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SUMMARY : The effect of electric fields in different directions on protein synthesis was studied on Gu-
inea Pigs. Electric field which is obtained from 150 V potential difference applied in vertical and horizontal
directions and their effects on collagen synthesis were analyzed by studying hydroxyproline level of liver

A statistically significant decrease was found in hydroxyproline levels in both of the horizontal and ver-
tical E field applied groups. It was also noticed that the vertical E field was more effective than the horizon-

The results showed that both of the electric fields-vertical and horizontal - decreased liver tissue
hydroxyproline content but the vertical one is more effective than the horizontal electric field.
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INTRODUCTION

In recent years a body of data on the interactions
of exogenous and endogenous electromagnetic fi-
elds (em) with biological systems has been gathere-
de. As aresult of these findings our understanding
of biological function has started to change. It wo-
uld be incredible if em fields did not effect the elect-
rochemical systems in living organisms. And since
living organisms have only so recently found them-
selves immersed in this environment, they have not
had an opportunity to adapt to it. This gives us, as bi-
ophysicists, the opportunily to usc exogenous em
ficlds to study the functioning of living systems. As
in the other studies on living organisms including
bacteria with em fields, the data collected is very
few (2,3.4,5,6,12, 13, 17) and are required to be
repeated.

In this article it has hypothesized that the exoge-
nous electric field has effect on collagen synthesis
in exposed tissues and the effect of electric field in
different directions - vertical and horizontal - on
collagen synthesis was investigated by detecting
the changes in hydroxyroline content of liver tissu-
es of the exposed animals. The method used for de-
tecting hydroxyproline amount of the tissue was
Stegemann - Stalder modified method (33).

The first method used for hydroxyproline deter-
mination was Neuman - Logan's method (26). This
method was modified by Barker et al, Martin and
Axelrod, Wierbicki and Deatherage, Miyada and
Tappel, Arenson and Elvehjem, Grunbaum and
Glick, Antonacopoulos, Lollar, Lacch Wocssner.
Stegemann and Stalder (26, 33, 34).



In the oxidation phase ol hydroxyproline only
Stegemann - Stalder and Woessner used chloramin
- T. while others chosed hydrogen peroxide. Dahl -
Persson showed that by using chloramin - T the sa-
me sample's hydroxyproline amount gave more
sensitive result (15). For this reason Stegemann and
Stalder's method was used in this study.

MATERIALS AND METHODS

Experiments were performed on 40 male, Gui-
nea Pigs with an average weight of 350-400 g. They
were separated into three groups. In Group I, 10 Gu-
inca Pigs exposcd to the vertical clectric field while
another 10 in Group II exposed (o the horizontal
clectric lield. 20 Guinea Pigs were also keptin the
cages al the same laboratory conditions and studied
as Control Group without any clectric field exposu-
re. Three animals in 3 different cages were studied
simultaneously cach time.

Vertical and horizontal electric fields with the
magnitude of 580 V/m were applied to Guinea Pigs
in wooden cages wih dimensions of 50 cm x 50 cm x
14 cm. Exposure period was 9 hours / day for 3 days
throughout the study.

Potential dilferences applied to the cages were
150 V and obtained from high intensity powcer
supplics. Voltage was kept lixed and controlled
conlinuously with a voltmeter in the exposure cir-
cuit.

Vertical Field Exposure Circuit

Copper plates with dimensions of 50 ¢m x 50 cm
x 0.1 cm were mounted on the top and the bottom fa-
ces of the cages.

Positive probe of the power supply was always
connected to the upper plate and negative probe to
the lower plate for all of the cages.

Horizontal Field Exposure Circuit
The plates were mounted (o the left and right fa-
ces of the cages.

Positive probe of power supply was always con-
neeted to the right plate and negative probe (o the
lelt plate for all of the cages.

Duration of clectric field exposure was from §°
am 05”7 pm. 9 hours / day. Wooden blocks (60 cm
X 60 cm x 2 em) were used under the cages for isola-
tion.

Liver lissuc hydroxyproline contents of the ani-
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mals of exposure groups and control group were de-
termined with Stegemann - Stalder's Mcthod (33).
The basic principle of this method is to get the
hydroxyproline of the tissue by hydrolization of the
sample after homogenization and measuring the
optical density of the color formed by adding p-di-
methylaminobenzaldehyde, perchloric acid and
propan - 2 -ol at pH=8 and at A = 560 nm. Hydroxy-
proline contents of the tissue samples were determi-
ned by using the standard curves which were plot-
ted before each spectrophotometric reading by
using the sample containing known concentrations
of Hydroxyprolinc (SIGMA H-1637).

RESULTS

Two samples were studicd for hydroxyproline
determination after the homogenization of cach li-
ver tissue. The average hydroxyproline concentra-
tion value was taken into consideration at the calcu-
lation step in determining the hydroxyproline con-
tent of liver tissuc.

Statistical comparisons were made in two gro-
ups :

I. For cach group, hydroxyproline contents of
lung tissues ol the electric field applied groups and
their controls were compared with DUNCAN (est
(Table 1) and the results were found as follows :

Groups X . sd n
Control 0.2615 0.1450 20
Vertical

electric field 0.0779 0.0228 10

Horizontal

electric field 0.1194 0.032 10

Table I : Liver tissue hydroxyproline levels (ng/g tissue) of verti-
cal and horizontal clectric field applied groups and control group.

- There is statistically significant difference bet-
ween hydroxyproline contents of liver tissues of
vertical electric field applied and control groups
(p<0.01). Vertical electric field application led to
decreased liver tissue hydroxyproline level

(Hyd. 0.0779 £ 0.0228; Hyd. 0.2615 £0.1430).

E.Vertical = Control =

- There is statistically significant difference bel-
ween hydroxyproline contents of liver tissues of
horizontal electric field applied and control gro-
ups (p<0.05). Horizontal electric ficld application
resulted in signiticantly decreased liver tissue



hydroxyproline level

(Hyd. =0.1194 = 0.032; Hyd ).261540.1430).

E.Horizontal Control =

2. A comparison was made between the vertical
and horizontal field groups to specily the effective
dircction of the clectric lield application : Vertical
clectric field decreased hydroxyproline content of
liver tissuc more than the horizontal electric field
although the dilference was not statistically signili-
cant (p>0.05).

DISCUSSION

The clfect of electrice field in different directions
on collagen sythesis was investigated by delecting
the variations in tissue hydroxyproline content.
Both the vertical and horizontal E ficlds created by
150V potential difference led to decreased liver tis-
sue hydroxyproline levels, whereas vertical E ficld
was found to be more effective than the horizontal.

There are rescarches that E lields are effective
on tissues (6, 17. 25,27, 28, 30, 35).

Internal E fields existing in tissues and external
Iz fields transfer energy on the tissue in two diffe-
rent ways (19)

I In the tissues under the elfect of E fields. posi-
tive charges moves in the same direction with E [i-
cld while the negative ones move in the opposite di-
rection, causing the tissue polarized.

2. Dipole moment vectors of polar molecules li-
ke H,O. rotate to get the same direction with the ex-
ternally applied E field. As a result an internal E [i-
eld arises and its interaction with the external E [i-
cld lessens the net E field in the tissue.

External E lield applied living organisms arc
being examined in the senses of different E fields
that arises on body surface and inside of the body,
current intensity created in the body and the net
clectric current occuring along the whole body.

In the modelling studies for human and animals,
it has been possible to determine the E field and
clectric current values arising inside and on the sur-
lace of the model by the effect of an externally app-
lied field with the help of the developments in the
biomedical clectrode techniques. Using human, rat
and pig models the values of surface electric fields
and current densities generated with a vertical E fi-
eld of 10 kV/m, and 60 Hz frequency are determi-
ned. The maximum sensitivity is localized at the he-
ad (180 kV/m) for the human, and at the upper body

for the pig (67 kV/m) and for the rat (37 kV/m). Di-
ferent tissues have different resistances and diclect-
ric propertics, and the external E field will always
be greater than the induced E ficld inside of the
body (9, 20, 21. 22).

It has been possible to direet collagen under 2 1i-
eld. If a collagen solution soluble in acid is applicd |
HA direct current, collagen form a concave band ne-
ar cathode (16, 18, 32). This finding shows that col-
lagen acts as a cation under E field.

Proteins having a net electrical charce attain a
movement under the influence of electric field. Sin-
ce macromolecules such as proteins have different
molecculer structure and shapes, they are exerted
different frictional forces in a medium. For these re-
asons different protein molecules have dilferent
velocitics when they are inserted in the same clect-
ric ficld. Amino and carboxyl groups arc responsib-
le from the net charge of a protein molecule. Sc-
condly, proteins may gain positive or negative char-
ge or they may have no charge according to the pH
value of the medium. In the latter case proteins do
not have the capability of movement in a electric li-
eld. If pH of the medium is less than the isoclectric
pH of protein, then it posses a net positive charge
and moves in the dircction of electric field, whercas
it gain a negative charge and move in the opposite
direction with the applied electric field in the case
that the pH valuc of the medium is o be greater than
the isoelectric pH of the protein (14). The DC clect-
ric ficld with the strenght of 10 kV/m has the ability
to move the protein molecules along the membrane
surface (8).

When low intensity direct current is applicd to
tissues, O, is consumed at cathode. Tissuc O5 ten-
sion decreases and an increase occurs in the number
ol hydroxy! radicals present (7. 10, 11). Free oxy-
gen radicals have toxic elfect on proteins and DNA
giving result to structural and functional defects in
the cell. Amino acid compositions of proteins spe-
cily the extent of influence from free radicals, Un-
saturated molecules and sulphure containing mole-
cules are highly sensitive to [rec radicals. Besides
the oxidation of amino acids, free radicals give rise
to hydrolysation of peptide bonds, disullide bonds.
and cross bindings resulting the defects in functions
ol enzymes, disturbing ion seperation in and out of
the cell, and causing scrious injury of cell. The inc-
rease in radicals can be traced with the variation in
malondialdehyde (MDA) level (37). In our another
study carried out parallel to this study, it was found
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that both of the vertical and horizontal E fields pro-
duced by 150V potential difference cause an increa-
se in MDA levels of medullar glands of guinea pigs
(6), wherecas a decrease was observed in the
hydroxyproline levels of the liver tissue in this
study.

The finding of a decrease in hydroxyproline le-
vel with the effect of electric field caused a decrease
in tissue MDA level. Molecular O, could be trans-
formed to [ree radicals as the result of cnergy trans-
fer of E field to the applied tissue area. Therefore
the increase in the radicals might give rise to a dec-
rease in molecular O, required in hydroxyproline
synthesis. This in turn might result in a slow down
in the functioning of proline hydroxylase and o-ke-
to-glutarate enzymes required in the synthesis of
hydroxyproline.

Having the values of tissue conductivities and
dielectric constants is important in delermining the
distribution of external clectric fields and currents
in the tissues. Since the tissues like lung and liver
contain 20 % - 25 % protein and 70 % - 80 % waler
of their weights, they exhibit much more lower re-
sistance and higher dielectric constant with respect
to fatly tissues. Furthermore, increasing water per-
centage, increases conductivity. This property is a
result of polar structure of water. This structure of
liver has also been effective on the effect of E fields
in liver tissue (1, 29, 31, 36).

It has also reported that the direction of E field
was important. In 1983 Marino applied 19.7 V/im E
field in vertical and horizontal directions to mice,
and a big decrease in serum protein fractions was
observed in vertical E field group while a slight
change in horizontal E field group was observed
(24). In his another study, Marino applied 15kV/m
vertical and 10 kV/m horizontal E ficld to mike and
observed an increase in the mortality on vertical E
field applicd group with respect to horizontal field
applied ones (23).

This research has shown two results : One is the
finding that electric field of 580 V/m has the ability
to direct collagen in liver tissue in both of the hori-
zontal and vertical dircctions. And the other is verti-
cal electric field is more cffective on collagen
syntesis than the horizantal one. This result is in pa-
rallel with Marino's unique study on serum protcin
fractions and mortality.

This study was the first on the effect of elctric fi-
eld on liver tissuc hydroxyproline level. The thing
that is required is more and more studies on the to-
pic. The next step of our study will be the effect of
electric field on liver tissue MDA levels.
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