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FOREWORD
This publication was prepared under contract
by the UNITED STATES ‘JOINT PUBLICATIONS RE-
SEARCH SERVICE, & federal government organi-
 zation establiched to service the translation

and rescearch needs of the various government

departments.
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 ~ ION"ZIN” RADIAT;QNS AKD THE HUMAN ORJANIBM-, R
TPE HARUH 1’(:R MEAN“ GI‘ IROTE ’IO AGAIH"T RADATTON GOI"TAMIHATLC‘J
= USSR = -

i 'Tf'o.!.ltming is a translation of an erticle by Professor
Bo ' No Tartasov in the Russian-language poriodical .. - {“" ST
~ Priroda \‘\%ature), Moscaw, VOIa ll9a NOc 3, Mar*ch 1960,

SN :pages 4_,-»38. G ;
» ?P"ogressive sc* em‘:isno the world ov-‘-r are worzclng in’oen- et
sively to develop effective measvres for protecting the hunan Ve
crganism’ \.ga-?ns'b penetrating radiation, Projects are oemg R
pursued on an extensive scale with regerd to somgalitod chemical . ..
p*otectlon or prophylaxis =- util iuau:t on of the property of ctome”’_ o
chemlnal substances, when int'*o uced pr:.or to i radiat ion, uO e
abaite radiaticn contamination, - - s

' The well-known Belglan scientist, Academician Z.‘ M Bmuq,
end others, congider that the mechanism of prophylactic protec-
~ tion can be explained on the basis of a theory of indlrect radi- . .
~ ats.cm effoct,  [see Nob ] - Other investigators (B, N, Tarusev . .. .

& cthers) dsem that ah important part in radiation contamina= .. .
’uion. is played by radio-chemical reactions originating in the ...
organic substances of cell and tissue, and thai this brings . . .
shout the protective effect. - The present article examines the =
principle théses of this iresearch. - ,[Noten See Pr-?rodd, NOa 9, e
1959, pages 33~38.]f," R I :

The Mechm‘js*n ef Ro.dia uion Contmmination

Due ’co thei" high ~adic~hem4.cal aotlv:Lty, nuclear radia- o

tions have a § trongly destructive effect upon organlsmso Their .
_destruction, particulurly of the h".ghest ones, is brounht abou’o :

by evza negligibly cmall deses of radiation energy. . 1% has besn

conputed that no more than one ten-billionth of 211 the mc».LecuLea .

conteined in the living cclls of an organism ‘need be di rectly .

affected for that organism to be destroyed. - In distinction from

 ultravidlet and the other types of radiation, absorpbion of the

- nueledr.radiations depends not on the molecular structure of a .
_ substancey but nerely on its atomic weight which, for the majority

" of elemente comprising the molecules of .:.iving ce.,.ls s 45 morc or
1eqsunifom and comparc.’oivelv low,
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- Tn the course of the interaction of radiaticn energy with
the tissues of an organism, chemical reactions arise which,
after a single act of direct irradiation, draw into the process
of contamination an enormous number of molecules. The degree
of contamination is so great that it leads to disruption of the
coordinated interrelationship of the various metabolic processes
of the organims, and then to its general breakdown. ‘

Chain Reactions After Rsadiation Action:

Active chemical products, formed during the act of ‘direct
irradiation, are the reason for the develcpment of reactions
with high fon yields. '

Judging by the nature of their development,. these primary
radiochemical reactions in the cells aud tissues of organisms
velong to the so-called type of chain’'reaction. A characteristic

feature of such reactions is the fact that they develop with eon-

tinuous acceleration, and at first, while their rate of growth
is small, they are difficult t6 detect. A principal role in the
origin of chain resctions is played by highly active radicals,
peroxides, and ions, pecssessing greet energy, which originate
under the influence of radiation. The theory of these reactions,
which play a large role in various fields of chemistry, has, .

as is well known, been developed by Academician N. N. Semenov, '« .-

The active products originating in ‘the first stdge are capable
of evoking forms of molecular decomposition in which the same
active prcducts are formed again (regenerated). Therefore the -
process can develop continuously, repeating itself after briaf
direct irradiation. As a result of the development of such
chains, the initially insignificant damage’ increases -and leads
to radiation sickness. Direct proof exists that, with the ac~
tion of ionizing radiations on the tissue of an organism, che~ . -
mically active radicals form in it; they have been detected in
amino acids and slbumins by direct methods of paramagnetic ~ =

resonance [see Note 1]. The appearance of free radicals in yeasy o

cells has been established at Llow temperatures.” At the present
time, a rather large number of experiments has slready been
carried out showing that, after irradiation, organic peroxide
compounds form in animal tissues; these peroxide compounds, which
are chemically highly active, can cause ‘chain oxidation reactions
[see Nots 2]. It is possible to interrupt the development of
radiation contamination and, consequently, of the radiochemical
reactions, if these free radicals and peroxides are bound and
renderéd harmless. (iote 1: 'See Biofizika [Biophysics], Vol.-3, .-
No. 1, 1958, p. B87.) (Note 2: See Voprosy Pitaniya [Problems of -
Nutritionl, No. Iy 1958, pp. 60-6k.]) A D e




Chemical Protection S e e

Alveady in the 19h0!'s i% became known -that some sulfur-
conbaining corero wads {eysteiney glu‘oath;.one, “thioures) protect .
Calbumin againat coagulatlo"x when it is acted upon by x~rays..: '
T4 was soon established thab, when added to basterial cultures. ., .
(immediately prior to irradiation), ‘these same: .compounds raiee
the swrvlvel faotor {vyzhivayeémosti] of the culiures. I5 was .
alwc establishzd that, when 'ja'trodmcd into antmals immediately
prior to .L“'"aJ.mt% ony these coupounds increase the -animalst .o o
I'PJ tebance. This sc-called: promhy-.La ctic effect atitwracted SC""‘—_A.“

abistst attention. ~ Besides cysteine and gi.u’aam'lo 10 the pro«
pn'~7ia<"bﬂ ‘effect is ulso atbained the rough the use ci o’t‘:er suliu
containiag compounds, - Prophylactic action has been’ ‘chown also . ;;
by meny 3_1.1.1’10 comper mda wn Bisbomine, methy FLamine, . "‘*"y’:»famine
tbrip’ ""{1.1.11 s sulfothonine [s evotcmn'l, some cyano-compounds
[nekotoryyé tsianlistyye scyedi neniyal, and compounds from the
morphine ¢ roup. I% has turned out that many natural orgenic N
compounds, “for insgtance -adrenaline,- some antibioticy = au:*eo» s
nycin, tetracyclesie [tetratsikiin] -~ also afford protective .
acticniri case of irradiation.: Cono:.demule abtention has been
attracted by the preparation ﬁv-mereapwc thylamine, p“cn'ssefl
by 7. M. Bacqs its effectiveness has been found to be nighe; o

han that of uhe omer compounds. R LT e wenia e

The Role 01 Oxyeen ‘; :J: L

¢

.Mar'g w:.th thisq :.t hab been establlshed that redacta.cn
of the oxygen pressure, ise.; creating in the tiesues and cells
of the organiem an insufficiency of oxygen (anoxia), _exerts -
during irradiatica a- protective effect of the same order as ..
with employmen‘o 6f the shove-indicated chemicsl- prophvlactlc ;
neasures.* The Euglish researchers J. Grey and K, Petersen -
have established that some substances, which -influence: +he - i
rospiratory conters in the brain and retard “thelr action, in-
“his manner create a’ tissue anoxia -end at. the same time exem,
a protective effect, Some researchers have shown, on the basis
of bacteria,; that with'the devej.opment of anoxia nea_tner cystelre
ncy f3 merwptoethviamve will dincrease the protecu ve effect. .
With reduction of the oxygen presstre to, the level. of the meximim’
protective effect, both cysteine and ,Q-mercaptee‘ohjlamlﬂe Dew
come inactive and evoke no supplementary augmentation of the:
protective effect. This indicates that the action of protective
chenical cmpomaﬂ and the pra’cective effect of anoxial have - ’
some’ching in common.

.= 3-



pirect and Indirect tffect

‘Grounds exist for supposing that the ection of protec-
tive substances consists in the suppression of oxidation processe

evoked in the tissues by rediation. According to the prevail- ' - -

ing thecry of indivect effect; the bilologleal effect of ioniz-
ing radiation consists in the fact that under its influence,
active radicals end hydrogen peroxide form in the water con-
stituent of the tissue cells of the organism. In connection
with this, 2. M. Bacq has proposed the hypothesis that the
action mechanism of prophylactic substances can be reduced to
a suppression of this process. In the various radiochemical
reactions which take place in dilute aqueous solutions, water
radicals and their peroxides play a considerable part. However,
with 2 rise in the concentration of organic substance to 10% -
and above, the part played by the water radicals and peroxides
diminishes sharply, and there begins to ‘predominate the so=-
called dirvect effect, in which the decisive part in radiation
contamination is piayed by the radicals and peroxides forming
in the subsgtsnce itself, : ‘
- The indivect-effect theory completsély fails to take in-
Lo account the fact that the substances of which cells are
built (2ibwmins, carbohydrates, fats) are also susceptible to
radiation: urder its influence, active organic radicals and . .
peroxides originate in these substances. Experiments have
1sclosed that when fatty substances (biolipids) are irradiated,
80 times the quantity of active peroxides is formed in them, as
under the same conditions in water. With the action of radi-
ations on aqueous solutions of high~-molecular-weight polymer
compounds (meta~-acryiates), there takes place polymerization
{the formation of high-molecular-weight compounds), which is
connected with water radicsls. Z. M. Bacq and B. Alexander
[see Note] have shown that a certain interdependence exists -
between the ability to protect a model from polymerization and
the ebility to protect an animsl under irradiation. However,
the covrespondence is far from complete. For example, cyano=-
compounds and ceriain aminos, which provide a protective effect
for animals, do not manifest this effect on the described
physico-chemical models., (Note: Cf. Z. Bacq, B, Alexander.
Fondementals of Radicbiclogy, 1955.) :




- formed not oAl in water, ‘and that nét oaly they deterinine the

 have by now been pubs .gsnedq ‘wherein it is ‘egtabtlished that ..

- show tnat; rec&ud;lom ‘of the biygen pi ressuréduring drradi afion -

- dication of ‘thé Tact that oxldatien’ reactions,’of a natire -

. possibly, i some of the ‘othex componen't substances of a ce‘l"e ‘ o

which are’ véf:;r' complex, and in “this maaner to cut off their:

The Pvé"i‘lé'fi"’{ii‘re ifect o*‘ AntJ.d“? c.'av"bs

- ";{,f

The suﬂnosuim has been e:mressed by s tnat such a
divergence beuweﬂn “fne provective e‘f'ch'b observed in ke cass :
of a:,u eous models, and that pertaminb £0 animaJ gy i m;.air-ed
by the. faa’c that ‘astive o:ddizmg radJ_caJ.s nd. pe'r'oudes are "

developmen‘c of radiatioh conbamingt io'i° Mariy inve«tigatwns

chemical protection agd sinst ionizing Tadioris can be ei‘fected HEU AN &
on doy objects as well,  Obgérvations: By the seientist Falerite*

(7] of spores of the bdcterla Beel1ug’ ‘Subbilis, thoroughl y N
iemr»c:wcd at” hig‘ﬁ. Sressure in 4 vacwm 0 LEles == probably o ¢
shou d "al hlg"l 4% jp'*rat" re’in a 8 vacwdn" - tye us"ator]

exerts the same kind of protective effact on theése sporeés as”
on fio¥mal’ 1iv"ing orgenigmd; The addition of protective sub-
stances to hiﬁh-moleculazbv*eight polymer compounds in~a o~
pletely dry state pr otectec‘i ’chem from- ‘degtruction by iomzmg
radiationg. Otnur' scz.ﬂntigts ha'r'e, ‘however 5 noted "hat ins
some cages’ increaslng From 5% to 107 the quantity of watex :Ln =
wheat seed ‘not ‘only does” not augment, but on the com_~amr'-'~v',
diminishes their SGHEJ.:.‘blVi‘i}y. o b R

‘The ‘protective effect of ofygen ir suf iclency ' an ine o

usual for ffzpnnal ‘motabolisu, arlsé in the cell and tissue. gt
stances" of" organisms. I‘t, as ‘elso” been ‘egtablishéd that the” .-
ma jordlty of s*ib<'t<mr~es aft"oz-ding al protective ‘effect possess = -
one comwon Pro e;ty° ““they riotard the developmeént of ‘oxidizing
reactions, ‘According to thelr properties; 5 “prophylactic sub~ "
stances @ e:‘an'bio.acia(mts which’ "bind the' ‘free radicals and thus ¢
restrict the’ possibility ol ‘thie devilopment: of chain' reactions,*:
These reactions'develop ia fatty: slbstances (1iplds) which play
an importan’ part in cell: stm"btﬁres and in'nthcleotides and, -

The' antioxidant effect of a substancé Gepends on ibg = “ix
ab:.lity ’co ind the 1ntermediate products ‘of ‘oxidizing "eactxonq §

development.’ The ‘lntermedidte products, a redustion in whose

- activity e\rolms :mhlbi tion and a brédkoff ¢f the chain reactien, ,
vary as to their- ch ;rac terietics;’ 5 “Herefore ‘the selection of

an*'ioxidants also ‘véried with differeat Kinds of tissues : Nob:
all substances whlch, for :Lnsﬁance, posses“ reducing’ proper’o:.es
will also mmi est antioﬁdant effects. At =éme substrata, o

i




Thereo are many instances where the very same substance, acting .-

upon substrata with nearly like properties, ‘will in one case
iphibit an oxidation reaction and in another reinforce it.
Aniline, for instance, irhibits an oxldation reaction in oleic .
acid and activates it in linoleic acid. .
Regearch, carried oub on animal-tissue lipids and on N
various fats, has shown that the correlation (interdependence) »
between the ability of compounds to inhibit chain oxidation
reactions, and their ability to exert a prophylactic effect,
1s much more complete than in the case of models where the
principsl role is pleyed by water radicalse. '
Reduction of the oxygzen content retards the develop-
ment of oxidation reactions in case of the direct end the in-
direct effect of radiation, on lipid models and on modeis where
this effect is brought about by water radicalsy in accordarce
with this, it protects the organism against fonizing radia= .
tions. Tt has been shown that a protective effect is manifested;
for organisms capable of enduring high oxygen concentrations
(yeast [see Note]), not only with a reduction in the concen-
tration of oxygon but 2lso with its incresse above 300 mm
(Figure 1). 'This phenomeron is not reproduciblie in aqueous
models. With an incresse in oxygen pressure, the formction
of peroxide solutions in water increases continuously and at-
tains saturation. In a lipid model, the formation of organic
peroxides under radiation is inhibited both with a reduction
in the O0xygen pressure, and with its increase over a certain . .
thieshold. This phenomenon may be explained by the character=
istic features of cxidation reactions which take place in ac~
cordance with ‘the chain mechanism. : It has been established
by Academician N. N. Semenov and his pupils that in oxidatiorn
reactions of this iype, which are accompanied by chain rami-
fication, inhibition is noted both for a decrease and for an
increase in the oxygen pressure (upper- and lewer limit)e
(Note: See Biofizika (Biophysics), Vol. 3, No. 1, 1958.)
Antioxidant activity with respect to iipids is char-
actoristic to a majority of the compounds which manifest a .
prophylactic effect: this compounds (cysteins, /3 -mercapto-
ethylamine, thiouronic compounds, etc.)s; meny amino compounds,
phenols, etec. However, there are some compounds which do ‘
not seem to fit into this scheme., It has, for instance, been
noted that a prophylactic effect is manifested by cyano=
compounds [see Note 1], However, they do not in a direct.
senzé act as antioxidants and do not retard the formation of
peroxides in water and in pure 1iplds. Their capacity for
restraining oxidation reactions menifests itself only when



these reactions are catalyzed (accelersted) by heavy metals. . . .
The suppssivion has been expressed [see Note 2] that, in the .
oxidation reactions :evoked Ly radiation, & large catalyhic. - '
role is played by iron. This cataelysis apparently does not LT
determine the ‘ehtire primsry radiation effect, but it un- ... .
questionsbly plays-a:part in the primary processes of radia= .. .
tion contaminations ~This is graphically illustrated bwa o
prophylactic experiment, - When traces of iron ions are added . .. ...
to lipids, ‘cyano=- compounds manifest a protective eiffect and
act on these models as ‘an antioxidant. {Note 1. See the eol- =
Leobed works of the UFAN [Ural'skiy Filial Akademii Naul = "7
Urals Branch of “the (USSR) Academy of Sciences] Biophysics .
Leboratorys Blofismika, Vols 2, No. 1, 1957.) :(Note 2. See . .
Voprosy_rsdio-bioiogit {Probleus of Rediobiologyl, Vols 2,7

hysiolegicsl Protection - - . .- B

:2.°M, Batq-long ago:discovered that some aminos which | . .
do nob act 28 antioxidants, or do so to bubt-a small degres,
exert a prophylactic effect. - Among such substances are hista- ..
mine, pheiiyl ethylemine, edrenaiin-and, in particular, lrypta-
mine { 1. and its derivative sulfuthonine { . 1.  Although *
these substances manifest no sharply defined antioxidant preper=
ties with'respect o a-1ipid model, they exert a falr prophy- .
lactic effect on higher animals. Their action is no% distin="
guished by that universality which characterizes the protee~ . .. .
tive substances possessing an antioxidant funecsions they are .~
ineffective with ‘respect to the protection of unicellular organ-
isms. On the basis of a study of the protective-action mech- = .
animm of tryptamine [ .7 -] and sul.fothonine [ . = ], researchers
came to the conclugich, already soveral years ago, that their ..~
protective ‘effect is connected with another mechanism. . Both [ .. .
compounds ‘suppress cellular respiration, particularly in the
cells of the brain and of the respiratory center, as a vesult . .
of which ‘oxygen -impoverishment takes place in the tissuwes. . . -
This has been satisfactorily proven by experiments wherein, .,

simultanecusiy witn the “introduction of tryptamine [ .. Y and L
other substances into-the organism of animalsy the quantity of . ¢

cxygen in their tissues was determined vy the polarographic . .=~ .
methoG. Tt was esteblished thab, under the action of thess - .
substances, ‘oxygen content in the tissues is reduced, thig re~- =~
‘duction being of the same order as in experiments where pro- = ..
teotidn ‘againet radiation contamination was brought about through .
& reduction of oxygeén pressure in the inhaled air. ..Such a type L



of protection can in distinection fram the chemical, be called
rhysiological protection. =~ Its ultimate mechanism is &lso
reducible U0 the suppression of oxidizing processes. :

Tn spite of the fact that a large number of protective
preparations is being tested in various laboratories the world
over, only few of them show any promise, This is explained
by the fact that, in addition to the chemical properties, a
substantial par: is also played by the physiochemica® condi-
tions. In the first place; cell-wall permeability serves as a-
limiting factor, Many compounds which, according to their
chawicel properties, should manifest a propnylactic effect,
turn out to be ineffective in connection with the fact that :
either they do not ponetrate into the cells at all, or penet- -
rate at a very slow rate., An attempt, for instance, to in- .
crease the number of aminec proups leads to an increase in the
polarity of the corresponding molecules which, as is well
known, reduces, the capacity of molecules to penetrate into
the cells. .The second limiting condition is the toxicity _
of these compounds, which does not permlit them to be introduced
into the organism in sufficient quantity to sfford protection.
Finzliy, their stability is insufficient. Many protective
subatances, wheil introduced into higher animals, do not have
time to penetrate into the cells but, breaking dowm, react
with various substances and thereby lose thelr ‘protective
properties, For this reason, many substances which menifest
a protective effect in experiments, for instance, wivh bacteria
turn out to be inapplicable to higher animals. ~ -

As has already been indicated, prophylactic subsgtances »
are effective only when introduced immediately prior to irradi-
ation; employed already after irradiation and during the de-
velopment of radiation sickness; they prove ineffective. 2. M.
Bacq has been successful in obtaining a favorable effect with
the introduction of large quantities of cysteine also in the
hours most immediately following irradiation (however, he at-
tributes it to the action of another mechanism). At later times,
even the converse is noted, i.e., 2 negative effect of these
substances, connected apparently with the fact that, after ir-
radiation, secondary reactions develop that can be reinforced .
by these substances. It has recently been repeatedly noted -
that, soon after irradiation, animal tissues acquire the pro-
perty of undergéing antolysis; i.e., of being broken down by -
tissue enzymes, at a very much more rapid rate than vhe tissues
of normal animals. As is well known, the process of antolysis, .
being dependent on the action of proteolytic (i.e.; those which . .-
breask down proteins) cell enzymes, is activated by such com=
pounds as cystein aud glutathione which manifest a protective

.



effect in cases of radiation contaminaticn, .The unfavorable = =
action and the absence of a positive .effect upon the introduc= "~ '
tic: of protective substances cam, apparently, be explained - - -
by the fact that the protective substances and the lack of = ;
oxygen intensify the autolysis prccess, which plays a 8ub=
stentizl part in the development of radiation contamination.
Although all the currently existinug wethods of protec-
tion are directed ab suppression of .the oxidavion reactions
breught about by radiation, there is reason to suppose that'
these readtions nevertheless do not serve as the gole primary
cause of radidtion conmtaminatiom. .It is pogsibie that im the” "
primary feaction bebween the substance of a living orvgemism
and radistion, other reactions originate ss well, vpor which- -
antioxidants. suppressing the chain reactions have no effect, e
. An analysis.of data obtained with the use of protective sgents 1~ -
’ shows that the protective: effect brought zbout by, chamiesl U
agents does hot provide absolute protection.. .. - e

“ At the present time, chemists have synthesized very = =~ e
' many different compounds:which have a protective effect. The &~
special attention of. researchers is:begiiming to be drawm to ™ '
those substances which, present in the cells of organisme in' =~ = -
their normal condition, reduce their radiosensitivity. The -
gensltivity of organisms to radiation is, as is well kinown,
subject to strong fluctuations. It has, for instance, been
estalbilished that among microbes of the same species, the radio~
sensitivity of individual breeds [cultures?] can vary many
hundredfold. For instance, it has been shown that for the
plemented forms of one of the bacteria, the lethal dose amounb~
ed to 3,000,000 r, and for the unpigmented, %o bubt 40,000 .
The radiabion resistance of many organisms is connectedy in
addition to the metabolic characteristics, with the presence
in their cells of substances cepable of providing chemical
protection. The attention of researchers is beling draw in
this directlon by such substances as some nucleinic-acid de-
rivatives, fatty substances and pigments, entering into the
conpogition of cells. o . . ‘
Study of the rules governing the mortality of crganisms,
in the period following irradiation, shows that this mortality
_ig not uniformly distributed; but has peaks corresponding to
. specific periods (¥sgure 2). When subjected to the action of
protective substances, the distribution pleture for such morval-
ity "peaks" changes; however, in some of the peaks no influence
is exerted on mortslity by the protective substances, there
"peaks of destruction" reflect the primary reactions, and the




data presented above can serve as proof of "the fact that not
all these reacticns can be suppressed by the prophylactic sub-
gtances knomn to us at the present time. -

% ¥ %

The problem of searching out full-valued chemical com= -
pounds which couid inhibit the primary reactions of radiation
contamination, is a very pressing one. The existing difficul- -
ties ave linked to the fact that the complex of those radio-
chemical reactious, the so=czlled primary reactions, which arise
under the influence of radiation in various bilochemicsl component
elements of cells and tissves, has not yet been determined with
sufficient clarity. In these reactions, which are accompanied
by high ion ylelds, the principal part is played by active in-’
termediate products =~ radicals and peroxides of various types.
To make possible the irhibition of the processes in their initial
stage, it is necessary tc know what these products are, and
this requirves the joint participation, in the research, of
chemists, physicist, &nd biologists. = - o

w10 =






Figure 2, DPeaks of mouse mortality with a radiation dose of 1,000

5361

r of - raye, Depicted is tie increment of mortality
according to the logarithm of time, T - time after
jrpadiation (in days, azccording to Luchnik),

S . N -

- END -



