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INTRODUCTION

Purpose: To study the effects of 10 GHz microwave (MW) exposure on
hematological changes in Swiss albino mice and possible modulatory role of
Prunus domestica fruit extract (PDE). Materials and Methods: Mice were
exposed to 10 GHz (Giga Hertz) microwaves with the power density of 0.25
mW/cm? (milliwatt per centimeter square) with average whole body specific
absorption rate (SAR) 0.1790 W/kg(watt per kilogram) daily for 2 hours per
day (h/day) for 30 days. For this purpose mice (6 — 8 weeks old) selected
from an inbred colony were divided into three groups: Group I: (Sham
exposed) Mice of this group served as control they were placed in plexi glass
cage without energizing the system for 2h/day for 30 consecutive days.
Group II: (Microwave exposed) Mice of this group were exposed with
microwaves 10 GHz for 2 h /day for 30 consecutive days. Group I1I: Mice of
this group received 500mg/kg/b.wt (milligram per kilogram body weight) of
PDE orally once daily 1 hour before exposure t010 GHz (2 h/day) for 30
consecutive days. After exposure mice blood samples were collected from
mice of all the groups and analysis of the blood samples was carried out.
Results: MW exposure resulted in significant decrease (P < 0.001) in
hemoglobin, monocytes, packed cell volume, red blood cells, mean
corpuscular hemoglobin and mean corpuscular hemoglobin concentration
whereas, white blood cells, lymphocytes, erythrocyte sedimentation rate and
mean corpuscular volume increased significantly (P <0.001) in MW exposed
mice compared to the sham exposed. Cholesterol, alkaline phosphatase and
lipid peroxidation also increased significantly (P < 0.001) after MW
exposure compared to sham exposed mice. Depletion was noted in blood
sugar, total protein, acid phosphatase and glutathione level after microwave
exposure compared to sham exposed mice. Histopathological alterations in
blood cells were also noted. Signs of improvements in the hematological and
histopathological parameters were recorded in Group Il where PDE was
supplemented prior to exposure. Conclusion: MW exposure has influence
on the hematological parameters which could be ameliorated by
supplementation of PDE.

Copy Right, IJAR, 2013,. All rights reserved.

Electromagnetic fields (EMF) are an integral part of our existence. Every electronic equipment used by us in day
to day life produces electromagnetic fields (Ongel et al, 2009). Despite of benefits electromagnetic fields can
affect living organisms (Hood, 2001). Not only animals, the electromagnetic irradiation can also affect growth of
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plants and microorganisms (Tadevosian et al, 2007). Use of wireless communicating devices is increasing at an
exponential rate in present time and is raising serious concerns about possible adverse effects of microwave (MW)
radiation emitted from these devices on human health. MW at X- band lies in frequency ranging from 8-10 GHz
(Gigahertz) and is widely used in communication systems for civil and military application devices such as
aircraft, weather forecast system and various types of radars. The 10 GHz band is the easiest microwave bands to
get on primarily because of its proximity to frequencies heavily used by different radars and the resulting
equipment availability. Its increased usage in occupational environment has caused potential threat to human
health, resulting in growing public concern. This has attracted a great deal of attention as evident by increased
number of research publications. (Jauchem 2008, Ballardin et al. 2011, Shakya et al. 2011, Kumar et al. 2012,
Sharma et al. 2013, Sisodia et al. 2013).

EMF has been reported to affect a wide range of other basic cellular functions. These effects include cell
proliferation, the cell cycle (Zhang et al 2013), protein synthesis (Gerner et al 2010), gene transcription and
expression (Zhao et al 2007), neurite outgrowth (McFarlane et al, 2000) and tissue damage in different organs of
the experimental animals (Zare et al. 2007, Khayyat and Abou-zaid 2009). Gagnon et al 2000, observed gender
specific immune response, histological changes, and hematology gender differences in experimental mice. The
effect of microwave radiations on biological systems is primarily identified as due to an increase in temperature
i.e. thermal (Stuchley 1988) though non thermal effects have also been identified (Paulraj and Behari 2004).
Experiments have pointed enhancement of the presence of free radicals after electromagnetic field exposure
(Yoshikawa et al. 2000; Kumar et al. 2010).

Free radicals generated during pathological processes may cause acute or chronic tissue damage (Salvemini and
Cuzzocrea 2002). Excessive production of free radicals specifically reactive oxygen species (ROS), have also been
reported in wide variety of clinical disorders and environmental stress (Galli et al. 2005, Houten et al. 2006). The
balance between production and neutralization of ROS levels can increase dramatically, which may cause damage
to cell structures leading to behavioral, histopathological and biochemical alterations (Desai et al. 2009).
Researches have confirmed that an adequate intake of antioxidant rich diet helps to prevent these degenerative
disorders because food rich in antioxidants play an essential role in the prevention of many diseases viz
cardiovascular diseases cancers and neurodegenerative diseases.

Studies undertaken in our laboratory have shown that the fruits viz. Grewia asiatica, Prunus avium and Prunus
domestica particularly rich in anthocyanin and other antioxidants possess the radio protective efficacy against
gamma rays (Sharma and Sisodia 2010; Sisodia et al, 2011, Sharma and Sisodia 2012). Other studies (Aweda et
al, 2011; Aziz et al, 2012) have also evaluated the role of oxidative stress and ameliorative effect of antioxidant
vitamins in microwave induced oxidative damage, but there is still paucity of information on the modulatory effect
of herbal antioxidant against MW radiations. Therefore, the study was undertaken to evaluate the modulatory role
of antioxidant rich fruit Prunus domestica (Family Rosaceae) commonly known as Alu bukhara, against EMF
which has been used as a traditional medicinal food in humans to enhance immunity against infectious agents.
Plums are fruits rich in phenolic compounds, characterized by relatively high antioxidant activity, higher than e.g.
oranges, apples or strawberries (Kayano et al. 2002, Leong and Shui 2002).The fruit contain anthocyanins (type
cyanidin-3- glucoside and cyanidine-3-rutinoside), flavanols (catechin) (Los et al. 2000) and 3-caffeoylquinic acid
(Jaiswal et al, 2013). According to nutrient database, 100 grams(g) of edible portion of fruits of Prunus domestica
has protein 0.7 g, fat 0.5 g, carbohydrate 11.1 g, minerals and fibre 0.4 g, calcium 10 milligram (mg), phosphorus
12 mg, iron 0.6 mg, magnesium 147 mg, sodium 0.8 g, potassium 247 g, copper 0.13 g, sulphur 33 mg, carotene
(Vitamin A) 166 micro gram (pg), thiamine (Vitamin B1) 0.04 mg, riboflavin (Vitamin B) 0.1 mg, niacin 0.3 mg,
vitamin C 5 mg and oxalic acid 1 mg (Goplan et al. 2000). Therefore, the present investigation has been
undertaken to study the effects of 10 GHz microwave exposure in hematological and serum biochemical
parameters of Swiss albino mice and possible modulatory role of PDE against these 10 GHz induced damages.

MATERIALS AND METHODS

Experimental animals

Adult male Swiss albino mice, 6-8 weeks old and weighing 25+2 grams were used for the present study. Initially the
mice were procured from Central Drug Research Institute (CDRI), Lucknow, India and maintained in the animal
house as an inbred colony as per the norms established by Institutional Animal Ethical Committee (IAEC). The
animals were housed in clean polypropylene cages and maintained under controlled conditions of temperature (25
+1.5°C) and light (12 hours light: 12 hours dark). They were maintained on standard normal diet obtained from
Hindustan Lever, Delhi, India and water ad libitum.

10 GHz exposure system, exposure conditions and dosimetry
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Mice were divided into three groups consisting of 10 mice in each group. Two mice were housed at a time in a
rectangular partitioned cage made of plexiglass which was well ventilated with holes of 1 centimeter (cm) diameter.
The dimensions of the cage (4.5x9x9cm) were such that animals were comfortably placed, though they could not
move. The horn antenna was kept in H (Magnetic field) plane configuration. Therefore electric field was
perpendicular to the ground surface. Field was almost uniform because the dimension of the cage is of the order of
wavelength. At near field distance from the horn antenna, power density measured was 0.25 mW/cm? (milliwatt per
centimeter square) which was maximum. Every day, the cage with mice was placed in the same position facing the
horn antenna. The mice were exposed with 10 GHz MW radiation source through the antenna for 2 h/ day (hours/
day) for 30 consecutive days as shown in Figure 1. The whole microwave exposure system was procured from
Wavetech, Faridabad, Haryana, India.

The emitted power of microwaves was measured by a power meter which is a peak sensitive device (RF power
sensors 6900 series and infra red (IFR) 6960 B RF power meter; made of Aeroflex Inc., Wichita, Kansas, USA). A
similar experiment was performed with sham exposed animals without energizing the system. The power density at
the cage location was 0.25 mW/cm? and the SAR was calculated as 0.1790 W/Kg (watt / kilogram) based on one
animal.

Plant material and extraction procedure

Fresh fruits of Prunus domestica were washed, shade dried, and powdered after removal of seeds. Methanolic
extract was then prepared by refluxing for 48 hours (4 x 12) at 40°C. The extract thus obtained was vacuum
evaporated so as to get it in powdered form. The extract was re dissolved in double-distilled water (DDW) just
before the oral administration. For the various concentrations, a known amount of PDE was dissolved in DDW. The
mice were given 500 mg/kg body weight of PDE by oral gavage.

Experimental design

Mice were dived into three groups:

Group I: Sham exposed (Control)Mice of this group which served as control were kept in a plexi glass cage and
placed symmetrically along the pyramidal horn antenna aperture connected with klystron power supply without
energizing the system for 2 hours/day for 30 consecutive days.

Group Il: Microwaves exposed

Mice of this group were exposed with microwaves 10 GHz for 2 hours/day for 30 consecutive days.

Group Il1I: (PDE treated +MW exposed)

Mice of this group received 500mg/kg/b.wt. of Prunus domestica extract (PDE) once daily 1 hour before exposure
to 10 GHz pulsed density (2hr/day) for 30 consecutive days.

Collection, preparation of smear and quantification of blood samples

At the end of experiment blood samples of mice of all the groups were collected making cut on the vein of tail. For
the hematological analysis, blood sample was received at a tube containing dipotassium ethylene diaminetetra
acetate (EDTA) to stop it from clotting as recommended by Dacie and Lewis, 2006. Hemoglobin (Hb) content (gm
%) of each animal was estimated by Sahli’s hemoglobinometer. Hematological parameters like total red blood cells
(RBC), total white blood cells (WBC), differential white blood cells, mean cell volume (MCV), mean cell
hemoglobin (MCH), mean cell hemoglobin concentration (MCHC), platelet count, were estimated on fully
automated fluorescence flow cytometry 5-part different analyzers (Sysmex XS800i, Japan). PCV % was measured
by the use of micro hematocrit method and erythrocyte sedimentation rate (ESR) was obtained using Wintrobe’s
method. In addition, for biochemical analysis blood sample was collected into a centrifuge tube without any
anticoagulant and centrifuged at 25000 rpm for 20 minutes. Clear serum samples were separated in glass tubes and
then they were subjected to different biochemical assays. All the biochemical assays were carried out on fresh serum
samples. Blood sugar level was determined by GOD-PAP Tinder method, measurement of total protein in serum
was done by Biuret method, estimation of total cholesterol was done by CHOD-PAP method using, determination of
alkaline phosphatase activity was carried out by kinetic method using p-nitrophenyl phosphate (p-NPP) and
estimation of acid phosphatase activity was carried out by kinetic method using a- naphthylphosphate, estimation of
of LPO and GSH was done using method of Singh et al. ( 2007).Blood smears were made and smeared slides were
then left for drying and were stained with Giemsa standard solution for microscopic examinations.

Statistical analysis
The values were expressed as mean = SEM. Statistical analysis was performed using Student’s‘t’ test.
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Results
Hematological data

MW exposure (Group 1) resulted in significant decrease in different parameters of blood viz Hb, monocytes,
PCV, RBC, MCH and MCHC compared to sham exposed mice. There was no significant change recorded in
hemoglobin percentage between the microwave exposed group (group I1) and PDE+ MW exposed group (group
I11). However, PDE was supplementation prior to microwave exposure resulted in statistically significant increases
(p< 0.001) in monocytes, PCV, RBC, MCH and MCHC. WBC, platelets, lymphocytes, ESR and MCV were found
to be increased significantly (P< 0.001) after microwave exposure (group II) compared to sham (group I) but
supplementation of PDE prior to exposure (group I11) was not able to improve the parameters i.e. the presence of
PDE was unable to restore the damage caused by microwave exposure. However, lymphocyte percentage was
significantly decreased with PDE supplementation.

Table 1: Variations in the different hematological parameters in the blood of Swiss albino mice in the
presence /absence of Prunus domestica extract (PDE).

Parameters Sham Exposed MW Exposed PDE+MW Exposed
N=10 N=10 N=10
Group | Group 11 Group I

Hb % gm/dl 11.06+0.03 10.08+0.01" 10.15+0.04***

WBC th/mm?® 5.51+0.06 6.25+0.01" 6.460.10***

Platelet lakh/mm3 0.94+0.01 1.48+0.09" 1.45+0.0.7%**

Lymphocytes % 35.3+0.01 39.31+0.03 34.95+0.16*

Monocyte % 3.57+0.06 2.41%0.08 3.14+0.06*

PCV % 45.47+0.06 40.13+0.01 41.83+0.60*

TRBC mil/cu-mm 5.7+0.06 3.48+0.01" 5.65+0.05*

ESR % 38.20+0.03 38.78+0.07***
36.56+0.03

MCV (pg) 48.16+0.06" 48.56+0.16***
47.18+0.05

MCH (pg) 15.44+0.08 16.09+0.13*
16.13+0.01

MCHC (pg) 33.66+0.08 34.1+0.04*
34.27+0.13

All values are expressed as mean + S.E.M
Significance levels: *= highly significant differences at p<0.001.
**=gignificant differences at p<0.01

***= non significant differences at p < 0.05
Statistical comparison: Sham exposed Vs. MW exposed. MW exposed Vs PDE+ MW exposed.
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Biochemical assays

MW exposure resulted in significant decrease (p< 0.001) in blood sugar, total protein, acid phosphatase and GSH
levels compared to sham exposed mice. PDE supplementation prior MW exposure resulted in significant
elevations (p< 0.001) in the levels blood sugar and total protein compared to exposed mice. Microwave exposure
resulted in significant changes in levels of acid phosphatase and GSH which could not be modulated by PDE
supplementation.

Significant increase in levels of cholesterol, ALP and LPO were noticed in MW exposed mice compared to sham
exposed mice. Supplementation of PDE prior MW exposure (group Ill) decreased the elevated levels of
cholesterol, ALP and LPO.

Table 2: Variations in the different serum biochemical parameters in the blood of Swiss albino mice in the
presence /absence of Prunus domestica extract (PDE).

Parameters Sham Exposed MW Exposed DE+MW Exposed
N=10 N=10 N=10
Blood sugar mg/dl 123.7+0.5 111.4+0.42 " 119.31+0.05*
Total Protein mg/gm of 8.45+0.07 6.45+0.01" 7.58+0.19*
tissue
Cholestrol mg/di 130.4+0.63 140.1+0.37 1" 116+0.57*
Acid Phosphatase 1U/L 4.34+0.04 1.2 +0.06~ 1.2940.06***
ALP IU/L 88.9+0.52 94.9+0.84 92+0.54*
LPO (nano  mole 111.4+0.42 123.7+0.5" 102.66+0.02*
MDA/mI of protein)
GSH (nano mole /ml) 8.43+0.07 7.38+0.01° 7.94+0.02%**

All values are expressed as mean + S.E.M.

Significance levels: *=highly significant differences at p< 0.001

**=sjgnificant differences at p<0.01

***=non significant differences at p < 0.05

Statistical comparison: Sham exposed Vs. MW exposed. MW exposed Vs PDE+ MW exposed.

Histopathological observations
Observation of the blood smear of sham exposed group (group 1), revealed normal RBCs viz. format disc shaped
having regular amount of hemoglobin (Fig 2). The blood smear of MW exposed group (group Il) showed
poikilocytosis in the erythrocytes, erythrocytes became distorted in shape some of the cells were found to be
staked next to each other (Fig 3). Blood smear of PDE+ MW exposed group (group Ill) in the present
investigation showed normal shape of the erythrocytes but with hyper pigmentation (Fig 4).
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Figure 1: Sketch of the experimental arrangement of 10 GHz microwave source
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Figure 2: Geimsa stained blood smear of mice of sham exposed mice, showing normal appearance of
erythrocytes. (100 x magnification).

Firgure 3: Geimsa stained blood smear of MW exposed mice showing hemolysed (H) and distorted (D)
erythrocytes with abnormal blood smear (100 x magnification).
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Figure 4: Geimsa stained blood smear of MW exposed mice showing overall better picture of blood smear
with hyperchromic (HC) erythrocytes with almost normal shape (100 x magnificz@n).

L

Discussion

Measurements of blood parameters are the most important means to determine the health status of experimental
animals. Blood and blood parameters are believed to be one of the primary particles that come in contact with RF
/electromagnetic field (EMF). Blood, comprised of ions are likely to react with induced EMF generated by EMF
charges.

The present study reported that MW exposure results in a significant decrease (p< 0.001) in the hematological
constituents of blood viz. Hb, monocytes, PCV, TRBCs, MCH and MCHC) compared to sham exposed group.
The depletion in the values of hematological parameters following MW radiation exposure may be attributed to (a)
direct damage caused by lethal dose of radiation (b) due to overproduction of ROS by MW interactions (Sisodia et
al, 2013). Changes in hematological parameters may be attributed to inhibition by free radicals produced by MW
interactions, while the antioxidants present in PDE have suppressed these harmful effects by scavenging some of
the free radicals. Higher values may be possibly due to accelerated hematopoietic regeneration.

In the present investigation the increase in lymphocytes may be due to the harmful action of MW exposure that
stimulates the hematopoietic system to release more lymphocytes causing an increase in their number in the blood
stream. Aziz et al, 2010 also have reported an increase in lymphocytes in cases of anemia, specifically macrocytic
anemia, which arise under the influence of exposure to radiation, increased temperature, and increased resistance to
the body’s immune system. Significant increase in MCV in the present investigation corroborates the results of
(Abdolmaleki et al, 2013 Sisodia et al, 2013) and rejects the results of Yousefi, 1996.

Results of the present research are contradictory with the results of Zsolt et al 2006, who noted increase in RBC and
PCV values after mice exposure for 2 weeks for 2 hours per day. Mean corpuscular hemoglobin (MCH) has medical
importance in the diagnosis of some types of anemia, which indicates the decrease in the value of MCH on the
disease of anemia caused by iron deficiency (Althbyta, 2002). Our findings agree with previous studies done by
Forgacs et al, 2006 who reported that several hematological variables are sensitive to RF/MW exposure. 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. Rotkovska et al, 1993 reported no
differences in the total erythrocyte count between irradiated and non irradiated mice, although she reported a
statistically significant decrease in total leukocytes in the exposed animals. Supplementation of PDE before
exposure could modulate these parameters. Some of the parameters investigated by Aziz et al, 2010 showed a
significant increase in some blood parameters of WBC, MCV, blood platelets and a significant decrease in RBC,
HB, MCH and MCHC in EMF exposed mice compared to control mice they also reported that supplementation of
vitamin C and vitamin E also modulated the effects of electromagnetic radiations in blood of Swiss albino mice.
Similarly, the effect of broadband EMF exposure on mice reported by Gagnon et al, 2002 also shows effects on
hematological parameters. Our results are in agreement with the findings of Hassan, 2011 who reported that MW
exposure of female rats caused a significant decrease in total serum protein, total RBC count, PCV% and Hb
concentration as well as significant increase in total cholesterol and total WBC count. Although these results
contradict those found by Amara et al, 2006 who reported significant increase in the above parameters viz. RBC,
WBC, PCV, MCV, MCHC they hypothesized that action of SMF on the geometrical conformation of hemoglobin
was reinforced by the fact that static magnetic field (SMF) induced a prominent effect on hemoglobin structure.
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Serum biochemical parameters viz Cholesterol, ALP and LPO were found to be significantly increased (p< 0.001) in
MW exposed mice compared to sham exposed. MDA a product of lipid peroxidation was found to increase during
10 GHz induced oxidative stress. High levels of serum MDA in 10 GHz exposed mice indicate that MW enhances
LPO and produces oxidative stress by producing free radicals as reported earlier (Sisodia et al, 2013; Faiza et al,
2013). Kula et al 2002 also reported significant increase in malondialdehyde (MDA) level and lowered GSH-Px
activity after exposure to electromagnetic field. In the present study, it was observed that PDE treatment
significantly lowered the microwave radiation-induced elevated levels of LPO in terms of malonaldehyde. The
inhibition of LPO in biomembranes can be caused by antioxidants. Earlier studies also showed that whole-body
radiation significantly increased LPO contents of mice spleen (Manda and Bhatiya, 2003) and in blood serum (Singh
et al. 2007; Sisodia et al. 2008) which can be modulated by supplementation of exogenous substances. Free radicals
damage various tissue components and the question of whether oxidative stress is a major cause of hematological
damage remains equivocal.

The depletion in GSH content after exposure to MW radiation noted in the present study in blood serum may be due
to the reaction of GSH with free radicals resulting in the formation of thiyl radicals that associate to produce
glutathione disulfide (GSSG) (Ballatori et al 2009). Moreover, the availability of GSH can also be limited by
deficiency in synthesis, enhanced efflux, or inefficient reduction of GSSG (Chatterjee, 2013). In the normal
condition, the cells are intact and healthy and GSH is restored by synthesis but in the irradiated animals, normal
synthesis and/or repair is disrupted due to damage to DNA and membranes.

Decrease in serum transaminases alkaline phosphatase (ALP) in microwave treated mice compared to the sham
exposed group is in agreement with the results of Moussa, 2009. The reason behind increased activity of serum
alkaline phosphatase remains unknown.

Increased cholesterol levels, in our study after MW exposure are contradictory to the results found by Sedghi et al.
2006 in guinea pigs. In our study, PDE-treated mice showed a marked decline in increased level of cholesterol
compared to the exposed group which may be due to free radical scavenging activity of the antioxidants present in
PDE.

Decrease in total protein concentration and increase in cholesterol in the present investigation get support from the
findings of Kula et al. 2002 who also reported a significant decrease in total serum protein and cholesterol level.
This decrease in MW exposed group, may be probably due to lysis or inhibition of protein synthesis, or may be by
the depression of enzymes involved in the activation; this could be due to excessive damage to the genetic
machinery. Increased protein concentration in the present study after PDE supplementation may be due to improved
ribosomal activities, which enhance protein synthesis. Several studies (Finn et al, 2006; Vangdal and Slimestad,
2006) reported that purified anthocyanins increase low-density lipoprotein and plasma cholesterol. Study indicated
that the mechanism by which anthocyanin promotes cholesterol efflux from macrophages is relevant to the
regulation of PPAR-LXR-ABCAL1 activation. However, more work is needed to demonstrate whether anthocyanin
directly or indirectly induced activation of the PPAR-LXR-ABCAL pathway (Weiet al, 2005). The present study
shows a sharp decrease in amount of blood sugar following MW exposure. Higher blood sugar level in PDE-treated
group compared to sham exposed group shows that it protects the enzymatic mechanism in the liver. Flavonoids and
other phenolic compounds of plant origin have been reported as scavengers and inhibitors of lipid per oxidation.
Microscopic examination of blood smears revealed modifications in the shape and size of the erythrocytes
representing morphologic abnormality. Poikilocytosis, spherocytosis, hemolysed and distorted erythrocytes seen in
MW exposed mice (figure 3) may be due to the formation of active loci on the red blood cell membrane as a result
of interaction with free radicals thereby resulting in the alteration of shape of erythrocytes. Marked increase in the
LPO observed is also the result of altered erythrocyte morphology evident in group Il normal increase in the
number of discocytes was also observed. The protective effect of PDE could possibly be attributed to its anti per
oxidative potential, whereby, it maintains the membrane lipid composition and thus the normalization of the
erythrocyte morphology. Mariam et al 2012 also reported sticking of erythrocytes to each other due to increased
viscosity of blood, when exposed to any stimuli. Microwave exposure resulted in variation in cell shapes
(Poikilocytosis). Our results are in agreement with Dudek, 2000 who also found difference in abnormal forms of
RBCs which could be due to anisocytosis.

Conclusion

From the present study, it can be concluded microwave induced damage in blood can be reduced by
supplementation of PDE prior to MW exposure. Synergistic activity of the antioxidants present in PDE are
responsible for the protective activity noticed in the present study.
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