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3 Cellular Studies

Studies of isolated cellular (in vitro} systerns have some major advantages over experimental animal or
hurnan studies. The main advantage is that they can study simplified systems and allow the RF field
exposure conditions and the biological conditions to be more precisely defined and controlled. They also
allow a wide variety of different cell types with diverse functions to be tested. One particular cell type that
has been used quite frequently is the human lymphocyte; these white blood cells can be easily isolated
from blood samples. The isolated cell approach has the benefit that it can produce rapid results, highlight
potential areas for further investigation and give an insight into possible mechanisms involved in the
interaction. However, these studies have their limitations. The main disadvantage is that isolated cells do
not experience the many interactions that would normally take place in a wihole organism and hence their
response to stimuli is not necessarily the same as it would be in an experimental animal or human.

Cells continually respond to their environment, but when the normal physiclogical conditions are
exceeded and the cells are pushed beyond their capability to adapt problems may occur. Even then,
adverse cellufar changes may not be harmful to the whole organism as organisms have protection and
repair mechanisms, Hence a cellular change does not imply an effect on the whole organism and neither
a change at the cellular level nor a change of the whole organism necessarily results in a health effect.

A particular concem is the possibility that exposure to RF fields from mobile phones and base stations is
carcinogenic. Carcinogenesis at the cellular level is a muitistage process and if exposure to RF fields is
involved it would have an effect on one or more of these cellular stages. Most of the known carcinogens,
but not all, are genotoxic, that is they cause DNA or chromosomal damage and, therefore, if exposure to
RF fields was carcinogenic it could possibly have genotoxic effects on cells. Many of the studies test for
genotoxicity and use a range of in vitro tests to investigate this possibility. Some studies also test the
possibility that RF field exposure contributes by non-genotoxic mechanisms or acts synergistically with
other known cancer agents to enhance or promote their effect.

As already rmentioned, a major advantage of in vitro systems is that the exposure conditicns can be
controlled and more easily defined thar those used in experimental animal or human studies. Most
experimental studies use purpose-designed exposure systems in which the relevant parameters can be
selected or measured; however, some studies use a mobile phone as the exposure source; the problems
associated with this approach have been highlighted in Chapter 2. An important parameter, the specific
{energy) absorption rate (SAR), can only be measured indirectly or calculated., The pattem of SAR
distribution can vary substantially within an exposure system and no system provides a completely
uniform distribution when there are cells present. The type of exposure system — for example, TEM cell or
waveguide — will have a major infiuence on the overall uniformity of the SAR distribution, but other
factors, such as the geometry of the container enclosing the cells and even the presence of a meniscus,
will alter the pattern of the SAR distribution, Thus, in any exposure system the celis will receive a range of
SAR values.

80



GENOTOXIC EFFECTS

TABLE 3,1 Genotoxic effects

Study Cellular system Exposure conditions Genotoxic effect and measure

Zeni et al, 2005 Leukocytes (h) 900 MHz, 0.3-1Wkg™,2h  No, comet, chromosomal aberration,
sister chromsome exchange
Sannino et al, Leukocytes {h) 1950 MHz, 0.5-2 W kg™, No, comet
2006 24 h
Chenetal, 2009  Leukocytes (h) 1800 MHz,2Wkg™,24h,  No, comet
5 min on/10 min off No synergy with X-rays

Zeni et al, 2008 Lymphocytes (k) 1950 MHz, 22 Wkg™,68 h  No, comet

Stronati et al, Lymphocytes {h} 935 MHz, 1-2Wkg,24h  No, comet, chromosomal aberration,
2006 sister chromosome exchange,
micronucleus
No synergy with X-rays

Wang B et al, Lymiphocytes (h) 1800 MHz, 3Wkg™, 2 h No, comet
2005 Yes, synergy with chemical
carcinogens

Gajskiand Lymphocytes () 915 MHz, 0.6 Wkg ', 30 min Yes, comet, bee venom protective

Garaj-Vrhovac,

2009

Hansteen et al, Lymphocytes (h) 23 GHz, 10Wm™, No, chromosomal aberrations

2009 duration?, CW, pulsed

Vijayalaxmi, Lymphocytes (h) 2.45GHz, 213 Wkg,2h No, chromosomal aberration,

2006 micronucleus

Manti et al, 2008 Lymphocytes (h) 1950 MHz, 0.5-2 W kg™, No, chromosomal aberration, but
24 h increased number per cell

Yes, synergy with X-rays

Sarimov et al, Lymphocytes (h) 900 MHz, 5.4 mW kg™, Yes, chromosomal conformation

2004 30 min

Markova et al, Lymphocytes {h) 890-915 MHz, Yes, chromosomal conformation

2005 37 mWkg',1h

Mazor et al, 2008  Lymphocytes (h) 800 MHz, 2.9-4.1 W kg™, Yes, chromosamal aneuploidy
72h

McNamee et al, Lymphocytes (h) 1900 MHz, 0-10 W kg", No, micronucleus

2003 24h

Zeni et al, 2003 Lymphocytes (h) 1900 MHz, <1.6 W kg™, No, micronucleus

1 h{day, 3 days

Scarfietal, 2006  Lymphocytes (h) 900 MHz, 0-10Wkg™. 24 h  No, micronucleus

Zotti-Martelli et al, Lymphocytes (h) 1800 MHz, 5-20 mW e, Yes, ricronucleus
2005 3h
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3 CELLULAR STUDIES

TABLE 3.1 Continued

Study Cellular system Exposure conditions Genotoxic effect and measure

Sanning et al, Lymphocytes (h) 900 MHz, peak 10 W kg™, Yes, micronucleus decreased in

2009b 20h respanders {n = 4, total n = 5) after
mitomycin C

Chen et al, B-cell 1800 MiHz, 2 W kg". up to No, comet, synergistic with

2010 lymphoblasteid cells 24 h doxorubicin?

(h}

Tiwari et al, 2008

Whole blood (h)

835 MHz, 1.17Wkg™. 10r
2h

No, comet, but effect on DNA repair

Kim et al, 2008

Leukaemia cells

(L5178Y) {m), CHL

cells

835 MHz, 4 Wkg ', <48 h

Mo, comet, chromosomal aberration
Yes, synergy with chemical
carcinogens

Port et al, 2003

Leukaemia cells
{HL&O)

400 MHz, 500 V em™, 6 min

No, micronucleus, apoptosis, gere
expression

Campisi et al,
2010

Astroglial cell {r)

900 MHz, 0.26 Wm =, 5, 10
or 20 min, CW, pulsed

Yes, comet, ROS after 20 minutes

Miyakoshi et al,
2002

Glioma {h})
(MO54 cells)

2.45 GHz, up to 100 Wkg™,
2h

No, DNA damage
No, single strand breaks

Luukkonen et al,
2010

Neuroblastoma
(SH-STSY cells)

872 MHz,5Wkg",1or3h,
CW, pulsed

No, comet, cell viability, ROS with or
without ferric ions

Sun et al, 2006

Epithelial cells (h)

1800 MHz, 1-3W kg, 2h

Yes, comet at 3W kg™

Yao et al, 2008b

Epithelial cells (h)

1800 MHz, 1-4W kg™, 24 h

Yes, comet, H2AX
No apoptosis
{paper retracted)

Yao et al, 2008a

Epithelial cells (h)

1800 MHz, 1-4Wkg™, 2 h

Yes, comet, H2AX

Shckorbatov et al, Epithelial cells (h) 35 GHz, 30 pw em>10s Yes, chromosomal aberration
2009

Sannino et al, Fibroblasts (h) 900 MHz, TW kg™, 24 h No, comet, micrenucleus, with or
2009a without mutagen

Diemetal, 2005  Fibroblasts (h) 1800 MHz, 1-2Wkg ™, 16 h  Yes, comet

Schwarz et al, Fibroblasts (h) 1950 MHz, <2 W kg™, Yes, comet, micronucleus
2008 4-24h No, effect on lymphocytes
Speitetal, 2007  Fibroblasts (h) 1800 MHz, 2 W kg . 24 h No, comet, micronucleus

{(v79) (hamster)

Replication study

Markova et al,
2010

Fibroblasts (h)
mesenchymal
stem cells

905, 915 or 1947 MHgz,
37mWkg",1,20r3 h,or
1 hjday, 5 daysjweek or

2 weeks

Yes, (but not 905 MHz) DNA double
strand breaks
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TABLE 3.1 Continued

GENOTOXIC EFFECTS

Study Cellular system Exposure conditions Genotoxic effect and measure
Hirose et al, Fibroblasts (h) 2.14 GHz, <800 mW kg, No, DNA damage
2006 (IMR-90), 24,28 0r48 h
glioma (h)
(A172 cells)
Sakuma et al, Fibrablasts (h) 2.14 GHz, <800 mW kg™, No, DNA darnage
2006 (IMR-90), 2-24h
giioma {h)
{A172 cells)
Komatsubara Fibroblasts (m) 245 GHz, <100Wkg™',2h  No, chromosomal aberration
etal, 2005 {mSS cells)
Hirose et al, Fibroblasts {m) 2.14 GHz, 80-800 mW kg", No, cell transformation
2008 (BALB/3T3 cells) 6 weeks
Wang Jet al, Fibroblasts {m) 2.45 GHz, 5-200W kg™, 2 h  No, used tumour promoters, cell
2005 (C3H10TX) transformation
Valbonesi et al, Trophoblast {h} 1817 MHz, 2Wkg™, 1h, No, comet, proliferation, stress
2008 {HTR-8/SV neg) pulsed
Franzellitti etal,  Trophablast {h} 1800 MHz, 2Wkg ™, 4, 16 or Yes, comet, transient increase with

2010

{HTR-8/SV nec)

24 h, 5 min onf10 min off,
CW, pulsed

pulsed

Huang et al, Auditory hair cells 1763 MHz, 20 W kg, No, comet, DNA, stress

2008 (m} 24-48 h

Koyama et al, Qvary celis (ch) 2.45 GHz, 5-200W kg™',2 h  No, micronucleus, no synergy with
2004 (CHO-K1) bleomycin

Falzone et al, Sperm {h) 90 MHz, 2 and 5.7 W kg™, No, DNA damage, apoptosis, ROS
2010 60 min, pulsed

Bourthoumieu

Amniotic cells (h}

900 MHz, 0.25 W kg™, 24 h,

No, chromosomal aberration

et al, 2010 pulsed
Bellont et al, Bacteria 900 MHz, 0.22 mWw kg", Yes, anti-mutagenic effect
2005 (E. coli} 3-24h
Chang et al, Bacteria 835 MHz,4Wkg™',48h No, Ames assay {test of carcinogenic
2005 {E. coli) potential)
Koyama et al, Bacteria 2.45 GHz, 5-200 W kg™*, No, mutation at less than 50 W kg™
2007 {Salmonella 30minor2h
typhirmurium)
{E. coii),
ovary cells (ch)
{CHO-KT)

(h) = human, {m) = mouse, {r) = rat, {ch) = Chinese hamster
HLBO = human acute myeloid leukaemia cells, v79 = Chinese hamster fibroblast cells
BBB - blood-brain barrier, CW ~ continuous wave




TABLE 3.2 Possible carcinogenic effects

EFFECTS THAT COULD POTENTIALLY LEAD TO CARCINOGENESIS

Study Cellular system Exposure conditions Effect of exposure and measure
Capriet al, 2004b Lymphocytes {h) 900 MHz, 70 mW kg™, No, proliferation

1 hjday, 2 or 3 days
Tai-Qin et al, 2608 Lymphocytes (h) 1763 MHz, 2-10 Wkg ™, No, proliferation, comet

(jurkat cells)

1-24h

Lai et al, 2008

Leukaemia cells
(HL60)

41.32 GHz, SAR?, 60 min

Yes, decreased proliferation, gene
expression

Del Vecchio et al,
200%9b

Cholinergic
(SN56 cells),

cortical neurons (r)

900 MHz, 1W kg ™' up to
144 h

No, proliferation or viability
Yes, synergistic oxidative damage
SN56 only

Merola et al, Neuroblastorna 900 MHz, 24-72 h, 1Wkg™', No, proliferation, apoptosis,
20086 pulsed differentiation

Hoyto et al, Neurcblastoma (h), 872 MHz, 5W kg™, 1 or No, proliferation, apoptosis, ROS,
2008a fibroblasts {m) 24 h, CW, pulsed Yes, +menadione, +butyl

hydroperoxide

Buttiglione et al,
2007

Neurablastoma (h}

900 MHz, 1 W kg™,
5 min—24 h, pulsed

Yes, decreased proliferation

Mivakoshi et al, Glioma (h) 1950 MHz, 1-10 W kg™, No, proliferation, heat shock proteins
2005 {MO54 cells) 1-2h
Takashima etal,  Clioma (h) 2.45 GHz, 0.05-1500 W kg™, No, proliferation
2006 {(MC54 cells), 2 h, 1sonfl s off, CW No, non-thermal effects up to
ovary cells {ch) 100 Wkg™
{CHO-K1)
Sekijima et al, Glioma (h) 2 GHz, 80,250, or No, proliferation, gene expression
2010 {A172 cells), 800 MW kg™, upto 96 h,
neuroglioma cw
(H4 cells),
fibroblasts
{IMR-80 cells)
Pavicic et al, Fibroblasts {ch) 864 MHz, 0.08 Wkg™, 1-3 h Yes, decreased proliferation
2006 (v73)

Pavicic and Trosic,

2008a

Fibroblasts {ch)
(v79)

864 and 935 MHz,
0.08-0.12W kg™,1-3 h

Yes, decreased proliferation

Trosic and Pavicic,

2009

Fibroblasts {ch)
v79)

935 MHz,0.12W kg™, 1-3 h

Yes, decreased proliferation

Pavicic and Trosic, Fibroblasts {ch) 864 MHz, 008 Wkg ™, 1-3 h  Yes, decreased proliferation

2006 (v79)

Pavicic and Trosic, Fibroblasts (ch) 935 MHz, 0.12 W kg ", Yes, decreased proliferation after 3 h
2008b v79) 1-3 h, CW exposure
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3 CELLULAR STUDIES

TABLE 3.2 Continued

Study Cellular system Exposure conditions Effect of exposure and measure
Duranti et al, Keratinocytes (h) 900 MHz, 0.04-0.08 Wkg™, Yes, decreased proliferation
2005 18h
Beneduci, 2009 Melancma cells (h)  42.20 and 53.57 GHz, No, cell proliferation and cell cycle
RPMI 7932 1 mWem™, 1 hj4 days
Beneduci et al, Melanoma cells (h)  50-80 GHz, <1 uW, 3 hfday, Yes, antiproliferation effect on tumour
2005 7 days cells
Tkalec et al, Duckweed 400-1900 MHz, 23V m, Yes, 900 MHz decreased proliferation
2005 ‘ 2h
Aksoy etal, 2005  Parasitic amoeba 900 MHz, No SAR, 24 h, Yes, decreased proliferation
60 sfh, pulsed
Yu et al, 2002 Bacteria 42 GHz, 2.6 and 32 MW cm™, No, proliferation
{E. coli) 40 min
Cohen et al, Bacteria 99 GHz, 0.2 mWem™>, 1or  Yes, slight proliferation increase but
2010 (E. coli) 19 h, CW no affect on metabolic activity
Conclude effect has no biological
meaning
Lee et al, 2008 Fibroblasts (m) 849 MHz, 2-10 Wkg™, No, cell cycle
(NIH3T3) 1 min/day, 3 days
Capri etal, Lymphocytes (h) 1800 MHz, 1.4-2W kg™, No, apoptosis or HSP
2004a young and old 44 h, 10 min onf20 min off
donors
Palumbo et al, Lymphocytes (h) 900 MHz,1.35 Wkg™, 1h Yes, apoptosis
2008 (jurkat cells)
Lee et al, 2005 Leukaemia cells 2.45GHz, 10W kg"‘, 2h, Yes, apoptosis-associated gene
(HL6Q) pulsed expression
Lantow et al, Monocytes (h) 1800 MHz, 2Wkg™, 12 h No, apoptosis, DNA synthesis
2006¢ (monomac cells)
Chauhan et al, HL&0, TKS, 1900 MHz, 1-10W kg™, 6 h, No, apoptosis
2007a monomac 5 min onf10 min off
Marinelli et al, Lymphoblastoid 900 MHz, 3.5 mW kg™, Yes, apoptosis
2004 2-48 h
loubert et al, Neurons (1} 900 MHz, 025 Wkg ', 24 h, No, apaptosis
2007 pulsed
loubert et al, Neurons {r) 900 MHz, 2Wkg*,24 h, CW Yes, apoptosis
2008
Zhao Tetal, Neurons {m) 1900 MHz, no SAR given, Yes, apoptosis-associated gene
2007 2 h, pulsed expression
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EFFECTS THAT COULD POTENTIALLY LEAD TO CARCINOGENESIS

TABLE 3.2 Continued

Study Cellular system Exposure conditions Effect of exposure and measure
loubert et al, Neurcblastoma (h} 900 MHz, 2W kg™, 24 h, No, apoptosis
2006 CW, pulsed
Maoquet et al, Neuroblastoma {m) 935 MHz, 2W kg™, 24 h No, apoptosis
2008
Hirose et al, Fibroblasts (h) 2.14 GHz, <B0O mW kg™, No, apoptosis
2006 (IMR-80), 24,28 0r48 h
glioma {h)
(A172 cells)
Cao et al, 2009 Glioma {h) 900 MHz, 2-6 mW cm™, No, apoptosis

{5HGA44 cells)

2 h{day, 3 days

Yes, synergy with gamma rays

Nikolova et al, Stem cells {m} 1710 MHz, 1.5 Wkg™, Yes, apoptosis-related genes
2005 5 min on{25 min off,
after 6 h but not 48 h

Caraglia et al, Epidermold cancer 1950 MHz, 3.6 mW kg™, Yes, apoptosis
2005 cells (h) 1-48 h
Markkanen etal, Yeast 900 MMz, 0.4-3Wkg™.1h No, apoptosis
2004 Yes, synergy with UVR
Cranfield et al, Bacteria 900 MHz, SAR?, 16 min, Yes, cell death, but not due to RF
2003a {magnetotactic} pulsed (see Cranfield et al, 2003b)
Cranfield et al, Bacteria 800 MHz,2Wkg ", 30 min  No, cell death, suggest 2 Hz effect
2003b {magnetotactic)
Sharma et al, Mung bean 900 MHz, 8.55 yW cm %, 0.5, Yes, germination decreased, ROS
2009 1,2and4h increased
Sharma et al, Mung bean 900 MHz, 8.55 pW cm™®, Yes, 4 h impaired early growth of
2010 0.5,1,2and4h seedlings
Billaudel et al, Neuroblastoma (h}  835/1800 MHz, No, ODC activity
2009z (SH-SYSY cells) 1-2.5W kg™, 8-24 h, pulsed
Destaetal, 2003  Fibroblasts (m) 835 MHz, <1-15Wkg,8h  No, ODC activity

(L929 cells)
Héytd et al, Fibroblasts (m) 900 MHz, 0.2-0.4 W kg™, No, ODC (ODC temperature sensitive,
2006 (L929 cells) 2,8 or 24 h, puised 0.8°Cincrease causes ODC decrease)
Haytd o et al, Fibroblasts (m) 872 MHz, 1.5-6.0 Wkg™, Yes, ODC activity only decreased in
2007a (L929 cells), 2, 8 or 24 h, CW, pulsed primary cells not cell lines

neuroblastoma

(SH-SYSY cells),

primary astrocytes
Hoytd et al, Fibroblasts (m) 835872 MHz, 2.5 or No, ODC, inconsistency of findings
2007b {L929 cells) 60Wkg'.2.80r24h
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TABLE 3.2 Continued

Study Cellular system Exposure conditions Effect of exposure and measure
Hovytd et al, Fibroblasts (m} 872 MHz,5Wkg™,10r24 h No, ODC, but synergy with stressors
2008a (L929 cells),
neuroblastoma
(SH-SY5Y cells)
Hoyto et al, Fibroblasts (m) 872 MHz, 5 Wkg™', 1 and No, caspase, QDC activity,
2008b (L929 cells) 24 b, CW, pulsed proliferation
Billaudel et al, Fibroblasts () 900 MHz, 1800 MHz, No, ODC activity
2008b {L929 cells) 0.5-6 W kg™, 2-24 h, pulsed

Zeni et al, 2007

Fibroblasts (m)
(L929 cells)

900 MHz, 0.3 and 1 Wkg ™,

" 10 or 30 min, CW, pulsed

No, ROS, £ mutagen
{3-chloro-4-dichloromethyl-5-hydroxy-
2-5H furanone)

Brescia et al, Lymphoblastoid cell 1950 MHz, 0.5 and No, ROS with or without ferrous ions
2009 (h) 20Wkg™, short 5-60 min  No, synergy
orlong 24 h
Zmystony et al, Lymphocyte (r) 930 MHz, 1.5Wkg™, 5 or No, ROS
2004 15 min, CW Yes with iron ion stimulation
Xu etal, 2010 Neurons (1) 1800 MHz, 2Wkg™, 24 h,  Yes, mitachondrial DNA oxidative
5 min onf10 min off damage, ROS increased
Crouzier et al, Yeast 9.71 GHz, 0.5-16 W kg™, Yes, free radicals increased

2009

20 min, pulsed

{h} = human, {m) = mouse, {r} = rat, {ch) = Chinese hamster
HLB0 - human acute myeloid leukaemia cells, TK6 — lymphoblastoma cells, v79 - Chinese hamster fibroblast cells,
1929 - mouse fibroblasts
CW - continuous wave

3.2.3 Apoptosis

Apcptosis is cell death by a controlled sequence of celiular events that eliminates the cell without
releasing harmful substances into its local enviranment. Apoptoesis plays 2 normal and vital role in
maintaining health by eliminating old, DNA damaged, and unhealthy cells.

Prior to 2004 there were only & few studies on RF fields that specifically measured apoptosis and in
the previous AGNIR review ihe single study of apoptosis was included in the section on proliferation

{AGNIR, 2603).

Apoptosis, along with proliferation, can be considered a major measurable endpoint that results frem
biclogical changes in the in vitro cell system (Table 3.2). There are a variety of methods used to assess
apoptosis but one distinction that may be important is whether the pathway that leads a cell to apoptosis
uses the caspase enzymes (many of the studies use caspase as a measure of apoptosis) or whether the
pathway is independent of caspase, in which case a measure of caspase would not observe the change.
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TABLE 3.3 Gene expression

Study

Celluiar system

Exposure conditions

Effect of exposure and measure

Capri et al, 2006

Lyrmphocytes (h)

10 young, 8 elderly

1800 MHz, 2Wkg ™, 44 h,
10 min onf20 min off,

Yes, cd95 expression down regulated
in old stimulated cells

pulsed
Tuschl et al, 2006 Monocytes (h) 1950 MHz, 1 Wkg™,8 h, No, immune, gene expression
S min onf 10 min off
Gerner et al, Lymphoblastoid 1800 MHz, 2Wkg .8 h, Yes, increased protein synthesis
2010 cells (h), fibroblasts 5 min on/10 min off
(h}, mononuclear
cells (h)
Zhaoc R et al, Neurons (r) 1800 MHz, 2 Wkg ", 24 h, Yes, gene expression: 24 genes
2007 5 min onf10 min off, pulsed increase and 10 genes decrease
Thorlin et al, Astroglial, microglial 900 MHz, 2.8-25 W kg™, No, cytokines
2006 cells pulsed, or 27 and 54 W kg™,
4-24 h
Hirose et al, Microglial cells {r) 1950 MHz, 0.2. 0.8 and No, cell activation or expression of
2010 20Wkg",2h cytokines
Nicolaz et al, Glial 60 GHz, 2.64-3.3'W kg", No, expression of two endogenous
2009 (U-251 MG cells) 24 h endoplasmic reticulum stress
biomarkers
Whitehead etal,  Fibroblast {m) 835/847 MHz, 5W kg™, 8 h, No, gene expression
2006a (C3H10T% cells) FDMA, CDMA
Whitehead etal, Fibroblast (m) 835/847 MHz, 5W kg ', 8 h, No, gene expression
2006b (C3H10T% cells) FDMA, CDMA
Whitehead et al,  Fibroblast {(m) 835/847 MHz, 5.2 or No, Fos mRNA (did not confirm
2005 (C3H10T% cells) 10W kg™, 4 days Goswami, 1999}
Im et al, 2010b Fibroblast (h} 1763 MHz, 60 Wkg™',24h  No, gene expression
{WI-38 cells)
lee et al, 2007 Auditory cells {rn) 1763 MHz, 20Wkg™,24h  Yes, gene expression
(HEI-OC1)
Zeng et al, 2006 Breast cancer 1800 MHz, 2 or 3.5 W kg". No, gene and protein expression
{MCF7 cells) 1-24 h, 5 min on{10 min off,
pulsed
Dawe et al, Nematode 1.0 GHz, 0.9-3 mW kg™", No, gene expression
2009 {C. elegans} 1.5,250r6h

{(h) = human, {m) = mouse, (r) = rat
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TABLE 3.4 Stress effects, expression of heat shock protein

Study Cellular system Exposure conditions Effect of exposure and measure

Lee et al, 2006 Lymphocytes {h} 1783 MHz, 2or20Wkg™,  No, HSP90, HSP70, HSP27

30minor1h No, synergy with TPA
Lantow et al, Lymphocytes (h), 1800 MHz, 2 W kg™, No, HSP70, ROS
20063 monocytes 30-45 min, 5 min onfoff,
CW, pulsed
Cherenkovetal,  Lymphocytes {m) 8.15-18.0GHz, 1 pWem™,  Yes, stimulation of stress signal
2009 Th pathway
Chauhan et al, Lymphoblastoma (h) 1900 MHz, 1and10W kg™,  No, HSP gene expression
2006a & h, 5 min onf10 min off
Chauhan et al, Leukaemia cells 1900 MHz, 1 and T0W kg"1 Na, stress, HSP70, HSP27Y
2006b (HLeD),
rmonacyte (h)
{monomac cells)
Hook et al, 2004  Macrophage (m) 835/847 MHz, 0.8 W kg™, No, oxidative stress, in stimulated or
(1774.16) 22 h,CW unstimulated cells
Simko et al, Monocyte {h) 1800 MHz, 2 W kg", 1h, No, HSP70, stress, with or without
2006 (monomac cells) CW, pulsed ultrafine particles
Lantow et al, Monocyte (h) 1800 MHz, 0.5-2 W kg™, No, HSP70 expression or free radicals
2006b (monomac cells) 45 rmin or 1 h, CW, pulsed
leukaemia
(K562 celis)
Gurisik et al, Monocyte {(h) (US37) 900 MHz,02Wkg™, 1or No, HSP genes and protein
2006 neuroblastoma (h) 2 h, pulsed
(SK-N-SH)
Chauhan et al, Monocyte (h) 1900 MHz, 0.1-10 W kg™, No, HSP genes
2007b {monomac cells), 5 min on/1G min off, 24 h,
glioma (h) (US7MG)  pulsed
Im et al, 2010a Fibroblast (h) 1763 MHz, 60 W kg", 24 h  No, 3 heat shock proteins (HSP) and
{W1-38 cells) 7 stress-related genes
Qutob et al, Glioma (UB7MG) 1900 MHz, 0.1-10 W kg™, No, HSP genes
2006 : 4 h, pulsed
Hirose et al, Glioma (h) 2.14 GHz, 80-800 mW kg™', No, HSP phosphorylation, HSP27
2007 fibroblasts 2-48 h
Wang et al, Gliema (h) 2.45 GHz, 5-200 W kg", No, HSP70, HSP27, no non-thermal
2006 {A172 cells) 1-3h effect
Zhadobov et al, Glioma (h) 60 GHz, 0.54 or No, stress, mRNA, protein expression
2007 {L251) 5.4 mWem™, 1-33 h

98



OTHER CHANGES IN CELLULAR PROCESSES

Study Cellular system Exposure conditions Effect of exposure and measure
Laszlo et al, Carcinoma (h) 836/848 MHz, 0.6 or No, stress response, HSFactor
2005 {Hela 53) SWkg™",5min-24h
fibroblasts
{hamster ovary
HA-1)
{C3H10T¥) (m)
Sanchez et al, Keratinocytes (h) 1800 MHz, 2W kg™, 48 h No, stress, HSP70, HSC70, HSP27
2007 fibroblasts (h)
Sanchez et al, Keratinacytes (h} 900 MHz, 2Wkg™, 48 h Yes, HSP70 slight increase
2006
Szabo et al, Keratinocytes (h} 61.2 GHz, 770 W kg™, No, H5P70, gap junction
2003 4225 GHz, 37 Wkg™, 30 ar
60 min, CW
Czyz et al, 2004 Embryonic stem 1710 MHz, 04-2 Wkg ™", Yes, mMRNA HSP in p53 {tumour
cells 6-72 h, 5 min onf30 min off, suppressor) deficient cells
pulsed
Franzellittietal,  Trophoblast (h) 1800 MHz, 2W kg™, 4-24 h, Yes, only HSP70c
2008 5 min onf10 min off, CW, No protein detected
putlsed

(h) = human, {m) = mouse, (r) = rat
HLE0 = human acute myeloid leukaemia cells
CW - continuous wave

calcium efflux and their significance were disputed. The design and interpretation of the early studies
were not ideal and they were predominantly carried out using non-living tissue. By 2003 a number of
generally better designed studies had found no increase of calcium efflux from tissues as a result of
RF field exposure under a variety of conditions and modulations (AGNIR, 2003).

Only four further studies have been added to the literature (see Table 3.5). All of them included the
effects of RF field exposure on neurons as well as investigations into other cell types. At 380 MHz

(TETRA frequencies) no effect was found over a wide range of exposures (Green et al, 2005). The other
three studies used mobile phone frequencies and found contradictory results. No effect was found using
900 MHz at an SAR of up to 2 W kg™ (Platano et al, 2007; O'Connor et al, 2010), whereas 800 MHz at a
range of SAR values caused increased calcium signalling (Rao et al, 2008); interestingly the effect was
frequency dependent but not SAR dependent. The continued lack of demonstrable effects at TETRA
frequencies is reassuring in that concern was expressed about this frequency and its modulation close to
16 Hz, However, the finding that calcium signalling was increased at 800 MHz means that there is still
controversy and that no definite conclusions can be made. If the phenomenon is biologically significant,
concomitant changes would be expected in the functions of nervous tissues that depend on the
maovement of calcium ions, but none has been unambiguously shown to occur.
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TABLE 3.5 Intracellular signalling

Study Cellular system Exposure conditions Effect of exposure and measure
Platano et al. Neurons (r} 900 MHz, 2Wkg™',905every  No, calcium channels
2007 2-3 min, repeated 3x, pulsed,
cw
Rao et al, 2008 Neuronal cells {m) 700-1100 MHz, 0.5 W kg™, Yes, calcium spikes increase,
800 MHz,0.5-5Wkg™, 1h frequency {800 MHz) not SAR
dependent
Green et al, 2005  Myocytes (1), 380 MHz, 5-400 mW kg ', Mo, calcium signalling
neurcns (1) 11-40 min, CW
O'Connor et al, Endothelial cells (h), 900 MHz, 0.012-2Wkg™, No, calcium signalling
2010 neuroblastoma 30 min, pulsed, CW
(PC-12 cells),
hippocampal
neurons

(h) = human, {m) = mouse, {r) = rat
CW - continuous wave

3.2.3 Membrane effects

The ceil membrane is a lipid bilayer that plays an impaortant role in cellular function, from maintaining the
correct internal cell environment to mediating and interpreting external signals. However, cells can also
bind together to form a membrane such as the blecd-brain barrier.

The view of the IEGMP (2000) was that there was evidence that exposure to RF fields can affect
membrane proteins and the moverment of ions across membranes, However, some of the effects only
occeur at temperatures outside the normal physiclogical range. The previous AGNIR review (2003) had
little more to add; it found the results from the in vitro blood-brain barrier models interesting but in need
of in vivo confirmation.

Several more recent studies have investigated the possible effect on membranes of exposure to RF fields
(see Table 3.6). These studies can be divided inta those looking at effects where multiple cells unite to
form a membrane such as the blood-brain barrier and those on the individual cell’s membrane.

The blood-brain barrier restricts the movement of some substances from the blocd into the brain and is
achieved by tight junctions between endothelial cells that line the capillaries of the central nervous
system. The possibility for substances that do not normally cross the blood-brain barrier being able to do
so due to the influence of RF field exposure has raised some concern. Studies that address this question
directly are usually in vivo investigations; however, there are some in vitro madels of the blood-brain
barrier and these have been investigated with reference 1o RF field exposure to look at possible changes
in permeability of the membrane. Two studies found no effect on permeability. The study by Franke et al
(2005a) was a repeat of their earlier work at 1800 MHz but with an improved model of the blood-brain
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TABLE 3.6 Membrane effects

Study Cellular system Exposure conditions Effect of exposure and measure
Franke et al, Astrocytef 1800 MHz, 0.03-0.46 Wkg™',  No, permeation in improved model,
2005a endothelial 5 days, pulsed could not replicate own work
co-culture
(BBB model)
Franke et al, Endothelial cells 966 MHz,1.8 Wkg™',24-84 h  No, effect on permeability
2005b (BBB model)
Kug and Kuo, Endotheifal cells 915 MHz, 5 mW, 90 min, CW  Yes, increased permeability
2008 {888 model)
Chenetal, 2008 Keratinocytes (h) 30.16 GHz, 1or3.5 mWcm™?,  No, gap junction
{HaCaT) 1h Yes, TPA stimulated
Stankiewicz etal, Lymphocytes (h) 900 MHz, 0.024 W kg™, Yes, response to mitogens

2006

15 minjday, 3 days, pulsed

(PHA con A) increased

Mahrour et al,
2005

Melanoma {m)
CHL fibroblasts,
carcinoma A253

900 MHz, 1.3-2.6 Wkg ",
>10 min, CW, pulsed

Yes, increased endocytosis, electric
field effect

Moisescu et al,
2009

Melanoma (m)
(B16F10)

900 MHz, 3.2 W kg™, 20 min,
pulsed

Yes, endocytosis rate increased

Aly et al, 2008

Neutrophils {h)

900 MHz, 0.4V m™, 15 min

Yes, motion (chemotaxis) increased

Cervellati et al,
2009

Trophoblast
(HTR-8/SVneo cells)

1817 MHz, 2Wkg™, 1 h

Yes, expression of connexins
{membrane proteins) increased

Erogul et al, Sperm {h) 900 MHz, 2 W kg™, 5 min, Yes, motility decreased

2006 pulsed

Falzone et al, Sperm (h) 900 M Hz, 2-5.7Wkg", 1h Yes, motility decreased at higher

2008 SAR

De luliis et al, Sperm (h) 1.8GHz,1-27.5Wkg™",16h  Yes, motility and vitality reduced,

2009 mitochondrial ROS increased, DNA

damage

Agarwal et al, Sperm (h} 850 MHz, 1.46 Wkg™, 1 h, Yes, sperm motility and viability

2009 pulsed decreased, ROS increased

Pakhomov et al, Hippocampus slices 9.3 GHz, 0.25-360 kW kg™, No, synaptic transmission between

2003 {r duration?, CW, pulsed neurons, thermal effect only

Xuetal, 2006 Hippocampal 1800 MHz, 2.4 W kg™’ Yes, synaptic activity decreased
neurons (r)

Szabo et al, Keratinocytes (h) 2.25 GHz, 1.23 W cm™, 30 min  Yes, membrane, externalisation of

2006 {HaCaT) (m), phosphatidylserine

melanoma (B16F10)
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Study Cellular system Exposure conditions Effect of exposure and measure

Zhadobov et al, Phospholipid 60 GHz, <0.9 Wcm2, 1-7 h, Yes, lateral pressure increased

2006 membrane (model} CW

Mohammadzadeh Artificial lipid 925 MHz, 0.03 W cm™, Yes, membrane dynamics and

et al, 2009 bilayer porin duration? conformation of the channel,
channel millisecond effect, possibly due to

heating
Gaber Mchamed  Vesicle bilayer 900 MHz, 12Wkg™,5 h Yes, increased damage to vesicles
et al, 2005 Conclude effect due to heating

Del Vecchioetal, Cholinergic cells (m) 900 MHz, 1 Wkg™, 1-6 day Yes, neurite number decreased but

2009a not [ength

Crouzier et al, Yeast 9.71 GHz, 0.5-16'W kg"’, Yes, decreased membrane fluidity

2009 (Saccharomyces 20 min consistent with lipid peroxidation,
cerevisiag} suggest an increase of the free

radical production

{h) = human, (m) = mouse, (r} = rat
CW - continuous wave

In general, most studies report finding effects on cell membranes when exposures are made at mobile
phone frequencies. However, the effects reported are varied and, although the majority find effects,
neither is this unanimous nor does it necessarily provide supporting evidence of a consistent effect. The
variety of cellular systems and exposures makes comparisons of the effects on the cell membrane
problematic and without independent replication it is difficult to assess the robustness or even validity
of the findings.

3.3.4 Direct effect on proteins

Enzymes are proteins that catalyse chemical reactions; each enzyme is specific to a particular reaction
and hence there are hundreds of different types of enzymes in the body. They play a vital role in function
both within cells and in the body fluids, their activity being regulated by various local factors. Other types
of protein also exist and play important roles in structure and function.

There were only a few studies prior to the earlier AGNIR report (AGNIR, 2003). All those reviewed in that
report used frequencies of 2.45 GHz or higher; all found effects either showing stimulation or inhibition of
enzyme activity. The studies were tco few and diverse to be able to draw any conclusions.

Since 2003 there have been a few more enzyme studies, but additionally there have been investigations
into effects on other types of proteins (see Table 3.7). Three enzyme studies used 2.45 GHz exposures
with SAR values close to 5 W kg™ ard found reductions in activity in three different enzymes
(Ramundo-Orlando et al, 2004, Vukova et al, 2005; George et al, 2008). A study using 1.1 GHz at 90 or
192 mW (no SAR value given) to investigate epithelial cell damage in the lens of the eye found increased
enzyme activity leading to increased lens damage (Bormusov et al, 2008). Also 875 MHz exposure at less
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TABLE 3.7 Direct effect on proteins

Study Cellular system Exposure conditions Effect of exposure and measure
Friedman et al, Epithelial (h} 875 MHz, 0.005-0.3 mW cm™, Yes, kinase activity, signal

2007 (Hetla cells) 2-30 min transduction pathways

Bormusov et al, Epithelium 1.1 GHz, 2.22 mW, S0 or Yes, enzyme activity increased, lens
2008 {eye lens) 192 ¢ycles of 50 min damage

Mousavy et al, Haemoglobin 910/940 MHz,15.7 W m™= 1 or Yes, tertiary structure of

2009 2h haemoglobin, oxygen affinity

Mancinelli et al,
2004

Myoglobin refolding

in solution

1950 MHz, 51 mW kg™, 3 h,

cw

Yes, refolding in acid conditions

Bismuto et al, Myoglobin refolding 1950 MHz 51 mW kg™, 2.5 h,  No, protein structure, normal pH
2003 in solution w conditions

Belyaevetal, Chromatin in 915 MHz, 37 mW kg™, 2 h, Yes, increased conformational
2005 lymphocytes (h} pulsed change

Cespedes and Ferritin protein TMHz, 30 uT,upto 9h Yes, rates of iron chelation with
Ueno, 2009 ferrozine are reduced

Cespedes et al, Ferritin protein 1 MMz, 30 uT,.2h Yes, proteins have a reduced iron
2010 intake rate

Schrader et al, Hurman-hamster 835 MHz, 60 mW kg™, Yes, spindle disturbance

2008 hybrid cell 0.5-2 h, CW

Sukhotina et al, Pineal gland 1800 MHz, 0.008-2.7Wkg™',  Yes, melatonin release increased
2006 {hamster) 7 h, CW, pulsed above 800 mW kg™’

Sandu et al, Black locust 400 MHz, 2W, 1-8 h, 3 weeks  Yes, chlorophyll decreased except at
2005 seedlings 2 h which increased

Ramundo-Ortando

Enzyme activity

2.45 GHz, 1.4-5.6 Wkg™,

Yes, at 5.6W kg'1 only, enzyme

et al, 2004 (ascorbate oxidase) 3 min activity reduced

Vukova et al, Enzyme activity 2.45 GHz, 4.92 Wkg ™, 30 min  Yes, activity decreased,

2005 (acetyl- conformational change
cholinesterase)

GCeorge et al, Protein 2.450Hz, 4.85W kg“, 10-20s Yes, protein unfolding, claim non-

2008 (citrate synthase) thermal

Weissenborn et al, Globular protein 8 GHz, 0.5-3 W,10 min and Yes, structural alteration

2005 4h

Coptyetal, Green fluorescent  8.35 GHz, <4000 Wkg™’, Yes, fluorescence decrease more

2006 protein duration? than thermal effect

(h) =human

CW - continuous wave
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than 0.3 mW cm> was shown to increase enzyme activity associated with signalling pathways inside
epithelial cells (Friedman et al, 20G7). Some of these changes in enzyme activity, particularly reductions in
activity, have been associated with changes in the structure of the enzyme {Vukova et al, 2005; George
et al, 2008). Such structural changes have also been reported in other proteins, The tertiary structure of
haemoglobin, and hence its ability to bind oxygen, was affected by exposure to 900 MHz at 15.7 W m™
(Mcusavy et al, 2008). Ferritin, another protein that binds iron, was shown to have reduced rates of iren
binding when exposed to 1 MHz at 30 pT (Cespedes and Ueno, 2009; Cespedes et al, 2010). Myoglobin
was affected at 1950 MHz at 51 mW kg™ under acid conditions (Mancinelli et al, 2004), but it was
unaffected under more neutral pH conditions (Bismuto et al, 2003). However, another globular protein,
lysozyme, showed little if any non-thermal change in respense to 8 GHz at 0.5-3 W exposure
(Weissenbomn et al, 2005), but green flucrescent protein exposed to a similar frequency (8.35 CHz) had
effects greater than heating alone (Copty et al, 2006). Conformational changes may not be resiricted to
protein only, chromatin (a combination of DNA and protein} was reported to undergo similar
conformational changes to those caused by heat when exposed to 915 MHz at 37 mw kg™ for 2 hours
{Belyaev et al, 2005). Other studies that possibly show direct effects of RF field exposure on proteins are
the spindle disturbance reported in a human-hamster hybrid cell that occurs after exposure to 835 MHz
at 60 mW kg™ (Schrader et al, 2008); the decrease in chlorophyll in black locust seedlings after exposure
t0 400 MHz at 2 W (Sandu et al, 2005); and the increased release of melatonin from isolated pineal
glands after exposure to 1800 MHz above 0.8 W kg™ (Sukhotina et al, 2006).

In general, most of the studies that have investigated changes in protein function or structure due to
exposure to RF fields have found effects. However, at the present time the effects have not been
demonstrated to be robust by independent replication; so although the concept of a direct effect

of RF field exposure on protein struciure is interesting, further research is needed to establish if this is a
real phenomenon.

3.4  Summary

Many more studies have been added to the scientific literature since 2003, with more studies using similar
cell types and exposure conditions, thus potentially making comparisons and conclusions easier. However,
the results of the additional findings still remain divergent with no obvious reason as to wiy sorme
researchers find effects and others do not. There is still a lack of independent replication of results, and
where replications have been undertaken they do not support the original findings. This continued lack of
robust evidence makes the possibility of an effect of RF fields on cells more unlikely.

In terms of direct genotoxic effects of exposure to RF fields, the evidence for an effect is not convincing
and still remains weak. There was some evidence of synergistic effects of RF fields with known
carcinogens, however, not all studies that investigated this possibility found such effects, nor were the
reported effects supported by independent replication, thus making 2 decision as to whether there is a
real effect uncertain.

Of the effects that could possibly lead to carcinogenesis there was no evidence of cell transformation or
an increased rate of cell proliferation in response to exposure to RF fields. The results of the studies on
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cell proliferation rate were mixed, some finding a decreased rate anc others finding no change.

A decrease in rate is reassuring in that one concern was that exposure to RF fields could stimulate tumour
cell growth: this appears not to be the case. Apcptosis {programmed cell death) and production of
reactive oxygen species (ROS) were increased in some studies, but not in others using similar conditions.
Previously, concerns were raised that the activity of the enzyme ornithine decarboxylase (ODC) was
increased by RF field exposure, but three independent research groups have found no such effect on this
enzyme’s activity.

An area of interest in the last AGNIR report on RF fields {2003) was the possible involvement of stress
proteins in the cellular response to RF fleld exposure; much of the work was devoted to investigating heat
shock proteins, a group of proteins that mediate general stress effects, not just those caused by heat.
Most of the newer studies have found no effect of RF field exposure on heat shock proteins. There were
only a few new studies on calcium fluxin cells and these mainly found no effect of exposure to RF fields.
The general ‘no effect’ nature of the more recent findings supports the view that there is no

RF modulation of calcium fon concentrations in cells. Results from studies of gene expression in cells were
mixed, whereas those from studies on cell membranes and direct effecis on proteins mostly found effects
of RF field exposure. However, no conclusions can be made as there are no common patterns of exposure
conditions or types of effect caused by exposure.

In general, there is no coherent pattern of exposure conditions or in vitro cell system that consistently
shows effects of exposure to RF fields below international guideline levels. The reported studies are still
mostly diverse in terms of exposure and biological system tested; furthermore the reported effects lack
independent verification. Even in cases where there are several studies using similar cell types, as in the
case of lymphocytes, the results for the effect of RF field exposure are conflicting.
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4 ANIMAL STUDIES

4.1.6 Summary

Research has continued to investigate the possible efiects of RF fields cn the brain and nervous system in
animals, and a substantial number of studies have been published since 2003 using a variety of models.

Studies investigating effects on cellular physiclogy have produced some evidence to suggest that low
level exposures are capable of causing measurable biological changes, although the possibility remains
that these effects represent responses to subtle heating. [n particular, the reported changes in GFAP
which suggest that exposure may engender inflammatory cr other protective measures above a given
threshold (between 1.5 and 6 W kg™") clearly raise the possibiiity of a mild heating phenomenon.

One recent study suggests that three major neurctransmitter systems can be affected by acute exposure
of the head of rats to GSM signals. The exposures were above quideline values, although heating was
considered to be minimal. In addition, most recent studies provide no clear evidence of field-dependent
effects on the electrical activity of the brain. However, one study suggests that animals made prone (o
epilepsy may show increased sensitivity to exposure.

The majority of recent studies investigating effects on the blcod-brain barrier have reported robustly
negative results. Importantly, the observations of Salford and colleagues could not be confirmed by
three independent research groups, and the positive results have been largely attributed to technical
shortcomings and the presence of artefacts. Overall, the evidence for low level effects on the blood-brain
barrier has grown substantially weaker since 2003, and it now seems far less likely that low level fields are
capable of causing detrimental changes.

Finally, very few recent studies have investigated effects on autonomic functions. One study showed that
although very high frequency fields cause greater heating in the skin, these fields induce the same
thermoregulatory responses as caused by warm enviranments.

4.2 Behaviour

It has fong been recognised that exposure of animals to RF fields at thermal levels may affect; their behaviour
and disrupt performance of learned tasks, but this does not exclude the possibility that low level exposures
may engender subtle behavioural or cognitive changes under certain circumstances. AGNIR (2003)
concluded that while no field-dependent effects have been firmly established in the absence of heating,
the available evidence was limited, and the long-term consequences of exposure on immature animals
had nat been sufficiently researched. Recent behavioural work has tended to concentrate on the spatial
learning abilities of adult rodents, although a few studies with immature animals have been undertaken.

4.2.1 Spatial memory tasks

A number of studies have investigated the effects of RF fields on spatial memory and place learning tasks

in rodents (Table 4.6) mainly using radial arm mazes (Figure 4.2) or water mazes (Figure 4.3). These

follow earlier reports from one laboratory suggesting that large field-dependent deficits in behaviour may
oceur {Lai et al, 1994; Wang and Lai, 2000}, although independent studies were nct able to support these
findings in either rats or mice (ACNIR, 2003). -

136 Text continues on page 140
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ENDPOCRINE SYSTEM

4.2.3 Summary

Studies have continued to investigate the effects of low level RF fields on cognitive function and behaviour
in animals, with particular emphasis on spatial memcry functions. Taken together, the evidence for any
field-dependent effects is not strong, but relatively few models and signals have been investigated. Very
few studies have yet been performed with immature or juvenile animals.

Two laboratories tried unsuccessfully to replicate earlier reports of field-dependent changes in spatial
memory in adult rats exposed to pulsed 2.45 GHz fields, and another study reported no changes in
behaviour using mobile phone signals. Some studies have reported field-dependent behavioural changes,
although the evidence from these studies is considered weak, primarily because they used a mobile
phone as an exposure system. This would have resulted in uncontrelled and highly variable amounts of
energy being absorbed by the animals, and an averall lack of knowledge about the exposure. A keystene
of all scientific laboratory work is in the control of experimenta factors, allowing the possibility of
replication and repeatability of the observed result.

Three studies present particularly intriguing results: ane reported that performance in 2 water maze could
be improved following medium-term exposure of juvenile animals; another suggested that long-term
exposure may protect against age-related behavioural deficits in a transgenic mouse model of
Alzheimer’s disease, and provide cegnitive enhancing effects in narmal mice; 2nd the third reported that
behavioural impairments associated with short-term exposure could be inhibited by exposure to
incoherent magnetic field noise. However, further studies are needed for all of these results before any
firm conclusions ¢an be drawn. Studies with the transgenic mouse model and using juvenile animals
would be of particular interest and importance.

[t has been suggested that low level RF fields could increase levels of anxiety, and so lead to behavioural or
other changes. However, a well-performed study found no evidence that pulsed 2.45 GHz fields had any
eifect on anxiety as measured using an elevated-plus maze.

4.3  Endocrine System

Previous animat studies have indicated that the most consistent changes in endocrine function occur with
acute exposures to RF fields that increase core bedy temperature by about 1°C or rore; changes in the
absence of such temperature rises have not been reliably demonstrated. Historically, most work seems to
have been performed on the hormones associated with the hypothalamic-pituitary-adrenal axis, possibly
due to their roles in stress and metabolism. Recent research has centred on the effects of mabile phone
signals on melatonin, a hormone secreted largely by the pineal gland at night (Table 4.8).

4.3.1 Melatonin

Bakos et al (2003) found that repeated, acute exposure of male rats to GSM signals in the early light phase
had no significant effect on the daily urinary excretion levels of the major metabolite of melatonin. Hata
et al (2005) reported that short-term exposure to TDMA signals during the dark phase had no effect on
serum or pineal melatonin levels in male rats. Koyu et al (2005a) reported that daily, acute exposure to
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4 ANIMAL STUDIES

GSM signals for 4 weeks had no effect on serum melatonin levels. Lerchl et al (2008) found that long-
term, continuous exposure of Djungarian hamsters to TETRA or GSM signals did not result in significant
changes in circulating or pineal melatonin levels.

4.3.2 Other hormones

Koyu et al [2005b) examined the effects of GSM signals on thyroid hormone furction in rats. Significantly
reduced hormone levels were reported after acute, daily exposures for 1 month, but the authors noted
the possibility that increased tissue temperatures may have contributed to this result. Esmekaya et al
{2010) reported that dally, acute exposure to pulsed 900 MHz signals for 3 weeks induced patholegical
changes in the thyroid gland of rats, possibly indicative of decreased thyroid hormone secretion, and 3
significant increase in apoptosis in thyroid cells. Two studies have investigated effects on reproductive
hormones. Yamashita et al (2010) found that short-term exposure to PDC signals had no effect on
circulating oestradiol levels in ovariectornised rats. Significant decreases in circulating testosterone levels
in rats were reported by Meo et al (2010} following daily, 60-minute exposures to signals from a mobile
phone for 3 months, but not following 30-minute exposures. However, the absence of any exposure-
related information or dosimetry renders this study uninterpretable.

4.3.3 Summary

Several studies have investigated the effects of mobile phone signals on melatonin, but no field-
dependent effects have been seen. There is a paucity of information on other hormones,

4.4 Auditory System

Because mobile phones are usually held in close proximity to the ear, concerns have been raised as o
whether these exposures could have 2n adverse effect on hearing and auditory function, either at the
level of the inner ear or on the central auditory pathways. Since 2003, a number of animal studies have
addressed these issues (Table 4.9).

4.4.1  Experimentai studies

Distortion-preduct otoacoustic emissions (DPOAE) provide a very sensitive, fast and reliable method to
determine cochlear (and, specifically, outer hair celf) functionality. In this test, acoustic signals
(distortion products) are generated by the cochlear in response to two simultaneous pure tones of
different frequencies, and these can be recorded using a sensitive microphone placed in the external
auditory meatus. Changes in the characteristics of the DPOAE indicate functional or structurat damage
to the cochlear.

Kizilay et al (2003) found that DPOAE amplitudes in newbarn and adult rats were unchanged foflowing
repeated, acute exposure to 900 MHz GSM signals. Aran et al (2004} found the samne result in guinea pigs;
auditory evoked potential thresholds were also unchanged in this study.

152 Text continues on page 156
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4 ANIMAL STUDIES

The effects of mobile phane signals on cochlear function in rats have also been investigated in an
extensive series of studies by Marino and colleagues. No significant effects on DPOAE measurements were
fourd following repeated, whole-body or head-only exposures to continuous wave 900 MHz fields or to
900 and 1800 MHz GSM signals (Galloni et al, 2005a,b) or fallowing head-only exposure to UMTS signals
{Galloni et al, 2008). In addition, repeated, head-cnly exposure to continuous wave 900 MHz fields did not
increase the ototoxicity induced by injection of the aminoglycoside antibiatic, gentamicin (Parazzini et al,
2007). However, the authors noted that the possibility of synergistic effects between other combinations
of SARs or concentrations of antibiotic could not be excluded.

Budak and colleagues have investigated the effects of acute, daily exposure to 1800 MHz GSM signals on
cochlear function in rabbits. Budak et al (2009a) reported that exposures of both young (1 month old)
and adult femate rabbits resuited in significant increases in the DPCAE of young animals, and significant
decreases in the adulis. Both changes were ascribed to increased temperatures in the ear canal.
Significant increases in DPOAE were reported by Budak et al (2009b) in male rabbits exposed during late
gestation and again at 1 month of age; prenatal exposure alone produced less extensive changes, while
postnatal exposure alone produced significant decreases in DPOAE amplitudes. It was suggested that
detrimental changes were confined to exposures of the young animals because the ear would have been
protected by fluid during gestation; however, it is also possible that differences in SAR may help to explain
these results, as the energy absorbed by the fetus would have been considerably less than that absorbed
by the young animals. Lastly, it was suggested that exposure to 1800 MHz GSM signals produced less
extensive decreases in DPOAE amplitudes in pregnant compared with non-pregnant rabbits (Budak et al,
2009c). This difference was ascribed to differing oestrogen and corticosteroid levels between groups.
However, in none of these studies was any indication of the likely SAR in the animals given, which severely
limits the interpretation of these results.

No significant effects on DPOAE were reported by Kayabasoglu et al {2011} following daily exposure
of newborn or adult rats to mobile phone signals for 1 month. The study used a carousel system to
expose the animals for 6 hours each day, but no further details were given, nor was a measure of
SAR provided.

Kaprana et ai (2011) reported that exposure to unmodutated 900 MHz signals at 0.2 W caused short-
term changes in the auditory brainstem response of rabbits. Significant delays were seen in cornponents
of the auditory brainstern response ipsilateral to the exposed ear during exposure, but no effects were
seen from the contralateral ear, or 24 hours after exposure. The SAR was not determined, and the
possibility of lacalised thermal effects was acknowledged.

442 Summary

There is no compelling evidence that daily, repeated exposure to the fields associated with mobile
phones has any detrimental effects on hearing in animals, either through changes to the inner ear
or on the central auditory pathways. However, one group has reported changes in young rabbits,
and other has reported acute changes in adult rabbits, both of which may be due to localised
heating effects.
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