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PEKTHOCThL pa3pabOTaHHON METOIMKH, a TakK e npo-
rpaMMbl pacyéra. '

4. TlpuknannHoe 3Ha4YeHHE METOAHKH COCTOMT B
TOM, YTO OHa NaéT TOYHOE MpeJCTaBIeHHE O Mpo-
CTPaHCTBEHHO-AWHaMu4eckol kaprune MII, ucnone-
3yeMoro B Meauko-6uonoruueckoi obnactu. [lpu
3TOM TIOABJIAETCA BO3MOMKHOCTb YCTAHOBJICHHS 3aBH-

CHMOCTH TeX WM HHbIX Guonoruuyeckux s3¢dexros ot
BETHYHHbI NApaMeTpPoB BO3AEHCTBYIOLIETO NOJA.

Jiuteparypa
1 Casenses H.B. Kypc obueli ¢usuxn. 1.2, 3-¢ u3n.,

ucnp. — M.: Hayka. 1988.-496¢.
2 Unenn B.A., Tlo3uak D.I'. AHanvTHueckas reomer-
pus. — M.: Hayka. 1971.

FRACTAL DIMENSION: A METHOD FOR THE ANALYSIS OF THE
BIOLOGICAL EFFECTS OF ELECTROMAGNETIC FIELD

E.ALASONATI', E.COMINO?, M.IANOZ®, N.KOROVKIN* F.RACHIDI?,
Y .SAIDI}, J.P.ZRYD?, P.ZWEIACKER®

! University of Lausanne, Laboratory of Plant Cell Genetics, Switzerland, e-mail: Jean-Pierre.Zryd@ie-pc.unil.ch
% Turin Polytechnics, Dipartimento Georisorse e Territorio, Torino, Italy, e-mail: elena.comino@polito.it
® Swiss Federal Institute of Technology. EMC Group, Lausanne, Switzerland, e-mail: Farhad.Rachidi@epfl.ch

* Otro-pou-T'epuke ynusepcurer, Marae6ypr, Fepmanus, e-mail: ny@caro.spb.ru

AnHoTauus. B crathe paccMOTpeHO HCMO/IB30BaHHME (PPAKTANBHOrO aHANW3a AN OLEHKH AeHCTBHA
3EKTPOMArHUTHBIX NOJelH Ha noaBWXXHOCTL HeMaToa Caenorhabditis elegans. Hemarons! nonsepraiucs
AEeHCTBHIO nonA BbicOko# uactoTel (900 MIL) B TEM sueiike. IlpesBapHrenbHbie pe3ynbTaThbl
M0Ka3bIBAIOT, YTO (paKTaNnbHbIi aHAIH3 — MOLUHBIA HHCTPYMEHT PErHCTPaLMy U H3IMEPEHUS U3MEHEHHH
MO/JIBH)XHOCTH HEMATO/ BCJIEACTBHE ACIICTBUA 3/IEKTPOMAarHHTHOrO MOJIA.

Abstract. The paper describes the use of fractal dimension to analyse the biological effect of electro-
magnetic fields on the mobility of the nematode Caenorhabditis elegans. Nematodes have been exposed to
high frequency field (900 MHz) using TEM cells. Preliminary results show that fractal dimension is a
powerful tool to measure variations in the nematode mobility resulting from the exposure to an electro-

magnetic field.

Introduction

The possible effects of low or high frequency
electromagnetic fields on living beings are highly de-
bated; nevertheless no clear conclusion can be drawn
from epidemiological studies or in vitro experiments
on tissues and cells. Recently, the Food and Drug Ad-
ministration backed by the CTIA (Cellular Telephone
Industry Association) emphasized the need to work on
simple animals, plants and cellular systems [1]. We
decided to choose the nematode Caenorhabditis
ele-gans as biological test organism for our research
study on the EMF effects on biological systems.

Caenorhabditis elegans has been and is still the
most well known chordate as far as developmental,
behavioral and genetics biology are concerned. The
genome of this small organism (growing to about 1
mm in length) has been completely sequenced; all 959
somatic cells of its transparent body are visible with a
microscope, and its average life span is a mere 2-3
weeks. C. elegans is easily handled and maintained in
the laboratory, thus it provides the researcher with the
ideal compromise between complexity and tractability.

Fractal dimension as a measurement system for C.
elegans mobility
When studying stressor effects on a biological or-
ganism, one of the problems is to find easy tools and
measurement technics to obtain quantitative valid data.
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C. elegans has been the object of recent studies on the
non-thermal effects of microwaves, based on the
analysis of easy detectable reporter molecules, induced
under stress conditions {2,3,4,5].

In developmental and behavioral biology it is often
difficult to obtain quantifiable measures of critical
parameters. In our work we have use a semi-automatic
data acquisition method in order to minimize human
errors due to the operator subjectivity, furthermore the
use of fractal mathematic gives us the possibility to
"quantify" the behavior of the subject organism.

As evaluation parameter of the biological effects
of EMF exposure we measure the mobility of the
nematode, supposingly related to the organism vitality.
A fractal model is used to analyze the time evolution of
nematodes traces complexity.

Cultivation conditions and field exposure

Nematodes are cultivated at 25°C on "Nematode
Growth Medium" in 5 cm plastic Petri dishes. The me-
dium is seeded with the OP50 E. coli strain as a food
source. Already published basic cultivation conditions
are used [6].

Nematodes are exposed to a high frequency elec-
tromagnetic field (900 MHz) produced by a TEM cell
(Type TEM 1000) at 100 V/m field intensity. The cell
is connected with a 50 Q matching impedance.

Nematodes used as controls are put inside another
identical TEM cell without electromagnetic field. Both



TEM cells are located in an incubator (accurate to
+0,1°C). The incubator allows us to make experiences
at different temperatures and at the same time guaranties
temperature stability during the experience.

Images acquisition
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Fig.l Nematodes trajectories: the elapsed time between
two successive pictures is 2,5 minutes; each sample is
constituted of 5 worms. The fractal dimension (d) of the
first image is 1,316; it changes to 1,456 in the second
image and finally rises up to 1,531 in the last image.

After the exposure, several samples are extracted
from each Petri dish and transferred oh new agar me-
dium. Nematodes start moving on the intact surface,
furrowing the substrate and so letting traces of their
passage. C. elegans moves by means of four longitudi-
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nal bands of muscle paired sub-dorsally and
sub-ventrally. Alternative flexing and relaxation
generates dorsal-ventral waves along the body,
propelling the animal along. The sinusoidal trace
resulting presents a fractal characteristic. Photos of the
nematode movement are taken every 2,5 minutes for 10
minutes. The complexity of the traces image on the
medium surface is related to the speed at which the
nematode is moving.

Traces pictures are obtained with a digital camera
(JVC GC-X3) fitted to a microscope, using always the
same magnification.

Images treatment and fractal dimension calculation

Each picture is submitted at local light equaliza-
tion that increases the contrast, evidencing the traces.
The first image of the series is subtracted from each
successive image, in order to study the traces image
complexity evolution in time, referred to a "zero time".
The subtraction procedure allows also the removal of
most of the image-noise. Images are converted to bi-
nary black and white, for the calculation of fractal di-
mension. Bidimensional images have a fractal dimen-
sion between 0 and 2; higher fractal values indicate a
more complex trajectory of the nematode movement.

Fig. 1 shows the evolution in the time of
nematodes trajectories.

Conclusions

Preliminary results based on three independents ex-
periments indicate that the fractal dimension of traces is a
good quantitative indicator of Caenorhabditis elegans mo-
bility.

Fig. 2 shows the evolution of the fractal dimen-
sion with time, during an experiment realized on 7"
may 2003. During the first 5 minutes of measurement
the fractal dimension value increases in the same way
for both exposed and control nematodes, then non ex-
posed nematodes continue moving constantly, while
exposed nematodes will slow down. We cannot pre-
clude a possible heat effect dues to the high voltage
used.
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Fig.2 Time-variation of fractal dimension associated
with the trajectory of nematodes.

The fractal dimension values in the graphic are the
average of three values representing three different sam-
ples, coming from the same Petri dish. Each sample is



constituted of 5 nematodes. The experience has been con-
ducted at 100 V/m field intensity, for two days at 25°C.
Table 1 shows fractal dimension values of the re-
ported experience.
Table 1. Fractal dimension values after two days
of exposure at 900 MHz, 100 V/m and 25°C.

Fractal dimension

2,5 |1,365+0,128 1,359 +0,040

5,0 | 1,439 +0,063 1,425 +0,028

7,5 | 1,439 +0,053 1,473 +0,016

10,0 | 1,442 +0,045 1,588 +0,039
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AnHotausns. [Ipentarastea Mooens NBHNEHUS aKBAPHYMBRIX pbif, HCNONE3YEMAA KAK COCTABHAA 9aCTh
MeToJa OGBEKTHBRON KONUUecTBEHHOM OLEHKH BO3ACHCTRUA 3NCKTPOMATHUTHEIX ToneH HA HUX JBMra-
TENBHYIO AKTHBHOCTE, OCHOBAHHOTO Ha (pakTaneHoOM ananuse audecozanucefi[l]. Monens nossoaser
RONMYYHTh WA KOHKPETHOH 3KCNEPUMEHTANbHOR YCTAHOBKH B3AHMOCBA3IL KHHEMATHHYECKHX W (pak-
TANBHEIX X4PAKTEPHCTHK ABHTATENLHON AKTHBHOCTH pHG.

Abstract. A simplified model of fish motion is presented. The model is used to solve EMC problems by
filens fractal analysis [1] and it gives the relationship between kinematical and fractal characteristics of

fish motional activity,

Baegeuve

MeToa perHcTpaiti ABUTaTENBbHOR AKTHBHOCTH €
noMoumIo  GPAKTANLHOTO  aHANHIA  BUIEO3ANHNCEH,
npednoxernntii B [1], ABnAerca, no CyTU, AOCTATOYHO
HOBBIM METOQOM, HCCNER0BaHHE M anpodauin KOTopo-
T0 Ha HatypHeiX obpasmax Tpebyer npoBeRcHUsA
GONBIWIOre KOJMYECTBA JINKTEALHBIX Habmonednil u
IkcnepumMenTos. Kpome 3toro, croeuHprka NpHMEHH-
MOCTH METOJA COCTOMT B TOM, YTO OOBEKTaMH UCClie-
BOBAHUK ABNRIOTCA KHBbIS OpraHH3IMel, NOITOMY pEa-
ny3aiMa Beelt COBOKYTIHOCTA MHTEPECHBIX LN HCche-
HOBATENS YCROBHH M «PEXHMOB» Ha HaTYpHeix ofpas-
UAX BPAS MU GPEACTABNACTCH BO3ZMOMNHBIM,

TeM He MeHee, ANA NPaBHILHOH HATEpNPeTALHU
AaHHBIX, TIONYYEHHMX B pe3yabtare (panTaibHoro
aHanusa syaco3anMcei, HeoOXOAMMO IHATL OTBSTH HA
pan ponpocoe. ONHHE W3 OCHOBMBIX, 3TO KakuMm obpa-

407

0M CBA3AHLI TPAAHLIHOHHBIE KHHEMATHYECKHE Xapak-
TEPHCTUKH ABINKEHHS CHNMHHYHBMX OOBEKTOB (CKO-
pPOCTh, YCKOpeHHE ¥ ap.) ¢ OpaKkTansHBIMH 10KasaTe-
namu, koTopeimMu B { 1] npeanaraeTca XxapakTepuzoBaTh
IBHFATERLHYIC AKTEBHOCTS IPYNNbt ONHOPOAHKX 00b-
eKTOB, TAKHX, HANpHUMeEp, Kak cemeicTBO akBapHyM-
HbIX peif. Kpome 3TOre BOIHHKAIOT BOMPOCH O €IMH-
CTBEHHOCTH lakiloueHili, CASTAHHBIX 10 (paxTane-
HbIM TIoKazaTenam, o0 oORAcTH NPHMEHEHHA YKasaH-
HOTO MeTOAa H Ap.

HaiitTi oteevbt Ha GOABIIMHCTEO W3 NOCTABICH-
HBIX BOTIPOCOB, DasupyRCh TOMLKO NHLIb HA PE3YNAbLTa-
TAX HATYPHBIX IKCIIEPUMEHTOB U HaOMmOACHHH MOXKHO,
HO B CHIY YKA3aHHbIX BbilIe TPHYHH, AOCTATOUHO
CNoXHO. Bonee NpocThIM NpelcTaBnIeTeA NPOBE/ISHNe
BHPTYAbHBIX JKCTEPUMEHTOR HA CTEUHANhHOH Moae-
JIH, FEOMETPHYECKH nogobHOR peanshomy ofpekty u
IKBUBAIEHTHON €My B CMBICIE PacCMaTpUBaeMbIX





