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IKE EFRSC1 OP EX'ihfNAL IONIZING RAPiA'HOjv 
ON TH2 PAJVL'ICir.AT.'LON OF IKS LIVER ^klß) XJIT3ÜTINE 

CS LIPID METABOLISM 

/Following is tie translation of s.u. article entitled 
^vlirKrrLya vnss'fmei?o iordsiznr/usheherp isjrchenlya. »a 
rch&Suke .leöherü. i kiKheohnilca v lipidnosri obaexte" (P&~ 
flish version above) by X.». i?.. 3mimov and ?, A« Shaier« 
Ziikov in yoj^£^^|ed^^ar^;^JCMad (Proileas .cf Halloal 
CherdsiryT,  vol. 6» lib 5, Moscovj $ot>i«Oci I960, pages 

Lipid Metabolien disorders coinaRnci considerable interest 
ia studying the uathegeneeis of radiation sickaess,    Icrd.sdng 
radistick inhibits the process of lipid absorption from the 
nasiro-iniefö'biftäl 'tract, aad increases lipid excretion ir "the 
ffjCftv*»    The increase In tho blood concentration of low desuity 
lipnprott-divS» testifies to the fact,, that Äbsrrllalion cf exoge- 
nous lipid.!.? by the orgaK.3 aad tiosues,.- is also sale more diffictO ■ 

On. the other hrad.  a lixaibor of a-ut.beit' brvfl sb^riu  ib=;.t £ol"! ""'lit. 
rs.dirAd.on,  fatty i.ai'ii.trat:.o:a of the liver !•■* obsfervx-scU    I4     ,.*• 
i'-ur thor established,  that thers is SJ; intensified syirhbesir '.'■■ r the 
livpv tuxd certain ether organs3  of lipid rtorrroonente» including 
■um-irs.! fiits. phosphoixpitfs and cholesterol»    Iß the curly stages 
f'cliovirg radiation-, there ;Ia an increase in the "folcod content of 
oil lipid s., including neutral fats art! cholösterol« 

~Th<-:'present werk aitespts to disoover the role of t>'.a liver 
and int*rrttna in the dynaEiiss of lipid- exchange am blood fraction! 
^tioii,  following st;l:iu3.»rttiori by iord siag radiattor,, 

iixpe.viTuerit& rere conducted on tirö jogs, eiigioetmiilse'!;  by 
the i/innon method,,, with our raodifications  (isolated strips of 
errll interti^e were used ^s ca'anv&äe) „    'rfs examined blood take» 
fror the fssoral artery,  the ports]  and hepatic veins.    In the 
collected samples, we determined the general fat content,  the 
füvtovjjtt. of reutpfel fate and esterified cholesterol (henceforth 



referred to as the amount of neutral lipids), phospholipids, by 
the Slur method, as well as the iodine value of* these fractions» 
using the Roseniaund-Kunehean method. The «sained blood wae taken 
from aniiaals on an empty stomach, 18 houzrs after feeding. 

After a standard physical exasimtion, the animals were 
aubj eeted to a general single v«irradiation with Co^° at a dose 
of 300 r and intensity of 450-460 r/mln. Post-radiation blood 
analyses were aade after two hours, 2, 6, 9, 14, and, 22 day». 

Diag. 1, Content (A) .and iodine value (B) of lipids r 
their fractions in the arterial blood of dogs afv. .■* 
a »-irradiation does of 300 r. 

I«— general lipidsj II «—. neutral, fats and as Verified 
cholesterol) III — phospholipids., 
Legends 

a) jng % 
b) irradiation 
c) hours 
d) days 

The res-alts of our determinations indicated (diag. 1), 
that under our conditions, the general lipid content of arterial 
blood plasma in healthy dogs on an empty stomach, averaged 4.10 mg 
%  (from 333 to 5U ag 56 ). Of this amount* neutral lipids con- 
stituted 19? iag % (from 132 to 250 mg %),  phospholipids — 118 mg 
% {from 56 to 174. m %),    The iodine value of general lipids was 
equivalent to an average of 66.9 (from 51.2 to Ö3.9)» neutral 
lipids — 68.5 (froze 56,9 to 74.5), phospholipids — 67.2 (frora 
§4.2 to 77.6). 

Two hours after irradiation, the content of general lipids, 
neutral lipids and phospholipids sharply increased in the arterial 
blood plasma, whereas the iodine value decreased (see diag» 1). 



Two days after' irradiation, the blood lipid and lipid fraction 
content increased further, v'herce.s the iodine ralue aid :iot sig- 
nificantly change * The sixth da? was characterised by.a de- 
crease in t'hs Äcntanii of general Iipids3 neutral 11 pads and 
phosphclipids lover than norüsal, and by aa .increase of their 
iodine 'value sigElficaaU.y higher than the original level» 
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rt I3iage ?♦ Content charges (Aj and iodiro volo.« ah&ntp. ;i ( 
c,f iipids aad their fractions is dog bleed dui-iag i '■-& 
passage tlrrcnigh the intestine, 

Symbol designations are the same as in diag« 1« 

la sxVbßequerit periods (9th sM i/pfch day) fi the content of 
general Iipids}. n&utral Iipids and pliospholioids in the art<s.s:i£'.l. 
blood regained low, bat their iodine value was high, as before» 
In t.ae terminal period of radiation, sickness (times varied in 
different dog»), ft byperlipemie WS.B again observed, that is, an 
locrease in- the concentration of general iipidsf  neutral Iipids 
snd pnospholipids iiigber than the original lev«1»!, and & decrease 
iii the iodine value below normals 

Ike role of the intestine in  the metabolism of Iipids in 
raclib'tio/i sicknoss is indicated ity data represented, in diagram 2, 

Tbe concentration of general Iipids, neutral Lipid3 asd 
phosphoiipic's (retailed by the intestine) in Hood passing tftrough 
the intestinal wail of healthy animals on. an empty stomach, de- 
creased, uhoreas theii* iodine value increased, as did thsir de- 
gree of ^.saturation» 

IVo hours after irradiation, ytea a general increase in 
tie lipid arterial blood level was observed» the intestine further 
increased the blood conceiitratioi) of genera]. Iipids as well as 



neutral iipids and phospholipids. The iodine value of general 
lipids and phospholipids in blood passing through the intestine 
increased significantly leas than before irradiation, whereas 
the iodine value of neutral lipids actually decreased» 

Two days after irradiation, during a still farther increase 
of the arterial blood iipid level, the intestine continued tc 
return general lipids, and in particular, neutral lipids, to the 
blood, although in a somewhat lesser quantity! the intestine aga3.n 
retained phoaphclipids, bat to a lesser degree than before ir- 
radiation. During this period, the lipid iodine value la blood 
passing through the instestlnal mil did not significantly change. 

Six days after irradiation, when the concentration of 
lipids in the arterial blood was significantly below normal, the 
intestine retained a certain quantity of general lipids and 
neutral lipids, and returned phospholipids to the blood. Blood 
lipids passing through the intestine became more saturated at. this 
time, especially the neutral iipids and phospholipids. 

The ninth day was characterised by the absence of any in« 
fluence of the intestine on the level of general lipids and. neutral 
lipids in the blood■plaaraa, and by some retention of phospholipids. 
The intestine, however,"sharply increased the degree of lipid un- 
eaturation. 

Diag« 3. Charges in the content (Ä) and iodine value (E) 
of iipids and their fractions in dog blood during passage 
through the liver. 

Symbol designations are the same as in diagram 1. 
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Fourteen days after irradiation, as the lipid level in the 
arterial blood continued to be lov, the intestine returned general 
lipidSj. neutral lipids and phoaphoiipids to the blood,» and increased 
the degroe of unsaturatior. of lipid fractions!» 

The role of the liver in lipid metabolism ±n acute rad:Utio:a 
siokasss is characterised by the data represented in diagram 3, 

The liver of healthy, non-irradiated dogs on an empty 
stomach, excreted,into blood circulating through it, general 
lipids5 neutral lipids and phospholipids-, increasing their con- 
centration. Consequently, the iodine value of the lipid fractions 
decreased. In this marmer-j the effect of the liver, -antler  normal 
circumstances, on  blood lipids is opposite to that of the intestine 
a© ascribed above. 

Two hours after irradiation, the qxjaniity of-general and 
neutral lipids excreted bjr the liver into the blood significantly 
decreased, uhereas the livor actually retained pho.apholipide. 
This was occurring at the sere time as the intestine was rehiirrrlng 
gonsr.il, neutral and phoepho~ lipids to the blood* Parallel to 
this, there was a belov-ncrmal significant decrease in the iodine 
valus of lipid fractions. 

After two days, as.the intestine continued to transfer go- 
naral ard neutral Lipids to the bloody but 211 lesser quantities, 
and was retaining phospbolipidSj, the liver waä  depleting the 
blood of general and neutral lipids arid did not show any notice« 
able effect on the blood content of phosphclipids« Coneoaitantly^ 
the iodine value of the lipid fractions in the blood passing 
through! the liver;, increased« 

ö:.i the eixth 24. hour period after radiation, as the ii.-- 
ttsulus was retaining a certain amount of ganeral aad Jieatra," 
lipids of the blood, aod tra&sfering phospholipids to the blood* 
the liver vas tranai'eriicg genera], and neutral lipids to the 
blood, while retaining phcsphollpids. As a, result, the liver 
farther increased the degree of unsaturation of lipid fractions., 

Kino ä*yn  after irradiation., general and phosoholipids 
were being mobilised from the livor to the blood, although neutral - 
lipids wf.itimmä  to be retained by the liver« At this period, 
pho'ipholird.ds were baing mobilized from the intestine to the 
blood, and no noticeable effect by one intestine on general and 
neutral lipids was demonstrated. At this tine; the liver did not 
significantly change the degree of lipid fraction uasaturo.tion. 

On the 1.4th day after irradiation, as general., neutral 
and phospho- lipids were being mcbilissod from the intestine to 
the blood, the liver also increased the lipid fraction concen- 
tration in the blood passing through it« Subsequently, the 
degree of lipid fraction uftsaturation decreased«. 

The data recorded by us in examining the arterial blood, 
axe generally in accord with that of the literature — after ir- 
radiation at a dose of 300 r, the general lipid content begins to 
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Increase two- hours after radiation stimulations this hyporlipemia 
reaches a. soaxicttaa on approximately the second day of the radiation 
sickness developacat, and en the sixth day it is possible to 
ascertain the lipld content decrease,, It subsequently re-eirxs low, 
arid a repeated hypcrlipeoia again develops in the terminal period» 
In tliis connectionj. the paraljelisa in the content changes of 
neutral lipids arid phoapholipida- warrants attention. A signi- 
ficant increase in the content of unsaturated foity acids in the 
arterial blood iipids takes pls.ee at the peak of radiation sickness 

The results of our experiBionta shod borm light c:a the role 
of the intestine and liver la lipid metabolism disorders f OJT . ,.i.ng 
Btiuulaiior,. by ionising radiation. It &ay lie asarased 'that o-..e 

'■ij intestine is largely responsible for the ensuing eh&ages ir 
blood lipid structure mrler these conditions* 'inasmuch as the i->> 
crease in the blood lipid fraction concentration coincided'with 
the time of the lipid fraction release by the intestine. This is 
characteristic for the early stages and the terminal period of 
4*c\rte radiation sickness. 

It should be noted, that along with the blood flowing di~> 
reetiy fron; the intestine to the portal vein« is the blood fror; 
the o^rtua and Mesentery,, i»e. troxa adipose tissue,, - It is tuere*. 
fc-re quite possible, that the hyperlipemia. ir- the beginning and 
tormina! stages of radiation siokttüss is corhitio;-.oJ by-toe r.io~ 
bilisatioc of fat from the fat depots. Data c« the mo'bilisatioj. 
of fat from the fat depot» in various types of-st^öss may serve a a 
indirect oonfirraetion of this. 

Aa regards foe liver, in our opinion, it exhihite a com- 
pensatory effect on lipid metabloiisKa disorder© of -the organism 
both at the initial uM peal stages of acute radiation sickness. 
However, In the terminal period of acute rs.diati.ors sioknesa, there 
occurs a decompensation of liver function which aggravates the 
lipid neiabolisffi disorder* 

Corcltisions 
1„ Following irradiation of dogs with If-rays of Go^iö at 

a do30 of 300 r„  dovolopmüt-i of a hyporlipomia was observed in 
the early stagey and terndxal period of radiation, sickness« 

2» The iSiteotins of aitiEals,, in tne eorly stages arid ter~ 
jiiivtal period of radiation gickne^üj, supplied a sigi.rf.ficartly 
gro-Ttor sraourii of iipids to ths* blood circulating through it. iha.. 
before irradiation of the arimalo.. 

3* In the early stegee of radiation sieknoao the 11 "or 
errdbitod e.  compensatory effect r>n lipid ehsrp'es iu toe bloc-d., 
brvu^ht about by ito prasape through, the iotostiae» However, isa 
the terminal period, both the Liver and intestine eariehed ef- 
fluent blood, yith Iipids» 
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0X1DATIVE AMD OAi'lBOHYBRATi^PHOSPHATE METABOLISM 
IN CEffiBRAL AMD HEPATIC TISSUE 

UNDEH NORMAL CONDITIONS AND AFTER IRRADIATION 

-US3.Ä« 

^Following is the translation of an article entitled 
•'Okislital »uy i uglevodo-f osfoiny otrnea v tkaai golov- 
nogo-moaga i pecheni v norme i pri obluehenii" (EagLJa* 
version  above) by It, I. Skvortsova in Voprosy Meditsin- 
key Kkbni (Problems of Medical Ch&rlB£rff^'"loTT^'Yo'~~c 

Moscow, Sept-Cet i960, pages 4.75-4.79,,/ ' 

At the present time,radiativ3 biochemistry is replete 
with extensiv© material which indicates that oae' of the most' 
vulnerable metabolic links to radioactivity is the orocess of 
OZU.AB.UVC  phoephorylation. Both in domestic and foreign litera- 
ture there is a nuiöber of works in which authors have studied 
conjugative oxidative phosphorylation during exposure of the  '■' 
gantsm tc iordcation. These authors concluded" that irradir 4 ion 

suppresses Inorganic phosphate binding, conojed Kith substrcrci 
oxidation by tissue homogenaies (spleen, liver, thyroid), and 
.mitochondria isolated froa tissue (spleen). 

It vas 'demonstrated, that local irradiation.of the cere- 
bellum and  cerebral hemispheres sharply inhibited oxldative 
phosphorylatlon» 

It would, be irt'srestiag to see, -which of the phosphorrti-/e 
fractions is most deranged by radioactivity. 

Work was conducted on guinea pig3? primarily males, weighing 
fror. 2-30— .-J5Ü Gtis, and maintained on an ordinary laboratory diet.° 
The aniaals were subjected -to irradiation by a H^b2 apparatus 
with zhe  following technical specifications? Current -— 15 ma 
(rrii:.;.aivosr-3.?.), tube voltage — 1£;0 kw, filter — 0.«> rara Cn. 
dec* capacity — 129 r/kuu 

Total irradiation dose to the teat animals x-»s 1000 r, a 
4000 r doee to those with an irradiated cerebrum, and a 9000"r 
dose ^ See Note/to those with an irradiated cerebellum. Liver 
and cerebellum tissue was examined. Animals with local cere- 
bellar irradiation were tested on the second day after irradiation 
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at the moment of severest cerebellar derangement. Cerebrally, as 
veil aa totally Irradiated animals}  were tested two to five days 
after irradiation and later. After weighing, liver tissue was 
homogenised with a four part volume addition of a 0,25 aolutirr 
of sucrosej cerebellar tissue was homogenised with a four to  .ye 
part volume addition of a 1.1 — 0,0/, % solution of KC1 at a rM of 
7.4. The homogenised paste was centrifuge!> aad the deposit was 
used as a fement preparation. An incubating■ mixture was prepared 
in the following proportions! 0,5 uü 0.1 M solution of MgG3 2*J 
0,5 si 0.025 M solution of AT?} 7.5 ml of a phosphate buffe-at 

(«fas 
used for the incubation, to which .was correspondingly added 1 ail 
(3 »1) of homogeaate from cerebellar or liver tissue, respectively. 
During the incubation, glucose was added to the mixture at a com- 
putation of 15 — 30 mg per test. Glycogen, computed from 15 — 
20 ag per test» was added during incubation"of the liver tissue» 
/ The above-ssentioasd glucose was added to incubating brain tissue/ 
Several tfests were incubated with additions of bromacetate and 
hexokiEsa.se .■ 

( £KoteJ7 local, irradiation of the cerebellum was conducted 
by the method developed by P« I. Minayev ). 

Kexofcinase was added to intensify the process, and the added 
CHgBrCOOB stabilized the process during the formation of the tvo 
phosphotrioses. The incubation was conducted in small oxygen- 
saturated flasks for a period of 25 minutes at 37°ßJ.      Ihe degree 
of phosphoryiation was determined by the amount of bound inorganic 
phosphorus* 

la the tests without the addition of he?oc>kinase, the mi- 
neral phosphate decrease in cerebellar tissue was approximately 
equivalent to on© sag of phosphorus, aad in hepatic tissue, equi- 
valent to thrt>© ailligrfiias of phosphorus. 

Tssts conducted in a nitrogen atmosphere did not give  .■■• 
raiiar results* Phosphorylatior. was shown to hardly occur d-;'-;>.,-?g 
incubation of brain tissue hoiaogenates under anaerobic condition« 
(table 1}. 

Table 1. 
The binding of inorganic phosphorus during incubation 
of brain and hepatic tissue in ojcygen and nitrogen at- 
mospheres ( average data for three trials ') 

Material exasiined      Binding of inorganic P in mg per test 

-SiSILeil_-___™Jltro^n__i____ 
Cerebellar tissue ... 1 0,049 
Hepatic tissue ..... 2,83        1.98 
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This gave us the basis for considering that phosphorylation 
of carbohydrates (glucose) in brain tissue, proceeds only via the 
oxidativ© route. 

The phosphorylation of glycogen during incubation of he- 
patic tissue occurs both in a nitrogen and oxygon' atmosphere. It 
is however less intensive in the former case (gee table 1), 

The basic problem of the present work was to fractionally 
divide the phosphorus compounds formed in cerehellar and hepatic 
tissue during incubation in a 02 atmosphere, under normal con- 
ditions and after irradiation* 

We conducted the fraction!.aation by the Sacks method, which 
was proposed by him for the determination of phosphorous compounds 
of the liver, and modified by N* P. Meshkova and K, V. Aleksakhina. 

A general barium precipitate of phosphorous compounds was 
formed and divided into two fractionst    phosphorous compounds of 
which barium and calcium salts are insoluble in water (Ba — Ca 
insoluble fraction), and phosphorous'compounds of which 'bard.'  ,.nd 
calcium salts are soluble in water, but insoluble in alcohol (Ba — 
Ca soluble fraction)» 

The Ba •— Ca insoluble fraction was found to contain phos- 
phorus, inorganic phosphorus, adenosine di- and adaaosins tri~ 
phosphate, ant? phospboglycerolie acidg the Be. —• Ca soluble 
fraction was found to contain phosphorous, adonylic acid, .gli't- 
cose-1-phosph-,t,.!i! glucose~6-phosphate, fructose-6-phospha.te, and 
glycervl phosphate. 

Experimental studies of the phosphorous compounds showed 
that, either in the absence or presence of mcnobroraoacetie acid 
in care'bellar tissue under normal conditions, the diminishing . 
araount of inorganic phosphorous was found, primarily in the form 
of fructose diphosphate* 

Smaller amounts of phosphorus end up in difficuLt~to- . 
hydrolyze sster& (phospho-glycoroide acid and glyceryl phosphates), 
and in gluoose~1«phospha-j,e, glucose««6-phosphate, and fructose-6~ 
phosphate. The araöun-; of AT? decreases in the incubation procesa* 

In studying th* pho^horous compounds formed during incu- 
bation of irradiated esrabeilar tissue homogenates, wo discovered 
that on the second day following irradiation, the primary derange- 
ments wore in the fcimntiou of fruotosa-"! ,6-diphospiiats. Tho 
formation of this product is -sharply inhibited. The formation of 
other phu',phorou0 cora-jau^-I, 1" sinrultanooi-sly Irian bi ted, but to 
a nuch le~cser degree, ThsDr.: includes phcsphoi/lycerclie acid, 
glyceryl phosphate, glsuiose-^-phosphate, &lucose»6«phosphata and 
fructose"6-phosphate. So distinct changas in the ATP ~- A'OP — 
ascorbic acid system were discovered during irradiation of the 

cerebellum (see diagv i}« 
In the presence of brosn&cetate, the formation of phosr' - 

glycerolic acid and glyceryl phosphate is reduced, and all pro- 
cesses are converted to the formation of fructose diphosphate,. 
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The inhibition of fructose-1,6~diphosphate formation by radio- 
activity is quite apparent (see diag. 2). 

Two days after local irradiation :of the cerebellum at a 
dose of 9000 r, there was noticeable eereballar swelling at the 
time of ssverest cerabeilar disturbances, This forced us to make 
determinations of the dry residue of cerebellar tissue "ander nor~ 
mal conditions and after irradiation. 

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

In a dry state, equivalent to 16,9 %f  irradiated cere- 
bellar tissue increased its humidity, in comparison to the normal, 
by 23SL In a dry state, equivalent to 19.*/% the humidity is in- 
creased by 10 %  . 

All the restilta of experiments indicated in diagrams 1 and 2 , 
are calculated on the basis of cerebeilar damp weight. In diagrams 
1 and 2 it is distinctly clear, that -she binding of mineral phos- 
phate is inhibited (in comparison to the control) by ?4 to 56 per 
cent at the time of severest cerebellar derangement and by 49 +# 
33 per cent at the time of moderate cerebellar derangement.  * one 
takes into account the edema of the oerebellar ttesue, ther; Hhe ' 
inhibition of oxidative phosphorylation during severe eeretvliar 
derangement, will be approximately equivalent to 51 to 33 pa? cent., 
and in moderate derangement, equivalent to 39 to 23 per cent. 

(Continued on following page] 
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Diag.  1.    Relationship between phosphorous eompcuods; formed 
xri carsbellar tissue ■ander noxwal conditions  (1) and -after irradia- 
tion at a dose of 9,,000 r (?.)      (incubation without CR.,BrC00K )« 

Data represents lr trielf?* ^ 

Biag* 2.    Kola.ta.cnship between phosphorous caaapouude formed 
i:o, oesrebell&r tlesue utsder normal eo»cli'tior;s (1) arid after IZTä- 
a±atic.u at & dose of 9,000 r (2)      {ineub^ticß with addition of 
CIlj.BrCOCH }<-.    Data represents 3 trials» 

Dotted colipns    — glucose«1«phosphatej revaluing spafcols 
are the same as those :1K diagram 1» 

Legendj    (a)   ag P (e)    phospho giye&tlc acid 
(b)    decrease {.?}    fruotos diphosphato 
(o)    increase (g)    fructos~6«phospbatfe 
(&}    isiorganic F (V)    glycaryl phosphate 

4.2 «• 



(i) ATP      (j) gXucose~6-phosph«te 

Besides eerebeiiar tissue, two days after local irridiation 
of the cerebellum at a dose of 9,000 r, the hepatic tissue was ex«» 
amiaed. During irridiation of the cerebellum, carbohydrate — phos«< 
phorcus metabolism is not significantly inbibltäd In the liver. 
Mors marked changes in the distribution of phosphorous fractions 
were discovered on the second and fifth day of total animal Irri- 
diation at a do so of 1,000 r and dtuing cerebral irridiaüo* .« a 
dose of 4,000 r«, In determining the phosphorous compounds i^rsaed 
as a result- of hepatic tissue carbohydrate —• phosphorous Pit.iiabol- 
ism trnder normal conditions, wc found that almost all bound inor- 
ganic phosphorous is located in fructcs diphosphate fractions, and 
a vary small part of phosphorous ends up ir. monophosphate fcgters» 
X-Ray irridiation, as in local expos tree of brain ü issue, prJjBnrily 
depresses the formation of fructos diphosphate. In diagrams 3 aM 
4> the difference in the formation of this compound under norxjaX 
conditions and after- irradiation is clearly demonstrated« 

In comparing ths distribution of phosphorous compounds in 
the cerebellum and liver, we raust say that if the process of fructos 
diphosphato formation ir. eerebeiiar tissue during local irradiation 
iß established through a determined interval of iuae while restor- 
ing eerebeiiar functions, then its formation process in the liver 
decreases daily as a measure of "the anittals approaching death« 
He were able to observe this significant difference only at the 
peak of radiation siekaees. 

TABLE 2 
Content of eerebeiiar tissue dry residue before and ai'tor 

irridiation 

MaTeHaT^SSSrea^     —-~~—~-    ^~-«-~™-~-~~~^^^ 
of damp weight (average 
amou; its) 

Cerebellum of control animal 21P9 
Cerebellum of experimental antensl 
on the second day after irradiation 
(severest eerebeiiar disturbances}        16«9 
Cerebellum of experimental animal 
on the second day after irradiation 
(moderate eerebeiiar disturbances)        19*7 
Cerebellum of experiirisEital animal 
on the 14th to 25th day after irra- 
diation (after establishing eerebeiiar 
fractions} 21.2 
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iliag. 3«    Relationship between phosphorous coato-ands?     -vsaed 

heoaläa tissue -under nouinl conditions (I), ers-i after irr .oration 
at a ö-^s-e of 1,000 r ('-;';■ outa represents four trials<. 

Diag* 4«    Relationship between phosphorous compotua&fi formed 
in hepatic tissue turner no ratal conditions (1) and after inläia- 
tion of the aaimal,s intact head at a dose of A»000 v (2) data re- 
presents two trials* 

Symbols ore the ease in diagrams 3 and 4 as those in diagram 
1» 

The experimental mat ©rial for fractionating determination 
of phosphorous compounds,, Biade possible by clarification of a num- 
ber* of carbohydrate' —> phoRphoroiis metabolic peculiarities in cere- 
bral a33d hopatic tissue. Along with the ascertained peculiarities 
in the distribution of phosphorous fractions formed in these organs? 
we were able to observe that radioactivity primarily disrupts the 
formation of fructose diphosphate. 

Gpncltxsigas 
1« During local esrebellar irridiatioa at a dose of 9;, 000 

r, the exidativa and. carbohydrate — phosphorous metabolism is 
sharply inhibited two days after irridistion of the cerebellar 
tissue. 

2, In ir.ridia.ted cerebellar tissue the formation of fruc- 
tose — 1,6 •»" diphosphate is sharply irlrlbitod* In addition to 
the fructose diphosphate, bra to a significantly lesser degree, 
the formation of other phosphorous esters is also inhibited» These 
inclxide phosphoglyeeric acid, glyoeryl phosphate, glucose-1-phospihate, 
glucoee-6-phosphate, ard rraetos©«6"phospha.te. 

3, In the case of ßonohroiriacetic acid , carbohydrate ■■»» 

Ik  - 



phosphorous metabolism is directed  to the fornation of fructose- 
diphosphaie, in which cs.se tho inhibition of this ecropoiindsis for- 
mation is sharply affected by radioactivity. 

4»    An insignificant inhibition of carbohydrate — phosphor- 
ous metabolism was found in hepatic tissi\e- during local cerabellar 
irridiation at a doss of 9jQ0G 2** 

5«    The binding of isdn-aral phosphate in the liver is rather 
sharply irJhibitöd during irradiation "of the intact head at a •'    .■„> 
of 4,000 r and also  ivo iG five days after total irridiati.cn of 
the aniinal at a dose of 1,000 r, as well as p.t the peak of .: .die«- 
tion sickness. 

6»    Both in the liver and in eersbtdlar tissue the fcrniation 
of frD.otose«1 j6-phosphate is primarily deranged, 
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HßXMisic mrmmm OF HBäXMESIHS IN HEPATIC TXSSüJü 

IN RADIATION SICKNESS 

/Folloviag iff- the traaslatioti of a& article entitled 
K'rarjieatativacye obr&sovatdye gmollsiaoT v tfcani pri 
3 ^■isvoy bol©?^.8 (Soglish version above) by V« If* 
gaoevöle'nskiy in Vowosy Mediteinskoy Khtad (ProlxUns 
r,: >?&d:.j;il. Ch&tlßtry) f ¥ol 6* Ho f>, Moscow> Sept-Oct 

%.*■ j pages 4®0 to 433-,.7 

Studies of the uv^ties and mtura of the bsEolytie factor 
of irradiated aa±3KsJ.. :öl-iz;jä has #hovn that It do©s not in a&y way 
differ froa aoraal tissue h«aolyslne which ar© formed in the cost 
xaortem. autolyti© disißtögratioa of &8y tlssud«   I20J& this faat- cam© 
the supporttioa that the. aj^pearanc« of the haaolytic factor in as 
irradiated organism is 'tied to the iatravital process similar to the 
autolytic erne.   Is an Irradiated organism, the ia«sreases 1» fsxaent 
activity which condition© the fonas.t4.on of tissue heaaolyaiaß, must 

.be observed.    Clarification of this problesa ia the object of the 
preseiit vork, 

Rggearfflh^mgttooelf 
IK aeeord&ao© with contemporary notions» tissue hssaoiy-*- -■.-» 

are to be fowad its all tissues in tb@ fossa of Xipid ecnpefUTSs! .-t ua- 
aatur&ted fatty acids., iysioleoithine, and steroids*    Hbwevor,» they 
do sot devsalop heasolytlo properties, slssa th«jy are bound to prot«i'»s, 
cholesterol,,- oalciym and a maäber of other substances,    Those ties 
are disrupted during various phases of intravital and' post Bort©m 
disintegratioa which leads, to the releases of lipid heciolyslrti mid 
development of tissue haaolytio activity*    It is considered that 
the complex disiategr&tioa of lipid heatolysins with thoir iahli&tors, 
oacTurs as a result of the actioa of autolytio fsrme&ts of the type 
protease^ Upas© suad phoophotaao»    The wldo diversity of ferment 
reactions arising in such oaaes is far fro» bsiag studied completely. 
Therefore the present research was eoaduotad by s, method "which 
would at least allow a determination of the total fomenting capa- 
bility of hepatic water — salt extracts to release tissue haaoly- 
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sine from inactive tissue preparations,» in a hemolytio sense,    Th«s 
principle of this method was propose«?  by Ponder,,    iha deTOiopmest 
of :sa&ihod is ouns« 

I&tur&l vaier ~»~ salt extracts (fenasnt aubstrates) war© 
prepared from rat livor "«hiefi was grcuxd xa I\ glass henogerds^r 
vith a four part quastity of physiological, solution, arid eentri»» 
fuyee at 25OO rrsz chalng a period of 1*> einutes«, 

Fc?r use as £ mans for the determination of ^ater •»■•- salt- 
extract fomenting activity^ a Syriers eontaiaiag fluid of thoroughly 
toiled hepatic hoinogfcnates of sormal rstSj, and washed eryihroeytes 
of the sane animals, was utilised. 

iho liquid adxfcui'O we.3 prepared from 25$ of hepatic ho;Soge&» 
ates 0.? sorsial rate»    The hoT&Qgen&te wars heated for a period of 
ten miladies on a fcoilirtg water, bath and than centrl fuyed for five 
Mm-tesi at 2500 rpsra*    The opaleseing iiqitld s&xture was slowly 
poured out and diluted, four times vith physiological solution. 
According to Bonder,  & certain ^reount of bound llpld .hemolyalns 
Mill be contained in euch, a solution.in the form, of liponrote^ns, 
for the Ko^t part«    By fferi,vr>rt action,, th-ey oaa be released 
tested with the aid of erythrocytes* 

The erythrocyteE used for the tost were taken from hy.^riais- 
ed blood of normal rate 'by sasans of a threefold tracking vith a 
ter part ano-int of physiological solution,    A 4$- Suspension of ®r(y» 
tbrocyiof; was ttseö. for the experiments, 

EvejiT- experiment was placed in throe systems,    fhc first 
system consisted of e vtrb&r «-» salt extract,. sad agitated fluid 
Birlrre of erythroeytes*    The second system consisted of a water ••— 
salt exbrant ani of eryihrceyies.    The third system consisted of 
m agitated fluid inixitirc sM erythrocytes*    Tha first, «system -was 
used for the indirect determination of extract fermenting activity,, 
The heanolytio activity of 'the extract itself was measured in the 
second sytr&am,    When there was ferment activity, its true Magnitude 
was equivalent to the differaaee between the jnasydtrde of heaiolysis 
in the first and second systems*    ih& third system vss used as a 
control for ths hesioiytic capability of the agitated fluid Eiarfcure. 
When it v«\« preseatj the ea^srhaent was not recorded. 

In preparing the first acd seec-ncl systems, tie original water 
>— salt extract was diluted by 200 ex1 400 times Kith iha agitated 
fluid m.xi\w& (for the preparation of the first system}, or with 
physiological solution (for the preparation of the second systea). 

The formed so3.ut5.ons of all three systems were po'arad iato 
cerh-rifugai teat tubes* * each in the amount of 0,5 wl after which 
to each, of these was added Oil ml of washed erythrooyte suspension. 
Then all the test tabes were sirrultanaously incubated for one hour 
st'3SfJ sxiä for 4B ho^rs at 5°*    Foliovin^ -WiiSj the saagaittsS© of 
hemolysis was det?a-mined. with the aid of a piiotocolorlmeter FIE^g.,, 
relativs to lOOjl heaolyfd.s in distilled vater of an equal qmr'-lty 
of erytliroeytes of the sane aspersion vtich xföa used in the   yven 
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experiment, Measurement of hemoiysis was made with a neutral light 
filter in cuvettes 1 rain thickness< Each of the examined solu- 
tions was reehecked five times,       ' 

During the experiments each of the solutions vas> measured 
for pH before and after incubation. The pH measurement was .taade 
on a light potentiometer with the aid of a &Laas electrode. Daring 
the period of incubation ? -täte limits of pH change were from 6*6 to 
6.4. It vas experimentally established that such pE rari&tions 
in the solutions do not appax*ently indicate the magnitude of their 
hamolytlc activity* 

The experiments were conducted on whit® xaale rats weighing 
froa. 120 to 160 grams« The experimental rats were irradiated with 
an X-Bfiy apparatus 2JM^2? under the following conditions« focal 
distance 4£) Cßij current 15 Jsa> tube vo3.te.ge 1Ö0 Jew, filter 0,5» 
Cu + 1 M j&.  dose capacity 29 to 30 r/kin» The general irradia- 
tion dos>; was äquivalent to 1,000 r« At this dosage,, the rats 
usually •L'-.nrl A to 5 days after exposure. The Irradiated animals 
were fcli<;-';. ty scs&rs3  of decapitation after $ minutes, 1 hour, 1, 
2, 3? v:f}  A -Is/:* following irradiation» 

Eavb. nx^BYXi-'^wj was sianxltaneousiy placed with extracts from 
the control (noaLrvaliMfi) and experimental (irradiated) rats. 
Both of these s^ctra^■-.y -.y..?e added, to the same supernatant and wer; 
tested on identical ?■>'•/•• ■Yu-xwytes, A similar organization of 
periments permitted ;•.■.>•;• :.: xciaination of the fermenting activi i/ of 
the tested extracts relative to the control? with m&xij&tsm ac ucacy» 
Talcing into account the impossibility of obtaining "standard18" 
erythroeytegj this method may be considered to be most reliable» 

In experiments with hepatic autolysis of normal rats,, test 
samples were taken from, the game hepatic homogenates after 1, 2? 
3 and 4 hours of incubation at 38°» From these'test-samples, water 
— salt extracts were prepared and examined by the usual method» 
The data of the experiments are given according to the results 
obtained in the examination of extracts from freshly obtained liver. 
The work was conducted en 112 rats. 

As a rule, freshly prepared water <•*» salt extracts of liver 
of the experimental and control rats did not possess hemolytic ac- 
tivity in our' concentrations. Exceptions to this rule were ©ahib- 
ited when extracts were used froia liver undergoing lengthy autoly- 
sis or from rats in the transitory state of radiation sickness. 
At the time of the addition of these extracts to the supernatant» 
erythrocytic hemolysis was distinctly expressed» The capability 
of producing hemoiyains from the supernatant was equally possessed 
by both the extracts of irradiated and nonirradiated rats* However, 
in the first case the amount of produced hemolysins was, as a rule, 
greater if the magnitude of observable hemolysis is to be consider« 
ed. Normally, hymolyais is observed on the addition of control ex- 
tracts, equivalent to 16 — 22$, in which case the hymolysis was 

18 - 



1-k to 2  times greater than the control whan additions of experimen- 
tal eortraot3 were vised* The results of these experiments conducted 
with extracts of rat liver, where the rats were killed at various 
stages of the radiation sickness, ere represented in the» diagram» 

Sumr«ary ferment activity of water — salt extracts of liver? 
conditioning the fonaation of tissue hsmolysins during the early 
stages of radiation sickness of rats (in percentages of norm?* ./at 
hepatic extract activity)» 

Legendj 
(a) Activity (in % of the normal) 
(b) Minutes 
(c) Hours 
(d) Days 

A curve constructed on the basis oi" the average data of these 
experiments indicates, that the ferment activity of hepatic extracts 
conditi.oni.ng the appearance of tissue hemolysins during radiation 
sickness, gradually increases and reaches a maxunua on the second 
to third day. Prior to the animals' death it decreases somewhat« 

The activity of hepatic extracts of rats, killed 5 minutes . 
after irradiation^ decreased, in a number of cases, in* comparison 
with the observed activity of noriüal aninals«. In contrast,, in 
other cases it was increased. Therefore, during this period of 
determinations no changes were observed. 

The results of hepatic extract ferment activity determina- 
tions at various stages of autelysis are represented in the table* 
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QtspmnmrHam*  a&THassoCTi*   mcrp&urm   news*», 

-J    rmmmmm, u npastecce s.ntoxm& ne*:«Hts 

3s 

1 
2 

4 
6 
6 

KORTpfMlh 

atorpjutr) 

100 
200 
1Ö0 
100 
100 

Affi-cwjasKjrafr-aihje swspatfru 

P 3 «5« 

111,1   !44,4 122,? 
170.5 62,3 39,4 
JOB,» I 86,1 I 84,8 
120.3 I 16,1     10.8 
515.6 12,4     0 
14?      147 117,6 

4 wea 

113,1 
1.6 

83; 5 
0 
0 

17,6 

n t e . . 100 
1 » ' 

128,8    78,1 J 62,5 I 35/3 

(*ii i-'.vmont activity of hepatic extracts condition-- 
ij>g 1-1;. - formatier! of ii^ue hesolysins duriiig the process of hepa- 
tic auto lysis of lopi- .--its (in percentages of activity of fresh- 
ly prepared extract}.-■ 

(b) juii.l /ncnber, 
(c) Control (fresh extract) i 
(d) ■ Atxtci.lyaing extractsa 
(e) Hours, 
(f) Average. 

From the ia&Leatsd data, it is apparent that the capability 
of the autolyzing extracts to release tissue heraolysins varies 
greatly from experiment to experiment» However* the tfirectioxial 
change in the a.utolytie proeess remains constant. At first a 
email inoroase in activity is observed which soon becomes a de-crease. 
This decrease"is lower than the activity level' of fresh extract» 
Therefore, the change oharaeteristies of ferment activity, con- 
ditioning tha foriaatio» of tissue* hemolysins,, are'definitely simi- 
lar to the dynamics of this change indicator in radiation sickness, 
Tm difference primarily li.es ir* the in tensity of initial activity 
increase and subsequent 'decrease. 

In autolysis the former is less significantly expressed than 
during radiation sickness. On the other hard/ the final decrease 
takes place more sharply» 

Ths results of oui* experiments confirr. the  supposition that 
the formation of the hemolytic factor in radiation sickness is 
tied, to a significant degree, to the activity of arttolytic ferments 
which caws© the disintegration of tissue haaiolygin complexes with 
their inhibitors* In tfa$ process of radiation sickness, it was 
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found by a number of auihora that protease» lipase and phosphotase 
participate in disintegration marked by an increase in the activi- 
ty of individual ferments» Sixiilar appearances of certain fer- 
ments are observed in studying the disintegration of tissue, snob 
as for example aderoainephesphotase and aepoly/aerase of nucleic 
acid,?. These do not directly participate in the formation of the 
henolytic factor* Therefore, the increase in ferment activity con- 
ditioning the disintegration of tissue siuilar to that of sutoly- 
sis exhibits wide distribution in radiation sickness» Normally., 
such an increase occurs only at a certain period after exposv  and 
becoraes strongest at the psalc development of radiation sielrx3S, 
Prior to death the activity of the above mentioned ferments -.de- 
creases in the majority cf eases. An analogous appearance was ob- 
served in our experiments* 

Similar dynamic changes of suiamary ferment activity, con- 
ditioning the appearance of tissue henolysins, is observed 3*n the 
post iaorteiii autolytic process in liver of normal animals. This 
serves as an additional confirmation of the fact that the diein» 
iegration process in the'irradiated organism proceeds according to 
the autolytic mechanism. This process, however, cannot be absol- 
utely confirmed as simlar tc post mortem autolysis, This le 
clearly apparent even though sorae changes discovered by us are 
found in radiation sickness and autolysis. 

1. In liver of irradiated rats with X~Rsys (dose 1,000 r) 
an increase in the hepatic ferment activity occurs one hoxir after 
exposure and is observed for a period of 2 to 3 days prior to the 
animals' death, their suimnary activity somewhat decreases, 

2. A lesser expressed increase in activity of similar fer- 
ments occurs in the initial period of post mortem autolysis of nor- 
mal rat liver. In the .Later stages of autolysis, the activity of 
these ferments sharply decreases, 
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OH THE HOLE 0? THE LIVER IK TUB METABOLISM OF URIC ACID 
AND ALLANTCIN IN RA'EffA.TION SICKNESS 

/Following Is the translation of an article entitled 
"0 noli poeheni v metaboliiä'iLö aoohevoy Iclslcty i allan- 
toina pri luchevcy bcleKni"  (English version above)  by 
T« A* FodoroT and V, P« Fodotov IK ESE£i!Z.JiSälSy;E§E.?S 
KMM. {Problems of Medical Ghsraistry) f Vol 6, No 5} 
Kostcow, Sapt-Oct 196-0;, pages A91>~50QtJ 

In our previous wcrlCj dealing with the effoct of . - and 
«rays in lethal doses on the forma/dion of the raaia end com?er<'* 

sion products of nucleic acids «— animal oric acid aod a].ln,ntoin? 
sevsr&l chaiigca wore cotlced in the livsr ectivity during 'the 
Ketaboliaffi of 'these nitrcgenoiis substaDceo* 

IK the present vark5.  research wos eonuuotod on the red 
of the liver in the inettd-olien of nrlc aeiid and allaotoixi d= 
dogs poisoned with polonium or irradiated with    ™c>\y$} d'uri.<.g 
uric acid uptake.    Under such conditions> it possible*, to x&ore 
specifically characterIKO tic functional ctate of ehe liver. 

Six dogs (jwals arid female), veighing from 20 to 26 Kg, and 
sustained on an ordinary dietj  were 'used for the experiment,    All 
tba dogs  «ere anglostoEified by the London method,''modified by 
Pieaiev,    Cnta.nfBd'U;? eanrmloe were pisoed in the portal and. hepatic 
veinso   Blood was taken fro3o the ports! and hepatic veins, as well 
as from the femoral artery five to six times at intervals of two 
to fire dcys*    D^terasinationa were made of ths experimental dogs8 

rlooe;  serum content of uric acid by the Caraway methodj arid of 
alisntoiiij according to the method of MacPfcersor. arid Conway,   . 
Since,  por iin.it of time,  two-thirds of tba hepatic blood outers 
via the portal vein, and one-third is of arterial origin» tho 
average concentration- of the blood components und or study was 
calculated as originating in the indicated ratios, 

The uric acid and allantoin plasua content was determined 
before administration,  and five minutes after an intravenous 
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administration of a -uric acid solution, calculated on the basis 
of 1 mg per 1 Kg of anirnal weight. 

The uric acid solution was prepared in the following manners 
200 mg of uric acid were dissolved in 5 xal of a. 0,3$ IdgCO^ solu«* 
tiou at tßPßt'Ji  and filtered through a Seit« filter into a flask, 
containing 20 ml of a 5% glucose solution» One ml of this solution 
contained 8 rag of uric acid» 

After est&biiahing the concentration of uric acid and al- 
lantoin the serum of the dogs ffiri» nonaal conditions* and five 
minutes after the administration of urlo acid» two dogs -were ir- 
radiated with tf-rays, and four doga were poisoned with polonium» 
The irradiation was conducted by a EGO-2 apparatus vita a dop 
capacity of 460 r/min, and vith an irradiation time of 52 s ■:.-.!äds. 
Irradiation was at a dose of 4-00 r» The aniaals died on tb:-- r''th 
and 10th day following irradiation. .Polonium was administered 
subcutanecusly on a calculated basis of 0.1 microcurie per Kg 
of body weight. The animals lived for 16 to 20 days» following 
the administration of polonium. 

The table shows the average data, compiled during examina- 
tion of healthy dogs before and after uric' acid administration, 
on the uric acid and allantoin content in hepatic affluent and 
effluent blood. It can be seen that the intravenous administra- 
tion of uric acid caused an increase in its concentration in the 
blood of all vessel?; examined by us. Ws observed uric acid re- 
tention in the liver of healthy dogs, both before and after ad- 
isinstration of uric acid» An'average of 0,18 mg % of uric acid 
frora the blood was taken up hy  the liver prior -bo administration, 
and 0,25 mg % after administration. The intravenous administration 
of uric acid solution also caused an increase in the 'blood con- 
centration of allantoin* This is confirmed by the fact that part 
of the administered uric acid was oxidised to allantoin. We did 
not observe any hepatic allantoin retention. On the contrary,' 
there was some release by the liver. An average of 0.31 mg % of 
allantoin was excreted by the liver into the hepatic vein prior 
to administration, and 0.38 rcg % after administration. 

The results of these experiments Indicate, that a rather 
large administration of uric acid, unier normal conditions, did 
not cause any noticeable changes in hepatic function,.and that 
only part of the^rlc acid, was oxidized to allantoin in the liver, 
and this was, for the most part, readily removed from the orr i,m. 
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^Following is the legend for the table entitled "Uric acid and 
allantoin content of hepatic affluent and effluent blood of dogs 
under normal conditions, before and after administration of uric 
acid to the org-mism (in milligrams 'percent)"^/ 

a) (title as above) 
b) Animal name 
c) Number of trials 
d) Uric acid content 
e) Allantoin content 
f) Hepatic affluent blood 
g) In hepatic venous blood 
h). Hepatic retention 

j} Hepatic secretion 
k) Normal 
1) 5 min after administration 
m) Mart ^/See notej 
n) Akbar 
o) Golubka 
p) Starik 
q) Martyn 
x-)- Pushok 
s)  Average value 
/ßotof    The uric acid in Mart's blood was determined 10 

minutes after administration . 

Diagram 1 contains data characterizing the changes in he- 
patic uric acid retention during the development of radiatd.cn 
sickness in each dog poisoned with polonium, before and after 
the administration of uric.acid. The data indicate that twenty 
four hours after polonium poisoning, hepatic uric acid retention 
following administration, increased hj one and one-half to two 
tii.ies over a period durin vhich there was hardly any change from 
the nonal, prior to adminstration» This ratio in tha hepatic 
uric acid retention before and after administration.  was observed 
in the dog "Starik" up to the tenth day following -polonium pt 
soning» Uric acid retention by the liver decreased on the f. arth 
day in "Pushok" and on the seventh day in "Hartyn", in comparison 
to the first days, but in both cases post-administrative hepatic 
uric acid retention was twice as large as before adminstration. 
In subsequent periods, uric acid administration brought about an 
opposite effect in all three dogs -— in response to the intra- 
venous administration of uric acidj the liver did not increase, 
but decreased retention of  the former. This paradoxical reaction, 
on the part of the liver, was observed in "Golubka" during the 
first days following the administration of polonium. 
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Diag, 1,    Changes in ih& retention of uric acid by the 
li-'KT of dogs poisoned with poloniiaa» before* (clear oo- 
lwaas) and after (hatched eolrauns) administration of 
uric acid, 

e) "(Jolubka" 
f) "Sterile* 
g) "Martya» 

a) Uric acid in rag $ 
b) days of trial 
c) Normal average 
d) "Pushok" 

Changes in the hepatic uric retention in th«s doe's Irra- 
diated with X-rays were cf the sans character as in those poi« 
sonsd vith poloniiaa, A slight, variation, however, consisted, of 
the fact, that the increase in hepatic vrie acid retention after 
administration ( after five minutes ia «Uebar«, and after ten mi- 
nutes in "Kart"), in comparison to uric acid retention crior to 
Administration, was noticed on the third and fifth days» and the 
paradoxical hepatic reaction was observed only immediately 
prior to death, 

Diagram 2 contains data or, the changes in horn tic allan- 
toin excretion in dogs poisoned «ith .polonium. The"allantoln 
blood content was not determined in animals irradiated with - 
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ßiag, 2. Changes in the excretion of allanioin by the 
liver of dogs poiöonsd with polonium, before (clear co~ 
luraiss} -aaä after (hatched columns} .a&nilaletration of 
•urio acid. 

% 

Legends 
a) AlJftKtoin in Kg 
b) days 
c) Korrasl average 
d) «?ushokH 

,aa been. desoKStreted, hepatic «xeretion of allcriuoin 

e) "Martyn" 
f) »Stirik" 
g")  HGoliibkar? 

An 
increased following &öM.jaist:rntio:!ä of-nrie acid, to healthy animals 
(with the e;:copticK of "Siarik")«    After, the pblonitm poisotü.ng - 
of all the exp9ri?r.erital "axdiualSj it was possible to det^riitoe the 
increase in the hepatic excretion of aliantaia before   the acfcaiais* 
trstion of uric acid.    The increase in allantoin excretion vas 
especially hig« in ^artyn"  (.frcra four to five .tiroes that of the 
original nora).    The hepatic excretion of' allantoin, five minutes 
after cidainistrstioii of 'uric acids ir* animals poisoiieä with polo« 
XS±VSL\S also increased in comparison to the. ■ normal (with tins excep- 
tion'ef !iGol'uMcan), ■ 

The ratio of allantoin excretion, before &nd after- ad» 
rcänistration of uric acid, changed in this' experimental aaiwala 
during the course of radiation sickness development,. 
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Twenty four hours after nalonivcn poisoning in two of the do.-rs 
("Pusbok" and "Stnrlk"), the adidnistratior? of uric acid caused 
and increase in hepatic excretion of allaiitoin,, and in two other- 
dogs ("Kartyn" and "Golubk^'}, hepatic excretion of allanlolri de- 
creased, following uric acid administration, Subsequently? during 
th& entire period of sickness, and characteristic of the experi- 
mental animals' increased excretion of allaiitoin,, the- intra- 
venous adirdnistrntlon of uric acid cars;-d a decrease in its ex- 
cretion by the livsr. In only two eases ("Starik" ~~ on  the 
tenth day, and Golubks -- on the sixteenth day), was an ooposite 
effect observed,, i.o, the administration of uric acid stimulated 
the formation of allantoin« 

i. In the experiments on dogs poisoned vitb polcniurr and 
irradiated \dth "T«rays. hepatic retention of uric acid and tu- 
prtic excr&tion of allantoin was increasftd. i.e. an increased 
oxidation of uric acid in the initial"period of radiation sick- 
ness» 

2, Tho oxLdative capacity of the liver is noticeably 
decreased in the terminal period of radiation sickness« 
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EFFECT OF CYSTAMIHE ON THE LIVER AKD 3FLEÖS 
CONTENT OF NUCLEIC ACID3 IN IRRADIATED RATS 

•4JSSE« 

following Is the translation of an article entitled 
ff?Iiyaaiye tsistaraina na soderzhaniya nukleinovykh Ids* 
lot v pecheni 1 gelesanke oblnchennykh krys" (English 
version above) by V, G. Vladimirov in Vo^s^Jfeditsin-- 
sko^Jh^ (Probleme of Medical Chr^istryTT1?or™67^fe*"5, 
Moscow, Sept-Oct 1960, pages 501 »505«.J 

At the present time^ important disorders of nucleic 
metabolism have bean established in aa irradiated organism* 
These are primarily Manifested as disorders in the process of 
nucleic acid (NA) synthesis and as concentration changes in the 
tissues. 

The favorable effect obtained by the prophylactic ad™» 
n&niatr&tion of certain -swan substances in protecting animals 
against lethal doses of penetrative x*adiatioB? lias created in- 
terest in the study of the effect of these compounds on the content 
of KA in the various tissues of an irradiated organism» 

la research of recent years., by mean» of observing the 
spleen and hepatic content of desosyribonucleic acid (DM) and 
ri'bonucleic acid (RNA) in irradiated animals, evaluation has v-e?.n 
made of the protective activity of a number of substances. ■ 
The best protective effect vasr obtained froa cystas&ne ( fficrsopto- 
ethyl amins), which markedly blocked the splenic decrease el HI 
and normalised its content in the liver, 

By means of labeled atoms, there were attempts to explain 
the effect of these compounds, possessing protective properties, 
on the speed of NA restoration in radiation sickness» It vas 
shown that in the ease of DM excreted by rat intestine,, MA 
synthesis vas less suppressed in animals to whom cysteine was 
prophylactically administered, than in those which v?er® unpro- 
tected. 

In the present work, a study was made of the degree of 
the protective effect cysteine has on hepatic and splenic JSA 
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in Irradiated rats.    Cysteine* at the present tine^ warrant? 
pcneral attention.,    Sineo it is a disulfj&e of cysteairdEie, it ±& 
capable of b'eiag restored lu vivo to the frc-ss crystalline forau     It 
addition to its rather high protective properties* ey5ia3u.r0 hag 
a number of ether valuable qualitiesä■   it is chemically quite 
stable, andRay "be taken orally in aediosl practice« 

Research methods 
Expsrinents were co nchici sei on white male rais? weighing lira 

150 to 230 Cte,    The arimais vorc sustained en a nonaal diet, 
Radiation sickness was brought abort by a single general Irra- 
diation ulfh If-rays of Cofc0 at a dose of 600 r and dose capacity 
of 7.2 r/min. ard a focal distance of 57er* 

The experimenial ania-ds w^re deearitcted on the 1st}  2nd> 
3rd,  6thj, 9th" and 14-th days* 'following Irradiation»    BoFoeonato?) 
of spleen and hepatic tisauo wore tboroirglily vaanhed of liprdcs 
and dried in a vasuutf. erisoaator.    The mraleoproteiris yere 
extracted with two  protioos of a 1035 NaCl solution at 100 "yG_/ 
for tro hours*    M determinations vere conducted by a luethod» 
orlnsipally based or their extract!or' as lanthanum aorspoia'idfs» 
Alkaline hydrolysis of KA vas conducted with a 0,3 I solution 
of KaOH for 1fS~20 hours.    The DNA was cooled 'by a 70$ soliredort 
of BC10.*  at nH 1?  separated, from the RFA fractions by cent'      >.gingf 
and disacvedKby aUkallKatioru    The optical density of the re ■■ 
pirated ©orations of DNA and RKi ms roaarred by a spectre,-.hotometoi 
SJP»/, at a Kvs length of o60 inmü»    On the basis of the calculated. 
M""ccr)tent,  the following coefficients of optioal dersitioo were 
used: . for DNA — 21000 m2/^; tor KM — 23000 CEi*"/(to,    Immediate 
ly orior to irradiation, a \% neutralised solution of tM.$ prepa» 
ration vas administered' to the animal? Ming studied for the effect 
of cypteins on hepatjc and splenic M« intra-abdoainally, on the 
basis of 100 lag to 1  Kg of auirai vdght.    Iho amount of MA in 
fho experimental animals of this eerie» vas determined on the 
3rd, 9th and 14-th day, following irradiation» 

B-rT^*ila"tahi^rT\ndicat03 the Mh content in the liver ardl 
ordoen of ncn~i rra<lir,tsd rats   « ■ 



Table 1. 
Afccaint of HA, in ^ 
( In milligrams per 1 Qra of raw tissue weight) 

Opian 

w 
KOJläi- 
«S3CTBO 

H?HBOT- 
HfetX 

"~    "     "GET 
MeTOTecxoe 

h) CiweseHKa      25 

^)ricMeHb -  • j   25 

"'"^y    n(n- 

la* 

I) 

4,45-10,3 

1,32-2.38 

(±r,i\i 

6,47 
(±0,27) 

1,8 
(±0,06) 

PKK 

  cpeÄsee ap»4)- 
IfCeÄeJIH KO- MeTH'CRCKO?. 

4,0—8,05 

4,0—7,4 

5,9 
(±0.2) 

6,0 
(±0,2?) 

ÄHK. 

0,9 

3,3 

Legend: 
a) Organ 
b) Number of animals 
c) DNA 
d) RNA 
e) Limits of variation 

f} arithmetical mean 
g) RNA/bNA 
h) Spleai 
i) Liver 

The splenic content of DM averaged 6.4? mg, and the RNA 
content was 5.9 wg per'1 on of raw tissue. The average hepatic 
concentration of DNA was equivalent to 1.8 nsg, and the RNA, 6r,g 
per 1 Gm of tissue. These figures coincide with those of the 
literature. For example, an average of 7.71 mg/Gm of raw tissue 
of DM and RNA was found in the spleen by Handel and his co- 
workers. Schneider indicates the following amounts for the 
livers DNA — 1 ;94.j. RNA — 5.2 iag/Qra of tissue« There was a 
somewhat larger quantity of RNA obtained in other works. However, 
it should be rerae-Bbered, that the RM content largely depends on 
the diet, age of the animals an-rl other factors. 

A reduction in the spleen content of DNA was noticed ?4_ 
hours after irradiation of the animals. By the third day, the 
aiaount of DMA was at its lowest level, an average of 3.06 mg/um 
of tissue weight. This was approximately £t% of the non-ir- 
rediated rat level (see table 2). 

There was a subsequent gradual increase in 'the DNA Content, 
but con:lete normalization did not even occxw by the fourteenth 

day. 
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fabl$ 2, 

of ^ 600^r^JjR^ i^ll igrams^ £r^l.ilg..J^i^-!M.sgHg.. T£#j£jk)... 

Äs* i f/V 
ociie o6- !   KojiHiecTBo 
8y«l€HHP     i        »HBOTHMX 

CD mm PHK 

V&* ! cSe%Hee apad)- I ^J/   j C3K?H<^ göjscb- ^J^ CpG3.S-S(>2 

.neöaHHfi (   m) ■neßairaS 
MerwäscKoe ;±IK 

■*""           '      """"   ' 

. „ —              _                   „ 

i 
——  -—    - —- 

1-e     l ■12 I.57--7,05 1       4,79 2.76- -6.35 4,77 , 

2*e     \ M 1,07-5.0 

1    i 40,48) 
:    "3,77 8.03 

(4-0,36) 
1,2 

f^               ! 

«5-H        ■ IB 1,74—3,8« 
(40,26$ 

3.Ü6 2.6- -7.05 
'-4-0 

c   ■ -.'1 1,3 

6-e     | 12 1,71—5,22 

1    (±0,24) 
'       3 89 3,52- -11,! 

(±4 26) 
6,64 / 

9-e     1 8 2,68—7,40 
i    (±0.26) 
|       5,05 3 46- -9,0 

(±0,6) 
6.64 * ,3 

14-e     1 

i 
13 

Legend: 
s 
1 
< 
c 

£ 

3,24—6.55 

i) Days after 
j) Eiiafosi* of 
J) BKA 
1) RKA 
0 mk/wk 
*)  Limits of 
?,) arithmetic 

!    (±0,42) 
!       5 13 
i    (±0,34) 
i 
i 

irradiation 
sMmals 

variation 
si laean 

■ 

4,0- -8,76 
(±0,64) 

7,24 
(±P,4) 

1   A 

The amount- of UNA In ths spleen also decreased during the 
first days following irradiation,, however J not as sharply as 
in the case of DNA, By the sixth day, the splenic amount of RKA 
was restored, and by the '14th day, its level seven ©jjeeedsd, by 
appro:*±mately 13$, the average level of hsalthy dogs. 

Tha effect of irradiation on the hepatic concentration of 
DM. wa? reduced. Hovrovor, the reduction was less distinct than 
in the? spleen, but the normalization, of DM iß the liver -was 
more pronornieed .(table 3»), The changes in hepatic BM dur? -? 
irradiation differ somewhat from those observed in the splo .,,., " 
Fro3; the second day» ia the case of tho liver, there vas*e Mk 
incres.se, which, ty the math day? reached a MiajiErom^ and exceeded 
the normal by more then 60$, 
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Table 3. 
t^}^„ßS.-MkJS,^s:0r..&?£¥,,PA K^Ä-.^ygdi ;rlgd at a dose jof 

CyirKH 
jcjie O6JTV- 

l-C 

6-e 

14-e 

KO/IM'ieCTBO 
XCHBOTHbtX 

12 

14 

18 

12 

9 

C)  AHK 

npetfwibi KO- 

0.95-1,93 

0,83—2,4 

0,77-2,0 

1,1-2,48 

1,17—3,06 

1.11—2,92 

MewiecKoe 

1.6 
(±0,12; 

1,39 
( ±.ÖJ3) 
'"1,22 
(±0,07) 

1,55 
(+0,15) 
"2,14 
(±0,19) 

2,03 
(4-0,18) 

L)   PHK 
T — i 

jießaHHft  t   (--m) 

4,05—6,95 

4,28-8,26 
t 

4,44—7,73 | 

4,9-18,5 ; 

6,3-11,0 ! 

5.27-9,95 ! 

(±0.25) 
6,74 

(±0,25) 
6,13 

(4'0,3) 
""9,03 

9,74 
(±0,72) 

7,66 
(±0,30) 

4 

5 

Legends As in table 2. 

Having obtained the U.A.. content change in the liver ana 
spleen during the course of radiation sicKnoas* ve attempted to 
prevent their reduction by .means of the prophylactic adminis- 
tration o.f oystamine. The  protective activity of oystarriine .,s 
determined on the 3rd, 9th, and 14th days following irradiation 
of the animals. In a like manner, it was äetftrrei&ed that 1, ■>& 
greatest variation changes.of M occurred on the 3rd day, both in 
tbe liver and spleen, and that on the ninth day, there were the 
distinct characteristic processes of normalization of M content, 

Finally, it was of interest to know ia what wanner could 
the prophylactic admird stration of eysiasine predict the HA 
content in the organs under study, at future dates♦ The data of 
this series of experiments are presented in table 4.. It is in- 
teresting to note, th,t a similar biphasio increase in the DNA' 
content was observed in radiosensitive organs, when using cysta« 
aine solutions as protective. 
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Table 4» 
Amount.. of .,KA in ..the J^JLHEJiBa^;^^ 
to_ whom a prophylactic solution of eystaTolns was adminis«» 

CyiKM 
ndcne 
oCny- 
'iftHirS! 

3-H 

9-e 

14-e 

3-H 

9-e 

14-e 

w 
Kom- 
MOCTBO 

JKK30T- 
HMX 

o   ^HS 
5 cpeJBfe 

apE$MeTH- 
MecKOfc 
(±m) 

npOiU-HT  K 
KO.IlMROTRy 
y o6.ny--ieH- 

HMX 

....M±!1.W 
I   cpeafft« 

npSflCJlfcl K.O-      apBljMHeVH- 
jie6aH!5fl <-iecKoe 

!     (am) 

!ü 

10 

12 

10 

10 

5,35 
(±0.18) 

i ,92 
(±0,27) 
7,20 

( + 1,16) 

4,05—6,53 ' 

3,97—6,65 

2.7—12.9*:) 

1,33 2,88 I i;,81 
I (±0-15) 

I.2S—2.13 i 1,75 
<±fMI) 

j. 11-2,95 
(±0,24} 

175 

97 

140 

j)  rieiieHi 

148 

82 

100 

& 
npm<,f. < K 
KOJIUI'-. »y 
y O6J;; =ICIT- 

PHK_ 
AHK 

11 Cejieaensa 

3,32-7,05 

6.42—9,9 

5,44—9,0 

4,9- 
(±0,42) 
7,15 

(±0,53) 
7,62 

(±0,32) 

5,06-8,22 ! 6,4 
If ±0,3!) 

4,0—10,8  7,33 
(+.0,67) 

5,23—9,32 | 6,9 
! (±0,45) 

122 

108 

105 

104 

75 

9i 

0,9 

1,4 

3,5 

4,2 

3,4 

Legend: a) through g) as in table 2» ... 

h) percentage of the nurabor of irradiated 
i) Liver      i) Spleen 

As can be seen from table AP  the prophylactic adminis- 
tration of eystaiaine led to the prevention of DMA reduction in 
the early periods following; exposure to penetrative radiation» 
By the third day, following irradiation, tho splenic conterc'" ..' DhA 
was 75% higher, and the hepatic content Lß%  higher, than in the 
organs of irradiated anhsal^ to sdaou cyötardne was not adroj .riotered« 
There w..s so;::e inore so in the amount of RNA in the spleen of 
rats protected with cystanine« 

By the ninth day, no distinctive effect of cystamtne on 
the DNA content of organs under study, was observed* By this 
tine, tue amount of hepatic RKA in the protected animals was 
somewhat less (by 25%)  than in the control. By the 14th day, there 
was observed a snail new increase of the DM level in the spleen 
of the protected aniaals, It is considered that the increase in 
the DKA level, observed in irradiated animals by the end of the 
second week, is conditioned by intensive tissue regeneration, 
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originating in the protective cells» 
The ia«chanisa of th© protective action of cystaaine, as 

wall as cysteihe,'is not yet sufficiently clear» Ferments, con- 
taining SH~ groups have been found to b© most sensitive to 
ionizing irradiation, under the stimulation of penetrating 
radiation, in several cases, there was oxidation of the SI!«' 
group to disulficte, in other cases, several, ferntents vere con- 
verted to restorative processes. It may b© assumed that the 
positive effect of administering such compounds contained in the 
plasma, in radiation, sickness, is tied to.the ability of theg® 
substances to laaintain the intra-celltilar thio ferments which ' 
take part in NA synthesis» It .must also be considered that 
compounds of a similar type «an influence the level of osddative 
restorative processes, or interact with the oxidising radicals 
formed by irradiation« 

However, whatever the disruptive mechanism of nucleic 
raetaboliem may bes it is evident that euch'disorders play an 
important role in the development of radiation sickness.* Gystand?       * 
prevents, to a significant degree, NA metabolic disorders» ar" :.ag       f 
from exposure to penetrating radiation* The atudy of the e<^ urn 
cf protective substances on metabolism helps to clarify th« * 
affection process mechanism, and facilitates the search for aw 
and more effective means. 

Conclusions ,., 
1. General irradiation vith T Tt%?&  of Co°'"} at a dose of 

600 r, causes a HA content reduction in the spleen of white raia, 
which is especially pronounced by the third day, 

Following irradiation, the amount of DNA in the liver 
decreased to a leaser degree than in the spleen, tout normalisation 
takes piece significantly faster. 

2» A prophylactic administration of a \% solution of 
cystamiae, on the basis of 100 mg per 1 Kg of animal weight, 
significantly prevents the reduction of the HA content in the 
splean, and the DM content in the liver, in the first days 
following irradiation«' Its effect was not distinct at later: i 
periods« 
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