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Abstract:

The present study was undertaken in order to investigate the effect of subchronic exposure of rats to static magnetic field (SMF)

and/or zinc treatment on the selected hematological and biochemical parameters. Metallothioneins (MT) and zinc content in kidney

and liver were studied. The exposure of rats to SMF for 1h/day during 30 consecutive days induced an increase in hemoglobin

concentration, white blood cell count (WBC), red blood cell count (RBC) and platelet number. By contrast, hematocrit remained

unchanged. The same treatment also increased the serum lactate dehydrogenase (LDH), aspartate aminotransferase (AST) and

alanine aminotransferase (ALT) activities. However, the creatinine and urea concentrations were similar to those of controls. On the

other hand, renal and hepatic zinc levels were not altered in SMF treated-rats. SMF exposure induced MT synthesis in the liver and

kidney. Zinc administration (40 mg/l for 30 consecutive days, in drinking water) had no effect on hematological and biochemical

parameters. However, hepatic and renal zinc content and MT levels were increased. Zinc prevented the increase in serum

transaminase activities, and WBC and platelet counts induced by SMF. However, the elevation of the LDH, hemoglobin and RBC

levels induced by SMF exposure was not suppressed. MT concentrations in both tissues were potentiated by zinc administration in

SMF-exposed rats.

It is suggested that zinc supplementation could prevent toxic effects of SMF probably by its anti-oxidant proprieties.
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Introduction

In recent years static magnetic field (SMF) has be-

come widely used in research, medicine and industry

[23]. Moreover, numerous reports indicate that SMF

is involved in cancer induction as co-carcinogenic

factor able to enhance the effects of other mutagenic

substances [20, 30]. Biochemical studies have been

carried out to evaluate the effects of electric and SMF

on the metabolism of cell cultures, animals and hu-

mans [4]. Previous studies showed significant disrup-

tion in the carbohydrate, lipid and protein metabolism

reflected by altered blood glucose levels and acceler-

ated glycolysis and glycogenolysis [9]. Exposure of

mice to 5 T (tesla) during 48 h suppresses the eating

and drinking behavior and increases the blood urea ni-

trogen, glucose and creatinine concentrations [38]. In

contrast, conflicting data are reported with regard to

the heart rate and blood pressure following exposure

to magnetic field (MF) [16, 23, 30]. Zinc supplemen-

tation protects against ultraviolet radiation, decreases
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the relative risk of cancer and cardiovascular disease

[18, 29]. Zinc plays an important role in the protection

of cell membrane integrity and against free radical in-

jury [28]. It is indispensable for biological processes

like development, growth, differentiation, and func-

tion of the endocrine, immune and nervous systems

[15, 40]. Recent data indicate involvement of zinc in

the mechanism of antidepressant treatment [25, 26].

Zinc is also known to compete with heavy metals and

calcium for similar binding sites. Zinc may be poten-

tially used to alleviate toxic effects of heavy metals

[28]. Zinc may play a relevant part in the control of

both cell proliferation and mitosis [3, 38, 39]. It is

a component of many transcription factors and pro-

teins that control the cell cycle and can inhibit apopto-

sis [11, 21, 33]. Thus, metal deficiency affects cell cy-

cle progression [27].

The aim of our investigation was firstly to study

the combined effects of SMF exposure and zinc treat-

ment on biological systems. Secondly, to evaluate the

protective effect of zinc supplementation against

SMF-induced alteration of hematological and bio-

chemical parameters in rats.

Materials and Methods

Animals

Male Wistar rats (SIPHAT, Tunisia), weighing at the

beginning of the experiment 150–200 g were ran-

domly divided into control rats (n = 6), SMF-exposed

rats (n = 6), zinc-treated rats (n = 6) and co-exposed

rats (n = 6). Animals were housed in groups of six in

cages at 25°C, under a 12:12 light/dark cycle, with

free access to basal diets and water.

Animals were cared for in compliance with the Tu-

nisian code of practice for the Care and Use of Ani-

mals for Scientific Purposes. The experimental proto-

cols were approved by the Faculty Ethics Committee

(Faculté des Sciences de Bizerte, Tunisia).

Exposure system

Lake Shore Electromagnets (Lake Shore Cryotronic,

Inc, Westerville Ohio, USA) are compact electromag-

nets suited for many applications such as magnetic

resonance demonstrations. Water-cooled coils provide

excellent field stability and uniformity when high

power is required to achieve the maximum field capa-

bility for the electromagnet [14].

Static magnetic field exposure

The intensity of SMF was measured and standardized

over the total floor area of the Plexiglas cage at

128 mT. The cage is 20 cm long, 10 cm wide and

20 cm high. The two bobbins of the Lake Shore Sys-

tem were separated by 12 cm. Male rats were exposed

to the SMF for 1 h/day (between 9–12 h) during 30

consecutive days. The cage in the Lake Shore System

contained two rats for each exposure. The control rats

were placed in the same conditions without applying

the SMF.

Zinc treatment

Rats received zinc chloride solution (40 mg/l) for

4 weeks in drinking water. The co-exposed rats were

exposed to SMF with zinc supplementation. The con-

centrations of zinc in the liver and the kidney were de-

termined by Atomic Absorption Spectrophotometry

(Perkin Elmer 306) in an air acetylene flame. Zinc

concentration was measured using Perkin Elmer_in-

tensitron lamp Norwalk CT (USA). The standard so-

lution of zinc used in this assay resulted by the disso-

lution of ZnCl2 in distilled water. Fractions of liver or

kidney tissue were lyophilized, weighed and digested

in 2 ml of concentrated HNO3 in pressurized Teflon

containers at 160°C for 3 h. After cooling at room

temperature, samples were diluted with 10 ml of

deionized water [5]. Zinc concentration was calcu-

lated in �g/g of the dry mass of tissues.

Blood sampling protocol

Blood samples (approximately 0.5 ml/sample) were

collected in vials containing EDTA for hematological

investigations or heparin for biochemical studies. He-

matological parameters were assayed by Medonic-

precision instruments for hematology research

(CA620).

Blood chemistry

Control and treated rats were sacrificed 24 h after the

last exposure. Blood was collected in heparinized

chilled tubes and immediately centrifuged. Aliquots
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of plasma were frozen and stored at –80°C prior to

biochemical analysis. Plasma lactate dehydrogenase

(LDH), aspartate aminotransferase (AST) and alanine

aminotransferase (ALT) were measured using the en-

zymatic methods according to manufacturer instruc-

tions (ChronoLabo, France).

Measure of metallothioneins

The determination of MT was performed according to

the technique described by Eaton and Cherian [10].

Data analysis and statistics

Data are reported as the mean ± SEM. Differences be-

tween means were evaluated by one-way analysis of

variance (ANOVA). Statistical significance of the dif-

ferences between the means was assessed by Student’s

t-test. The level of significance was set at p < 0.05.

Results

Hematological parameters

As shown in Table 1, subchronic exposure to SMF for

1 h/day at 128 mT for 30 consecutive days, increased

the hemoglobin (Hb) concentration (13.2 ± 0.26 vs.

11.98 ± 0.15 g/dl, p < 0.05), white blood cells (WBC)

(13.68 ± 1.42 vs. 11.35 ± 0.16 103/mm3, p < 0.05), red

blood cells (RBC) (7.82 ± 0.15 vs. 7.29 ± 0.03

106/mm3, p < 0.05), and platelet number (626 ± 14.04

vs. 566.33 ± 15.08 103/mm3, p < 0.05). In contrast,

hematocrit level remained unchanged. The hemato-

logical parameters of rats treated with zinc solution

were comparable to controls. In MF-exposed rats, the

administration of zinc prevented the elevation of

WBC (11.62 ± 0.24 vs. 11.35 ± 0.16 103/mm3), and

platelet (596 ± 41.63 vs. 566.33 ± 15.08 103/mm3)

count. However, the Hb and RBC levels were not cor-

rected and remained similar to those of SMF-treated

rats.
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Tab. 1. Effect of static magnetic field (SMF) and/or zinc (Zn) treatment on hematological profile and biochemical parameters of rats, the weight
of the liver and/or kidney and their content on Zn (�g/g of the dry mass of tissues)

C Zn SMF SMF + Zn

WBC (10�/mm�) 11.35 ± 0.16 11.15 ± 0.28 13.68 ± 1.42* 11.62 ± 0.24

RBC (10�/mm�) 7.29 ± 0.03 7.88 ± 0.27 7.82 ± 0.15* 7.8 ± 0.04*

Hb (g/dl) 11.98 ± 0.15 11.91 ± 0.21 13.2 ± 0.26* 12.94 ± 0.38*

Ht (%) 34.06 ± 0.32 35.7 ± 0.28 35.37 ± 0.69 35.88 ± 0.4

PLT (10�/mm�) 566.33 ± 15.08 591.2 ± 32.14 626 ± 14.04* 596 ± 41.63

LDH (U/l) 462.91 ± 31.38 508.07 ± 58.09 661.92 ± 34.26* 579.38 ± 24.63*

AST (U/l) 22.6 ± 1.85 24.34 ± 2.04 31.81 ± 1.61* 25.7 ± 7.47

ALT (U/l) 22.31 ± 2.27 24.44 ± 2.51 43.56 ± 3.56* 25.31 ± 0.98

Creatinine (mmol/l) 42.18 ± 4.91 44.66 ± 5.08 49.31 ± 8.07 46.52 ± 5.52

Urea (mmol/l) 5.64 ± 0.54 5.75 ± 0.41 6.54 ± 0.23 5.85 ± 0.18

Liver Weight(g) 10.08 ± 0.3 9.67 ± 0.25 9.1 ± 0.26* 9.65 ± 0.21

Zn (�g/g) 14.24 ± 0.72 25.4 ± 1.7* 15.73 ± 1.84 26.06 ± 1.53*

Kidney Weight(g) 1.02 ± 0.05 0.98 ± 0.09 0.95 ± 0.03 0.93 ± 0.1

Zn (�g/g) 84.75 ± 2.2 101.87 ± 2.17* 90.63 ± 1.32 102.9 ± 4.9*

Data represent the means ± SEM of 6 animals per group. * p < 0.05, compared to control (C). Hb – hemoglobin, Ht – hematocrit, RBC – red
blood cells, WBC – white blood cells, PLT – platelets, LDH – lactate dehydrogenase, AST – aspartate aminotransferase, ALT – alanine amino-
transferase



Biochemical parameters

Subchronic exposure of rats to SMF induced a de-

crease in liver weight (9.1 ± 0.26 vs. 10.08 ± 0.3 g,

p < 0.05), whereas the same treatment failed to alter

kidney weight (Tab. 1). Zinc treatment had no effect

on weight of both organs. Interestingly, in rats co-

exposed to SMF and zinc, the liver and kidney weight

were comparable to controls. SMF exposure stimu-

lated serum LDH (661.92 ± 34.26 vs. 462.91 ± 31.38 U/l,

p < 0.05), AST (31.81 ± 1.61 vs. 22.6 ± 1.85 U/l,

p < 0.05) and ALT (43.56 ± 3.56 vs. 22.31 ± 2.27 U/l,

p < 0.05) activities (Tab. 1). The same treatment did

not alter the creatinine (49.31 ± 8.07 vs. 42.18 ±

4.91 mmol/l, p > 0.05) and urea (6.54 ± 0.23 vs. 5.64

± 0.54 mmol/l, p > 0.05) concentrations. The serum

LDH, AST, ALT, creatinine and urea levels remained

unchanged following zinc treatment. The combined

effect of SMF exposure and zinc administration in-

duced a slight decrease in LDH activity compared to

SMF alone and, interestingly it restored the AST

(25.7 ± 7.47 vs. 22.6 ± 1.85 U/l, p > 0.05) and ALT

(25.31 ± 0.98 vs. 22.31 ± 2.27 U/l, p > 0.05) activities

to control levels (Tab. 1).

Concentrations of metallothioneins and zinc in

the liver and kidney

Subchronic exposure to SMF exhibited no marked ef-

fects on hepatic (15.73 ± 1.84 vs. 14.24 ± 0.72 �g/g,

p > 0.05) and renal (90.63 ± 1.32 vs. 84.75 ± 2.2 �g/g,

p > 0.05) zinc concentration (Tab. 1). In contrast, the

same treatment led to an intense induction of MT in

the liver (2.47 ± 0.04 vs. 1.27 ± 0.04 �g/g, p < 0.05)

and kidney (2.62 ± 0.22 vs. 0.75 ± 0.13 �g/g, p < 0.05)

(Fig. 1, 2). Likewise, zinc treatment stimulated the

MT synthesis in the liver (5.32 ± 0.25 vs. 1.27 ±

0.04 �g/g, p < 0.05) and kidney (5.62 ± 0.77 vs. 0.75

± 0.13 �g/g, p < 0.05) (Fig. 1, 2). The metal was accu-

mulated in the kidney (101.87 ± 2.17 vs. 84.75 ±

2.2 �g/g, p < 0.05) and liver (25.4 ± 1.7 vs. 14.24 ±

0.72 �g/g, p < 0.05) (Tab. 1). In co-exposed rats,

a synergic effect was observed for the MT synthesis in

the liver (6.01 ± 0.05 vs. 1.27 ± 0.04 �g/g, p < 0.05)

and kidney (7.78 ± 0.97 vs. 0.75 ± 0.13 �g/g,

p < 0.05) (Fig. 1, 2).

Discussion

Our data demonstrated that subchronic SMF exposure

was associated with a high level of Hb, WBC, RBC

and the platelet count compared to control rats. It is

well known that Hb is the blood transporter of oxygen

within the mammals body [13]. Oxygen is bound to

the iron atoms of the Hb [13]. The stimulation of

hematopoiesis can be associated to the change in the

conformation of Hb under SMF action [2]. The in-

crease in Hb and LDH levels following SMF expo-

sure may be explained by the setting up of an

�����������	��� 
������ ����� ��� ������� 619

Interaction of zinc and static magnetic field in rats
����� ����� �� ��	

0

1

2

3

4

5

6

7

C Zn SMF SMF + Zn

*

*
*

Fig. 1. Effect of subchronic exposure to static magnetic field (SMF)
and/or zinc (Zn) on metallothionein levels in the liver. Values are the
means ± SEM calculated from n = 6 in each group; * p < 0.05,
compared to control (C)
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Fig. 2. Effect of subchronic exposure to static magnetic field (SMF)
and/or zinc (Zn) on metallothionein levels in the kidney. Values are the
means ± SEM calculated from n = 6 in each group; * p < 0.05,
compared to control (C)



hypoxia-like status as previously reported by Stash-

kov and Gorokhov [36]. On the contrary, Dacha et al.

[7] did not observe any modification in human eryth-

rocytes exposed in vitro to power frequency. This dis-

crepancy may be explained by the intensity and the

duration of the exposure. We evaluated liver function

by measuring serum activities of transaminases (ALT,

AST) and LDH and that of kidney by creatinine, and

urea concentrations in plasma. Our study showed that

subchronic exposure to SMF increased blood trans-

aminase and LDH levels associated with a decrease in

the liver weight. Previous studies indicated that the

increase in transaminase and LDH activities were

commonly used in the diagnosis of toxicant stress and

hepato-cellular injury [43]. In addition, the simultane-

ous elevation of blood LDH and aminotransferase

amounts suggested a hepatic origin of the serum LDH

increase. We postulate that the damaging effect of

SMF on the liver is manifested by an increase in

blood LDH, AST and the most specific marker of

liver cell damage ALT activity. These results were in

accordance with the findings of Kula et al. [19] show-

ing an elevation of AST and ALT concentrations in

steelworkers exposed to electromagnetic field. In our

study, subchronic exposure to SMF failed to alter cre-

atinine and urea concentrations. On the other hand,

we failed to demonstrate any zinc accumulation in the

liver or the kidney after subchronic exposure to SMF.

However, our results showed that subchronic expo-

sure to SMF increased the MT concentration in the

liver and kidney. Our results suggested that SMF

could be regarded as a stressor, which stimulated the

synthesis of hepatic and renal MT, in agreement with

previous report [17]. Satoh et al. [31] also reported

that MT content in the liver in mice was increased by

exposure to SMF, whereas the one in the kidney or

brain remained constant. The stress-related increase in

MT synthesis seemed to be mediated by glucocorti-

coid hormones and adrenalectomy impaired this re-

sponse in female rats [6, 17, 34]. Zinc has been shown

to protect animals from the subacute and subchronic

toxicity of metals such as cadmium, mercury and

chromium [22]. It is an integral part of many metal-

loenzymes, and is believed to stabilize membranes

and protect cells against free radical injury and apop-

tosis [24, 37]. Zinc is an essential oligo-element for

cell growth and cell survival [35]. It also controls the

activity of zinc-metalloenzymes, which participate in

cell metabolism, and plays an essential structural

function in zinc requiring proteins that influence gene

expression at different stages of cell proliferation and

death [3, 39, 42]. Our data indicated that the admini-

stration of zinc had no effects on liver and kidney

weight, and hematological and biochemical parame-

ters. The increase in the metal content in the liver and

kidney could be correlated with the induction of tis-

sues MT in zinc-treated rats [41]. Our results demon-

strated that oral zinc supplementation corrected the

increase in WBC and platelet number, restored serum

transaminase activities and prevented the liver atro-

phy. The same treatment failed to influence the in-

crease in LDH, Hb and RBC levels induced by SMF

exposure. Eric et al. [12] reported a similar synergic

effect of ultra-violet irradiation and zinc treatment on

MT synthesis. The induction of MT synthesis can be

considered as an important adaptative mechanism to

SMF exposure, since these proteins have been sus-

pected to control metal homeostasis and to maintain

cell survival in response to various stimuli such as

glucocorticoid hormones, lipopolysaccharides, inter-

leukin-1 and -6, tumor necrosis factor, and oxidative

stress by scavering free radicals [1, 8, 32, 42].

In conclusion, subchronic exposure to SMF in-

duced hematological changes and hepatic and renal

damages. Zinc supplementation can prevent these ad-

verse effects probably by its antioxidant properties

and MT synthesis stimulation.
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