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Introduction

* There is growing evidence that mobile phone
signals are unlikely to alter the integrity of the
blood-brain barrier (BBB) in rodents.

* However, one group reported BBB permeation

and dark neurons, up to 50 days after a single 2-
hour exposure of rats to GSM-900 like signal.

* Few information available on new mobile phone
signals
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BfS Programme

« The German BfS project on the blood-brain barrier integrity
and the occurrence of “dark neurons” in rats brains:

- single and repeated exposures

- GSM-1800 and UMTS signals

- various SARs

- various times after the end of the exposure
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Exposure set-up
The loop antenna

Characterised at 900 MHz
In Lévéque et al. IEEE
MTT, 2004.

Rats need to be restrained
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Dosimetry

The fields induced in the head are
produced by the neighbouring current
element of the loop adjacent to the head

Temperature measurements in
fantome

Numerical simulations (FDTD)
Brain averaged SAR (BASAR)
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Animal exposure

Male Wistar-Han rats

Signal: GSM-1800 or UMTS
Brain-averaged SAR=0.026, 0.26, 2.6, or 13 W/kg

Single exposure: 2 hours
Sacrifice immediately, 1 h, 1, 7 and 50 d after exposure

Repeated exposure: 2 hours /day, 5 days/week, 4 w
Sacrifice immediately and 50 d after exposure

Munich BfS meeting, October 11/12-2007




Exposure protocol

Two series of 8 rats per exposure condition were performed

Hab
1w

Exposure

Resting

!
l
I
1

12 13

Rat age at sacrifice (weeks)

Munich BfS meeting, October 11/12-2007



Controls

« Cage controls: animal facilities
 Positive controls: cold-shock 5 + 25’ before sacrifice

« Sham-exposed rats : restraining

In all experiments, cage control and sham-exposed animals were handled in parallel
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Samples

At the time of sacrifice, rats are anesthetized using
iIsoflurane inhalation (5% in air).

« Rat brains are fixed by intracardiac perfusion with
paraformaldehyde (4% in PBS) and frozen (-80 °C).
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Samples

* Brain slicing (10-pm)
- 2 slices / rat /| parameter
- 3 zones, 12 regions

Z1

Bregma -0.3 -3.3 -7.3
(mm) -0.8 -4.5 -8




Methods

 Dark neurons, assumed to be degenerating neurons were
identified using:

- Cresyl-violet staining and visual analysis (counting)
- Fluoro-Jade staining and visual analysis (scoring)

« Albumin leakage was identified using:

- Albumin immuno-staining and visual analysis (counting)
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Statistics

For each exposure condition, groups of 16
rats were used, allowing for the detection of a
significant variation of 35% (p < 0.05).

Comparison positive vs cage- controls
Comparison cage-control & exposed vs sham

Statistical analysis was done using the

Kruskal-Wallis test followed by adapted non-
parametric post-tests.
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Cold-shock Dark neurons detection: Cresyl violet
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Cold-shock Dark neurons detection: Fluoro-Jade B
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COld-ShOCk BBB leakage detection: Endogenous albumin
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Single exposur e experiments




GSM : Dark neurons, Cresyl violet staining

SAR (W/kg)
0,026
0,026
0,026
0,026
0,026

0,26
0,26
0,26
0,26
0,26
2,6
2,6
2,6
2,6
26
13
13
13
13
13

Munich BfS meeting, October 11/12-2007



GSM, Dark neurons : Fluoro Jade B staining

SAR (W/kg)
0,026
0,026
0,026
0,026
0,026

0,26
0,26
0,26
0,26
0,26
2,6
2,6
2,6
2,6
2,6
13
13
13
13
13
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GSM : BBB leakage, endogenous albumin

SAR (W/kg)
0,026
0,026
0,026
0,026
0,026

0,26
0,26
0,26
0,26
0,26
2.6
2.6
2.6
2.6
2.6
13
13
13
13
13
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UMTS : Dark neurons, Cresyl violet staining

SAR (Wikg)
0,026
0,026
0,026
0,026
0,026

0,26
0,26
0,26
0,26
0,26
26
26
26
26
26
13
13
13
13
13
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UMTS, Dark neurons : Fluoro Jade B staining

SAR (W/kg)
0,026
0,026
0,026
0,026
0,026

0,26
0,26
0,26
0,26
0,26
26
26
26
26
26
13
13
13
13
13
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UMTS : BBB leakage, endogenous albumin

SAR (W/kg)
0,026
0,026
0,026
0,026
0,026

0,26
0,26
0,26
0,26
0,26
2.6
2.6
2.6
2.6
2.6
13
13
13
13
13
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Single exposures

« GSM-1800 and UMTS did not induce
significant brain damage

* Results on BBB in agreement with the
majority of papers published so far

* Results on degenerative neurons do not
confirm the Salford’s data obtained at
900 MHz




Repeated exgeriments

n=15-




GSM : Dark neurons, Cresyl violet staining

Mé  CA  CA2 CA3
Cage contro ns [ ons | oms | ons
Cage contro ns | s | ons | ns
GSM I8 NS ns NS
G ns ns | ns
GSM NS ns NS
GM ns ns | ns
GM ns s | s
GSM I8 ns NS
GM ns ns | ns
GM ns ns | ns
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GSM, Dark neurons : Fluoro Jade B staining

SAR M3 M4 CA1 CA2 CA3 DG
Cage control | 0 Wkg ns{ns{ns|nsfnsjns

Cage control | 0 Wkg ns(ns|ns|fnsj|nsjns
GSM | 0.026 Wikg ns{ns{ns|nsfnsjns
GSM | 0.026 Wikg ns{ns{ns|nsfnsjns
GSM 0.26 Wikg ns{ns{ns|nsfnsjns
GSM 0.26 Wikg ns{ns{ns|nsfnsjns
GSM 13 Wikg ns{ns{ns|nsfnsjns
GSM 13 Whkg ns(ns|ns|nsj|nsjns
GSM 2.6 Wikg ns(ns|ns|nsj|nsjns
GSM 2.6 Wikg ns(ns| ns|nsj|nsjns
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GSM -

Cage control

BBB leakage, endogenous albumin

SAR
0 Wikg

Cage control
GSM

0 Wik
0.026 Wikg

GSM

0.026 Wikg

GSM

0.26 Wikg

GSM

0.26 Wikg

GSM

2.6 Wikg

GSM

2.6 Wikg

GSM

13 Wikg

GSM

13 Wikg
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UMTS : Dark neurons, Cresyl violet staining

Cage control

W
NS

CAl CA2 CA3

s | N

I¥

DG
NS

PP R
s | ns | ons

Cage contro
UMTS

UNITS

I¥

s | N

S| N

I¥

1S

N

NS

NS

I¥

1S

UNTS

NS

1S

UMTS

UNTS

UNTS

NS

I¥

NS

I8

NS

1S

UMTS

NS

1S

UNITS

IN

I¥

Munich BfS meeting, October 11/12-2007




UMTS, Dark neurons : Fluoro Jade B staining

SAR M3 M4 CA1 CA2 CA3 DG
Cage control | 0 W/kg ns(ns|ns|nsj|nsifns
Cage control | 0 W/kg ns(ns|ns|nsj|nsifns
UMTS 1 0.026 Wikg ns|ns|ns|ns|nsi|ns
UMTS  10.026 Wikg ns(ns|ns|nsj|nsifns
UMTS | 0.26 Wikg ns|ns|ns|ns|nsi|ns
UMTS | 0.26 Wikg ns(ns|ns|nsj|nsi|ns
UMTS 13 Whkg ns|ns|ns|ns|nsi|ns
UMTS 13 Wikg ns(ns|ns|nsj|nsi|ns
UMTS | 26Wikg ns|ns|ns|ns|nsi|ns
UMTS | 2.6Wikg ns(ns|ns|nsj|nsifns
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UMTS : BBB leakage, endogenous albumin

SAR

Cage control| 0 W/kg

Cage control| 0 W/kg
UMTS  [0.026 Wikg
UMTS  [0.026 Wikg
UMTS | 0.26 Wikg
UMTS | 0.26 W/kg
UMTS 2.6 Wikg
UMTS 2.6 Wikg
UMTS 13 Wikg
UMTS 13 Wikg
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Repeated exposures

* Immediately after a 4-week repeated
exposure

— Globally GSM-1800 and UMTS did not induce
significant brain damage

— Results in agreement with the majority of
papers published so far
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Repeated exposures

» 50 days after a 4-week repeated exposure

— UMTS did not induce significant brain damages

— GSM-1800 increased BBB permeation at 13 W/
kg
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General conclusions

* The more convincing effect was found on
BBB permeation 50 days after a 4-week
repeated exposure to GSM-1800 at 13 W/kg

* This may be linked to the microwave hearing
effect

» Results to be independently confirmed
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