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Abstract: The role of oxidative stress in the pathogenesis of various diseases has
been established. Maintaining the steady balance between reactive oxygen species
and natural antioxidants is a crucial factor, and could probably serve as a major
mechanism in preventing damage by oxidative stress induced by toxic substances. A
comparative study and correlation analysis of malondialdehyde (MDA), serum
vitamins (A, E and C) and the redox active metals (Cu, Fe and Zn) in CCl, induced
oxidative stress in albino rats with various doses of CCl, were determined. The serum
levels of oxidative stress markers were compared between the normal and test groups.
The result showed a significant increase in the serum vitamins A and E in the CCl,
induced oxidative stress rats compared to control rats (P<0.05). However, the serum
level of vitamin C was not statistically different compared to control rats (P>0.05).
MDA correlated strongly and positively with vitamin C (r=0.94), Vitamin A(r=0.87),
Vitamin E and Fe(r= 0.90 and 0.87 respectively) while the serum MDA showed a
weak positive relationships with Zn(r=0.02) and Cu(r=0.47).Thus, the increased
serum levels of some antioxidant vitamins and the redox metals in the experimental
rats as observed in this study could be a compensatory regulation in response to
induced oxidative stress by CCl,.The evidence from this study lends credence to the
ability of endogenous antioxidants to counter the effects of free radicals generated by
hepatotoxic substances and maintain the steady-state of prooxidant-antioxidant
balance in the system.

Keywords: Oxidative stress, Lipid Peroxidation, Antioxidant vitamins, redox metals,
CCl,.

INTRODUCTION

OS can also be induced by a variety of factors such as

Oxidative stress (OS) is the condition that
occurs when the steady-state balance or equilibrium of
cellular prooxidants to antioxidants is shifted in the
direction of the former, creating the potential for
cellular destruction; damaging all components of the
cell, including proteins, lipids and DNA [1].This
imbalanceis between generation and elimination of
reactive oxygen species (ROS) and reactive nitrogen
species (RNS) in the system. Prooxidants are free
radicals, atoms, or clusters of atoms with a single
unpaired electron capable of interfering with
biochemical activities due to high reactivity [2]. ROS
are continuously produced during normal physiologic
events and are removed by antioxidant defence
mechanisms.

A Cumulative systems’ oxidative damage from
cellular ROS results in provocation of various diseases
and cellular disorders [3]. Kim et al. [4] also suggested
that increase production of these toxic free radicals and

radiation, drugs or exposure to heavy metals and other
xenobiotics (e.g. carbon tetrachloride). The carbon
tetrachloride (CCl,) intoxication in animals is an
example of the experimental model that mimics
oxidative stress in many human pathophysiological
conditions [5]. A study demonstrated CCl, cellular
intoxication causes free radical generation in many
body tissues such as liver, kidney, heart, lung, brain and
blood [6]. The toxic effect of CCl, probably depends on
the formation of the trichloromethyl radical (CCl;") by
hepatic microsomal cytochrome P450which react with
oxygen, to form the more toxic trichloromethyl peroxyl
radical (CCI30y") [7]. This free radical and other related
reactive species may cause oxidative stress, which
accounts forthe major network changes of cellular
metabolism, increases the serum marker enzymes, DNA
fragmentation, and destruction of the cells by lipid
peroxidation [8].
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Membrane lipids are reported as one of the
primary targets of ROS. Hydroperoxides have toxic
effects on cells both directly and through degradation of
highly toxic hydroxyl radicals. They may also react
with transition metals like iron or copper to form stable
aldehydes, such as malondialdehyde (MDA), that
damage cell membranes [9]. It has been reported that
peroxyl radicals can remove hydrogen from lipids,
producing hydroperoxides that further propagate the
free-radical pathway.The accumulation of lipid
peroxides introduces hydrophobic moieties and alters
membrane permeability and cell function which causes
the loss of hepatic integrity and depressed hepatic
function resulting in hepatotoxicity and congestive
hepatic failure [10]. MDA has been documented as a
primary biomarker of free radical-mediated lipid
damage and oxidative stress [11]. The products of lipid
peroxidation (mainly in the presence of transition metal
ions) initiate further free radical chain reactions and can
cause oxidative damage to proteins and DNA [12].

The essential mineral nutrients zinc (Zn),
copper(Cu), Iron(Fe) and selenium (Se) provide an
antioxidant function to animal cells by very different
mechanisms.These elements are mobilised to inhibit
ROS production by being co-factors of antioxidative
enzymes (copper, manganese, and zinc are co-enzymes
of Superoxide dismutase(SOD), selenium is co-enzyme
of Glutathione peroxidase (GPx), and iron is co-enzyme
of catalase). On the other hand, relatively high
concentrations of investigated elements may initiate
free radical reactions [13]. Vitamins E, C and A, non-
enzymatic antioxidant structures are essential for
neurological antioxidant and neuroprotective function
[14].

Historically, an antioxidant has been described
as any substance that interferes with the reaction of any
substance with dioxygen [15]. The more mechanistic
definition states that an antioxidant is any substance that
hinders a free radical reaction [16]. The aim of this
research was to study the relationship and compare
between oxidative stress marker (malondialdehyde),
antioxidant vitamins (A, C and E) and redox metals
(zinc, copper and iron) in CCl, induced oxidative stress
rats, as the importance of free radicals and ROS has
attracted increasing attention over the past decade.

MATERIALS AND METHODS
Experimental design

Thirty (30) albino rats of both sexes (130-
190g) were divided into two phases. They were allowed
to acclimatize for one week and given access to food
and water ad-libitum following the method of Klein and
Bayne [17].The protocols of the study were according
to international Test guidelines(TG407) [18] and also
the National Institute of Health Guide for the care and
use of laboratory animals [19].

Phase |

In this phase, each of the ten (10) rats was
intraperitoneally induced witha single dose of
120mg/kg CCl, according to Alhassan et al.[20]. After
forty-eight (48) hours, two animals were randomly
selected and used as an affirmative test to ascertain the
presence of hepatotoxic effects of CCl,.The animals
were sacrificed (anaesthetized with light ether
anaesthesia) after one week of induction and the serum
was used for determination of MDA, endogenous
antioxidant levels and some redox metals.

Phase 11

In the second phase, 20 rats weredivided into
four groups of five rats each. Group | serves as control
while groups 11, 11l and 1V were induced with 100,120
and 150mg/kg doses of CClyrespectivelyaccording to
Alhassan et al. [20]. The animals were sacrificed
humanly and the serum antioxidant vitamins, MDA and
redox metals were determined and used for comparative
study.

Serum and liver sample collection

The animals were sacrificed humanelyby
decapitation and the blood collected immediately into
plain sample bottles. The blood was allowed to clot and
then centrifugedat 3000 rpm for 10 minutes. The serum
was then collected using Pasteur pipette and transferred
to a smaller plain sample bottle. The animals were then
dissected vertically in the abdomen using the sharp
blade and the liver removed and carefully placed in a
bottle containing 10% formol-saline (formalin) as a
fixative. The liver samples were then taken to the
department of histopathology, Aminu Kano Teaching
Hospital, Kano for histopathological analysis.

Methods

Serum  Malondialdehyde  (MDA)  was
determined by the Method of Okhawa et al. [21];
Vitamin A by Method of Bessey et al [22]; Vitamin E
by Fabianek et al. [23] and forVitamin C, the phenyl-
hydrazine spectrophotometer method was
used.Determination of serum Copper, Zinc and Iron
metals was done by Atomic  Absorption
Spectrophotometer  (AAS), (AA670G, Shimadzu,
Japan) by AOAC [24] method.

Histopathology

Histopathological examinations of the liver
samples were carried out at the department of
histopathology, Aminu Kano Teaching Hospital, Kano.
Haematoxylin and Eosin (H and E) staining method
[25] was used.

STATISTICAL ANALYSES

GraphPad Instat 3 statistical software (2000)
version was used for statistical analysis. Data were
expressed as the mean + standard deviation. Pearson’s
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Correlation coefficient (r) was used for correlation;
comparison of mean MDA, vitamin A, C and vitamin E
levels among groups by analysis of variance (ANOVA).
P<0.05values were considered statistically significant.

RESULTS AND DISCUSSIONS

The study investigated the association and
comparison of the oxidative stress marker,
malondialdehyde (MDA), the serum vitamins (A, E, C)
and the redox active metals (Cu, Fe and Zn) in CCl,
induced oxidative stress in albino rats, and the results
are presented in the figures below.
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Fig-1: Percentage Change in Weight of Experimental Rats Before and After CCl, induction
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Fig-2: Correlation Coefficient (r) and Regression (R?) values of Malondialdehyde with various Antioxidant
Markers of CCl, Hepatotoxicity

The correlational analysis revealed the strong
positive correlation between MDA with vitamin C, E
and A in C>E>A order. It was notedthat the oxidative
stress marker, MDA showed a positive relationship with
redox ions;iron (Fe) being strongest, followed byserum
copper.A weak relationship was observed in the case
ofserum Zn level.

The results of the level of malondialdehyde
(MDA), vitamin A, vitamin C and vitamin E and redox
active metals (copper, zinc and iron) of CCl,, induced
oxidative stress in albino rats were presented in figure
3.
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Fig-3: Mean Values of Malondialdehyde of Experimental Animals Induced With Different Doses Of CCl,.
Values having the same superscript are significantly different at (p<0.05), n=5
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Fig-4: Mean Values of Vitamin A of Experimental Animals Induced with Different Doses of CCl,. Values having
the same superscript are significantly different at (p<0.05), n=5
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Fig-5: Mean Values of Vitamin COf Experimental Animals Induced with Different Doses of CCl,. Values having
the same superscript are significantly different at (p<0.05), n=5
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Fig-6: Mean Values of Vitamin EOf Experimental Animals Induced with Different Doses of CCl,. Values having
the same superscript are significantly different at (p<0.05), n=5

The level of MDA in CCl, —induced rats
showed the remarkable increase with the increase in
dose of the toxicant. There was a significant difference
(P<0.05) between MDA of normal/control with groups
Il and Il (Figure 3). The increased levels of serum
MDA signalled an increase of cellular lipid
peroxidation, an important pathogenic process that
disrupts biomembranes functions and integrity.The
level of serum vitamin A also increased with the
increase of CCl, — dose and significant difference
between group | and Il and IV and group | and 1V
(figure 4) (P<0.05) of the vitamin was observed.

Serum level of vitamin C showed a decrease
pattern with the increase of CCl, dose administered. It
showed a significant difference (P<0.05) when the
group | compares with II, 1l and IV (figure 5). The
decrease in the level may be attributed to its antioxidant
scavenging capacity against CCl, — generated free
radicals.Serum vitamin E show decrease when group 1l
compares to control (P>0.05) but the level increases
with administration of larger doses of CCl,. There was
the significant increase between groups Il and Ill, also
group Il with the group I and IV (P<0.05). It can,
therefore, be postulated that this vitamin may likely
elicit an effective response to CCl, induced oxidative
damage.
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Fig-7: Serum Copper and Iron of Experimental Animals Induced with Different Doses of CCl,. Values having the
same superscript are significantly different at (p<0.05), n=5
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Fig-8: Serum Zinc of Experimental Animals Induced with Different Doses of CCl,. Values having the same
superscript are significantly different at (p<0.05), n=5

There was the remarkable elevation of serum with copper (P<0.05). However, Zinc (Zn) showed
copper level in group | compared with groups II, I11 and asignificant (P>0.05) decrease withthe increase of the
IV (P<0.05) (figure 7). The increase found to be dose- dose of CCl, administered.

dependent.Likewise, Iron (Fe) shows a similar pattern

Fig-9: Normal (Group I) Showing normal hepatocytes

Fig-10: Group Il-induced with 100mg/kg CCl,showing mild necrosis

Fig-11: Group ll-induced with 120mg/kg CCl, showing liver necrosis
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Fig-12: Group Il-induced with 150mg/kg CCl, showing mild necrosis

Free radical scavenging activities of
biomolecules is generally the reported mechanism for
antioxidants to inhibit lipid oxidation.Antioxidants
(inhibitors of lipid peroxidation) is important not only
for the preservation of food but also for the defenceof
living cells against oxidative damage [26]. Antioxidants
are classified into two mechanistic groups: those that
inhibit or retard the formation of free radicals from their
unstable precursors (initiation) and those that interrupt
the radical chain reaction (propagation and branching).
The former ones are called preventive antioxidants and
the latter one's chain-breaking antioxidants [27].

Liver diseases are mostly mediated by reactive
oxygen species (ROS) which play a significant role in
the development of tissue injury and pathological
conditions in the living system[28]. Single or repeated
administrationof graded dosesof CCl, is one of the
common methods employedto investigate the possible
molecular mechanisms of hepatic damage in rats. This
model has been implemented in various studies for the
deposition of extracellular matrix in the cases of liver
cirrhosis and fibrosis [29].

A toxic substance such as CCl, when
administrated is distributed and deposited to organs
such as the liver, brain, kidney, lung and heart [30]. The
reactive metabolite trichloromethyl radical ("CCl;) and
trichloromethyl peroxide radical (CCl;0,°) have been
formed from the metabolic conversion of CCl; by
cytochrome P450 [31]. As O, tension rises, a greater
fraction of * the CCl; present in the system reacts very
rapidly with O, and more reactive free radicals, like
CCI;00" is generated from "CCls. These free radicals
initiate the peroxidation of membrane polyunsaturated
fatty acids (PUFA), cell necrosis, GSH depletion,
membrane damage and loss of antioxidant enzyme
activity [32].

A measure of the organism’s redox status is
the balance between oxidative factors — namely
products of lipids peroxidation (peroxide radicals,
malondialdehyde), endogenous and  exogenous
antioxidant substances (antioxidative enzymes, low-
molecular antioxidants or cations of divalent metals)
[13].

Excessive production of ROS induces the
system to crave for more antioxidants such as vitamins
C, A and E in order toscavenge these free radicals. The
increased levels of lipid peroxidation products (MDA)
observed, generally induces compensatory changes
expressed by enhanced production and activity of serum
antioxidative vitamins and serum redox metals.These
findings agree with previous studies of Balahoroglu et
al. [33], Khan and Ahmad [34] and Kiziler et al. [35].
The increased MDA observed may also support the
hypothesis of Sengupta et al. [36] who suggested that
decrease in the levels of antioxidant accelerate the lipid
peroxidation thereby generating more MDA. It also
causes inactivation of enzymes and receptors in
membranes and thus changes membrane molecular
properties.

Exposure to CCl, elevates tissue levels of free
copper,iron and zinc due to release from stores and
sequestering mechanisms, an event that precedes
cytotoxicity and tissue damage in the organisms, when
these elements are not functionally or tightly bound to
sequestering proteins, they can; as part of low
molecular mass complex, catalyze unwanted electron
transfer reactions with consequent formation of reactive
and damaging species such as hydroxyl radical. They
can induce oxidative stress by catalysing the conversion
of superoxide and hydrogen peroxide to more potent
oxidants such as hydroxyl radical, which can cause
tissue injury by initiating lipid peroxidation and
oxidation of proteins and nucleic acids [12]. Increase
levels of MDA were observed in this study, which
represents an important finding to support the
documented hypothesis, that depression of the
antioxidant defence potential in the liver of
experimental rats as a result of different doses of CCl,
induction.

The increased concentration of Cu*?, Zn** and
Fe*?, determined in our study could have had an
additional influence on the level of oxidative stress
through Fenton reaction. These elements are mobilised
to inhibit ROS synthesis by being co-factors of
antioxidative enzymes (copper and zinc are co-enzymes
of SOD and iron is co-enzyme of catalase). On the other
hand, relatively high concentrations of investigated
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elements may initiate free radical reactions [13]. This
will probably increase the MDA and more antioxidants
mobilized in response to increased oxidative stress in
the test group by CCl,.

However, excess copper can cause problems
because it can oxidize proteins and lipids, bind to
nucleic acids and enhance the production of free
radicals [37]. It is thus important to have mechanisms
that will maintain the amount of copper in the body
within normal limits [37]. Copper after ingestion in the
diet is transported to the liver bound to albumin, then is
taken up by liver cells, and part of it is excreted in the
bile. Copper also leaves the liver attached to
ceruloplasmin, thereby protecting the cells from free-
radical injury [37]. Thus, the high level of serum copper
could be due to increase absorption of copper from the
gastrointestinal tract by the animals.

Zinc functions as an antioxidant only at
specific sites or tissues, and is not a required cofactor
for an antioxidant enzyme. Although Zn plays a
structural role in the enzyme, superoxide dismutase, the
activity of this enzyme is not decreased in Zn
deficiency and its activity is usually depressed at high
Zn intakes [38]. Zn may function as a site-specific
antioxidant by two mechanisms. Firstly, it competes
with Fe and Cu for binding to cell membranes and some
proteins, displacing these redox-active metals and
making them more available for binding to ferritin and
metallothionein, respectively. Secondly, Zn binds the
sulfhydryl groups in proteins, protecting them from
oxidation. Zn status does not directly control tissue
peroxide levels but can protect specific molecules
against oxidative and peroxidative damage. The
correlation analysis shows a weak positive correlation
of the zinc levels with the MDA in CCl, induced
oxidative stress [38].

Iron is another essential trace element present
in almost all cells of the body. The human body
requires iron for the synthesis of the oxygen-carrying
protein called haemoglobin found in red blood cells and
myoglobin which is also a protein found in
muscles.This iron deposits in oxidative stress can
exceed the storage and detoxification capacity of
ferritin and also fully saturates transferrin and leads to
the formation of free iron which accumulates in blood
and tissues. This free iron will then, cause the formation
of very harmful compounds, such as hydroxyl radical
(OH). The hydroxyl radicals are highly reactive and
attack lipids to form lipid peroxides which contribute to
oxidative stress [38].

This situation may imply that the CCl, can
disturb RBC antioxidant mechanisms and so
erythrocytic damage could relate to the lipid
peroxidation [39], and hence increase in serum iron. In

addition, MDA, a highly reactive bifunctional molecule,
has been shown to be able to cross-link RBC
phospholipids and proteins, affecting membrane fluidity
and impairing various membrane functions, which
causes a decrease in RBC survival [40].

From the histopathological analysis, CCl,
poisoning caused fatty and hydropic vacuolation and
necrosis of cells in parenchymal cells near the hepatic
veins which are in accordance with the study of
Cameron and Karunaratne [41]. Fatty liver or liver
steatosis was observed in the liver of experimental
animals after 48hours of CCl, induction. The animals
left untreated for the period of the study showed the
formation of fibrous tissue in the liver from one portal
triad to another (bridging fibrosis).Kumar et al. [42]
also reporteda generally irreversible hepatic damage as
deposition of collagen has consequences on patterns of
hepatic blood flow and perfusion of
hepatocytes.Fibrosis progresses to cirrhosis which is the
end stage of the chronic liver disease. All three
characteristics of cirrhosis as stated by Kumar et al.
[42] have been significantly observed in these
experimental animals at a dose of 150mg/kg.

CONCLUSION

The relationship of some biochemical and
histomorphological alterations induced by various doses
of CCl, has been studied. The presence of apositive
correlation between oxidative stress marker, MDA,
antioxidant vitamins (especially vitamin E) and redox
elements was observed in the experimental rats. The
increased level of antioxidant vitamins and redox
metals in this study may probably be attributed to the
increased utilisation as endogenous antioxidants to
neutralise the effect of increased ROS thereby
maintaining prooxidant-antioxidant balance in the
animal model.
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