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Modern technology has witnessed milestone
achievements in the telecommunication industry.
However, the widespread application  of
telecommunication technology is believed to
heighten electromagnetic field (EMF) ‘pollution’ in
our environment” and subject living organisms to
various sources of electromagnetic emissions. These
emissions include; microwaves, electromagnetic
(radio) irradiations, mobile phone signals, and even
wireless internet modems. All of these may exert
subtle but significant biological effects. In the last
two decades, there has been tremendous interest in
the health effects of chronic long-term exposure to
what has previously been assumed to be a
biologically imperceptible level of electromagnetic
radiation”.

Recent studies have suggested several
implications of extended exposure to EMFs. First, the
generation of free reactive oxygen species (ROS)
through the activation of nicotinamide adenine
dinucleotide (NADH) oxidases in the plasma
membrane has been described as a possible effect of
magnetic fields in biological systemsm. Some
researchers have reported that ROS can be
beneficial, but at high levels they may cause cellular
activation which can result in both beneficial and
negative effects. Similarly, the ability of magnetic
fields to activate electron sharing processes and
affect the H-bonding of several macromolecules has
been previously described”.

Excessive exposure to EMFs can also perturb the
plasma membrane potential and alter calcium flux, a
phenomenon that impacts calcium signaling and
decreases protein kinase C (PKC) activity[4]. Various
studies have suggested that long-term exposure to
high levels of EMF stress can cause pancreatic cell
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apoptosis, mitochondrial dysfunctions, and DNA and
liver stress. Increasing EMF exposure has also been
associated with numerous health concerns’™. The
present study aimed to evaluate how moderate EMF
emissions produced by WiFi signals might affect
biochemical and hematological parameters, using
rats as a model of human health.

All chemicals and reagents used in the study
were of analytical grade and purchased from Sigma-
Aldrich Inc. (St Loius, MO), BDH Chemical Inc. (Poole
England), and Randox Inc. (United Kingdom)

The design and method of exposure to radiation
were created according to the protocol described by
Faraone et al., 2004,

Sixteen male Wistar rats (12-week old) were
used in this study. Upon arrival, the animals were
weighed and handled according to NIH guidelines
and in accordance with the guidelines of Afe
Babalola University (ABUAD) for the care and use of
laboratory animals. Feed was weighed daily and
provided in equal proportions to the four groups
with ad libitum access to water. The animals were
housed in steel mesh cages and placed
approximately 10 cm away from an installed Wi-Fi
device in a room with glass shields, which was built
to serve the University community of ABUAD, Ekiti
State, Nigeria.

The 16 male Wistar rats were randomly divided
into four (4) treatment groups of four rats each (n =
4) as follows: Control: no exposure to EMF; Week 4:
exposed to EMF for four (4) weeks; Week 6: exposed
to EMF for six (6) weeks; and Week 8: exposed to
EMF for eight (8) weeks.

At the end of each treatment period, the rats
were anaesthetized (under mild diethyl ether),
dissected, and blood samples were collected through
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cardiac puncture (these steps were performed at the
8-week mark for the control group). Tissues were
subsequently collected and placed on ice. These
tissues were homogenized in cold 0.1 mol/L Tris-HCI
buffer (1 : 10 w/v) using a Teflon homogenizer. The
homogenates were centrifuged for 10 min at 3,000 g
and the supernatants of the various tissues were
stored for further assays.

The blood samples were collected in vials
containing EDTA to measure hematological
parameters such as mean cell volume (MCV), mean
corpuscular hemoglobin concentration (MCHC),
mean cell hemoglobin (MCH), red blood cell (RBC)
count, white blood cell (WBC) count, packed cell
volume (PCV), and hemoglobin (Hb) count.

Serum total protein was determined using the
protocol devised by Peter et al.[sl, alanine
aminotransferase (ALT) and aspartate
aminotransferase (AST) were analyzed using a
procedure by Reitman and Frankel (1957)[7], and lipid
peroxidation was quantified using the method
described by Ohkawa et al’,

The specific absorption rate (SAR) of the non-
thermal exposure on the rats was calculated
according to the method described by Durney,
1980".

Data were analysed using a one-way ANOVA
(nonparametric test) (GraphPad software, San Diego,
CA, USA) followed by Tukey’s test where
appropriate. Differences were considered significant
at P<0.05.

Table 1 reveals that there were significant (P <
0.05) differences in the levels of MCH, PCV, and Hb
between the group that had the highest exposure
(week 8) and the control group. Furthermore, all the
groups exposed to the EMF showed a significant (P <
0.05) difference in their MCV levels when compared
to the control.

Figure 1 shows the observed changes in the

levels of protein concentration (g/dL) across the
EMF-exposed groups (week 4, 6, and 8) compared to
the control. Data revealed that EMF-exposed groups
had a significant (P < 0.05) increase in hepatic total
protein compared to the control. Similarly, testicular
protein levels in week 6 and 8 groups were
significantly (P < 0.05) higher than in the week 4
group and the control, whereas heart total protein
was significantly (P < 0.05) higher in the control
group compared to EMF-exposed groups.

Figure 2 reveals several variations in serum
enzymatic activities of the EMF-exposed groups
when compared to the control group. The results
show significantly (P < 0.05) reduced serum AST
activities in the week 4 and 8 EMF-exposed rats,
while a significant (P < 0.05) increase was noted in
week 6 EMF-exposed rats when compared to the
control. Similarly, a significant (P < 0.05) reduction
was noted in serum ALT activities of the EMF-
exposed rats (week 4 and 8), while a significant (P <
0.05) increase was observed in the Week 6 group
when compared to the control.

Figure 3 shows different MDA levels (umol)
produced in several tissues of EMF-exposed groups
when compared to the control group. The results
revealed a significant (P < 0.05) difference in MDA
levels produced in hepatic, testicular, and heart
tissue of EMF-exposed groups when compared to
the control.

Exposure to EMF radiation over a long period has
been shown to pose a serious threat to human
health. EMFs alter several metabolic processes in
the human body and exert various biological and
chemical effects on cells through a wide range of
mechanisms such as the disruption of cellular
structures and the excessive generation of
rOS™.

When exposure to EMFs was increased, a
reduction in multiple hematological parameters

Table 1. Effects of EMF exposure from indoor Wi-Fi devices on blood cells parameters of
8 weeks old Wistar rats for 30, 45, and 60 days

Exposure span MCV (fl) MCHC (%) MCH (pg) RBC(10°/ul)  WBC (10°/uL) PCV (%) Hb (g/dL)
control 84.50+7.41 3300+0.00 30.23+2.53  4.00+0.00 2,400+129.09  33.30+3.20 11.00+1.10
week 4 102.75£1.03° 33.00£0.00 34.00:041  3.75£0.30 2,425 +62.92 36.50+1.85 12.25%0.75
week 6 108.00+1.00° 33.00+0.00 35.75+0.25 3.25+0.30 2,525+170.17 37.00+1.41 12.50+0.50
week 8 114.75 2.50* 33.00 + 0.00 39.00 1.15* 3.75+0.25 2,475 +110.87 41.25 + 1,49* 13.75 + 0.96*

Note. The values are expressed as the mean % SD (n = 4) in each group. "P < 0.05 when compared to the
control group. MCV, mean cell volume; MCHC, mean corpuscular hemoglobin concentration; MCH, mean cell
hemoglobin; RBC, red blood cell; WBC, white blood cell; PCV, packed cell volume; Hb, hemoglobin.
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was observed due to hemodynamic effects
caused by the interaction between EMF radiation
and the arterial system. The imbalance in blood
parameters observed in the current study
(Table 1) after extended EMF exposure might
have been the direct result of EMF emissions on
the walls of red blood cells, leading to iron/foliate
deficiencym.

In addition, our study discovered a significant
alteration in the protein concentration (g/dL) among
the exposed groups (Figure 1). The fluctuation
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Figure 1. The effects of EMF radiation on the
protein concentrations (g/dL) in different
organs of EMF-exposed and control male rats.
The results are expressed as the mean + SD of
four trials (n = 4). “Indicate the significant (P <
0.05) differences within the group compared
to the control.
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Figure 2. The effects of EMF exposure on
serum enzymatic activities over a period of 4
to 8 weeks. The results are expressed as the
mean + SD of four trials (n = 4). "Indicate the
levels of significant (P < 0.05) differences in the
compared to the control.

observed in the enzyme activity from Week 4
(Figure 2) when compared to the control could be
linked to an acute stress response of the enzyme
localized tissues, which is connected with diverse
signaling mechanisms. However, a marked increase
was observed in the enzyme activity of the Week 6
EMF-exposed group, which suggests an adaptive
immune response is a result of EMF exposure[m]
Contrarily, a decline in enzymatic activity was
noted in the week 8 EMF-exposed group. The
mechanism for this phenomenon has not yet been
elucidated.

Malondialdehyde (MDA) has often been
recognized as an oxidative stress/lipid peroxidation
marker in biological systemsm. In this study, there
was a noticeable increase in the amount of MDA
generated within several groups (Figure 3). This
could have indirectly signaled oxidative stress and
cellular damage that may be linked to the
uncontrollable production of ROS within the groups
that were exposed to various levels of EMF.

In the current study, alterations were noted in
hematological and biochemical parameters of
groups exposed to a 2.5 GHz EMF emission from an
indoor Wi-Fi device over a period of 4-8 weeks. The
precise mechanism underlying these effects was not
identified in this study; however, the results
demonstrate that long-term exposure to EMFs can
induce tissue damage and alterations in biochemical
parameters.
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Figure 3. The MDA produced in umol over a
period of 4 to 8 weeks of EMF exposure.
“Indicate a statistical difference (P < 0.05) in
the EMF-exposed groups compared to the
control. The results are expressed as the mean
+ SD of four trials (n = 4).



Effects of non-ionizing electromagnetic field on rats

863

(ABUAD) for providing their full support during the

study.
“Correspondence should be addressed to Afolabi
Olakunle Bamikole, Tel: 2347061029180, E-mail:

afolabioblessed10@yahoo.com

Biographical note of the first author: Afolabi Olakunle
Bamikole, male, Master’s Degree, Biochemist, majoring in
toxicology and nanomedicine.

Received: April 6, 2019;

Accepted: September 26, 2019

REFERENCES

1. Usman AD, Wan WF, Ahmad MZ, et al. Effect of
radiofrequency  electromagnetic  field exposure on
hematological parameters of Mice. World Applied Sci J, 2012;
16, 656-64.

2. Shahin S, Singh VP, Shukla RK, et al. 2.45 GHz Microwave
Irradiation-Induced Oxidative Stress Affects Implantation or
Pregnancy in Mice (Mus musculus). Appl Biochem Biotechnol,
2013; 169, 1727-51.

3. Obajuluwa AO, Akinyemi AJ, Afolabi OB, et al. Exposure to
radio-frequency electromagnetic waves alters

10.

acetylcholinesterase gene expression, exploratory and motor
coordination linked behaviour in male rats. Toxicol Rep, 2017;
4,530-4.

Ibitayo AO, Afolabi OB, Akinyemi AJ, et al. RAPD profiling, DNA
fragmentation, and histomorphometric examination in brains
of Wistar rats exposed to indoor 2.5 GHz Wi-Fi Devices
Radiation. BioMed Res Int, 2017; 2017, 86533286.

Faraone A, Luengas W, Chebrolu S, et al. Radiofrequency
dosimetry for the ferris-wheel mouse exposure system. Rad
Res, 2006; 165, 105-12.

Peter JJ, Biamonte GT, Doumas BT. Protein (total protein) in
serum, urine and cerebrospinal fluids: albumin in serum. In
selected methods of clinical chemistry by Faulkner and
meities. AACC, 1982; 9, 317-23.

Reitman S, Frankel SA. Colorimetric method for the
determination of serum glutamic oxaloacetate and glutamic
pyruvic tranaminases. Am J Clin Pathol, 1957; 28, 56-63.
Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal
tissues by thiobarbituric acid reaction. Anal Biochem, 1979;
95, 351-8.

Durney CH. Electromagnetic dosimetry for models of humans
and animals: A review of theoretical and numerical
techniques. Proceed IEEE, 1980; 68, 33-40.

Magda H, Jeffery M. Replication of heart rate variability
provocation study with 2.5 GHz cordless phone confirms
original findings. Electromag Biol Med, 2013; 32, 253-66.


http://dx.doi.org/10.1007/s12010-012-0079-9
http://dx.doi.org/10.1016/j.toxrep.2017.09.007
http://dx.doi.org/10.1667/RR3462.1
http://dx.doi.org/10.1667/RR3462.1
http://dx.doi.org/10.1093/ajcp/28.1.56
http://dx.doi.org/10.1016/0003-2697(79)90738-3
http://dx.doi.org/10.1109/PROC.1980.11578
http://dx.doi.org/10.3109/15368378.2013.776437
http://dx.doi.org/10.1007/s12010-012-0079-9
http://dx.doi.org/10.1016/j.toxrep.2017.09.007
http://dx.doi.org/10.1667/RR3462.1
http://dx.doi.org/10.1667/RR3462.1
http://dx.doi.org/10.1093/ajcp/28.1.56
http://dx.doi.org/10.1016/0003-2697(79)90738-3
http://dx.doi.org/10.1109/PROC.1980.11578
http://dx.doi.org/10.3109/15368378.2013.776437
http://dx.doi.org/10.1007/s12010-012-0079-9
http://dx.doi.org/10.1016/j.toxrep.2017.09.007
http://dx.doi.org/10.1667/RR3462.1
http://dx.doi.org/10.1667/RR3462.1
http://dx.doi.org/10.1093/ajcp/28.1.56
http://dx.doi.org/10.1016/0003-2697(79)90738-3
http://dx.doi.org/10.1109/PROC.1980.11578
http://dx.doi.org/10.3109/15368378.2013.776437

