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ABSTRACT 

The aim of the work: The present work investigated the effect of 
electromagnetic field (EMF) radiated from cellular telephones base stations 
with frequency equals 900 MHz on body weight, blood indices and some liver 
enzymes of albino rats after exposing them to the electromagnetic field for 2 
weeks. On the other hand this work focuses on the possible protective effect of 
vitamin C or E against harmful effects induced by electromagnetic field. 
Results showed that electromagnetic field exposure caused a significant 
decrease in a growth rate. Significant increase in the following blood indices: 
the white blood cell count (WBC) recording 19.80% as compared to control 
level, mean corpuscular hemoglobin concentration (MCHC) and blood 
platelets count (PLT). And a significant decrease in red blood cell count 
(RBC), hemoglobin incidence (HB), hematocrit value, the mean corpuscular 
volume (MCV) and mean corpuscular hemoglobin concentration (MCHC). 
Serum aminotransferase (AST), serum alenine aminotransferase (ALT) and 
alkaline phosphatase were significantly increased under electromagnetic field 
exposure. Conclusion: Signs of improvements in the body weight rate, the 
hematological parameters and the serum of liver enzymes were noticed during 
treatments with electromagnetic field in addition to vitamin C or E. 
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INTRODUCTION 

Electromagnetic (EM) radiation is associated with numerous industrial, 
military, consumer and medical uses. The radio frequency (RF) portion of EM 
radiation (spectrum between 0.5 MHz–100 GHz) seems to affect certain organs 
and systems. Little is known about health risks from exposure to different 
sources of non-ionizing radiation. High exposure to non-ionizing radiation 
acutely affects     sensitive organs, which mostly depends on radiations 
intensity, frequency, and exposure duration reported that several hematological 
variables are sensitive to RF/MW exposure, not only in animals, but also in 
humans. Preliminary investigation suggests that microwave exposure may 
affect the hematological parameters of exposed animals, and calls for further 
evaluation of specificity and biological significance of these biomarkers of 
exposure (Bonhomme-Faivre et al. 2003). In other study (Matausic-Pisl et al. 
2000 ), the authors examined immunological disorders in human and mice that 
had been exposed occupationally to environmental electromagnetic fields. 
Their results show that electromagnetic field caused a decrease of 
immunological parameters (total lymphocytes) in both humans and mice. In a 
different study (Forgacs, Z., et al. 2005), results indicate that the applied GSM 
like microwave exposure may induce slight, but statistically significant 
alterations in some hematological and endocrine parameters of male mice 
within the physiological range. Further investigations are required to establish 
the biological significance of these phenomena. The present investigation 
aimed to study the effect on body weight, blood indices, and liver enzymes of 
albino rats after exposure to electromagnetic field and the possible protective 
effect of vitamin C or E against harmful exposure of electromagnetic field. 

MATERIALS AND METHODS 

Twenty-four adult male albino rats with weights around 120 gram were 
used throughout the study. The animals were kept in plastic cages open from 
above at room temperature to avoid any metallic contamination or conduction 
under similar normal environmental conditions. The albino rats are placed in 
plastic cages exposed to 900 MHz electromagnetic fields from antenna placed 
20 cm from the rats inside the cage. 

Rats were equally divided into four groups as follows: 
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–The first group served as a control group which were given standard food and   
water only . 

–The second group was subjected to electromagnetic field ( E.M.F). 

–The third group was subjected to EMF and received vitamin C. 

–The fourth group was subjected to EMF and received vitamin E. 

A commercial balanced diet and water were supplied continuously and 

Regularly to all animals all over the experimental period, each vitamin 
was given orally in dose of 150 mg/kg/day all over the experimental period 
(Tristchler, and Wolf 1995). The animals were exposed to electromagnetic 
field with constant power in the range from (1.4–4.7) mW/cm2 (measured 
during the experiment using power meter) and electric field with the range (60–
130) V/m. The whole body average specific absorption rate, 1.2 W/kg, was 
calculated from the relation SAR = Power/density. The treated animals were 
subjected to split dose of electromagnetic fields where rats were exposed to the 
field for eight hours followed with eight hours without being exposed to the 
fields sequentially for two weeks. The electromagnetic field applied was 
generated by using an antenna installed inside the cage and at 20cm from the 
rats. The antenna received the signal from cellular base station at the area of 
Alazhar University Nasr City. The cellular system used in Egypt is GSM 
(Global system for cellular) which frequency equals 900 MHz. The animals 
were kept in a plastic Cages. Then a horizontal electromagnetic induction was 
applied to whole body of the animal. At the end of the experiment, animals 
from both control and experimental groups were decapitated. After wards, the 
blood samples were collected between 6–7 mL from heart of each rat 
depending on the rat body weight. For the hematological tests, approximately 
2–3 mL of blood sample was received at a tube containing dipotassium 
ethylene diamine-tetra acetate (EDTA). In addition, about 2–3 mL of blood 
was collected into a centrifuge tube without any anticoagulant for the 
biochemical tests. 
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MORPHOLOGICAL STUDIES 

Animals were individually weighed weekly in order to detect any changes in 
their body weights. A sensitive balance was used and weights were recorded to 
the nearest gram. About 2–3 mL of blood sample depending on the rat weight 
was received at a tube containing dipotassium ethylene diamine-tetra acetate 
(EDTA) (Gerasimova and Nakhil nitskaia 1997). 

HEMATOLOGICAL PARAMETERS 

Determination of hematological parameter was carried out using 18 automated 
parameter hematology analyzer, ABX Micros 60 from Horiba ABX, France. 
No significant difference was found in hematological parameters determined 
either by routine clinic methods or by instrumental methods.  

Blood cell counts 

The total red blood cell (RBC) counts were measured in millions per cubic 
millimeter (mil/μL) of blood. White blood cell (WBC) counts were measured in 
thousands per cubic milliliter (k/μL) of blood and blood platelet (PLT) counts 
are measured in thousands per cubic millimeter (k/μL) of blood. The blood is 
drawn in a test tube containing an anticoagulant (EDTA, sometimes citrate) to 
stop it from clotting as recommended by (Mitchell Lewis,et al. 2006). They 
were analyzed using the18 automated parameter hematology analyzer. 

Packed cell volume (hematocrit value) 

Hematocrit values were determined by allowing the blood to flow into 
capillary heparinized tubes from decapitated rats then centrifuged in a 
hematocrit centrifuge at 1000g for 5 min. MCV, MCH, MCHC The volume of 
the average erythrocyte, mean corpuscular volume (MCV), was calculated from 
RBCs count and hemoglobin count (see next section) as follows (Cheesbrough, 
M. 2001). 

Mean corpuscular volume = (hematocrit/Red blood cells count in millions) × 
10 fL. Mean corpuscular hemoglobin (MCH) was calculated from RBCs count 
and hemoglobin as follows: MCH = (Hemoglobin concentration / Red blood 
cell count in millions) × 10 picogram. While the mean corpuscular hemoglobin 
concentration (MCHC) and the percentage of hemoglobin counts of packed cell 
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volume of whole blood were calculated from hemoglobin and hematocrit as 
follows: MCHC = (Hemoglobin content/Hematocrit) g/dL. 

Hemoglobin content 

Blood hemoglobin was determined using the Sigma reagent kits (Sigma 
Chemical Co., St. Louis, MO, USA) following their manual instruction. 
Hemoglobin was converted into cynmethemoglobin by potassium ferricyanid 
and cyanid. Cyanmethemoglobin was measured colorimetrically where the 
intensity of color is proportional to the hemoglobin concentration. Twenty 
micro liters of the blood were added to 5 milliliters of diluted Drabkins 
solution. Standard was prepared by adding 20 micro liters of redistilled water 
to 5 milliliters of cyanmethemoglobin. The colors of the sample and standard 
were measured using Perkin-Elmer Lambda 1A UV-VIS spectrophotometer at 
540 nm, made in Taiwan.  

BIOCHEMICAL PARAMETER 

For the biochemical tests, about 2–3 mL of blood sample depending on the rat 
weight was collected into a centrifuge tube without any anticoagulant. The 
centrifuge tube was left for about 15 min to allow blood coagulation. Clear 
serum samples were then separated by centrifugation at 1000g for 20 min. 
Clear serum samples were separated in glass tubes, labeled and stored in deep 
freezer at -50 for different biochemical analysis for different biochemical 
assays. However, determination of enzyme activities was carried out on fresh 
serum samples. Serum aspartate aminotransferase (AST) is an enzyme 
belonging to the class of transferases. It is commonly referred to as a 
transamilase and is involved in the transfer of an amino group between 
aspartate and keto acids. AST activity is measured by using optimized 
ultraviolet-test according to International Federation of Clinical Chemistry and 
Laboratory Medicine (IFCC) (Thomas 1998 ). Serum alanine aminotransferase 
(ALT) is a transferase with enzymatic activity similar to AST. Specifically, it 
catalyzes the transfer of an amino group from alanine to ketoglutarate with the 
formation of glutamate and pyruvate. ALT activity is measured by using 
optimized ultraviolet-test according to IFCC (Moss and Henderson 1999). 
Serum alkaline phosphatase (ALP) belongs to a group of enzymes that catalyze 
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the hydrolysis of various phosphomonoesters at an alkaline pH. Consequently, 
ALP is a nonspecific enzyme capable of reacting with many different 
substrates. Specifically, ALP functions to liberate inorganic phosphate from an 
organic phosphate ester with the concomitant production of an alcohol. ALP 
activities are measured by kinetic photometric test, according to International 
Federation of Clinical Chemistry and Laboratory Medicine (ERASLAN, et al 
2007). 

DATA ANALYSIS 

Data were analyzed using SPSS program (statistical package for social 

sciences Inc. Chicago, Illinois). Means were compared by independent-sample 
t-test. A difference was considered significant at probability P ≤ 0.05. 

RESULTS 

Table 1 demonstrates the average weekly body weight of control and 
experimental groups. It is obvious that control animals showed a progressive 
increase in body weight with the lapse of time. Gradual increase in the body 
weight of rats treated with electromagnetic field in addition to vitamin C or E 
has been noticed. Table 2 showed the different effects on the hematological 
parameter after exposure of rats to an electromagnetic field alone and after 
exposure to an electromagnetic field accompanied with the treatment by 
vitamin C and E. Data  showed that the electromagnetic field exposure caused 
a general elevation in the total leukocytic count and lymphocyte percentage 
recording 19.8% and 25.6% respectively as compared to the controlled level. 
However, electromagnetic field exposure and treatment by vitamin C caused an 
increase in the total leukocytic count and lymphocyte percentage by 7.8% and 
10.2% respectively as compared to the controlled group and others treated with 
vitamin E showed an increase in total leukocytic count and lymphocytic 
percentage by 7.9% and 15.1 % respectively as compared to the controlled 
group. 

 

 

 



AAMJ, Vol. 8, N. 3, Sep, (Suppl), 2010 
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

74 

 

Table 1: Effects of electromagnetic field exposure and treatment of 
vitamin C or Eon the body weight of albino rats 

Experimental 

period 

Body weight (g) of albino rats 

Control 

N = 6 

EMF 

N = 6 

EMF + 
vitamin C 

N = 6 

EMF + 
vitamin E 

N = 6 

The beginning 
of 

the 
experiment 

120±0.15 122±0.20 121±0.19 124±0.18 

1 week 

%change 

P 

124.67±0.15 108.5±0.11 

–13% 

<0.05 

129.67±0.17 

4% 

> 0.05 

131.84±0.13 

5.75% 

> 0.05 

2 week 

%change 

P 

140.11±0.19 114.50±0.16 

–18.3% 

<0.01 

151.28±0.14 

8% 

>0.05 

158.61±0.17 

13.2% 

<0.05 

 

All values expressed as mean ± S.E.; non significant differences at P > 0.05; 
significant differences at P ≤ 0.05; highly significant differences at P ≤ 0.01. 

On the other hand, the red blood cell (RBC) count showed a significant 
decrease upon electromagnetic field exposure recording 12.2% reduction 
compared to the control level. However, after rats exposed to electromagnetic 
field and treatment by vitamin C or vitamin E, the RBC increased by 6.9% and 
8.9% respectively as compared to the control level. In general, the effect of 
electromagnetic field on hemoglobin and hematocrit value (HB) significantly 
decreased to 14.9% and 20.8% when compared to the control level 
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respectively. Mean corpuscular volume (MCV) and mean corpuscular 
hemoglobin (MCH) decreased in response to electromagnetic field exposure 
recording 9.8% and 3.0% respectively compared to the control level. However, 
after treatment with vitamin C, the values of MCV and MCH decreased by 
17.2% and 15.3% respectively compared to the control level  while other rats 
treated with Vitamine E showed decrease in MCV and MCH by 17.8 % and 
16.1% (Table 2). Electromagnetic field exposure caused generally an increase 
in the mean corpuscular hemoglobin concentration (MCHC) with a value of 
7.51% compared to the control level. However, MCHC decreased by 2.3% 
compared to control group after exposure to electromagnetic field and 
treatment with vitamins. 
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Table 2: Effect of electromagnetic field exposure on blood indices in albino 
rats and therapeutic action of vitamin C or E 

Parameter Control 
N = 6 

EMF 
N = 6 

EMF + 
vitamin C 
N = 6 

EMF + vitamin 
E 
N = 6 

Monocytes 
(103/mm3) 
%Change 

13.50±0.05 10.4±0.25 
–23.0 

12.50±0.20 
–7.4 

16.8±0.27 
24.4 

WBC 
(103cell/μL) 
%Change 
P 

5.10±0.13 6.11±0.11 
19.8 
<0.01 

5.50±0.10 
7.8 
> 0.05 

5.80±0.13 
13.7 
<0.05 

Lymphocytes 
%Change 
P 

66.5±1.15 83.5±1.50 
25.6 
<0.001 

73.30±1.45 
10.2 
0.05 < 

56.1 
–15.10 
<0.001 

RBC (106 
cell/μL) 
%Change 
P 

6.98±0.9 6.13±0.12 
–12.2 
<0.05 

7.46±0.8 
6.9 
> 0.05 

7.60±0.15 
8.9 
> 0.05 

HB (g/dL) 
%Change 
P 

14.8±0.40 12.6±0.50 
–14.9 
<0.05 

13.4±0.30 
–9.5 
> 0.05 

12.30±0.20 
–16.9 
<0.05 

Hematocrit 
%Change 
P 

45.20±1.50 35.8±1.33 
–20.80 
<0.001 

40±1.45 
–11.5 
<0.05 

39.6±1.10 
–12.39 
<0.05 

MCV (fL) 
%Change 
P 

64.76±0.2 58.40±0.3 
–9.82 
> 0.05 

53.62±0.41 
–17.2 
<0. 01 

52.11±0.35 
–19.5 
<0. 01 

MCH (pg) 
%Change 
P 

21.20±0.15 20.56±0.18 
–3.0 
> 0.05 

17.96±0.20 
–15.3 
<0. 01 

16.18±0.25 
–23.7 
<0. 01 

MCHC (g/dL) 
%Change 
P 

32.74±0.11 35.20±0.16 
7.5 
> 0.05 

33.5±0.10 
2.3 
> 0.05 

31.06+±0.17 
–5.1 
> 0.05 

Platelets 
(103/μL) 
%Change 
P 

375.16±2.50 627±2.61 
67.1 
<0.001 

417±4.30 
11.2 
<0.05 

569.11±5.18 
51.7 
<0.001 

All values expressed as mean ± S.E.; non significant differences at P > 0.05; 
significant differences at P ≤ 0.05; highly significant differences at P ≤ 0.01. 
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Electromagnetic field exposure caused a significant increase in blood 
platelet (PLT) count with a value of 67.14% compared to the control level. 
However, after exposing the rats to the electromagnetic field and treating them 
with vitamin C or E, the PLT count increased by 11.15% and 51.70% 
respectively compared with control level. Table 3 shows the effect of 
electromagnetic and treatment of vitamin C and E on liver enzymes. Activities 
of serum asprate aminotransferase (AST), alaninaminotransferase (ALT) and 
alkaline phosphatase (ALP) were increased significantly following 
electromagnetic fields exposure to rats for two weeks. However, these 
activities were reduced after the treatment by vitamin C or vitamin E when 
compared to rats exposed to electromagnetic fields only. However, the AST, 
ALT and ALP enzymes activities remained high in all treatment groups as 
compared to control group. Vitamin E was more effective in reducing the 
elevation of ALT, AST, and ALP. 

Table 3: Serum ALT, AST, and ALP activities in albino rats after 
exposure of electromagnetic field and the therapeutic action of vitamin C 
or E for 2 weeks 

Parameter Control 
N = 6 

EMF 
N = 6 

EMF + 
vitamin C 
N = 6 

EMF + 
vitamin E 
N = 6 

ALT (U/mL) 
% change 
P 

35.91 ± 1.40 61.30+1.75** 
70.7% 
<0.001 

53.69 ±1.80* 
49.5% 
<0. 001 

48.15 ±1.78* 
34.1% 
<0. 001 

AST (GPT) 
(U/mL) 
% change 
P 

39.11 ± 1.44 56.7±1.35* 
45% 
<0. 001 

48.16 ±1.36* 
23.1% 
<0.001 

45.90 ±2.50* 
17.4% 
<0. 01 

Alkalinephos 
(U/mL) 
% change 
P 

62.8 ± 1.80 73.33±1.76* 
16.8% 
<0. 01 

68.10 ± 1.70 
8.4% 
> 0.05 

63.76 ± 1.54 
1.5% 
> 0.05 

 
All values expressed as mean ± S.E.; non significant differences at P > 0.05; 
significant differences at P ≤ 0.05; highly significant differences at P ≤ 0.01. 
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DISCUSSION 

In our experiment, we noticed the decrease in the body weight 
following electromagnetic field exposure which agrees with the results of 
(Mathewson et al. 1999) observed that the body weight changes when rats 
exposed for long-term exposure to electromagnetic fields with a well-defined 
frequency. However, they have noticed an increase in the body weight. 
However, this does not agree with the results obtained by ( González-Riola et 
al 1997) in which the authors indicate that there is no significant difference in 
the initial and final body weight. The exposure of rats to electromagnetic field 
alone exhibited a general increase in WBCs (leukocytosis), MCHC and platlet 
count of albino rats. Leukocytosis was manifested by lymphocytosis. The 
increase in lymphocytes may be due to the harmful action of electromagnetic 
field exposure that stimulates the haemopoietic system to release more 
lymphocytes causing an increase in their number in the blood stream. It has 
been shown that long-term intermittent exposure to electromagnetic field (RF) 
can enhance the probability that mice carrying a lymphomagenic oncogene will 
develop lymphomas. Significant decline was recorded related to RBCs, HB, 
and HT, MCV and MCH compared to the control group. Our findings agree 
with previous studies done by ( Forgács 2006)and (Roberts et al.1986) in 
which results show that several haematological variables are sensitive to 
RF/MW exposure. Those included white blood cell count, differential white 
blood cell count, platelet levels, red blood cell count, mitotic index of 
haematopoietic stem-cells, as well as haematocrit, haemoglobin and bone 
marrow megakaryocytes. According to these authors, changes in the above 
parameters repeatedly occurred after either short- or long-term MW/RF 
exposures, regardless of the power density of the electromagnetic field. In 
contrast, (Rotkovska et al. 1993) found no differences in the total erythrocyte 
count between irradiated and nonirradiated mice, although she reported a 
statistically significant decrease in total leukocytes in the exposed animals. Her 
analyses of blood smears showed a lower percentage of granulocytes in 
irradiated mice than in controls. The experimental group was exposed to 34 
GHz MW radiation with a power density of 20 μW/cm2. (GOLDSMITH, J.R. 
1997) described changes in red and white blood cell count in rats exposed to 13 
mW/cm2 power density MW fields. Serum transaminases (AST& ALT) and 
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alkaline phosphatase (ALP) exhibited significant increase in electromagnetic 
field treated rats compared to the control group in agreement with a study done 
by (MOUSSA, 2009 ). Both alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST), as reported, are specific liver enzymes that increase in 
hepatic diseases and toxic damage of liver cells (PASHOVKINA, et al 2001). 
Glucocorticoids also enhance transamination processes. Increased aspartate 
aminotransferase levels can however occur in connection with damages of 
heart or skeletal muscle as well as of liver parenchyma (VOZAROVA, B., N et 
al 2002). The activities of these enzymes were reduced after the treatment by 
vitamin C or E when compared to the control group. The electromagnetic field 
which induced oxidative stress has lowered. 

CONCLUSIONS 

The work of this paper aimed to study the effect of electromagnetic field with 
900 MHz frequency generated from GSM antenna on the body weight, blood 
indices and some liver enzymes of albino rats. In this work, we also investigate 
the possible protective effect of vitamin C or E on the albino rats while 
exposing to electromagnetic radiations. Our results indicated that the weight, 
the blood parameters and the serum activities (ALT, AST, and ALP) of albino 
rats have been affected by electromagnetic field exposure. However, most of 
these changes showed signs of improvements with vitamin C or E treatments 
compared to electromagnetic field exposure alone.  
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تأثير حقل التليفون المحمول على وزن الجسم وانزيمات الكبد ومؤشرات الدم والدور 
 الوقائى لبعض مضادات االكسده فى الفئران البيضاء

محمد فتحى على عساسه / د  

الطب الشرعى والسموم االكلينيكية كلية الطب جامعة االزھر قسم  

على االثار الضارة للحقل االشعاعى المعناطيسى المنبعث من التليفون  تم عمل ھذة الدراسة للتأكيد 
المحمول على معدل النمو فى الجسم وكذلك تاثيره على الكبد من خالل الكشف على بعض انزيمات 
الكبد وأيضا تأثيره على مؤشرات الدم بالكشف على كرات الدم الحمراء وكرات الدم البيضاء والصفائح 

الھيموجلوبين فى كرات الدم الحمراء ومن ناحية أخرى تم معالجة بعض المجموعات الدموية ونسبة 
لمعرفة اذا كان لھم تأثير وقائى لتأثير الحقل ) ھ فيتامين ج و فيتامين ( ببعض مضادات االكسدة 

  .االشعاعى المغناطيسى المنبعث من التليفون المحمول 

ينو البيضاء وتم وضعھم فى أقفاص بالستيكية لتجنب فأر من فصيلة ألب 24وقد تمت ھذة الدراسة على 
  أى تاثير معدنى مساعد أو مجھض للحقل المغناطيسى وقسمت ھذة الفئران الى أربعة مجموعات 

  المجموعة الضابطة  -1

 2 – مجموعة تعرضت للحقل االشعاعى المعناطيسى

  مجموعة تعرضت للحقل االشعاعى المعناطيسى وعولجت بفيتامين ج -3

  ھ مجموعة تعرضت للحقل االشعاعى المعناطيسى وعولجت بفيتامين  -4

وقد أظھرت النتائج فى الفئران التى تعرضت للحقل االشعاعى المغناطيسى  نقص ملحوظ فى معدل 
النمو وزيادة ملحوظة فى انزيمات الكبد وايضا زيادة ملحوظة فى عدد كرات الدم البيضاء والصفائح 

  نقص ملحوظ فى عدد كرات الدم الحمراء وفى نسبة ھيموجلوبين الدم  الدموية  وايضا اظھرت

تحسن ملحوظ فى معدل النمو وانزيمات ھ  كما أظھرت النتائج فى الفئران المعالجة بفيتامين ج وفيتامين 
  الكبد ومؤشرات الدم 

   

  

 


