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-Meanwhile, such data are extremely n:cessary if one is to under=

’fleLds with biological objects, to fiud methods of early diag-
.nosxis and develop ways to standardize them.

'sible biochemical mechanisms of the accion of a pulsed low- = -
frequency electromagnetic field on the organism. The selection

" the one hand, by the increasing use of the energy of a pulsed
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The llteratu e data (2. V. Gordon, A. S. Presman, Yu. A,
Kholcdov, etc) indicate a well-express>d biological effect of

- electromagnetiz fields of different {~equency ranges.

The bicchemical mechanisms on which the morphological

and functional disorders arising undeir the effect of an elec-

tromagnetic fi2ld are based have be«n inadequately studied.
stand the primary mechanisms of intercction of electromagnetic
The’tas& of the present artlclu is to explain the pos-

of precisely that freguency range for study was stipulated, on

electromagnetic field with a low frequency (5-50 kHz) in various

" branches of industry, science, and engineering and, on the other,

with a practically complete absence of data on the character of
1ts biological effect. Pulsed electromagnetic fields with an

were used i1n conducting the investigations. -

The character of the effect of pulsed welectromagnetic
fields was traced under conditions of multiple effect (15 ses=-
sions, daily exposure for 3 hours, and an intensity (I) of 72
kA/m) and chronic effect (1.5, 3 and 6 months, daily exposure

~for ‘1.5 hours, and an intensity of 24 kA/m).
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;:1ntnn51ty of 24 and 72 kA/m (a frequency of 7 kHz, a pulse length
of 130 milliseconds, and an interpulse interval of 10 seconds

L



i ool

. S

The investigations were conducted on 480 male whito rats,
At the end of the corresponding periods of effect of pulsed
electromagnetic fields, and also 1l and 2 months after the chrone-
ic irradiation was concluded, in the blood, brain, liver, heart
and skeletal muscles determinations were made of a complex of
indicators capable of characterizing the state of the carbohy
drate-energy and nitrogen metabolism, that is, those types of
metabolism which are the basis of the vital activity of the ovr-

- ganism. Simultaneously, a study was made of the state of & num-

ber of enzymatic processes which permit determining the intimate

" mechanisms of disorders in those types of metabolism. ALl the

‘obtained data were processed statistically (M. L. Belen'kiy),
in connection with which, in the statement of the factual mater-

“xal, “the readimgsof “cHanges “of the “gtudied “indicators will re-
late only to shifts which are reliably determined (at P £ 0.05) .

_ As the investigations showed, the action of a pulsed
electromagnetic field causes well-expressed changes in the car-
bohydrate-encrgy metabolism of the organism. In all the inves-
tigated organs a reduction of the level of macroergic com-
pounds ~- adenosine triphosphoric acid (ATP)»and creatine phos-

-phate == ic observed. Under the effwct of multiple action of a

pulsed electromagnetic field (72 kA/m) the level of the latter
decreased by 27% on the average in the brain tissue, 45% in the
liver, and 30% in the skeletal muscl~s. Under conditions of
chronic effect of a pulsed electromagaetic field (24 kA/m) the
reduction of creatine phosphate was 23.8, 55.4 and 26.4% in the

“brain tissue, 29.3, 59.3 and 40.8% in the heart, and 39.9, L44.9 .

and 29.2% in the skeletal muscles n the.corresponding invesii-

.g8ated periods of 1.5, 3 and 6 morths. The creatine phosphate

content was restored to the level ot the control values only

after a period of 2 months from conclusion of the action.

In parallel with decreasé .of ¢reatine phosphate in all
those organs, including the liver, tiiére was decrease of the ATP
content of the same order of magnitude. Simultaneously, an ac-
cumulation of its dephosphorylated derivatives (ADP and AMP) was
detected. In the liver the levels of the latter increased by
156 and 120% respectively, in the brain tissue by 20.4 and 66.5%,
and in the heart by 57.6 and 36%. Such shifts could occur either
as a result of intensification of ATP expenditure in various re=-
actions or when there is disturbance of processes connected with
the formation and accumulation of energy in the macroergic bonds
of the ‘ATP, : : ' :

Investigation of the connection of the processes of oxi-
dation with phosphorylation permitted establishing a consider-
able isolation of those processes in all the investigated or-
gans during both the mutiple and the chronic effect of a pulsed
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PIOC(PUWJ(HLt]C field. It was greatest in the liver and skele-
tal musclas,in which the reduction of the ®/0 ratio was 9.8

and 3.4 respectively, depending on the fiold intensity and the
duration of its effect.s In the brain tissuec and the heart the
dopree of isolation ol the processes of oxidation and phosphn
rylation is loss considerable, and the isolation itsclf set in

in more remote periods of action of the pulsed electromagnetlc
field (the third month). Restoration of the connection of thot

processes in the nerve tissue and heart set in 2 months after
the irradiation was halted,; whereas in the liver and skeletal
museleb the R/O ratio decreased by 11.6 and 13 .3% even in that

o np(}*}\“iéi)d B athees »LJ}VM gt luvx 1;:0:1;%«

Obviously, as a result of 1solat10n of the processes of
oxidative phosphorvlatlon.therea150'weresh1fts in carbohydrate
metabolism. In spite of thedifference in the degree of connection
of the shifts, common to allL the investigated organs was a reduc-
tion of the glycogen level and a simultarieous accumulation of
lactic acid. The most considerable reduction of glycogen was
observed in the liver (by 37.4%). In rnat organ, as in the
‘heart, a very large accumulation of iacu.ic acid also was detec-
ted. The level of the latter in those olgans in separate periods
of the effect exceeded the control values by 60.2 and 68. 3% re-
specclvely. In parallel with increase of the level of lactic

“acid in the organs there was also an acc1mulat10n of it in the
“Blood. :

’

The obtaiied results show that uncer the effect of a
pulsed electromasnetic field there is a switching of: the de-

"~ composition of carbohydrates to a ‘glycolytic path, whlch can -

be regarded as a compensatory reaction of the organism under,f

" the conditions of isolation of the processes of oxidation and
..phosphorylation. However, the intensification of glycolysis,

which is energetically ° less effective than the oxidative trahs—

3f;format10n of carbohydrates, still is unable to compensate the':
“.deficit of macroergic compounds forming as a result of iso-
‘. lation of the processes of oxidative phosphorylatlon.

Dlsorders of nitrogen metabolism are probably also con-wh

‘nected with the shortage of macroergic "compounds. As the
.investigations have shown, the effect of a pulsed electromagnetic

field leads to the. accumulatlon of ammonia in the blood, liver,

,heart, and skeletal muscles and to phase changes of its level

in .the brain 'tissue. During multiple effect the ammonia content

in those organs increases by 50, 75.3, 25.4 and 39%. In- the

nerve tissue the ammonia content decreases by 32. 6p under those

conditions. During chronic effect the directivity of changes o
. -in the ammonia level and the degree to wh1ch they are expressed
.. are almost the same. The only exceptlnn is the nerve tlssue,
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in which 2 decreasc of ammonisa {(py 26.24) was traced in the
third month of effect, whereas an incronse of its level by 36,
38.3 and 36.3% was observed 1.5, 6-and | months aftor tha ir-
radiation was halted. The restoration of the changes in the
ammonia level which had been noted in the process of radiation
~occurrved in the heart and skeletal muscles immediately after
the irradiation was halted. In the bloed and liver those chan-~
L3 were more lasting and were not normaliszed even 2 months af-
ter the ection was completed. To clarify the mechanisms of the
formation of shifts in ammonia metabolism with consideration of
distinctive feéatures of nitrogen metabolism, in each of the in-
vestigated organs a study was made of the state of the most im-
periant biochemical reactions participating in the formation
and removal of ammonia in those organs. ' :

Investigation of the level of glutamine, which is the
principal product of the elimination of ammonia at the places
of its formatiom (D. L. Ferdman), permitted detecting a slight
increase of it not corresponding to the increase of ammonia,
and in individral periods of effect also an absence of changes
in the glutamire level. That circumstance, with considera tion
of data on the absence of changes in tre glutaminase activity,
shown in vitre for tissues of the brain and liver, indicates

.a limitation ol glutamine Synthesis. Iavestigation of the con-

ditions of the course of glutamine syntnesis in homogenates of
the brain and liver 6f animals irradia‘ed by'a pulsed electro-
magnetic field (72 KA/m) permitted establishing that the limitae-
tion of that reaction is caused by shortage of ATP which also

Toccurs under conditions "in vivo.

Also connected with the shortaire of ATP is disruption of"
the ‘synthesis o# urea by the liver, the level of which was
reduced by 23,8% under the effect of a‘ﬁulsed‘electromagnetic
field with an intensity of 72 kA/m ana by 17.2% under the chronic
effect of a pulsed electromagnetic field with an intensity of

result of an ATP shortage. Side by side with that, study of the
state of such processes as the intensity of deamidization of pro-
teins and the deaminization of adenosine and adenylic acid gives
grounds for concluding that the accumulation of ammonia is con-
nected not only with deceleration if its elimination in the form
of glutamine and urea, but also with intensification of processes
of ammonia’ formation. Determination of the content of amidic
nitrogen of proteins, which reflects the state of the processes
of their amidization and deamidization, permitted establishing
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that the offect of pulsed electromagnetic fields (72 KA/m),
without changes ils level in the brain and heart, causes g (bor
ciease  of the lutter in the livor and skelotal musclos (by

11,3 and 10.7% respoctively). Those data indicate that in Lhe
Liver and skeletal muscles the amide groups of proteins arce nhe
of the most probable sources of increased quantitics of ammonia. .
Simultancously with intensification_of protein deamidization,

the action of a pulsed eclectromagnetic field affects also the
intensity of deaminization of adenylic acid. In the brain and
liver that process is inhibited, as is indicated by reduction

of the aderiylate decaminase activity by 17.3 and 11.7% respec-
tively. Those data, besides indicating the participation of
thatwpngggﬁﬁminmxhewﬁhifﬁs¢0£w$hewammmﬂiawievel,mahso'explain
the reasons for the accumulation of larger quantities of adenylic
acid in those organs. In the heart, in contrast with the brain
and liver, the adenylate deaminase activity is intensified (by
29.7%), and in the skeletal muscles, side by side with activa-
tion of the adenylate deaminase (by 21.4%), the efifect of pulse:ad
electromagnetic fields intensifies also the adenosine deaminas=
activity*(by 27.2%). Intensification of the deamination of ade-
nosine and ad :nylic acid undoubtedly is one of the reasons foar
the accumulation of larger quantities of ammonia in those organs.

Thus the investigations permitted establishing that, in

, . spite of a nunber of distinctive features relating to concrete

P mechanisms of the formation of disorders of nitrogen metabolisa -

—xnsindividual organs, very characteristic of all the investi-

- gated organs (except the brain) is intensification of the pro-
cesses of amnonia formation, with an aserice of corresponding
intensificat.on or even inhibition of w»rocesses leading to its
elimination. : '

The mechanism triggering those disorders is the isolation
of the procesres of oxidative phosphorylation, and, as a result:
-of that, disturbance of the supplying of the organism with macroe
_energetic compounds, which also in most cases is a factor causing
:+ + ° disorders of other metabolic units in the organism. Simultane~
i ... - ously with that, the obtained data -give grounds for considering
: - that, together with disturbance of the supplying of the organism
with macroergic. compounds, the reason for shifts developing:
under the effect of a pulsed electromagnetic field also is dis-
: , turbances of the activity of a number of enzymatic systems, which
} . lead in the long run not only to functional disorders but also,
' according to the data of L. N. Yashina et al, to well-expressed g
v morphological changes in the internal Organs, '

. Conclusions. 1. Pulsed low-frequency electromagnetic
fields (7 KH) with intensities of 72 and 24 kA/m cause dis-
turbance of carbohydrate-energy and nitrogen metabolism in" the
brain, liver, heart, and skeletal muscles. C '
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b~ 2. The most characteristic shifts in carbohydrate-
S energy metabolism of all the investigated organs is Lhe forma-
; ‘tion of a shortapge of macroeryic compounds (A'I‘P,und creatine

: phosphate), causcd by isolation of the processes of oxidative
phosphorylation and, asa result of that, intensiCication of
glycolysis (lowoxang of the glycogen Levol and accumulation of
1. lactic acid).

. 3. The action of a pulsed electromagnotlc field causes ;}
: disruption of the transformatims of nitrogen compounds, which ‘
J leads to accumulation of ammonia in the blood, liver, heart, _
and skeletal muscles and to phase changes of its level in the t

bﬁaln on the background of a slight increase or absence of chan-
ges 1n the glutamine content.

5 Bt s

k., Biochemical mechanisms of the formation of shifts in
the ammonia level are different and are caused: in the brain -- .
by inhibition of the deaminization of adenylic_acid and decelera-
: tion of glutamine synthesis, in the liver -- by inhibition of ;
o urea Vntbe51s and intensification of prctein deamidization, in . ?
o ~ the heart -- by intensification of glutamrine deamidization and '
g adenylic acid deaminization, and in the skeletal muscles —=- by

intensification of protein deamidizalioi. and the deamlnlzatlon
of adenocsine and adenyllc a01d.

A ' 5. On the basis of the degree of axpressness of dis-

B 'g ‘ turbances of carhohydrate-energy and nitrogen metabolism, aris-
| o dng.under..the .effect.of .a. :pulksed electromagnetic field, and the
! u?- . periods of their appearance and restoration upon conclusion of
| 1 “7the effect, the latter can be arranged in the fOllOWln" orders

| liver, skeletal muscles, heart, and brain.

"6, The p-esence of a correlation hetween the disturbanc:: !

“of metabolic processes in the investigated organs and shifts of

the biochemical spectrum of the blood pernmits recommendlng de- '
o - termination of the content of lactic acid and ammonia .in the »
; blood as tests to reveal initial manifestations of the effect

of a pulsed electromagnetic field on the organism also. under
clinical conditions.
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