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ABSTRACT

Severa studies have highlighted the possibility that radio-frequency electromagnetic
fidlds (RF-EMF) used in mobile phone technology could influence DNA integrity of
male germ cells as well as sperm motility. Current knowledge concerning the influence of
RF-EMF on male germ cells is extremely limited. In the present study the hypothesis that
900 MHz GSM radiation could induce the activation of stress response in human
spermatozoa was investigated.

Ejaculated, density purified, human spermatozoa from donors were exposed to 900 MHz
GSM mobile phone radiation at specific absorption rate (SAR) levels of 2.0 and 5.7 W/kg
and examined at various time points post exposure. Sperm motility and morphology were
evaluated by computer-aided sperm analysis (CASA). The ability of RF-EMF exposed
sperm to undergo the acrosome reaction was evaluated by flow cytometry. Sperm binding
to the zona pellucida of human oocytes was determined by the hemi-zona (HZA) assay.
Apoptotic markers, phosphatidylserine (PS) externalization, change in mitocho ndrial
membrane potential (Oym), reactive oxygen species (ROS) generation, caspase
activation and DNA fragmentation were analysed using flow cytometry. Heat shock
protein (Hsp) 27 and 70 expression and activity were analyzed using specific antibodies
with flow cytometry and Western blot methods. Stress fibre stabilization (F-actin
polymerization) was visualized using fluorescent dye labelled phalloidin.

No effect was seen on kinematic parameters assessed at SAR 2.0 W/kg, however straight
line velocity (VSL) and beat cross frequency (BCF) were significantly atered after
exposure at SAR 5.7 W/kg. Sperm shrinkage (decrease in surface area) was observed at
both exposure levels. RF-EMF did not influence exposed spermatozoa's ability to
undergo the acrosome reaction. A significant decrease in sperm-zona binding was
observed at both exposure levels. RF radiationdid not have an effect on any apoptotic
markers ROS generation increased significantly with an increase in SAR (5.7 W/kg).
RFEMF did not induce a stress response in exposed sperm (no activation of Hsp70 and
27 activity).
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These results cannot be ascribed to heating, as the temperature did not increase by more
than 0.2 - 0.3°C during exposure. The decrease in spermzona binding is the result of an
alternative nonstress inducible pathway. This study should be replicated at lower SAR
levels that would simulate the radiation absorption from carrying the cell phone in a

pocket close to the testes.

KEY WORDS

human spermatozoa, mobile phone radiation, sperm functionality, stress response,

apoptosis.
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STRUCTURE AND SCOPE OF THE THESIS

SECTION A: REVIEW OF LITERATURE

Chapter 1 provides an overview of the operating principles of mobile phones, in
addition the biological mechanism/s of radio-frequency electromagnetic fields (RF-
EMF) are discussed, and scientific evidence is presented of in-vitro biological
effects. Based on evidence provided that RF-EMF could interact with biological
systems by inducing a stress response, a review on current literature elucidating the
stress response phenomenon was conducted. Chapter 2 therefore addresses the
molecular basis for cellular stress in somatic cells. The occurrence of a stress

pathway in human spermatozoa and the implications thereof for male fertility were

considered.

SECTION B: THE EFFECT OF NON-THERMAL 900 MHz GSM
MOBILE PHONE RADIATION ON HUMAN
SPERMATOZOA

In Chapters 3 4 and 5 the effect of 900 MHz mobile phone radiation on human
spermatozoa was evauated at two specific absorption rates (SAR) of 2.0 and 5.7
WI/kg. RF-EMF exposure of spermatozoa was firstly assessed using sperm specific
assays (sperm capacitation and sperm zona binding — Chapter 3). Based on these
findings the hypothesis that a stress pathway as a result of RF-EMF insult is
operational in human spermatozoa was tested. The induction of apoptosis (Chapter
4) and activation of heat shock proteins (Chapter 5) after RF-EMF were evaluated.
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SECTION C: CONCLUSIONS

In Chapter 6 a summary of the findings of this study are given, conclusions are

drawn, and recommendations for future research are provided.

SECTION D: ANNEXURES

Annexure A addresses the characterisation of the vertica RF chamber used in this
research. Dosimetric analysis results are also summarised. Dosimetric evaluations
were conducted at STUK, Radiation and Nuclear Safety Authority, Helsinki, Finland
Annexure B contains a summary of the macroscopic and microscopic sperm
parameters used in the evaluation of the sperm donors.

Annexure C summarises the results of the macroscopic and microscopic sperm

assessment of each donor.
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OBJECTIVESOF THE STUDY

Human semen parameters could serve as valuable indicators of toxic and genotoxic
effects of occupational and environmental factors. Furthermore, spermatozoa are
terminaly differentiated cells that are unable to repair DNA damage, which make
sperm an extremely sensitive model to use in the investigation of the effect of

environmental stressors such as RF-EMF.

To determine;

1. if and by which mechanism RF radiation from mobile phone emissions affect
human spermatozoa and what implication these findings have on male fertility,
the effect of RF exposure on sperm capacitation and spermzona binding,

3. if astress response is operational in spermatozoa as a result of RF-EMF, by
investigating;

I the induction of apoptos's,
ii.  heat shock protein phosphorylation and expression,
4.  the suitability of using human spermatozoa as a reproductive model to indicate

effects/influences of mobile phone radiation.

-Xiii-
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SUMMARY

Severa studies have highlighted the possibility that radio-frequency electromagnetic
filds (RF-EMF) used in mobile phone technology could influence DNA integrity of
male germ cells as well as sperm motility. Current knowledge concerning the
influence of RF-EMF on male germ cells is extremely limited. The main objective of
this research was directed at determining the effect of nonthermal 900 MHz GSM
modulated RF-exposure on human sperm fecundity by assessing sperm specific

functions, sperm functionality and induction of a stress response.

Ejaculated, density purified, human spermatozoa obtained from donors were exposed
to RF-EMF at two specific absorption rate levels (SAR 2.0 and 5.7 W/kg) and
examined at various time points post exposure. To determine the influence of RF
exposure on sperm specific functions, sperm propensity for acrosomal exocytosis
was assessed using a new technigue developed to evaluate the acrosome reaction
(AR) by flow cytometry. Sperm motility and morphometry were determined by
computer aided sperm analysis (CASA) and sperm binding potential was evaluated
by the hemi-zona assay (HZA). 900 MHz GSM exposure had no effect on the AR
however some motility parameters (straight line velocity and beat cross frequency)
were significantly atered. Sperm surface area and acrosoma region were aso
significantly reduced as a result of RF-EMF. The ability of RF-exposed sperm to
bind the human oocyte evaluated with the HZA was significantly impeded.

Sperm functionality was assessed using flow cytometry; (i) the percentage of
Annexin-V positive and, propidium iodide (Pl) negative spermatozoa, (ii) the change
in spermatozoa s mitochondrial membrane potential (&y m), (iii) caspase activation,
(iv) the percentage of TUNEL (terminal deoxynucleotidyl transferase-mediated
dUTP nick end labelling) positive spermatozoa and (v) generation of reactive oxygen
species (ROS) were examined. No effect on any of the examined parameters after
900 MHz GSM exposure a either SAR level was noted. These results show that

mobile phone radiation does not induce apoptosis.
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The ability of 900 MHz GSM radiation to induce a stress response was evaluated by
heat shock protein (Hsp) activation. Hsp27 and Hsp70 expression as well as activity
were analyzed using specific antibodies with flow cytometry and Western Blot
methods. Stress fibre stabilisation (F-actin polymerization) was visualized using
fluorescent dye labelled phalloidin. RF-EMF had no effect on Hgp27 expression and
phosphorylation nor Hsp70 expression as determined by flow cytometry and Western
blot analysis. Visual assessment of stress fibre stabilization after RF exposure in
sperm cells did not show any increased Factin accumulation in the cells. RF-EMF
exposure did not induce an Hsp27- or Hsp70-dependent stress response in human

spermatozoa.

The effect of RF-EMF on sperm-zona binding and cell shrinkage observed at
exposures of 2.0 and 5.7 W/kg, seems to be the result of an alternative non-Hsp
dependent mechanism. Additional studies investigating the effect of RF-EMF on
sperm-zona binding should be conducted, specificaly exploring the ligand-receptor
effector systems involved in sperm-zona binding. It is aso suggested that electron
microscopy be used to investigate conformal and structural changes as a result of
RF-EMF. Considering recent reports noting an effect on sperm motility at lower
SAR levels than that employed in the present study, the effect of RF-EMF on human
spermatozoa motility, using the expanded analysis criteria set in this study, should be
replicated at lower SAR levels that would simulate the radiation absorption from
carrying the cell phone in a pocket close to the testes.
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Annexure A

FigureA.1 (A) Front view of vertical exposure chamber showing the
position of the petri-dishes with the hatch open. (B) Side view of the
chamber with the water pump housing (1), water is circulated from the
waterbed below the perti-dishes to the aluminium cooling plate (I1) behind
the chamber (therma conducting tape attached to back of plate). The
cooling plate is placed in contact with the inside wall of the incubator to
allow for thermal exchange. (C) Signal generator (111), Amplifier (1V), GSM
modulator (V), Coaxial terminator (VI), Power meter and sensor (VI1), DC
power supply (VIII).

Figure A.2 Schematic drawing of the irradiation chamber. The petri-dishes
(diameter 54 mm) are placed in specia ‘cups moulded into the epoxy
laminate above the cooling water so that the medium (3 ml) is at same level

than the cooling water. The water is covered with a 0.8 mm thick epoxy

= 0 1= (T

Figure A.3 Schematic diagram of temperature and electric field

measurement set-up. In upper part is shown the RF-power generation and
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L0
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resembled that of the earth’s magnetic field. ...,

Annexure B
FigureB.1 Diagram illustrating different semen assessment parameters,

functional tests and bioassays in the evaluation of human spermatozoa.

(Adapted with permission fromOehninger et al., 1991). ......ccccovveeveriiniereriene

Annexure C

FigureC.1 Sperm parameters determined for each donor. Each end point
represents the mean and standard deviation (SD) of at least 5 replicates. In
all graphs WHO reference values are noted with dotted lines. (A) Total
volume, (B) pH; (C1) Concentration pre-processing; (C2) Concentration
post-processing; (D1) Morphology pre-processing; (D2) Morphology post-
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