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Foliowing are translations of selected articles on
rradiztion in medicine and shemistry published in
ne periodical Voprcsy meditsinskoy khimii (Forblems

of Medical Chemistry), Vol 6, No 5, Muscow, September.

Jeteber 1960, Other bibliographic informaticn accome

periles the individual articles.)
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referred to as the amount of neutral iiplds), prospholipids, by
the Blur method, as well as the lodine valus of theso fraciions,
~using the Rosenmund-Funchenn method., Tha smehined bleod wauw taken
from animals on an empty stonach, 18 hours after feeding,

After & stendard physical exsxination, the suluals were
subjlected to a general single ¥w~irradiation witk Cob0 a% a dose
of 200 r and intensily of 450400 r/min., Posteradistion bilood
anslyses were made afler two hours, 2, 6, 9, 14, and 22 days,
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Lieg. 1. Content {A) =md fodine value {P) of lipidse
their fractlone in the arterdsl blosd of dogs af. -
a g-irradisation dose of 3CC r,

Iew gensral lipdde; 11 == neutrsl fate and esterified

cholesteroly I1l e punspholipids.

Legend: '

2) mg ¥

b} drradiation

¢} hours ,

4} daye -

The resulls of cur determinationg indicated (dimg. 1),
that under our conditions, the gzeneral linid content of erterial
blocd plesma in healthy doge on an empty stomach, averaged 410 mg
% (from 323 1o 5i4 mg % ). OF this amount, neutral lipids cone
stitated 197 mg # (from 152 to 250 mg &), phospholipids - 118 mg
% {from 56 to 174 mg %). The iodine value of gensral lipids was
equivalent {o an aversge of 66.9 (from 51.2 to #3.9), neutral
lipids = 68,5 (from 58.9 to 74.5), phosrholiplds = 67.2 (from
54,2 to 77.6).

Two hours after irradiation, the content of general lijdida,
neutral lipids and phospholipids sharply inereased in the artarial
blood plasma, whereas the iodine value detressed (zee disg, 1).
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Tuo days alter irradiation, the hleod 1lipid and Jivid i raction
corbent incressed furiber, whereez the lodine velue did nat gige
' cantly cherge » The sixth dsw wesg characterized by o de-
ee dn the centent of geversli liplds, neulral lipids and
snholipids lower then normeld; and by 2 lscrease of dheir
ichine value sigeificantly mgh._:c: than the original level,
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mtzxamzsmz.‘ periods (9th and 14th day), the content rf
- nesuttral licide and pheephelicids in the srte
3 lew, but their indine value was high, s e
ujml verdiod of raMation slcknesz (Limes varied
doga), & bypeclipenmis wes &:?a"n observed, that is, an
in ﬂm corcsntoation of penersl ily.t(lf::, neubral J.M de
és Wigher than ths ic;““ nal level, aad & decsresse
8 ma iodine vaive below normal.
The role of the intestine in the metaloliam of lipids In
raGivtiog sickneng is Indicated iLor data r&prwe*rrwﬂ in dixgram 2.
The concentratlion of general 1inids, newbral Lipide exnd
‘ s {retainad by the intestine) in blood pessing through
8l well of heslihy animals on an empty siomach; dow
wsed, wherens thelr icdine value incressed, s 4id their de-

1m rc.m"- ““’C,l" irvediation, whsn 8 general inoresss In
e 'L"E 111.3 srieriad blood level wep observed, the ime%ina further
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neutrel lipids snd phospholipids, The iodine veiue of genersl
lipids and phespholipids in bleod passing through the intesiine
increased significantiy less than before irradistion, wharsas
the iodine value of neutral 1lipids actuslly decressed.

Two days aftor irradiation, during a still further lrcrease
of the arterisl bloed 1lpid level, the inteziine continued te
retaan general lipids, and in particular, neutral lipida, %o the
blood, although in a somewhat lesser quantity; the intestine agasin
retainsd phoaphclipids, but to a lesser degrse than before ire
radiation. During this pericd, the 1lipid lodime value la Ylood
passing through the instestinal wall did not significantly change.

S8ix days after irradiation, when the cornceniration of
lipids in the arterial blood wes significantly below normal, the
intestine retained & ceritsin quantiiy of general lipids and
neutral lipids, and returned phospholipids to the bloods Ricod
lipids passing through the intestine became more saturated at this
time, cspecially the neutral lipids and phospholivids,

The ninth day was characterized by the abseuce of any it
filuvence of the imtestine on the level of genersl lipids and neuntrsl
lipide in the blood plasma, and by some retention of phospholipide.
The intestine, however, sharply increased the Jdegree of lipid une-
gaturation.
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Diag. 3. Chsrges in the content (A) and iodine value (R)
ol iipids and their frsctions in dag blood during passage
threugh the liver,
Symbol designations are the same as in disgran 1,
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Fourteen days after ireadistion
arterisl blood eontinued to be low, the it 't)_‘,.u etux‘neu '
Fidey nevlrsd 1linids and *}'o“mrﬂ.,_{*‘i:_‘s to the blood, and ino:
e of wnsaturation of lipid fractio

The role of the liver in lipid metabe
sickenss is characterized by ths data representad in dlsgrem 3,
The liver u:r’,‘ healthy, nem«:x’rallata@ dogs on an euphy
1ach, cxereted;ints blocd circulating through ii, gensral
neutral lipids and uh!n..»,_xo..,-ylﬁ“‘xs, increnging thelr oo
atien, Congeguently, the iodine value of ma lipid froetions
ressed,  fu this manper, the erfsct of the liver, undar normal
nees, on blood 1ipids is opposiie to thnt of the intesiine
ar LhC‘.’} zbova,

Ir;-awx; after Irradistion, the guantity of gesers? and
e x_;.'i '!'3 rids evarsted by the liver inte the b:mm gignificantly
s8€d, wneress the liver actually reteined vhospholinide,
was cocurriog at the sere time as the intestine was returiding
}, nentral and phospho~ 1ipids i:s t}‘-e LVicod, Parsllel tw

il o
-liam 2 scute radiatien
s

i‘-’

there wap a below-nocrmal gignificant decresse in the iodine
of ligid fraontions,

Afver 'hm rhy f-tsihe illtﬁfi“&ik’i sontinued to transfer gaw
ut dn legoesr guantitiss,

and wasg ret:aimi,nr m 37 il she | :'w- v wag depleting the
blood of general nm asubrs Ponoh show any notlcge
::blu ef‘ Conzoritantly,

: effect on the hioed
the leodine value of the 1
'E;}n:‘oag;.rvt the liver, “l'C:CIJ‘v
Ui the gixth 24 hour pericd :zz,i;"i'e:* 1‘"“-3:‘&*-:*;1:‘2’;?,,\j 28 the

g retedining e cert £ L aind neut

2locd passing

. of the Ll wd, and tr ; dm o to the Eosd,
the liver woe transflering general and Ywui;u_ iipide to the
b‘l,o-"}\lq whiile reieining chosrhollipids, As a result, the liver

further incressed the degree of unsaturstion of Iipid fractions.
dine dsys after lrradistion, general snd phoscholipide
veing moblilzed from the liver o the bload, ali,,mugb neuLl
"s.imued to be retained Ly the liver. At this pericd,
were beling mebilized from the intestine to the
»m(i 0 I’iﬁ‘i;ffa(:s;cz'.ﬁlﬁ efiect by the intesbine on gonsrsl and
was demongtrated, A : Bime the liver 4id not
raction unsaburation.
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@ biood, the .LAVL-;}T' also increased the fraction concoene
lration in the blood passing through :T.i',,v Subs squently, the
degree ol 1ipid fraction uasstura t.ion dscreased.

The data recordsd by ve in mu;m,-,mn'b the arterial blood,
re generally in accord with that of the Iiterature = after ire
adistion at a dese of 300 », the ge;nv.ral, 1ipid content begine {o
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reaches & maxinum on approwizat :‘w' the secoud doy of
sixcthy duy 11 .tf‘ roogl r’fc to
3, 1% & nently retaing low,

incerease two houvrs aftsr radiction shbimulatios
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f'm} a repsated hyporlivenia agein devslops “7~ the % w.mal pericd,
In this cornectlon, the varalleiism in the content changes of
r‘@“tm,, Iigide nnd o J.L?)Jf)h‘ﬂlpﬁﬁﬁ werrants at't'snx.,mn. & s £rrioe
leany ineresse dn the contert of wngaturated Lelty acids in the
arcerial blood Ji}'if.dS ‘i:m"es.a pw.-:c:*es at ths peak of radiation sicknacs
The resulte of aur experiments it oo the rels
of the intsetine and liver in lipid me sal clism disordsry fol” . ng
“'z*c'mn vy donizing radiction. I may be azuvumed thal Loe
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1ipid frection release by the :mt»—;"i:‘ina. This is
for the esarly stages and the bermlinal perded of
glolriess.,
shorid be note .‘1 that slong with the blood flowing die
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O&LDATIVE AND CARBOHYDRATE-PHOSPHATE METARGLISH
1IN CERXDHAL AND HEPATIC TISSUR
UNDER NORMAL CONDITIONS AND AFTER IRRA&LATLOR

w183 R
[Following is the translation of an article entitled
Fildelitelny i uglevodo~fosforny ohmen v tkani £010Ve
nogo mesga 1 pecheni v norme i pri obluchenii! (English
version above) by K. I, Skvortsove in Voprosy Medltains.
koy Khind (Froblems of Medical Chemistry), VoI 6, Ko &, .
Mosoow, Sept-=Oot 1960, pages 475~4”’ g

At the present time,radiaiive bgochami try is repl
with extensive material wideh indicates thet one of the me
vulnerable metabolic links to "abfoauhlvsuy is the wrocess of
oxidative phospncryﬁatJon. Botih in domestic and foreizgn litera~
ture there is e maibsr of werks in which authors hxv& miuaied
conju ative oxddstive phosphorylation during emos: the

gnlsm to lonization. These anthors consluded "*"r‘é.cii - ien
suppresges inorgonls phogpbate binding, ccupied with substro o
omﬂwvmtytmwm:vamnu@(wdmm,lwew wmuﬁ),m
mitechondria isclated from izvuue {smhegn)

it wao’demcnatrataa, uh”i ocal irradistion of the cevg-
bellun and cerebral henmispheres Sh&?plj‘iﬂﬂ’ ited oxidative
phoapherylation,

EJ‘\".

‘.d (A

il

It weuld be inleresting o gee, which of the hospharyiive -
fracgtions ig most derany rai:oﬂctivity. 5

Aegearch ethbda anﬁ Herdwtn

Hark wee concacted on gudnen plgs, primarily males, welghing
Trop. 250w 280 (1, and ma‘nt;1h~< o1l anker&zualg &&bﬁ“atﬁfy diet.
The =ulmels were subliaeted to irrediation by = AR5 apparstus
with the Inllowing tecimiczl specilfications: Gurront - 1% ma
(0512 lanoeras), taue Voltage e 100 kv, £ilter - 0.5 m Cu,
doss capasity e 129 v/uin,

Total irradx@tion dose 1o the test anlmals was 1000 r,
L0000 r_dose to those with an irradiated cerebrum, and a 9000 r
dose ZfS@F Noﬁﬁ;7t0 those with an irradiated cerebellum. Liver
anl cerebeilum tissue was examined. Andmals with local cere-
bellar irradiation were tested on the sscond day after irradiation

. -8 -




at the moment of severest cerebeller derangement., Cerebrally, as
well as totally irradiated animals, were tested two to five days
after irrediatica and latar, After welgidag, liver tiecsne was
homogenized with & four part volume addition of n 0.25 solutier
of gucrcge; cerebellar flssue was homogenized with e four te  ve
part volume additicm of a 1.1 <= 0.04 % solution of KGL at a 1 of
744+ The homogenired paste was centrifnged, sad the deposit wms
used &8 a ferment preparation. An incubeting mixturs wes prevared
in the following proportions: 0,5 wl 0.1 M solvtion of MgClos
0.5 52 0.025 M solution of ATP; 7.5 ml of a vhospbate tuffe at
Hof 7o4 ( 20 md of a 1/30 M solution of KHpPOu; 80 md of &
?/BO 4 solution of NaHFO,}; 1ml 0,04 M solution of succinate, and
0.5 wl 0.4 M solution of HaP., 1 ml {3 ml) of the salt soluticn was
uged for the incubation, to which was cerrespondingly added 1 ml
(3 m1} of homogenate frem cershballar or liver tissve, respectively.
trarirg lhe incubation, giucose was added to the mixture % & eoile
putation of 15 == 30 mg per test. GClycogen, computed from 15 mm
20 ng per test, vas added during imcubstion of the liver tissue,
The ebove-nsatloned glucose was added to ineubating brain %isaug?
Seversl tesls were Incubsted with additions of bromscetste and
hexckinnse,

( [ Bote_/ Local irradiation of the cerebellum wes cendunted
b7 the method developed by P. I. Mipayev ).

Lexokinaas was added to intensify the process, snd the added
CHoBrCOCH stabdlized the process during the formatlon of the
phosphotricses. The incubation was corducted in areall oxygon~
saturated flasks for s peried of 25 mimutes at 37°/0 /. The degree
of phosphorylation was determined by the amount of bourd inorganie
rhosphorvs.

In the tests without the addition of hewwkinasse, the mi-
neral pboaphate decreszs in cerebsllar tissue was approximeiely
egulvalent to one mg of phosphorus, and in hepatie tissue, equi-
ealant to three milldigrenme of phosphorus, :

Tects condueltsd iv & nitrogen atmosphere did not give
milar resvits. Pacsphorylation was shown to kardly scceur gurhng
incubation of bLrain tissue hemopenates vnder suasrohls condd Lions
(table 1}. , .

Tabhls 1.
The birding ol lnorganic phospborus during incubztion
- of btrein and hepatic tissue in oxygen and nitrogen at-
mospheres { average dats for thres trisls )

Materisl examined Binding of inorganie P in mg per tesh

Oxyzen | Ritrogen
Gerebeliar tissus . o « 0,043
Hepatic $icaue o o « « » o83 1.98




This gave us the basis for considering that phosphorylation
of carbehydrates (glucose) in brain tissue, procesds only via the
oxidative route,

The phosphorylation of glycogen during incubation of hee
patic tissue occurs both in a nitrogen ard oxygen atmosphere. It
is however lesa intensive in the former case {szs table 1),
- The basic preblem of the present work was to fractions

ivids the phoapnorus compounds formed in cersbellar and haps
tissue during incubation in a 02 atmosgphere, wnder normal cone
ditions and efter irradistion.

We conducted the fractionization by the Sacks method, which
was proposed by him for the determirztion of phosphorcous conpounds
of the liver, and modified by N. P. Meshkova and N, V. Aleksalkhina.

A general barium precnmmuatﬂ of wheﬁwno ‘ous compovrds was
formed and divided in%o two Ifractionss }bcspharous conpownds of
whleh barivm end caleiuwn salis are insolulile in water (Ba == Cn
jusoluble fraction), snd phos Dﬁﬁ‘Du, comnourds of wiieh bardl» . nd
celeluwm s2lig are soluble dn water, but insoluble in sloshe’ (Ha w=
Ca soluble fraction), ' :

The Bé e« Ca insoluble fraction was found to contain phos-
phorus, inorganic phesphorus, adenosine die and adsnssing trie~
phosphate, and phospooglycerclic acidy the Pa - Ca soluble
fraction was feund to ccarsin phoovhorous, &Gﬁhyulu asid, giie
cose=lushospbity, glucose-dmphosphale, fructoscmbmshosphate, snd
glyceryl phosphate,

Evperimental studies of the vhosphorous componads shoved
that, eitrer in the abizence or presence of morobromoscetic seid
in cerenellar tissue uader rormel conditions, the diminishing .

amount of Inorganic phoschorcus wag foumd, primarily in the form
of fructose divhoaphate;

Saller amnuﬁts of phogphorus end up in difficultetoe
kydrolyze ssters (phospho=glyvecrolis acid and LiyveryL vhosphates),
and in glucose»imphss?“atu? glucose-bmphosphate, and {Tactossmbe
phc&phﬁte. The amoun™ 0 ATY deecrsasses in the incubation prceess¢

In btﬂf?ﬁﬁﬁ the wrozrhorous conpounds formed during i
bation of irredisted cerebeilar tissue homogenttes, e %¢scotﬂr d
that on thu second day folleowing irrediation, the primary dermnge=
menis were in the formation nx ff«“to an;,C Hivhesvhota, The
fornation of this produst 3 Ly dnmitdted. The fommation of
othes phoenphorous oor o uimﬂlﬂ&‘ub~sz irhibiled; boh to
& ruch J”“SG“ degres, hese ivelvde: picsphoglycercls é
glycnyyl vhosphole, plusoss n";ﬂﬂ“hﬂdhb, slucosemimihos)
frUCuGSumGM’Y‘SFh te,  No distinet changes in the ATP = ADP wm

ascorbice asid systen were dige o»afed during irvadiation of the
cerebellun (see disg. i)a '

In the presence of b*cmpﬂntatas the formation of phosr
glycerolic acid and glyceryl phosphate is reduced, and all pro-
cesres are converted to the formation of fructose diphosphate.

- 10 -




The inhibiticn of fructose-~i,é-diphesphate formation by radin-
activity iz quite aprarent (see disg. 2).

Two days after local irradisiion of the cersbellum at a
dose of 9000 r, there was noticeable cersballar swelling st the
time of severest cerebellar disturbances, This forced us to make
determinatlons of the dry residus of cercbellar tissue under nore
mel conditione and after irradiation.

Below, we indicate the content of dry residue in percenw
tages of wet weight (table 2).

in a dry state, equivalent te 16.9 ¥, irradisted cere-
bellar tissue increased its humidity, in comparison to the normal,
by 23%. In a dry state, equivalent to 19.7%, the humidivy is in-
creased by 10 €,

A1l the results of experiments indicated in diagrams 1 and 2
are caleulated on the basis of cercbeilar damp welght., 1In diagrams
1 end 2 it is distincily clear, thet the Mnding of mineral phoge
phate i3 inhiblted (in comparison to the contrel) by 74 to 56 per
cent at the time of severest cerebeliar decangenent and by 49 *o
33 per cent at the time of moderate cerebellar derangemenv. . one
takes into account the edema of the cevebellsr tiecsue, then hhz -
inhibition of oxidatlive phosphorylation during severe cerelullar
derengenment, will be appréxinately equivalant to 41 to 33 per cend,
ard in moderate derangement, equivalant to 39 to 23 per cenl,

[Continued on following page]
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(1) ATP (3} glucose-b=phosphete

Begidea carebsllar tissue, two days afler local lrridiation
of the cerebellum at a dose of 9,000 v, ithe hepatic tlssue wes ex-
aplnad. During Sreidiatdion of ths ceretvellim, carbobyvdrabe e phosw
phioreus metaboliam i3 snot significauntly iphlidted in the liver.

Hors marked changes iv the dlstritutdon of phosphorous fractions
were discovered on ths second and Mfth day of total aniwal 11
diation at e dose of 1,000 r ard dquring cevebrel lrridistic: v a8
dose of 4,000 », In determindng the phosphoroug compounds ‘o

ag o result of hepatic tissuve carbohydrate e phosphorous mels
Tamn under normal condltions, we found that almeat all bound incre
ganie phesphorous 15 leocated irn fructog diphosphate frecticns, and
a very smell part of phogphorous ends wp irn wonophosprate estera.
XeRay irridistion, as in local cuposure of brain tissue, primarily
deprassses the formation of fructos diphosphate. Tn Alsgrasus 3 avd
Ly the ifference in the formabtion of this compound under norawld
conditions and after irridiatlon is clearly demonstrated.

In comparing the distribution of rhesrherous compounds in
rebellvm and liver, we must say thet 1T the procsss of frucios
yaphate formation In cerebellar tissve durdng local ivredicion
1bablished throngh a detarmined intervel of time whils regbor-

- cershellar fumddlons, ther its formation process in the ilver
eages daily 85 a measure of the animele spproaching death.

ers able to obmerve this significant differsnoe only at ithe

of radistion sickuess,

TABLE 2
Content of cershbellay tissue dry residue before and afllar

Heterial exsmwined T Dry residue in &
of damp welght (sverage
. anmgunbg)
Cereneilun of control smimal #1.9
Cerebellum of experimental animsl
on the second doy aflter irradistion
{severast cercbellar disturbsncesn) 16,9

Gerebsllun of experimental animali

on the second day after irrégdistion

(nodsrate serebellar disturbances) 19.%
Cerebaslium of eyperimenial animagl

enr the 14th to 246tk day after irrge

dlation {after cstablishing cerebellar

frections) 212

"'130»
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Woegs 3. Belstiopship betus y}?ﬁmﬁpb,‘ us eanpounds  aed -
in hnevatd o tdssue wader noined conddtieme (1) and after ire wdiation
st & duse of L,000 r {7 cate represents four triala. _ -
Diage 4e Relailiornghip betwsen phos pnoruag uumpounda Torined
in hepaiic tissue vrder nomal conditicns (1) and afier iriidiae
tion of the animsl s lutaed head at a dose uf 4,000 v {2) data rem
pregents two Lrials. ‘
Symbols nmre the sape in dlagrams 3 and 4 as thoge in dlagram
[ ' '
The exnﬁr'rhﬂ»a_ material for fractionating determination
of phozphoroun soupounds, made posslble by clarilicatlon of a g
ber of car menydwagv'w» ?hun horens metabolic pscullsrities in cevew
tmﬁ,mﬂ'wm o tigsue. Along with deawmﬂmumd}wm&uwiue
in the dic trnzt“l o of khas mhorous Tractions formed in thess organs,
we vers abie to obsgerve that radioactivity primarily dlsrupils ths
format.eh of 1xuntece diphesphate, ‘ , -
neiuslons »

>

'Ee Dm:.m losal cerebellar iryidiation at a dose of 9,000
7, the exidative snd carboliydrate - phosphorous metalelisn is
sharply inbibited two days after irridistion of the cerebaliar
tissue, '

2¢ In drridisted cerebellar tlesue the formetion ol fruc-
586 we ,H =~ diphosphate iz sharply inhibited. In additlion to
the fructose diphosyhats, bk in & ﬁignif*cantly iesser degres,
the formation of other phc,u'ra}m*‘om esters is also inbibited, These
include pheaphoglyceric acld, glyseryl phosphate, glucose-iw-phogphete,
glocose~buphogphate, and IroctoseLophosphate.

3. In the casgse of nonobromacetic aeid , carbolgydrate -




phosphoreus meiawmlism ig directsd to the formatlion of fructose=
diDthpJGuQ in which case the Inkilys

ition of thiz souwpoundis fop-
mation is sharply aflected by radicactivily.
he An insignificent inhibitiow of carlolivirate e phogphor-
ous metaboliem was fournd in hepatis tissuve Suring local cercbellar

irvidiatlon at a dose of ¢,000 ».

5. The bi: 3Lnﬁ ol m“nﬁ“ﬂl vhosphete in the 1l

sharply irhibited during irrvadisiion of intcnt bead at a
of 4, 000 r and alse twe to five deys afier foxald irridi tiﬁu o8
the aminmal ai a done of 1,000 v, as well e&s ot the pesk of o dlgw
tion sickness.

b, Eot; i the liver and in cersbhellar tissue the Tormablon
of Irustogewi,b~phosphate in primarily derangad,
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FHAYMATIC FOTMATION OF HEMDLYSING IN ﬁEPnT.uﬁi EURi
IN RADIATION 510KME“”

I EE
SSylloving 1o the ‘transiation of an ariicle subitied
"l arment Ativncva obrazovaniye gesolizinov v theni pid

nhevor bolernd® {Haglish version above) by V. B,
21) evolenskiy in Voprosy Mediteinskoy Ehind (P"‘t}bf.w
T Meiland Che *‘%‘w),, Tol &, Mo 5, Hoaﬂaw, Bant-Oot
9;1-% pager 4E0 1o 483,

Fad :; [ R

Studies of the 1rvouriles and netuwrs of the hemolyvitic Tactor
of irradiated animsl ¢ & bhas ghown that it doess not in any wey
differ frowm normal tissue henolysive which are forwed in the vost
mortem autolytie dlsintegration of any tisena, From this fast carme
the eum}caﬁ.c\.cm that the wroearaace of the hmﬂy tle facher in an
irradisted organism iz tied to the intravitsl precess similer o the
gulsiytic one. In san irradiatsd orgendem, the inmereass in feorment
aclivity wiich sonditloms the formetion m’ tisene hanolysing, must
‘be ohserved. Cismcification of thie pxoblw ilg the object of the
present Work, »

Regearch mthceds

In ancordanee wilh contemporery nn”i;_om, tlesue hemoly '3

re to be found in all ddssumes in the form of Ylipld compoun’ ;| Ulte
antureted Tabty scids, lysolecithine, snd sternids. Howsver, they
de not develop hengliyiie properiles, sinea they are ot iy proteine.
sholestercl, saleivm and a wusber of other '@matanwa,, Tasss ties
are dieruptad during various phages of intravitsl and posi uortem
di.sinﬁeggmﬁbn vhich Jeads to the release of lirdd hemoIyzing and
develoment of tlasue hemolytds ac't‘ivﬁ.tw It i3 conmidered that
tﬂe somplex Alslntegration of 1ipid hemoiysins with thelr Inbidbitors,
ocors as o resuli of the ashlon of sutelytic ferments of the type
prete&seg lipase and phosphotase, The w‘uw diversity of ferment
regetions arising in such cazes Is far from being studled conmpletely.
Therefors the present resgearsh was conductad by & method which
wruldd at Jeegt sllow & determinetlon of the total fermenting capaw
pllity of hepaids waber - salt extrsets to relesse tlssue hemoly~

it 16&
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experiment, Measurement of hamolysls was made with a neutral light
filter in cuvettes 1 ma in thickness, E‘ach of the exsmined soiv~
tlons was rechecked five tines.

During the experiments eash of tl"e solutions was measwured
for pH before and after incubstion. The pH neaguremsnt wes made
on a light potentlomseter with the ald of a glaas elestrode. During
tha period of ineubation, the linits ¢f pH chonge were from 6,6 4o
Heke It was experimentally established that such pH variations
ia the solutions do met apparenily indiecate the magritude of their
hsaolytic activity,

The experiments were conducted on white male rats woighlog
feon 120 4o 160 grans. The experimentsl rats wers irrsdiated with
an X~Ray spparatus FiM=3, under the following conditicomss foosl
dietance AI} o, suer ent 15 ma, tube voliage 180 kw, filter 0.3 mm
Cu 4 1 mm AL, dose capacity 29 Yo 30 r/min. The genergl irradise
tion do"w w58 aqaiva;.er‘b to 1,000 v, A% this dosags, the rats
naasily I ¥4 to & daye afber exposure, The irrasdiated exnimals
WIrS }v* LN of decapitation after 5§ mloutes, 1 houwr, 1,

2, ; i~vxnp irradistlon.

i owag slmiltenesusly placed with extrasts from
sddewe i) and experimentel (irradisted) rate,
Both of these suiou @ added bo the seme superpstant and wers
tested on idenbtical 24 Liybes, A gindlay organizsilon of
periments pernitted o o mnnanion of the fermanding activi < of
the tested extrachts rolatdve Lo the contrel, with marimuom su ursey.
Taking into eccount the impoesibility of obiaining Patsrdoasd®
erythrocytes, ithis method wmay be considered fo be most relisble,

In experiments with hepatic aubtclysis of nowmal rat& test
sanples were taken from the same heﬂatic homegenates sfter 1, 2,

3 and 4 hours of incutation at 38%, From these test.samples g, water
= salt extracis were prepared and examined Yy the uwsval method,

The data of the experiments are given sceording to the resuits
obtained in the examinsiion of extracts from freshly obteined liver.
The work wes conducted on 112 rats.

Research Hesults

As a ruls, freshly preparesd water ~- galt extracte of liver
of the experimental and control rats did not possess hemolytlc asce-
lvity i owr concentrations. Bwcepbions to this rule were oxhibe
ited when extracts were used from liver undergoing lengthy sutoly-
gis or from rets in the transitory state of radiation sickuess.

At the time of the addiilon of these extracis to the supernatant,
erythroeytic hemolysis was distinetly expressed. The capability

of producing hemolysing from the supernatant was equally pocssssed
by both the extracts of irradiated and vonirradiated rats, However,
in the first case the amount of produced hemolysins was, ag o rle,
greater if the magnitude of observable hemoliysis is to be consider-
ed. Normally, hymolysis is observed on the addition of control ex-
tracts, equivalent %o 16 «= 22%, in which cage the hymolysis was

the ca”??al xnnﬁ by
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1} to 2 times greater than the control when additlong of exparimen=
481 extracts were used. The results of these experiments conducted
with extracts of ret liver, where the rats were killed at wverioue
stoges of the radiation slckness, ore represented in the diasvem,
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0, & 75
Sumary ferment activity of water - salt extractsz of liver,
conditioning the formation of tissue hemolysing during the early
stuges of radiation slckness of xais (in percunioges of norms” .at
hepatic extract activiiy).
Legend:
{a) fetivity (in % of the pormal)
(b} HMinutes
{¢) Hours
(6) Days
A curve constructed on the hasis of the averege date of ithese
experimente indieates, thet the ferment activity of hepatic eriracts
conditioning the appeorance of tissus hemolysins during rsdistdon
sickness, graduslly increases and reaches a maxinmtie on the secrnd
to third day. Prior 1o the ardmals' death it decreases sovevtat.
The sctivity of hepatic extracts of rets, killed 5 ndwotes
after irradiation, decreassd, in & number of cages, iu comparison
with the cbserved activity of normel animals.. In contrast, in
other cases it wag inereased, Therefore, during this pericd of
deterninations no changes were observad,
The results of hepatic extract fémment activity dsterminae
tions at varlcus stages of autclysis are represented in the takle,

- 19 -
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rocess of hepsw
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sha {in pereentages of ac

(v) = AURBEY .

(o] Comirol {fresh oxtract),
(8}  hutelysing extrechs.,
{e) Hours,

(£) Average.

From the indicatasd date, 1t is apparent thelt the capability
of the autolyzing exiracls to relsese Lissue bamcolysins variss
greatly Trom sxperiment to experiment. Howsver, the directionsl
change in the avitelytic process remsins conzbant., A first a
emall inoreaze in sctivity 1z observed whish soen bocomes e degresse,
This dooraase is lower than the activity level of Lremh exbracst.
Trherefore, the erhange characteristics of ferment metivity, cone
ditiondng the formetlon of {tissus hewolysins, are defimitely simie
> te the dyramics of thls chenge indicabor in rediation sickness,
The difference primerily lles in lhe intensity of irditlal activity
increase and subgequent deorsase, '

in auntolyslis the former is less significantly expressed then
during radiastion sickness. On the other haad, the final deovreases
talres place more &harply. " -

Dincussion of reswils _

The results of our experiments confire the supposilbion thet
the formation of the hevolytic factor in redistlon sickness is
tled, to a slgnificant degree, to the activity of antolytic Fermeubs
viich cause the disintegration of tissve henclyein complexes with
thelr inhibltors. Tn the process of radlaiion sickness, it was

' w 20




found by a rumber of authors that proteese, iipase ard phosphatage
partici;tte in disintegretion marked hy an inersass in the wotivie
v of dndividual ferments,. Similar sppesrances of certein fere
ments are observed in stvdying the disinbegration of twsue, such
as for example adencainephosphiotase and depolymerase of muclels
acids, These do not directly par uwlpc.pc in the formation of the
hepolytic fuctor. Therefore, the inereasge in ferment activity cone
ditloning the disintegration of tissue eiudlar to that of autoly-
sls exhiblis wide distribution in radieticn sicknsss. Normally,
such an inecrease occurs only at a ceritain peried after exposr  and
becomes qtr'onff@st 2t the peak develorment of radiation sick:w is
Prior te death tne activity of the above mentionsd Ffervents
ereases in ﬂm majority of ecases. An analofole ApPD arance Was ole
served in our experimenis, '

Simiiar dymanic changzs of summﬁy'fe”wenu activity, oone
ditioning the appearance of tissue hemolysine, is observed in +the
post mortei am,o_*.ytm crocess dn liver ﬁ:f‘ normal avimals, This
sorves as an additional confirmetion of the fact that the digine
tegration process in the irradiasted orgenism procaeds acemr&ing Lo
the autolylic mechanign, This process ; however, caunot be sbsole
uiely confimmed as sindler to post mortem avtolysis. This is
clearly apperent even though some changes discove:c's:«.u by us are
fowd in ra .,.auon sickness and sutolysis.

Gonclusiong _

T In Iiver of irvradisted v

o
[e R
-
Foe

bs with Ze-Rays (dose 1,000 »)
ar increase in the hepatle ferment activity oceurs one hour after
exposure and ls chser vad for & period of 2 to 3 days prior 1o the
aniaalst death; their swurary setivity somevhat decresszes,

2. &4 lesser supressed increasge in activi ty of slnilar fer
nents oceurs in the initial period of post mortam mt*l‘fs.us o nor-

nald wat livers In the later stages of autolysis, ihe activiiy of
thete Terments sharply decreases.
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In cur previous work, deeling with the effoct of | -~ aund
wraye in lethal doses on the formation of the nain end copver.
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administration of a uric acld sclutien; calceulated on the besln
£ 1 mg per 1 Kg of anlmal vwelght.

The wrie acid sclution was prepared in the following nunmers
200 mg of uris scid were dissolved in § ml of & 0.8% LinC0q solum
tion at 609Z§;?, and filtered through a Seitz filter dnte & Flack,
containing 20 ml of a 5% glucose scoluticn, Ome mi of this sclution
contained & mg of uric acid.

After establishing the conceutrstion of wrde acid and ale
Jontoin the gerum of the dogs wnder normal conditions, and five
nimtes efter the admindsiration of uris ascid, two dogs were ire
radiated with ¥~rayz, and four doge were poimoned with polondum,
The irradiation was conducted by a FE0~2 apparaius with a doe<
eapacity of 460 r/min, and with an irradistion time of 52 & .uis,
Irvadiation vus st a doge of A0U v, The animals dled an the %th
and 10th dzy following irradiztion. Polowium was sdalnistersd
subcutanecusly on a calculeted beeis of 0.1 microsurie per Eg
of body welght., The animals lived for 16 te 20 days, following
the aduiristration of poleonium.

Regearceh regulls

The table shows the average dats, compiled during exsam’nae
tion of heslthy dogs before and after uric acid sdumindstrationg
on the uvic seid and allantoin content in hepatic aflluent and
effivent tloecd, It can be seen that the intravenous administree
tion of uric smold coused an incresse in 1ts concentration in the
vicod of 81l vessels examined by us. We observed uric acid vre-
tention in the liver of healtby dogs, both befors and after ade
minstration of uric asid. An average of 0,18 mg % of uric scid
from the Blood was taken up by the livsr prior to administrotion,
and 0,25 ag % aftor administration. The intravencus adminigiration
of wic acid scluticn alse caused sn increase in the lcod cotie
centration of allantoln. This is confirmed by the fact that part
of the admiristered uric acid was oxidized to allantoin, We did
not obrerve any hepatie ellantoin retention. On ithe econtrary,
thore was some releass by bthe liver. An aversge of 0,31 mg % of
aliantein was excrebed by the liver inmto the hepatic velw priow
to administration, and 0.38 ng % after administration. '

The resulis of these experiments indicate, that a vother
large admipistration of urie acid, under normsl comditicns, did
not cause any roticeable chenges in hepatic function, and that
only part of theVrlic acid was owidized to sllantoin in the liver,
and this was, for the most pert, readlily removed ficuw the orp ~iam.
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[gbllowing is the legend for the table enbitled "Uric acid and
allantoin content of hepatic affliuent and effivent blood of dogs
under normal conditions, before and after administretion of urie
acid to the orginism (in miiligrams percent)._/
2} {(title as above)
b) Animal name’ .
¢) Number of trials
d} Uric acid contentd
e) Allantoin content
f) Hepatic afiluent blood

¢

g} In hepatic venous blood
h}iﬁepatic retention
, )
J) Hepatie secretion
k} Normal
1) 5 min after adpindatration
m) Mart /fSee nots/
-L) Akbar
o} Golubka
n) Staril
q) Martyn
»} Pushok

Averags value
hjtg7 The urie acid in Mari's bloed was determined 110
minutes after admirdetration .

X\'EQJ
&

Diagrem 1 conteins data characterizing the changes in ho-
patic uric acid retention during the develeopment of radiasticn
gickness in each dog poisoned with polonium, before and afier
the admninistretion of uric acid. The data indicate that twenty
four hours after polonium pcisouing, hepatic uric acid retention
folliowing administration, incressed by one and one-half to two
tines over a pericd durin which there was bardly any chaunge from
the nornal, prior {o aduminstration. This ratio in the hepatice
uric acld retentlon before and after administrution, was observesd
in the dog "Slazik" up to the tenth day followving poleanium pr
soning, Urle acid reteation by the liver decreased on the fvuth
day in “Pushok" end on the scventh day in "Hartyn®, in compsz:ison
to the first daye, bal in both cases posteadministrative hepstdc
uric acid retention was twice as large as befors adminstration.
In subsequent periods, uric acid administration brought aboui an
oprosite effect in all three doge ~- in response to the intrie
venous adninistration of wuric acid, the liver did not incresse,
but decreased retention of the former. This psradoxical reaeticn,
on the part of the liver, was cbaerved in "Golubka" during the
first days follewing the administretion of polonium.
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Dizag. 1. Changes in the retentlon of uric ecid by the
Lo i~ A -
liver of doge poisoned with polerdun, vefore {clear now

=
lumna) and after (hateh2d oolumng) adminlstreiion of
uric soid,
Logend:

a} Uric acid in mg % &) "Coludkal
b) days of triel £} "Starik®
e} Normal everage g} "Martyn¥

d} "Pughok®

Changes in the hepoiie uric rebentien in the dogs 1rrae
disted wvith Zerays weve of the same charscter as in thoes 1030
gonad with polonima, 4 slight veriation, however, consisted of
the fact, thed the incresce in hepatic wric anid retention after
administration ( after five minutes in "Ekbar®, and after ten mi~
nutes in "Hart®), in comparizon to uric ecid retantion prior o
admlafstration, was nctlosd on the third and £ifth days, and the
paradoxieal hepatic reacticn was observed only drmedliately
prior to desath.

Disgram 2 contalns data on the changes in nopatic allane
toin excretion in dogs polewned wath polonium, The allantolin
blood content was not determined in aviwiles irradiated with o
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Twenty o . r polowivm Do g in twos of the doo
{("Pushek® snd "3tarik®), the adudl & of urie acid causad

hepatic exovetion of all Qrtown? zba it two other
and "Colublen}, hepoti

&
¢ exerotion of allantoln dew
iy lloving uvrie acid aduinistration. Subseguently, daring
entire period of s;cknuss, a1xd Ch3340bw.JmhL of the experi-
mental anineist? dncressed eworst vhodn, the inlrae
venous adninistrotion of wric a arenge In 118 o
evetion by the liver. In only _ 2rik? we on the
tenth day, and Golubks -~ on the siztecnth day), was an osposite
elifleat uwS%TVOdy i.2, the cdministration of uric acid stirulated
the forrotion of allantoin.
fcuﬁ&%&i
1o In the exverisents on dozs
irr diated with fuvrya_ hepati
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EFFRECT OF CYSTMMINE ON THE LIVER AND SPLEEN
CONTENT OF NUCLEIC ACIDS IN TRRADIATED RATS

53R~

zﬁ%llouing 1ls the translatien of an srticls entitled
"Vliyaniye teistamins na soderszhaniye mutleinovykd klse
lot v pecheni 1 selezenke obluchennykh krve" (English
version abava) by V. Go Viedimirev in ¥Yoprosy Meditein~
skoy Khimi (Problema of Medieal Chﬁmiutrvs Yol 6, o 5,
Hoscow, Sept-Oct 1960, pages 501n505@”/ o

At the presant time, imporiant discorders of nuslelc
matabollism have been established in axn irradiated organiem.

These sre primarily manifested as disorders in the process of
nucleic scid (NA)} synthesis and as concsntration changes in the
tissues,

The favorable effect obtained by the prophylastis adw
ministration of certain serun substances in proitecting anirels
againgt lethal doses of penetrative radiation, has crested it
terest in the study of the effect of these compounds on the content
of KA in the wvarious tissues of an irradiated orgenisna,

In resenrch of recent years, by means of obgerviog the
splesn and hepatic content of desoxyribonucleic acid (DNA) and
ribenucleic acld (RMA) in irradisied amimels, evalvation has “oen
made of the protective activity of & number of substances,

The best pr teetive alfect war obbadnsd from eystamins ( O 22 o
ethyl amine), whick markedly blocked the gplenic decrease ol MHA
and normalized ite content in the liver,

By means of labsled atoms, there were attempts to explain
the effect of these compounds, possessing protective properiies,
on the gpesd of HA restoration in radiation sickness, It wis
shoun that in the case of DNA excreted by rat intesiine, DRA
a;n+bﬂsi« wes less suppressed in anirals to whom cystoine wag
vrophylactically administered, than in those wbich wers unpro-
tectad, 4

In the present work, a siudy was made of the degree of
the protective effect cystsine has on hepetic and spienic HA

- 30 -
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T&ble‘ 10
Amount of NA in the spleen and liver of healthy white rats
( in milligrams per 1 Gm of raw tissve weight)

ég}w%vww &£>i C:> AHK . (g;) PHK o <g§ §
Koas- N @ b .;
Cpraw n‘::‘f(l:!?r? npe&eau Ko gEJee apscp- mr KO- ppe‘&! Apn- T;igi"
HeiK | neSaHER . uerﬁq:fﬁoe .neﬁd.ﬁu’l Mﬁiﬂ;’iﬁf
Cenesenka . . . . . .| 25 !4 4510, 3; 547 4,0--8,05 58 10,9
A . . ’ {0, . (-i:“ 2) )
(Onesess . ... .| % | 1,30-2,38 | 1,8 4,0-7,4 3,
: ‘ (jﬂhOG) _tO
1 | i '
e
v mesiy ) ]
- nin—1) ’
Legehd:
} Organ ical mean
b) Humber of ani
c) DNA
d) REA
g) Limits of variation
The sp“nhLo content of DA avernged ée47 mg, and the ENA

content was 5.9 ng per 1 Go of raw tissue., The average heratie
concentration of DNA was equivalent to 1.9 mg, and the RNA, Oug
per 1 Gn of tiscue, These figures coincide w;th those of the
litersture. For exampls, an average of 7,711 g/m of raw tissue
of DHA and REA was Found in the spleen by Mandel and his co=
workers, Schreider indicates the follqwmg smounts for the
livers DNA == 1:94, RNA =~ 5.2 ng/tn of tissue, There was &
gonevhet lirger guantity of f{NA obtaincd in other works. However,
it should be rewembered, that the RNA co wbent larzely deoend on
the diet, age of the aninzls an? other lactors.

A reducticn in the splaen CUntPnt of DN& wag noticed 24
hours after irrsdiation of the enimals. By the third day, the
anount of DNA wes ot its lowest lewel, an average of 3.06 mg/Gm
of tissue weight. This wss approximately 47% of the non=ir-
redinted rat level {sec table 2).

There was a subsecusnt gradual increasze in the DRA content,
but comrlete normalization did not even cecur by the fourtsenth
dny.




Tabls 2.
Amoaui ¢f NA in the sploen of roats irvadinted at o dose
of &00 r (iv riliigrams per 1 fm of raw tissue welght)
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L0261
t . - . N . o H
3 | A 3,06 2,6--7.06 1,3
: ,
: 0,24y ! :
6-e 12 3.80 0 13 B8]
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1
. |
1 11
l4.¢ | 13 3,24 6,55 | 5,12 I 4,0-8,76 1.4
| 20,30 |
| ! |
| | !
legends
&) Daye ofter irradistion
L) Fupber of snincls
¢} DA
4} BE4
e) RML/DHA
£) Limits of varis«tion
g} sriihmetics] mean
The ameunt of RYA in the spleen alsc deeressed durlrs the
first days following ifrdilﬂhsﬂ”g hovever, not as sharply as
Y

in the case of DNA, By the sixth dayi the splende amount of RUA
wes restored, end by the T4th day, lts level sewen exceedsd, by
approvimately 137, the average level of healthy dogs.

The effect of irradiastion on ihe hepatic conceobrotion of
DEA wae reduced, Howsver, ths reduction ving less distinet than
ip the splsen, but the normalization of DA 4p the liver was
more pronnunced (teble 3.), The changes in h@ngtic ENA durt o
irradistion differ somewhat {rom those obas-ved in the sple .,
Frow the sscond day, iu the case of the w;«e“, there was & K4
irereass, which, by ihe uinth day, veached a meaxioum, and sxceeded
the normal by more than 609,




Table 3Q ‘ )
Lnount of NA ia the Liver of rote lrradistad at a dose of

3 ',2 0‘95““1?93 ) l< . / (
Yo o 14 ,83--2,4 1,39 4,288,328 ? r)) |
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Legends As in tabls 2,

Having obtalned the NA contsnt change in the liver and
spleen during the course of radiation sicinecss, we aibtempted to
prevent thelr reduction by means of the prophylacitic alninis-
traticn of cystamine. The protestive sctivity of cyshemine .3
determined on the 2rd, 9th, aod 14%h dave xn‘Lﬂman irradia-ion
of the animele., In s like manner, it was delterminmed that 4e
grestost variation changes. of HA coourred on the 2rd day, toth in

the liver and splsen, and that on the ninth dey, thers were the
dlstlnct characterietle prncms"“s of normalization of NA content,
Finally, it wes of intorest fo kiow ia what manner could

the prouhylactic sdnivdetraition of. ﬁyviwmdnc predlct the Wi
centent in the organs under study, at future Gmteﬁ. The deta of
this serlies of cxperiments ave presented in table 4. It 38 ine
terssting bo note, th.t a @imilar biphasie imoreamc in the DN
content was oaserva1 in radiosengitive orging, when using cystas
mine solutions as profecitive.
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T:’lble 4»
Amcunt, of NA in th

e goieen 'Wd liver of ivra viatea rots
to whon a prophyviactic solution of cystanine wag adninige
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A can bvo geen I
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By the third day, f

s the pro: Jn Flactic adiinige—
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By the ninth dgy, ac d2 stzpciﬂvb affect of eystaming on
the DHA content of org ng under study, vwas observed, By thils
time, the amo'mt of hepatic HNA in the protached ardmals was
semewhnt less (by 25%) uhan in the control. By the 14th day, there
vas ohserved o snell new increscze of the DHA level in the spleen
cf tle protected anirels. It is conslidered that the incresase in
the DHA level, observed in irradisied animals by the end of the
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second wesk, ig cornditioned by intensive tissue regeneration,

- 35 .




originating in the protective cells.

The mechanism of the protective actlon of cywtamine, as
well as cysteine, is not yel sufficiently clear, Ferments, cone
taindng 8H- groups have boen founl to be most sensitive to
lonizing lrradiation., Under the stimulation of penetrsting
radiation, in soveral caces, thers was oxldation of Lthe SHe
group to disulfide, in other cdasss, several fecments were tonw
verted to restorative procssses. It may be aspumed thet the
positive eflfeet of admirvistering such compounds contained in the
plasma, in radiation sickness, is tled to the ablliity of thess
substentes to maintaln the intra-cellular thio feruents whlch
take pard in HA synthesis. It must slso be gonsidered thwt
compounds of a similar type can influence the level of oxidsative
restorative proacesses, or lnterast with the oxidizing redicals
forned by irrzdiation, ,

However, whaltever the dlsruptive mechanian of mucleis
metakoliem may bs, it 1s evident that such disorders play an
importent role in the develomment of rediation sickness, Cystemir
prevents, to a significant degres, NA metshelis disorders, ar’ ug
fram exposure %o penetrating vadistion. The study of the evion
of protective substenses on mevabolism helpe to elarify the
effectlon process meshanism, and facllitetes ithe search for new
and more effective means. '

Conelusions p

1. Geoneral irradistion with¥ rzye of Co® at a dose of
600 r, couses a NA content reduction in the spleen of white a3,
wndeh is eapeclally prencunced by the third duy.

Following irvadiation, the amount of DNA in the liver
decreased to a lesser degree than in the spleen, but normalization
takes plece signifiesntly faster.

2, A vrophylactic séministration of a 1% solution of
cystamlne, on the basle of 100 mg per 1 Kg of animal welght,
significantly provents the reduction of the HA content ip the
splesn, and the DNA econtent in the liver, in the first daye
following drredistion. Ite effect was not dis%inet at latsr
periods,

«
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