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Abstract: The influence of electromagnetic field exposure on puffing pattern of salivary gland polythene chromosomes, viability and fertility of
Drosophila melanogaster of the wild type Canton-S line was studied. Experimental conditions: Electromagnetic field characteristics:
frequency — 36.64 GHz, power density — 0.4 W/m?, exposure time -10 seconds. Electromagnetic field exposure was conducted on
the egg stage. Results: in larvae developed from the exposed eggs 3 of 8 chromosomal puffs tested (71CE, 82EF, and 83E) had
significantly smaller dimensions than these in control at the prepupal stage. Viability of Drosophila estimated by the number of adult
flies hatched from exposed eggs decreased, while the number of dominant lethal mutations increased. Conclusion: the exposure
to a low-level microwave irradiation suppressed puffing activity at ecdysone-inducible loci of Drosophila polythene chromosomes,
increased frequency of dominant lethal mutations and decreased Drosophila viability but did not influence Drosophila fertility.
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1. Introduction

The effects of electromagnetic fields on biological
objects are intensively studied in connection with
problems of so-called “electromagnetic pollution”
and possible medical applications of electromagnetic
fields. The investigation of such effects, especially on
the DNA and chromosomal level is of great interest. In
our previous work it was demonstrated that microwave
radiation induced a significant decrease in viability
of Drosophila assessed by counting the number of
progeny from previously exposed flies [1-4]. In scientific
literature there are different views on the possibility of
induction of mutations in Drosophila by microwaves.
No significant mutagenic effects of microwaves
(12 MHz, SAR up to 20 W/kg) on the genes controlling
eye pigmentation in Drosophila melanogaster were
detected by Hamnerius et al. [5]. Marec et al. [6]
revealed no significant mutagenic effect of microwave
radiation (frequency 29, 98.5, 146.36 and 2375 MHz,
exposure time — 5 min, intensity of irradiation in the
range from 15 to 25 W/cm?) on sex-linked recessive
lethal mutation of Drosophila melanogaster. But the

other research groups have registered a considerable
mutagenic effect of microwaves [4,7,8]. Shckorbatov
et al. [4] showed an increasing rate of dominant
lethal mutations induced by microwave radiation
(35 GHz, intensity from 30 to 265 pW/cm?, exposure
time 10 sec). The increased puffing activity and
increased mutation rate in Drosophila melanogaster
induced by 2.45 GHz microwave radiation (30-60 s)
were demonstrated by Tonomura et al. [7,8]. It should
be noted, however, that the parameters of the latter
experiments raised some concerns because a microwave
oven has been used as a source of electromagnetic
radiation. Effects of microwaves on Drosophila fertility
has been demonstrated by Atli &Unli [9,10]. The
maximum decrease in fertility of Drosophila under
microwave irradiation was observed by Zalyubovskaya
[11] when the flies were irradiated by microwaves with
a wavelength of about 7 mm, and the irradiation with
5,5 and 8 mm waves was less effective. No differences
were found in viability at larva-pupa and pupa-imago
stages, however, it was found that the mean pupation
time was delayed linearly with increasing exposure time
to electromagnetic field with frequency 10 GHz. In the
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exposed group (3 h exposure + 30 min interval + 3 h
exposure) the mean offspring number was significantly
less than that of the control [9]. The same 10 GHz
EMF exposure (with SAR approximately 9.8 mW/kg)
decreases fertility of Drosophila melanogaster causing
the decrease in the egg production [10]. Exposure of
the flies to the carrier frequency 900 MHz “modulated”
by human voice, (speaking emission), for 6 min per day
during the first 2-5 days of their adult lives, decreased
the reproductive capacity of Drosophila melanogaster by
50-60%, whereas the corresponding “non-modulated”
field decreased the reproductive capacity by 15-20%
as shown by Panagopoulos et al. [12]. In our opinion,
the described “modulation” effect may be caused by an
energy saving process in cellular phone in silence mode.
In other work by Panagopoulos et al. [13] Drosophila
flies were exposed in vivo to either GSM 900-MHz
(Global System for Mobile telecommunications) or DCS
1800-MHz (Digital Cellular System) radiation from
a common digital mobile phone, for a few minutes
per day during the first 6 days of their adult life. The
authors reported that decease in fertility was due to a
degeneration of a large number of egg chambers (follicle
cells, nurse cells and the oocyte). Microwave-induced
DNA fragmentation in the cells of the exposed flies was
found at all the stages of an early and mid-oogenesis [13].

As it was shown by Lee et al., the microwave-
induced changes in Drosophila are connected with
changes in protein kinase regulation systems namely,
electromagnetic field of frequency 835 MHz activated
extracellular signal-regulated kinase (ERK) and c-Jun
N-terminal kinase (JNK) signaling, but not p38 kinase
[14]. At SAR 1.6 W/kg mainly ERK signaling was
activated, whereas at SAR 4.0 W/kg JNK signaling was
strongly activated. In addition, SAR 4.0 W/kg increased
the number of apoptotic cells in the fly brain [14].
Exposure to microwaves (1.900 MHz; SAR - 1.4 W/kg)
of Drosophila melanogaster, during the 10-day
developmental period (60 min at 11 AM and 60 min at
4 PM daily) from egg laying through pupation increased
numbers of offspring, elevated hsp70 levels, increased
serumresponse element (SRE) DNA-binding andinduced
the phosphorylation of the nuclear transcription factor,
ELK-1 as demonstrated Weisbrot et al. [15]. Showing
an increase in fertility [15] is in some contradiction
to the data presented in [9-14]. In our opinion, the
experimental conditions in this work [15] were different
from those in [9-14]. Specifically, it is feasible that the
microwave-exposed larvae of Drosophila were exposed
to microwaves in cultural medium with high water content
that led to intensive absorption of microwave energy by
the media. As a result, the exposed larvae received only
a small part of total microwave energy.

Polythene chromosomes, typical to many of the
larval tissues of Diptera, are uniquely suited for analysis
of structural and functional activity of interphase
chromosomes. At the sites of active transcription
so-called puffs — regions of decondensation of
chromosomes — are observed. By directly measuring
puff dimensions one may assess the level of transcription
[16]. The aim of our work was to study the effects of
microwave radiation on the puffing activity of polythene
chromosomes of Drosophila melanogaser.

2. Experimental Procedures

As an experimental object, the inbred wild-type line of
Drosophila melanogaster Canton-S (CS) was used. This
stock was obtained from Drosophila collection of the
Department of Genetics and Cytology of the Kharkov
National University by courtesy of the members of the
Department of Genetics and Cytology. Flies were grown
on a standard sugar-yeast medium at 24 + 0.5°C. The
synchronous hatches of Drosophila were obtained by
the following procedure: eggs were laid during 3 hours
by 30 4-days old Drosophila females.

The eggs of Drosophila were exposed to microwaves
(frequency 36.64+0.05 GHz; power density at the surface
of exposed object — 0.4 W/m?). As a source of microwave
radiation we used a semi-conductor device constructed
on the base of Gunn diode. Irradiation was realized by
almost plane wave (15 cm from horn antenna edge);
exposure time in all experiments was 10 seconds. To
estimate SAR for eggs at the above mentioned radiation
exposure the numerical simulation of the field distribution
in eggs by FDTD method [17] was carried out. We took
into account the influence of the sugar-yeast medium and
glass test-tube. Known data about the form of Drosophila
eggs [18] was used to estimate their dielectric properties.
Drosophila egg may be described as an ellipsoid of
rotation with greater diameter 450 mm and smaller
diameter 150 mm. Its shell consists of five layers [19,20].
Overall water contents is 76% [21]. The simulation shows
that SAR distribution inside eggs is homogeneous enough;
the heating in different points differs no more than twice.
The surface of the sugar-yeast medium under an egg is
heated three times more than eggs. The average SAR
of eggs equals to 0.24 W/kg that is twice less than the
maximum SAR for one egg. The mean increase of egg
temperature under irradiation is less than 0.0008 grad,
the maximum increase in temperature is less than 0.0016
grad. It is evident that there is no significant thermal effect
in microwave exposed eggs in our experiment as well as
there is no need to account for the heat transfer from the
sugar-yeast medium.
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Puffing activity in Drosophila salivary gland giant
chromosomes was investigated by orcein staining using
the standard methodology [22] with magnification of
x 800. The puffing activity in polythene chromosomes
was evaluated in females at the 0-hour prepupal stage.
Estimation of puffs dimensions was carried out in the
chromosomes with degree of polytheny: 1024. Puffs
were localized with the aid of chromosome maps by
Briges [23]. Eight puffs were studied: 21F, 22C, 23E
(chromosome 2L), 63F, 71CE, 72CD (chromosome
3L); 82EF, 83E (chromosome 3R). The photos of these
puffs are presented in Figure 1 Dimensions (width) of
puffs were measured by the ocular micrometer and
compared with the width of adjacent chromosomal disc
not involved in the process of puffing. Puff size ratio
21F/22B, 22C/22B, 23E/24C, 63F/64B, 71CE/73A,
72CD/73A, 82EF/84A, 83E/84A was measured. The
average puff size ratio was determined in 25-40 nuclei in
each variant of the experiment, in not more than in five
nuclei in each preparation. For each experiment 5-17
larvae were used.

The Drosophila fertility was assessed by the mean
number of eggs laid by 10 Drosophila females during an
8-hour period, calculated per one fly. The experiments
were done in triplets (3 series of 10 flies each).

The frequency of dominant lethal mutations (DLM)
was determined by the standard methodology [23]
by counting eggs that ceased development. Some
of the eggs ceased their development during the first
9 hours. The frequency of such events was considered

A 21F, 22C, 23E (chromosome 2L)

AR

- -

63F (chromosome 3L)
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the frequency of early dominant lethal mutations [24].
Some eggs ceased their development in the period of
9-72 h. The frequency of such events was considered
the frequency of late dominant lethal mutations [24].
The frequency of mutations in non-exposed Drosophila
hatchings was used as a control.

The viability of Drosophila melanogaster after egg
exposure to microwaves was evaluated by the quantity
of adult insects developed from the exposed eggs in one
synchronous hatching; the experiment was repeated 3
times and each experiment consisted of triplicates. In
the control variants eggs in the synchronous hatchings
were sham-exposed.

The experimental data were processed by the
Student method. Statistical significance was assumed
for P<0.05.

3. Results

The results of the study of the influence of microwave
radiation on the puffing activity in polythene
chromosomes are presented in Figure 2.

As one can see from the Figure 2, in larvae that
developed from the exposed eggs (experiment) the
size of puffs in polythene chromosomes was reduced
as compared to unexposed (control) larvae. These
microwave-induced changes were significant in loci:
71CE (25.1% reduction of puff width, P<0.05), in puffs
82EF, and 83E, where reduction of puff width was,

C  82EF, 83E (chromosome 3R)

T1CE, 72CD (chromosome 3L)

Figure 1. Puffs in polythene chromosomes of D. melanogaster: (A) Chromosome 2L: 21F, 22C, 23E; (B) Chromosome 3L: 63F; (C) Chromosome

3R: 82EF, 83E; (D) Chromosome 3L: 71CE, 72CD.
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respectively 16.5% (P<0.05) and 15.5% (P<0.01). In
loci 21F, 22C, 23E, 63F, and 72CD the puff dimensions
were not changed significantly but, nevertheless, the
tendency for decreasing the puff dimensions was
observed in puffs 21F, 23E, 63F, and 72CD. Thus, the
results obtained in our study show mainly negative
influence of microwave radiation on the process of
transcription in polythene chromosomes of Drosophila.
In this series of experiments no significant effects
produced by microwave exposure on Drosophila
fertility was shown. In the control group the number of
eggs laid by one female during 8 h was 18.1+£0.7, in
the microwave-exposed group — 20.1+£0.7. The results
of assessment of the frequency of dominant lethal
mutations are presented in Figure 3. The experimental
data about frequency of early dominant lethal mutations
is presented in Figure 3.

As one can see from Figure 3a, the flies developed
from the exposed eggs in experiments 2 and 3 revealed
a significantly elevated level of early dominant lethal
mutations (P<0.05). In the first experiment, a tendency
for an increase in the frequency of dominant lethal
mutations was discovered. The frequency of late
dominant lethal mutations was significantly increased
in flies developed from the exposed eggs only in
experiment 2 (Figure 3b). As a result, the overall
frequency of dominant lethal mutations in Drosophila
exposed to microwaves was significantly increased
in two of three experiments (experiments 2 and 3 in
Figure 3c).

The effect of microwave radiation on the viability
of Drosophila was studied by means of counting the
number of adult flies developed from exposed hatchings,
as it is described in Experimental Procedures section.
This characteristic is integral and comprises several
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Figure 2. Effect of microwave radiation exposure on puffing pattern
in polythene chromosomes of Drosophila melanogaster.

components: viability at the egg, larval and pupal stages.
The number of male flies developed from synchronous
hatchings is presented in Figure 4a.

As it is shown in Figure 4a, the number of male
offspring is significantly less if eggs were exposed to
microwaves in two of three experiments. The number
of female offspring developed from the eggs exposed to
microwaves is also significantly less (P<0.05) than from
control hatchings (Figure 4b).
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Figure 3. Effect of the microwave radiation exposure on the
frequency of dominant lethal mutations in Drosophila
melanogaster (A - early dominant lethal mutations,
B - late dominant lethal mutations, C - sum of early and
late dominant lethal mutations).
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As a result, the overall number of offspring in
exposed hatchings was less than in the control ones in
two of three experiments (Figure 4a).

As it was mentioned above, the data presented
in Figure 4 represent an overall Drosophila viability
on the stages from egg to imago (adult fly). The data
on viability of Drosophila in control and experimental
(exposed) groups at the critical to Drosophila stages
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Figure 4. Effect of the microwave radiation exposure on quantity of
the offspring developed from synchronous hatchings of
Drosophila melanogaster (A - male offspring, B - female

offspring, C - sum of male and female offspring).

of metamorphosis (larva-pupa and pupa-imago) is
presented in Figure 5.

The data in Figure 5 show that the microwave
exposure even increase the percentage of Drosophila
passed through larva-pupa and pupa-imago
metamorphosis.

4. Discussion

The experimental data presented in Figure 2 indicate
a significant decrease of transcriptional activity in puffs
71CE, 82EF, and 83E. These puffs are ecdysone-
inducible and their activity changes in connection with
the stage of Drosophila development [25]. The decrease
of activity of developmental puffs may be related to
the microwave-induced developmental retardation
shown by the other authors [8,9]. On the other hand,
our results are somewhat concomitant with the results
in [7,6], that demonstrate an existence of microwave-
induced changes in the pattern of puffing of Drosophila
polythene chromosomes. However, in the present
work no microwave-induced puffs were observed and
the decrease of puffing activity was demonstrated. We
found no microwave-induced decrease in Drosophila
fertility which contradicts the results in [10]. This may be
due to the difference in the experimental scheme — in
[10] Drosophila females were exposed to microwaves
for 4 and 5 hours at intensity of 0.0156 W/m?2.

The microwave-induced increase of the frequency
of dominant lethal mutations shown here is in a good
agreement with the data from some laboratories [4,7,8]
and contradicts with results of other laboratories [5,6].
Such discrepancy may be caused by the difference in the
experimental approaches used in different laboratories.

{.Z2Z4 control
224 RN experiment

% of lethal mutations

Number of experiment

Figure 5. Effect of the microwave radiation exposure on viability of
the offspring developed from synchronous hatchings of
Drosophila melanogaster during metamorphosis.
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The discovered decrease of Drosophila viability is
in a good agreement with our previous results [1-4].
Because we do not observe any decrease in viability at
the stages of larva-pupa and pupa-imago, it is possible
that such decrease in viability is caused by the decrease
in viability at the egg and larva stages.

The microwave fields applied in this article (0.4 W/m?)
are relatively high power in relation to natural levels
of electromagnetic radiation (0.02 mW/m?) for urban
areas [26]. In this case the influence of natural levels of
electromagnetic radiation may be neglected.

References

[11 Shckorbatov Y.G., Evseeva M.V., Shakhbazov
V.G., Popov A.l.,, Cheshko T.M., Grabina V.A.,
et al., Influence of the microwave radiation of
different polarization state on transinactivation
effect and viability of Drosophila, 4" International
Conference on Antenna Theory and Techniques
(9-12 September 2003, Sevastopol, Ukraine),
2003, 823-824

[2] Shckorbatov Y.G., Trofimov S.V., Shakhbazov
V.G., Grabina V.A., Gorobets N.N., The influence
of microwaves with different state of polarization
upon the state of chromatin and viability of
Drosophila, The Second International Workshop
“Ultrawideband and Ultrashort Impulse Signals”
(19-22 September 2004, Sevastopol, Ukraine),
2004, 246-247

[3] Shckorbatov Y.G., Evseeva M.V., Shakhbazov
V.G., Popov A.l, Cheshko T.M., Grabina V.A,
et al., Transvection effect and viability of Drosophila
under the influence of the microwave radiation,
MSMW’04 Symposium Proceedings of The Fifth
International Kharkov Symposium on Physics
and Engineering of Microwaves, Millimeter, and
Submillimeter Waves (21-26 June 2004, Kharkiv,
Ukraine), 2004, 879-880

[4] Shckorbatov Y.G., Pasiuga V.N., Shakina L.A.,,
Grabina V.A., Kolchigin N.N., lvanchenko D.D., et
al., Drosophila melanogaster viability and mutability
under the influence of low energy microwave
monochromatic and ultra wideband impulse
field, 6" International Conference on Antenna
Theory and Techniques (17-21 September 2007,
Sevastopol, Ukraine), 2007, 289-291

[5] Hamnerius Y., Rasmuson A., Rasmuson B.,
Biological effects of high frequency electromagnetic
fields on Salmonella typhimurium and Drosophila
melanogaster, Bioelectromagnetics, 1985, 6, 405-
414

5. Conclusions

This work demonstrates suppression in puffing
activity at ecdysone-inducible loci on Drosophila
chromosomes induced by the low-level microwave
exposure. The microwave radiation was also found to
induce a decrease in Drosophila viability, presumably
at the egg and larva stages, to increase frequency
of dominant lethal mutations but did not influence
Drosophila fertility.

[6] Marec F., Ondracek J., Brunnhofer V., The effect of
repeated microwave irradiation on the frequency of
sex-linked recessive lethal mutations in Drosophila
melanogaster, Mutat. Res., 1985, 157, 163-167

[71 Tonomura., Shima T., Suzuki K., Kishi M., Effects
of Microwaves and Magnetic Fields on Drosophila,
Sci. Rep. Tokyo Woman’s Christ. Univ., 1990, 40,
1031-1049, (in Japanese)

[8] Tonomura Y., Shima T., Kimura K., Effects of
microwaves on Drosophila. Part 2, Sci. Rep. Tokyo
Woman’s Christ. Univ., 1992, 42, 1159-1175, (in
Japanese)

[9] Atli E, Unll H., The effects of microwave frequency
electromagnetic fields on the development of
Drosophila melanogaster, Int. J. Radiat. Biol.,
2006, 82, 435-441

[10] Atli E., Unlu H., The effects of microwave
frequency electromagnetic fields on the fecundity
of Drosophila melanogaster, Turk. J. Biol., 2007,
31,1-5

[11] Zalyubovskaya N.P., The reaction of living
organisms on the effects of electromagnetic
millimeter waves, Uspekhi Fizicheskikh Nauk
(Advances of Physical Sciences), 1973, 110, 462-
464, (in Russian)

[12] Panagopoulos D.J., Karabarbounis A., Margaritis
L.H., Effect of GSM 900-MHz mobile phone
radiation on the reproductive capacity of Drosophila
melanogaster, Electromagn. Biol. Med., 2004, 23,
29-43

[13] Panagopoulos D.J., Chavdoula E.D., Nezis I.P,,
Margaritis L.H., Cell death induced by GSM
900-MHz and DCS 1800-MHz mobile telephony
radiation, Mutat. Res., 2007, 626, 69-78

[14] Lee K.S., Choi J.S., Hong S.Y., Son T.H., Yu K.,
Mobile phone electromagnetic radiation activates
MAPK signaling and regulates viability in Drosophila,
Bioelectromagnetics, 2008, 29, 371-379

529




Effects of microwaves on the puffing pattern of D. melanogaster

530

[15]

[16]

(17]

(18]

[19]

(20]

[21]

Weisbrot D., Lin H., Ye L., Blank M., Goodman R.,
Effects of mobile phone radiation on reproduction
and development in Drosophila melanogaster, J.
Cell Biochem., 2003, 89, 48-55

Lewin B., Genes VIll, Pearson Education Inc.
Pearson Prentice Hall, Upper Saddle River, NJ,
2004

Taflove A., Hagness S.C., Computational
Electromagnetics: The Finite-difference Time-
domain Method, 2™ Ed., Artech House, Boston,
London, Norwood, MA, USA, 2000

Wright T.R.F., The genetics of embryogenesis in
drosophila, In: Caspari E.W., (Ed.), Advances in
genetics, vol. 15, Academic Press N.Y., London,
1970

Margaritis L.H., Kafatos F.C., Petrij W.H., The
eggshell of Drosophila melanogaster |. Fine
structure of the layers and regions of the wild-type
of the eggshell, J. Cell Sci., 1980, 43, 1-35

King R.C., Further information concerning the
envelopes surrounding dipteran eggs, Quart. J.
Micr. Sci., 1964, 105, 209-211

Schreuders P.D., Kassis J.N., Cole K.W., Schneider
U., Mahowald A.P., Mazur P., The kinetic of embryo
drying in Drosophila melanogaster as a function

[22]

(23]

[24]

[25]

[26]

of the steps in permeabilization: experimental, J.
Insect Physiol., 1996, 42, 501-516

Sullivan W.S., Ashburner M., Hawley R.S.,
(Eds.), Drosophila Protocols, Cold Spring Harbor
Laboratory Press, New York, 2000

Lindsley D.L., Grell E.H., Genetic variations of
Drosophila melanogaster, Carnegie Institution of
Washington Publ., Washington, D.C., 1968

Landa V., Sula J., Marec F., Matha V., Soldan T.,
Methods for assessing exposure of insects, In:
Tardiffand R.G., Goldstei B., (Eds.), Methods for
Assessing Exposure of Human and Non-Human
Biota, John Wiley & Sons Ltd, New York, 1991,
249-266

Ashburner M., Patterns of puffing activity in the
salivary gland chromosomes of Drosophila.
VI. Induction by ecdysone in salivary glands of
Drosophila melanogaster in vitro, Chromosoma,
1972, 38, 255-281

Hutter H.P., Moshammer H., Wallner P., Kundi
M., Subjective symptoms, sleeping problems,
and cognitive performance in subjects living near
mobile phone base stations, Occup. Environ. Med.,
2006, 63, 307-313





