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Abstract: Cadmium is a toxic heavy metal which causes oxidative damage in organisms. Vitamin E is

effective antioxidant and free radical scavenger. Therefore, the present study concentrates on the potency

of vitamin E to reverse changes caused by Cadmium intoxication in blood oxidative system, hemoglobin

derivatives and electrical conductivity. The experiments were carried out on the Swiss albino rats which

were orally administered Cadmium chloride (5mg /kg BW) and vitamin E (100mg/kgBW) by giving alone

or in combination. The tested doses were given to rats every other day (15 times). The results revealed

that treatment with cadmium chloride caused marked elevation in the level of lipid peroxidation (estimated

by the amount of MDA) and a decline in SOD, GSHPx and CAT activities accompanied with an increase

in the rate of hemoglobin autoxidation. The results also demonstrated a marked increase in hemoglobin

derivatives as well as in hemoglobin electrical conductivity. Treatment with vitamin E significantly

reduced the changes caused by Cadmium treatment in all examined parameters. These results indicate that

alterations caused by Cadmium chloride are connected with free radicals generation and used antioxidant

effectively protect against Cadmium intoxication.
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INTRODUCTION

Cadmium is a very toxic heavy metal and an

important environmental pollutant that can be ingested

or inhaled from a variety of industrial and dietary

sources.It is present in the soil, water, air, food and in

cigarette smoke. It causes poisoning in various tissues

of humans and animals . Cadmium has a significant[1-3]

effect on renal function and as a result alters bone

metabolism, leading to osteoporosis and osteomalacia.

Cadmium-induced genotoxicity also increases risk for

several cancers. The mechanisms of cadmium-induced

damage include the production of free radicals that

alter mitochondrial activity and genetic information .[4 ,5]

Cd stimulates the formation of beta 2-microglobulin in

urine  which  induces  renal  tubular dysfunction[6-8]

and reactive oxygen species (ROS) and induces

oxidative  damage  by disturbing the antioxidant

defense systems  thus causing oxidative damage in[9 ,10]

erythrocytes and in various tissues. 

Superoxide dismutase (SOD), catalase and

glutathione peroxidase (GPx) are the enzymes that

provide cellular protection against the damage caused

by free radicals and reactive oxygen species (ROS).

Measurement of these enzyme activities is an indirect

and noninvasive method that could be used to assess

oxidant stress . Increase in lipid peroxidation in[11-13]

tissues has been implicated in cadmium induced organ

damage and dysfunction .[14 ,15]

vitamin E ( α-tocopherol) are naturally occurring

antioxidants that play important roles in animal health

by inactivating harmful free radicals produced through

normal cellular activity and from various stressors. The

antioxidant function of these micro-nutrients could, at

least in part, enhance immunity by maintaining the

functional and structural integrity of important immune

cells . Because the health problems induced by[16 ,17]

many environmental pollutants, much efforts have been

expended in evaluating the relative antioxidant potency

of vitamin E .[18 ,19]

Protein and other important biological molecules

tend to exist in ionized state when in an aqueous

environment.Thus measurements of the conductivities

of aqueous solutions at various concentrations have led

to an understanding of the extent to which substances

are ionized in water, the association of ions with

surrounding water molecules and the way in which

ions move in water. All of these topics have a great

significance in biology . Ramos et al.,  measured[20 ,21] [22]

the electrical conductivity and polarization as a function

of volumetric fraction in a suspension of spherical cells

to investigate  the  ability of the cellular membrane for
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electropermeabilization under applied electrical field.

Their results were in a good agreement with the

Maxwell's model for spherical particles suspended in a

volume conductor.

The present study has been undertaken to

investigate the possible protective effect of vitamin E

on  oxidative  damage,  autoxidation  instability  as

well as alterations in hemoglobin surface charges and

hemoglobin system components generated by cadmium

exposure via measurement of free radical scavenging

enzymes like superoxide dismutase (SOD), glutathione

peroxidase (GSH-Px), catalase (CAT) and lipid

peroxidation as well as hemoglobin derivatives,Hb

autoxidation rate and electrical conductivity.

MATERIALS AND METHODS

Chemicals: All chemicals and reagents used were of

the highest purity available and purchased from either

2Aldrich chemical Co. (CdCl , 99% pure). Vit.E (53%

α- tocopherol acetate) Manufactured by Codislait Sarl,

22120 Yffiniac.

Animals: The animals care and handling was done

according to the guidelines set by the Worled Health

Organization, Geneva, Switzerland. Thirty two male

Swiss albino rats weighing 150-180 g obtained from

the National Research Center were used in the present

experiment. Rats were housed 8 per cage at a constant

temperature (24±2ºC) with alternating 12 hours light

and dark cycles and fed standard laboratory food and

water ad libitum.

Treatment: Vitamin E dose was 100 mg / kg body

weight every other day. This dose was used because

the previous studies of El Demerdash et al.,  showed[16]

100 mg Vit.E / kg BW was effective against the

2toxicity of cadmium. Cadmium chloride (CdCl ) dose

50 50 2was (5mg / kg BW, 1/15 LD ). The LD  of CdCl

when given orally to rats was reported to be 63–88

mg/ kg BW by USAF .[23]

Experimental design: At the beginning of the

experiment, rats were divided into four groups.The 1st

one was the untreated control group. The 2  group wasnd

2orally treated with CdCl . The 3  group was treatedrd

with Vit.E (α-tochopherol) alone. The 4 group wasth  

2treated with CdCl  plus Vit. E. Rats were orally

administered by giving every other day with the

2antioxidant and CdCl for 30 days.

Blood  collection: Animals were anesthetized and

blood samples were collected by heart puncture at the

end of experimental period. Heparin was used as

anticoagulant. Part of blood was used for determination

of lipid peroxidation (LPx) and the activity of the

antioxidant scavenger enzymes glutathione peroxidase

(GSH-Px), superoxide dismutase (SOD) and catalase

(CAT). Then hemoglobin was extracted for the

determination of autoxidation rate, derivatives and

electrical conductivity.

Analytical Procedures: Lipid peroxidation in blood

(erythrocytes) was measured as the amount of malon

dialdehyde (MDA) formed employing thiobarbituric

acid  as  described  by  Stocks  and Dormandy[24 ]

using spectrophotometer (UV-1601 Pc, UV- Visible

spectrophotometer, Shimadzu).

SOD, CAT and GSH-Px activities were quantitated

spectrophotometrically according to Mariami and

Yoshikawa , Johansson and Borg  and Paglia and[25] [26]

Valentine  respectively.[27]

Extraction of Hemoglobin: The packed RBCs were

washed three times with 5 volumes saline then

recentrifuged. The packed RBCs were lysed with two

volumes of deionized water. The hemolysate was

centrifuged at 10, 000 r.p.m for 20 minutes at 4°C to

remove erythrocyte ghosts according to the method of

Trivelli et al., .[28]

Autoxidation Rate Measurement: Measurement of the

autoxidation rate was carried out spectrophotometrically

as described by Wallace et al.,  in air-saturated 0.1 M[29]

2phosphate buffer of PH (7.05) with 2mg/ml HbO  at

temperature 25ºC. The reaction was followed either by

scanning over the wave length region 650-540 nm at

selected time intervals or by following the absorbance

at fixed wave lengths (630 nm) as a function of time.

Electrical Conductivity M easurement: The electrical

conductivity was determined using a conductivity meter

type digimeter L21/L21C aqualytic autotemprature.

Measurements were performed at constant frequency

(1500 Hz in the range of 0 to 200 µ Siemens /cm).

The conductivity meter was calibrated before

measurements using a standard solution.

Hemoglobin Derivatives Determination:  The

multicomponent spectrophotometric methods for the

determination of four hemoglobin derivatives were

carried out as described by Atif et al.,  for[30]

determination of SHb, Met Hb, HbCO and the

remaining functional hemoglobin in the oxy Hb form.

The measurements were carried out at four wave

lengths (λ = 500, 569, 577 and 620 nm) using

Shimadzu UV/ VIS double-beam spectrophotometer

model-240,Japan. 
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Statistical Analysis: Data are given as means± standard

error. All obtained results were compared with respect

to the control animals (C), as well as to the animals

treated with cadmium (Cd) in order to elucidate a

possible protective role of Vit E pretreatment on

cadmium toxicity. Data were analyzed using the

student's t- test and differences at p<0.05 were

considered as significant, p<0.01 high significant and

p<0.001 very high significant.

RESULTS AND DISCUSSIONS

Results: Table (1)   displays   the  effect  of  vitamin

E (α-tochopherol) on antioxidant enzymes activities and

malon dialdehyde concentration (as indicator for lipid

peroxidation) in blood of rats exposed to cadmium.

2Treatment with CdCl  caused highly significant

decrease in the activity of superoxide dismutase

(SOD),and significant decrease in activities of

glutathione  peroxidase  (GSH-Px) and catalase (CAT)

as well as very highly significant increase in malon

dialdehyde (MDA) concentration. 

The elevation in the levels of free radicals induced

2by CdCl  alone was very high significantly decreased

in the presence of Vit.E. This means that this

2antioxidant  minimized  the toxic effects of CdCl

(table 1).Treatment with Vit.E alone very high

significantly   improved   the    antioxidant   enzymes

activities and very high significantly decreased the

2concentration of (MDA) as compared to the CdCl

treated group.

The hemoglobin system components of different

2legends of rats exposed to CdCl  either alone or

associated with Vit.E were illustrated in (table 2). After

cadmium chloride treatment, there was very high

significant increase in methemoglobin (MetHb%),

carboxyhemoglobin (HbCO%)   and  sulfhemoglobin

(S-H b% ). Also high significant decrease in

2Oxyhemoglobin (HbO ) level was observed as

compared to control. Treatment with Vit.E alone

resulted in improvement on legend system components

and very high significant increase in Oxy-Hb as

2compared with CdCl  treated group. A reversal effect

2of Vit.E when treated associated with CdCl  had highly

significant alteration towards their control values.

Autoxidation curves (Fig. 1) illustrated increase in

2the autoxidation rate (as a function of time) in CdCl

treated group. The values of autoxidation rate of

cadmium treated group tended to return to the normal

values when accompanied with Vit. E treatment.

Treatment with Vit.E alone improved the normal value

of autoxidation rate.

(Fig. 2) shows the hemoglobin electrical

2conductivity  of  rats  exposed to CdCl , vitamim E

2 and  Vit.  E  plus  CdCl as compared to control. The

Table 1: Effect of vitamin E on blood superoxide dism utase (SOD), glutathione peroxidase (GSH-Px), catalase (CAT) activities and malon

dialdehyde (M DA) concentration of rats exposed to cadmium as compared to control. Mean ± standard error.

Groups SOD n mol mlG GSH K minG  m lG CAT µ mol minG  dlG M D A n m ol m lG1 1 1 1 1 1

Control 1.05±0.099 8.79±1.24 73.5±1.81 72.9±5.92

5.38±0.35 62.1±4.78 108.2±6.38 Cadmium exposure 0.52±0.096 a a a
 a

--------------------------------------------------------------------------------------------------------------------------------------------------------

P < 0.001 P < 0.01 P < 0.05 P < 0.001

8.61±0.72 80.1±1.2 69.2±7.21 Vitamin E 0.99±0.059 b  a,b b
b

--------------------------------------------------------------------------------------------------------------------------------------------------------

P < 0.001 P < 0.001 P < 0.01 P < 0.001a,b

6.98±0.51 71.3±1.6 85.3±4.11 Vit.E + Cadmium 0.78±0.021 a,b b b
a,b

--------------------------------------------------------------------------------------------------------------------------------------------------------

P < 0.01 P < 0.1 P < 0.05 P < 0.01a,b a

P < 0.05b

a, Significantly different from control group.    b, Significantly different from cadmium exposure group.

Table 2: Hemoglobin of different legends of rats co-exposed to vit. E and cadmium as compared to control. Mean ± standard error.

2Groups M et Hb%  HbCO% S-Hb% HbO %

Control 2.175±0.26 3.93±0.127 0.686±0.039 93.2±1.72

8.49±0.52 3.05±0.14 81.5±2.6 Cadmium exposure 7.26±0.98 a a a
a

--------------------------------------------------------------------------------------------------------------------------------------------------------

P < 0.001 P < 0.01 P < 0.001 P < 0.01

3.25±0.14 0.831±0.061 93.91±1.8 Vitamin E 2.014±0.31 b b b
b

--------------------------------------------------------------------------------------------------------------------------------------------------------

P < 0.001 P < 0.001 P < 0.001 P < 0.001

4.27±0.63 1.68±0.21 90.87±2.5 Vit.E + Cadmium 3.18±0.52 b a,b b
a,b

--------------------------------------------------------------------------------------------------------------------------------------------------------

P< 0.1a P < 0.001 P < 0.05 P < 0.01a

P < 0.01b P < 0.001b

a, Significantly different from control group.   b, Significantly different from cadmium exposure group. 
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Fig. 1: The change in Autoxidation rate of hemoglobin for cadmium, vitamin E and vitamin E plus cadmium

treated groups as compared with control.

Fig. 2: The change in electrical conductivity ( µS / cm) in cadmium, vitamin E and vitamin E plus cadmium

treated group as compared with control. Mean Values of 8 rats. P<0.001 is very highly significanta

different compared to control group ; P<0.001 is very highly significant different compared to cadmiumb

treated group; P<0.05 is significantly different compared to control group.c

hemoglobin electrical conductivity values of rats

2 exposed to CdCl high significantly decreased as

compared to control.On the other hand the treatment

2 with vitamin E accompanied with CdCl caused

depletion in the level of electrical conductivity to be

returned to normal value.

Discussions: Cadmium is a toxic metal that is widely

used in different industries. It promotes an early

oxidative stress and afterward contributes to the

development of serious pathological conditions because

of its long retention in some tissues . The present[10]

results have clearly demonstrated the ability of Cd to

induce oxidative stress in rat blood, as evidenced by

increased lipid peroxidation and inhibition of enzymes

required to prevent such damage after 30 days of Cd

treatment (Table 1).Accordingly the depletion of

SOD,GSH-Px and CAT activities and increase in

concentration of MDA were consistent with the

accumulation of cadmium in blood. This finding is in

agreement with several  reports demonstrating that Cd

induces oxidative  stress in blood and tissues by

increasing lipid peroxidation and by altering the

antioxidant status .[16 ,31 ,32]

Cadmium intoxication has been defined to make

material changes in hemoglobin system components by

elevation of sulfhemoglobin and methhemoglobin

levels, lowering of general hemoglobin and observed

violation of antioxidant protection including the activity

of erythrocytic catalase . This is in agreement with[33 ,34]

the present results which demonstrated increase in the

levels of methemoglobin, carboxyhemoglobin and

sulfhemoglobin (Table 2). These results may have an

important implication for impaired erythrocyte

metabolic processes and oxidation reduction potential

levels resulting from cadmium toxicity.

Antioxidants were found to reduce oxidative

radical-induced reactions and to have protective effect
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on stabilization of metabolic processes in erythrocytes

that prevents the development of oxidation stress and

hypoxia .[34]

α-Tocopherol is an important antioxidant in

biological systems. It inhibits peroxidation of

membrane lipids by scavenging lipid peroxyl radicals

and is converted into a tocopheroxyl radical as a

consequence . The present results showed that[15]

treatment with vit. E alone or accompanied with

cadmium chloride caused a highly significant decrease

in the levels of MDA and an increase in SOD,GSH-Px

and CAT activities as compared with cadmium chloride

treated group and control group respectively (Table 1).

The presence of Vit.E with cadmium alleviated its

harmful effect on all the above measured parameters.

The observed levels of these parameters were close to

the normal values of the control (Tables 1,2). These

results are in good accordance with those obtained by

Valko et al. and El-Demerdash et al.,  who found[12 ,16]

that α-tocopherol maintained the levels of antioxidants,

membrane-bound enzymes and the activities of

antioxidant enzymes near normal levels, thus

emphasizing their effects as antioxidants

A normal physiological function of Hb is the

reversible binding of dioxygen which can occur with

the heme iron in the reduced metHb at a rate of about

3% per day . The ferric Hb can be restored to a[35]

fuctional form through reductive processes that metHb

reductase and other systems return metHb to functional

reduced form .[36]

As the fraction of the native hemoglobin molecules

in red blood cells decreases the rate of abnormal

dissociation (autoxidation) of oxy hemoglobin to metHb

increases. A high extent of oxidative stress followed

the treatment with cadmium that are destructive to the

protein moiety of oxyHb. This oxidative stress is

attributed to increased MDA concentration, as well as

marked disturbances of antioxidant defence system

which was accompanied by increased formation of

ROS . [36 ,37]

All  these  changes may give rise to harmful

2effects to cellular structures due to accumulated O ,-

2 2 H O and OH  free radicals and consequently the-

fraction  of unstable Hb molecule that undergo

abnormal  dissociation  (autoxidation) to metHb

increase with increasing the rate of autoxidation

reaction (Fig. 1),(table 2). 

Treatment with Vit E was very effective in the

prevention of oxidative damage. Beytut et al. and

Ognjanovic et al., studies  demonstrated the[18 ,37]

effectiveness  of vitamin E in reducing oxidative stress

in Cd-treated animals and suggestd that reductions in

increased lipid peroxidation due to Cd toxicity may be

an important factor in the action of vitamin E. As Vit

E is administered with cadmium chloride the rate of

abnormal dissociation of oxyHb to metHb is

diminished. This result is confirmed by the decrement

in the level of metHb percent (table 2) and

enhancement in the activity of antioxidant enzymes as

well as decrement in MDA (table 1). 

In this work cadmium treatment promoted high

extent of oxidative stress the protein of hemoglobin

molecule exposed to acid denaturation. With the

resultant broken of hydrogen bonds between

hydrophobic non polar groups leading to unfolding of

globular protein. The intermolecular charge repulsion is

the driving force of unfolding. This may be attributed

to electrostatic repulsion , leading to the formation of[38]

a new groups exposed to the surface besides the polar

hydrophilic groups which evidenced by increasing in

the electrical conductivity (Fig 2). The presence of

Vit.E ameliorates the interactions favorite folding such

as hydrophobic forces, disulphide bonds, salt bridges

and metal ion- protein interactions . This leads to[38]

hemoglobin state that is often less unfolded than those

obtained with Cadmium toxicity stress accompanied

with conductivity decrease (Fig. 2).

Conclusion: Cadmium has adverse effects on human

health. The present study demonstrated that Vit.E

administered in combination with Cadmium minimized

its hazards. In addition, Vit.E alone proved to be

beneficial in decreasing the levels of free radicals,

Consequently, the exposure to Cadmium should be

reduced and attention paid to sources of Cadmium in

foods, water and personal-care products. Furthermore,

using diets rich in Vit.E could be beneficial in

alleviating Cadmium toxicity.
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