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ABSTRACT. Male Wistar albino rats, 3 months old, were acutely treated with cadmium (0,4 mg
Cd/kg b.m., i.p., 24" before the sacrificing) and with vitamin E + Cd (20 IU Vit E/kg b.m., i.m.,
48" + 0,4 mg Cd/kg b.m., i.p., 24" before the sacrificing). The haematological values: red blood
cells (RBC) count, haematocrite (Htc) value, haemoglobin (Hb) and lipid peroxide (LP)
concentrations were determined. The status of antioxidant defense system (AOS): copper zinc
containing superoxide dismutase (CuZn SOD), catalase (CAT), glutathione peroxidase (GSH-Px),
glutathione reductase (GR), glutathione-S-transferase (GST) activities and reduced glutathione
(GSH), ascorbic acid (AsA) and vitamin E (Vit E) concentrations were also determined in the
blood of rats. RBC count, Htc value and Hb concentration were significantly decreased in the
blood of rats acute treated by Cd. Vit E prevents anaemia caused by Cd. Acute administration of
Cd significantly increased LP concentration, while Vit E reversed this changes. All examined
components of AOS in the blood were significantly increased in Cd-treated rats. Pretreatment of
rats with Vit E abolished the toxic effects of Cd on AOS.

INTRODUCTION

Cadmium (Cd) is a very toxic heavy metal, an important pollutant of environment (present in
soil, water, air, food and in cigarette smoke), which causes poisoning in various tissues of humans and
different species of laboratory animals [1-3]. After the intake and resorption, Cd enters the blood
where it binds to the erythrocyte membranes and proteins of low molecular mass forming
metalothioneins [4, 5]. Binding of Cd to red blood cells (RBC) causes their destruction and increased
haemolysis and haematological values alters. It also induced decreased absorption of intestinal iron
and anaemia appears [6, 7].

Recently, it has been suggested that Cd may induce oxidative damage in various tissues by

enhantion peroxidation of membrane lipids and by inhibition of enzymes involved in the removal of
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certain reactive oxygen species (ROS) [8, 9]. Cd induced the increases of ROS production, including

superoxide anion radical [10], hydrogen peroxide [11], hydroxyl radical [12] and lipid peroxidation
[13-15]. A variety of accompanied changes in antioxidant defense system (AOS) were reported [16-
22]. Studies of Fariss [23] have shown, that free radical scavengers and antioxidants are useful in
protecting against cadmium toxicity.

Vitamin E (Vit E) is the primary liposoluble antioxidant, which may have an important role in
scavenging of free oxygen radicals and stabilizes the cell membranes maintaining its permeability [22-
25]. Vit E is present in all cellular membranes where it is bound to the protein complexes in the inner
mitochondrial membranes and may affect oxidative changes which occur in organelles [26].
Moreover, it is known that antioxidants, such as vitamin E, coenzyme Q, ascorbic acid, glutathione
and selenium may act synergically, preventing lipid peroxidation and cell destruction [12, 17, 26-32].

The aim of this study was to investigate a possible protective role of Vit E pretreatment on the
haematological values, lipid peroxide concentration and on AOS in the blood of rats acutely treated

with cadmium.

MATERIALS AND METHODS

In our experiments male Wistar albino rats, 3 months old (weighing 280 + 30 g) were used.
The animals were kept at 21 + 1°C and exposed to 12 h light - 12 h dark cycle. The animals were
injected with CdCl, (0,4 mg Cd/kg b.m., i.p., 24" before the sacrificing) and with vitamin E + Cd (20
IU Vit E/kg b.m., i.m., 48" + 0,4 mg Cd/kg b.m., i.p., 24" before the sacrificing). Control rats were
drunk by tap water ad libitum. The exposed rats were housed in individual cages and given a standard
diet and water ad libitum. Each experimental group consisted of six animals.

The animals were sacrificed by decapitation always between 8 and 10 A.M. and fresh blood
was immediately collected into heparinized test tubes. Red blood cells (RBC) count and haematocrite
(Htc) value were determined by standard haematological techniques [33]. The haemoglobin (Hb)
concentration was determined by the cyanmethaemoglobin method [34].

The concentration of lipid peroxides (LP) in the blood was determined as thiobarbituric acid-
reactive substances (TBARS) according to Ohkawa et al. [35]. Concentration of reduced glutathione
(GSH) in whole blood was measured by standard method of Beutler [36].

Blood for the determination of antioxidant defense system was centrifuged to separate plasma
and red blood cells. Plasma specimens were used for determination of ascorbic acid (AsA) with 2,4,6-
Tripyridyl-S-triazine (TPTZ) by the method of Day et al. [37], while vitamin E (Vit E) was determined
by the method suggested by Desai [38]. Glutathione-S-transferase (GST) activity toward 1-chloro-

2,4-dinitrobenzene (CDNB) as substrate was determined according to Habig et al. [39].
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For the estimation of the RBC enzyme activities, isolated red blood cells were washed three

times with 5 vol. of cold 155 mM/l NaCl. Haemolysates containing about 50 g Hb/L were prepared
according to McCord and Fridovich [40]. Copper zinc containing superoxide dismutase (CuZn SOD)
activity was measured by the epinephrine method of Misra and Fridovich [41].

Catalase (CAT) was determined according to Beutler [42], while the activity of seleno-enzyme
glutathione peroxidase (GSH-Px) was assayed by following the oxidation of NADPH with t-buthyl-
hydroperoxide [43]. Glutathione reductase (GR) was determined by measuring NADPH oxidation in
the presence of oxidized glutathione [44]. All enzyme assays were performed at 26 C.

Data are given as mean + SE and differences between experimental and control groups were
evaluated. Statistical analysis of the result was based on the Student’s paired t-test, considering the

significance at a level of p < 0.05 [45].

RESULTS AND DISCUSSION

Results presented in Table 1 clearly show that administration of Cd results in a significant
decrease of RBC count (p<0.01), Htc value and Hb concentration (p<0.02). Pretreatment with Vit E

partially improved these changes.

Table 1: The haematological values: red blood cells (RBC) count, haematocrite (Htc) value and
haemoglobin (Hb) concentration in the blood of control rats (C), rats exposed to cadmium (Cd) and
vitamin E + cadmium (Vit E + Cd). The values are means = SE from 6 animals in each experimental
group.
Significantly different from C: * p<0.05; ** p<0.02 , ***p<0.01 and **** p<0.005. Significantly
different from Cd: * p<0.05; ° p<0.02 , ¢ p<0.01.

RBC Hct Hb
(10'"/L) (L/L) (mmol/L)
C 7.91+0.21 0.45 +0.02 8.35+0.12
cd 5.11+0.09 " 0.42+0.02"" 7.57+0.10 7
VitE + Cd 6.51+£0257" 0.45+0.03 ¢ 8.06+0.14"°

Literature data showed that Cd induced oxidative damage in erythrocytes, causing destruction
of cell membrane by increasing lipid peroxidation. It also induced an alteration of AOS and energy
metabolism, as well as appearance of anaemia [6, 7, 9, 46-48]. Many authors have documented that
free radical scavengers and antioxidants are useful in protecting against Cd toxycity [9, 12, 17-19, 22,
23].

Our results show that acute treatment with Cd induces anaemia, e.g. decrease of RBC count,
Htc value and Hb concentration (Table 1). The results have confirmed our previous investigations [6,
48] and the results of other authors [7, 9, 46, 49-51]. It is well known, that the presence of Cd in the

organism decreases the level of iron in the blood [6] and causes the decrease of Hb concentration. The
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decrease of Htc value in haemolysed plasma of rats exposed to Cd indicates an increased destruction

of erythrocytes [6, 7, 9, 46-51]. Cd induced anaemia is characterized by pronounced reticulocytosis
and hypochromia [6]. Cd also caused the damages of the erythrocyte membrane resulting in
haemolysis in the same way like other metals such as Pb, Cu and Zn [7, 51, 52].

In rats pretreated with Vit E before Cd-treatement, RBC count, Htc value and Hb
concentration were significantly increased in comparison to the rats received Cd only. Our results
suggest a very important role of pretreatment with Vit E before intoxication with Cd. Previous data
showed that Vit E decreased the toxic effects of Cd on the haematological value and has the protective
role in anaemia [21, 22, 53, 54].

The LP concentration was significantly increased in the blood of rats after acute
administration of Cd (p<0.01), while Vit E pretreatment reversed this changes to control values
(Figure 1). Recent studies on mammals have shown that Cd stimulates formation of ROS, including
superoxide anion radical [10], hydrogen peroxide [11] and probably hydroxyl radical [12]. As a
consequence enhanced LP, DNA damage, altered calcium and sulfhydryl homeostasis, as well as
marked disturbances of AOS occurs [2, 9, 20-22, 52, 53]. In addition increased intake of Cd results in
its retention and in peroxidative damage in erythrocytes and in soft tissues [6, 9, 13-16, 54]. Manca et
al. [13] examined the susceptibility of liver, kidneys, brains, lungs, and testes of rats given
intraperitoneal doses of CdCl,. These results indicate that LP is an early and sensitive indicator of Cd

toxicity.

Figure 1: The concentration of lipide peroxides (LP) in the blood of rats exposed to cadmium (Cd) and
vitamin E + cadmium (Vit E + Cd). The values are means £ SE from 6 animals in each experimental
group.
Significantly different from C: ****p<0.005.
Significantly different from Cd: ¢ p<0.005.

3.0
i ok ok
C |
2.5 . .
- | ]
g 2.0 V272 VitE+Cd
m .
3 15 d
- T
1 = =
S 10 7
g
: .
0.5
0.0 ’/fﬁ

LP



119
Pretreatment with Vit E was very effective in the prevention of oxidative damage induced by

Cd. The concentration of LP was significantly lower in the Vit E cotreated animals than in the group
received Cd only (Figure 1). Vit E is capable to scavenge free oxygen radicals, as well as lipide and
lipide peroxyl radicals [54]. By inhibiting LP in the blood of rats, Vit E can exhibit protective role
against acute Cd-induced toxicity. Coadministration of some antioxidants, such as AsA, Vit E, GSH,
coenzyme Q and Se, resultet in the uptake and distribution of Cd in liver and kidney of rats, and no
rise in LP concentration was recorded [12, 17, 25-32, 54-59].

The data presented in Figures 2 and 3 show that Cd induced significant changes in activities of
AOS enzymes. In animals exposed to Cd the activities of CuZn SOD (p<0.02) and CAT (p<0.01)
(Figure 2), as well as activities of GSH-Px (p<0.02), GR (p<0.02) and GST (p<0.02) (Figure 3) were
significantly increased. The pretreatment with Vit E prior to Cd intoxication, partially reversed these
changes. The activities of CuZn SOD (p<0.01), CAT (p<0.02), GR (p<0.02) and GST (p<0.01) were
significantly decreased as compared with animals given Cd alone, while the GSH-Px activity was
significantly increased (p<0.05). Similarly, the activities of GSH-Px, GR and GST (p<0.02), (Figure
3), as well as concentration of GSH (p<0.02), (Figure 4) was significantly increased by Cd

intoxication.

Figure 2: The activities of copper zinc containing superoxide dismutase (CuZn SOD) and catalase
(CAT) in erythrocytes of rats exposed to cadmium (Cd) and vitamin E + cadmium (Vit E + Cd). The

values are means + SE from 6 animals in each experimental group.
Significantly different from C: ** p<0.02, **** p<(.005.
Significantly different from Cd: ° p<0.02, p<0.01.
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Figure 3: The activities of glutathione peroxidase (GSH-Px), glutathione reductase (GR) in
erythrocytes and glutathione-S-transferase (GST) in the plasma of rats exposed to cadmium (Cd) and
vitamin E + cadmium (Vit E + Cd). The values are means £ SE from 6 animals in each experimental
group.
Significantly different from C: ** p<0.02, ***p<0.01.
Significantly different from Cd: * p<0.05; ® p<0.02, p<0.01.
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It is known that Cd induces formation of superoxide anion radicals in the erythrocytes and it is
reasonable to expect as a biological response an increased activity of CuZn SOD in RBC of Cd-treated
animals [6, 8, 9]. Cd-induced increase of CAT and GSH-Px activities can be explained by their action
on hydrogen peroxide as substrate, which is formed in the process of superoxide anion radicals
dismutation [9, 22, 60]. This action is followed by increased reduction of oxidized glutathione (GSSG)
by GR to form GSH [6, 18, 54, 55, 61, 62]. GST has an important role in detoxification of lipid
hydroperoxides contributing thus to the protection of the cell integrity [63, 64].

Pretreatment with Vit E prior to Cd administration decreased the activities of SOD, CAT and
GR activities in RBC, as well as GST activity in the plasma, remaining at a level similar to the control
values and thus Vit E eliminates the toxic effects of Cd on the activities of these enzymes. Vit E is an
important factor in the system for protecting tissue against oxidative damage and the toxic action of
Cd. These data are similar with the findings of other investigators [9, 15, 22, 60, 65].

The erythrocyte GSH-Px activity was markedly increased after the concomitant treatment with
Vit E+Cd in respect to the rats exposed to Cd only. The Vit E treatments before Cd administration
helped to maintain the erythrocyte GSH concentration [9, 53, 54, 66] and stimulate GSH-Px activity
[67]. Singhal et al. [55] have shown that intracellular GSH functions in protection against Cd toxicity,

and that this tripeptide provides a first line of defense against Cd before induction of metallothionein
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synthesis. Our results confirmed the results of other investigators [6, 12, 18, 61] that Cd produced

dose- and time- dependent increases in intracellular GSH concentration and the activity of GSH-Px
(GSH-Px utilize GSH as a substrate to inactivate hydrogen peroxide and free oxygen radicals).

In our experiments concentrations of AsA (p<0.05) and Vit E (p<0.01) in the plasma were
significantly increased in Cd-treated rats (Figure 4). Pretreatment with Vit E prior Cd administration
reversed concentrations of GSH and AsA to control values, while Vit E level is the same as values

given for the Cd treatment.

Figure 4: The concentrations of glutathione (GSH) in whole blood and ascorbic acid (AsA) and
vitamin E (Vit E) in the plasma of rats exposed to cadmium (Cd) and vitamin E + cadmium (Vit E +
Cd). The values are means + SE from 6 animals in each experimental group.
Significantly different from C: ** p<0.02 , ***p<0.01, **** p<0.005.
Significantly different from Cd: * p<0.05, ® p<0.02 .
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Our previous investigations showed that chronic treatment with Cd induced decrease of AsA
concentration in the liver and kidneys of young and adult rats [17, 18, 65]. However, Cd increases the
concentration of Vit E in the rat liver [17, 65], kidneys [18] and in the plasma [6, 65]. It is known that
increased accumulation of Cd in the liver induces LP and increases the production of
malondialdehyde, which consequently inhibits the enzyme L-gulonolactone oxidase [14, 65] necessary
for the synthesis of AsA. It has been shown that AsA deficiency results in intracellular oxidative
damage in the guinea-pig [14, 68, 69]. In comparison to the studies of chronic treatment, our acute
treatment with Cd show that increase of AsA and Vit E concentrations may be due to a defense

response of the organism to oxidant injuries caused by Cd. AsA decreases endogenous lipid
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peroxidation, decreases protein oxidative damage, protects the liver from oxidative damage, reduced

erythrocyte membrane nitroxide radicals [29] and have protective effect on anaemia and have an
important role in process of regeneration of reduced form of Vit E [31, 57, 70]. At the same time, Vit
E is an important liposoluble antioxidant [22, 24, 25] that stabilizes the cell membranes maintaining its
permeability and integrity [24-32].

Pretreatment with Vit E prior to Cd intoxication decreased the concentration of AsA in
comparison to the results obtained in Cd-treated animals (Figure 4). On the other hand, plasma Vit E
concentration did not significantly alter. Similar results were obtained in our previous investigations
[65]. Vit E is a lipide soluble antioxidant that functions as an intramembraneous scavenger of oxygen
radicals, thereby preventing the lipid peroxidation of polyunsaturated fatty acids [22-32]. In previous
investigations it was shown that plasma Vit E was in dynamic equilibrium with Vit E in the
erythrocyte membranes, maintaining thus the stability and permeability of these membranes [28-54].
In addition, AsA may have an important role in the process of regeneration of reduced form of Vit E
[31, 57, 70, 71]. The increased concentration of Vit E in the plasma could be explained by its

protective role against the toxic effects of Cd on the erythrocyte membranes.

CONCLUSIONS

The results of this study show that Cd induced oxidative damage in erythrocytes causes
appearance of anaemia, loss of membrane function by enhantion of lipid peroxide concentration, as
well as alteration of AOS (CuZnSOD, CAT, GSH-Px, GR, GST, GSH, AsA and Vit E).

The pretreatment of rats with Vit E prior to Cd intoxication showed any protective or
preventive effects against influence of Cd on antioxidant defense system and lipid peroxide

concentration.
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