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murxon THJURY AND AUTOLYSIS
<~US55R=-
-9L - [Following is the translation of an article by V. K. Ben-

» evolenskiy in Ugpekhi sovremennsy biologii (Progress in
e modein Biology), Vol 50, Ko 6, Moscow, 1960, pages 310-
321, ‘

The reaction of celle of living organisms exposed to
jonizine radiatlons displays & certsin monotynic character in
form of more or less marked varanecrotic changes (Nascnov,

Aleksandrov, 1940}. It is narticularly tuportant to note that

these chancas are dbrought about throush the direct participation

of proteolytic ferments (Gey!'trun, 1957). In this respect they
very murh resemble the effects obzerved in cell and tissue au-

‘tolysis. Autolysis 1s zenerally understood to mean the post-

humous disintesgration of tiscues due to their self-dligestion.

Analozous effect 1z obscrved in the life of a multicel-

" lular orzanism in form of cell cyzclysls and aseptic necrosis

of tissue sections, 1In the latter case the disintegration of
tissue nroteins ie breousght about not only by the ferments of
disintegrating cells but also by the ferments produced by the

surroundins nealthy tissues, as well ae by white blood cells.
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In érinciple the mechanism of their action differs in no way
from the action of autolytic Terments (Yechknikov, 1901). The
“main accent in the latter work is orn the analysis not of post=
_humous changes‘in cells and tissues but in those vital destructive
effects which lead to some sort of functionzl disturbances in :
the 1;ving organlism, or to the loss of active life, Theﬁe are
groun@s to assume thqp phese gf{gg}s,take thelr course in ac-
cordance with the autolytic mechanism. It is indeed difficult
to exvnect that a nrocess fully identical to the autolytic could
erlve in 1ife, It annears impoesible, however, Lo reject the
.noseibility of annearance of a glowly developing and less marked
nroce 2 8 resemblinp the autolytlec, though it be on the basis of
vﬁhé}sjmilarity of changes recorded in radiation sickness snd in
Aauﬂoiysis.
o It 18 a cowmmon knowledge, moreover, thaswn tnn analogous
effect is observed In a whole series of otner paih oLovical condi-
tions' gtarvatlion, infectlcous diseases, aseptlc resclution of
tumors and in many other case2 assoclated with tissue necrosis
and cell cytolysie in vi%o (Ramond, 1%08; ¥ochneva, 1917; Rosenberg,
A;§23; Berentom, Chang, Ztowell, 125%, 1955; Gallagher, Judan,
i ééés; 1954), Tie clements of the zutoiviic process scudr aleo
inlthe normal vital activity of the orsanism (¥izel', 1940). The
1onizinp radiations may in thie case magnify their manlifestatlon,
f The concept of development of an autolysis-like process in
;éﬁ irradiated oreanlism helps us to seck drupms which could be used

in radlation sickness. ¥or examnle, the 4imerican researchers

Lushbaugh, “ucshes, and ale (1956), woriing from such premises,
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"égve}Oped a nrenaraticn (anti-tryptic'inhibitor) which, accord=-
%n§$39 their data, produces a good effect when lrijected into ani- { 
'mg;s Quring the ailing veriod. 1In this case the data:pointing
to an intensified radiation effect nroducéd by the'cysteine?type [

' preparaticns when used within a certaln period following the ire

.f?d?éP?°n' become understandable (Kﬁamayde and Mochalina, 1959; !
Benevolensxly, 1959). Recognltion of the stated surnise may help L’
"'a139<to clear up many aspecte of the mechanism of tissue disin- i.
tegration as & result of radlation sickness., It is obvious indeed |
_,thap{the tesk becomes very simple when the ooportunity 1s at hand i
to use resulits readily obtainable in tests in vitro, H

Thls survey concerns the review of literature nertaining
to the problem at hand, tomether with an attempt to explain these
da@g.invthe light of modern ideas regarding the bilolosical effects !

of lonizineg radiations, - {

" “Autolyeis of Tissues Irradiated In Vitro and In Vivo

. The Tirst sxaminations of tissues irradisted in vitro showed :
thatAtheir autclysis ls somewhat faester in compariszon with the §
normal- tiszsues, These examinations were usuelly conducted with
the ald of hlochemical methods (most frequently, the rate of ac- ;
cumulation of free nitrogen) or by the study of morphclogical ;
chanres 1In celle and tlssues, The acceleration of autolysis has

‘ beapyrevea]ed rartlcularly clearly in irradiation of tumor tissues ?i‘
ancd the spleen, i.,e, in objects most sensitive to radiation. Such
mechanism has heen recorded less clearly for the liver tissue

(Yeuberg, 1904; Lovental, Edelstein, 190&; “inami, 1912; Hajos,




.Hafhguser, 1924; Mayer, Bering, 1911; Herzger, 1927; Gasul' and
e,dﬁplyakova, 1929)}. 1In = number of cases no accelerated autolysis

of irradiated tissues was recorded (Bickel, Hinami, 19i1; Hérzger,
. 1927; Varshavskaya, Ledanov and Sterkin,'1935).

\

-, - More representative results have been obtained in the study

gfvpissue autolysis in irradiasted aninmals. Virtually as;a rule,

., they were autolyzed much faster than the tissues of normal'aﬁi-
mals (Yelle, 1904; Warren, Whipnle, 1922; ¥erzger, 1927; Berneim
~and others, 1956;'L1binzén, 1957; Grayevskaya and Keylina, 1959;
Grayevszaya, 1957; Yanoylov, 1957: Tokarekaya, 1958a, 1958b, 1959).
Aralogous date have been recorded on fish (Epshteyn and
Lavrovaiaya, 1959) and-plants (Milova, 1936; Sosedov, Voikar,

~Pod"yapcl 'skaya and Tertsovskiy, 1557).

The earliest and most marked varistions in the rate of
autolyeis occurred in bone marrow, intestinegs, spleen, liver, and
muscles. For kidney and hrain tissues the rate of autolysls was
8lightly hicher than normal or was not recorded‘ét all, Aside
from the type of tilseue, the Intensity of autolysls of the organs
of 1rradieted animals depended on the dose of ionizing racdigtion
and the duvation of radiation sickness. The rate of autolysis
of irradiated tissues clearly -surpassed that cf un-irralisted
tissues when lethal or sublethal dosss were used. In smaller
dogos the autolysis of irradiated cells and tissues oroceeds at

.. times with a lesser intensity than the autolysis of un-irradiated
cells and tiesues (¥anoylov, GArayevskaya and Shimanévskiy, 1955).
Tissues obtained at the peak of radlation sickness undergo the

most rapld auteolysis. Autoiysie of irradiated tissues occurs

i
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less 1ntens:vely at the beginning and concluding stages of

S ECY

3 radiation elckness (Warrem, Whipple, 1922; Tokarskaya, 1959). y
' The autolytic process in irradiated tissues has appar- | '
ently also certain qualitative differences compared to the autol-
ysia in un-irradiated tissues., For example, according to the »
d_hateg“obtained by R.Ye., Libinzon (1957) and Z.V, Tokarskaya (1959) B

. the process 18 not Intensified hy the usual autolysis activators L

” 1n norma1 tissues~-acetylcholine and hydrogen sulflde, -

N RONE J.
T The more Intensive autolysie of irradlated tissues is }
shoﬁn elso by the data on thelr increased hemol&tic activity, or, ?
otherwise, the formation of tissge hemolysins called collectively ;
the hemolytic factor (Mochalina, 1957; Kudryashov, 1956, 1957; |
Benevolenskly, 1957a, 1957b; Benevolénskly and Blokhina, 1959; y
,,Kﬁﬁ?aydés 1957; Xorol' and Mednik, 1958), - i
The development of the.hemolytic factor requires a lengthy

.zingubation of aqueous-salt tissue extracts with erythrocytes at

. }73;‘dur1ng which the autolytic process inevitably takes place,
It .ls a general knowledge, moreover, that auto;ysl& of any tis=-
:suglalways produces tissue hemolysins in it (Gorkin, 1953;
_Ponder, 1955). _ S !
. Thus, a'Speciric portion of the hemolytic factof is formed n
1n tne tissues of irradlated animals as a result of their ac-
ecelerated autolysis in vitro. It will be shown.below that the
formation of the hemclytic factor is not due to the posthumous

~autolysis elone.

The formation of the hemolytic factor has been recorded

in the most diverse tissues of irradiated animals (Mochalina,




1957; Kudryashov, 1957) and in all component parts af-cellular

orotoplasm mitochondria, microsomes, and hyaloplasm (Benevolenskiy

and Blokhina, 1959). It has not been found in the liver nuclei

.. 0f irradiated rabblits (Korol' and Mednik, 1958)., The qpaatity of

v

the hemolytic factor determinable in tissues'corféﬁbond§~§§§roxi-

‘;ﬁ;ma;ely to the earlier established distribution of'auioljtic in-

;vensity in the organs of irradiated animals, It lg interesting

to note, for example, that the largest Quantity’ofyihié factor

is_found in the intestines, svleen, liver, and, to & vastly emale

- ler degree, in kidneys and brain (Mochalina, 1957).

Comdarative Characteriatics of Changes Observed

in Radiation'°ickness and Autolysia

As a consequence of exposure to radiation the orgénism under=

-..goes & variety of changes, beginning with the hardly noticeablé
.physicochemical dlisturbances and ending with the cytolysis of'cella
and necrosgis of tissues., These changes occur charactéristically

Oon the background of an altered metabolism and suppressed mitotic

activisy of cells in the irradiated organism {Ivanov, RBalabukhs,

Romantsev and Fedorova, 1956; Grayevekiyv end Shapiro, 19%9). 1In

. th¥s connection the irradiated organism develops conditions for

the. progress of destructive changes analcgous in many respects to
tha conditions taking place in posthumous autolysis of tlssues.
It -may be expected, therefore, that the tissue diaturbances_oc-
curring in radiation injury and in autolysis are in many ways a=-

nalogous,

No speclally conceived investigations have been conducted




in the above indicated direction. This being so, it is impos—
sible tc supply a detalled comparetive description of changes oC~-
curring in radiation sickness anda autolysla. "otcworthy in this
framework is the fact that the one and the other changes occecur

;p Egy}cel3 and tissue of living organisms. It is 1nteresting to
Aopeﬁthe correlation in the distribution of susceptibility of
iégious cells to disintegratidn induced by radiation exposure and
,kauﬁglysis. For example, on the basie of morpholozical disturbances
the_pella are arranged in the following order of their suscepti-
bility to radlation: blood forming cells, functional cells of
enﬁocrine glands, sex cells, epithelial cells of gastro-intestinal
tract; cells of 1;ver, lungs, kidneys; cells of connective tlssues,
ﬁuscular cells, and nerve cells (Ellinger, 1951). Cells of tumor
tissues are also very susceptible to radiation: 3imilar order
pfevails also in the distribution of the posthunous autcliytic
intensity of the ennumerated cells (Khalatov, 1944),

Thus the cells that are autolyzed faster, change faster
and more profoundly when exnosed to radiation. This feature had
been noted by the original radiobiolopists, and constituted one
of the reasons for the apnlicatlon of ionizing radiations_in treat-
ment of cancer diseases (Feuberg, 1904},

One of the Iirdices of radiation injury is the fatty de=
gengration of tigsues, It is observed in the most diverse bio=-
1qg}ca1 oblects that have been expvosed to lonizing radiations:
unicelliular organisms, plants, and animals (NMadson, 1920; Nadson
and Rokhlina, 1934; Wikitin, 193&, 1957; Ellinger, 1045), ‘The

fatty degeneration rrocess, or the liponhanerosis effect, as 1t
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was called in the beginning, always occurs in the posthumous

autolysis of tissues, It 1s assoclated with the dissociation |

;cf tissue lipoproteins and may be of reversible or 1rreversible

character, depending on circumstances (Kizel', 1940),
;%L ~ The morphological changes observed in radistion sickness

and An autolysis have therefore a number of features in common.

Numerous biochemical data attest to the fact that a pro-

_‘gressive disintegration of various cellular protoplasm components

Oceurs in radlation sickness; that this disintegration 1s par-

ticularly intense at the peak of the sickness and in the préagonal
perlod. It displays itself in a drop inm tissue proteins and in

an increase 1in residual ‘nitrogen in form of urea nitrate, crea-

tinine, ammonia, ete., Sometimes the urine from an irradiated

organism reveals slso undecomposed proteins (Org, Stocken, 1953;
tlgalev, 1954; Kuzin and Strazhevskaya,'l957; Ivanov, Balabukhc,

Romantsev and Fedorova, 1956), .All these disturbances are une

doubtedly due, as in autolysis also, to the action of proteclytic'

ferments or, put another way, they are accomplished in accordance
with the mechanism of posthumous autolytic. process,

An addltional proof of this circumstance are the data
show*ng the inereased activity of autolytic ferments during ra-
diation sickness; this avplies spvecifically to protease, phospha=-
tage, lipase, and nucleodenolymerase (Reprev, 1926: Cherkes and

Natenson, 1936; Feinstein, Bollin, 1953; Du Bols, Petersen, 1954:

ABacq, Alexander, 1955; Feinstein; 1956; Grayevskaya, 1957;

Ginzburg, Pandre and Binus, 1957; Weymonth, 1958; Tokarskaya,
1959; Prokudina, 1959; Libinzon, 1959).

8




e These changes do not occur immediately after the exposure
to radiation in doses of the miﬂimally lethal order. The activity
of the above noted ferments increases only after a few ﬁours or
déxgmand growe gradually, diminicshing at:theiconcluding stages
q;ﬂthe_fatal radiation sickness, The sﬁeed of appearance bf ob=-
sggygble changes and their direciion depend in a large measure
.on the type of tissue involved.

(osiie s i It is important to note that analogous dynamics of changed
aggivipy of such fermenits 1s recorded in posthumous autolysis
(ggggnbom, Chang, Betz, Stowell, 1955, 1958; Van Lanker, Holtzer,
1959). |

Interesting data have been obtained in investigations of
thg,QQerall activity of the ferments causing the formstion of the
hemolytic factor (tissue hemolyeins) during radlation sickness

and autolysis (Benevolenskiy, 1957a, 1957b). These ferments
comprise mainly lipases and proteases (Ponder, 1951; Gorkin, 1959).

The comnlex of above noted ferments existing in the‘liver
of rate exposed to roentgen rays amounting to 1,000 roentgens in-
creases 1ts activity markedly even within an hour following the
exposure, The increased activity is recorded for two-three days,
being replaced by a diminished activity toward the death of ani-

‘mals, |
. In posthumous autolysis of the liver of normal animals the

. total activity of ferments particinating in the formation of tis-

_sué hemolysins also increases éuring the first hour of autolysis;.
diminishing rather rabidly tﬁereafter aﬂd reaching low values

after four hours of autolysis.

“Om
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- The results of these tests fully corroborate the data de-
i_rived from the study of the activity of individual ferments com=-
prising this complex, Moreover, they show that a portion of the
hgyolytic factor of tissues of irradiated animals 1is actually
‘;Qrmgd as a result of vital processes., The latter is confirmed
alsq by examinations of the hemolytic properties of bolled tis-
sue extracts from irradiated and normal animals. It has been es-
i?ap};shed that the hemolytiec activity of these extracts, prepared
from the liver of irradiated animals, is alwaye higher than the
acti?ity of extracts prepared from the liver of normal animals,
An intensified autolysis of liver extracts from irradiated anie
mals during the incubatioh with erythrocytes cannot be observed
in this case. Hence the excess of the hemolyiic’f&ctor in the
extracts from irradiated animals, in comparison with the extracts
from un-irradiated animals, can be explained only by its partial
formatlon in the course of vital processes.

Yu.B. Kudryashov (1957) and V.N. Benevolenskiy (1957) have
shown that the hemolytic factor of tissues of 1rradiated animels
difrgrs in nokreSpects'from the hemolysins formed in autolysis of
normal tlissues, According to modern data, these hemoiysins are
comprised of subsﬁances mainly of lipoid nature: unsaturated fatty
aclds, lysolecithing, and sterpid compounds. In normal state they
are alwaye esssocliated with proteins and a number of other compounds,
and do not as a consequence exhibit their hemolytic activity. When
these complexes are dissociated the 1ipid hemolysins are set free,
imparting thereby the hémolytic properties to the tissues. As has

been noted earlier, this dissociation is caused by the complex of

«10=
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:fermente taxing part in the posthumous antolysis of tissuea
:(Gorkin, 1953; “onder, 1955, Kazayev, 1957). .
~UEE T A number of analogous physieochemical changee 1n tieaues
Vhave ‘been recorded in radiation sickness and in autolysis. ,Eor'
eiample, the ohmic and capacitive resistance of the liver tiseue,
measurable at various frequencies, changes in one and the ‘Bame
direction. The same phenomenon occure in the kinetice of accu-
’mulation of filamentous formations observed 1n the electron micro-
scopy ‘of aqueous extracts of mouse and rat liver (Pollvoda, 1957.
Polivoda and Zolotova, 1938 Benevolenskiy, 1957).

" The data in literature show, then, that the autolysis of
tiassues irradiated in vivo and in vitro accelerates markedly. In
addition, there 1s noted a certain analogy in the changes‘observ-
able in tissues during the development of radiation sicknees and
acpclysis. Hence it may be concluded that the disintegration of
tissues occurring iﬁ radiation‘eicknese proceeds 1ﬁﬂapparent con-

fbfﬁi%& with the mechanism of sutolysis.

Mechaniem of Emergence and Development of the

Autolytically Congruent ™rocess 1in

S . - Radiatlon Sickness

In order to anewer'fhe questicn why and how the emergence
anéﬁdevelopment‘of an autolytically congruent process takes place
in'radiation sickness, 1t 1s necessary to examine briefly the
modern views of the mechanism of posthumous autolytic process.
Posthumous autolysis cccurs in each tissue due to thée actlion or'

autolytic ferments, with the greatest welght in thls case being

B




attributed to proteolytic ferments (Gol'dshteyn, 1938; Bradley,

1938; Xizel', 1940). In this connection the very term "gutolysié“
is frequently substituted by the term "proteolysis". Such sube
stitution is in no way Justified: autolysis is a much more en-
}éompassing concept; it includes not only the concept of disin-
tegration of nroteins but also of many other compounds, for ex-
ample, lipids, carbohydrates, nucleic aclds, as well as their
mutual combinations and their combination with proteins, Never-
theless the ideas about the mechanliem of development of poste
humous autolytic process have been formed principally on the basis
of results obtained from examinations of pfoteolytic ferments
containing the SH-group.

According to these i1desas such fermenté exist in the nbrmal-
ly functioning tissue in a low=-active form in which their sulf-
hydryl grouns are combinedqd by the disulfide bond. In general
form these ferments are designated by the formula ferment-S=Se
ferment, The low-active form of proteolytic ferments is easily
converted into the high-active form by the action of verious
reducible substances, for examnle, cystelne or reduced glutathione,
In this form they have the formulsa of the type ferment=-SHe With
the ald of oxygeﬁ end other oxidizing agents the high-asctive form
of ferments can be reversed into the low-active form. Thus the

general equetion of this reversible reaction has the following

form
oxidation .
2 ferment-SH 2 > ferment-S-S-ferment
reduction
high-active form low-active form —
«]Da
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It follows from this equation that posthumous asutolysis

" emerges a5 a result of suprression of oxidation-reduction proces=

ses, which sets in due to the lack of oxygen and nutriént sub=

gtances,

©:° . "Sueh schematic framework lies at the foundation 6f the

ma jority cf early hypdtheses regarding the mechanism of develop-

"méhtwof the autolytic proceses in vitro, and the emergence of

s .

sifiilar reactions in vivo (Hellerman, Perkins,'1934; Bfadley,
1938; (tol'dshteyn, 1938&; Blagoveshchénskiy; 1940);

4 In more recent times the English researchers Gallagher,
Judar and Reee (195€) have studied in detall the entire succes -
slon of biochemical changes taking nlace in autolysia of the liver
tissues in normal animals. They have_found that the earliest ,
bhdnges in posthumous autolvsis occur in the eystem of oxidizing
phoephorylation, followed by the disruptlon ;f glyecolysis and
tissue respiration; and ending finaily with proteolysis of tis-
suétproteins accomplished by activated proteases. Analogous
data have been derived alsc by other researchera-(Berenbom, Chang,
Stowell, 19%54; Van Lanker, Holtzer, 1659),

At the foundation of the cited hypotheses lie the purely

‘chemical assumptions which do not take into account the fact that

'hutolysis ordinarily takes nlace not in a hcmogenedus medium

but in e gystem having a definlte structure. It 1s particularly

fimberative that the latter circumstance be taken into account

when the possibility of development .of such process ls discussed.
It 48 a known fact thet the disruption of internal physico=-

chemical structure of tissues may of 1tselfl lead to the developmeni

-1 Fm
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of the autolvtic process a# a ragult of liberation of‘hyd”olytic

it

fermenus fror. their combined state (Oparin, 19365 Kuraanov, 1940;

%

o Lts LRSS

Sisakyan, ]95+' Meysel', 1950).
The structures cf living tissues are, as is known, un-
staole. mneiﬂ “rese"vation is accompliched at the expense of -

tbe Pnergy sunp]ied by the processes of tissue respiration through

Kl

phe Qx:q15+ng_phosphorJlation,system...There s in turn a close

I P

reverse relationship (veyland and Shtumpf, 1958), . Hence it fol-
igws tnat the apparent cause of development of the autolytically
eonaruent nrocess in an irrédiated orgenism may be, first, the
Viérimary disruntion of the physicochemical structure .of tissues
_}agg, second,\p?e suppressibn_of the processes genefating end
‘ppgnsmittinglthe energy for maintenance of this.structure.
_ The first attempt atiéxplanation of the causes of develop=-
qent of the auﬁolytic process in an irradiated ormaniem belongs
_to Neuberg (1904), According to his hyvothesis, at the base of
fgisvphendmeqopf;ies the dissimilar radiation susceptibility of
“jthg_oxidizingfreducing and autelytic ferments., The former are,
as-he had sunposed, more susceptible to radiation than the latter.
;rxple,meana that the radiation exnosure must be followed by the
,;h,emergeqce of a disproportion in the activity of these two fer-
mentative groups, which precisely‘leads to the development of
. the autolytic process, |
- Tumerous researches of recent years show, however, that

s surpression of oxidizing-reducing processes and, consequently,

~alsc of ferments associated with these proceseses, does not take

“j' (a.
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place immedlately foilowing the irradiation. On the contrary,

especiaily in exposure to small deses of icnizing radiations,

tpis neriod 1is freauently characterized by the activation of

'?§fta1 nrocesses, Including an intensification of synthesis and

.lp};sue resniration processes, The suppression of the oxidlizingw

reducing process occurs usually at later stages of radiation

~_sicizness (Du Bols, Tetersen, 1954; Bacq, Alexander, 1955; Ivanov,

‘sgiabukha, nomantsev, Fedorova, 1956; KXuzin, 1656; Tarusov, 1958;
Fird, 1958; Golubentsov and Sazykin, 1960), The development of
autolysis-like process in an irradiated organism 1s thus evidently
not aesocinted with the sunpression of oxlidizins-reducing ferments.
It may be thought that this process emerges as a result of
disruptions in the oxidizing »hosphorylation system, A8 has been
noted earlier, the anslomous causgal relation for the posthumous
autolytic rrocess has been established., In fact, as leysel'
(1955) &nd Van-Rekxum (1958) have shown, the oxidizing phospho-
rylation system is the flrst to be affected in irradiated organe-

lem, Thls coincidee also with certain morpholosical date pointing

~to the major radiatlon suscentiblility of mitochondria in which

the cxidizing phosphorylation mainly takes rlace (Madson and

Rokhlina, 183%4). It must be noted beforehand, however, that this
nrocess takes place to a lesser degree also in other parts of
cell protoplasm end, according to some data, even in the nucleus

(Neyland ard Shtumpnf, 1058). Therefore the assumption that the

autolysis-like nrocess emerges in an irradiated organism as &
result of suntression of the oxidizing vhosphorylation is cor-

roborated by data avallable in modern literature, But the

15w
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guestion arises:‘Wﬁat'céﬁSesbiheﬁébbﬁréésféh'offgxidiiiﬁg“
hosvhorylation? There sre no ¢lear data rointing to the die

rect sffectiov by 1onizinv radiations of fcrmentative systema,

‘ well a8 many other systens, asscciated with the oxidizing

s ’

mhggnhorylation.‘ In this case we may avain refer to th e reaults
:analysis of many 11terary data, which ‘hes been done in the N

fcqpcludinz summary regarding the biccheMLcal action of ionizing

CiEer ‘nadiations (Du Eois, “eteraen, 19;4* Racq, Alpyander, 1955,

”uzin, 1956; Ivanov, 3alabukha, Romanteev, Fedorova, 1956°
91?1 1958), Moreover, the earlier sunnressiOn'of'bxidizing

hosohorylaticn 18 observed only in tissues suscept;ble to ra=

f”_‘zdiation. A |

The sunpression of con%ugate phoqﬂhorylation does not
dcéur in "radioresistant" tissués of s muscle (Ivanov,ri%
ytskhakl and Korkhov, 1959). Thus the affectior of the oxi=

di?ing rhosphorylation in irradiated organiéhs‘cahn0t5aﬁparently

“Dbe:linked to the direct affection of the ferments, Up to now,

5h6wever, this problem hes not been resolved, so that some re=-

searchera maintain the onpOQi*e views (Manbylov, 1957§'§an-5ekkum,
__,9'58) .

It 1s moré probable that the cause pf suppression of the

akidiz!vﬁ ﬁhosnhorvlation 15 an irradlated organisﬁ ié the af-
feétion of normal nhysicochemical constitution of'thSééAstruc-
_ras in xﬁich it ia acconm p11shed. making into account their
:'.*fgass, a siznificant disruvtlon'of ‘them cannot occur aS'a'resuLt
ﬂﬁof direct action or ionizing radiztions, esnecially in doses

";ees than the minimum lethal, In thls connectlon an allowapce
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%must be made for the presence of some sort of 1ntensify1ng mech-

.  _hv an1sms of the nrimary radiat*o effect.

A number of researchers beiieve todav that the 1nten81-

t f‘A ’:""? ';'

gnce of oxygen, 1 - they are oxidizing. 1t is éxceedingly im-

‘ It has been established in particular that 1n oxidation
'ﬁ‘gof the 1ipid constituent of lipoproteins the latter break up
,1nto their component parts. This ha° been-observed 1n exposure

2 'lipoproteins to ultraviolet rays (Déborin, 1956 ) and ‘also

Sl hen they are kept in air (Conn, 1949; Roy, Devissen, Crepsi,

.1954; Oncley, Prank, 1953). Indications to such possibility

>icar ba found in Lepeshkin's prolific works, According to “his
;data the disintegration of tissue IioOﬂroteins induced by var=-

,“{;10us external influences is closely associated with the struc-

’F%ure of their 11pild constituent, The liDOproteins containins

ats with double and tripvle bonds, i.e. the most easily oxidized
w;jlinoproteins, poqsesq & marked canacity for diesociation, thls

::;;féature has furnisped the basis to comnare themAevan to explosive
7 §ubstances (cited from ¥izel', 1940), ' o

It is extremely difficult to find resl proofs of the

«lT7=
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“drigin and develoument of the chain oxidizing 1"eaar.ctioriiica;.zsed

by 1onizing radiations in vivo. Resort must be. made in this case

to indirect qroofs. In the first inetance these 1nclude the at-

temnte to detect intermediate nroducts of chain react;ons, these
‘,,(j ‘.» r,
o products are, as is kaown (Semenov, 1936), peroxidess, Intensive
' L o -5 3
research 1n this dirnction has resulted in the detection of anale

T
- R

ogous nroducts (ohlefly 1inid peroxides) in the tiaaues of ir-

iradiated orzanisms (Torman, Phylpot, 1954; Dubouloz, Dumas, 1955;

L asa b
Loty YA

Ginteburg, Pandre and Rlnus, 1957; Relokonskily and Ruaev, 1959

SRS &
Zhuravlev and Ganassi, 1959)
ST : o ,
S The majority of inveetigators have found 1ipid peroxides
CF i : A

only during the initial stages of radiation sicxness, Fowever,

A I Zhuraviev and Ve.E. Ganassi have recorded their accumulation

o

o
2t w‘lvl

1n the rat liver for several days following the exposure to ion-
iw'wizinw radiations in lethal dose. The latter circuﬁstance points
- ;;ﬁhe possibllity of a prolonzed course of primary oxldizing
hreactions in an 1rrad1ated organism, The definitive proof of this
squos¢t4on requires the exclusion of in“‘uences of the lipoxidase
) ferment since in a number of cases, for example, in exnoaure of

plgp oblects to ionizing readiations, the actjvity of this ferment

= 13 1ntensified (Sudnitskeya and Rorisova, 1959).

Decomposition of protéin complexes in association with .

N * .
a;,gk: [

3pher substances can occur in an irraiisted orvanism a8 a result

a‘_.‘o_yfiio:i;g;rx_ealt.umt.101& reactions in the protein component. The latter

h h Y
LR

,.i%l?ell gmown from the nractice of treating the tissues with

alcohol to ohtain an increased yield of extractable lipids. Sim-

ilar vital denaturation changes have been observed in tissues of

o
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irredieted organlsms (Aleksandrov and Dikovenke,'1955;'Mishdhenko

,;and;Fomenkd, 1934; Kiselev, Buzini and Semina, 1955). ,It must’

be-noted, however, that the vital deraturation changes are re~’

”?corded only after several days from the time of radiation ex-fv

posﬁre. Desplte "eneated attemnte, neither nhysicochemicéi nor

1mmunolowica1 metnods have succaeded in detecting these changes

:;immeﬂiately following the exposure (Tarusov, 1954). ‘“ence thef

':‘orimary reactions in nroteins have evidently a lesser significance

than;the reactions in fats for disturbances in the physicochemical

structure of the tissue, . SR
'ie ¥ithout going into a detalled discussion of this complex

problem, which has been. analyzed in some detail in B.N, Tarusov's

oapers (1954, 1958 1959), we should like to call attention to a

‘fundamental and apparently indisputable condition. It consists

in the fact that any physicochemical reactions to the aftereffects

éevelepiﬁg in the 1rradiated organism may lead to a marked dise

. “ruption of the normal tissue structure., As a consequence of the

élerhption of tissue structure there occure a liberation of hydro-
1ytic ferments which create conditions for the development of the
autolytical’y congruent processs As a consequence, there ap-
parently appears a2 disruption in the system of oxidiiing.phospho-

rylation of tissue respiration and synthesis, This'iﬁ‘turn must

’“leaE to further intensification of decomposition nrocesses anal-

'ﬁogbus to the autolytic., 1t i1s precisely such sequence of events

that' seems to us more nrobable in explaining the mechanism of

development of the autelysis-like nrocess following the exposure

of livingz objects to lonizing §ad1ations.




It 1s vosslible also that disruptions in the tissue strue-

ol i
Ot !

tgre resulting frqm the primary physicochemical reactions lead in

. ‘*"‘W" Le
2 .

the first instance to the disruption of the synthesis and tissue
respiration processes, leading in tﬁrn tblthe development br the
ggpolytically congruent proceés of tissue dieintegration. This
'%gnclusion is,'ﬁowever, in conflict with numerous data pointing

to the fact ﬁhqt small doses of ionizing radiations stimulate the

.”¥$§31 process, including respiration, synthesis, and reproduction
,}J&grd, Stocken, 1953; "u Bois, Tetersen, 1954; Bacq, Alexander, -

1955; Sokurova, 1956; Timofeyev-Resovskiy, Poryadkova, Makarov

qu “reobrazhenskaya, 1957).

Along with the stated exﬁlanap:on of the original mech- E

”gn;sms of development of the autolysie-like process in an 1rfadi- i
gpgd orzanism, the highly organizéd animals asbound 1ln secondary :
- causes of intensiflcation of thls process, Foremost of these are

the multiple disturbances 1n blood circulation and in the regu-

¥
i
8
§

latory activity of the‘endocrine anparatus and the nervous system,
- Relatively few wcrks in this diréction have beep carried out in
~recent perilod by Z.B. Tokarskaya (1958) and B.M, Grayevskaya and
R.Ya. Keylina (1959). |
| The reversibility feature of the autolysis~like broéeas is
an extremely complex problem, A detalled discussion of it 1is
outside the scope of thls survey, Certain of the'data pertaining

£ to this problem have been examined in a recently published survey

e

article authored by E.Ya. Grayevskiy and I.M. Shapiro (1959).

b
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