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The liuirature data (Z. V. Gord:m, A. S. Presman, Yu. A. 
Kholodov, etc) indicate a well-express~d biological effect of 
eleotr;-omagr~eti:; fields of different f'" equency ranges. 

Th~ bic..che1J1ic.al mechanisms on ;,rhich the morphological 
and func-tional disorde1?s arising undP.:c the effect of an elec­
tromagnetic fi•~ld are based have bel n inadequately studied. 
Meanwhile, such data are extremely n~cessary if' one is to unde::-­
stand the prim.-1ry mechanisms of' in-cer.:ction of electromagnetic 

· fields with bi,>logical objects, to find method~ of early diag­
_nosis and deve:.op ways to standardizt:-· them. 

·+ 

The ·tas:c of the present artic l,i · is to explain the· pos-
. sible biochemical_ mechanisms of' the ac ;;ion of' a pulsed low­
frequency electromagnetic field on the organism. The selection 
of precisely that frequency range for ::tudy was stipulated, on 
the one hand, by the increasing use of the energy of a pulsed 
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 
its biological effect. Pulsed electromagnetic fields with an 
intensity of 24 and 72 kA/m (a frequency of 7 kHz, a pulse length 
of ·130 milliseconds, and an interpulse interval of 10 seconds) 
were used in conducting the investigations. 

The character of the effect of pulsed ~lectro~a~netic 
fields was traced under conditions of multiple effect l15 ses~ 
sions, daily exposure forJ hours, and an intensity (I) of 72 . 
kA/m) and chronic effect (1.5, J and 6 months, daily exposure 
for ·1.5 hours, and an intensity of 24 kA/m). 
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The investigations were conducted on 480 ~ale white rats. 
At the end of the corresponding periods of effect of pulsed 
electroma.gnetic fields, and also 1 and 2 months after the chron­
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 carbotty­
drate-energy and nitrogen metabolism, that is, those types of 
metabolism Hhich are the bas is of the vital activity of the or-­
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
±al, "the ·rea-tti·rtg,s··•0f·,,.,c'hanges 'o·f··the ·s'tuclie'd. '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-enErgy metabolism of the organism. In all the inves­
tigated orgar,s a reduction of the level of macroergic com­
pounds -- arlsnosine triphosphoric ac~d (ATP) and creatine phos­
phate -- ir observed. Under the ef:!:t:ct of multiple action of a 
pulsed elect:i.·omagnetic field (72 kA/m) the level of the latter 
de.creased by 27% on the average in t},e brain tissue, 45% in the 
liver, and J01o in the skeletal muscl';S. Under conditions of 
chro1~ic effect of a pulsed electromag.ietic field (24 kA/m) the 
reduction of c;r-eat.in.e ,,phospha.te ;,. .. as %J.,8, 55.4 and 26. 4'}~ in i:he 
brain tissue, 29.J, 5~t.J and 40.8% -i.n the heart, and J9.9, 44.9 
and 29.2% in the skeletal muscles ~n the.corresponding investi-

_gated periods of 1.5, J and 6 months. 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 decrease .of t:reatine phosphate in all 
those organs, including the liver, tl1ere was decrease of the ATP 
·content of tne same order of magnitude. Simultaneously, an ac-

· cumulation of its dephosphorylated de:r:-ivatives (ADP and AMP) was 
detected. In the liver the levels of the latter increased by 
156 and 12o% 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 w1.th phosphorylation permitted establishing a consider­
able isolation o~ those processes in all the investigated or­
gans during both the mutiple and the chronic effect of a pulsed 
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0.lect:ro111a1~nctic field. It was greatest jn thn liver and skele­

tal 111,1scl,:,3,:i.n \viii.ch the reduction of the H/0 ratio was .J9 •. B 
.111<1 l1].l1'};, rc1tirwctivcly, d1~p<"'11dinc. 011 tlH' r:i.old int<~11sit:y nnd U11~ 

dun1Lio11 nf it~J effect:, In the llrnin t:i.s5ue and th<i li<!art L11r> 

dc-1_·, 1~1'(' of is o la ti on or the pro ce:HH•s of ox ida ti on ancl phospho-

1.>V l.a1 t..i u11 :i.f; less cons:i.deruble, and the isolation itself set in 
i~ n1nr0 remote periods of action of the pulsed electromagnetic 

field (the third month). Restoration of the connection of thoLe 

processes in the nerve tissue and heart set in 2 months after 

the irradiation was halted. whereas in.the liver and skeletal 

muscles the R/0 ratio decreased by 11.6 and 1J.J% even in that 
•"•'1p.&"17,i•oe., .:.o.f ,:.th,e,;gfiH:\F,•:~,E;,J;.,i,ga,t,io,n ... 

Obviously 9 as a result of isolation of the processes or· 

oxidative phosphorylation there also were shifts in carbohydrate 

rnetabolism. In spite of the difference in the degree of connection 

of the shifts, common to all. the 1.nvestitated organs was a reducm 

tion of the glycogen level and a simultar1eous accumulation of 

lactic acid. The most considerable reduction of glycogen was 

observed in the liver (by 37.4%). In -i-nat organ; as in the 

heart, a very large accumula-cion of lac..:ic acid also was detec­

ted. The level of the latter in those organs in separate period~ 
of the effect exceeded the control value~ by 60.2 and 68.J% re­

spectively. In parallel with increase of· the level of lactic 

· .acid in the organs there was al'so an ace unula tion of it in the 
··0100~. 

The obtai·.ied results show that unc:er the effect of a 
pulsed electromagnetic field there is a 5witching of the de­
composition of carbohydrates to a glycolytic path, which can 
be regarded as a compensatory reaction of the organism under . 

the conditions of. isolation of the· processes of oxidation and. 
: .. phosphorylation. However, the intensific:ati on of glycolysis» 

which is energetically ' less effective than· the oxidative trans-­

. formation of carbohydrates, still is unable to compensate the 
''.·. deficit of macroergic compounds forming as a result of iso".'" 

·lation of the processes of oxidative phosphorylation. 

Disorders of nitrogen metabolism are probably also con-
nected with the shortage of macroergic• ·compounds. As the . 

. investigations have shown, the effect of a pulsed electromagnetic 

field leads to the accumulation 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 or~ans in~re~ses by 50, 75.J, 25,4 and J9%~ In the 
nerve tissue the ammonia content decreases by J2.6% under those 

. conditions. During chronic effect the directivity of changes · 

,in thi ~mmonia level and the ~egree to which they are expressed 

. are almost the same. The only excep.ti an is the ri.erve tissue, 
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1n which a dc:crease of ammon1.a (by 26.2.~~) was t:r:·acr!d in th(~ third month o~ effect, Hhereas n.r1 incrertse of :i.t5 l~vPl liy :JG, JB. J and J6, .'J% was ob.served 1. 5, 6 and 1 months a f tcr the :i. r­:r.acH.n tion Has ha.l t(\d. The restoration of the chan5es in l:he ammonia level which had been noted in the process of radiation occurred in the heart and skeletal muscles immediately after the irra.dia.tion was halted. In the blo·oc1 and liver those chan­ges were more la3tine and were not normalized even 2 months af~ tc!r the act :i.on was c ornpl eted. To clarify the mechanisms of tll<~ formation of shifts in ammonia metabolism with consideration of -distinctive f~atures pf nitrogen metabolism, in each of the in­vestigated organs a study was made of the state of the most im­pc~,i:tant biochemical reactions participating in the formation and removal of ammonia in those organs • 

Investigation of the level of glutami:ne, which is the · principal product of the elimination of ammonia at the places of its formatim (D. L. Ferdman), permitted detecting a slight increase of it not corresponding to the increase of ammonia, and in iridividLal periods of effect also an absence of changes in the glutamire level. That circumstance, with consideration of data on the absence of changes in t~e glutaminase activity, sho,·m in vitro for tissues of the b:ra:.-•l and liver, indicates a limitation o.:: glutamine synthesis •. I::1vestigation of the con­ditions of the course of glutamine synthesis in homog~nates of the brain and liver of animals irradi2.' ed by' a pulseq electro­magnetic field ~72 kA/m) permitted esta".Jlishing that the limit2-tion of that re·a.ction is caused by sho.rtage of ATP .which also ~atc~rs Under co~aitions ~n vivo. 

Also connected with the shortai~e _of ATP is disruption of the ·synthesis ot.· urea by the liver, tht ·1evel of which was reduced by 2J. 8~; under the. effect of a ·pulsed electromagnetic field with an intensify of 72 kA/m anci 'by 17.2% under the chronic effect of a pulsed electromagnetic !'iel·::l with an intensity of 24 kA/m. 

Thus on the basis of those investigations it can be con­cluded that one of the reasons for the accumulation of ammonia in the blood and organs is deceleration of its elimination as a result of an ATP shortage. Side by side with that, study of the state of such processes as the intensity of deamidization of pro­teins and the dearninization of adenosine and adenylic acid gives grounds for concluding that the accumulation of ammonia is con­nected not only with deceleration if its elimination in the fonn 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 establishin& 
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that the 1~ff cc t of pulsed e lL'f: t romagnc t: ic f i <' ld s ( 72 l<A/m) , 
w:i. Lil out cli;:inGeS ·i l;:_1 1.evcl in Uw IHa in a11d !wart, cau.<ic'/'5 1.1 d,i-· 
c1:1'..t::ic~ or tlle latter in t:hn livnr and ~krl.t•L\l 11n1.•H:l.o:1 (l>y 
11..J 1111d 10,7'};, respectively). '1'110~0 data :i11dicatl' that, i11 LIH~ 
1:i.vcr and skc le tn 1 rnusc le.'9 the amide group~ of pro bi in~ a ro one 
of t:hc rnogt probable sources of increased quantiti_es of ammonia, Simultaneously with intensification.of protein deamidi~ation, 
the action of a pulsed clectromacnetic field affects ~lso the intensity of deaminization of adenylic acid, In the brain and liver that process is inhibited, as is indicated by reduction 
of the adcriyla te dcaminase ac ti vi ty by 17. J · a_nd 11. 7% respec­tively. Those data, besides indicating the participation of .tJ1.at .• p:co.ce:;; 0 .. in .J;hev.$hif,t,s ,o,f_,.,th.e.,amm0-ni,a . .,tevel, al:·so explain the reasons for the accumulation of larger quantities of adenylic acid in those organs. In the heart, in contrast with the braii.. 
and liver, the adenylate deaminase'aitivity is intensified (by 29.7%), and in the skeletal muscles, side by side with activa­tion of the adenylate deaminase (by 21.4·%), the ef\'fect of pulsed electromag(neti~ fields intensifies also the adenosine deaminasg activity by 27.2%). Intensification of the deamination of ~~e­nosine and ad:nylic acid undoubtedly is one of the reasons fJr the accumulation of larger quantities of ammonia in those organs, 

Thus th-~ investigations permitted establishing that, in spite of a nun/Jer of distinctive features relating to concrete 
mechanism~; of the formation of disorders of nitrogen metabolis,n ,,·±n·,ind·iv:i::di..a·l ·organs, very characteris,tic of all the investi­
gated organs (except the brain) is intensification of the pro­cesses of :=i.m.nonia formation, with an a'Jserice of corresponding intensificaL on or even inhibition of ')rocesses leading to its elimination. 

The me<,h.anism triggering those disorders is the isolation of the procet f es of oxidative phospho.ryla tion, and, as a result of that, distu:,:-bance of the supplying of the organism with macro\"" ·energetic comp0unds, which also in most cases is a factor causing disorders of other metabolic units in the organism. Simultane-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 morphological changes in the internal organs. 

Conclusions. l. Pulsed low-frequency electromagnetic fields (7 k.H) with intensities of 72 and 24 kA/m cause dis­turbance of carbohydrate-enerCY and nitrogen metabolism in·the brain, liver, heart, and skeletal muscle~. 
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2. The most characteristic :shifts in carbohydrate­
onere;y mGtabolism of all the -i.nvestiGated or{.'.;ans is Lhe rorma­
t ion of a shortac;u of 111acroc~'1•,ic c ornpou11ds (ATP .and c t~(~n (; int' 
phosphaL<.i), -cnused uy i~~otution or the• processtis of' oxid.iti.vc) 
phosphorylation nnd, usa ru~ult of thut, intP11s.i.f.ico.t:i.011 of 
eJ.ycoiy~,:i.s ( lowering of tile ['.;lycot;en level and accumulation of 
lactic ac:i.d). 

J. The accion of a pulsed electromagnetic field c~uses 
disruption of :he t:cansformations of nitrocen compounds, which 
leads to accumulation of ammonia in the bloody liver, hc~rt, 
arid skeletal muscles and to phase chan~es of its level in tl1e 
bra in on the background of a slight increase or absence of chan­
ges in the J~lutamine content. 

4. 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 
urea synthesis and intensification of prctein deamidization, in 
the heart -- by intensification of glutarrine deamidization and 
adenylic acid deaminization, and in the skeletal muscles -- by 
intensification of protein deamidiza:.:io1. and the deaminization 
of adenosine and adenylic acid. 

5. On the basis of the degree of expressness of dis­
turbances of carhohydrate-energy and nitrogen metabolism, aris­

.,ing,._under.,. .. the .ef+_:ec.t ~of.,a.,pu1sed ,e,lec-t-rorn.'ignetic field, and the 
periods of their appearance and restoration upon conclusion of 

~the effect, the latter can be arranged in the following order; 
liver, skeletal muscles, heart, and brain. 

6. The p.~esence of a correlation between the disturbanc·~· 
·or metabolic processe~ in the investigated organs and shifts of 
the biochemical spectrum of the blood perr:d ts recommending de­
tennina tion 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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