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INVES:TIGAT.IQN OF THE ACTIVITY OF SOME. ENZYMATIC SY~TEMS IN RESPONSE TO ?,

SUPERHIGH FREQUENCY ELECTROMAGNETIC FIELD 

Moscow GIGIYENA I SANITARIYA in Russian No 8, 1978 pp 23-27 

[Article· by Prof Yu. D. Duroansldy and Cand Biol Sci L. A. Tomashevs~aya,, 

Kiev Scientific Research Institute qf General and cm.nmunal Hygiene :µnef!i 

A. N:. Marzeyev] 

[Text] The goal of the present work was to study the. ip.fluence of different; 

lev:els of superhig,h frequency (SHf) energy on the specific feat~res of 

some enzymatic processes in subcellular fractions qf the br~in,, inasmilch 

as the central nervous system is the roost s~nsitive to electroro~gnetic 

eRergy ( 3, 4, 6., etc. ) , and the. li ver--an organ which do.ubtlessly has 

sig.nificance in functional changes occurringc in respqnse to the. influ.enc.e 

of this factor, owing to localization and inactivation of many metal:>olites 

within it. 

The experimental research was conducted with white m~le rats. The animais 

were irradiated remotely, within the zone of the formed field. This 

method is the roost acceptable in research aimed at hygienic standardization, 

owing to the adequacy with which real irradiation of the public is modeled. 

To reduce reflection of electromagnetic energy from the walls of the 

room, the latter were covered with a spec;ial absorbent material with~ 

reflection factor not greater than 3 percent of striking energy in thE; 

3-20 cm wavelength range. The irradiation chamber design we us~d nqt ?,~ly 

ensured practical absence of an electromcJ.gnetic "echq" from th~ walls. 

but also promoted maintenance of the necessary ventilation and na,t:u-ra~ 

lighting in the room. 

An 80 watt continuously variable power microwave SHF oscillator operated 

at 2,375 ± 50 MHz in continuous mode. A cylindrical lo,udspeaker w~th a 

diameter of 9 cm and a main lobe aperture angle (at half power) of 9~0 and 

106° served as the emitter. The distance from the loudspeaker t,o th~ 

position of the animal cage was 220 cm. The experimental animals were 

irradiated from above, which ensured the most uniform distribution of 

the electromagnetic field. Four plastic cages containing animals ~~re 

placed siroul taneously within the zone of irradiat_ion. Tl),e power flux 
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density (PFD) was 10, 100, and 1,000 µw/cm2 . The PFD was measured with 
a PZ-9 instrument. The animals were distributed into groups corresponding 
to different PFD's, 10 animals per group for each series of experiments 
(160 rats in all). The rats were irradiated 2 hours a day for 4 months, 
which corresponded to the average time in real conditions, as determined 
from time-and-motion studies. Analyses were performed 1, 2, and 4 months 
after irradiation was started, and following a recovery period of 2 months. 

Subcellular fractions of liver and brain tissue were isolated by differen
tial centrifugation in an isolation mediurn-.-tris-sucrose, pH 7. 4. The 
activity of glucose-6-phosphate dehydrogenase--G-6-PDH (1)--was determined 
in hyaloplasm, cytochrome oxidase activity (11) was determined in mito
chondria, and the activity of "mixed function" oxidase was determined in 
the supernatant fraction. The rate of demethylation of amidopyrine and 
the rate of hydroxylation of aniline by liver microsomes were studied as 
indices describing the activity of microsomal NADPH-dependent "mixed 
function" oxidase. The activity of amidopyrine demethylase was expressed 
in micrornoles of formaldehyde formed per hour of incubation per gram of 
protein in the supernatant fraction (8). Aniline hydroxylase activity 
was measured by formation of p-aminophenol, and it was expressed in unit~ 
of extinction per gram of protein per hour of incubation (9). The 
protein concentration was computed by Lawry's method (10), following 
preliminary lipid removal by Grachev's method (2). The obtained data were 
statistically treated and subjected to the t-test. Differences were 
evaluated in relation to an intact group of animals serving as the control. 

The results of the research indicate that 1 month after exposure to 
SHF with a power flux density of 1,000 and 100 µw/cm2 , the activity of 
cytochrome oxidase in liver mitochondria decreased in comparison with 
control. A decline in the enzyme's activity was also observed at later 
times (2 and 4 months following the start of irradiation), being an 
average of 30 percent in comparison with control. Following a recovery 
period of 2 months cytochrome oxidase activity in liver mitochondria of 
rats irradiated by an SHF field with PFD's of 1,000 and 100 ):IW/cm2 

increased to normal. For rats irradiated by a 10 µw/crn2 SHF field, this 
index fluctuated within the same limits as for control animals. 

Cytochrome oxidase activity also declined in brain mitochondria in response 
to irradiation. When the PFD was 1,000 µw/cm2 , it declined dramatically 
(by 40.5 percent) 1 month after the beginning of irradiation; the decrease 
was 30 percent after 2 months and 25 percent after 4 months in comparison 
with control. Cytoch_rome oxidase activity was also found to be signifi
cantly (P<0.05) reduced by 20-26 percent following the same amount of 
time after irradiation by an SHF field with a power flux density of 100 
µw/cm2. Two months after irradiation was terminated, changes were not 
revealed in this index for brain mitochondria. Significant differences 
from control {P>0.05) were not noted when a PFD of 10 µw/cm2 was employed. 
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'i'he·s·e· data· deomnstrated that cytochrome oxidase in liver and brain· Iilito
eh6hdria: of experimental animals is inhibited in response to PFD's of 
100 a:nd 1, o·oo µw/cm2 ; this may be evidence of impairment of the oxidative 
capaJ:S•ifity of mitochondria. Moreover, inhibition of cytochrome oxidase 
may Be an indication of possible changes in the transport of electrons 
aio'ng" the respiratory 6hain; in w:iiich energetic conjugation' occurs. 

wfren aliowed to come into contact with the body, electromagnetic fields 
ntciy cause breakdown of oxidative phosphorylation, which is accompanied 
by a: reduc·tion in the supply' of macroe:tgs and compensatory intensifica
tion of glycolysis; Intensification of glycolytic carbohydrate metabolism. 
wh'.:ich is ndt very effective in terms of energy, can obviously create 
favorable conditions for mor~-inten:se occurrence of.enzymatic reactions 
in the pentose-phosphate pathway. 
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Effect of Different SHF Energy Levels on G-6-PDH 
Activity in the Hyaloplasm of Rat Liver (A) and 
Brain (B): Abscissa--months; ordinate--G-6-PDH 
Activity (µmoles NADPH per 1 mg protein); 1--
control; 2--10 µw/cm 2; 3--100 µw/cm2 ; 4--1,000 µw/cm2. 

As we can see from Figure A, G-6-PDH activity in the liver does not change 
ih response t.o the action of an S:.!F field with a power flux density of 
iOµw/cm2 throughout the entire time of observation in comparison with 
eontrol. Beginning with the first month or irradiation an SHF field with 
PFD's of 1000 and 100 µw/cm2 elicits a 35-25 percent rise in liver G-6-PDH 
activity, depending oh the level of energy employed. At subsequent 
observation times--that is, 2 and 4 months after the beginning or irradia
tion--G-6'-PDH activity remained at the same level as in the first months,· 
being significantly greater than control (P<0.05). In 2 months of the 
recovery period this index approached the control value and did not 
exhibit a statistically significant difference from it. As with the 
situation in the liver, a rise in G-6-PDH activity was noted in braiI'l 
hya:loplasm in response to 1,000 and 100 µw/cm2 fields following a::Ll 
periods of irradiation (see Figure B). in this case the most dramatic 
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Table 1. Amidopyrine Demethylation Activity in the Rat Liver in 
Response to an SHF Field (µmoles formaldehyde per 1 gm 
protein) M ±m 

(1) (2) ,UJIHTeJ!bHOCTb o(5nyqel!HSl, wee (3) 

I . I 
IlepHOA BOCCTaHOII• nn3, MKBT/CM1 

4 
JlCHHll (2 11ec) 

1 2 

Kci!iTpOJlh < 4 > . 4,7±0,23 4,5±0,24 4,8±0,21 4,6±0,3 
1000. . 6,3±0,4 5,6±0,23 5,7±0,31. 4,9±0,3 

p <0,01 <0,05 <0,05' >0,05 
100 5,8±0,24 5,8±0,3 5,5±0,2 4,8±0,27 

p <0,05 <0,05 <0,05 >0,05 
10 4,6±0,2 4,85±0,3 4,9±0,3 -

p >0,05 >0,05 >0,05 -

Key: 
1. PFD, µw/cm2 

2. Irradiation time, months 
3. Recovery period (2 months)· 
4. Control 

Table 2. Aniline Hydroxylation Activity in the Rat Liver in 
Response to an SHF Field (E620 per 1 gm_ protein) M ± m 

(1) (2) ,UJIBTeJlbHOCTb oCiny•eHHR, wee 

Ilepl!OA <.itc;IIIOII• nn3, IIIKBT/c111•. 
: 

I I 1 2 4 
neRHA (2 111ec) 

KoHTPOJJb (4) 4,16±0,2 4,36±0,18 4,23±0,21 4,25±0,2 
1000 4,92±0,21 5,68±0,24 5,0±0,22 4,58±0,19 

p P<0,05 P<0,01 P<0,05 P>0,05 
100 4,82±0,18 4,95±0,17 4,93±0,2 4,65±0,21 

p P<0,05 P<0,05 P<0,05 P>0,05 
10 4,0G±0,22 4,2±0,19 4,46±0,23 -p P>0,05 P>0,05 P>0,05 -

Key: 
1. PFD, µw/cm2 

2. Irradiation time, months 
3. Recovery period (2 months) 
4. Control 
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intensification of G-6-PDH activity (up to 40 percent of the control value) 
was observed in the first month of irradiation in response to 1,000 µw/cm2• 
At 100 µw/cm2 this index increased as compared to control by 26, 28, and 
20 percent respectively at 1, 2, and 4 months following the begin.ning of 
irradiation. T.he observed changes in G-6-PDH activity in response to both 
µw/cm2 a_nd 100 µw/c::m2 disappeared after the 2-month recovery period. An 
SHF field with a PFD of 10µw/cm2 did not have a significant influence on 
G-6-PDH activity in rat brain hyaloplastn. For this group of animais this 
index fluctuated within the same limits typical of the control group. 

The optained results permit us to assert that the oxidative link of the 
pentose-phosphate pathway i.s activated in response to SHF e11ergy; in this 
case the rise in G-6-PDH activity is dependent on the energy level to 
which the animals are subjected. 

Intensification of the enzymatic reactions of free oxidation presupposes 
switching of electron transport from the cycle of transformations in the 
NADPH-dependent respiratory chain to the NADPH oxidation chain, which is 
localized in the membranes of the endoplasmic reticulum. Membranes of 
the reticuloendothelial system of liver cells, isolated in the form of a 
microsomal fraction, contained enzymatic systems catalyzing metabolism 
and detoxification of some endogenous substrates. Inasmuch as the possi~ 
}:)i,lity of endogenous intoxication is not excluded in exposure to 
electromagnetic fields, the index of the activity of microsomal enzyme 
systems can serve as one of the criteria of the functional capability 
the liver exhibits for detoxification. 

the results obtained from research on the effect of an SHF field on the 
activity of "mixed function" oxidase are shown in tables 1 and 2. As 
we can see from Table 1, the activity of amidopyrine demethylation did 
not differ f~om control in response to a PFD of 10 µw/cm2• A dramatic 
increase in demethylation activity is noted 1 month after the beginning 
of irradiation by a 1,000 µw/cm2 field. In the second and fourth months 
of irradiation demethylation was less pronounced, but it was significantly 
greater than control at P<0.05. Use of a PFD of 100 µw/cm2 also caused 
an increase in demethylation between the first and fo~rth months of 
irradiation. Following a 2-month recovery period this index returned ·to 
its initial level among rats in these two groups. 

The dynamics of aniline hydroxylation activity in the rat liver are shown· 
in Table 2. Hydroxylation was observed to undergo activation in response 
to PFP's of 1,000 and 100 µw/cm2 . Its increase was noted to be smallest 
in the second month of irradiation by a 1,000 µw/cm.2 field. During this 
period hydroxylation activity was 30 percent higher than in control. 
The recovery period was typified by normalization of this index. Signi
ficant differences from control were not revealed among rats irradiated 
with a 10 µw/cm2 field. Thus SHF fields with power flux densities of 
1,000 and 100 µw/ cm2 cause an inc~ease in t.he activity of microsoma:). 
enzymatic systems, which may attest to intensification of the liver's 
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functional capability for detoxification requiring the participation of 
the NADPH-depend.ent electron-transport chain. 

Summarizing the research results we can conclude that the biological effect 
of SHF fields with PFD's of 100 and 1,000 µw/cm2 is accompanied by a 
certain complex of biochemical changes reflecting disturbances in the 
body's metabolism when it is exposed to such fields for a long period of 
time--a decline·in cytochrome oxidase activity in mitochondria, an increase 
in G-6-PDH activity in liver and brain hyaloplasm, and activation of 
"mixed function" oxidase in the microsomal fraction of ·rat liver. The 
noted changes were unidirectional in nature in response to different PFD's. 
Maximum deviations were obse~ved basically follow~ng 1 month of irradiation; 
as the exposure time was increased, the expressiv~ness of the changes 
weakened somewhat. This sort of response to the effect of SHF energy can 
be interpreted as an adaptive reaction. In this case the primary response 
is more strongly pronounced than is the reaction of the organism when it 
is adapted _to some extent to the action of an electromagnetic field. 

The reactivity of enzymatic changes goes a long way in defining the body's 
reaction to SHF energy, inasmuch as enzymatic processes are highly sensitive 
to disturbances in the ultrasturcture and permeability of biological 
membranes. At the same time-the action of SHF energy on the enzyme mole
cule plays an important role in disturbing enzymatic processes. An 
electromagnetic field elicits conformational changes in the hydrophobic 
portions of the nonspecialized part of the protein molecule, leading to 
displacement of electric charges and change in the hydrophilic-hydrophobic 
properties of the protein (5,7). Intensification of the hydroxylating 
system of the endoplasmic reticulum implies that SHF energy has an effect 
on the orientation and strength of the cell's liquid phase and, conse
quently, on the metabolic function of intracellular membranes. When 
energy formation in the respiratory chain is disturbed in response to. SHF 
energy, activation of the pentose-phosphate pathway, which is a compensa
tory process~ plays an important role in the response of the entire 
organism. 

Normalization of metabolic processes during the recovery period is possibly 
associated with development of not only intracellular but also neurohumoral 
compensatory mechanisms. 

Evaluating the obtained results from the standpoint of the biological 
action of an SHF electromagnetic field, we can conclude that data acquired 
from investigation of enzymatic processes can serve as sufficiently 
informative indices for hygienic assessment of this factor. 
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UDC: 612.6+612.014.426:577.4;577.158.8 

EFFECTS OF INTERMITTENT MAGNETIC FIELD ON ACTIVITY OF CARBOHYDRATE METABOLISM 

ENZYMES AND OXYGEN UPTAKE IN. TESTICULAR TISSUE 

Kiev UKRAINSKIY BIOKHIMICHESKIY ZHURNAL in Russian No 6, 1978 pp 714-717 

[Article by N. A.Udintsev and S. M. Khlynin, Tomsk Medical Institute, 

submitted 37 Mar 77] 

[Text] Industrial frequency 200 Oe magnetic fields have a 
substantial effect on metabolism in testicular tissue, which 

is quite sensitive to this factor. Single exposure to the 
field for 1 · day increase·s glucose-6-phosphate dehydrogenase 

activity. It diminishes appreciably 24-48 h after exposure 

to the field, as does cytochromoxidase and hexokinase 
activity in mitochondria. There is an increase in lactate 

dehydrogenase and succinate dehydrogenase activity. A 
return to the base level is observed on the 7th-14th day. 
In the case of multiple exposure, there is no stimulation; 
enzyme activity diminishes (with the exception of that of 
lactate dehydrogenase). These changes are consistent with 
the dynamics of testosterone level in plasma and the testes. 

Devices that generate magnetic fields are being used more and more in indus

try and the national economy [l]; they are also being used more f?r thera

peutic purposes [2, 3]. It has been established that magnetic fields with 

specific parameters and exposure time may also have a deleterious effect [4]. 

Testicular tissue is particularly sensitive to them [4-6]. We previously dis

covered that there is a brief increase in plasma testosterone content followed 

by a drop to below the control level in plasma and tissue of the testes 

following single exposure to an intermittent magnetic field for 1 day. [ T]. 

Multiple exposure leads to significant depression of testicular endocrine 

function [8]. Since glucose plays an important role in energy processes of 

the testes [9, 10), it may be assumed that changes in carbohydrate meta

bolism may be one of the causes of altered steroid genesis. 

Our objective here was to investigate the effects of an intermittent [or 

variable] magnetic field of 200 Oe at the industrial frequency on the 

activity of the following enzymes in testicular tissues: hexokinase (KF 

[pharmacopeia] 2.7.1.1), glucose-6-phosphate dehydrogenase (KF 1.1.1.49), 
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~~late dehydrogenase (KF 1.1.1.37), lactate dehydrogenase (KF 1~1.1.27), 
succin~te dehydrogeanse (KF 1.3.99.1) and cytochrom~xidase (KF 1.9,3.1). 

Material and Methods -. -. '\ 

Experiments were conducted on male albino rats, which were put in the inter
polar space of a 200 Oe magnet with. a gradien; qf no more than 5% ~n.d 
fr~quency of 50 H~, onc;e for 24 hand sev~ral time~ fo~ 6,5 h per day for 
5 d~ys, and which were subsequently examined 1 h, 1, 2, 7, 14 and~~ days 
later. After decapitating the animals, the testes were immediately cooled, 
~he tunica albuginosa was re{!loved; they were then ground in a glass homogenizer 
wi.th a teflon pestle in a 5-fold volume of solution, the end concentration of 
whic;h contained the following:. 250.0 mM saccharose, LO mM EDTA, 100.0 mM. 
tris-HCL buffer (pH 7. 5). The subcellular fractions wer~ then separated [11). 

In lipid-free supe~natant, we assayed the activity of cytoplasmic enzymes. 
'J;'he activity of mitochondrial enzymes wai:; as~ayed after incub~tion in 0.1% 
Triton X-100 solution [12]. Enzymatic activity was assayed by spectro
photometry in trays incubated at 25°C. 

The reaction medium for assay of hexokinase activity consisted of the follow-: ' + ' 
ing (end concentration): 25.0 mM glucose, 5.0 mM APT, ?,O mM N~P, 7.0 mM 
MgCl2, 0.3 internation~l units glu,::ose-6-phosphate dehydrogenase, 100.0 mM 
tris_:HCl (ptj: 7. 6) [13). The activity was e~pre9sed · in nan6moles· of NADPH 
p~r mg protein per min. Glucose--:6-phosphate.dehydrogena~e ~ctivity wa~ 
assayed [14] in a medium containing 4.5 mM g~ucose-6-phosphate, 0.3 mM NADP+, 
7.0 mM MgC1 2, 100 mM tris HCl (pH 7.6). The qCtivity was expr~ssed in nano
~oles of NAJ?P/mg protein/min. Lactate dehydrogenase·and malate dehydrogenase 
9-Ctivity was assayed using reagents of the Beringer Company, and it ..;,:as 

.expre~sed tn nanomoles NADP/mg.protein/min [15, 16]. Succinate dehydrogenas~ 
~~tivity was assayed according t~ King [17) and expres~eq in ~upits/10 mg 
protein/min; cytochromoxidase was assayed according to Strauss [18) and ex
~re~sed in arbitrary units/mg protein/min. We also assayed protein [19). 
!he ~ata were su~mitted to statistical processing. 

Results and Discussion . ., .. - . - ' 

In t~e first hour after single 1-day exposu~e to a magnetic fi~ld fhere is a 
rel~able increase (by 29%) in gl~cose-6-phosphate qehydrogenase ac;ivity 
(T~Qle 1). In view of the fact that, during this time, there is an eleva--: 
qon of blood Ptc!smc1: testosterone level [7l, it may be concluded: that ther@ 
ts some stimulation of metabolis~ in the testes, apparentl.y as a res~H of 
stimulation of neuroendocrine centers. This hypothesis is backed up by the 
~igh ~ensit;yity to a variable magnetic field of th~ hyp~tha.lamus [20), · 
~ctivation of gonad~trophs [21), s.timulation or the ~qrenohypophyseal. [22) 
and c!drenq~ympathetic systems [23]. 
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Table 1. Changes in tested enzyme activity of carbohydrate metabolism and tissular respiration in 

testicular tissue after single exposure to variable magnetic field (M±m) 

.Activity assayed Contiol(n=22) 1 I I I · h (n=i2) 1 day (n=J2) 2 da:')S(n=l2) 7days(n=8) 

Time after single exposure 

Cytoplasm hexokinase, nmole NADPH/mg protein/min 
Mi tochondr. 11 11 11 11 11 " 

18,0±1,4 
20,0±1,6. 

Cytoplasm glucose-6-phosphate dehydrogenase, 
nmole/NADPH/mg protein/min 8,3±0,47 

Cytoplasm lact.dehydrog.,nmole NADPH/mg prot/min 532±42 
Mitochondr .malate " 11 11 11 11 · 11 584±41 
Mitoch.succinate " 6 units/10 mg protein 2,03±0,18 

11 cytochromoxidase, arbitr.units/mg prot/min 5,7±0,42 

NOTE: Asterisks refer to reliable results (p<0.05). 

19,1±1,7 
23,8±2,I 

l0,7*±0,64 
469±43 

L673±57 
1,94±0, 18 
5,0±0,41 

20,5±1,8 
17,1±1,5 

6,3*±0,47 
591:1::54 
561±51 

2, 17±0,21 
4,2*±0,39 

19,3±2,0 
15,4*± 1,5 

6,7:1::0,63 
685*±51 
432*±40 
2,60±0,28 
4,4±0,46 

20,4±2, I 
18,8±1,9 . 
9,7±0,74 
574±64 
502±54 

2,34±0,25 
5,2±0,46 

Table 2. Dynamics of activity of enzymes of carbohydrate metabolism and tissular respiration of 

testes after multiple exposure to variable magnetic field (M±m) 

Activity assayed 

Cytoplasm. hexokinase, nmole NADPH/mg prot./min 
Mitochondr. II " II II II II 

Cytoplasm glucose-6-phosph. dehydrogenase, · 
,nmofie/NADPH{mi paofiein/min · 

M1.toc ondr.ma a e e ydrog.,nmole NADP/mg pr/min 
·" cytochromoxidase, arbitr.units/mg 11 11 

II succinate dehydrogenase, 6units/10 11 _ 11 II 

Control 
(n=J2) 

20,7±1,3 
25,6±1,9 

9,5±0,62 
676±51 
5,9±0,41 

1,89±0,11 

Time after multiple exposures 

1 h(n=12) 12 day(n=12) 17 d. (n=l2)114 d.<n=l2), 28 d.Cn=!!) 

18,2± 1,6 24,2±1,9 21,8±1,9 18,6±1,7 19,3±1,8 
18,2*±1,6 15,9*±1,4 18,6±1,8 22,5±1,7 24,9±2,1 

6,4*±0,53 
420*±38 

7,7•:1::0,68 8, 9±0, 71 to, 7 ±o ,51 8,9±0,G6 

3,9•:t:0,28 4,3*±0,34 4,7:t:0,44 5 0:1::0,42 5,3±0,46 
1,49•:t:0; 12 I, 74:t:0, 15 2, 15±0,23 2,26•:t:o, 15 2,06±0, 18 
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One or two days after exposure to the variable magnetic field, there is a 
significant decrease- in mitochondrial enzymatic activity: malate dehyc{togenase 
(by 26%), hexokinase (23%), cytochromoxidase (25%), with increase (by 28%) 
in succinate dehydrogenase activity. In the cytoplasm, there is an increase 
in activity of lactate dehydrogenase (by 29%); malate dehydrogenase (by 29%) and 
a reliable decrease in that of glucose-6-phosphate dehydrogenase. The de
pression of malate dehydrogenase, cytochromoxidase activity, increase in 
lactate dehydrogenase activity, the results of morphological studies [6], as 
well as the high sensitivity of mitochondria of other organs to magnetic 
fields [24) are indicative of the fact that there is development of signs 
of tissular hypoxia under the influence of variable magnetic fields, one of 
the causes of which is impairment of mitochondrial functions. This period,is 
also characterized by a drop of testosterone level in plasma{and the testes 
[8]. In view of the fact that the limiting reactiori of steroid genesis is 
localized iri mitochondria [9], one would think that one of the causes of 
diminished endocrine function of the testes is functional impairment of 
these organelles. 

In the case of multiple exposure to magnetic fields (Table 2), there is de~ 
press ion of enzymes localized on mi_tochondria: hexokinase (by 29%), malate 
dehydrogenase (28%) and cytochromoxidase (by 34%). Under these conditions, 
there is also a decline in activity of succinate dehydrogenase (by 21%). 
There is a less distinct reaction of cytosol enzymes; however, there is 33% 
reduction in activity of glucose-6-phosphate dehydrogenase. Thes_e changes 
appear already 1 h after discontinuing exposure, and they persist for 2-7 
days in some enzymes. On the 7th-14th day, there is restoration and even 
elevation of succinate dehydrogenase activity. Normalization of indices is 
observed only 2-4 weeks later. Consequently, after multiple exposure to 
variable magnetic fields, there is no phase of stimulation and there is 
depression of some enzymes of carbohydrate metabolism. The decrease in 
mitochondrial enzyme activity, including that of succinate denydrogenase, 
which is the most resistant to exogenous factors [25), is indicative of 
considerable depression of processes of tissular respiration and this is, 
probably, related to functional impairment of these organelles. Impairment 
of some adaptive neuroendocrine mechanisms may be one of the causes of the 
above-described changes [22). 

Thus, in the case of single 1-day exposure to a variable magnetic field, 
brief initial activation and subsequent depression of enzyme activity are 
apparently an adaptive reaction of the organ, in which the changes in meta
bolic processes are functional in nature. Multiple exposures

1 
to the field 

are characterized by prolonged depression of activity of several enzymes, 
indicating that the normal course of metabolism may be disrupted by a 200 Oe, 
50 Hz intermittent magnetic•field. 
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EFFECTS OF'MICROWAVES ON CATECHOLAMINE METABOLISM IN THE BRAIN 

Kiev VRACHEBNOYE DELO in Russian No 10, 1978 pp 129-130 

[Article by A. N. Grin', Laboratory of Biological and Hygienic Research 
(headed by M. I. Rudnev, doctor of medical sciences), Kiev Scientific 
Research Institute of General and Municipai Hygiene imeni A. N. Marzeyev] 

[Text] There is an extensive literature dealing with the effects of electro
magnetic waves (EMW) in the superhigh frequency (SHF) range on the human 
and animal body, and it indicates that, depending on their length, 
intensity and duration of exposure microwaves can induce a number of changes 
in various organs and systems of the organism (N. V. Tyagin, 1971; V. S. 
Belokrinitskiy, 1971; Yu. D. Dumanskiy et al., 1975; M. G. Shandala, M. I. 
Rudnev et al., 1976; A. N. Grin', 1976, and others). However, there are 
only a few scattered studies concerning the effects of low~intensity SHF 
fields on catecholamine metabolism in the body anci, in particular, on 
changes in levels thereof in the brain; moreover, their findings, let 
alone interpretation, are 'contradictory, if not exact opposites of one 
another. 

This study was conducted on 132 male albino rats weighing 180 to 450 g, 
which were exposed daily to continuous SHF fields with energy flux 
density (PPE) of 500 and 50 µW/cm 2

• Duration of daily exposure constituted 
7 h per day for I month. In addition, in order to assess the role not 
only of intensity~but duration of radiation, in biological changes in 

,the brain, the rats were examined at different intervals during the month 
of exposure, namely on the 5th, 10th, 15th, 20th and 30th days. 

A Luch-2 (12.6 cm wavelength) unit was used to irradiate the rats. An 
EF-ZMA unit with attachment (Z. S. Kantsel'son and Ye. M. Stabrovskiy, 1975) 
was used for fluorimetric assay of catecholamines (epinephrine, norepineph
rine, dopamine and dopa). 

The Table lists data on changes in catecholamine levels in the brain as 
related to microwave irradiation. 
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As can be seen from the data submitted in this 

table, there was no appreciable change in 
epinephrine content of animals exposed to''an 

SHF field of 50 µW/cm 2 PPE up· to the 20th day; 

only on the 20th day does its level demonstrate 

a 25% rise (from 0.04 to 0.05 µg/g), but it 

reverts to the base level by the end of the 

30th experimental day. There was distinct, 

but not marked, increase in other catechola

mines (norepinephrine, dopamine) in brain 

tissue throughout the exposure period. Thus, 

the norepinephrine level begins to rise on 

the 5th day and content thereof is 20% more 

than initially by the 30th day of ~xposure 

(increasing from 0.5±0.05 to 0.62±0.09 µg/g), 

while dopamine increases by 17. 2% by -the end 

of the exposure period (30 days). The change 

in dopamine is somewhat unique: Its level 

rises somewhat on the 10th day of exposure, 

after which there is a tendency toward decline. 

The changes are different in rats exposed to 

500 µW/cm2 SHF rields. As can be seen from the 

submitted data, after.an initial rise, the 

levels of all catecholamines begin to drop 
appreciably to the 30th day of exposure, and 

this is indicative of exhaustion of both the 

adrenal and sympathetic branches of the 

adrenosympathetic system (ASS). 

Consequently, the catecholamines of the brain 

are sensitive to SHF energy. Microwaves in

duce a distinct reaction in various parts of 

the ASS. Low intensities (50 µW/cm 2
) 

stimulate the ASS, while relatively high ones 

(500 µW/cm 2
) depress it after initial 10-day 

stimulation. 

At the early stage of exposure to SHF radia

tion, the sympathetic branch of the ASS 
reacts in accordance with the following prin

ciple: the higher the intensity, the stronger 

the reaction, of course within the range of 

intensities we used, sinte very high intensi~ 

ties (hundreds of millivolts) depress both 
parts of the.ASS. 

In addition to intensity, duration of exposure 

plays a part in changes in catecholamine meta

bolism in the brain. 
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IN ITS BIOMASS AND MEDIUM 

Vilnius TRUDY AKADEMII NAUK LITOVSKOY SSR SERIYA Bin Russian No 4, 1978 

pp 121-129 

[Article by K. K. Yankyavichyus, S. F. Budrene and R. I. Razyulite, Institute 

of Botany, Lithuanian Academy of Sciences, submitted 3 Jun 77] 

[Text] 1. Introduction 

In the course of evolution all living organisms are exposed to the effects 

of earth's magnetic field, which is a permanent component of the environ

ment. However, the role of the magnetic field and its effects on vital 

functions of organisms has not yet been sufficiently identified. As far 

back as 1903, Ewart [l] discovered the following phenomenon: Upon placing 

the water plants, Vallisneria and Chara, in a magnetic field, there is 

slowing or even arrest of streaming of protoplasm in the cells. In the 

last few years, researchers -have become very much more interested in the 

effects of magnetic fields on growth, development and vital functions of' 

plants and animals. Numerous and, in some cases, contradictory data have 

been accumulated in this field, since the effects of magnetic fields are 

very complex and multifaceted. They depend on both the physical conditions 

of experiments and physiological state of the organism [2]. When a thermo

phil strain of Chlorella vulgaris is exposed to an.electric and electro

magnetic field, there is agglutination of cells, decreased productivity· 

of culture and delayed biosynthesis due to a change in surface charge in 

direct electric current [3]. · 

Physiological studies consider disturbances referable to respiratory ex

change of gases and growth distinctions. Studies dealing with biochemical 

changes in magnetic fields most often address themselves to enzymatic 

activity. Changes in this activity are observed in both strong and very 
weak magnetic fields. The nature of the effect of magnetic fields on a 

plant organism depends on the intensity thereof. A weak magnetic field 

(20 Oe) accelerates stem and root growth and a strong one (400 and 

12,000 Oe) retards growth [4]. 
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In this work, we consider the changes in qualitative and quantitative composi

tion of free amino acids and accumulation of biomass in bacteriologically 
pure cultures of the green algae, Scenedesmus quadricauda (Turpin) Breb., 
which occur under the influence of electromagnetic field induction. 

2. Methods 

In the experiments, we used a 25-day-old culture of S. quadricauda, which 
was cultivated in Gromov's medium No 3 [5]. We followed the following 
program to investigate the effect of electromagnetic field induction (EMFI) 
on development of this algal culture: experiment !--magnetizing the medium 
without algae in the flux; II--magnetizing the medium with ~lgae in the 
flux; III--magnetizing the medium without algae in static position; IV-
magnetizing the medium with algae in static position. 

The flowing medium was magnetized at the following EMFI levels: 0.015, 0.03, 

0.126, 0.385, 0.53, 0.97 and 1.2 Wb/m2
, and magnetizing in static position 

was performed at the following levels: 0.005, 0.012, 0~024, 0.045 and 
0. 059 Wb/m2

,. 

To magnetize the medium and organisms in static position, we used an electro
magnet which consisted of a core and coil (current supplied from a VSA-5 
selenium rectifier). The objects to be exposed were put in the active 
space of the electromagnet between the poles, the cross section of which 
is. 13.0xl7.5 cm. Field induction was measured by means of measuring 
coils with a milliwebermeter. 

To magnetize the medium and organisms in the medium in flux, we used an 
electromagnet with removable tips, the cross section of which constituted 
l.5x5.0 and 9.0x9.0 cm. The width of the space between the polar .tips 
was altered as needed, in accordance with the thickness of a glass .tube 
through which the magnetized substance was passed, after which it was 
collected in a sterile flask. An alternating current source (50 Hz) was 
used to supply the electromagnet through an autotransformer or VSA-5 sele
nium rectifier. Field induction was measured with a milliwebermeter. 

The experiment lasted 30 days; the medium temperature ranged from 22 to 24°C; 
medium pH was 7~3 and volume of medium, 500 mi. 

After growing the algae, the culture fluid was filtered through a No 2 
membrane filter. The fluid was evaporated in vacuum to a dry state. The 
dry residue was dissolved in 2 mi 1% isopropyl alcohol, after which the 
amino acids were assayed. 

Free amino acids in the medium and algal biomass were demonstrated by the 
method of distribution chromatography on paper [6, 7). 
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t 3. Results 1' 

Analysis of the obtained data revealed that in the first experiment there 
was mdre than two-fold increase in biomass of S. quadricauda at virtually 

. all levels of EMFl, as compared to the control (Table 1), whereas the 
amount of virtually all free amino acids in algal biomass (Table 2) 

· d·ecrea:sefl to three quarters or one-half (of its previous level). Glutamic 
acid was the only exception (its level was higher than the control level in 
all va:rfartts o~ magnetization in this experiment). 

table 1. Amount of biomass of Scenedesmus quadricauda (mg/9-) as 
of EMFI and position of algae in magnetic field 

Medium without algae Medium with algae 
EMFI in flux 

1 2 3 1 2 

I 

K 248,1 ±2,0 I 100,0 K . 653,I ±2,4 

0,015 556,5±.10,6 I 224,3 0,030 657,0±6,8 
0,030 414,3±8,2 I 167,0 0,126 801,6±3,4 
0,126 548,4± 15,4 221,0 0,385 641,1 ±2,4 
0,385 680,1 ± 13,6 274,1 0,77 693,0±7,6 
0,53 526,5±7,0 212,2 0,97 566,1 ±4,2 
0,97 587,1 ± 16,6 236,6 1,2 604,5±3,4 
1,2 584,7±2,0 235,7 

Medium without algae Medium with algae 
EMFI in static position 

I 2 I 3 1 2 

I 
I( I 280,7±11,4 100,0 K. 506,7±5,3 I 

0,005 

I 
346,0± 12,1 123,3 0,005 · 667,8 ± 33,5 

0,012 308,1 ± 14,6 109,8 0,012 500,0±6,0 
0,024 511,7:!;5,3 182,3 . 0,024 481,0±26,7 
0,045 171,4±5,3 61,1 0,046 501,4± 16,7 
0,059 105,0±5,3 37,4 0,059 507,4±23,3 

Key: 
1) EMFI, Wb/m2 

2) amount of biomass of algae, mg/9- absolute dry weight 
3) % of control 
K) control 
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100,0 

100,6 

122,7 

98,2 

106,1 

86,7 

92,5 
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100,0 

131,8 

98,7 

94,9 

98,9 

100,I 

a function 
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Table 2. Free amino acids in Scenedesmus quadricauda biomass (mg/100 g 
absolutely dry weight) with prior magnetization of medium without 
algae in flux 

t - EMFI, HbLm 2 

Amino acids , on-
0,015 0,030 I I I 

0,770• I ltrol 0,126 0,385 I 0,970 1,20 
I I 

j 
Cystine 847,1 349,7 175,4 679,7 383,6 431,7 392,8 463,4 
Lysine 154,7 74,5 73,9 107,6 65,6 64,1 77,4 76,8 
Histidine 243,1 121,2 120,0 .166,3 83,8 107,2 103,6 117,l 
Asparagine 95,8 46,7 53,5 i 75,8 29,3 .• 36,2 34,5 37,8 • Arginine 117,9 54,9 60,9 86,8 35,8 66,8 i 54,2 125,6 
Aspartic acid 386,7 234,8 160,7 180,9 180,7 200,5 305,9 486,6 
Serine 73,7 33,5. 48,9 I 41,6 26,7 41,8 42,9 78,0 i. 
Glycine 276,2 186,2 162,5 209,0 121,6 177,6 193,4 2i3,4 
Glutamic acid 436,4 572,0 530,0 662,6 474,5 650,4 630,9 654,9 
Threonine 47,9 44,8 24,0 55,0 29,3 41,8 45,2 45,1 
Alanine 198,9 120,6 150,5 169,9. 100,9 87,7 76,2 140,2 
Tyrosine 176,8 104,8 88,6 117,4 72,7 83,6 85,7. 87,8 
Tryptophan 449,3 113,6 110,8 183,4 106,0 170,0 160,7 219,5 
Methionine 29,5 22,7 18,5 39,1 I 16,1 25,1 23,8 28,0 
Valine 136,3 55,6 48,0 63,6 44,4 55,7 65,5 62,2 
Leucines 99,4 27,8 20,3 41,6 I 30,3 46,0 39,3 59,8 

I I l I l 
Totals i 3769,7 / 2163,4 j 1846,5 j 2880,3 / 1801,3 ; 2286,2 j 2332,0 12896,2 

There was a decrease to one-half to two -ninth:; of the control level in amount 
of free amino acids in medium with algae (Table 3). Evidently, magnetization 
of the medium in flux without algae (with subsequent addition thereof) 
stimulates incorporation of free amino acids in proteins, as a result of 
which there is an increase in algal biomass and decrease in amount of free 
amino acids in the medium and algal biomass. 

There was no change in qualitative composition of free amino acids in algal 
cells under the influence of the magnetic field. In both the control 
variant and with exposure to all levels of EMFI, we demonstrated 16 free 
amino acids. In virtually all experimental variants, we demonstrated 14 free 
amino acids in medium with algae, with the exception of the variants with 
EMFI of 0.53, 0.97 and 1.2 Wb/m2 (in this case there was no praline). 

In the second experiment, involving high values of EMFI (0.97 and 1.2 Wb/m2
), 

there was 7.3-13% decrease in biomass of S. quadricauda, as compared to 
the control. EMFI of 0.126 Wb/m2 had the most beneficial effect on accumula
tion of algal biomass (Table 1). 

When the medium with algae was magnetized in flux, the total amount of all 
free amino acids was found to be greater in the biomass of algae in the 
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control variant, as compared to the variants with magnetization. Asparti'c 
acid, threonine and tyrosine were an exception (under the influence of 
~~gnetization, their levels increased significantly above the control) •. 
E],1fI of 0.77 Wb/m2 had the most adverse effect on accumulation of free amino 
acids in the biomass (Table 4). 

Table 3,. Free amino acids in medium of ScenedeSI!lUS quadricauda (mg/.Q.) 
in the case of premagnetization of the medium without algae in 
the flux 

Amino acids 

Cystine 

Histidine 
Arginine 
Aspartic acid 
Serin·e 
Glycine 
Glutamic acid 
Threonine 
Alanine 
Tyrosine 
Methionine 
Valine 
Leucines 
Praline 

Con
trol 

1,44 

6,39 

i 
1-
1 0,015 

t 

l,3ti 

3,84 1,44 

5,75 2,85 

3,66 : 1,64 

5,58 2,78 

8,75 

4,96 

4,99 

8,44 

10,06 

8,75 

0,92 

0,00 

3,56 

1,49 

2,99 

0,74 

t 
0,06 

0,81 

t 

0,030 

t 

1,14 

0,81 

2,24 

1,22 

2,.56 

2,55 

I 1,26 
I 

I 

I 
I ,. 
I 

I 

3,36 

1,28 

0,06 

0,18 

0,81 

t 

Totals J 73,53 J 19,72 / 17,47 

EMFI, Wb/m2 

= I I 

o. 126 1 o.385 I o,53 o.97 I 1,2 

O,Q75 0,075 

!,OS 1,55 

0,85 I 1,46 

2,22 2,54 

1,19 1,65 · 

2,71 4,39 

3,19 3,61 

1,17 1,57 

2,2 3,77 

0,74 1,49 

t t 
0,06 5,69 

0,56 0,91 

i t t 
! 

! 16,04 j 28,70 

I. 
I 

0,15 0,225 

2,34 2,82 

2,1 2,19 

2,55 4,66 

1,76 2,54 

3,51 4,75 

4,81 I 5,25 

2,1 3,09 

3,02 4,64 

2,99 3,39 

2,53 3,79 

0,06 0,18 

2,38 2,3 

0,00 0,00 

I 30,30 • 39,82 

0,15 

2,17 

1,1 

4,34 

. 2,07 

4,53 

4,27 

l,44 

3,71 

l,37 

l,28 

0,05 

0,75 

0,00 

I 21,24, 

Note: In Tables 3, 5, 6-9 the letter "t" refers to traces. 

Accumulation of free amino acids in the medium in the case of magnetizing 
the medium with algae in flux occurred similarly to accumulation of free 
amino acids in algal biomass under the same EMFI conditions. There was 
not a single free amino acid in the medium, accumulation of which was 
enl1anced by magnetization. For this reason, in all of the experimental 
variants there was prevalence of control level (Table 5). The total arqount 
of free amino acids at all levels of EMFI decreased in the biomass to 3/4-
10/19 and in the medium to 10/16-10/43 the base level; however, in this 
experiment, an increase in algal biomass did not_ occur in all variants. 
This is attributable to the imbalance of amino acids (when access of 
specific amino acids--one or several--exceeds the requirements therein), 

In the third experiment, accumulation of algal biomass and quantitative 
change in free amino acids depended largely on EMFI level. At low EMFI 
levels (0.005 and 0.024 Wb/m2

), we observed maximum increment of algal 
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biomass (it constituted 123 and 182% of the cbntrol, respectively (Table 1) 
and the. least accumulation of free amino acids in biomass ( total free amino 
acids in biomass constituted 80 and 74% ofth~control, respectively). With 
EMFI of 0.045 and 0.059/m 2

, there was a reduction to almost one-half of 
b.iomass of this algae and free amino acids almost doubled in its cells 
(Table 6). There was prevalence of glutamic acid, histidine,' glycine, 
arginine and·valine in the algal biomass. 

Table 4. Free amino acids in Scenedesmus quadricauda biomass (mg/100 g 
absolutely dry weight) with premagnetization of medium with 
algae in flux 

Amino acids 

Cystine 
Lysine 
Histidine 
Arginine 
Aspartic acid 
Serine 
Glycine 
Glutamic acid 
Threonine 
Alanine 
Tyrosine 
Tryptophan 
Methionine 
Valine 
Leucines 

Totals 

I 
I 

I 

Control \ 0,030 

349,4 292,0 

26,3 24,6 

114,5 67,0 

44,1 20,4 

24,7 I 71,2 

35,7 I 22,5 

83,5 92,6 

574,9 365,2 

5,8 14,1 

151,3 85.3 

72,5 93,1 

82,5 109,9 

12,1 14,6 

114,5 51,3 

88,8 83,2 

I 
I 

I 
[ 
I 

EMFI, Wb/ro 2 

i I . 
0.126 I o.385 I o.77 

I 
I 

I 251,0 217,2 120,3 

23,8 I 26,8 I 18,7 
! 

57,5 I 119,8 i 53,1 

I 
I 

19,6 26,8 12,6 

88,4 ~ 112,9 38,9 

73,8 40,5 24,8 

82,6 90,6. 48,5 

393,5 346,6 258,7 

17,1 21,l 10,6 

135,1 126,6 44,5 

83,0 90,1 78,8 

82,6 112,9 48,0 

9,6 16,0 9,6 

58,0 21,7 60,1 

66,3 90,1 79,8 

0,97 1.2 

i 

269,5 

i 
285,5 

26,4 28,0 

64,2 94,2 

18,3 29,7 

43,4 

I 
26,8 

I 
38,4 34,8 : 

I I 

I 86,9 i 56,5 
I 

258,2 I 362,6 I ' 

l 12,0 I 5,1 

76,2 I 126,8 

I 
I 

74,3 I 90,2 

I 
85,0 

I 
78,2 

11,3 I 16,6 
I 86,9 I ·,8,8 

I 87,5 I 90,8 

1780,6 11407,0 11441,9 J 1459,7 907,0 11238,5 11404.6 

In all variants of the third experiment, we observed a negligible increase 
in amount of free amino acids in the medium, as compared to the control, 
especially·of glutamic and aspartic acids, and alanine (Table 7). 

In the fourth experiment, there was an increment of algal biomass only with 
EMFI of 0.005 Wb/m2

• In other variants of this experiment, the level of 
algal biomass differed little from the control. Maximum accumulation of 
free amino acids in biomass occurred only with EMFI of 0.005 Wb/m2

• Evidently, 
this EMFI level speeds up synthesis of the amino acids proper. At other 
levels of EMFI, the.amount of free amino acids in biomass was in the control 
range (Table 8). There was prevalence of glutamic acid in algal biomass. 
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Table 5. 

Table 6. 

ll"J 
Free amino acids in S. quadricauda medium (mg/t) with premagneii-zation of medium with algae in flux \~ 

AminQ acids Control 

I 

0,030 0,126 : . 0.385 I o.77 0,97 1· 1,20 

I 

I l Cyst:J.ne t 0,37 t t t I t t Histidine 1,7 1,62 0,88 0,42 1,76 1,17 0,9 Arginine 2,55 2,02 i 0,83 0,76 1,24 I 1,23 1,26 · Aspartic acid 2,67 1,45 0,66 0,83 1,92 1,3 1,05 Serine l,17 0,76 0,62 ! 0,62 0,74 0,79 0,77 Glycine 3,87 3,25 0,92 1,41 2,77 3,81 3,26 Glutamic acid 3,12 1,87 0,58 1,04 1,58 1,46 1,29 Threonine 2,04 
I 

1,16 0,42 0,25 1,09 1,19 0,99 
Alanine 2,16 1,92 0,4 0,6 1,27 

l 
2,12 1,95 

Tyrosine 2,56 0,92 0,31 0,47 1,4 ; 0,79 0,8 
' Methionine 0,36 t t t I . t i 0,12 0,36 Valine 2,31 I 0,87 0,12 I 0,12 0,37 i 1,19 1,48 

Leucine I 
i ' 2,66 0,47 0,6 I . 0,59 0,73 : 1,26 0,67 

Totals· 27,17 16,68 , 6,34 • 7,11 I 14,87 ! 16,43 14,78 I 
I I I I . I 
i I ! I 1 

Free amino acids ins. quadricauda biomass (mg/100 g absolutely dry wt.), premagnetization of medium without algae in statie position 

i __ EMFI, Wblm 2 

' Amino acids Control I 0,005 0,012 0,024 I I 0,045 0,059 

Cystine t I 32,4 116,4 t 42,8 117,6 I 
I Lysine 32,2 I 10,8 21,2 10,0 21,4 29,4 

Histidine 129,7 129,7 201,0 118,1 171,1 169,1 
Arginine 137,2 102,7 158,7 125,6 261,9 250,0 
Aspartic acid 89,8 81,1 · 87,3 80,4 64,2 80,9 Serine 82,3 60,8 55,6 65,3 96,2 147,1 
Glycine 147,1 102,7 132,3 62,8 133,6 154,4 
Glutamic acid 234,4 218,9 261,9 185,9 219,2 257,3 
Threonine 57,4 16,2 31,7 27,6 48,1 66,2 Alanine 94,8 54.0 68,8 47,7 112,3 73,5 
Tyrosine 2~,9 27,0 52,9 25,l 106,9 t TryptOf-han 49,9 54,0 52,9 50,2 106,9 t 
Met;1iul,ine 5,0 t t t t t Valine 99,7 81,1 105,8 100,5 534,7 735,3 Leucine,s 69,8 37,8 31,7 30,2 I 149,7 205,9 

Totals 1254,4 I 1009,2 1378,2 929,4 2069,0 2286,7 
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Table 7. Free amino acids in s. qusdricauda medium (mg/£), premagnetization 
of medium in static position 

I ~UEl, liibllll2 

Amino acids !Control I ! 

I 
0,005 0,012 0,024 0,0-15 0,059 

Cystine I 67,8 59,9 56,6 26,7 37,6 14,9 
Lysine 

I 26,2 22,8 24,3 35,6 29,7 27,8 

Histidine 

I 
40,7 65,6 61,5 35,6 37,6 37,1 

Arginine 32,9 42,8 34,8 26,7 29,7 29,7 

Aspartic acid 44,6 49,9 40,4 40,0 41,6 42,7 

Serine 15,5 25,7 12,9 12,2 I 13,9 13,0 

GlycinE: 26,2 28,5 14,6 20,0 13,9 22,3 

Glutamic acid 122,1 337,8 168,3 127,8 124,7 128,1 

Threonine 14,5 24,9 16,2 16,7 12,9 12,1 

Alanine 32,0 47,7 24,3 31,l 24,7 24,l 

Tyrosine 9,7 22,8 
I 

9,9 9,3 t t 
Tryptoi:han 19,4 14,3 16,2 22,2 19,8 18,6 

Methionine t 1,4 t 2,2 t t 
Valine 19,4 42,8 16,2 22,2 I 19,8 18,6 

I-
I 

Leucines 5,8 12,8 9,7 6,6 I 5,9 5,6 

Totals I I I I I ! 476,8 799,7 496,0 I 425,6 I 421,7 403,9 I I 
I 

! I l I ; 

Table 8. Free amino acids in s. quadricauda biomass (mg/100 g absolutely dry 
wt.)' premagnetization of medium with algae in static position 

EME I , Wh ,Lm 2 

Amino acids Control 0,005 l 0.012 \ . o.024 0,045 0,059 

Cystine 0,57 0,5 0,27 I 0,5 0,57 0,72 

Lysine 1,97 2,82 2,57 
; 3,2 3,07 3,07 

Histidine 3,8 0,46 3,55 4,75 3,82 3,8 

Arginine 1,97 2,37 2,35 3,22 2,52 3,3 

Aspa:rrtic.ac::id 6,0 10,6 9,45 7,07 7,45 5,97 

Serine 2,72 2,37 I 1,32 1,92 1,87 2,47 

Glycine 5,7 5,05 4,2 7,25 6,35 5,8 

1 Glutamic acid 7,25 7,72 10,3 7,25 7,65 7,8 

Threonine 2,9 2,32 2,47 2,67 4,37 3,3 

Alanine 5,05 5,1. 5,45 7,2 6,T 7,25 

Tyrosine 5,45 3,97' 5,15 8,55 6,07 10,95 

Methionine I, I t t 0,12 0,07 0,47 

Valine 2,15 l,Q2 1,52 2,3 3,02 3,02 
Leucines 2,55 0,9 1,1 4,3 2,85 . 3,15 

Totals 49,18 45,20 49,70 60,30 56,38 61,07 
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Table 9. Free amino acids ins. quadricauda medium (mg/£), premagnetizatiion 
of medium with.algae in static position · I 

Amino .acids 

Cystine 
Lysine 
Histidine 
Arginine 
Aspartic 
Serine 

Glycine 
Glutamic 
Threonine 
Alanine 
Tyrosine 

acid 

acid 

~ethionine 
Valine 
Leucines 
Praline 

Totals 

Control 

0,67 

5,07 

6,55 

1r '.) 

9,62 

2,85 

5,15 

14,92 

3,52 

8,75 

4,95 

0,005 

2,55 

2,97 

1, 1 

75,92 

I 

0,005 

1,6 

8,77 

9,55 

1205 
' 

10,8 

5,65 

6,92 

20,0 

2,37 

9,45 

12,32 

1,35 

2,17 

3,7 

0 

106,70 

EMFI, Hb/m2 

\ 0.012 I o.024 l 
1,5 0,75 

12:17 6,62 

4,57 8,6 

' ' 4 77 5 15 

10,82 17,12 ! 
I 

5,55 2,02 
7,72 8,17 . 

19,6 15,32 

3,05 4,07 

11,0 8,15 

9,55 4,47 

1,67 1,1 

3,2 1,15 

4,55 2,1 

0 1,12 

I 
99,72 I 

I 
I 85,91 : 
I 

0,045 

1,02 

4,05 

7,25 

96 
' 

9,25 
. 3,75 

7,12 

16,7 

3,52 
. 9,35 

6,25 

0,67 

4,8 

4,17 

1,.0 

i 
i 
I 

0,059 

0,85 

4,12 

10,75 

877 
' 

14,25 

t3,67 
g,s5 

11,75 

3,67 

10,15 

5,42 

t 
2,2 

1,67 

1.27 

8_8,5o I 88,09 
I 

In all variants of the fourth experiment, 
from the control in amount of free amino 
prevalence in the medium of glutamic and 
and tyrosine (Table 9). 

there was negligible difference 
acids in the medium. Th~re was 
aspartic acids, alanine, glycine 

., 

4. Conclusion's 

1. Investigation of changes in qualitative and quantitativ\= composition of 

free amino acids and accumulation of biomass in a bacteriologicaliy pure 
culture of Scenedesmus quadricauda (Turpin) Breb. green algae under the 

influence of electromagnetic field induction (EMFI) revealed that magnetiza

tion of the fuedium in flux without algae (with addition thereof later), 

at EMFI of 0.015, 0.030, 0.126, 0.385, 0.530, 0.970 and 1200 Wb/m2
, stimu

lated development of algae and elicited a quantitative change in free amino 
acids in their biomass and in the medium. . 

2. Premagnetization of the medium without algae in static position, at low 

EMFI levels. (0. 005 and O. 025 Wb/m 2
), · had a stimulating effe~t on development 

of algae and r:educed the concentration of amino acids in th~ biomass. 

3. Premagnetization of the medium without algae in flux, at all above
indicated EMFI levels, and of medium without algae in static position, at. 

low EMFI levels, apparently stimulates incorporation of free amino acids in 
proteins, for which reason there is an increase in algal biomass, as compared 

to the control. In addition, there is a decrease in amount of free amino 
acids in the biomass. 
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4. Premagnetization of medium without algae in static position, at higher 
EMFI levels, increased the amount of free amino acids in biomass and medium, 
and because of del~yed incorporation of ami~o ~cids in the protein molecule 
there was less biomass formation than in the control. 

5. Premagnetization of the medium with algae in static position, at EMFI of 
0.005 Wb/m2

, also increased the algal biomass. Use of the other EMFI levels 
under analogous conditions failed to have a perceptible effect on either 
accumulation of algal biomass or free amino acid exchange in cells. 

6. Prema~netization of medium with algae in flux, at EMFI of 0.126 and 
0.77 Wb/m; increased the algal biomass and at EMFI of 0.970 and 1200 Wb/m2

, 

decreased lt. · ; 
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DEPENDENCE OF THE FUNCTIONAL ACTIVITY OF LIVER MITOCHONDRIA ON MICROWAVE 
·RADIATION i 

Moscow GIGIYENA I SANITARIYA in Russian No 4, 1976 PP 16-19 

. ,. 

:(Article by Doctor of Medical Sciences Yu. D. Dumanskiy and V. F. Rudichenko, 
tn-ev Institute of General and Connnunal Hygie~e] · 

{Text] There are published data indicating that microwave radiation affects 
the normal progress of oxidation-reduction reactions in the organism. It is 
generaily kndWn that biological oxidation occurring on the membranous struc
tures of mitochondria is accompanied with the synthesis of ATP [adenosine 
tfiphosphate]. The absence of _experimental data on the effects of prolonged 
microwave radiation on the main (aerobic) way of ATP synthesis in the tissues 
of the organism was the reason for this study. Its purpose was to estimate 
the possible effects of this radiation on oxidative phosphorylation in liver 
mitochondria. 

The study was done on 42 white male rats which were irradiated with micro
wave energy with various power flux densities (PFD) (1000, 500, 100, 50, 25, 
4nd 10 pW/cm.2) with the "Luch-58'' apparatus ( A= 12 cm) in the course of 
fouf months three times a day (five days a week), 40 minutes each time. 
The antenna radiated a vertically polarized wave. Livers were removed from 
decapitated animals, were cut in the cold with scissors to a pasty state; 
and then homogenized for 45 sec in an icy isolation medium containing 0.25 M 
saccharose solution and 0.001 M versene solution at pH 7.4 (V. P. Skulachev) 
in a glass jar with a teflon pestle. Nuclei and fragments of cells were sep
arated at 700 g for 10 minutes on a TsLR-1 centrifuge, and mitocondtia were 
isolated from the supernatant fluid at 12,000 g for 10 minutes (temperature 
in both cases was 0°). The obtained mitochondri~ were kept on ice in a.is M 
saccharose solution. The activity of the mitochondria in various functional 
states was determined by the polarographic method. For this purpose we used 
a polarographic cell of 2 ml with a vibrating platinum electrode proposed by 
one of us (V. F. Rudichenko); the cell was connected to an LP-7 polarograph. 
The incubation medium consisted of a 0.15 M saccharose solution, 0,075 M KCl 
soiution, 0.005 MKHzP04 solution (pH 7.4), and 0.0025 M MgCl2 solution 
(Yu. N. Leykirt and A. D. Vinogradov). The oxidation substrates were succin
ate (5 millimols) or alpha-ketoglutarate (lO'millimols). The phosphate ac
ceptor ADP [adenosine diphosphate) was added to a concentration of 200 pmols 
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in a sample. The protein of the mitochondria was determined with a biuretic 
reagent. In terms of dry weight, the protein content in the sample was 2.5-3 
mg. 

The experiments were conducted in the following order. First mitochondria 
were placed in the incubation medium, then the oxidation substrate, and then 
ADP. In the absence of the oxidation and phosphorylation substrates, the 
oxygen consumption rate was very low. This state of mitochondria was de
fined by Chance (cited by V. P. Skulachev) as State 1. The addit.ion of an 
oxidation substrate to such mitochondria activates respiration, and State 4. 
sets in when the only factor limiting the respiration is the difficiency of 
the phosph(!:rylation substrate. In this case, the introduct~on of a phospho
rylation substrate (for example ADP) activates sharply the respiration of 
mitochondria, which corresponds to State 3, or the active state. In this 
case, the respiration rate is limited only by the rate of the penetration of 
the substrates into the mitochondria and the power of the enzymes of phos
phorylation oxidation. After the entire added ADP is synthesized by the 
mitochondrial enzymes into ATP, the respiration is inhibited again, which 
corresponds to State 4, or the state of repiratory control; it is limited 
only by the exhaustion of the phosphorylation substrate in the medium. Con
sequently, the phosphorylating or active respiration in our experiments de
veloped after the controlled respiration and is replaced by it. After the 
exhaustion of oxygen in the incubation medium, anaerobiosis, or State 5, sets 
in. 

Table 1 
The Effect of Microwave Radiation on the Respiration and Phosphorylation of 

Live Mitochondria During the Oxidation of Succinate 
(1) . e11oe¢.{~~11:,y10- (3)· I (4) (5) Cxbpo'&)<!>ocQO-- !llH P,WXIKMt. 

KoRTpon11j>yC.woe Bemt'lullu .:lW• ps.n1rpoaa HHll . . (coCT0111111e 31 1, 0YHOWeKHe i!l NICt ATOlll 1tncno- JU11xaKHe <=•· xare.111>Koro AJJ.~/0 
A.!M> (!I -;:,,, :aaa -1) li:OHTp0.1111 ;,,,:.,..o,u A.!l;1' POJ:13 

1ou· 6.e.111aMx. w,n:) Q 
Mr 6e11Ka Mx. MIIB) ::t" _:1 -. C:- i± Bz (n=-li) -

0 0,0575±0,0018 o. 0037 ±0, 00025 6,65±0,28 1,98±0,12 0,0777±0,0023 . 
10 0,0587±0,0021 0,0086±0,0002 7,02±0.53 l,96±0,13 0,0780±0,G019 p >0,05 >0,05 >0,05 >0,05 >0,05 
25-. 0,0551±0,0021 0,0090±0,C003 6,18±0,60 1,93±0,12 0,Q745±0,0034 p >0,05 >0,05 >0,05 >0,05 >0,05 
50 0,0528±0,0()19 0,0097±0,00036 5,53±0,34 2,06±0,12 0,0738±0,0031 · p >0,05. <0.05 <0,05 >0,05 >0,05 

JOO 0,0498±0,001 l 0,0100±0,00036 5,03±0,26 2,00±0,10 0,0683:::0,0035 _.p <0,02 <0,01 <0,001 >0,05. ' <0.05 
'500 0,0478±0,0018 0,0105±0,00025 4,58::::0,25 1,95::::0,13 0,0621 ±0,0019 p <0,01 <0,01 

I 
<0,01 >0,05 <0.001 1000 0,0455±0,0018 0,01 IO±O,C0036 4,15±0,19 1,92±0,12 O,OG05±0,0024 p <0,001 <0,01 . <0,001 >0,05 •. <0.001 

Key: 1. PFD • [power flux density] (in vW/cm2) 
2. Phosphorylating respiration (State 3) 

dria protein min) 
3. Controlled respiration (State 4) 6. 
4. Values of respiratory controi 
5. ADP/0 ratio 
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'· ' "t 
We measured the respiratory control as the ratio of the respiration rate 1in 

' ' 0 
the presence of ADP, i.e., ,in State 3, to the respiration rate aft~r the , 
e~ha,ustion of ADP, i.e., in State 4 (Chance and WHliams). This value shows 
th.e st:ability of the conjugation of respiration and phosphorylation. The· 
ratio ADP/0 shows the number of conjugation points of respiration and phos
phorylation in the respiratory chain. During the oxidation of the substrates 
which are included in the respiratory chain through flavoprotein, this ratio 
can be, equ.al to 2, just as for succinate; in the case of NAD [ nicotinamide
adenine·-dinuc leotide]-dependent substrates, when oxidation progresses through 
a longer chain, the ratio increases to 3 (pyruvate, malate), and when alpha
ketogiutarate is oxidized, substrate phosphorylation also takes place. There
fore, by, the changes in the ADP/0 ratio during the oxidation of various sub
strates of t:he Kr'ebs 'cycle in the case of some influence on the organism, it 
is possible to establish the spot of the damaging effect of one or another 
factor on the respiratory chain. The values of the ADP phosphorylation rate 
are equal to the values of the ATP synthesis and make it possible to judge 
th~ specific phosphorylation activity of mitochondria. Investigation of the 
dynamics of the ATP synthesis will, probably, give the researcher a more com
plete idea about the energy processes in the cell than the determination of 
the. ATP concentrations when., in the conditions of a prolonged unfavorable 
action on the organism, there may be not only disturbances in the synthesis 
bu.t also in the utilization of ATP by approximately equal values, which main
tains the ATF concentration at the level of the control. 

'!'.his paper gives the values of the phosphorylating respiration (State 3), 
controlled respiration (State 4) registered after State 3, values Of the 
i;-esp.iratory control, ADP/0 ratios, and ADP phosphorylation rate. Statisti
(:.al processing of the results was done by the M. P. Derkach method. 

When succinate was oxidized by liver mitochondria (Table 1), it was possible 
to establish. that microwave radiation at PFD from SO to 1000 µW/cm2 causes 
changes in various'parameters of respiration and phosphorylation. Microwave 
irradiation with PFD below 50 pW/cm2 did not have any effect on the indexes 
we studied. According to our data, the respiration processes changed, first 
of all, during controlled (nonphosphorylating) respiration, beginning with 
the, radiation PFD of SO p.W/cm2 and higher, and then during phosphorylating 
respiration (at PFD of 100 pW/cm2 and higher). Changes in the controlled 
and pliosphorylating respiration in the experiment were not unidirectional. 
Undei;- the effect of microwave radiation in the above-mentioned PFD values, 
controlled respiration increased, while phosphorylating respiration decreased. 
Changes in the respiration rate under the effect of microwave radiation re
sulted. in a considerable decrease in the values of the respiratory control 
at ];>FD from SO µW/cm2 and higher. Along with this it was observed that, 
when succiria.te is oxidized by liver mitochondria, the values of the ADP/0 
ratio remain at the level of the control values for all animals, in spite 
o.f the radiation PFD. Therefore, the decrease in the ADP phosphorylation 
rate during microwave irradiation (PFD 100 pW/cm2 and higher) is a result 
of the lowering of the phosphorylating respiration. 
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Table 2 
The Effect of Microwave Radiation on the Functional Activity of Liver 

Mitochondria During the Oxidation of Alpha-Ketoglutarate -·---·--- - --· 
!. <lbt4'o~!)"py,o. ( 5) c .. oiJp.) ¢o-4'o• 

(1) (3). (4) . CJ.et ;11•llam1t 
l(oHTPO.IIHPYPMOe Bt.,llqrm1,1 .Ill.I• 0TMt)WCllMC 

PKAttpon~RJUl 
II (C""TOSIHH: 3) (II 

,IU•lt~IIMe (tOCTO~• x.11e111 .. 1-toro J.:J_tl)/0 
A.!4<l> la ., 

MKr &TOW J,;,ftCJIO• JU>t.,llb A.!l.4' .... 111ie 4) IIODTl)OIIR 
IH' Oc.11u/,\ll,llllli) 

.. _po;i.• . l c:) 

-- "' 1ru· C,c~":K4,,tA. MAH 
"·:a C 

.z±Sz ln-6J -· 
0 . 0,0310:t:0,0002-1 0, 0052±: 0,0()()3 6,08±0,32 3,92±:0,07 0,0-t75±0,0015 

10 0,0303±0,0010 0,0053±0,000H 5,88±0,5G 4,07±0,19 0,0445±0,0031 
p >0,05 >0,05 >0,05 >0,05 >0,05-
25 0,0303±0,0011 0,0053±0,00054 6,22±0,91 3,88±0,25 0,0-152±0,0022 
p >0,05 >0,05 >0,05 >0,05 >0,051 . 50 0,0278::t0,OCOIS 0,OOGO± o. 00025 4,G8±0,18 3,65±0,14 0,0390±0,0022 
p <0,001 <0,05 <0.01 >0,05 <0,01 

JOO 0,0253±0,0013 0,OOG2±0,00025 4,12::t0,17 3,48±0,15 0,0347±0,0015 
p <0;0l <0,05 <0.001 <0,05 <0,001 

5W 0,0241±0,0013 O,OOG7±0,0006 3,86±0,51 3,30±0,14 0,0318±0,0025 
p <0,001 <0,05 <0.01 <0,01 <0,001 

1000 0,0223±0,0014 0,0070±0,00025 3,23:l;:0,24 3,05±0,12 0,02-17:±:0,0019 
p <0,001 · <0,001 I <0,001 <0,001 <0,001 

Key: 1. PFD [power flux density] (in µW/cm2) 
2. Phosphorylating respiration (State 3) (in pg oxygen atom/mg mitochon-

dria protein min) 
3. Controlled respiration (State 4) 
4. Values of respiratory control 
5. ADP/0 ratio 
6. ADP phosphorylation rate (in pmol ADP/mg mitochondria protein min) 

When alpha-ketoglutarate was oxodized by liver mitochondria (Table 2), the 
changes in the respiration and phosphorylation parameters under the effect 
of microwave radiation differed somewhat from the same values when succinate 
was used by the respiratory chain. When alpha-ketoglutarate was oxidized 
by mitochondria, controlled respiration increased from the same values of 
PFD as for succinate, while phosphorylating respiration decreased at smaller 
values of PFD than for succinate (50 and 100 pW/cm2, respectively). Oxida
tion of alpha-ketoglutarate by liver mitochondria at PFD of 50 pW/cm2 and 
higher was accompanied with a decrease in the values of the respiratory con
trol. When succinate was oxidized, the ADP/0 ratio at all above-mentioned 
PFD approached the controlled values, while when alpha-ketoglutarate was used 
by the.live~ mitochondriai we est~blished a definite decrease of this factor beginning with a PFD of luO pW/cm and higher. In this ca~e, the decrease 
in the ADB phosphorylation rates from microwave radiation with the oxidation 
of alpha-ketoglutarate depended not only on the decrease in phosphorylating 
respiration, just as for succinate, but also on the changes in the ADP/0 ra
tio. 

The analysis of the obtained respiration and phosphorylation parameters of 
liver mitochondria during their oxidation of succinate and alpha-ketoglutarate 
indicates that mic:owave radiation at PFD of 50, 100, 500, and 1000 pW/cm2 · 
with above H method of exposure produces changes in this process. 
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Accor.ding to our data, the transformation of succinate by the. respiratory 
chain is accompanied with initial disturbances in the functional activity, 
of mitochondri.a, while deeper changes are observed, in the usual interrelations 
of. thi:s, chain when alpha-ketoglutarate is used. 

Lt is ge.nerally k:nown that, during the oxidation of the above-mentioned sub
strates, there are connnon electron-transport sections in the respiratory 
Ghain·. It i:s at this level that succinate is utilized in the respiratory 
chain t_hrough a special flavoprotein with the aid of cytochromes B, C, and 
A:, while alpha-ketoglutarate has additional electron carriers -- lipoate, 
nicotinamide-adenine-nucleotide, and its own flavoprotein. 

The dissociat.ion of respiration and phosphorylation in the oxidation of alpha
ketoglutarate and the pr:eservation of the ADP /0 ratio in the oxidation of · 
succinate indicate the appearance of the following block in the respiratory 
cha.in: substrate ~ lipoate · --J;> nicotinamide.,.adenine-nucleotide -~ 
flavoprotein ~ 0 to flavoprotein, since the opinion about equivalent 
stability of vari9us flavoproteins to intensive action of physical factors 
i;s: not disputed (V. P. Skulachev). 

The results of these studies indicate that when animals are exposed to micro
wave energy in a model experiment corresponding to the operating conditions 
of household microwave ovens, there occur disturbances in t·he respiration 
and phos~horylation processes irt liver mitochondria beginning with a PFD of 
50 J:W / cm and higher. Cons.equently, microwave radiation with a wavelength 
of r2 cm is hazardous to the organism at the above-mentioned PFD values. 
These data must be taken into consideration in developing household microwave 
devi~es. 

Conclusions 

1. Microwave radiation ( A = 12 cm) at PFD of 50, 100, 500, and 1000 y.W / cm2 
affects the respiration and phosphorylation processes of liver mitochondria. 
This effect is characterized by the intensification of nonphosphoryla.ting 
oxidation of metabolites of the Krebs cycle and decrease in the oxygen con
sumption rates during phosphorylating respiration~ The observed decrease in 
phosphorylating respiration and, in part, of the ADP /0 ratio result, in a de
crease in the ADP phosphorylation rates. 

2. Oxidation of succinate by the respiratory chain is more stable to the 
effect of microwave radiation and is connected with greater values of ADP· 
phosphorylation in comparison with the same values when alpha-ketoglutarate 
is use.d by liver mitochondria as a substrate. 
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STATE OF PROCESSES OF OXIDATION PHOSPHORYLATION OF LIVER MITOCHONDRIA .-
ON EXPOSURE TO Ai.~ ELECTRIC FIELD 

M9~cow GIGIYENA I SANITARIYA in Russian No 11, 1978 pp 26-29 

[Article by I. P. Kozyarin and V. F. Rudichenko, candidate of medical 
sciences, Kiev Medical Institute imeni Academician A.· A. Bogomolets] 

[Text] It qa~ now been established that the prolonged exposure of the human 
an<;! animal <:>rganism to an industrial frequency electric field (IFEF) causes 
cq~Eges in the course of various physiological reactions of the organism. 
Tl;ie ql}estion of the effect of IFEF on the principal metabolic pathways has 
so ~er, however,. riot been studied. 

It is known tha.t the synthesis of ATF (adenosinetriphosphoric acid) is car
ri~d out mainly in the respiratory tract (A. Lenindzher, 1956; V. P •. 
S15:(!lachev, 1969),. where a large role is played by mitochondrial enzymes,. 
responsible for the normal course of the processes of oxidation phosphoryla
~io:n (OF). and con,taining vitally necessary trace elements such as coppe.r and 
iron (M. G. Kolomiytseva and R. D. Gabovich, 1970; S. M. Mints and coauthors, 
1974, and others). 

~he. purp9se of this work is to study the trace element (copper an,d iron) 
COI\ten,t and the state of the OF processes in the liver tissue when animals 
are exposed to IFEF of varying intensity. 

Used for the work were male white rats with an initial mass of 120.0 + 5.0 g,. 
whic;h were placed in special cages with a simulated IFEF and exposed for 
4

1 
mbnth.s t.o an electric field, with the exposure being 2 hours daily. The 

fo11owing field intensities were set up for different groups of animals: 
i, 2·~ ·4, 7 a~d 15 kv/min. At the end of the experiment the animals were 
decapitated,. The liver was removed and immediately placed in an ice-cold 
~ed,ium, to isplate the mitochondria, which consisted of a 0. 25 M solution 
of sa,ccharose and a O. 001 M solution of Versene with a pH of 7. 4 (V. P. 
Skulachev, 1969). The liver tissue was cut with scissors to a gruel-like 
state and homogenized in a glass homogenizer hy a teflon pestle for 45 
St;conds in:, the ice-cold isolation medium (ratio of the mass between the 
l,i;v,er tissue and the isolation medium was 1: 10). The mitochondria were 
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isolated by the generally accepted method of differential centrifuging. 
The nuclei and fragments of the cells were separated out at 700 gin a 
TsLR-1 centrifuge for 10 minutes, and the mitochondria were separated from 
the supernatant fluid at 1200 g, also for 10 minutes .( the temperature in 
both cases was 0°C). The mitochondria obtained were kept on ice in a 
0.15 M solution of saccharose. 

The func.tional activity of the liver mitochondria was evaluated poly
graphically by means of an LP-60 instrument. A 2-milliliter polarographic 
unit with a platinum vibrating electrode hooked up to an LP-7 polygraph 
was used for this. 

~ 

The incubation culture consisted of a 0.15 M solution of saccharose, a 
0.075 M solution of KCL, a 0.005 M solution of KH2P04 (pH 7.4) and a 
0.0025 M solution of MgCl2 (Yu. N. Leykin and A. D. Vinogradov, 1974). 
The substrata for the oxidation were succinate (5 millimoles) or a-keto
glutarate (10 millimoles). The phosphate acceptor was introduced to a 
concentration equal to 200 millimoles in the specimen. The protein of 
the mitochondria was determined with a biuret reaction. Upon conversion 
to dry mass the protein content in the sample was 2.5-3 ml. 

The copper and iron content in the liver tissue was determined by the quan
titative spectographic method on an ISP-28 quartz spectograph. The liver 
tissue was dried out in a desiccator at a temperature of 105°C to a constant 
mass and then, to avoid the loss of some of the trace elements, was incin
erated in a muffle furnace at a temperature of not higher than 500°C. The 
ash from each specimen was burned in an ISP-28 quartz spectograph (3 parallel 
specimens each) to obtain the spectrograms. At the same time, the calibra
tion instruments were incinerated. The intensity of the ·.line density was 
measured on an MF-2 microphotometer (wave 3273, 96A--for copper, and 2599~ 
57 A--for iron. The trace element content was determined by means of the 
calibration instruments and the logarithmic scale (A. N. Zaydel' and co
authors, 1960). 

The results of the studies attest to the fact that prolonged exposure of the 
experimental animals' organism to IFEF causes a reduction, statistically 
reliable, as compared with the control, in the content of copper and iron 
in the liver tissues, with the reduction in the level of copper in the 
liver being characterized by identical values among the animals exposed to 
IFEF with an intensity of 1-2 kv/min. and a considerable reduction in the 
level of the biotics when the field intensity was 4, 7 and is kv/min 
(Table 1). The iron content in the liver was characterized by somewhat 
different relationships. For example, when the animals were exposed to 
IFEF with an intensity of 1-2 kv/min, a considerable reduction was observed 
in the iron in the liver, and with an increase in the field intensity to 
7 and 15 kv/min, the tendency toward reduction in the iron content, depend
ing on the field intensity, was less marked. It was therefore established 
that a considerable reduction in the iron content in the liver tissues is 
observed in animals of the third group (E=2 kv/min and more), and of copper--
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in the rats of the fourth group (E= 4 kv/min and higher). In studying the 

ftmctional state of the liver mitochondria at different levels of the res

piratory tract H wc.1s established that with succinate oxidation, an inten

sification is observed in the phosphorylating respiration in animals exposed 

t.o IFEF with an intensity of 4 and 7 kv/min. At· the same time, the con

trolled respiration was virtually unchanged, which led to an initial increase 

in the strength of the interdependence between the respiration and the phos

phorylation. (E=4 kv/min), which at 7 kv/min was already substantial (with 

respect to the values of the respiratory control). This stimulation of the 

phosphorylating respiration, with an increase in the field intensity to 

15 kv/min, was replaced by inhibition of this process. Maintenance in this 

case too of the value of the controlled respiration at the level of the. 

control indicators led to the initial reduction in the tenacity between the 

respiration and phosphorylation. It should be noted that the effect on the 

animals of IFEF with an intensity of 15 kv/min caused a clearly marked 

reduction in the rate of phosphorylation of the ADF, while the directivity 

of this process when the animals were exposed to lower field intensities 

had a tendency toward intensification. 

Table 1. Copper and Iron Content in the Liver Tissues of Animals After 

Four.Months of Exposure to an IFEF (x±_Sx, n=6) 

Group of animals 

1st 
2d 
3d 
4th 
5th 
6th 

* 
** 

( control) 

P-c::::::' 0.05 

P <::: 0.01 

Field intensity, 
kv/min 

0 
1 
2 
4 
7 

15 

Trace element content in liver 
tissue of animals (for damp mass) 

copper, ]Jg% iron, mg% 

759.3+39.9 39.8+2.4 
603.0+42.2* 

-
29. 5+1. 8** 

603.1+24.l* 12.6+0.6** 
389.4+24.l* 11. 5+0. 4** 
331.4+19.9** 11. 5+0. 6** 
288.7+14.4** 10.9+0.6** 

- -

Consequently, when the IFEF intensities were 4 and 7 kv/min, the oxidation 

by the respiratory tract of the mitochondria of t~e liver of the succinate 

had a tendency to stimulate certain OF reactions, while with exposure to a 

field with an intensity of 15 kv/min, depression occurred. 

A study of a longer section of the respiratory tract during oxidation of 

a-ketoglutarate showed that with the action of IFEF with an intensity of 

7 kv/min, an increase is observed in the rate of the phosphorylating res

piration (Table 2.). Along with this, a reduction in the values of the 

ratio of ADF/0, i.e., the separation of the respiration and phosphorylation, 

led to the rate of phosphorylation of the ADF in these animals being at the 
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level of the control values, while among the rats exposed to an IFEF with 
an intensity of 15 kv/min, the process of stimulation of the phosphorylating 
respiration was replaced by initial inhibition. In this case, at the same 
time as the separation of the respiration and the phosphorylation, a reduc
tion was observed in the rate of the ADF phosphorylation. 

Table 2. Effect of IFEF on Functional Activity of Liver Mitochondria 
With Oxidation of a-ketoglutarate (x±_Sx, n=6) ) . 

Field Phosphorylating Controlled Value of Ratio Rate of ADF 
Intensity, respiration respiration respiratory ADF/0 phosphoryla-
kv/min (state 3), in (state 4) control tion, JJ,moles 

JA·g-atom oxygen per mg protein 
per mg of protein of mitochondri 
of mitochondria iri 1 min. 
in 1 min. 

0 0.0375 0.0058 6.55 3. 70 0.0448 
0.0019 0.0005 1.05 0.13 0.0031 

1 0.0425 0.0060 7 .13 3.70 0.0442 
0.0019 0.0004 0.23 0.32 0.0028 

2 0.0412 0.0058 6.97 3.62 0.0433 
0.0043 0.0004 0.29 0.14 0.0037 

4 0;0453 0.0060 7.53 3.50 0.0495 
0.0034 0.0004 0.26 0.10 0.0030 

7 o. 0455* 0.0062 7.46 3. 30* 0.0442 
0.0021 0.0003 0.44 0.08 0.0025 

15 0.0330 0.0062 5. 39 3.28* 0.0338* 
0.0014 o. 0003 0.24 0.09 0.0012 

* 
P ~ 0.05 

It is known that union iq the respiratory tract with oxidation of succinate 
occurs at points II and III, and for a-ketoglutarate--at points I, II and 
III (plus substratum phosphorylation), which can be judged according to 
the values of the ratio ADF/0 and which may theoretically equal 2 for suc
cinate and 3 for NAD-dependent substrata (A~ Lenindzher, 1966; V. P. 
Skulachev, 1969). The lack of changes in the values of the ADF/0 with 
oxidation of the succinate attests to the wholeness of points II and III 
of the union, and .a reduction in the ADF/0 ratio with oxidation of a-keto
glutarate ·indicates a cleavage of the union at point I. 

Consequently, prolonged daily 2-hour exposure of animal organisms to IFEF 
results in a change in the trace element (copper and iron) content in the 
liver tissue and a disturbance in the OF processes. In this case it was 
established. that OF, with exposure to IFEF with an intensity of 1-4 kv/min 
leads to the initial loss of the depositional properties of the liver, with 
the preservation of one of its principal biochemical reactions--OF. An 
increase in the intensity of the field to 7 and 15 kv/min leads to a marked 
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reduction in the coppe~·and iron content in the livet tissue and to the , 
development of pathological changes in the biochemical processes (separa
tion between the respiration and the phosphorylation). 

The reduction observed by us in the level of trace elements (copper and 
iron) in the liver· tissue with IFEF intensities of 1-4 kv/min we regard 
as an adaptational-adjustment reaction of the animals' organism, directed 
toward maintaining the organism's vitally important functions. 
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MECHANISM OF EFFECTS OF MICROWAVES ON ERYTHROCYTE PERMEABILITY FOR POTASSIUM 
AND SODIUM IONS 

BIOLOGICHESKIYE NAUKI in Russian No 3, 1971 pp 58-60 

[Article by E. Sh. Ismailov, recommended by the Department of Human and 
Animal Physiology, Dagestan State University, submitted 3 Feb 70] 

[Text] Exposure to microwaves appreciably alters the 
permeability of human erythrocytes for potassium and 
sodium ions. These ions migrate between the cell and 
medium over a concentration gradient. Erythrocyte per
meability for K+ and Na+ changes under the influence o{ ·· 
microwaves due to inhibition of active transport thereof 
and change in diffusion through pores in the membrane. 
The latter may be due to the effect of UHG energy on 
both the membrane proper and hydrate membrane of _sodium 
and potassium ions. 

The experimental data are indicative of an extreme diversity of biological 
effects of superhigh frequency [SHF] electromagnetic fields. However, we 
still do not have a theory that would adequately explain the mechanisms of 
biolog:i.cal effects of microwaves on the organismic, cellular and molecular 
levels. The attempt made by A. S. Presman [4] to summarize the existing 
data on effects of microwaves on living systems and to explain, on this basis, 
the mechanisms of interaction between SHF electromagnetic fields and biolo
gical systems varying in level of organization should be considered an 
important step in this direction. There are also some interesting studies 
of microwave effects on unicellular organisms (3, 5], which showed that 
paramecia have an excitable structure that responds to SHF fields with an 
electroshock reaction. In experiments with another unicellular organism, 
Protociliata [l], a change was demonstrated in electric conductivity of the 
membrane of cells exposed to microwaves in the centimeter range, which is 
indicative of a change in cell permeability under the influence of microwaves. 

This article deals with the study of mechanisms of effect of SHF fields on 
erythrocyte permeability. 
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I. 

Experiments were conducted on human erythrocytes obtained 
from preserved.donor blood. The erythrocytes were exposed 
to 45 mW/cm3 microwaves in the range of ·1009.076 MHz on a 
special device. Duration of exposure constittited jo min, 
Concurrently, we ran a temperature control in an incubator 
at 37°C. We set the temperature at 32°C in the experimental 
incubator; since microwaves heated the erythrocyte suspension 
to a temperature of 5°C higher. Accordingly, we kept the 
tempeniture of the material, in both the experiment 
(32°C+5°C = 37°C) and in the control (37°C), at a stable body 
temperature level. A microthermistor bridge was used to 
take temperature readings. The concentration of potassium 
ahd soaium ions in· the solution surrounding the erythrocytes 
wa~ determined with a type FPL-1 flame photometer. 

1h the first series of experiments, the erythrocyte content of the suspension 
constituted 6.56 million/mm3

• The volume of erythrocytes assayed by the 
iinilin method constituted 54.6% and that of the ambient solution, 45.4%. 

There is a change in erythrocyte membrane permeability under the influence 
of microwaves: a certain amount of potassium ions passes through it 
from erythrocytes and sodium ions pass into erythrocytes (Table 1). 
thete is 5.099±0.020 mmole/1 K+ in the ambient solution, after keeping 
the material in the incubator at 37°C for 30 min, the potassium level 
drops to 4.935±0.019 mmole/£ solution, i.e., the potassium ions pass into 
erythrocytes in an amount of 0.140 mmole/£. Sodium escapes from cells in 
an amount 6f 0.227 mmole/1. However, the exit of Na+ cannot be considered 
teliable, sihce the reliability of the difference (t) constitutes 1.3. 

Tabie 1. K+ and Na+ content of solution under normal conditions and with 
expo~ure to microwaves 

Variant of experiment 

Normal :301ution 
Temperature control 
Experiment 

M ' 

5.099 
4.935 
5.464 

Ion content, mmole/£ 

a m 

0.063. 0.020 
0.060 0.019 
0.071 0.023 

M 

81.566 
81. 793 
80.785 

Na+ 
a 

0,398 
0.475 
0.507 

m 

0.126 
0.150 
0.160 

Apparently the shifting of ions is due to the fact that there is some de
cline of concentration gradient of K+ and Na+ on the erythrocyte membrane 
when erythrocytes are stored under refrigeration, and heating the cells 
to body temperature leads to some restoration of the initial gradient. 

The SHF field induces an appreciable migration of potassium into the solu
tion. Its level in the solution increases by 0~529mmole/1, as compared to 
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the temperature control. Sodium migrates in the opposite ~irection, in an 
amount of 1. 008 mmole/ ,Q,. In this case, the difference is reliable for the 
s9dium ion as well (t>3). Estimates show that, on the average, 37•10- 6

' pmole 
K+ is discharged per erythrocyte and 70•10- 6 pmolf Na+ migrates into each 
erythrocyte under the influence of the SHF field. Consequently, the 
ratio of changes in concentrations of potassium and sodium, K+:Na+, con
stitutes 1:1.9. 

Additional incubation of the erythrocyte syspension at 37°C for 30 min, which 
was done after exposure to microwaves (Table 2), increased the discharge of 
potassium to 0.802 mmole/.Q. and access of sodium to 1.814 mmole/.Q.. In this 
series of experiments, the erythrocyte content of the suspension constituted 
6.50 million/mm3

• The volumes of erythrocytes and solution constituted 
54.5% and 45.5%, respectively. 

Table 2. K+ and Na+ content of solution during exposure to microwaves and 
combination of SHF field and monoiodoacetate 

Variant of ex eriment 

Normal solution 
Temperature control 
Experiment 

Normal solution 
Temperature control 
Experiment 

M 

6.166 
5.935 
6.737 

6.020 
6.548 
6.985 

Ion concentration, mmole/ 
K 

I 
Na+ 

(5 m M (5 m 

Without monbiodoacetate 

0.078 0.025 78.857 0.402 0.127 
0.056 0.018 79.323 0.402 0.127 
0.068 0.022 77. 509 0.444 0.140 

With monoiodoacetate 

0.066 0.021 83.040 · 0.412 0.130 
0.077 0.024 82; 272 0.453 0.143 
0.056 0.018 81. 667 0.428 0.135 

On the basis of the above data, it could be assumed that microwaves affect 
either the membrane structure, increasing passive diffusion of potassium and 
sodium ions and lowering their concentration gradient on the membrane, or 
else they somehow block the mechanism of active ion transport. 

To test this hypothesis, in the next series of experiments we inhibited 
active transport of ions in erythrocytes by means of monoiodoacetate [2]. 
The concentration of erythrocytes was 0.02 million/mm3 • The obtained data 
(Table 2) indicate that microwaves affect both flows of ions: diffusion 
through pores in the membrane and active transport. A total of 0.437 mmole/£ 
potassium ions migrates from cells due to change in diffusion and 
0.605 mmole/£ sodium ions enters the cells. 

Thus, about 50% of the potassium emitted and sodium received is due to 
inhibition. of active transport of ions by the microwaves, while the rest is 
due to a change in effective pore area in the membrane. The latter, in turn, 
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may occur either due to dilatation of existing pores or formation of new '· 
pores, or, finally, due to a change in radius of the hydrate ~embrane of 

1
, 

the ion with a stable integral pore area in the erythrocyte membrane. Addi-· 
tionai investigations are needed to settle this question. 
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DETERMINATION OF A GENERALIZED OUTPUT INDEX OF A BIOLOGICAL EXPERIMENT AFTER 
MULTIPLE TESTS 

Kiev VRACHEBNOYE DELO in Russian No 6, 1975 pp 113-117 

[Article by I. P. Los' and A. M. Serdyuk (Kiev)] 

[Text] The complexity and the high costs of preventive measures for protect
ing environment from polluting factors requires well developed methodological 
approaches to their biological and hygienic evaluation with prediction of the 
effects of individual factors. 

Particular difficulties are encountered in studying the biological activity 
of certain physical factors (electromagnetic fields, noise, vibration, etc), 
including studies in experimental conditions on a factor-organism model. · 
This is, primarily, the multifactor nature of such a model (Yu. D. Dumanskiy, 
A. M. Serdyuk, I. P. Los', 1975) which is determined by a multitude of pa
rameters to be studied (dimensions of the factor, frequency, time modes of 
factor formation, its informative component, etc). The multifactor nature 
of a model appears also in studying a combined, complex effect of several 
stimulants (M. G. Shandala, Ya. O. Zvinyatskovskiy, 1975). As a rule, such 
experiments were simplified by registering the effects of individual stimu
lants. In this case, the obtained results do not give a full picture of the 
interaction and effects 'of individual components of the environmental pollu
tant, and the conclusions (these are often maximum permissible levels of con
centrations) are not sufficiently strict. 

This problem can be solved by using the methods of mathematical planning of 
the experiment which are used successfully in biology and m_edicine. · The plan 
of the experiment is developed o~ the basis of the cybernetic model of the 

"black box" in which all inputs (factors affecting the organism) and outputs 
are known, while the knowledge of the me~hanism of the occurring processes 
is incomplete. The "output" is understood to be the biological activity of 
the studied factors expressed quantitatively. Due to the fact that experi-
ments in determining maximum permissible levels and.maximum permissible con
centrations involve a large number of tests, which, as a rule, is necessary, 
the biological activity of the factors is expressed by many different units 
of measurement. Mathematical analysis of the results will yield a series of 
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·various regression equations which describe the regularities of the occur
rence of bidlogical changes for each test. The main difficulty encountered 
'by the experimenter is to decide which equation should be given preference 
in determining (predicting) the optimal levels of the factors. Therefore, 
the desire to convert the results iEto a generalized index is understandable, 
because it will make it possible to obtain one equation for all tests. 

The simplest variant of such an approach is the determination of the average 
'value ,for all tests from the ratios of the obtained shifts to the control. 
In this case, the multidimensionality of the results is eliminated, but there 
appeared difficulties in treating them. 

The searching for a'generalized index with consideration for not only its 
statistical sensitivity and effectiveness, but also its acceptability in 
solving the problem of the selection of adequate tests and criteria for eval
uating the obtained deviation made it necessary to develop desirability scales 
(functions) (Yu. P. Adler, Ye. V. Markova, Yu. V. Granovskiy, 1976). This 
is a psychophysical concept based on the establishment of the connection 
between physical (results of measurements) and psychological parameters. 
The lat-ter should also include purely subjective evaluations of the given 
·,results~ 

d 
!.a 

0.:. 

-a d-1-c 

a.at c~- -·-•--·--·· . u • ·! 0 · : 2 .5 ~ • 

~-- 1.0 /.I Lt U U~ ·_ :.~~ lri3 1.i !I, 

.,.,,. ;µ o.4J o :-, 0.12 c1.oa wn vat'-

Figure 1. Diagram of the Conversion of the Deviations 
Obtained in the Experiment into a Dimension
less Scale 

The .biological deviations (individual responses) obtained in each test are 
transformed into a dimensionless scaled with subsequent conversfon to a: 
gene,ralized index ,ll · by the formula: 

n 
0= Y d 1 · <l~ ... dn 
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where n is the number of tests; d1 , d2 ..• dn are the converted individual 
responses in each test. 

The transformation diagram is shown in Figure 1. Scaled has the values· from 
0 to 1. Possible deviations in each test Yl y2 •• , Yn are plotted on the scale 
y. The transformation process is as follows. Let us assume that a deviation 
of 1.15 times in relation to the control is obtained in the experiment for 
the index Y1, which has a corresponding value of d = 0.8. 

In this case~ the function d:::: 1-exp [-exp(-y)] is taken as the transforming 
function. It is also possible to use other relations, however, the selection 
of the above curve is justified by certain statistic.s.l criteria. First of 
all, it is the higher sensitivity in the middle zone in comparison with zones 
close to O and 1. Moreover, this function has such useful properties as 
monotonicity, continuity and smoothness, effectiveness and statistical sensi
tivity. 

Thus, as the deviations in the organisms increase, the individual indexes d 
and the generalized index~ will decrease due to this transformation. 
This fact can be (in the biological sense) connected logically with the low
ering of the stability of the organism (system), taking the stability of the 
control group to be equal to 1. Of course, this does not mean that the 
changes in the organism's stability under the effect of some factors follow, 
in the biological sense, such a law, but, formally, such treatment is pos
sible. 

The values of function d for various values of y can be obtained by taking 
double antilogarithms proceeding from the e-quation lg[-lgd}=-ylge+lglg=-
0 .43429y-0 .36222 with subsequent determination of the difference between 1 
and the obtained result (Table 1). 

Table 1 

ii y d y d 

-2.00 0.99Cl3S 0.00 O.G2212 2.00 0.12658 
-1.i3 0.9%83 o.:3 o .. 34104 2.25 0.10004 
-1.50 0.98S6!J 0.50 0.-45476 :!.50 0.07SSI 
-1.25 O.%Q.il 0.7.j 0.37GIS ? ---· ';) \).06l!Xl 
-1.00 . 0.93-10! 1,00 0 .. 10,so . 3.00 0.04857 
-0.75 0.87%1 1.2,) 0.2-t912 3,2;, 0.03F0:3 
-0.50 0.80770 1,50 O, IGJ9U 3,50 0,02970 
-0.25 0,i2307 l,i5 0.15952 3,75 0,02.3::5 

4,00 0,01815 

The most difficult part is td determine the specifications of the test scales, 
i.e., to establish the law of the transformation of the range of possible 
deviations into the range of changes in y which in this·· case lies within -2 
to 4. 
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rfh~ v~J~e of function d = 1 -exp[-exp(-y)]. 
., 

The selection of such a law can be based on purely subjective evaluations. *9W!:;;;~- the quest: for the identification of studfos and biological subst!=ln
tiation of the selection leads to difficulties. 
,to J...,.,.. ~. '- ....... ~ ~ e • I ' •• • '' ._ · ~ ' 

It is ~nown that orie of the manifestations of the biological significance 
pf ?P i~d;~ d~s;ribin~ so~~ pa;amet~r (system) of the organism is its vari-... ~. .. 'l,:,, " ..... ... • •• , •. , 

ability. Less significant parameters, just as the indexes describing them, 
;;~ .. ~~bje~ted to a greater d.egree of variability (V. O. Sheftel', R. Ye. 
~8Y°?? 'J97~r 1:he relative average deviation V= ~\ which is th~ varia-:-

Her fa~tor, giyes a,n idea of the signiftcance of the index (here eJ' is stan-
9iffd. .qevia,tto,n, M,: is the .arithmetical mean). This proposition is taken as 
ff 9e§!~ tCrr determt~iµg the scale specification for each index. 

fhF Ylfi~~ility of t~e ~est can be determined by the d~ta obtained in the 
~~P.~rt~ert. In orqer to improve the accuracy of the determination, it is 
expe~ient tp determine the variation factor after combining the background 
indi~~tions and the indi.cations of the control groups obtained in dynamics !PiP. gne ;~mp ling :(fqr tests weakly subjected to changes with time in n~t
Hr~J spnd H ipµs) • 

!<.no.wtpg th~ ~~treme val~e~ of the specifications, it is possible to, deter
~in~ ~re range pf possib+e deviations for the tests. One of these values 
ts knqwn ~np corr~spopds to what is called the "norm". Another value, which 
:!,~ thf;; ma~imtim possible deviation, is also known for some indexes. For ex~ 
e~B~e? a ~emperature of 42 degrees is the maximum deviation of the tempera~ t~p~ tnfiex of tpe hu1nan bqdy. ·Fora test characterizing the physical endur-
5p~e 9.f animals (the time of hanging on a pole or the time of swinnning), the 
rri~a~tm!-f!Il de:yt!!t ion of the index wil 1 approach zer_o. · · 

ln an~lyzi~g such inde?Ces with consideration for their variation factors 
(for example, the temperature of the human body has V = 1.01%, sine~ the 
hR~ti,q.:i.rieq q:f: nat~ral Vc~riations lie o/ithin the limits pf 36 .6 degr~es to 
~7 d~grees), it ~a,s obtained that approximately a 12-fold ~hange of each 
irn:i,e~ by the va,lue of the variation factor must go into the range of changes. 
of y trom rJ ~o 4. In other words, if the initial value of the index is 
tat~~ as 1Q9% ang relative changes are taken into _account thereafter, then 
thi.s gependertce fqllqws the law 

I 1/)(1 :. \' ' 

Yn=I, - Hio -") ; 0<x<l2, 

wh~re Yn ~:- relattve cl).anges for concrete test; Vn _ _; variation factor of 
the :/-neex; X -- ~pecification $pacing. 

'l!he "plus" sign 9hould be taken for tests whose values gro:w in the course 
of tr~ exp~riment, and-the "minus" sign 9hould be t~ken when they fall. 

'ft i$ ~attiral that the proposed relationship is only a probabili.ty, ancl :/-t 
~an ~orrespohd tp the real situation only in the statistical sense. But in 
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this case, it is more important that a sing~c npproach based on the biologi
cal ~ignificance of the variation factor is used for evaluating the obtained 
changes in all tests and not how strictly this corresponds to the real situa
tion. 

After the determination of the scale specifications for each test, further 
transformation operations can be performed according to a well prepared 
schedule. For example, the figure shows scales of two tests: Y1 -- the 
scale of the electric current sensitivity index and Yz -- the scale of the 
static endurance index of animals. Under the effect of the factor of the 
y1 test, a deviation of 46.4 V was obtained for the control values of 39.3 V, 
o = 1.96 .V, i.e., the relative deviation at V = 5% is equal to 1.18; d1 = 0.8. 
Under the effect of the same factor in the Yz test, the deviation of the 
static endurance was from 9 .1 minutes ( at er = 2. 73 min and V = 30%) to 4. 5 
minutes. The relative deviation is equal to 0.49, dz= 0.934~ The gener
alized index /1, = V0.8·0.934 = 0.8643. 

By comparing the results of the experiment transformed into a dimensionless 
stale, it is easy to reveal the tests yielding the greatest deviations. In 
this example taken from the studies on the biological activity of electromag
netic energy, a greater deviation from the equilibrium state was obtained in 
the test on electric sensitivity than for the integral index -- static endur·
ance. This fact (loss of sensitivity to current under the effect of electro-
magnetic energy) was repeatedly confirmed later in studies on the state of 
health of persons attending units which radiate electromagnetic energy. 

Thus, equal biological significance of the scales <let.ermined by the varia
tion factor of the indexes on which the determination of the scale specifi
cation is based makes it possible to select tests which are sensitive and 
adequate to a given factor by the method of comparison. This is very impor
tant in determining the system or organs of the organism which are the most 
sensitive to a given factor. 

The generalized index D. , just as the transformed individual responses, 
make it possible to conduct not only a mathematical, but also a biological 
analysis of the experimental results, preventing gross errors in formulating 
the conclusion. For example, let us assume that the following transformed 
values of d were obtained for five tests in an experiment: 1; 0.95; 0.95; 
0.9; 0.3. Although this situation is not very probable, but it may occur 
and it indicates the following. If the test for which d = 0 .3 is an integral 
test, then the remaining four tests in this case are completely insensitive 
to the factor being studied, are inadequate, and should be rejected. It is 
necessary to repeat the experiment with another set of tests, or the analysis 
must be done according to the integral index. 

However, if it was not an integral test, then such great differences in 
the indications in comparison with the remaining tests which also include 
integral tests could.indicate that the given index is of little significance 
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to.the organisml. 
the highest degree 
tor. However, its 

But there is no reason to reject it, because it indicates 
of sensitivity of the system described by it to the fat
effect on the gen~ralized index 

(D = l~l -0.95 · 0.95 · 0.9 · 0.3 = 0,754) 

is not so strong that it would lead to gross errors in the determination of 
the regression equation factors. 

Working with a chart da,s nct: always ensure the desired accuracy, therefore, 
it is practical to compile appropriate tables similar to the one given below: 

' 
Table 2 

(11 OrHomC1111e PTK.1oncI111i1 K 1<0KTpo.1K> 

d \'.; I .. 
I 

V-5 !; I V=IO •; 

I 
V~40 :; 

I 
v-so~ y )( .. 

+ I - I - I - + I - + I -
0,994 -2.0 0,0 1.00 1,00 1.00 1;00 l,00 1.00 1,00 1.00 1.00 1.00 
0,9')1 -1.7 0,G 1,00G 0,997 1.03 0,97 1,0G 0,94 1.24 0,76 1,3 0.7 
0,989 -1,.'i 1,0 l.01 0,99 I.Ob 0.95 l,21 0,9 1.4 0,6 1,5 0.5 
0,97-t -1,.3 1,4 1,014 0,996 1,07 0,93 .1.14 0.86 1,6 0.5 1,76 0,38 
0,964 -1.2 1.6 1,016 0,994 l,08 0,91 1,16 0,84 1.83 0.4 1.91 0,325-
0,935 -,-l,0 2,0 1,02 0,98 1,10 0,90 1,33 0,81 ·l.96 0,36 2,25 0.25 
0,810 -0,5 3,0 1,03 0,97 1,16 0,857 1,46 0,729 2,74 0,211 3,37 0,125 

0,048 3,0 10,0 1.10 0,90,I 1,63 O,.'i9R 2.59 0,348 28.9 0,006 57,6 0,001 
0,030 3 r. 11,0 1,11 0.6~.; 1.71 0,568 :!,85 0,314 40,5 0,004 1-6,5 0,0005 ,;) 

0,018 4,0 12,0 1,1,J 0,886 1,7!) 0,540 3,14 0,282 56,7 0,002 130,0 0.0002 

Key: 1. Deviation-Control Ratio 

The experience of working with such tables showed that the optimal spacing 
for xis 0.2 division. 

The problem of the acceptability of the proposed method of determining the 
generalized parameter in solving the approach to the evaluation criteria for 
obtained deviations requires a special study and will be presented by ui in 
the next report. 

1. Such an index may have a very small variation factor and be more signifi
cant biologically than others (in. accordance with the values of their varia
tion factors) for the system (organ, functions of the organism) which they 
describe. But for the. organism as a whole, its great changes may cause very 
weak changes in the overall state of the organism. 

Moreover, although the.decrease in the physical endurance by one half in the 
example given above is., in· the transformed scale d, formally equivalent to 
the increase of electric sensitivity by 1.1 times, the equality sign has no 
sense from the biological viewpoint. 
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CONFERENCE ON MAGNETOTHERAPY HELD IN IZHEVSK 

Minsk ZDR.AVOOKHRANENIYE BELORUSSII in Russian No 10, 1978 pp 86-'-Ei/7 

l_Article by Prof A. M. bemetski;y:_, Vitebsk: "Conference on the Clinical 
Application of Magnetic Fields.:.'._/ 

·, 
. ' 

f 

LTeii/ A scientific and practical conference on the clinical application 
of iliagnetic fields organized by the section of bionics of the USSR Academy 
of Sciences, the t.Jci.murtskaya ASSR Ministry of Health, the Izhevsk Medical 
Institute and the Udmurt Scientific Medical Society of Orthopedic Trauma
toiogists was held in Izhevsk on 1-2 December 1977; 

Physicists, chemists; biologists and physicians from the RSFSR, the Ukraine, 
Belbrlissia and Latvia took part in the conference. A total of 62 reports 
devoted to the theoretical aspects of the therapeutic effect of magnetic 
fields and their clinical application were discussed at four sections. 

I 

Th~ majority of the reports were devoted to the _clinical application of 
magnetic:: fields. 

V. N. Savel'yeva and G. V. Ivanova (Izhevsk) made the report "Magnetother
apy of Injuries to and Diseases of Bones of the Extremities." They reported 
on the results of treatment of patients with complicated fractures of long 
tubular bones with a constant magnetic.· field of 260 to 500 Oe intensity. 
The coinbiriatfon of surgical treatment with a constant magnetic field made it 
possible to obtain a good therapeutic effect .. In patients with ununited 
fr-actures the average consolidation periods were 12 to 20 weeks, and in pa
tients with false joints, 16 to 20 weeks, whereas in surgical treatment · 
without the application of a magnetic field they were 22 to 27 and 24 to 26 
weeks respectively. 

I. K. Niki tehko ( Oren burg) shared his experience in the treatment of pa
tients under stationary and ambulatory cOnditibns with two apparatus.crea
ting a constant magnetic field of an intensity ranging from Oto 500 Oe. Pa
tients with post-traumatic thro'tnbophlebi tis, arthrciSis-arthri_tis, traumatic 
and hematogenic osteomyelitis, false joints, osteochondrosis,. joint contrac
tures and sequelae of injuries to nerves and joints were subjected to treat
ment with a constant magnetic field. Having obtained a positive result from 
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the application of magnetotherapy, at the same time, the speaker noted 
that, when patients have an acute inflammation or a chronic aggravation, 
magnetic fields cause an increase in pain and in the inflammatory reac
tion. In osteomyelitis with sequestra magnetotherapy did not lead to the 
desired result. However, when chronic osteomyelitis was treated with mag
netic fields at the remission phase, a positive effect was noted. 

V. V. Kuz'menko (Moscow) reported on the results of treatment of patients 
with scapulohumeral periarthritis, calcaneal spurs, deforming arthrosis of 
the knee joint, a phantom-pain syndrome of the thigh stump and inflammatory 
infiltrates in aggravated osteomyelitis with a constant magnetic field. 
Special rubber plates of various sizes with magnetic field intensity rang
ing from 250 to 360 0e placed on the affection focus served as the source 
of the constant magnetic field. At the same time, other types of treat
ment were not applied. The use of the constant magnetic field had a notice
able pain relieving effect and contributed to the resorption of infiltrates. 

M.A. Nikol'skiy (Vitebsk) reported on an experimental and clinical study 
of the effect of a constant magnetic field on the course of the postopera
tive period and on the reparative regeneration of the bone tissue in open 
and closed fractures of long tubular bones. An electromagnetic field of 
150 0e intensity and a field of elastic magnets of 500 0e intensity were 
applied locally for 25 to 30 minutes daily during 15 to 20 days. Both 
fields had an anti-inflammatory and pain relieving effect, reduced post
traumatic edema and accelerated the formation of the callus. Magnetother
apy was prescribed from the second day after the operation. 

G. F. Khabirova (Kazan') reported on the treatment of intra-articular in
juries with a magnetic field. A constant magnetic field and an alternating 
magnetic field of 350 to 500 0e intensity were applied for 15 minutes daily 
during 10 to 15 days 3 or 4 days after the operation for the treatment of 
patients with an intra-articular fracture of the knee joint, an injury to 
the capsule and. liga.mentous apparatus of the knee joint, intra-articular 
fractures in tne region of the talocrural joint and intra-articular frac
tures and dislocations of the upper extremities. In all patients the mag
netic field had a spasmolytic effect on the peripheral joints and an anes-
thetic and anti-edemic effect and activated the function of osteoblasts in 
reparative osteogenesis. The author believes that magnetotherapy is a 
highly effective method of treating intra-articular injuries. 

The results of treatment of acute subcutaneous thrombophlebitis of the shin 
and hip, the post-thrombophlebitic syndrome, Paget's disease, acute and 
chronic inflammatory diseases of female genital organs and prostatitis were 
reported at the section "Magnetotherapy of Vascular Diseases of the Extrem
ities and Pelvis." 

M. F. Murav'yev (Izhevsk) shared his experience in the applicatioh of a con
stant magnetic field jointly with other methods and means in all the indi
cated diseases, at the same time, stressing the advisability for such an 
application. 
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A.. -M. Demetskiy and N. G .. Kartashov (Vitebsk) reported on the treatment of 
patients suffering from first-to-third-stage obliterating endarteritis Jnd 
atherosclerosis with a constant magnetic field changing in direction an4 an . 
alternating magnetic field with a frequency of 50 hertz, of 100 to 300 0e 
·intensity, daiJ,y for 15 to 20 minutes (20 to 25 days). The best result was 
,obtained when patients with first-second-stage obliterating endarteri tis 
were treated with an alternating magnetic field. Other methods of treat
:ment wer.e not applied. In this case there was a positive effect in 91% of 
the patients during 12 to 15 months after the completion of the second 
c,oµr,se ,of treatment. Magnetotherapy in patients suffering from the third 
stage of the disease produced a negligible and short-lived improvement. 
The constant magnetic field arid the alternating magnetic field had,a spas
molytic, hypocoagulating, analgetic and anti-inflammatory effect and .nor..:. 
malized the trophical system of tissues.· 

K. A. Tr.aymanis and R. P. Kikut (Riga) established that the effect of the 
~onstant magnetic field in traµrnatic.irijury to a blood vessel prevents itp 
occlµsior;i . 

.G. I. Panldna and I. S. Sidorova (Moscow) reported on their'application of 
a local ,effect of an alternating magnetic field (200 0e intensity, time ·of 
effect, 3 to 10 minutes and course of treatment, 8 to 20 session) for the. 
treatment .of endometritis and myoma of the uterus. A tendency toward a 
drop in arte:rial pressure, normalization of .the.function of the ovaries and 

·disappearance of leukocytic inflammatory infiltration in the absence of 
growth of myoma of the uterus was noted. 

The results of treatment of vegetative polyneuritis (N. Yu. Gilinskaya, 
Moscow), eye d.iseases and wounds (M. V. Zaykova, Izhevsk),· acute pancrea
titis (E. 0. Val'ter, Izhevsk), patients after restorative ear operations 
{M.A. Malykh, Izhevsk) and patients suffering from bronchial asthma (Ye. 
V. Ryboloblev, Perm') with a magnetic field were reported at the section 
"Magnetotherapy in the Clinic of Internal and Eye Diseases." Using various 
magnetic field sources and methods of their application, all the authors 
obtg.ined a pronounced positive therapeutic effect, that is, shorten_ing of 
the time of treatment, acceleration of the process of tissue regeneration 
and ?,n anti-inflammatory andanalgetic effect. 

In the debate on the report a unanimous opinion was expressed that many 
problems ofmagnetotherapy deserve a further in-depth study. This espe
cially applies to the mechanism of biological effect of the- magnetic field. 
Yu. A. Kholodov (Moscow), A. M. Aminev (Kuybyshev), A. M. Demetskiy (Vitebsk) 
and M. F. Murav'yev (Izhevsk), who spoke during the debate, pointed out th_e 
existing gap between the theoretical substantiation of-the therapeutic ef
fect of the magnetic field and the practical application of this physical 
factor. Clear indications and contra-indications for various types of mag
netotherapy have not yet been worked out. Nor are there objective crite
ria for the determination of the magnetosensitivity and magnetoreactivity 
of tissues, organs and systems in health and dil:lease and the management of 
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clinicodiagnostic control has not been determined quite efficiently. The· 
design characteristics of artificial magnetic field sources for medical 
purposes require further improvement. These sources should be simple in 
opeTation and, economically, within the reach of hospitals, polyclinics 
and ambulatory clinics. 

The adopted recommendations expressed the suggestion that the first all-Union 
conference on the determination of indications and contra-indications for the 
application of various types and methods of magnetic fields in medicine be 
held in 1979, 
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