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BLOLOGICAL AND TOPOGRAPHIC PROPERTIES OF WEAK PULSING
ELECTROMAGNETIC FIELDS (PEMFs)

Sylvia Fitton Jackson and C. Andrew L. Bassett

Strangeways Research Laboratories, Cambridge, U.K.
College of Physicians and Surgeons of Columbia
University, New York, New York 10032

There is increasing evidence that PEMF can be designed with
physical parameters that confer ranges of biological specificity,
not unlike pharmacological agents. Both class action and unique
effects occur depending upon waveform characteristics. PEMFs have
clearly defined topographic specificity in their ability to induce
different waveforms in tissues depending upon fabric and orientation
within the B field. Pulse parameters that affect calcium can be
responsible for a variety of biological effects which are dependent
on this ubiquitous divalent cation for control; these include mes-
senger/regulators such as ¢AMP and protein kinase €, transcription/
translation and secretion among other cellular functions. In fact,
PEMF modulation of Ca*t availability may produce cascade effects.
Thus, with the broad-band pulses generally in clinical and experi-
mental use, it is likely that a number of cellular events may be
triggered concomitantly, such as the deposition of new mineral and
the additional accumulation of collagen, events esscntial for
tracture repair. If synthetic and degradative responses, however,
are equally triggered within the cell, no net perturbation may be
apparent. Furthermore, the direction and rate of cell migration
within a given B field appears to be determined, in part, by the
direction of magnitude of the resultant E field. Several examples
of these principles, as they apply in the clinic and laboratory,
will be presented.
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A CRITIQUE OF MEDICAL USES OF WEAK PULSING ELECTROMAGNETIC FIELDS

(PEMFs)

C. Andrew L. Bassett and Sylvia Fitton Jackson

Strangewavs Research Laboratories, Cambridge, U.K.
College of Phvsicians and Surgeons of Columbia
University, New York, New York 10032

PEMFs have been in clinical use for the past 12 years to heal
ununited fractures in children and adults. During that interval,
nearly 40,000 patients have been treated with a success rate rang-
ing from 70 to 957, depending upon the severity of the lesions and
the management technique. These success rates are comparable to
surgical methods which carry greater expense and hazard., In the
United States, more than one half of Board certified orthopaedic
surgeons have used PEMFs, more than twice in their practice and no
untoward effects have been noted. For children with congenital
pscudarthrosis of the tibia, the amputation rate has been reversed
from nearly 80% before PEMFs to less than . « when the method is
used alone or in combination with an appropriate operative proce-
dure. Healing of ununited fractures occurs because pulse parameters
trigger calcitication of soft tissues (i.e., fibrocartilage) in the
old fracture gap. Calcification is a critically important step in
the normal repair process which, when arrested, results in a non-
union.

By using different waveform characteristics to increase vascu-
lar neogenesis and decrease osteoclastic destruction of bone, it
has been possible to treat osteonecrosis successfully. This patho-
logic entity attacks the femoral head in voung people for a variety
of causes, including steroids, and results in rapid and profound
crippling. Surgical approaches have been singularly ineffective,
particularly, in late stage disease. PEMFs have arrested and re-
versed this disabling condition in 907 of patients and spared them
total hip replacements for significant intervals in time. General
use by the orthopaedic community is expanding rapidilyv. This same
waveform, also, has proved beneficial in treating chronic refractory
tendinitis of the shoulder, probably by virtue of its effect on
vascular neogenesis and limiting ectopic (dystrophic) calcification
of tendon. FEach of these clinical uses has been derived from sound
laboratory demonstrations of efficacy and safety. FEach has been
proved in patients by rigorous testing, including double blind and
matched case control techniques. Unfortunately, few other clinical
uses of pulsed electromagnetic fields are based on scientific foun-~
dations. These, generally, uncritical panacea approaches to dif-
Ferent illnesses, in the long run, can only cast dispersion on a
very valuable therapeutic method.
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- Lecture title: Phase-contrast, holographic and acoustic cytometries of
- living cells.

- - Lecturer Bruno BIANCO

The standard optical microscope in trasmitted light gives an image of the object
under observation which depends chiefly on the optical transmittance of the object
itseltf. But there are alternative microscopy techniques able to yield very diffe-
rent information, and which can be applied to living, unitained cells. Some are
the subject of this lecture. The methods considered have the common characteristic
that in each the image formation is well understood only on the basis of the

wave behaviour of the extitation, either light and sound. Moreover, they are
potentially able to give three-dimensional information on the object.

The phase-contrast microscope (in monochromatic light) gives an image which de-
pends on the refractive properties of the object; in principle, from this image
one can recover the phase shift of the light emerging from the object; such an
information can be trasformed into an information on the spatial distribution of
the refractive index.

The holographic microscope is based on the formation of a hologram in "free space",
under the objective; the hologram is magnified by the microscope and reconstructed
by a proper processing technique, able to yield views from different points,
simulating different position of the observer. The acoustical microscope is
sensitive to the spatial distribution of elastic properties of the object.

In summary, these alternative microscopg methods can allow deep insight on the
structural/physical properties e.g. of a cell.

The state-of-art in this subject is presented, together with experimental results.
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- Lecture title:

Interaction of Low-Intensity EM Fields with Cells: Characterization
by Ca Fluxes and Possible Mechanisms of Action

- Lecturer's name:
C. F. Blackman

- Extenc:d summary:

Calcium fluxes have been used as a monitor of electromagnetic field-induced
changes in a variety of biological systems. This work was fnitiated by the
finding that current pulses applied directly to the cortical surface of a
cat, in vivo, caused calcium release. Follow-up.investigations, using
radiofrequency (RF) radiation, utilized simplfer, in vitro brain tissue
preparations from the cat and from the chicken. RF radiation was found to
cause changes in the calcium flux only when the radiation was amplitude
modulated within a specific frequency range between 6 and 20 Hz. Sub-
sequently, it was shown that the intensity of the radiation was also an
important variable; changes in calcium flux only occurred within two
narrow, RF intensity ranges. Bxperiments that used sub-ELF modulated
RF radiation are difficult to interpret because the effective sub-ELF
frequencies must be demodulated from the RF carrier waves by the sample.
Because the efficiency of this demodulation is unknown, the intensity of
the effective frequencies in the sample is also unknown. This problem

has been circumvented by the finding that sub-ELF signals applied directly
to the sample can also cause changes ig the calcium fluxes, although at
tissue intensities on the order of 1072 V/m, which are approximate four to
six orders of magnitude smaller than those produced by the RF radiation
exposures. The results, using sub-ELF signals, have been consistent with
the modutated RF radiation results “Ydemonstrating similar narrow ranges
of frequency and intensity that are effective in causing changes in
calcium flux from the samples. These responses to intensity and to
sub-ELF frequencies have been the source of much speculation regarding

the underlying mechanism of action. It is generally accepted that the
underiying process must involve a cooperative phenomenon, in which the
systems are energetically poised for change, and the externally imposed
electromagnetic field serves as a trigger to initiate the process.

More recent experimental work has focused on the electromagnetic para-
meters that influence calcium fluxes in brain tissue preparation in order
to develop a response profile that may reveal clues to the underlying
mechanism, Signals of various intensities and frequencies up to 120 Hz
have been tested. The results seen in the profile can be interpreted as
being caused by two reaction sites, one with a broad frequency response,

. the other with a narrow frequency response that repeats at odd multiples
of 15 Hz. More recent work demonstrates the influence of the magnetic
field component in this process. This new data may serve as
a basis to develop more specific, detailed mechanisms and to
tdentify the initial reaction sites that eventually give rise to changes
in calcium fluxes.




- Lecture title:

Complementary Lectures on Effects Due to Ca Fluxes: diversity and
implications of cellular effects associated with field-induced Ca fluxes
- Lecturer's name:

C. F. Blackman

~ Extended summary:

Interest in the biological effects of low intensity electromagnetic
radiation stems from early reports of changes in human reaction time and
in circadian activity caused by exposure to electric and magnetic fields
in the sub-ELF range (0 to 30 Hz). Subsequent behavioral studies were
designed using sub-ELF modulated radiofrequency (RF) radiation to enhance
penetration of the signal into the tissue. These early experiments
demonstrated a change in the EEG pattern associated with a conditioned
behavioral response. In order to determine whether the behavioral changes
were mediated via peripheral receptors or occurred as the result of
changes induced directly in the CNS, additional experiments were designed
to examine the effects on brain tissue in vitro. Because extracellular
calcium and electric currents applied directly to the brain surface had
similar effects on the release of GABA and calcium ions, several independent
research groups monitored calcium fluxes in brain tissue from young
chickens to determine the influence of various electromagnetic and
biochemical manipulations on the field-induced changes. These groups 4
demonstrated that the following factors can affect the efflux phenomenon:
the frequency of sub-ELF modulation, the intensity and frequency of the
Rf carrier wave, the spacing between samples, the waveform and type of
modulation, and the pH and the presence of other ions in the medium. In

addition to calcium fluxes from chick brain tissue, other experimental e
systems have been tested, The experimental systems include calcium a
fluxes from rat synaptosomes in vitro, cat cerebral cortex in vivo, and -

human neuroblastoma cells in culture, and EEG patterns in rabbits. Two
research groups have also studied rat pancreatic tissue, which showed

changes in calcium fluxes, and mouse T-lymphocytes, which showed .
reductions in cytotoxic activity immediately following exposure. The L
unifying feature in these experiments is the critical role of particular B
frequencies and intensittes of the electromagnetic fields.

ELF and sub-ELF fields cause responses similar to those observed
with modulated Rf radiation, Calcium fluxes from chick brain tissue in
vitro were altered in a frequency- and intensity-specific manner, although
details of the response may depend upon the particular exposure system
used. A variety of biological samples have been exposed to sinusiodally-
varying magnetic fields : Physarum - causing longer mitotic cycle and
reduced respiration; Drosophila - altered oviposition and viability;
human fibroblasts-enhanced DNA <ynthesis. Pulsed magnetic field studies
form an additional dimension to this research area and the results may
not be directly related to the calcium flux phenomenon. However, an
analysis of the frequency content of the pulses may reveal some common
electrical parameters, and ultimately a common reaction site.
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CECT L 0 o AbD LIGANU BINDIAG T CELL MEIIBRANE

Lecturer's name:

- kxtended summary:

Snoem strialus can tri.oJer bilochemical procesues by affecting:
tpe rate @t wnicn long bind te the cell membrane or enter rem-
brane cranuel mouihs; the rate at which lectins or hor
monce bind 1o the cell membrane,

A gencrel model of such rate processes is prescnted whic::
is based on the interaction of 2 prrticle (ion or ligand) with
a gener~lized bindin: site (mexnbrane receptor or remorane ad-
sorytion site or chrnnel mouth). The solution of two coupled
Tangevin-type <quw ticnu sllows the comjputation of the mutuzl
srticle-site Jivt-nce ir the ni-n Lgu-re sense, in the pre-

sence of rn exocenous low-freo o ucncy electric field. Iy doing
s0, tnn .erernlence of the mzcroscypic assovci~tion -nd Jdisso-
cistion r=te conct-nts on the 71<1u ¢'n be svslu=zted.

These results sre usea to mouel the efects ¢f low-smpli-
tuce el exrosure in three different siturtions: perturbztion
of the Ce*” infiux rcross the membr-ne of rny cell; perturba-
tion of *h2 lactin mitoenic effectiveness on lymrhoeytes;
rerturbzticn of the horrmone iniuced cA P prowucticn in osteo=~
blasts.

It will ve shown thzt, uuder scme aiflerent circunstences,
the sazme kind of em exrosure cnn induce opyosite types of bio-
logical resiunses,
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Lecture title: Cell membrane structure-function relationship

~ ~ LIPS P .
Lecturer's name: | M, risnman

Extended summary:

A membrane can be regarded as a thin molecular film (rVSOK) which functions
both as a glftusion parrier and an intertfacial reaction surtface. The main
functional concepts assoclated with plasma membranes are the notions of
functional compartmentalization (i.e,, gates, pores, channels, pumps, ete. )
and catalycic optimization (receptors, sites, etc.). The overall obijective
of this lecture i1s to outline the physico-chemical concepts of membrane
architecture with a view toward the relationship of surface chemistry, model
membranes amd cell membranes.
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CELL POLVELEITROLYTES

Fam. o Oosawy, Department of Biophysical Engineering, Osaka
fimaversaty and Institute of Molecular Bioloagy, Nagoaya Uni-

virsity,

Bropolymers such as proteins and nucleic acids are polyelec-
trolvees, and biological systems such as muscle, membranes
and protoplasm may be regarded as organized polyelectrolytes.
some of the propertics of living cells and their constitu-
cnts can be understood from this standpoint.

The strona interaction between polyvalent macroions
tpolyions) and counter ions is a source of the characteristic
properties ot polvelectrolytes. Above a certain critical
vilue of the charge density of polyions, counter ions are
ndensed on the polyion and a complete selective condensa-
tron of o counter 1ons of hiaher valencies takes place. Small
1 from low molecular salts are additively distributed
rround the polyion and the chemical potential of polvions
shows a Iogarithmic dependence on the salt concentration.

The mobility of condensed counter ions results in a very
Tirae dielectric constant of polyelectrolvte soluticns. The
velaxation time of longitudinal movements of counter ions
tlong the polyion is long, wherecas trat of transverse move-

s 1s short, Therefore, polyions show different local

movvenw nts depending on the frequency of the applied electric

L 1d, althouah the rotation of the whole polyion is very

W
T

.

v
:n without the applied field, thermal fluctuation of
ndensed counter ions produces a fluctuating field. With
lnoereasing charge density, the repulsive force between poly-
tons 18 saturated, while the attractive force due to such
fluctuation continues to increase. This force depends on

the speed of movements of polyions.

In a1 muscle fiber, thin and thick filaments composed of
1ot in and myosin respectively are aligned in parallel, inter-
draitating ecach other. If an electric field is applied along
rhee fFiber, the orientation of actin filaments is made better
in one side of the z-line and worse in the other side, sug-
rostans that the filaments have permancent dipoles. Under
the freld of higher frequency, bending movements of the fila-
meent s of higher modes are observable. The relaxation time
i the bending movement is much shorter in the resting state
of the muscle than in the activated state.

The onlar alignment of actin filaments seems to be close-
iv related to the motility and morphogenesis of living cells.
Ir 1 very likely that the effect of the electric and magnetic
fields on the living cells is mediated by the formation of
saeh ardered structures.,




PERSPECTIVE ON WINDOWS AND CALCIUM EFFLUX STUDIES

Sol M. Michaelson

Department of Radiation Biology and Biophysics
University of Rochester

School of Medicine and Dentistry

Rochester, NY 14642

Over the last decade, Adey and Bawin and their colleagues
have reported extensively on their studies of changes in
radioactive-calcium ion {43Ca**) efflux from neonate chick
brain preparations and isolated samples of cat cortex under very
specific frequency and power density regimes of unmodulated
sub-£LF fields and of amplitude-modulated YHF and UHF fields.
Blackman conducted experiments that verified and extended Adey's
findings for chick brain at 147 MHz and later at other
modulations and frequencies. Few studies on calcium efflux have
sought to determine the source of the calcium involved in the
observed efflux, the mechanism by which energy deposition alters
calcium efflux, and the functional implications of the induced
changes in calcium efflux, It should be recognized that
unbinding or release of Ca** may signal either the onset of a
temperature change or the occurrence of a thermal challenge in
response to which compensatory physiological reaction keeps the
animal's temperature stable. Therefore, a thermal effect may
indeed cause a change in calcium kinetics without eliciting
measurable temperature increase. The concept of "windows" which
has evolved from such studies may be reflective of compensatory
physiologic responses or rate changes in biochemical reactions.
Adey suggests that electromagnetic fields may induce
conformational changes of the neuronal membrane resulting in
displacement of the surface bound cations, While these studies
on calcium efflux are interesting, and potentially important
they fail to demonstrate physiologically significant effects of
electric, magnetic or electromagnetic fields on calcium function
in the brain,




SUBTLE EFFECTS OF RADIOFREQUENCY ENERGY ABSORPTION
AND THEIR PHYSIOLOGICAL IMPLICATIONS

Sol M. Michaelson

Department of Radiation Biology and Biophysics
University of Rochester
Rochester, New York 14642

ABSTRACT

We might define subtle effects of RF energy/biologic tissue
interactions as those likely to elude perception or understanding.
These can be illusory, unsubstantiated, or tenuous, which would be
considered of slight importance or significance. On the other
hand, several reported subtlie effects are unquestionably of
considerable interest and, if substantiated, may indicate basic or
fundamental biophysical relationships. For pragmatic consider-
ations the question has to be asked and consideration given as to
whether such subtle effects have any physiological implications.
Subtle effects can be categorized as: 1) influence of field
generated forces, 2) membrane interactions--electrosensitive
species; nerve cell stimulation; auditory response, 3) biopolymer
interactions, 4) changes in calcium kinetics, 5) millimeter wave
interactions, 6) orientation, navigation by electrosensing
organisms and in ambient electromagnetic fields, 7) modification

of circadian rhythms, and 8) behavioral responses to "weak" fields.

Several mechanisms responsible for the interaction of radio-
frequency and other electrical fields with biologica)l systems have
been described. Foremost is the heat development which results
from the absorption of microwaves. The relative contribution to
this heat development caused by the various tissue constituents
including ions, water, biopolymers, bound water and lipids are
noted. Direct field interactions with various biocomponents are
also considered. These include membrane interactions, biopolymer
interactions, interactions with biological fluids, and field
generated forces acting on biological particles and cells. These
forces are frequently neglected in discussions and yet pertain to
a large number of published observations.




~ tecrure title:  MM-Wave Spectroscopy on Biological Macromolecules ;f

- lecturer's name: Dr. Friedrich Kremer

- Fxtented summary:

Broadband absorption measurements at millimeter-wave frequencies
(40 GHz-170 OHz) are reported for several biological macromole-
cules {lyophylized haemoglobin, lysozyme, silk keratin, poly-
L-alanine} The measurements were extended over the tempgrature
range from 4.2 k to 300 K using the novel oversized-cavity-
technique (9CT). The millimeter-wave absorption of the dried
materials was found to increase nearly exponentially with
temperature and approxiwmately as.* with freaguency. This frequency
ind temperature dependence 15 quantitatively descr1bed as being
due to three distinct relaxation processes on a p1co§econd

time s.ale occuring in asymmetric double well potentials. These
Processes are most probably assigned to the NH...0C hydrogen bonds
af the peptide backbone. For lysozyme the influence of hydration
was investiaated. The contribution of adsorbed.water can be
distinguished from the intrinsic processes by its different
frequency dependence.

Kremer, F.

Broadband mm-Wave-Spectroscopy on Biological
Samples, in: Biological effects and dosimetry of
nonionizing radiation ed. M. Grandolfo,

S.M. Michaelson and A. Rindi, Plenum Publishing
Corp. 1983, pp. 233-250.

8andekar, J., L. Genzel, F. Kremer, L. Santo
The Temperature-dependence of the rar-infrared
Spectra of L-alanine. Spectrochimica Acta,
Vol. 39.A, pp. 357-366 (1983).

fenzel, L., F. Kremer, A. Poglitsch, G. Bechtold

Relaxationn Processes on a Picosecond Time Scale

in Haemoglobin and (Poly)-L-Alanine Observed by
Millimeter Wave-Spectroscopy. Biopolymers,
s Vol.22, 1715-1729 (1983).
F'. Kremer, F., A, Pnglitsch, D. Bahme, L. Genzel
F‘ The Application of Uversized Cavities for
!' Millimeter-Wave-Spectrnscopy. Infrared and
[ Millimeter Waves, Vol.ll, Academic Press in print
- (1983,
-
@ Paglitsch, A., F. Kremer, L. Genzel
T i Picosecond Relaxations in Hydrated Lysozyme
b Ubserved by Millimeter-Wave-Spectroscopy. J. Mol.
Biol. 173, 137-142 (1984).
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Lecture title:

Kiojogical Implementation of Electric and Magnetic Orientation Mechanisms

Lecturer's name: Ad. J. Kalmijn

Extended summary:

The ampullae of Lorenzini enable marine sharks, skates and rays to detect
de and low-frequency electric fields up to about 8 Hz at voltage gradients as
tow as 5 nV/em.

Well-aimed feeding responses have been observed in response to the bioelec—
tric tields of prev and simulations thereof, both in captive animals and in
tree-roaming sharks, skates, and rays at sea.

[n training experiments, stingravs have shown their ability to detect the
presence, direction, and polarity of uniform electric fields, simulating those
ot ocean currents, and to orient themselves accordingly.

Stingravs have also been successtfully trained to orient to the earth's
mavnetic field, whether the field inclined towards the vertical or was hori-
zontal as at the magnetic equator,

Experiments to prove that the animals indeed use the naturally occurring
clectric and magnetic fields and to identify positively the electromagnetic
principle of orientation are in progress.

The performance of the ampullary system and the actual process of sensory
transduction will be discussed for both freshwater and marine electrosensitive
tishes and will be related to the conductivity of the medium.

[mpiementation of a magnetite-based orientation mechanism is known for
magnetic bacteria. The usc of magnetite for orientation in higher organisms
is uncertain bhowever, and will be evaluated critically.,
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- Lecture title:

Physical Principles ot Electric and Magnetic Field Detection

- Lecturer's name: Ad. . Kalmijn

- - Extended summary:

Due to regional ditferences in skin potentials, aquatic animals produce
smultipole electric fields in the surrounding water. Flectrosensitive fishes
use these ficlds to locate their prev and to direct their feeding attacks.
Bv flowing through the earth's magnetic field, ocean currents produce vast, R
virtually uniform electric fields, which provide marine electrosensitive fishes
with information about the strength and direction of their drift.
In shallow, protected waters, the fringe fields of nearby ocean currents
*often vield steadv directional cues for the local elasmobranch populations.
-Tidal tlows mav modulate those fields to varying extents.
Moving with respect to the water, marine electrosensitive fishes further-
more induce electric fields across their body and in the surrounding water,
which could give the animals their magnetic compass headings.
Electrochemical tields of galvanic and electrokinetic origin offer fresh-
wiater electrosensitive fishes orientational cues, which they may use when moving
about in tamiliar terrvitory.
Besides by the electromagnetic principle of orientation, biological organisms s
mav also detect the divection of the earth's magnetic field by the use of ordered, KRR
. single-domain magnetite crystals. L
The phvsics and phvsical chemistry of the various electric and magnetic fields C
will be discussed in order to understand how they interact with the recipient
organisms and precisely what sensory information they provide. ' .
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Lecture title:
The High-Frequency Interaction: Physicochemical Basis

Lecturer's name:
K.H. Illinger, Department of Chemistry, Tufts University, Medford, MA 02155, USA

Extended summary:

The high-frequency inueraction [in the microwave, millimeter—wave
and far-infrared regions of the electramagnetic spectrum] with
cellular systems, and a fortiori with biological systems of higher
organizational complexity, requires analysis in terms of a
hierarchical series of model systems of increasing physicochemical
camplexity. A salient difference between the spectroscopic and
dielectric properties of ordinary fluids and those of biological
systems is that the latter contain non-equilibrium subsystems.

While the bulk properties are daminated by the equilibrium subsystems,
owing to their predaminance in concentration, features not predicted
by the theory of ordinary dielectrics may arise. We shall attempt to
trace the models, definitive or heuristic, which are thought to play
a significant role in the high-frequency interaction. The attenuation
function and complex permittivity predicted by models of varying
sophisticatigY, for equilibrium molecular systems, in the region of
0.1 - 100 am ~ will be discussed and compared to experimental data.
The system which daminates such bulk properties of biological fluids
and tissue is H,O(7). Systems in the next regime of complexity,
apart from the Ionic and monameric molecular camponents of biological
fluids, ar: biopolymeric systems. The principal coupling mechanism
for H,0(/) is the high-frequency tail of its (monomolecular) rotational
diffuSion and the librational and translational motions of

molecular clusters, extending into the region around 1 cm = from

the far-infrared region. Biopolymeric systems may exhibit low-lying
vibrational motions in this region as well as in the far-infrared.
Recent theoretical models, particularly for DNA and its analogs,

have begun to address a realistic description of such motions,
including the effect of viscous damping by H.O(%), which plays a
significant role in the biological context of such systems.

The biophysical entities which may be the irreducible systems

that form the loci for non-equilibrium subsystems are in viwo
cellular systems, including the biological membrane. We shall discuss
the spectroscopic properties, in the high-frequency region, of
non-equilibrium systems, and their experimental consequences:
attenuation function, Raman intensities, the vibrational emissivity,
and phonon spectroscopy. Finally, a thermodynamic formulation of the
Frdhlich vibrational model will be sketched, which may aid in the
application of physicochemical criteria for the experimental study

of non-equilibrium biochemical systems.
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TOPOGRAPHY OF EM EXPOSURE AND ITS RELATIONSHIP TO BIOLOGICAL
EFFECTS ON TISSUES

M. HINSENKAMP.

In previous studies (1982), the topography of the magnetic and electric
fields between Helmholtz circular and clinical coils was defined by camputation
following the Maxwell's equation ard by experimental measurements.

We also analyzed the biological effects of time-varying magnetic fields gene-
rated by these coils which produced an increase of GAG synthesis on limb buds
of mice embryos (1982) and an activation of the skeletal growth of chicken embryos
(1383). In this study, it appears that between the coils the position of the
stirulated embryos is not meaningless regarding the biological effects.

In the present work, we used quails embryos to have a better definition of the
topographical variation of the electrical characteristics.

The eggs were stimulated after four days of incubation and during 96 hour: in
square shaped coils. '

Four groups are studied and characterized by the positions of the eggs between
the coils (center, 1 oam inside the edges, 1 om inside the corner and controls).

This protocol is repeated for two parallel planes between the coils (half way
between cach coils and 1 an from one coil).

We analyzed the embryonic weight, the length of each bone segment and the
length of the ossification point of each bone.

All these measurements give the same differences between groups.

The group stimulated on the edge of the coils shows the highest growth rate.
The group stimulated in the center and the comer shows an intermediate growth'
between the control and the edges group. The increase of total length of the bone
sesments is not so pronounced that the increase of the length of the primary ogsi-
fication point. The statistical analysis of the ratio between these two measurements
gives interresting results. Campared to the controls, the mean value of this ratio
shows an increase of 10.7 % for the tibia stimulate in the center, 14,2 % in tke
corners and 25 % on the edges of the coils. After a comparison of the different
electric variables and the biological effects we propose a biologically correlated
electric characteristic of the electric field.

It appears that the topographical variation of this charasteristic neglected
until now in the experimental protocols could be responsible of many inconclusive
results cdue to their apparent unreproducibility.

Ancther parameter altering the topography of the EMF "in vivo" is the elec-
trical characteristic of the tissues in a limb. The effect on EMF topography in
different fresh fractures configurations as well as non-union are studied.

It appears that identical induction pattern or direct current applied to
diffarent fresh fractures or nonunions does not produce the szame local electrical
modification in terms of amplitude and orientation.

This means that before to propose new indications for electrical stimulation,
the electrical enviromment of each pathological situation has to be carrefully
defined. ‘

1

Service d'Orthopédie - Traumatologie
HOpital Erasme - Brussels University
Route de Lennik 808

B-1070 Brussels - Belgium.
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- Lecture title: Frequency-dependent biological effects of low

intensity microwaves

- Lecturer's name: Dr. Werner Grundler, GSF Neuherberg, F.R.G.

- Extended summary:

The existence of biological effects caused by low intensity micro-
waves and not only due to a temperature increase are of fundamental
interest both from the point of view of protection against this
radiation and perhaps for an understanding of biological mechanisms
in general.

Such a nonthermal microwave sensitivity in biological systems has
not been generally accepted. Experimental evidence has been scarce
and investigations are needed, where fundamentally it's existence
can be proofed. A strong frequency-dependent response of the bio-
logical system, especially in a resonant form, points to special
mechanisms not compatible with thermal origin. Such results are pre-
dicted and supported by theories indicating their acceptance from
the point of view of theoretical physics and biophysics. On the
other hand, such an experiment allows the critical examination of
theoretical models enabling a deeper inside into the possibkle wmech-
anisms 1nvolved.

bue to the scope of this frame, emphasis is taken on frequency
specific effects and examples are reported where, at least to some
extent, this physical parameter is systematically investigated.
These examples are concerned with reactions fror molecular to cel-
lular level. Mainly we report evidence of nonthermal resonant ac-
tion of millimeter microwaves on the growth of yeast cultures.
Repetition of earlier photometric studies of agueous suspension
cells and the microscopic observation of irradiated single yeast
cells have confirmed that cell growth is affected by weak mm-micro-
wave radiation in a frequency-selective manner.

Additionally, the influence of the same frequencies as used in the
yeast experiment will be demonstrated on mammalian cells for
testing the question if basic mechanisms are involved common to
these different cell systems,

-




Lecture title: Dielectric properties of biological material:
Techniques of measurement

Lecture:'s name: E.H. Grant

Exended summary:

B Accurate knowledge of the dielectric properties of biological
material is required in the areas of dosimetry, NMR imaging, hypertherma
induced by electromagnetic waves and microwave thermoaraphy. Complementinag
these prac 1ical situations is the area of academic biophysics where
knowledqe of the dielectric behaviour of the biological solution or

tissue may be interpreted in order to provide information at a molecular
or cellular level. Such parameters as molecular dipole moment, cell
membrane width and quantity of water of hydration can be obtained by
dielectric techniques.

The relative permittivity and conductivity of biological material
are determined using frequency domain or time domain methods. In both
categories of technique observations may be made on the behaviour of an
electromagnetic wave as it passes through or is reflected from a

sample contained in a transmission line or waveguide. With measurements
in the frequency domain the determinations are carried out directly
at individual frequencies; in time domain spectroscopy (TDS) a

pulse is sent down the line containing the sample and a Fourier
transform performed on the reflected pulse to obtain the appropriate
information in the frequency domain. The measured dielectric parameters
are fitted to sums of two or more dispersion regions, each of which
may be identified by a particular mechanism. To assist in the unambiguous
interpretation of each dispersion the dielectric measurements should
be performed as a function of concentration, temperature, conductivity
and other physical parameters.

In general frequency domain methods provide greater accuracy
than time domain techniques, particularly when the measurements can
be made by moving a probe through the actual sample as distinct from
observing the wave reflected from it or transmitted through i1t. This
is of course only possible in respect of liquids. On the other hand
time domain methods are much more rapid and allow the determination
of complex permittivity over two or more decades to be made in a
matter of minutes. This is especially useful when tissue samples
are to be measured and is valuable in any situation where there may
be a variation of dielectric properties with time.

In this presentation the various methods of measuring permittivity
and conductivity will be discussed, with particular emphasis on recent
developments.
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Kecture title: Dielectric behaviour of biological material: .
Molecular properties

Lecturer's name: E.H. Grant

Summary

Accurate knowledge of the dielect: ruy erties of bioloqgical
meterial is required in the areas of dosimetry, NMR imaqging,
hyperthermia induced by electromagnetic waves,and microwave thermography.
Complementing these practical situations is the area of academic
biophysics where knowledge of the dielectric behaviour of the biological
solution or tissue may be interpreted in order to provide information
at a molecular or cellular level. Such parameters as molecular
dipole moment, cell membrane width and quantity of water of hydration
can be obtained by dielectric techniques.
The measured dielectric parameters are fitted to sums of two or
more dispersion regions, each of which may be identified by a particular
mechanism. To assist in the unambiguous interpretation of each
dispersion the dielectric measurements should be performed as a function
of concentration, temperature, conductivity and other physical parameters.
In this presentation the dielectric properties of biological
material will be surveyed and interpreted in terms of molecular behaviour.
New data on DNA, myoqglobin, polyvinylpyrrolidone (PVP) and water in .
the ageing brain will be presented and a novel method of measuring .
water of hydration in biological tissue by freezing the sample will
be described. In this method the unfreezable water is measured and .
identified with the water of hydration. The advantage of this —

technique is that by freezing the sample the interfering effects of (
low frequency dispersions are removed. Consequently by making

measurements at microwave frequencies it is possible to study the
motion of the water molecules present in tissue without the interfering
background of membrane effects and the rotation of polar macromolecules.




Lecture title: «

Lecturer's name:
Extended summary:
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- Lecture title! workshop on measurement techniques.
Toplce:  Pseudorandom signals

- Lecturer's name: H.M. Fishman

~ Extended summary:

Application of Fourier-synthesized pseudorandom signals is a relatively

new means of obtaining rapid linear responses of a system. The discussion
will focus on the rationale for use of these functions, how they are generated,
and the ways in which they can be used.
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Lecture title: Linear analysis of the responses of axon membrane ion
conductances to pseudorandom voltage perturbations

. .
Lecturer's name: H.M. Fishman

Extended summary:

The time-varying, voltage-sensitive ionic conductances that underlie excita-
tion phenomena in squid axon and other excitable cell membranes show diverse
characteristics when studied in the frequency domain. Rapid steady-state
complex admittance measurements by application of synthesized, pseudorandom
perturbations of membrane voltage, synchronized with a fast Fourier processor,
allow linear analysis of membrane ion conductance responses in the frequency
range 1-5000Hz during step voltage clamps. The K conduction system is first
order and described by a series g-L branch in parallel with a positive conduc-
tance. The admittance of the K system shows resonant behavior with membrane
capacitance. The Na conduction system is second order and is described by
three parallel branches: g-L, g-C and a negative conductance. The Na system
1n conjunction with membrane capacitance and residual positive leakage
conductance produces an extensive range of complex admittance functions.

All of the complex admittances can be fitted with linear models to obtain
estimates of conductances and their natural frequencies (or relaxation times)
thereby providing a complete linear characterization of conduction kinetics.
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CONTROL OF CONFORMATION AND MOVEMENTS oF CHLL POILYELECSROLTTRD
Fumio Oosawa, Department of Biophysical Engineering, Osaka
University and Institute of Molecular Birology, Naagoya Unai-
versity.

Protein polymers in livina cells such as F-actin filaments,
microtubules and intermediate filaments are all composed of
globular protein monomers and have characteris properties

as polyelectrolytes. The polymers are formed above a certain
critical concentration of monomers, and usually the critical
cuncentration decreases with increasing ionic strenath and
raising temperature. These polymers show continuous and dis-
continuous polymorphic transitions depending on the environ-
mental condition.

Recently, a new technique has been developed to make
single filaments of protein polymers directly visible under
an optical microscope by dark field illumination or by label-
ling with a fluorescent dye. The filaments are very c(huin;
nevertheless, the overall shape of the filaments is well defi-
ned under the microscope and their movements can be recorded
in a movie film. (The film is shown at the lecture.) This
technique is applicable not only in vitro but also in vivo.

The bending movements of single filaments of F-actin in
solution are directly observable. The relaxation time of the
bending movement of F-actin of 10 um in length is a few sec.
The relaxation time of bending or the flexibility of F-actin
is changed by adsorption of small ions and binding of other
protein molecules. In the presence of soluble myosin frag-
ments and ATP, F-actin filaments show large and fast bending
movements which are not thermal but active movements consum-
ing free energy released by splitting of ATP.

At a high concentration of F-actin filaments, their bend-
ing movements are suppressed and only a reptile movement is
observed under the microscope. In this condition, myosin
filaments and ATP induce a slidinglike movement of F-actin.
This movement is fast and unidirectional, while the reptile
movement in the absence of ATP is slow and bidirectional.

A typical example of the polymorphic transition of pro-
tein polymers is found in bacterial flagella. They assume
helical structures having different pitches and different
diameters. The transitions among them are caused by chang-
ing ionic strength, pH and temperature. The progress of the
transition along the polymer can be followed under the micro-
scope. A mechanical force or a flow of the medium can also
cause the transition.

The effect of the electric and magnetic fields on these
transitions and movements of protein filaments is being
examined.
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- Lecture title:

) Modulation of in vitro and in vivo
o biological processes by means of low
. intensity EM exposure

- Lecturer's name:

g Arthur A. Pilla, Ph.D, |
4 ' - Extended summary:

‘U

l-

- This lecture will present the details of an electro- e

. chemical approach to the interactions of EM induced
currents and cell function modulation. The concept -

n of electrochemical information transfer at living -z"‘!

cell membranes suggests that weak pulsating currents L
g act on the cell via a set of well defined electro- s
b chemical pathways. These pathways can consist of -
P ion-functional site interaction, dielectric charging, s
- and passive and active ion fluxes. BAny of the above LT
X will respond to current flow if potential dependence AN

- is exhibited. These non-faradaic electrochemical
processes have characteristic kinetics and are there- A
fore optimally stimulated by waveforms containing

the appropriate fregquency ranges within which suffi-

cient energy is transferred to the relevant electro-

chemical pathway. A correlation therefore exists

between the frequency and power spectra of the induced

current and the observed biological effect. Perturba-

tion of any of the possible electrochemical pathways -
may result in a time dependsnt change of intracellular '"*'
ion concentrations (e.g. Ca‘t or Nat) which in turn

affects the rate of cell differentiation ard/or divi- '
sion. There exists both a biological window (cell .-
receptive to intracellular ion changes) and an electrical K
window (via frequency spectra correlations). Examples .
of all of the above will be given for Na/K ATPase, Lo
complement mediated cell lysis, cell/cell interation, ’
hormone response aund tracture repair,
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OSCILLATING ELECTROMAGNETIC FIELD EFFECTS OF AND BY CELLS

Herbert A. Pohl

Department of Physics
Oklahoma State University
Stillwater, Oklahoma 74078 U.S.A.

Some time ago, Froehlich (1968, 1977, 1980, 1983) suggested
that the chemical energies of living cells could couple into their
dipolar systems. Much as in a laser, he predicted, if the power
density S exceeds a certain minimum level S , then a giant dipole
mode of oscillution could come about. This cooperative oscillatory
state could then be expected to mediate characteristic emissions
and absorptions of electromagnetic radiation.

INTRODUCTION

Davydov (1980) presented a theory of solitons applicable to
biological systems wherein solitons might be expected to part-
icipate in the nearly loss free transmission of cellular energies.
Del Guidice et al. (1982) have since amplified these ideas as
applied to cells. Pohl et al., Pohl, (1979, 1980a, b, 1982, 1983,
Pohl and Braden, 1982, Pohl et al., 1981) proposed that spatially
organized periodic chemical reactions involving ionic species were
a potential source of such EM transmissions. The limit cycle
regulation of chemical processes was discussed by Froehlich (1977,
1983) and Kaiser (1983a, b).

The experimental search for such EM radiation by cells was
taken up actively by numerous laboratories. Natural cellular EM
radiation and absorption effects were busily sought for. Early
claims in sparse Russian reports described observations supporting
the Froehlich predictions of EM responses in the difficult experi-
mental range of 20 to 100 GHz. (Devyatkov, Sov. Phys. Usp. 16,

1974) . German (cf. Froehlich, 1980 for extensive review of this
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work) and American studies Webb et al., (1980) carefully citing the
extreme experimental difficulties, partially confirmed the Russian
studies. Perhaps more importantly, Canadian studies by Rowlands et
al., (1981, 1982, 1983, 1984) showed the existence of cell-to-cell
forces of extremely long range (up to 4 micrometers) acting in a
manner predicted by Froehlich's mechanism via supra-gigaherz types
of oscillations, They also observed super-elastic intercellular
fibrils with behaviors for which Davydov soliton action could be
suggested,

When using experimental techniques well suited for detecting
a wide range of frequencies, especially those in the lower frequency
range below say, 100 MHz, Pohl and co-workers (Pohl, 1980a, b, ¢,
198la, b, ¢, Pohl and Braden, 1982, Pohl et al, 1981) detected nat-
ural rf oscillations from a wide variety of cells, including those
of bacteria, fungil, algae, aves, and mammals. The techniques in-
cluded (1) micro-dielectrophoresis, (2) cellular spin resonance,
(3) "hanging drop" figures in which patterns of variously polarizable
powders develop about living cells while suspended in a drop of
med{um, and (4) direct observation as by metallic electrodes coupled
to a signal analyzer, Smith (1983), Rivera et al. (1983). There are
observations cited by Popp (1983) in which ultraviolet radiation
was detected from yeast cells. There are well-studied cases of
bacterial and algal cells, Gonyolux, e.g., which emit visible light.
Infra red light from the alga Gonyolux was first detected by George
Reynolds in 1976. Mormyrid and gymnotoid fish emit EM signals of
about 1kHz to 50 kHz, Westby and Kirschbaum (1982).

L

b e e
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There are, in addition to the above evidence for the emission
of EM radiation by cells, growing evidences for the specific non-
thermal effect of radiation on living cells, tissues, etc., Adey
(1981, 1983) Blackman et al., (1979, 1980, 1982, Liboff, Pill).

In this brief overview we see that it is well established that
living cells generate and emit electromagnetic radiation, and that
cells can be affected by EM radiation itself in non-thermal modes.
The natural rf oscillations from cells appear to be universal across
the species, and to be associated with the mitotic process, at
least in the case of yeast, Pohl and Braden, (1982).

fThese observations taken together suggest that the process of
cellular reproduction is correlated with the natural rf oscillations
of cells. They suggest that the observed natural electrical ac
emissions of culls reflect some critically important chemical pro-
cesses such as periodic reactions during reproduction. Since human
cellular reproduction is critically essential in four phases of life,
namely during embryonic, natural regrowth, would-healing, and on-
cogenic growth, then the study of such growth-related electrical
processes 1s probably worthwhile. Research as to what, when, why,
and how of these natural cellular oscillations is sure to prove

pr s
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important.
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BIOLOGICAL DIELECTROPHORESIS: THEORY AND PRACTICE

- Herbert A. Pohl

Department of Physics
Oklahoma State University
Stillwater, Oklahoma 74078 U.S.A.

ABSTRACT

Dielectrophoresis, the phenomenon whereby neutral matter is
attracted into the region of strongest electric field, Pohl (1951,
B 1958, 1978) is now widely useful in sorting, fusing, analyzing,

. characterizing, and handling cells. Dielectrophoresis (or DEP for
.. short) depends upon the polarizability of the material being
subject to the nonuniform field force. As a consequence it is,
unlike the dc phenomenon of electrophoresis, capable of showing a
spectrum of responses as the frequency is varied. This DEP spec-
trum of responses as the frequency is varied. This DEP spectrum
turns out to be unique for each cell type Pohl (1978). It
sensitively reflects the physiological state, thus making DEP
techniques useful. -

INTRODUCT ION
— Biological DEP can be applied in quite a number of ways. The o
® DEP force is used to gather cells or spheroplasts and form “pearl a

chains'" by the sub-phenomenon of mutual dielectrophoresis, Pohl
(1978) following which the application of a sharp electric pulse
can evoke highly efficient fusion of the cells or protoplasts to
- form new entities ("electro-sex" or electro-fusion). Following

. - this discovery in the U.S.A. by Pohl and its confirmation by R.E.
Buckner and by J.K. Pollock in 1972, (Rivera et al., 1983) and by
Mischel and Lamprecht in Germany in 1979, Zimmermann's group in
(Zimmermann et al., 1982) Germany has made much progress. The
field and potential conditions requisite for fusion control have
been computed by Lafon and Pohl (1981).
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Cellular spin resonance (CSR) is the sharp rotational response

by particles (live or dead) to externally applied rotating fields.
Pohl, (198la, 1983a, b, c; Pohl and Braden, 1982, Mischel and Pohl,

- 1983, a, b). Here, the DEP force can be used to evoke spinning of
cells and other particles. The cell (or inanimate particles, e.g.)
may spin at few herz while the field oscillates at much higher

e frequencies, The rotating electromagnetic field may be one

deliberately provided from multiple electrodes, or may arise, as
pointed out by H. Schwan, in a two-electrode system by the action
of delayed polarization fields coming from other matter nearby the
particle.

There is a rarer type of lone cell CSR arising from the direct
interaction of natural cellular oscillating dipoles with a simple
two-pole sinusoidal field, Pohl (1983). It can be observed when
certain lone cells spin out in the pure medium or against a clean
smooth Pt electrode, for example. Its presence is an exciting
evidence of the presence of ac fields arising from cells.

The DEP force is also useful in sorting cells and in generating
DEP-derived spectral responses of the electromagnetic polarizability
of cells and their parts, Pohl (1978, 1982, Pohl and Kaler, 1979).
Cell sorting with the aid of DEP is done by passing a stream—centered
stream of cells between curved electrodes providing a nonuniform
electric field at a selected frequency. Alternatively the deflections
of a stream of given cell type as the applied frequency is varied
gives a polarization spectrum by which the cells can be analyzed
and characterized. Such an instrument is currently being commer-
cially developed in the U.S.A.

By means of the vertical action of a nonuniform field, a cell
or other particle can be levitated against gravity. In this case
the dielectric properties of even single cells or organelles can
be sensitively ascertained over a wide frequency range, Chen and
Pohl (1974) Crane and Pohl (1977) Kaler and Pohl (1980).

Further applications of DEP to biological systems are being
developed, or should be. For example, the electro-filtration of
aerosols, virus particles, bacteria, and spores from air environ-
ments is quite efficient, Pohl (1978). In Russian hands, DEP
orientational effects on bacteria have been used to compare the
effects of antibiotics, (Fonchenkov et al., 1979) (V.M. Fonchenkov,
V.N. Brezgunov, B.K. Gavrilywk, V.V. Smolyaninov and Z.F. Bunina,
1979). There remains, for example, a major challenge in the con-
struction and operation of the proposed mass-polarizability mole-
cular beam spectrograph based upon DEP and molecular polarizability,
(Pohl and Crane, 1983). A similar challenge resides in the model
using the ring laser, Pohl (1978).

The theory of DEP has made recent good progress in the hands
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of F. Sauer, (1983). Previous attacks on the theory of dielectro-
phoresis (Pohl, 1951, 1958, 1978, Sher, 1968, Denner and Pohl, 1982)
acting in real dielectrics, i.e. where there is conduction as well
as polarization in the media involved, were imprecise to some extent
by neglecting momentum conservation, a necessity when conductive
(i.e. frictional) losses occur. The elegant solution to the prob-
lems by Sauer is sure to add significantly to our understandings

of the various phenomena occuring in real materials in electro-
magnetic fields.
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The goal of this work is two compute the ionic fluxes produced by a Tow
frequency Yow amplitude electrical field applied to a cell modelled by
an Hodgkin and Huxley membrane and by an external and internal medium
characterized by a complex dielectric constant.
Strong frequency dependent behaviour has been found in the linear
analysis, expecially in the sodium current through the membrane. Since
the membrane equations are non linear and the applied signals have a
Yow amplitude, the Volterra approach has been used to compute the
rectified fluxes.
The Volterra method consists in evaluating all quantities at all
positions in linear situation and in inserting ideal current or voltage
generators in points where non linearity are located. Their values are
computed approximating the true value of the generators controlling
variables with the linear values previously obtained.
Then the values of the variables are computed considering the new
boundary conditions.
The rectified K, Na and €1 fluxes have been used to compute the
modifications of the ions concentrations inside the cell. These
quantities have been suggested to be the cell controlling biological
q varfables. The first result obtained is that rectified fonic fluxes
| are strongly frequency dependent both for ampl{itude and for sign.
N Considering the frequency where the sodium flux entering into the cell
s equal to the potassium flux flowing outside, it is possible to
estimate the triggering time based both on the sodium-potassium
exchange 1{nside the cell and on the doubling of internal sodium. This
time results to be in the order of some weeks for an applied external
field about 10 Y/m. I
The pattern of the fonic fluxes shows similarity with fons current -
loops found during early development state of egg of the seaweed Fucus
and that suggests possible effects on early stage of cell development.

'.
'

'R
‘.

. !
W TR, YR

] L]
o : :

v

'
PR Ry

V’l"Y'Yi‘ L

el




Catr i a0 et SR are At ol AL seetl abus SLl el S GRS S et atadr g W A S Szl A M- S S A b Bk Sel Badl Sl el Solb Anll Sk de A and Sl dallAnk Sl i Aall Al

2,

-l

- Lecture title: MODELL ING OF PROTEIN BOUND ‘'ATER

- Lecturer's name: SANDRO RIDELLA

- Extended summary:

The behaviour of the complex dielectric constant of human
proteins of normal and pathological individuals seems to differ
significantly, as was pointed out by English and Russian authors
in recent years.

In order to give a further insight about this question, we
measured the dielectric constant of human sera of both normal and
sick individuals. The measurements were taken in the frequency
band 50-1000MHz.

In order to analyze these measurements, we made a mathematical
model of the complex permittivity of a human serum in this
frequency range. Being a serum fundamentally a solution of
proteins and salts in water, our assumptions were:

- The protein permittivity is constant and equal to 2,

- The water has, whichever salts are diluited in 1t, an
equivalent NaCl normality; fts permittivity is given by Stogryn's
formula.

- The water bound to the proteins has a Debye~type behaviour.

- The permittivity of the mixture proteins bound-water is given
by Fricke's mixture formula.

- The permittivity of the mixture of salt water with proteins and
their bound water is given again by Fricke's formula. These two
applications of Fricke's formula introduce further relaxations in
the complex permittivity.

The volume fraction of proteins, the volume fraction of bound
water, its relaxation frequency and the equivalent normality N
are calculated by minimizing the sum of the absolute differences
between the theoretical and experimental data. The average of
this absolute error is always less than 1%.

Examining these results, we evidenced some interesting
differences between the groups of sera obtained from normal and
sick donors.
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- Lecture litle: Mechanisms For Coll Memorane Siemal Transduction.
- Lectur=r's Name: Dr. Jid2on A, Rodan

- Extended Summiry: The miintenance of vital cellular processes require effective
separation of tne intracellular milieu from the extracel lular environment and the
Wwility to communicate with tne outside world for the recognition of nutrients and
poisons ind for functional coordinition with other cells. The mechanisms for membrane
mdizted siznal transdustion include: (1) Regulation of adenylate cyclase activity,
(11} dpening of lon crannels, primarily calcium channels and (iii) regulation of
pnospholipid metabolism,

f_x_) Adenylate Cyclase (AC). Many peptide hormones, catecholamines and neuramines
sonvzy tneir signal via modulation of AC wnich controls intracellular levels of cAMP.
e current modal for tne modulation of AC includes tne following steps: (i) Hormone
pinds to raceptor (ii) Raceptor interacts with guanine nucleotide binding subunits
causing tneir iissociation ani hydrolysis of GIP. (iii) Activated subunit interacts
Jith the cataiytic AC unit and stimulates (or inhibits) it, respectively. The only
«nown mecnanism for cAMP mediated regulation is via the cAMP dependent protein kinase,
3 protein phosphorylating enzyme.

(ii) Ion Channels., Acetylcholine receptors contain calcium channels as one of their
subunits and binding of acetylcholine to receptor is associated with opening of the
cnannels., Other hormones may act tnrough similar mechanisms. An elevation in intra-
cellular calzium is bound to activate a large number of processes via interaction of
calcium witnh high affinity calcium binding proteins such as calmodulin, troponin C or
3 variety of cytoskel=tal proteins such as gelsolin. Eich cell also contains a number
of calcium dependent protein kinases which phosphorylate intracellular proteins.

(iii) Phospholipid Metabolism. Studies conducted primarily in platelets have shown
tnat thrombin activates a phosphotidylincsitol (PI) specific phospholipase C which
acts primarily on phosphatidyl-4,5,-diphospoho-inositol (PIP2) to yizld triphosphoino-
sitide (IF3) and diacylglycerol. The IP3 can act as 3 calcium mobilizing agent from
intracel lular calcium stores. The diacylglycerol can stimulate the calcium-phospholi-
pid dependent protein kinase C. Protein phosphorylation thus appears as a central
mechanism for the regulation of cell function in response to membrane mediated signal
transduction. A diacylglycerol lipase can cleave the arachidonic acid, usually found
in position 2, and provide the substrate for a large number of arachidonic acid
products, many of wnich serve as local hormones 1n intercellular communication (pros-
tag landing, romboxanes, prostacyclin and leuko*rienes). Some of these agents act
vi1 stimulation of idenylate cyclase generating the possibility for multiple feedback
ioops. In some systems, platelets for examples, calcium and cAMP oppose each other's
JUfects whnereas in others, such as salivary gland, calcium and cAMP have similar
:ffacts.  In summary, we have now significant insight into membrane mediated signal
transduction mechanisms which seem to be common in principle to most mammalian cells,
but viry in the extent to which they are present and the way they interact with each
atner.




- Lestars Titie: Zontrol of teilalse drowtn and Ditfferentiation,
- Lectarer's Name:  Ur, Jideon AL Rodun

- Extended Summary: e tissues of e mammalian organism cin be divided into 3
zroups:  Non-rcenerating insrvous tissu2), regenerating under special circumstances
(liver), and ontinaously reeenerating (skin, gut, bone and blood). In rzgenerating
tissues, tnerz is oy roderye of undifferentiated stem cells wnich have the capability
oorn L tivide il W difrerentiate. Most or these cells are in i resting state but
will onter roe prolil-rit.ove cyzie and undergo differentiation upon exposure to
1ppropriite stimuli, Muzstion gnalysis nas shown that in yeast 32 genes are activated
fallowing initistion of prolirzration and the number may be much higher in mammali4an
wllse Multipls reuicements el W b= met w start DNA synthesis. These include,
=1l oattaonment, for (fioroblist like c2lls), avrilability of nutriesnts, metals, and =
TOMDLAILI DN 0 arowtn Ty *n 15 competence and progression factors. The entry
b8 o lls into DRA svan stochastical ly at rates proportional to the concen-
rrations of e cr oWt srn. mpliermal growth factor which nas both compatence
WYL DOT AS10N oLt a3 SHown LD promote the phospnorylation of its receptors.
Mol s owo arring afber axposure to growth factors include:  Incraased
Lker S onatTy oS, aming x?ii:;, nucl203ides), increased influx of cations such as
am, il ‘;m, it meemiaslame Imese changes probably trigger additional evants
e ded for pralilorst: ntrazellular phospnorylitions also occur, for example,
prespnaoryDalion o0 e s riposomal protein in response to insulin.  Some insignts
ity tne mecnanism ot ;;r‘nil'», ritive control can be derived from the recent findings on
jies www‘, anicn revora1 tnat one of them (sis) codes for platelﬁt derivad growth
ower o (s codes for i ©0 KD protein ppoOsr , wnich is a3 protein
or tyrasine prosphorylation, the phosphorylation target of EGF.

Siztor,

if
Lirase 5D-x

Tne division of stem cel1ls is frequently asymetrical yielding two different
progeny solls: Dne which retdains the stem cell characteristics and one which can go
on to differentiate. DNA replication, therefore, fraquently pracedes differentiation.
notne other hand, tne differentiating cells will not proliferate, which is the basis
for trne reciprocal relationsnip petween differentiation and prolifaration. This
negative coupling betWeen the two processes is lost in malignant cells. The kinetics
of differentiation 31lso exnibit 2 stochastic pattern. Diffzrentiation factors,
irvi logous to growtn facwors mave been identified. It was believed that differentia-
tion i3 1330ciqted with tne coordinate expression of all diffzrentiated properties via
tne activation of a2 master gene. More recent data suggest that various properties are
probably sequential ly =xprassed.  [hese properties show a normal distribution among
tne 22115 exprossing the particular phenotype.  lne stochastic generation of diversity
w13 probably the »volutiomary b2sis for differentiation. This idea implies that such
= lls couldl transter to their progeny the preference for the expression of zertain
Jones and these progeny thus became a tissue. Racent developments in molecular
biology nd recombinant DNA promise to offer significant insishts into the mechanistic
wisls for tre control of zrowth snd Jdiffrentiation,
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MICROWAVES EFFECTS ON CHICK EMBRYO HEART RATE

Alina Caddemi, Carmelo C. Tamburello, L. Zanforlin
Dipartimento di Ingegneria Elettrica
Universita' di Palermo, Palermo, Italy.

Valeria M. Tnrregrnssa
Istituto di Igiene
Universita' di Palermo, Palermo, Italy.

Summary

A great deal of theoretical and experimental work has
been already done 1n the field of biological effects of
low-level microwaves. However, the 1interaction mechanism
through which such effects are induced is not yet well known
(L}j. According to some authors, a significant sensitivity of
the cardiac activity to low-level microwaves would exist,
whereas, according to others,there is no effect on heart rate
(21,031,041, (5],(61,(7].

In order to investigate this mechanism, we have
performed a first set of experiments by exposing chick embryo

hearts to 64-74 GHz microwaves. Probably due to the low
penetration depth at these frequencies and to the low
irradiation power, no effect was observed (8]. Instead,

working at 2.45 GHz we observed many effects on heart rhythm.

Experiments were perfomed on isolated hearts of chick
embryo of 10-12 days incubation, placed in a small
polystirene Petri dish filled with Ringer's soiution for bird
hearts. The living sample was kept at 38 “C and continuously
oxygenated. The heart was irradiated with an incident power
not exceeding 1 mW/cm? . The extracellular signal was
detected through a glass micropipet inserted into the
sinus-auricle node and was elaborated by a BERG-FQURIER
analyzer in order to obtain the frequency spectrum.

We have observed that a CW irradiation induces only a
little Dbradycardia. With a square wave modulation at a
frequency near the natural heart raze, the heart beat was
locked to the modulation frequercy. This lock was observed
for variations of the modulation frequency of 1-4 Hz. In
some experiments also a heart rate sensitivity to swept
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5}&}{1)[:\4‘1:\(2. TESM IN BIOLOGICAL SYSTEMS

B.h.Blotr, Physics Department, University

ol Southampton, Southampton 509 5NH, England.

We have studied the optical turbidity of mulcilamellar
vestoles formed from bilayers of DMPC, DPPC, DSPC, DOPE,

egy lecithin, and several binary mixtures of these

lipids. Al temperatures above the pre-transition the
turbidity decreases significantly in the preseace of -
magnetic fields greater than 0.2 Tesla, and reaches a ‘J
limiting value at fields greater than about 1.9 Tesla.

The diamagaetic anisotropy of individual lipid molecules T

s too small to overcome thermal effects, however the

cffect may be attributed to 'superdiamagnetic' molecular
clusters formed via van der Waals interactions. vur
recent studies have included the microscopic observation
of vesicle orientation and angular laser light scattering,

in 4 magnetic field.
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oo UMb sdb ] LUl BB TWEEM O THE EFFECTS FRODUCED ON DIFFERENT
EAt s cob B U T Telit e MEMUBRATE S BY TRANSITENT ELECTROMAGNETIC
FIeEL Dy,
Foobernardl®, G. U Inzeo®, F. Eusebl*™*
*  Department of Electronics
" Department of Fhysics
Umiver i1ty ot Rome "La Saprenza”. Rome. ltaly
SUMMARY
The e saluation of hazard levels of nonionizing
~adrations  from [(LF ta Microwaves MW requires a deep
tnowl edge o the interaction mechani sms between
electr umagnetic (EM) {r1elds and biolooical systems. The

so-called thermal eftect produced by the energy dissipated
withirn  the tiresue.has been uwunti1l now the most examined

13,021, Since the thermal effect 135 usually little
intluenced by the temporal behavior of the absorbed EM
f1eld, maor literature on  the subject 13 devoted to
interactions produc ed by fieids having an harmonic
tone dependaenca.,

i nofi-thermal interaction mechanism considered more
recentl . {71057, conelats  of the displacement of the
memby ane voltage from 1ts resting value produced by a field
2ot ing At cellular membrane level. This mechamnism 13
strangly influenced by:

a) the  teomparal dependence of the field absorbed within

the tissues

ht the electrical characteri1stcs of the membrane.,

As o tor a) ., the electrical behavior of a nerve faibre
membr ane, ecited by e.m.firelds having a general temporal
bhetavior, ba= been anal vzed in detai1l 1nm & previous work

L&, in such an analysis we adopted the Hodghkin and Husiley
(H L HL monl L near and non-stationary model [7] for studying
the  antlasnce on the membrane voltage of the various

prrameters characterizing a transient i1ncident field, such
s waseshape, amplitude, and time-width.

The purpose of the present wort 13 to  examine the
e2ffects produced by a transient field on the membrane of a
different cellular structwe, namaly a nerve cell body
(8el. “Srich a  membrane, aven 1f simulated with a model
analogouue  to  that of H.oH. for the nerve fibre membrane,
shows & quaite different behaviour, becsuse of the different
1on1 o channel s’ conductivity and of their different
activation and disactivation time-constants. Since this
memurane responds to an applied constant current by a train
ot action potentials, 1t should be of interest to study how
the Lonnor and Stevens model responds to the current
generatad into a nerve cell body 1rradiated by an 1ncident
p.m. freld.

This  study  haszs  been carried out  aszsuming 1ncident
t1elds  with tuemporal dependence of various types (gaussian
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Session:

COMPLEMENTARY LECTURES OF DIELECTRO-ELECTROPHORETIC FORCES

Processes involved in electrofusion - U. Zimmermann

Interaction of alternating electric fields and field
pulses with cells lead to cell fusion. The steps in-
volved in cell fusion are discussed such as pearl chain
formation, membrane deformation and membrane poration.
Particular emphasize is given to the field - induced re-
distribution of membrane components during the application
of the alternating electric field.

In this context the interactions of electro-magnetic waves
with biological cells leading to cell movement and fusion
are a8lso considered.
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Session:
- DIELECTRO-ELECTROPHORETIC-FORCES e

Field-induced cell rotation - U. Zimmermann .9

Interaction of alternating electric field effects with
suspended cells lead to cell rotation at characteristic i =
frequencies. _#
Rotation of single cells (mesophyll profoplasts of Avena S
sativa) induced by a planar, homogeneous rotating field e
has been observed at a frequency of 20-40 sz (ionductivity _;‘{
). This

of the external mannitol solution 6)(10_5 ¢ lem”

variaticn in optimum frequency is largely due to an inverse
dependence on cell radius. Rotation direction is opposite
to that of the field, and can be reserved at will by rever-

sing the field. The maximum speed of cell spinning was a few
cycles per second (and thus always much slower than that of
the field) and was proportional to the square of the amplitude
of the field.

The rotation of a single cell in a rotating field is expected
on the basis of the dipole-dipole theory developed by Holzapfel
et al. (J. Membrane Biol. 67, 1-14 (1982)), for multi-cell
rotation. Measurements of the dependence of optimum applied

field frequency an medium conductivity indicate that the dipole
is generated by interfacial (Maxwell-Wagner) polarization. The

required frequency is a linear function of the conductivity }}i:
of the external solution. This relationship is used to derive A
a value for the specific membrane capacitance. Further —
applications of this technique for cell and membrane research rF!!

are discussed. !
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Lecture title: The Effects of Pulsed RF Fields on the Shavme and
Volume of Normal and Sickled Ervthrocytes

Lecturer's name: Shiro Takashima

Extended summary:

It is well known that electrical fields cause various effects
on biological cells and subcellular particles. A few examnles
are the formation of chains (Pearl chain formation}, rotation of
cells and cell fusion. These effects are implemented with the field
intensities of a few kV/cm. It is also known that the annlication
of pulsed electrical fields causes the increase in the volume of
normal erythrocytes.

Sickle cell anemia is a genetic disease which is caused by an
abnormal hemoglobin (Kb S). Hb S tends to form filamentous aagre-
gates called tactoids or gels inside the erythrocyte when oxvgen
is released from them. The intracellular formation of tactoids
entails the stretching of erythrocvte membrane and changes the
shape from the normal biconcave discoid to a sickle shape. There
are many attempts to reverse the sicklinc process usinc various
chemical agents. However, these attempts had limited successes
because of toxicity and other reasons. We found that anplication
of pulsed RF fields causes shape changes of sickled ervthrocvtes
at the level of 3 - 4 kVv/cm. W¥e found well defined thresholds for
the shape change. Usually, no shape change was observed below Eth
however, when field intensity reached the threshold, the shape chanae
progress rapidly. The desickling of erythrocvtes usually causes
extensive swellinc of ervthrocytes and this entails the hemolysis
red blood cells. Hemolysis was prevented onlv if the field was
turned off at the early stage of the shape change. 1In order to
improve the results and minimize the extent of hemolysis, very
short pulses of 20 - 50usec. with a long interval of 1 second are
used. The use of short vulses reauires hicher field intensities,
nevertheless, hich intensity short pulses produced less hemolysis
than that caused by low intensity .ong pulses. Moreover, a sus-
pending medium which is very similar to blood serum (Hank's solu-
tion) was used in order further to improve the outcome. The use of
Hank's solution yielded the results which are clearlv better than
those in physiological saline solution. The reversal of desickling
process apparently takes a very long time and our attempt to imnle-
ment it was not successful. The mechanism of RF induced shape and
volume changes of erythrocvtes is believed to be due to the induc-
tion of membrane notential across the membrane. The magnitude of
the potential can be calculated for sickled ervthrocvtes using the
ellinsoidal coordinates and the results of these calculation are
discussed.




A Aad et B 20 B Ter .y A At ek Sal ANk argt Jr el B st e 2 MRS A A s e A i e St A SN MC RN P P

- lLecture title: Dielectric Promerties of DNA Solution at RF and
Microwave Frecuencies

- Lecturer's name: Shiro Takashima

- Extended summary:

The dielectric properties of DNA was investicated extensively in
ELF region using two electrodes as well as four terrinal techniques.
It is well known that DNA has a larce induced dipole moment due to
counterion polarization. However the dielectric orornerties in RF
and/or microwave regions were not well understood. However, the
observation that microwaves can affect the arowth of micre-organisms,
stimulated a series of experirental and theoretical research on the
possible absorption of electromacnetic energv by DNA at MHz and GHz
regions. The investigation in this freauency range, thus far, is
limited to narrow regions and this, in turn, makes the interpretation
of experimental results difficult. Ve intencded to carry out the mea-
surements of the nerrittivitvy and conductivity of DNA (highly noly-
merized calf thymus DNA) between 10KHz and 70 GHz using four measur-
ing systems. The results we obtained can be summarized as follows:
1) There is a small dispersion of permittivity and conductivity between
100KHz and 500MHz. The origin of this disnmersion is still unknown.
However, its characteristic frecuency is too low and alsoc the disper-
sion curve too broad to be due to the resonance absorntion oredicted
by the theorvy by Prohosfskv et al. Single stranded DNA also exhibited
this dismersion, and therefore, double helical structure is not essen-
tial for this relaxation. 2) ‘e found that the ¥-disversion (divolar
relaxation of water molecule) of DNA solution is only slightly diffe-
rent from that of oure water, inspite of an enormous viscosity of DNA
solution. The vermittivity of DNA solution in the frequency range
between 1 - 10 GHz is slichtly smaller than that of nure water and
shows a smooth decrease as frequency increases. The slope of the ¥ -
dispersion of DNA solution and its characteristic freaquencv were ana-
lyzed using several theoretical methods. All these analyses indicate
that the presence of highly charged DNA molecules causes slight dis-
tribution of the relaxation time (broader disversion curve) and the
shift of characteristic frequency. Although these shifts are small
the differences are significant statistically. These observations
indicate that the orientational freedom of water molecules is to
some extent affected by the charges of DNA because of charge-dipole
interaction even outside the first hydration laver. The determina-
tion of the amount of irrotationally bound water was not successful.
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Physico-chemical models of voltage-dependent gating in membranes
G. Schwarz

Phenomenology.Excitation of a biological membrane (e.g. that of a squid
axan) rests on the fact that substantial changes of its jonic conductances
are induced by variations of the electric potential drop. A voltage jump

of about 100 mV may result in an almost complete transition between two
extreme levels which proceeds in times of the order of milliseconds. The
underlying process apparently involves an electric field controlled opening
and closing of ion-specific channels (“gating”). A detailed molecular me-
chanism is, however, not known so far.

Structural basis. Possible gating mechanisms naturally muyst be consistent

with the structural features of a biological membrane. According to tne

“fluid mosaic model" functional entities such as the "gating particles" should
be protein structures which are quite tightly incorporated in the lipid
bilayer matrix by means of hydrophobic interactions with the hydrocarbon
moiety. On the other hand, the channel must also have hydrophilic regions
located towards the aequeous phases.

Electro-mechanical effects.It has been suggested that the voltage-dependence
of gating may be due to a field induced rotation of a dipole associated with
the gating particle. As can be easily shown, this would require dipole moments
of the order of some hundred Depbye units which have to be turned around over
practicaiiy 120 degrees. In such a case, however, a considerable activation
energy arises from the inherent hydrophobic and hydrophilic interactions which
have to be broken. Accordingly the process becomes wmuch tqo_slow in view of
the experimentally cbserved gating kinetics. A similar situation exists with
respect to a field induced translational displacement of a charged gating
particle.

A basic "chemical" model. [t appears reasonable that the gating involives one or
more field sensitive chemical transformation steps, e.g. conformational
transitions. These would not necessarily be associated with a slow kinetics.
The appropriate quantitative aspects of voltage-dependence and relaxation time
are rather simply discussed in the light of an elementary two-state mechanism.
[t permits a satisfying interpretation of early gating current data.

More complex models. Later gating current experiments pointed to the existence
of more then two relevant si.tos in the underlying mechanism. By way of example,
it can be shown that a three-state conformational transition model permits an
adequate interpretation of some squid axon data reflecting two relaxation times.

Simple model systems. A number of chemically well characterized low molecular
weight peptides (e.g. alamethicin) form voltage-dependent ion-conducting pores
in artificia) and natural membranes. For the present, these systems are of some
interest because they make feasible a wider range of relevant physico-chemical
messurements as they are needed in order to elucidate the actual molecular
rachanism,
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Electric field effects on rate processes and on cooperative transitions
of macromolecular structures

G. Schwarz - -

Thermodynamic basis. We consider a closed material system which is subject
to an externally applied electric field. From the first and second laws it -
follows that generally for any differential change of state -

dG s - SdT + Vdp - MdE

(where the modified free enthalpy G = U + pV - ME - TS; U: internal energy; Y
p: pressure; V: volume; M: over-all electric dipole moment parallel to the - -
field; E: field strength; T: temperature; S: entropy). The < and = signs L

refer to spontaneous and equilibrium processes, respectively. T

Field effect on chemical equilibrium. It can be shown that the equilibrium e
constant, K, of a chemical process becomes a function of E as described by Nk

the "van't Hoff" relation D
310K/3E = AM/RT ‘

(R: gas constant) with aM, the reaction moment, being the change of M induced by
a one motar stoichiometric turn-over. This impiies a displacement of equilibrium
towards the more polar side of the reaction.

Elementary rate constants. These can be expressed in terms of the transition
state theory as

K = (kgT/n)exp(-a6*RT) = k_exp(aM¥-E/RT)
(because of AG* = AG* —AM*-E; AG , k. : standard free energy of activation and

rate constant at zer8 field, resSect?ver). This field effect is, however,
negligible under any physically reasonable conditions.

Complex rate processes. Provided a chemical transition involves a great number

of elementary steps, its dynamics may definitely show a significant field
dependence. Frequently an intermediate rate determining step is encountered which
leads to a first or second order kinetics. The corresponding rate constant then
turns out to be

*
k = koexp(AM -E/RT)
*
where AM refers to the formation of the rate determining intermediate state.

Cooperative transition of a membrane protein. This can be dealt with quite
readily if an all-or-none mechanism is assumed. Quantitative relations des-
cribing the field effects on the degree of transition and on the relaxation
time are then derived and discussed. One finds that the decisive factor is

Am, the difference of molecular dipole moment components normal to the mem-
brane taken between the final and initial states of the protein. Once E clearly
exceeds kBT/Am substantial field effects will occur.

A helix-coil transition in an isotropic solvent. Such a casc involves not only
a large number of different structural states but also on orientational
distribution of the individual molecular dipoles. Accordingly the appropriate
theoretical approach towards a possible field effect becomes somewhat more
sophisticated. This may be briefly discussed with a simple model system.
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. - Lecture title: tield Force Effects.

- Lecturer's name: M. P. Schwan.

Extended summary: Significant forces can be imparted on particles exposed .
to DC or AC electrical fields. Some of the eftects which have been -':-f
observed {nclude the following: movement of particles in inhomogeneous .
electrical fields (dielectrophoresis), alignment of particles (pearl chain =
formation), orientation of nonsperical particles in the field direction or 4
perpendicular to it, fusion of biological cells, destruction of biological -]
cells, shape changes, microstreaming effects and rotation. Much observa-
tional material has been collected, but a full theoretical understanding -
is incomplete even though there is but little doubt about the basic
mechanism involved.

tarliest observations of pearl chain formation go back to Kerr near the
turn of the century. In 1926 Muth published a detailed account, and in
the 1930's Krasny Ergen published theoretical papers approximating cells
by very conducting spheres. Probably the first extensive quantitative
studies on the pearl chain formation effect were conducted in our lab-
cratory. The threshold field strength for the effects of pearl chain
formation and orientation was studied. Its dependence on a variety of
parameters such as pulsing field conditions, particle size, frequency,
time needed to cause the effect were investigated theoretically and
experimentally. The lLangevin criterion, originally developed for permanent
dipoles, was suggested by us as an approximate threshold criterion and
experimentally verified. It states that u Egp = KT with Egp threshold
field strength u induced particle dipole moment, K Boltzmann constant and
T absolute temperature. However, this criterion can only serve as an
approximation since each field effect requires its own more detailed
analysis. The threshold field strength E;}, was noted to be inverse to

the particle volume and experimentally verified. The gime constant for
pearl chain formation was predicted to be inverse to E° for fields E > Etns
which also was experimentally confirmed. A precise equation for the force
acting between two particles was derived by Sauer and the path chosen
before they touch calculated and experimentally verified. Pohl developed
similar equations as Schwan, Saito and Sher to predict the behavior of
particles in inhomogeneous fields and Sauer carried out an exact calcula-
tion of the force acting on a particle in an inhomogeneous field.

The phenomena of rotation of biological cells was studied by Pohl and
Zimmermann. Earlier observations go back to the 1920's as pointed out by
Glaser. Schwan suggested that rotating fields may be responsible, Zimmer-
wann and Pohl caused rotation with such fields. Glaser demonstrated that
even homogeneous, isotropic particles rotate in rotating fields. The
effect is optimal at frequencies close if not identical to the character-
istic frequency of the g-dispersion investigated by Schwan, Cole and
Fricke. The biological significance of.these effects remains to be fully
investigated.
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Lecture title: Historical Review, State of the Art, Open Problems.

Lecturer's namwe: H. P. Schwan.

Extended summary: Interests in the effects of electrical filelds on biological
materials developed more than one hundred years ago and have ever continued.
Activities include:

tlectrophysiology: Contributions concerned with the effects of electrical
fields on excitable tissues; Electrical properties of cell suspensions and
tissues; Macromolecular studies: Electrical properties of macromolecules;
Dielectric saturation effects; Pondermotoric forces: Pearl chain formation,
orientation effects, other cellular responses to alternating electrical
tields.

Parallel to these more basic pursuits various medically or biologically
moutivated etforts evolved including:

Shortwave and microwave diathermy; The athermal-thermal controversy;
bmerging concern about radar and oven induced biochazards; Studies of RF
bioveftects, including ELF and microwaves; Concern about the biological
effects of ELF fields; Fileld effects on bone repair and cell growth;
Studies ot unusual high perception of some life organism.

Most of these efforts developed almost independently with little cross
tertilization.

The present situation may be characterized as follows. The more basic
pursuits have achieved a high level of sophistication. Membrane physio-
logy and biophysics are highly advanced. Modern instrumentation and
techniques have substantially contributed to the channel hypothesis.
However, the detailed molecular mechanism for channel transport or
transport through biological membranes has not been discovered yet. The
macromolecular studies have achieved a degree of saturation even though
some detalls are unresclved as far as the response of highly complex
molecules to fields are concerned. The field of pondermotoric forces has
experienced a revival with many interesting applications. But a number of
basic problems remain to be resolved. So far, the biophysical principles
which emerged are not suggestive of very subtle field sensitivities.

During recent years much work has been done which suggests high biological
field sensitivities. This includes work on cellular growth effects, bone
union repair and modulated RF effects. Lxtraordinary perception capabi-
lities of certain fish and other organism for LLF fields and very sharp

biological resonance effects have been reported in the mm-range. Physical
mechanism has been suggested which may account for some of these effects, 1
but details have not yet been worked out. 1

The task remains to sort out to what extent reported reliable effects can
be rationally explained using existing basic concepts and to what extent
either modifications of these concepts or entirely new principles must be
applied.
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-~ Lecture title: Cellular Properties.

- Lecturer's name: H. P, Schwan.

Extended summary: Extensive work has been done on the electrical properties
of macromolecules, cell suspensions, single cells, and tissues, extending
from 2 few Hz to many GHz. The data conveniently can be characterized by
three ma jor and some minor additional relaxation effects.

The first effect to be analyzed is the p-effect which occurs at RF
frequencies. It is caused by the charging of the cell membranes through
extra- and intracellular compartments. The Y-etfect largely reflects the
divlectric properties of water, which relaxes in the CHz frequency range.
The a-etfect, at ELF frequencies, may have several causes. Counter ion
relaxation, charging of subcellular organelles connecting with the outer
membrane are both likely to be strong contributors. Other relaxation
effects in the a-range way reflect the complex dielectric structure of
the membrane and ion selective channel characteristics.

Smaller relaxation effects are due to the macromolecular content of cells.
Between b~ and Y-dispersion there exists a weak v-dispersion largely

due to the relaxation of protein bound water. Subcellular organelles inside
the cell add to the tail of the p-dispersion of the whole cell.

The insight gained has been useful.

1. The properties of tissue water and intracellular water appear to be very
similar if not identical to those of normal water, except for a small
volume fraction probably identical with the protein bound water. Static
dielectric constant and relaxation frequency are identical for intra-
cellular and normal water. But the conductivity of the cytoplasm is
about twice lower than estimated from the suspended ionic species.

2. The capacitance of cell membrances appears to be virtually frequency in-
dependent through most of the observable RF-range. However, the apparent
membrane capacitance at low frequencies changes, probably caused by the
various mechanisms listed responsible for the a-dispersion.

3. The insight achieved permits a determination how electrical fields
applied to a cell suspension or tissue may subdivide between membrane
and extra- and intracellular field strength values. These values turn
out to be frequency dependent. Noticeable membrane potentiais dowinate
at the lower frequencies while significant internal field strength
levels acting on subcellular particles exist at higher friquencies.
Broad resonance effects exist in the RF-range and at LLF frequencies.
Clearly, the interaction of electrical fields with cells must be
highly frequency sensitive.
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microwaves frequencies and to variations of the pulsed .

modulation duty cicle was evidenced. -

A quantitative analysis of these phenomena may be a
useful hint to the knowledge of interaction mechanisms at low
level interactions.
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CHROMUSOMAL ABERRATIONS INDUCED BY ELF FIELDS

Bovine peripheral biood, drawn from the jugular vein, was
cuitured for 72 hours at 37°C in Mc Coy's A mudified medium
supplemented with 20 per cent autologous plasma, antibiotics
ami mitoxen (Pokeweed). 30 Hz ELF electric fields were conti
nuously applied to the culture flasks by means of external
elevtrodes, Coicemid was added to the cultures 4 hours prior
to harvesting. In the flasks containing celis for sister cnru
matid exchange (SCE), biomodeuxyuridine (BudU) (18 g/wl, tisal
cuncentration) was added 30 nours before cell collection. Hypo
tanic and fixation treatments were performed in che usual man
ner. Conventional Giemsa staining and acridine-orange staining
were used.

Two kinds of cytougenetic observations were carried out on
ireated cells and un reference cultures:
i3  chromosomal aberrations {ancuploidy, polyploidy, deletions,

tragments) and
i1r sister chromatid exchaunges (SCE)
ihe ilatrer being a sensitive iest for assessing chromosome insta
bility (sce e.g. the Bloom's syndrome in humans, were the number
of SCE per cell considerably grows).

From the data coliected until now, an increase in chromoso
wmal abirrzticns is appareni (fiom 8% in uutreated cultures up

to about 21% in celis exposed to eiectrical {ieids of about
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30 mV/m.

An increase in rthe number of SCE has not yet evidenced.

Other experiments on ditferent avimals, at different field le

veis are under way.
° Dipartimento di Ingepneria ilettronica, Universitd di Napoli
> [itituto di froduzione Animale, Facolta di agraria, Universi

ta di sapeli
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Tlectrye Urogert e o biolagilcal fvstems; and Their Relatinn to Other
TrAnNSport Yrocessng

ronneth R, PFoster
"epartrent of Rioengir  cring
NMroovercate of Pennsyl.ania
thiiiadelphia PR 19104

shee Umaversiiy 2f Fernsylvania has fur some years been
thrc prope rtites of hiological ard other vimplex

Y maoroHwave reene acles, which reflect toe rotational
correlation tines of rhe water dipoles. Tho first part of the talk will be
4 brief summary of the JJuite cimilar results %! at have been ontained from
various systenm., including single roscle tibers from the glant barnacle,
various taniee normal oand tumer tissues, lonic and nonioni¢ oll-in-water

Mrcroemuioions, o solutions ot ordanic polymers such as pclyicthylene

moce diclecs rys dat s Lave teen analyzed usine the Maxwell and fHanai
s1nture theortes. Lo study *he large effeots of hydration interactions on
the sulk drelectric properties. These theories, however, apuly equally well
properties uch es water self-diftusion, innic conductivity, thermal
Seoivity, and cemplex diclectric perwittivity., The second part of the
“a’k will compare the regpective propertics in several biological and
ronctological suspensions, and show that corresponding changes are observed.
1 suggest that this comparison of different transport properties is a useful
and informative approach to studying hydration phencmena in complex agueous
SYSUOomS.
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ELECTRCLAINETIC FIZLLD EFFECTS ON PHYTCHELAGILUTININ TADUCZD
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\ .
.L.,.:.r'"

+ Dipartiuento di Ingegneria Eiofisica ed Elettronica,
University of Genovu, Jenova,ltaly.
% Istituto di Farmacologia,University of Genova,3enova,ltaly
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ABSTRACT .
In this papar ,we describe the effects of weak electro- S
magnetic fields on the process of reactivation of human :¥;f
e d

lymphocytes induced in vitro by the lectin phytohemagglutinin
(PHA) .

By means of flow microfluorometry and absorption image
cytometry,we show that a 72 h electromagnetic exposure
reversibly slows down the rate of PHA-induced lymphocyte
stimulation,at low PHA doses.

Tne antagonistic effect of electromagnetic exposure on
lectin~induced reactivation is in agreement with previous

theoretical findings.
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Influence of the Space Charge Distribution on the Maxwell-

Wagrer Relaxation.

A. Garcfa, P. Brito and C. Gresse.

The electric respcnse of an electrolyte with dielectric
spheres imbedded in 1t, is unulyced. The continuous medium is
characterized by the mobility of 1ts ions, which leacds tc the
appearence of space charge distributions near tre interfaces.

This fact dimin  shes both the dielectric increment and
the reluxation time with respect to the values predicted by
the Maxwell-Wagner treatment. The results cbtained do not

agree with those decduced by Borincontrc et al.

A.Bonincontro, C.Cametti, A. Ti Biasio, J. Phys. D: Appl.Phys.
13, 1529-35 ( 198C ).
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Time-Varying Magnetic Fields: Effect on DNA Synthesis

A. R. Liboff*, T. Williams. Jr.. D. M. Strong, and R. Wistar, Jr.
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Time-Varying Magnetic Fields: Effect on DNA Synthesis

Abstract. Human fibroblasts have exhibited enhanced DNA svnthesis when
expased fo sinusoidally voarving magnetic fields for a wide range of frequencies 115
hert: to 4 hilohertz) and amplitudes (2.3 x 10°° 10 5.6 x 10 * teslay. This effect,
which is ut maximum during the middie of the 8 phase of the cell excle, appears 10 be
independent of the time derivative of the magnetic field. suggesting an underiving
mechanism other than Faraday's luw. The threshold is estimated to be between
05 x 10 “and 2.5 % 10 " qesla per second. These results bring into question the
allegedly specific magnetic wave shapes now used in therapewtic devices for bone
nonunion. The range of magnetic field umplitudes tested encompass the geomagner-
w freld. suggesting the possibility of mutagenic interactions directly arising from

short-term changes in the earth’s field.

Most studies of the effect of static
magnetic fickds on hiving systems have
vielded aegative or inconsistent resuits
/3. the exception 1s stuches of species
that incorporate terromagnetic matenials
a8 gEOmagnetic sensory elements ().
Experiments on tme-\arying magnetic
fields have been fewer and more difficult
tointerpret (). A therapeunc technique
for accelerating repair in bone nonunions
that subjects the sie W a ume-varving
magnetic field 4 has achieved o mea-
sure of acceptance In the climcal com-
munity +5). However. the mechanism
undertying this procudure is still largely
anexplned. in part because the narrow
and repetitive pulse shape of the wave
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form. allegedly specific to the therapy.
makes it difficult to perform and nter-
pret in vitro cellular experiments 6).
We sought to determine the effect of
sinusowdally varying magnetic fields on
DNA synthesis in cell culture, particu-
larly the frequency and ntensity re-
sponse.if any. A pair of matched ncuba-
tors were fitted with modified Helmhoi. ¢
cotls (0.5 m. inude diameter: 0.25 m
longl. providing a honizontal magnetic
field with an active field unformity no
less than 3 parts out of 17. Either could
be an expertmental or control (no held)
unit.  Perniodically  the roles  were
switched and. at other tmes, both were
used simultaneously as controls. An au-
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o 16 8 20 22 24 26
Incubation hme (hours)
Fig. 1 dtefts Tritiated thymidine uptake tmean
Ccounts per minute * standard error) in human
foreskin fibroblastic ¢cells exposed to o mag-

netic Held of amphtude 23 « 10 ° T oscillaung at 76 + 4 Hz i the horizontal plane
«expeniment) and uplake in unexposed ceils tcontrolt Mean levels differ at P = 0.0001. as
determined from the pooled vanances The ambient 60-Hz magnetic field in the area of the
incubators was < 1 < 10 " T._ Note that the approximale intensity of the geomagnetuc field 15
oot Fig 2 tnghty Mean ratios and standard errors of {'HIthymidine uptake in
expuosed cells to that i contral cetls for ten diferent combinations of freguencies and fields. The
dotted line indicates the expected response if there v no effect due to a magnetic field The peak
at Xhhours corresponds to the middie of the S phase of the celt cscle The dashed lines below 18
and above 24 hours represent the expected. but inexact trends. m these data
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dio amphitier ted by g tuncuon generator
supplicd 0 to 1 U root-mean-sguare am-
pete to etther cosl, enabling us to gener-
ate magnete fields up 0 10 < 10
rout-mean-square tesla ¢ 1,00 at frequen-
Cies ranging from 15 Hey to 20 kHy

T'wo independent sertes of expen-
meats were completed, both with human
embryonic foreskin fibroblasts 17 as the
test cell hine

In the first series. one frequency
(76 4 Hzoroand one ntensity (L6
10" g0 were used for all runs
Cells were seeded into eight 96-well cul-
tre plates (81 at densities of approxi-
mately |0 < 107 cells per milhliter, and
the plates equally. but randomly. distrib-
uted between the control and expernimen-
tal incubators. Following exposures of
24, 4%, 72, and 96 hours. [*Hlthymidine
W was added 1o cach well and the plates
returned to thewr vngmal incubators tor
IX hours. after which all cells were
washed twice 1n sotopic saline and ¢ol-
lected on a flter stnp by an automated
sample harvester (/th. The strips were
dried, and the individual filter disks cor-
responding to each well were counted in
a liquid scmtillation counter. In 45 out of
48 patred plates, the amount of incorpo-
rated thymidine was hugher for cells ex-
posed to the magnetic tield (Fig. 1),

In the second set of experiments. the
cell cuitures in the expenmental incuba-
tor were subjected to various frequen-
cies between 1S Hz and 4 kHz and
to ntensities between 1.6 x 10 " and
4 x5 10 ¥ T, Totiated thymidine was
added to the cell medium at the tme of
seeding. The imttal inoculation density
was imited to & = 10 cells per milliliter.
Paired (24-well) plates /7 were re-
moved from both incubators at varnous
umes during a 24-hour period. Celt expo-
sure was hmited to 24 hours following
noctlation to enhance cell synchrony.
Selection of plates was not random as tt
was tn the first expenment: seeding and
harvesting of these cells were arranged
betorehand. Corresponding wells in both
plates were sequenuially seeded. collect-
ed. and compared. In this manner, a
fundamental data unit for a given (re-
quency. Intensity. and exposure tme
consisted of the ratio of thymidine up-
take 11 an cxperymental well to that for 4
matched control. Averages of these units
for all such pars provided uptake ratios.
Prehminary tnats indicated that a peak in
thas ratio occurred after about 20 hours
of exposure. Subsequent data collection
was then restncted to four exposure
times. 18, 200 22, and 24 hours thig. 2!

In separate cxpeniments 1o determine
cell growth as g tunction of time. the
peak 10 uptake was tound to correspond
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to the middle of the § phase of the cell
cycle. Although the enhuncement of thy-
midine uptake wias. on average, no great-
er than 80 percent (Fig. 2), ratios two and
three times this occasionally resulted in
individual experiments. Figure 3 shows.,
for two separate exposure times, the
relative uptake as & function of the prod-
uct of frequency v and root-mean-square
field strength B (B,m.): this product is
directly proportional to the time deriva-
tive of the magnetic field. As such, the
slopes of the lines plotted will test
whether Faraday's law 1s implicated in
the results.

These experiments show that there 1s
an interaction. albent a subtle one (the
results from Fig. 2 represent approxi-
mately 100 trials). between tume-varying
magnetic ficlds and DNA synthesis. In-
asmuch as vur fields varied sinusodally.
some measure of doubt is introduced as
to whether the particular wave shape
now used to accelerate bone fusion 1s
indeed as necessary as has been claimed.
An alternative. though not a hkely one.
1s that two separate cellular interactions
occur at low-frequency magnetic fields

Although it 18 reasonable to suggest
that Faraday's law 15 involved in ainduc-
ing extracellular and intracellular cur-
rents according to ¥V ox E = —aBat
(where E is the induced electric field and
t the imel. it should then follow that the
observed response will scale as 4B/
ar - 2wuB. The lack of such a response
(Fig. 31 may mean that induced eddy
currents do not play a role in this phe-
nomenon. or 1t may indicate that the
effect s a saturable phenomenon—for
example, either a configurational effect
or a selt-imitng shift in the onset of the
S phase.

Our most interesting result relates to
the magnitude o the magnetic sntensities
that were studied. The lowest level of
fichd strength that we used 1s at or below

I3

g 3 T'he mean ta
tos (from Fig 21 as o
function of the prod-
uct ol frequency and
magnetic field intensi-
ty  Eaposure times of
20 hours (L) and 24
hours ¢ 3 are shown
Note  the  apparent
& . lack of varation n re-
sponse for four orders
of magmitude. indicat-
g that this interac-
ton 15 independent of
the tme denvative of
magnetic field. off o
. The two upper hnes
1000 represent  the  mican
levels for the 20- and
24-hour  exposures.

respectively

the intensity of the geomagnetic field
tapproximately S < 10 ° Ty In survey-
ing the experimental area, #t was tound
(12} that the 60-Hz ambient ficld 15 only
two ordery of magnitude lower. We esti-
mate the threshold for this effect o be
vBm. = 510 25 uT sec. close to the value
reported (~ 10 pT sec) (/31 as interfering
with normal chick embryo development.
Theretore, care should be taken when
studying cell culture that there are no
perturbations from local 60-Hz magnetic
fields. such as those resulting from fans,
motors, and fluorescent lights i close
proximity to the culwre.

Finally. we can also remark on the
potentially mutagenic response that may
accompany this phenomenon, if indeed
chromosome replication is affected. Thas
would constitute a new type of mutation-
al force and perhaps could be used to
explain. wn a rather direct fashion. the
interrupted  speciation  accompanying
geomagnenic reversals (/4).

A. R. LipoFt*
T. Wit Liams. JR
D. M. S1rRONG
R. WIsTAR. JR.
Nuaval Medical Research Instiiute.
Bethesda, Marviand 20814
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Lecture title:

CELL NUCLEUS AND EM FIELDS

Lecturer's name:

Claudio Nicolini - Chair of Biophysics, School of Medicine,
University of Genoa

Extended summary:

This opening lecture 1is aimed to present a broad
overview of the interaction between electromagnetic waves and
living matter, particularly stressing their role 1in the
acquisition of the most recent understainding of the
structure and of the molecolar mechanisms controlling the
single most important cell compartment - 1i.e.,the cell
nucleus and its constituents .

Few dectails will be given on the variuos order of
chromatin-DNA organization within the intact nucleus, from
the praimary (base sequence), secondary (A-, B- and Z- forms)
up to the tertiary (nucleosome subunits) and higher order
structures, underlying for each level the critical role of
the physical state of water, ions and enzymatic protein
modifications 1n determinig tYe overall DNA structure and the
cell function (also through the mediation of interlinked
changes in the cell cytoskeleton and of the nuclear membrane).

The complexity of such structural and molecolar

alterations - correlated with neoplastic transformation and
normal c¢ell proliferation = can be exemplified by the study
conducted on 1solated nuclei with indipendent non-invasive
biophysical probes -~ all wusing EM fields (NMR spectroscopy

and imaging, complex impedence measurements and differential
scattering of circularly polarized light).
Comfortingly the abrupt nature of the experimentally

observed nuclear transitions - both in functional and
structural {phase-like transitions) terms - and their
assoclation with localized or global changes 1in the

electromagnetlc environment can be finally explained from
first physical principles (within the polyelectrolyte theory
and the mean field theory).




Rt it vh b " AR NS e it

b it AL Al Sl

i

"hn interactions with DNA: Results based on polyelectrolyte
theory

M. Parodi, A. Chiabrera, G. Gilannetti, M. CGrattarola

Biophvsical and Electronic Engineering Department, Via all'Opera
Pla i a, 16145 Genova, Iltaly

Low trequency weak electromagnetic fields (LFWEMF) can affect
cell bebaviour., When applied to quiescent cells (like frog
eryvthrocovees ) the induced cellular modifications result in the
decondensdation of chromatin and in the resuymption of RNA and
protein synthesis.

The direct action ot LFWEMF on chromatin is extremely unlikely.
On the other hand, LFWEMF seem to be able to modify the Ca++
cuncentration at the cell surface.

We propose, as a working hypothesis, that this modification does
result, atter unknown intermediate steps, in a variation in the
concentration of cations inside the cell nucleus, which causes
structural chdanges into DNA-chromatin.

Inside @ nucleus under physiological conditions many cations (K+,
Na+, Mg++, Ca++, and even trivalent catioms Jcan influence
DNA-chromatin structure. Among the many ways by which this
influence does occur, electrical interactions play a fundamental
role, and a rigorous description of this kind of interactions for
different cations is of fundamental importance in view of a
quantitative prediction of the modifications experimentally found
in intact cell nuclei exposed to different ionic media.

We tackle this subject by developing a
mathematical description of tne space distribution of monovalent
and divalent cations near DNA, based on polyelectrolyte theory.
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fwpariment of Electrival Fryeinecring, University of

Fingston, R.I., U.S.A.

In the recent 7ast several reports bave heen published {ndicating effects on

n

cell

cwth and Jdee

opruent of low frequency (<5 kHz) ragnetic fields. At least

ience, 233, 818, 1983) ncints out that the noted
«ffect s not pr.ozortiecral to the product of frequency and amplitude of the magnetic

flax dosity, o» w o mid Ve expected for any techsnis® depending linearly on an induced

eleotrd e I ds rorefore Jocirable to f-vestd the varicous me3ins by
w Tow T and Te fields can

investigation

ation of (ounter-icns on ~ur7sces of cviindrical cells has been

s along the cell &

<11 se ;o rpendicnlar to it have

1

clentla

intc = coant finite ion wobility

Taoe M oenm Tarmelared. Soluticns of trese egustions, e¢mplovin
< s P30}

caitemle Shrar ame, tle toern ohiaiped, It is shown that with an axial msgnetic
[N + €2 “rom tholr ezuilibrium position and that the associated
TIeTTE 4m T cve the therral poice lovel at pro of radian frequency and
N odensd - s term swia oseeond for oa cell of 3 @ radins. It is also shown
car rhe 38 - s & fun.tion of pesirion be.otes inderendent of frequency when
1 is in frequency arnd x is the reciprocal of the diffusive counter-

iun relaevation time. These results, as well as analvsis of other field configurations,

s vpest that some paraneter specrifications that were usually not given in the past !
t
are desirable if experijmental data from different investigators involving exposure i

of tissue or cell cultures to magnetic fields are to be compared.
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Fyidence ot o Chemical Potential in the Optical Range ot Biological Systems -
aned b= Probable Signiticance. K
! ! } ) :
PO Poppt L KAL), and WL Sag! _
I laboratory of Biophotons, Ludwigstrafie 31, 6520 Worms, FRG E
. B I 3 e
i dastiture of Phyvsios, Chinese Academy of Sciences, P.0.B.603, Beijing, )
People's Republic of China
P Department o Hiology, The University, P.O.B.304Y, 6750 Kaiserslautern, FRG -
Megsurements o1 photan emission from living tissues show at least in the

Spectral rapee froen A= 200 to SO0 nmoa radiation intensity of a few up to some

hundred protons C~.027 ), The spectral distribution, when projected to the occu-

sation probability of the vacuum phase space, exhibits no distinct wavelength

dependence, fhas tact alone provides at the phase boundary of a thermal equi-
Tibrium svatem (as the rdealized external world) and an open system with no
~ivelenuth dependence ot the occupation probability of phase space ( as an
tdealized biviogical "core”) a thermodynamical probability of a form that indi-
1tes Bose-condensat ton-like phenomena. lu fact, experimental investigations
(photo count statistics, "delaved luminescence', optical absorption, Ethidium
Bromide~induced luninescence ete. ) and motecular data point to just those mecha-

Hinas, hased on the exctton (polariton) structure of the DNA. A variety of

biologteal tunctions can be understood within this framework,

Some reterences:

FoALPopp: In: Electromagnetic Biov-information (F.A.Popp, G.Becker,H.L.Konig,
w. Peschka edrs.y, UrbanaSchwarzenheryg, Munich-Vienna-Baltimore, 1979,
FLALEopp etal.: tollect, Phenomena 3 (1981), 187.

ctoal.r Phvs lett, 904 (1983) 062

«t al.: In: Coherent Excitations of Biological Systems (H.Frohlich,
F.Kremer edts.), springer, Berlin-Heidelberg 1983,

H.oKlima, F.oA Popp: In: Proc.ll.lotern.Whitsun-Meeting on Selforganisation and

Dissipative Structures 1983, Springer, Vienna-N.Y., in press.

F.oa Popp et al.: Intern,J.Plant Phyvsiol. 114 (1984), 1.
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- . Behavior of Heme Like Molecules in [lectric Field
" by
B. Simic-Glavaski

Abstract

. Naturally occuring macrocycle molecules such as porphyrius and synthetically
. synthetized similar phthalocyanines exhibit a wide range of properties which are
- . involved in catalysis and electro-optic phenomena. Heme-like molecules are also

- strategically located in a variety of living organisms where they perform funda-

i mental functions.

- Discussion will be focused on transition metal phthalocyanines and their

= unusual electro-optical behavior in electric fields. An emphasis will be placed
o on phthalocyanines a) catalytic properties in oxygen reduction, b) possible appli-

cation as an optical read-out system c¢f the nerve polarization state and c) use as
generators for fast electro-optic signals.

The electrochemical behavior of the adsorbed phthalocyanine monolayer on an
electrode interface has been studied simultanously with the cyclic voltammetry
and the surface enhanced Raman spectroscopy.

Pnthalocyanines undergo a four step electron process. Optical signals re-
liably follow electrical changes of the adsorbed macrocycle molecules. Similar
effects were also observed for the adsorbed phthalocyanines on nerve membranes
during their depolarization.

Electro-optical properties of phthalocyanines can be used for generating
fast optical signals with switching times on the arder of 10-13 seconds. In add-
ition phthalocyanines can be used as multi state memory systems which also pro-
vide multioutput and multilevel electrically modulated optical signals.
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CLONAY. AGE AND CELL SPECIFIC FESPONSE TO LOW FREQUENCY
ELECTROMAGNETIC FIELDS: J Smith~Sonneborn, Zoology and
Physiology Department, University of Wyoming, Laramie, WY.

When Paramecium were cultivated during their clonal
life -~pan exposed to current signals designed to couple tc
non-faradaic electrochemical processes at the cell surface,
age-related 1ncrease in cell division rate and survival was
detected. Different ages responded with increased survivai
to specific sigrals. The induced voltage was supplied by
air-gap coils driven by a programmable power supply
(Electro-Biology, Inc, Fairfield NJ). The basic pulse
waveform, the periodicity (single pulse versus pulse burst
and repetition rate) were varied. The pulsating electrc-
magnetic fields (PEMF's) have parameters in common with
those used to accelerate bone healing in man, to augment
the effects of chemotherapy, and to cause increased trans-
cripticnal and translational events in the dipteran Sciara
in studies of others.

The effect of the specific signals on cell division
rate-acceleration was dependent on the use of wiid type
or specific mutant type cells. 1In limiting Ca © concen-
tration, the rate of cell division for the mutant, pawn was
increased mcre than that of the mutant, parancia. At least
one effect of the fields may be to facilitate the transport
of ions (Ca*2), and this in conjunction with other events,
may cascade to promcie increased survival and/or cell
division rate. The swimming behavior is also altered.
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Six-Octave Experimental System for In-Vivo

and In-Vitro Dielectric Measurements

Maria A. Stuchly
Radiation Protection Bureau
Health and Welfare Canada
Rm. 233, EHC, Tunney's Pasture

Ottawa, Ontario K1A OL2
Dielectric properties of biological substances including tissues are
one of many factors influencing interactions between electromagnetic fields
and matter, e.g. cells, tissues. These properties have been investigated
extensively since the 19508 with the paramount contribution by H.P. Schwan and
his colleagues, as well as important studies by others. Current rapid
progress in instrumentation and computers has facilitated development of

broadband, accurate, automatic and easy to use 3ystems for dielectric

spectroscopy.

During the last five years a computer-controlled system for
measurements of tissues and cell suspensions has been developed at the
Univeraity of Ottawa. The system employs a modified automatic network
analyzer and a variety of coaxial-line sensors. The frequency range presently
covered extends from 10 kHz to 10 GHz. A single sensor is used to measure the
dielectric properties over three-octaves in frequency with uncertainties below
3%. Various sensors have been developed for measurements of cell suspensions
at controlled temperature and tissues in vivo. A relatively high accuracy of
measurements has been achieved through optimization of the sensors design,

improvements in the hardware and effective system calibration procedures.
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In this presentation the whole system will be described with an
emphasis on the lower range of frequencies, from 10 kHz to 100 MHz. These
data have not been previously published. As an illustration of the system
capabilities recent dielectric data for animal tissues in-vivo, and changes of

the properties vs time after death will be presented.
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IN VITRO EFFECTS OF ELEVATED TEMPERATURE ON
THE CORNEA

Creighton, M.0O, , Hanington, A. and
Jrevithick, J.R. Departments ol Ophthalmology
and Biochemistry, University of Western
ontario, London, Canada

Rabbit corneas were suspended either in
phosphate buffered saline or in medium 109
with 10% fetal calf serum and exposed ror a
period of 30 minutes to elevated temperatures
(35.5 as control, 37, 30, 30, 42, 45 and
50°C). Corneas were removed tollowing
incubation and fixed in Karnovsky's fixative
at 4 °C for 24 hr, then transferred to
cacodylate butffer prior to critical point
drying and examination by scanning electron
microscopy. Approximately one hour elapsed
between the time the eves were removed and
corncal incubation began. At all temperatures
epithelial cell changes anpeared to be more
pronounced than endothelia’ ce!l changes.
Epithelial cells changed from flat cells with
clevated intercellular junctions and short
evlindrical microvilli at 37 C, apparently )
swelling and losing their microvilli -
progressively at 30°C, until at 42°C some
cells were missing leaving dennded areas and L
no microvilli were visible: at 45 and 500(1 e
increased damage was seen, including cell )
curlineg to look like potato chips, increased -
stromal denudation and tibrous cell surtfaces.

Both these changes and endothelial changes
tbelow) were accentuated in medium containing
vitamin F. For endothelial cells also,
progressive increases in damage were seen as
temperature increased: "potato chip" cells,
occasional large processes (39 C) cell
swelling observing cell boundaries, more large
processes (42”(2) clumps and cell processes
covering cell surfaces (450(? leading to rough
fibrous cell surfaces, with many holes, after
exposure to 50°C. Stromal changes, leading to
stromal disorganization and separation into
many tine individual strands at 50°C also
occurred with increasing temperature,
Supported by U.S. Army Medical Research and
Development Command, MRC of Canada.
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