inhibit apoptosis are undergoing clini-
cal evaluation. In general, it is recognized that antioxidants
play important roles in all aspects of the immune response:
phagocyte function, cytokines production, cell-mediated
responses, and immunoglobulin production (70). These
minerals and vitamins interact and complement each other
facilitating immunocompetence at all levels (71). The anti-
oxidant vitamin E and C as well as exogenous catalase

have been shown to prevent apoptosis in some system
(35). Similarly, transections with selenoenzyme, glutathione
peroxidase inhibits apoptotic cell death after growth factor
deprivation of an IL-3-dependent cell line (31). A diet sup-
plemented in vitamin E and C seems to reduce the risk of
coronary heart disease, a disease in which apoptosis has
been demonstrated in the destruction of cardiac cells (72).
Both lipophilic free radical scavengers such as vitamin E
and hydrophilic scavengers such as ascorbate, glutathione
and acetyl cysteine have been shown to have beneficial
effects in diabetes (73). Multiple antioxidants, including
vitamins C and E, carotenoids, flavonoids, and pro-
tein-bound selenium, copper, and zinc may interact addi-
tively in biological systems (74).The thiol-based reducing
agent N-acetylcysteine (NAC) is a free radical scavenger
and might access the endothelial cell thus increasing intrac-
ellular glutathione (GSH) stores. Different studies have
demonstrated that NAC have the potent antiviral activity
(75) and might be a promising compound either for the
prevention or the treatment of acute lung damages (76).

In conclusion, taken together, these data could suggest
that apoptosis was observed in mice liver after two weeks
of OTA administration. The cellular redox state and/or
the equilibrium between reactive oxygen species (ROS)
generated by OTA and ROS detoxification by the antioxi-
dant could influence the early stage of apoptosis. Thus,
ROS are facultative but not obligatory regulators of PCD.
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