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The Effect of Lo al Irgadiation on the uoncentration of
Acid-lnsoluble Phosphorus.-Fractions In tne Bone Marrow
Ce ) : of. Ra“bit% , .

V S. Turov skiy

From the Department of Bl ochemisfry (Head - Corresponding
Member of the Academy: of Medical Sctiences USSR Professor .
Ve S. Iliyin) of fhe Institite of Experimennal Medicine of

© the’ Academy of Medical Sc'ences USSR .

The effect “of tota;—body zadiation on the conCentra-
tion of nuc¢leic acids and phospholipzds in the bone marrow.
has been studied by Lutwak-Mann who ‘showed that totala body ,
irradiation of rats (500 r) ;eads to the marked reduction in~
the concentration of desoxyrihonucle*c acid and a reduction |
in the concentration of ribonucteic acid. Complete recovery
of the ¢oncentration of nucleic azids in the bone marrow of
irradiated rats occurred after 48 ‘days, According to the
data of Martin and others, six to eight hours after a totale -
body irradiation of rats in a dosg of 800 r the uptake of p3R
in the nucleic acids of the bone marrow is reduced by 43 = =
percent,’

Thomson and others have shown +hat local 1rradiation ’
of the hind extremity of' a rabbit with yerays of. Co60 fn . .
doses of 310 and 620 r leads to. a marked reduction in the
nucleic acld concentrat‘on in the ifrradlated bone merrow
after 48 hours, whereas the concentration of phospholipids
is practically unchanged in it, E

R, Ye, Libinzon studied the concentﬂgtion of nucleicw},
acids and phospholipids and the uptake of P in these frac.
tions 6f the bone marrow of rabbits and ‘found that the cogn‘jl
centration of nucleic acid. phosphorus and the uptake of P32
are markedly reduced after a total-body irradiation of rabw
bits with a dose of 1,000 r, The’ concentration of phosphorus
in the phospholipids did not change very much af'ter the =~ = .
irradiation, Ye. A. Dikovenko found that both after total-ﬁ;.
body irradiation of rabbits in a dose of 300 and 2, 000 r and .
after local irradiation of Lhe tead (600 and 4,500 r) and of
the abdomen (2,000 r), a reduction in the concentration’ of
nucleic acids is OJSLPVQd and of the uptake of P32 in them.

‘In-the present work, a study wes made of the CONCefim .
tration of acid-insoinble phosphorus fraci ionss nucleic
acids, phoSghooroteins and phosphol;pids and the rate of
uptake of P32 in them In the bone marrow of an irradiated .
rabbit extremity ("direct" effect of radiation) and in the
bonz marfow of a non-irradiated, lead-protected extremity
("preflected" effect), The same indices in the bone marrows
of non=~irradiated rabbits served as the controls,

1



‘For the purpose of irradiating the animals, an RUM-3
apparatus was used. The voltage was 180 kv, the anode cur-
rent was 15 ma, the turret with the radiatlon field was ‘
10 x 15 centlmeters, filter of 0,5 mm Cu and one mm of Al,

- distance from the anode was 30 centimeters, dose rate in

air was 67.3 r/min, The entire bodv of the abbit, with the
exception of the left hind e,{trem*ty,-waL coveﬁed with lead
three millimetérs, thick, The dose rate was 500 r, Phosphate

(Na HP3204) was injected- intravenously acdording to the calw’
Culatlon of 50,000,000 impulses per minute (044 mC/kg).

Using our dosages the isotope administered could in
itself exert an influence on the metabolism of bone marrow
phosphorus compounds, However, ‘We could not find any changes
in the morphological picturfe.of the bone marrow or peripheral
blood in control exper1ment° (wib?ont irradiation), Twenty~
four hours after the injection of FO< the rabbit was beheaded.
Treatment of the material was made- accordlng to the Schmidt
and Tannhauser method in the Schneider modification. The
magnitude of the turnover, that is, the number of impulses
for the given function per 100 Jrums of bone marrow tissue
(product of the specific activity and the concentration in
milligrams-percent) was computed,

In control experiments, a study was made of the .CON-
centration of acid<insoluble phosphorus fractions, their
specific activity -~ the number of impulses per m;lligrwm
of phosphorus of the fraction being studied and the magni-
tude of the turnover in the bone marrow of normal rabbits
4 houfs after the injection of PO into them (this period
was established as a result of special experiments),

The results of the experiments showed that local
irradiation of a single extremity of the rabbit led to a
change in the concentration of phospholipids in the bone
marrow of Dboth extremities, The phospholipid concentration
in the irradiated extremity decreased markedly 24 hours
after irradiation (by 34.8 percen%) and during the next
three ddys remained at the same lecvel, Beginnirg with the
fourth through the tenth day after irradiation the concenw
tration of phospholipids returnéd to the control level (99,4
percent); Deginning with the 10th ¢ qﬂhvjh the 32nd day it
contlnued to increassz, "and on the ¥2n4d day it exceeded the
control by 82,3 percent, . -

Different% dynamics were obgerxed undep the inf1uence
of the reflected effect of irradiation. The concentration
of phospholipids in the bone marfow of the non-irradiated
extremity 24 hours after irradlation was no different from
the control, but after 48 hours it increased notably {(by 27
percent ), and on the 32nd day after irradiation was 70,8




percent higher than the control, The rate of P32 uptake in
the phosSpholipids uf the bone marrow of irradiated and none
irradiated extremities changed in approximately the same
way -~ It was somewhat reduced during the entire time of the
observation, _ ;

The difference in the nature of metabolism of the
phospholipids in the bone marrow of the radiated and non-
irradiated extremities was shown by comparison of the values
of the turnover of this fraction, The magnitude of the )
turnover rate of phospholipids in bone marrow decreased both
after the direct and reflected effects of irradiation, but
this decrease was considerably more marked in the bone mar-
row exposed to the direct effect of X-rays, The refiected
effect produced a change in the turnover rate in the same
direction but less marked and of shorter duretlon., The rate
of turnover of phospholipids began to return to normal £4-48
hours after irradi{ation in the bone marrow exposed to the
reflected effect, reached the control level, and on the 10th
day after irradiation considerably excesded it (by 65.4 per-
cent), The return to normal of the rate of phospholipid
turnover of the directly irradiated bene marrow began only
four to ten day after irradiation, reaching the control level
(i04.6 perceni) on the tenth day.

In the Table results are presented of the direct and
reflected effects of irradiation {500 v dose) on the concenw
tration, specific activity, rate of phosphoprotein turnover
in the bone marrow,

The phospholipid concentration in the bone marrow 24
hours after the direct effect of Xwrays decrease considerably
{by 44.2 percent compared to control), In the subsequent’
period (48 and 96 hours after ifradiation) the phosphoprotein
concentration increased somewhat; however, it was far from
reaching the conirol level, remaining 302 percent and 25,5
percent below it, Afler four to ten days the concentration
of phosphoproteins increased markedly, and on the teanth day
it notably exceeded the control (by 20,9 percent), The ~
changes in phosphoprotein concentration after the reflecied
effect of irradiation were of the seme nature but were much
less pronotunced., The changes in specific activity of the
phiosphoproteins in the irradiated and non-irradiated bone
marrow of experimental animals werzs simliar,

The nature of the changes of ths concentration in the
nucleic acids in the bone marrow under ths influence of
frradiation was similar to the phospholipid changes. Direct
irradiation produced a marked reduction in the concentration
of nucleic acids in the bone marrow, The reduction was
equal to 41 percent 24 hours after the irradiation and
remained at a low level up to ten days. Only between the
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after the direct and reflected effects of irradiation: in
the former case it was markedly reduced; in the latter,
markedly -increased.” . ' -

: ‘Acgotding to.its nature the direct effect of irradia-
tion on the rate of tuwrnover of all three fractions may be
divided into two peridds: 1) the period which lasted for the
first two weeks after irradiation, during which a decrease
occurred in the rate of acide-insoluble phosphorus. fraction

turnover: ‘2) the recovery period, which began between the -
fourth and ténth days after irradiation .and led not only to
complete restoration of the rate of the turnover of all three
fractions but also to a considerable increase of it over the
control lével with respect to aucleic acids and phosphopro=- - -
teins, It is not possiblé at the present time to give a
satisfactory explanation to such a marked "peactive® increase
in the concentration of phosphoproteins, phospholipids and
nucleic acids in the bone marrow in the remote periods after.
trradiation, It may be notéd only that during this period
a considerable restoration to normal occurs in-the cellular
composition of the bone marrow {Heineke, Winsche, P. D,
Goérizontov), . o g

- Our experiments showed considerable changes in the
intensiiy of ilurnover of the acid~insoluble:phosphorus .
fractions in the bone marrow of the second, non-irradiated
extremity (reflected effect), With respect to phospholipids
and phosphoproteins these changes also can bz divided into
a period of reduciion and & recoverys or reactive period,
With the reflected effect of the irradiation the period of
reduction in the intensity of phospholipids and phosphopro-
tein turnover was not so pronounced and brief but the
recovery period began cariier and the increase in the inten-
sity of turnover of these fractions reached a higher level,
The intensity of nucleic acid turnover in the non=irradiated
extremity began immediately to increase sharply, principally

‘becaise of an increase in the specific activity of this

fractién, Therefore, after the refiected effect of irradia-

tion, the period of reduction with respect to nucleic acids

was not seen.

Conclusicons

1. Irradiation with a dose of 500 r of the hind
extremity of rabbits produces changes in the concentration
and rfate of turnover of the acidwinsoluble phcsphorus )
fractions in the bone marrow of irradiated ("direct" effect)
and non-irradiated (Yreflected" effectllof the extremity,

2, Direct irradiation first leads to a marked and
proionged reduction in the concentratlion and intensity of
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phospholipid,: - phosphoprotein and nuclelc. acid turnoverg,

aftor which (usually between the fourth and tenth day) the
recovery period begins, and by the end '6f this period (32nd.
day) their concentration and rate of turnover exceed those’””

in the pone marrows-of non-irradiated *acblts°¢;

3, .The reflected effect of Ifradlation 1S‘cha actera?:

1zed by a considerable increase in the concentration of
phospﬁolipids and nucieic acdids after a brief and sl ght .
reduction in the concentration of phosphoproteins, - The

intensity of phospholipid and phosphoprotein turnoyer, affe#:?ﬂf

the brief 'and slight reduction, fucréases, wherehy.this
increase is expressed to a much: greater extenu than after.

the direct effect of 1rrad1ation. _*bav
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The Efflect of the Adrenocorticotropic Hofmone of the
Hypophysis and Suprarenal Cortical Extract on
" Hematopeiesis in Ilrradiated Animals

M) F, Aleksandrova

. The aim of our work was to study the effect of the
adrenocorticotropic gormone (ACTH) of the hypophysis and of
suprarenal cortical extract on hematopoiesis in irradiated
animals, Oné hundred and eighty-six male white rats weighing
180=230 grams wereg used for the work,

i The animals were divided into three serless rats of
the first series Were not irradiated; rats of the second
series were irradiated on an RUM-3 apparatus; rats of the
third series, on a. l2~tube X=ray apparatus under standard
technical conditions, The entire work was carried out with
Soviet preparationsg suprarenal cortical extract (cortin)
and the longwacting hypophyseal adrenccorticotropic hormone
(ACTH zinc phosphate), the method for obtaining which had
been worked out in the Aii-Union Institute of Experimental
Endocrinology (N. M. Rudenko). The preparations were
injected intramuscularly for three weeks; ACTH, in a doseé

of five units twice a weeks cortin, in a dose of 2.5 units
twice a daye. :

i in all the fats the peripheral blood was examined for
¢wo moaths (concentration of platelets, reticulocytés, ery=
throcytes, hemoglobin, leucocyteés, and the differential
white blood count) and an investigation was made of bone-
marrow and spleen preparations.

The Effect of ACTH on the Hematopoiesis of Rats Following
a Total-Body Single Irradiation With a Dose of 400 r

Very substantial differences were observed in the
hematopoietie reaction of rats which had been injected with
ACTH beginning with the first day ai'ter irradiatlon by com-
parison with the irradiated control animals, An extremely
insignificant relative increase was noted in the concentraw
tion of preticular cells, Apparenily, the capacity of tham
for being differentiated into blocd cells was impaired to a
lesser degree than in ihe control irrediated rats (Fig. la).
ACTH exerted a normallzing effect also on the maturation
processes of erythroblasts and bone-~marrow granulocytes.,

In Fig, 2c it is seen that the maturation index of erythro-
blasts is unchanged on the fifth day during a period of
maximum changes. The maturation curves of erythroblasts and
granulocytes of animals (Figs. Ra and 2b) which were given
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and white blcod were absent inirradiated rats on the tenth
day, after the injection of ACTH they were found in quanti-
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Fig., 1. Concentration of Reticular Cells in the done

Marrow {a} and Spleen (b) in Rats.

] we 400 r3 R we 400 r plus ACTH; 8 == 400 r pius cortine. -
ACTH had a favorable effect on the spleen also. The
increase in the content of reticuler cells was not 50 great
(Fig. ib), and the degeneration was reduced {see Figs. 3}
During the perlod of administration of ACTH, the concentyéw
tion of lymphoblasts and large lymphocytes was within normal
1imits, whereas in the control rats it decreased (Fig. 3b).
The spleen was richer in cellular elements than in the copn- -
trel znimals. All this led to the fact ithat changes in the
peripheral bleod were less pronounced, The red bleod count .
deereased by an average of 15 percent by the 15th day (in
controls, by 40 percent) {Fig. 4], recovery wWas more active,
and the red bloed cells returned to their original level by -

the 25th-30th day {(in the control,
degree of reduction in the leucocy
same &5 in the control animalsy bu
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by the 45th dayl}. . The .
te concentration was the
% recovery occurred in a

shorter times.

The increase in the concentration of leucow

cytes occurred chieflly because of. the increase in neutro-
phils, but it is interesting to note that the recovery in
‘the lymphocyte count also was more active.
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Fige 24 Maturation Curves of Erythroblasts {g) and Granu-
locytes (b) of Rat Bone Marrow on the Fifth Day
After Irradiation (in percentages of the Totel
Numbsr of Bone~Harrcw Celis); Masturation Index of
Erythroblasts on the Fifen Day after irradigtion (cl.

§ we popmaly £ == 400 vy 3 -- 400 t plus ACTH; 4 == 400 T
plus corting I == proeryihroblasts Ehematablaaté}; il ==

. basophilic macroblasts [megaloblastsi; 111 -~ basophilic
normoblastsy IV -= polych?omatophilic normobliasts; V ==
eosinophilic normohlasts; V] -« myeloblasis; VII ew DrOlY-
slocytesy VIII == myelocytes; IX o Juveniles; X == stabsg
K] -w segmenied neuntrophlils.
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 Aside from this experimental variant, where ACTH was
injected beginning with the first day-after irradiation, we
examined the blood of animals which had been given an injec-
tion of ACTH beginning on the seventh-day after the irradia=
tion (in a dose of five units twice a week for three weeks),
or after a double injection of ACTH during the three days
before irradiation, When the preparation was injected begin-
ning with the seventh dsy we did not obtain any beneficial
resultss the erythrocytopenia .and léucopenia were more severe
(Figs 4), and recovery was delayed, The injection of ACTH
before irradiation somewhat lessened the degree of reduction.
in the erythrocyte count; however, the ‘recovery of them also
occurred in a delayed manner.  The white blood count decreased
just the same way as in the control animals, bui recovery was
more active, Lo LERs D

The Effect of Cortin on the Hematopolésis of Rats After
“'a“TOtgénBQdy,Single;Irradiatiqﬁ‘With;aiDosenof 400 r

" Cortin contributed to o certain normalization in
hematopoiesis of irradiated animalsj however, it was less
effective, In exerting-a definite beneficial influence on
the processes of transition of reticular bone-~marrow cells
and spienic cells. into blood cells, cortin, in contrast to
ACTH, did not act on the maturation procgsses cf ewythroe.
_blasts and granulocytes, In Fig, 2a and 2b it is seen that

in animals which were given cortin injections after irradia=
tion there was just as marked an inhibition of the maturation
précesses ‘as in the control animals, In the spleen of the "~
rats the concentration of lymphoblasts and large’ lymphocytes ...
increased on the £fifth day after the iIrradiation. (by compari- .
son with the normal), which was apparently brought about by. . .
a delay in the maturation processes of the lymphocytes, . In' .
accordance with this, the number cf cellular elements in the
spieen was reduced by comparison with animals which were
given ACTH. Changes in the concentration of leucocyte$s and
erythrocytes in the peripheral blood of animals of this group
and of the controls were.the same {Fig, 4). .. . . . _

The Effect of ACTH and Cortin on the Hematopolesis of Rats
‘After Fractional irradiation With a Dose of 600 &
- (The Irradiation Was Carried Out for 50 Deys)e

~ In all (18) animals a reduction in the white blood
count was noted by the end of the irradiation period (by
7085 percent) and of the.erythrocyte count (by 10-i5 per=
cent)s After stopping the irradiation for three weeks, the
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rats wefe given ACTH injections of cortin injections accord-
ing to the system indicated above. No essential difference
was noted in the recovery of the peripheral blood composition
of control and experimental animais, o "

*" These investigations showed that the Soviet prepara-
tions of hypophyseal ACTH and suprerenal cortical extract =
(cortin) possess a high degree of activiiy and exert an in-
fluence on the hematopoiesis in both intact and Irradiated
rats. In the analysis of the data obtained we directed -
attention to the fact tHat in the reaction of the bone«<marrow .
red blood serjes to the injection of these hormones there was
a certain simjlarity with the"reaction to irradiation. Thus,
for example, the accélerafioﬁ'of errythroblast mattiration, R
which was &ccompanied by an increase in the erythrocyte con-
centfation in the peripheral biood was common to both; aftér
irradiation, it is usually observed early, during the first .
few hours or in the first day (A, P. Yegorov and V, V, Boch«
karevy; M, F, Aleksandrova;g M, S, Lapteva~Pcpova and others).,
In all animals there was also a relative reduction in the
number of cells of the red biood serigs noted; in irradiated
animals, from 25 percent in the normal-to’ 15=-14 percent on
the fifth day; in rats which were given cortin injectlons,
to 7=17 percent on the fifth days in rats which were given
ACTH, to 16-~18 percent on the 10th days . j

Both after-the injection of these hormones and after
irradiation, a disiurbance occurred in the differentiation
of reticular cells of the spleen into blood cells, en increase
in the lysis of lymphocytes and a reduction in the number of -
celiular elements in the spleen, ‘ _ '

It 1s known that the background against which this
effect occurs exerts a considerable influence on the nature
of the effect of the hormones (S, M, Leytes), As a result
of the deep~seated changes produced in the body by irradia-
tion the nature of the effect of hormones was considerably
changed in our experimenis compared with the effect on '
intact animals, Thus, while in intact rats afier the injecw

tion of ACTH and cortin we observed an increase in lymphce - .
cytolysis in the spleen, relative incyrease in the reticular ’
cell concentraiion and reduction in the total quantity of ar

splenic elements, in the irradiated animals after the in-

jectién of the preparation Iymphocytolysls decreased; and -
a2 certein normaliization of the differentiation process of

reticular bone-marrow cezlls and of splenic reticular cells

into blood cells was noted, The number of celiular elements

in the spléen of experimentdl rats was greatey than in the

control rats. At the same time, ACTH exerted a normalizing

effect also on the maturatlion processes of blood cells and
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stimulated the regeneration processes, Which apparently also
accounted for the fact that the injection of ACTH consider=
ably decreased the degree of reduction in the peripheral
blood érythrocytes and accelerated the recovery in the con-
centration of leucocytes and erythrocytes, whereas cortin
did not exert any influence on the composition of the peri=
pheral blood. Despite the fact that the injection of ACTH
cortin somewhat decreased the degree of injury to hematopoi-
esis, we did not: observe any reductidn in the mortaiity rate
In the experimental group_compared-with,thg_cdn%rol:group;ﬁ i
' Conclusions .

1, The injection of ACTH oncé into ‘irradiated rats’
reduces the degree of injury fo hematopoiesls and contributes
to a more active recovery of the concentration of .epythio-
¢cytes and leucocytes in the peripheral blood. ACTH exeris
a peneficial effect when it is injected beginning with:the
first day after irradiation. o ' o o

2. The influence of stprasénal corticai extract on .
hematopoiesis is insignificant in rats irradlated once.

3. Injections of ACTH and cortin do not exert -any .
influence on hematopolesis in rats subjected to fractional
irpadiation with a dose of 600 re -~ - - o

, 4, The effect of these preparctions. on hematopoiesis
in intact and irradiated animals is different. \ S -
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Investigation of théf?ﬁoﬁgffiés of Irradiated Erythrocytes -
' - by_the~8trictiqnnMeth0d ‘ ‘ ,

_ Yy, A, Kriger and Ye, 1;>Ya?tsev
From the Cha{rtof Bibp"ySicsiéf fhz'FaCuityvéfvéo;i Bioiogy
of the Moscow State Universily ; v

Quite a few facts have been described in the litera-
ture attesting to the formation of toxic products in isolated
cells as well as in the tissues.and organs of animals and
plants subjected to the effect of ionizing radiation, At
the same time, various authors mention features of similarity
during the course of radiation sickness, on the one hand, and
in the pathogenesis of certain toxic states, on the other.

Among such features common to both syndromes are the
followingg the presence of an incubation (iatent) period,
relationship of the course of the disease to the temperature,
and, finally, the vigorous development of a pathological
process in its terminal period {Bo N, Tarusov)., -The appears
ance of toxic substances in the tissues and tissue fiuids
of irradiated organisms can, however, have pathogenetic
significance only in the event the accumulation of these
subsiances occurs continuously throughout the entire period
of the development of the disease (V, N, Benevolenskiy),

This requirement at present is satisfied only by the
so=called "hemoiyti¢ factor" which was first discovered by
A, S, Mochalina in the livers of irradiated rats, and then
studied in detail by Yu, B, Kudryashov and identified by him
as an unsaturated fatty acid., Nevertiheless, the problem of
the appearance and change in the activity of toxic productis
formed after radiation injury may be important also in those
cases in which these processes occcur with extinction,

Actually, a break in some of the chains of radiation~
chemical reactions is able %o lead to the formation of sub-
stances which are the starting points for other prccesses

hich have already developed according to the stage law,
that is, according to the law characteristic of chain reac-
tions with sidewchains,

) The task of the present investigation was a clarifi-
cation of the possibiliity of producing toxic products in a
sugpension of irradiated erythrocytes. With this aim in
view, we made use of the striction method worked out by
B, N. Tarusov for the purpose of detecting bacterial toxins
in tissues and tissue fluids.

The erythrocytes of rat blood, stabilized by dry
sodium citrate, were separated from plasma by centrifagation
and triply eluted with physiological sodium chloride solu=~
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A

f?ion, each time for 10 minutes at 1500 revolutlons per
minute. From the eluted erythrocyles a four-percent sus-
pension was prepared in physliological sclution, which then
was divided into two equal portions. One of them remained .
as a controls the other was exposed to the efrfect of Y=rays
on a GUT=Cow400 apperatus [telegamme apparatus].  Doses in
various series. of experiments amounted to 42, 63 and 84 kr
using the same dose rate, which was equal to 700 r/min.,

The detector for showing the toxic substances in the,
%irradiated‘erythrocytes was a muscle brei which had been i
prepared from the gastrocnemius muscle of the white rat, A
200-milligram sample was used for each experiment; it was
put into a dilatometer which had first been filled with a
four-percent erythrocyte suspension. The dilatometer was
immersed in a water inmcubator at a temperature of 3020,01°,
The readings were made by means of a horizontal MIR=-1
microscope every five minutes for 75 minutes.,

: As is seen from fig. 1, putting the muscle brel into
irradiated substrates leads o a definite inhibition of
striction by comparison with the control here (as subsew
gquent experiments showed) the degree of inhibition of
striction did not depend on the megnitude of the dose used
and remained practically constant within limits of the
range of doses used. At the same time;, no Youdden jumps, "
which indicate the formation of toxic products according
to B, N. Tarusov's data (Fig. 1), were ohserved in any of
the experiments performed.

/ »

Dijatometer

readings
TV T T A T T

g 1530 25 30 KSar €% &5 60 85 A B EG
Time, minutes

Fig. 1. Inhibition of Striction When Tissue Is Placed in
Irradiated Suspension of Erythrocytes.

1 -- controly 2 =~ experiment.

A completely different picture was observed when thej
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Fige. 3. Ghange in cipiction Curves When Irradiated Erytle
rocytes Are Preserved in the Cold {357}

we one hour after irradistion; % -~ nine hours afier;

we 24 hours after irradisztion; 4 -- 48 hours after; 5
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and injury of erythrogytes or do they occur also in other
forms of hemolyzis? With the aim of elarifying this prob-
lem zimilar experiments wers performed in which the
eryihrocytes were subjected to = preliminary distitled .
water or saponin destructicn, In the Tormer cuase, a four=
percent eryihrocyte suspension in distlliled water was
prepared. After 50 minutes, rhat is, on the completicn of
hemolysis, & sample of dry sodium chlopide wWes added to the
suspension so that the concentration of supernatent fluid
corresponded to the jestonic, The preliminary one=hour
tmcubation of such a suspension did not lead to & subsg.

quent occurrgnce of Wipmps® in the emperimental curve.
Negative data were obtained alsc after the reaction of the
muscle brei with a four-percent eryihrocvie suspension in
0,01 percent saponin soluticn prepared In physiolegical
solution (Fige 4). Therefore, the toxicometric test proved
to be positive only after irpadiation hemolysis and nega-
tive after other forms of Ii. ‘

The second problem stemming directly from the Tirst
consisted in an elucidation of the tocation of the toxic
fartor. We needed to make clear whether it was fixed on
to tre erythrocyte stroma or whether it leaves the latler
A4 noes into the supernatant fiunid. With the aim of
answaering this question we performed a 10-minute centrifie
gation of the control and irradiated suspensions with @

17
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réubsequent aspiration of the supernatant in which the
samples of ground tlssue were then placed. The occurrence
of characteristic ®jumps" in the experimental curve indi-
cates the passage of the toxic factor in the supernatant
fiuid (Fige 5)o -

R et e e !

PR T el o8 50 55 UK

Time, minutes

Fige 4. Tissue Striction With Non~Radiation Hemolysis.
] == conirol; 2 -~ hypotenic hemolysisg 3 ~= saponin hemoe
lysis, ' : ‘

e smemm—__L ]

o

| 53

[+
@ .

o=

o? ord . -

B I 2
et O
i '
. ? o

R A O Y Y T R

Time, minutes

Fige 5. Tissue Striction In Supernatant Fluld.

] -= control without irradistiong 2 = experiment after
irradiation, -

The nature of the toxic factor, naturéllyg continues
o remzin unclear, There are grounds for the belief that [
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it is in one way or another bound to the phospholipids or
decomposition products of them, The lack of a toxic effect
after hypotonic hemolysis (in which only the hemoglobin
leaves the erythrocytes) as well as after saponin hemolysis,
which is accompanied by the outflow of hemoglobin and cholesw-
terol (D, L. Rubinshteyn and R, A, Rutberg) speaks for such
a suggestion. Investigations of the electron-optic and di=
electric structures of the irradiated erythrocytes, which
show a considerable injury to them, can also serve as a
supplementary confifmat;oﬁldf our surmise., The degeneration
of a lipopréotein complei: 6f red blood cells evidently under-
lies the latter (Yu, A,”Kriger and Ye. S, Yelkhovskaya).
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Bone Changes in the Postnatal Period in-the Offspring of:: 3!

“Rabblts ExpoBsed. to the Bifect of fonizing Radiation ' b
”fff-;;gtlnifﬁegent'PeriodSﬂof_Granﬁitynf[gffjg;f R

. iiye, I. Aleksandrovich. ¢

From the Roentgénologlcal Departmént (Head == A, I, Kocher=: -’
gin, Doector.of 'Medical Scilences) of the Instltlte of Obste="':
trics and Gynécology of the AMN 'SSSR[Academy; 0f ‘Medlcal: * "

S e sedetices USR] Lt e

.Degpite the considerable humber of investigations®
directed at the study of the effect of lonlzing radlatlon
on bone tissue, this problem 18 .the least studied, Certaln
authors (B. A. Arkhangeliskiy), describing the effect of
radiant ensrgy on the .fetal qe“iﬁandfthe.fetus-inwrabbiﬁs;nuxf
note the lag in the growth of ‘fetuses irradlated in utero.
Douglas observed-a bone anomaly;of 'thé: upper and Iower ex- '~
tremities of a-newborn child the. mcther of which Had been :
givenfxfra~-therapytiﬂmﬁhe}fbu@%ﬁampnnhrof'ﬁrégnancy}t~Simiauﬂ
Tar anomalles and abnormalities have besn .noted by other h
authors (Murphy,-Fas, Goldsteln), which they observed.after -
intrauterine irradiation of the off'spring of 'mice, - From -
works {Russell;:Wilson, Schall, Basik) sérforméd on micé; i
it is seen that a more harmful effect of irradiation 1s ex= -
pressed on the offspring whlch areé in the ‘edrlier phases of..
intrauterine development.. The size Of the dése of ‘X-rays
is also of importance: the damage 1s lncreased with! the in=: "
crease in the dose,  N. A, Krayevekly, 1n dealing with: radi:
ation sickness, notes microscopically demonstrable changes
in the bone tissue’ of animals, which are observed chlefly - .~
in the periosteum, endostum of the vessels of +the Haversian -
canals and osteoblastsiin the growth zonmes, -~ .= .0

The problem of our wWork wasg that of: demonstrating
possible changes in the osseous skeleton of the offspring
of rabbits exposed -in utero to a single X-irradlation at
different periods of gravidity of the mother,

Total-body irradiation with a dose of 300 r was
given under the following conditions: voltage 200 kv, cur-
rent 15 ma, filter 0.5 mm Cu and 1 mn Al, distance 60 cen-
timeters, half-value layer 0,95 mm Cu,

The rabbits were irradilated on the 13th and 20th days
of gravidity, because at these period of embryonic develop-
ment the so-called "critical phases of development” are ob-
gserved in which the most pronounced changes may be expected,
Thus, placentation in rabbits is completed by the 20%th day.,
The period of greatest organogenesis occurs from the fifth
through the 15th day (Russell?. Over the course of the
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19th day a marked increase is observed in the size of the
embryo, which then becomes a fetus (G. A, Shmidt),

Young rabbits born of mothers which had not been ex-
posed to X-irradiation served as controls,

By the method of roentgenography we studied the con-
dition of the long bones of the extremltles, directing at-
tention to thé ‘times of appearance of the ossificatlon cen-
ters chiefly for the dlaphyseal and eplphyseal growth zones
of the femoral ahd tibial bones in the area of the knee joint;
the length of these bones was taken into conslderation as
was also the length of the trunk of the young rabblts to~-
gether with the head, ‘ o

X-ray films were taken directly after birth of the
offspring as well as during the course of thelr growth,

The technical conditions under which the films were made
were kept the same and a constant skin-to~tube distance of
100 centimeters was used, which made the dimenslons approxi-
mate the actual dimensions and made it possible to compare
the figures obtained, _

' On histological preparaticns we studied the struc-
ture of the metaphyseal growth zones of the femoral bones
pertaining to their distal segmerts, In addition to what
has been stated, the welght of the experlmental animals was
noted, These data are presented in Tables 1 and 2; the nu-
merical data in them have been treated by the method of
variation statlstics, making 1t possible to establish the
average probable error for each magnlitude and the rellabil-~
ity of the differences between esch of two groups by compar-
ison with the control groups of experimertal animals,

, In analyzing the data obtained it should be noted
that the body welght and the length of the trunk (almong
with the head) as well as of the lorg tubular bones of the
rabbits irradiated in utero on the 13th and 20th days of
thelr mother's gravidity were less than those of the control
group and, in addition, were differcnt from one another,
Smaller values for all three indices were noted in the first
group of experimentsl offspring,

A The data of Table 2 show the delay in the appearance
of the ossification centers for the epiphyses of the long
bones in the area of the knee Joints in the rabbit offspring
irradiated with X-rays in uterc on the 13th and 20th days

of gravidity of the mother, whereby these changes were most
pronounced in the first group by comparl:zon with the second
group of experimental animals and the control group, In
part of the bunnies which we studied at different periods

of their development within the limits of two weeks of life,
the signs noted were maintained subsequently.
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We were able to note that the absence of ossifica-.
tion centers on the first day of l1life of the bunnies lrra-
diated ip utero and then a delay in thelr appearance dur-
ing the course of thelr life occurred also for the proximal
femoral epiphyses, humerus and ulna, and for the distal epi-
physis of the tibia, patella, as well as for the epiphyses
of the metatarsal and metacarpal bones and phalanges of
both extremities, This once again confirms the general dis-
turbance in the growth of bones in length and in thelr for-
mation, These disorders in bone development occurred chiefly
in the rabbit offspring irradiated 1ln utero during .the first
halg of gravidity of the mother (on the 13th day of gravid-
The distal segments of the metaphyseal areas of the
femoral bones of the bunnies of the first day of 1life were
taken for histological preparations directly after they had
been killed, The bone tissue was fixed in 10-percent solu-
tion of formalin and then decalcified in five-percent nitric
acid solution until softening occurred, Affter the bone was
washed out, 1t was passed through-alcohols of increasing
strength. Sections were made after embedding celloldin,

The preparations were stained chlefly with hematoxylin-eo-
sin according to the van Giesson method.

The principal morphological changes amounted to a
considerable reduction (impoverilshment) in the blood supply
in the growth zone areas, This was expressed in a thicken-
ing of the walls of the blood vessels, and in certain places
a definite development of connective tissue could be noted
crowding out the bone-marrow elements., In places, foci of
hemorrhage were observed, and in localized areas, small ele-
ments with pyenotic changes in the nuclei and a destruction
of the bone and marrow cells, The medullary trabeculae were
swollen, and their structures were indistinet, and in places
a thinning out of these trabecuiae were seen, All these
changes were noted in both groups of observations, but they
were most pronounced in the preparations of bones from bun-
nies irradiated in utero on the 13th day of gravidity of the
mother, . ' ’

In addition to this, a certain difference could be
detected also in the changes betwzen the two groups of ob-
servations, In the offspring irradiated in _utero on the
phases of changes, which were not particularly developed
later, Thus, after irradiation on the 20th day of gravid-
ity of the mother hyperemia and hemorrhage were noted in the
growth zones of the bunny offspring, with hyperplasia and
proliferation of the bone-marrow elements and the presence
of a large number of young (beginning) forms rather than a
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destruction of them, A swelling of the medullary trabeculae
was also noted, LT e o
- . Conglusions

1. In the long bones of the;extremities'of'thé off-

spring of rabbits exposed. to a single irradiation with X- . .

rays at different period;of*graVidity,ofathe‘mother;disorders

of osteogenesis, determinéd roentgenologically, are found in
the postnatal period. = . . - ; .

‘ 2, In histologlcal preparations of the metaphyseal
areas of the femoral bone dbtained{from'bnﬁniesfirradiated
in utero there are hyperplasia and proliferation of the bone
TaTroW elements as well as a thickening and swelling of' the
medullary septa., Afterwards, a reduction occurs in the blood
supply and the development of connective tissue occurs which
crowds out the bone marrow elements; there is an indistinct- -
ness of the image on the film and a thinning out of the
medullary trabeculae, . = . .

) . The X~-ray and histological changes were more pro-
nounced in the offspring of rabbits irradlated on the 13th
day of gravidity than in the offspring of rabbits irradi-
ated on the 20th day of gravidity. . . .- o
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Early and Late Changes in the Skeletal Musculature of
Rats BExpoged to Local X-Irradiation

f. N. Tuzhllkova

From the Chair of Histolog gy and Embryology (Eead -- Profes-

sor T, S, Strelin) of the First Leningrad Medical Institute

imeni I, P. Pavlov and the Chalr of Histology and Embryology

(Head -- Docent A. M., Khudyakova) of the Chelyabinsk Medical
Institute

Thewe 1s exceedingly and limited confradictory in-
formation 1In the radiologlnal literature concerning the
. biological effect of ionizing radlation cn muscle tissue,

We made a study of traumatic regeneration of muscle
tissue after irradiation,

The obJect of the investigatlon was the tiblalis anti-
cus muscle of adult white rats. In all, 80 animals were
used in the experiment, The *rraulation with X~ray was ac-
complished locally with a dose of 3,000 = {as the resulss
of the preceding work showed, this dose was known to pro-
duce a disturbance in traumatic regznzratlon in the irradi-
ated muscle) The leg and part of the thigh of the righs
exuvremity were exposed to the dilrect effect of X-rays. The
body was screened wlth a three-millimeter lead piate,

Traumatic regeneration inthe muscle was evoked as a
response to mecharical injury inflicted wlth the blade of
a safety razor at different time intervals after irradiation:
after one day, two months, six months, one year after the
irradiation. Recovery of the defect was studied in the
third, fifth, 10th, 20th, and 30th day after the start of
regeneration. The entire material was subjected to histoiog-
ical treatment,

The Effect of X-r .y5 on the Intact Musoleo During
the first few days after 1rradiation an infizmmztory reacfion
.15 observed in the connective tlssue of the endomysium, In
fhe muscle tissue only certain reactive charnges could be
noted which were manifested in a disorientation of the nu-
clel and a reduction in the chromaiiln concentratiocn in them,
The sarcoplasm was unchanged, On ths 15th -20th day definiSe
signs of injury were found in the muccle tissue: waves of
contcaction, ruptures and thinning out of varlicus muscle
fibers, A focal proliferation of the celiular elements am
homogenization of the collagen fibers, parilcularly around
the blood vessels, was observed in the endomysium, After
two months a thickening of the endomysium became noticeable
between certain muscle fibers, The latter showed signs of
partial atrophy independent of the connectlve-tilssue changes,
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: : L
Although the atrophlc processes occur also the de~~7

velopment of them during the flrst few months after irradi-.

ation proceeds

PRV T A S Y

Fig., 1. Microphotograph,
Fraguentation and Atro-
phy of the Muscle Fibers
are Divided by Broad
Bands of Connective Tis-
sua Eight Months After
Irradiation {(Dose 3000
r). Zenker-¥ormol Fix-
ation, Iron Hematoxy-
lin Staining. Ocular
7%, Objective 40x.,

extrmmﬂly ulowlj,
ahortening of the mu

the normal.,

-Six -months after irradi-.
scle dinvastigated 18 found in
part of the anlmials macroscop-
i22%1ly. Elght morths after ir-
radiation definite signs of at-
rophy are found in the investi~' =~
gated muscle of all animals,

"uTh@ muscle 1s dengd to the @“ -

touch, and shortened by 0.5
centimeters in comparison with
On microgcople ex~
amination a granular degenar -

mfation and muscle-fiber fr Tag -
. mentation are noted (Fig. 1).
‘Sections of degenarating mus-

cles are encapsulated in n?aceaa
The: xntact muscle fibers are
thin; have a tortucsus course,:
are poor in QOﬂt”&CtimP gub~
stance; at the same vime, the
myofibrils show a definlte
transverss stristion, The mug-

‘¢le nucliel ars dlsoriented

along ths course of the iiber
and the number of tham is in-
significant, The muscle fibers

~are divided by layers of con>
‘nective tissue contaiming 8 ¢on-
siderable number of cellular

elewents,., In Lhe blood veﬂ

sels a proliferation of endothellum and a pmeixerutipn of
the adventitia ars observed, ' : , o

in time the disturbancesz noted above progress so.
that a year after 1Pradiabion the aurophy of the muscle be-
comes even more proncunced. The muscle 1g ,shorténed by
0.5-1.5 centimeters, The muscle filbers thin out Lo such an
extent in places that thelr diameter does not exceed the
dlameter of ordinary muscle nueleil, . The nuclel in such {i-
bers are rarely found, Tranmverﬁe sﬁriatiuﬁs nacﬂm@ puowly
discurnﬁble, and the muscle fibers themselves resemble I’
terrupted narrcow tortuous bands, In the layers of connec--
tive tissue the number of ‘cellular elements is veduced.,
Collagén fibers are subjected to hyalinization., Endothel-
ia% proliferation leads to plugging up of the blooé vwﬂ-f
sels,

In thr&e cut of 15 cases tumers of the fibrosarcoma
tvg@ were found between the musclu fibers, startiﬁg from &
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connective~-tissue skin bdse; The tumor infiltrated the in-
tramuscular conneciive-tissue bundles and compressed the
muscle fibers to such an extent that the latter acquired
the appearance of tortuous fllaments, .

~ The. Effe¢t of X-rays on Muscle Regeneration, In non-
irradiated muscle a musclé-connective-tlssue regenerate is
found on the 30th ddy in the area of the defect with a pre-
dominanhce of fiuscle fibers, Differentiation of the latter
achieves the state of the mature muscle fiber, Muscle re-
_generation proceeds from muscle buds growing out to the
center of the wound from the ends of the damaged muscle
fibers, In the irradiated muscle (3000 r) the recovery of
the defect 1is delayed and is accomplished by connectilve
tissue,

The cause of the change in the nature of regeneration
in the irradiated muscle 1s an aggravation of the degener-
ative changes in the area of the injury, delayed phagocy-
tosis, disturbance in normal fibroblastic reaction (inhibi-
tion of proliferative processes and rapid maturation of
fibrillar structures) and the suprression of muscle tissue
regeneration, Recovery of the latter in the control group
begins on the fifth day, and in the exXperimental group the
muscle buds are found only after the 10th day. At this
time the wound begins to fill in wlth grarulation connec-
tive tissue, The appearance of granulation connective tis-
sue in the control contrlbutes to a directed growth of mus-
cle symplasts, Therefore, there are no grounds for the
belief that young connective tilssue in the experiment is a
serious obstacle tc the growth of young muscle elements,
Nevertheless, the latter undergo regression. Only a few
muscle symplasts are preserved up to the 30th day in the
composition of the areolar connective-tissue regenerate
filling in the muscle defect%. The edges of the defect are
subject to cicatrization, v

The observation on fthe couarse of the regeneration
process produced in the muscle 2, 6 and 12 monbths after ir-
radiation showed that the effect of suppression of the re-
generative capacity of muscle tissue is persistent (Fig. 2).
Even a year after irradiation the regeneration of muscle
tissue 1is suppressed and healing of the defect occurs chiefly
through the connective tissue,

With time the effect of lrradiation lessens in the
muscle tissue, A tendency toward regeneration appears in
it after 8 and 12 months, However, newly formed muscle
elements (myosymplasts) do not reach final differentiation,
because they are formed in a musecle which is involved in an
actlve atrophic process, In the development of the latter
a definite part 1ls played by vascular disturbances and hya-
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* o 1inosis of the connectlive tissue,nl,'
" A 1p theliake stdges. Naturally, un- .
der these congltions the tendency '
toward regénerati@a~of muscle tis~ .
sue which otcurs can not be reali- .
zed, and the defect infliicted in
the muﬂcléfiﬁﬂﬁilleéfing@iﬁhjaQﬁe' N
nectiv&‘ﬁisaua;afyear aﬁ%er_i?:&gﬁe“j
ablon. - o0 S
- Wnav is the cause of the. i
changes obsgerved 1n the muscle?
-On this questlon there are differ-
ent opiniotis, Thus, Sehmidt sees
the cdufe of the changes ogcurring

Fige 2"’%icxwajksiwaw'*‘ A . :
éwgﬁhs'Tkﬁrtﬁégéfﬁay,>  in muscle 'in an injury of the blood
raph, Thirtleth DAY ' geggel wall; N. A. Dobrovel!skaya-

of Regeneration. . De- h g
f@n§'%%119d inngi+gb &avadskaya;'Leach and Siglura con-
b M G Y sider the morphological changes in

Fatty Tissue, Trau- : o .
matig Reg@ne;afxoq , muscle tissue the result of & di-
o i3 e s rect effect of lonlzing radiaticn,.

roduced In 1 OF: T v -

§§él§2;dmg;tig¢A?égr Apparently, bobth causes play @&

irradistion (Dose part, but at different times a?t@r,

3000 ¥). Zenker-For- ~ lrraciation 9n@1gf then predomlin-

mol Fizatlon, Stain- ates. Uﬁé@ubteaiy,'auriﬁg ?h? 5

ing with Karachi first few montha after irradlation,
. when the increase in morphoiogical

Hematoxylin & e sy D

Ejﬁ““ ﬂiular ?d%FJ- ahanges‘cacur'extremaly glowly 1in
Qﬁé;ﬂtzve 8x -2 ‘the connective +1ague and in .the |
MR : picod vessels, the reactive and

i o 1ater degenerative changes in the
mugele tlasus are brought about. chtefly by dlaturbances of
vhe processes of regeneration in 1%. The basgls for such 8
supposition is the fact that in the spradiated muscle the
process of tranmatic regeneratiéniiﬁ markedly glsturbed.
At later periods, after six and particularly after eight
- wmonths, wnen hyalinosis of the collagen flbers in the con-
nective tissue, thickening of the wall and obliteration of
the lumen of the bload vessels 18 Been to 8 progr&ﬁsively
greateld extent, the maln cause of the muscle atrophy may
ne congldered o censi&t'specifically:of thase changes,
They predominateé and lead to 5 marked wmuscle atrophy, al-
though at this tilume (after eight months and one year) the
capacity for regeneratich~is regained in the muscle tlssue
tuelf, Experimentﬂ-with;traumatie regeneration produced
year after rggeﬁer&tion'attest\tﬁ this, '

Conclusions

Ped e v

1. Local jrradiation. of the muscle with X-yays and
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a ¢ose of 3000 r produces serious disturbances in it. These
disturbances are expressed 'ln a depression of the regener-
ative capacity of muscle tlissue and the development of
muscle atrophy, _ o

2. The effect of depression of the regenarative
capacity of muscle tissue produced by irradiation is shown
as early as the early periods after irradiation and is per-
slstent, Only a year after irradiation does a pronounced
tendency toward regonevﬂtzon appear in the muscle tissue.

3, Atrophy of the irradiated muscle develops gradu-
ally and beoomes distinct by the eighth mionth., A distur-
bance in the regeneration processes in the muscle tissue
are of 31gn1ficance in the development of the atrophic pro- .
cess during the first few months after ‘irradiation., At
later periods (six to eight months ) the connective-tissue
and vascular disturbances play & definite part, in view of
which the atrophlc process 1ncreasas rap1d3ye
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Treatment of Radiation Sickness Complicated by
' | T Traumatic Shock T

I. V*.il'yinSkaY? andvT,‘Ms_Astakhofé'-

From the Laborstory of Experimental Pathology (Head -=-.Cor-
résponding Member of the Academy of Medical Sciences USSR -
Professor I. R. Petrov) of the Leningrad Institute of Blood
Transfusion (Scientific Director -- Corresponding Member of
the Academy of Medical Sciences USSR Professor A, N.'Filatov)

- The problem of treatment of radiation sgickness in = .
cases of combined afflictions has been inadequately discus- .
sed in the literature, It has been stated only in indivi-
dval works that the treatment of radiation sickness com-
plicated by traumatic shock and burn trauma 1s carrled out
with the same agents which are used for the therapy of the
pure form of radiation sickness with a similar beneficlal
therapeutic effect (N. S, Dzhavédyan, G, V, Sukyasyan, MM,

N. Novikova, A, L. Komendantcva, Ye. A, Khrushcheva and
others). Nevertheless, according to the observations of
the majority of authors severe trauma, like, for example,
fractures of the bones, injuries to abdominal organs, ag-
gravates the course of radlation sickness (M, D, Abdulayev,
N, I. Blinov, ¢, Sh, Vasadze, T, F. Ivanova, I. G, Isaak-
van, A. G. Zemlyanoy and others).. According to the data
of A. L, Komendantova, Ye, A, Khrushcheva, A, P. Maysyuk
and others, burn trauma of the first and second degree up
to 10 percent of the body surface markedly aggravated the
course of radlatiorn sickness and led to a higher mortality
rate of animals with combilned afflictions by comparison
with, control animals.

T The problem of present experimental investigation was
the study of the course of radlation sickness complicated
by mechanical trauma and the treatment of 1it,

There were three groups of animals in the experiment,
The first two groups were controls, and in the third, com-
prehensive treatment of radiation sickness was carried out,
The animals of all groups were subjected to X-irradlation
in a dose of 700 r under the following conditions: voltage
185 kv, current 15 mm, filters 0.5 mm cof Cu, skin-to-tude
distance of 50 centimeters, dose rate 25 r/min, In the sec-
ond group mechanical trauma was inflicted on the animals 30
minutes after irradlation -- 80 blows to the thigh muscles
according to the Cannon method, In the third group follow-
ing a similar combined effect the animals were subjected
to comprehensive therapy for three weeks, At first, counter-
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shock therapy was used .and with this the treatment of radi-
ation sickness was begun early (after two hours). The
countershock combined therapy used cne and two hours after
the trauma of the lrradiated animals consisted of the follow-
ing agents:_l) dibazole in a 10 percent glucose solutlion;
novocaine block and heating; 2) blood transfusion, glucose
with vitamins ahd dimedrol [benadryl]. Using this combin-
ation it was pobsible to bring 100 percent of the rabblts

out of shodk with'a mortality rate of 50 percent in the
control experimehts,

Taking into tonsideration the ‘digturbances in the
various functions ih radilation sickness we used a combin-
ation of measures for the treatment of it ccnsisting of
substances which stimulate hematopolesis, preventing the
development of infectlous processes, contributing to the
removal of toxic products from the body, preventing the oc-
currence of hemorrhages, and substances regulating the
metabolic processes,

This combination of agents included the following:
repeated blood transfuslons, repeated plasma infusion with
a suspension of leucocytes and thrombocytes, repeated ad-
ministration of vitamins (Bi, Bp, Bg, Bios O, K, P), glu-
cose, dimedrol and antiblotics. For the purpose of treat-
ing anemlia reduced iron was used, Alcong with the therapsu-
tic measures careful cbservation was made of the sick anl-
mals, and they were glven a varied diet and regular care
(a combination worked ocut by I. V. Il'yinskaya%.

In all groups of experiments a study was made of
the general condition of the animals, the length of life,
changes in weight, body temperature, changes in the compo-
sition of the peripheral blood and bone marrow. All these
indices were determined before the experiment and one, three,
24 hours, three, seven days and later, once a week for 63
days, after the irradiation and trauma.

In comparing the data obtalined in the group with the
combined afflictions and the resulis of experiments with
lonizing radiation alone the course of radiation sickness
showed no differences objectively: the general condition o
the animals of both groups was depressed after the irradi-
ation; they did not take food, arnd in part of the rabbits
disorders in the gastro-intestinal tract functions developed
precmptly. The welght gradually decreased, and there was a
marked exhaustion and anemia, There were nNo essentlal dif-
ferences found either in the reduction in temperature in
the groups compared, A difference was found with respect
to the outcome of the sickness -- half of the rabbits ex-
posed to irradiation alone suffered through the radiation
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. e ‘ i . ,
jckness and survived, while f‘ﬁ
~in the group with the combined
effect all the animals died,
whereby 50 percent dled frowm
. shock during the first day and
R0 percent, from radiation ‘
sickness on -the 7th-19th day.
- Therefore, . the course of radli-

0
g
10

ation sickness in combined af-
f1icbioris and %he outcome of |
1t could bg.studled on only .
five rabbits, . The therapeutlic . .
combination used made 1t pos-
sible to save the lives of 80
percent of the animals with
~radiatien sickness compllica-

- D)

ted by trauma, whereas there
was 106 percent mortallty
. srate control experiments {see
Table)s oo . -
. .The course of radlation
sickness in the majority of
treated rabhits {(third group)

4
1o
}

was less severe than in the
o . animals of the filrst two -
-y s groupg, The welght of the
- treated animals decreased less
sharply than the controlsg with.
combined affliction, The tem-

Name

perature renged within limlts.
of the original normal, and

: . there wWere no gastro-intestl- .
w o T nal disorders., o

- =  The hematological in-

dices in the animals of both
o -, groups {control and with -
T T trestment) were considerably

— v @« altered after combined arflic-
o 28 ‘tions, The results of the =~
! o g @ simultanszous investigation of -
€ . *vg the morphological compositlon °
LeL vh of the bone marrow and peri-
w 58 8 o pheral bidod showed a depres-
o haR Be sion of the bone-marrcw func-
S ER Ex tion reflected in the compo-
SR & sition of the peripheral

padiation sick-

¥

blood., : :
Changes in the red
blood during the first period
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of the disehse were expressed slightly, Afterwards, an
anemia developed which occurred sooner in the control
animals (on the third to seventh day) than in the treated
animals, and ‘was moré marked,. In both groups anemia was
associated with the depression in the processes of proli-
feration and maturation of the erythroblasts,

During the period of anemia aniso-poikilocytosis,
hyperchromic ‘macrocytes, basophilic strippling of the ery-
throcytes and c¢ertain.other pathological forms were ob-
served, Intestinal hemorrhages accelerated the develop-.
ment of anemia and led to the rapid death of the anlmals,
In the group of treated animals anemia was observed otily
in three (out of 10) 4&nd occurred at a later time -- on
the 14th-28th day. o o ~

Corresponding to these periods in the control ani-
mals a marked reduction in the reticulocyte count was ob-
served up to a complete disappearance of them during the
period of the climax of anemia and before death of the ani-
mals. In the treated rabbits following a perilod of reduc-
tion the reticulocytes increased in number and afterwards,
throughout the entire observation, remained (with slight
variations) within the limits of the orilginal figures.,

During the period from the third to the 1lith day
leucocytosis (which occurred after 24 hours) in groups with
combined trauma in all animals was replaced by leukopenia
with an absolute neutropenia and lymphopenia which was ob-
served in control experiments untll the death of the ani-
mals, which was asscclated with a depresslon of preolifer-
ation and maturation of the young cells of the leukoblastic
series. In the group with uncomplicated radiation slckness
no leuvkocytosis was observed after 24 hours, Similar re-
sults have been noted by N. S. Dzhavadyan, G. V, Sukyasyan
and M, N, Novikova,

Along with the quantitative changes wualitative
changes were noted throughout the radiation slckness: hyper-
segmentation of the neutrophils, fragmentation of the nu-
clei, vacuolization of the nuclei, degeneratlve monocytes,
karyolysis and others,

In experiments with treatment the leucocyte count
began to increase beginning with the 14th day, and by the
56th-63rd day approached the original figures, From the
14th-21st day the recovery of the bene-marrow hematopoiesis
began in the majority-cf treated animals which was expres-
sed in an increase in'the erythro-, leuko-, and thrombo-
poletic functions and was reflected in the peripheral blood
by an increase in the leucocyte, platelet and erythrocyte
counts, In the surviving animals wilth pure radiation sick-
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ness anemia remained for a longer tlme, and by .the. 63rd day

the concentration of hemoglobin and erythrocyte count did

not reach the original level, . ‘ . o
. “Therefore, because of comprehensive therapy of radi-

ation sickness carried out for 21 days the course of radl- .

ation sickness was less severe than in the control animals,

Along with this, the degree of change inall the hematologl-

cal indlces in the group of treated animals was less pro- .

nounced than in the contrcl animals, and by the 63rd day

analyses of the peripheral blood ahd bone marrow did hot ..

show any essential deviatlons from normal, Reguldr treat- .

ment for three weeks was very important, of whlch we were .-

convinced in two experiments {Nos 28 and 29) -in which treat-

ment of the rabblts was stopped early when they were in a )

good ‘general condition,” In connectlon with this, the rab-

bits. died after two or three days., o o L

7. conelusions

1. Trauma inflicted on irradiated {with a dose of
700 r) animals aggravatead the cours> of radiation sickness
and led to the death of all the rabblts; nevertheless, af- .
ter a single irradiation with the same dose the death of the
animals amounted to 50 percent, and after trauma, to 30 pe-
cent. ' o - , S ‘ :
. 2. Comprehensive treatment of radiation sickness in.
animdls which had been brought out of a state of shock (blood
transfusion, plasma infusion with leucocytes, adminlstration
of glucose with vitamins, dimedrol, inJections of ‘antibi-
otics, oral administration of synthomycin [chloramphenicol],
iron, vitamins for 21 days) saved the lives of the great
majority of animals, - o o C
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The Use of Vitamin Byp.and Bg Undér Conditions of the
' | Repeated Effect oOf X-rays .

0. I. Beldquﬁa,iEf K;‘GrabOVenko

‘The development of methods of prophylaxis and therapy

of chronic and subacute radlation afflictions, particularily
hematopoietic disturbances, 1s acquiring great importance
a4t present, Information in the literature is sparsge in
this direction, S S S P

‘ The aim of our investigation was the study of the o
efficacy of vitamins Bjp and Bg in subacute disorders of .
hematopoiesis produced by repeated,irradiations,with‘X-rays. -
In the literature there is mention of the favorable effect
of liver preparations, vitamin Byo-and vitamin Bg in radi-

ation sickness as complications of X-ray therapy. In ex-
periments with a single irradiation of rats and dogs (M. S.
lapteva-Popova), rabbits (Covazzutti, Dagnini) and guinea
pigs (Mlicce, Morczek, Werner) a reduction in the hematopo-
jetic changes was noted under the influence of therapeutlc
and particularly the prophylactlc use of vitamin Bjo.
Carter, Busch and Strang injected vitamin Bis into rats ir-
radiated with a dose of 400 r, and did not note any favor-
able effect on bone marrow or peripheral blood,

We did not find any data in the literature on the
use of vitamin Bjp in repeated lrradlations., With radio-
active phosphorus intoxicatlon of rats vitamin Bjp exerted
a beneficial effect only with the LDsg/30- There are sev=-

eral works on the use of vitamin Bg (pyridoxin) (Lawrence,
Scott and others, Haltern; Reeves; Oppenhelim and others);
however, they all deal with the effect of vitamin Bg on
the course of radiation sickness in patlents who had been
exposed to local radiatlon therapy, and they do not contain
information concerning the condition of hematopoiesis,

The work was carried out on 35 dogs -- males and fe-
males -- of different weilghts (8-18 kilograms) which were .
subjected to a daily irradiation on an X-ray therapeutic
RUM-3 apparatus, The irradiation conditions were the fol- T
lowing: voltage 180 kv, current strength 15 ma, filters 0.5
am of Cu and one mm Al; dose rete 2.4 r/min., single dose
of 20 r, total dose of 500 r in 25 sessions. The clinical
state of the animals, the changes 1in the morphological in-
dices of the peripheral blood and in the bone marrow smears
were investlgated,

In the first series of experiments six dogs were
given Bjo intramuscularly in a dose of 15 gamma for the en-
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: A ~ -
rtire;perioﬁ of irradistion at intervals of three to feur‘fl
days {total 120 gamma). Along with this, after each ir-
radiation the dogs were injected intravenously with 10 cu-
bic centimeters of a H-percent glucose solution contaln-
ing 250 milligrams of ascorbic acld, One of the dogs dled
on the second day after the radlation effect was & opped’
(after obtaining a total doss of 500 r) with signs of a
marked hemorrhaglé syndrome, o : _
. "In the other dogs the clinical picture of the dis- |
. Y ease was expressed only during the period of irradiation; k
- - the white blood count in them decreased gradually, reach-
ing & minimum of 32 percent of the original a week after
i stopplng the irradiation, whereas in the control dogs the
- white blood count dropped to 2% percent of the original,

Pericdef irradiation
effect

[ -.fl» 'x. & ! : R :
- O A . { . o et
f,

et i 73
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Fig. 1. Change in the Whits Elood Count of Control Dogs
(1), Dogs Given Vitamin B3p at Intervals of Three

- or Four Days (2}, and Dogs Given Vitamin Bip
. . Daily in Combination with Vitamin Bg (3). -
{The ?hité blocd count is glven in percentages of the orig-
. inal. :

The recovery in the white nplood count of the treated
degs began earlier than in the control dogs, the counts were
higher during the period up 5o 60 days (Fig. 1), By the
TGth day the whilte blood count reasched 71 percent and var-
fed within limits of 71-74 percent during the subsequent
observation up to the 150th day., No differences were ob-
served during this period between the leucocyte counts of
the treated and control dogs, ,

. The red blond count of the treated dogs of this |
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series dropped to a greater extent than the control animals
by the 42nd-49th day (77 percent in the experiment and 87
percent in the control), The changes in the reticulocyte
count were the same, Bone marrow smears of treated animals
were richer in celiular-elements and contained cells in the
early stages of erythro-myelopclesis at almest all periods
of the investigation in a somewhai larger quantlity than in
the control animals, However, the recovery in the red
blood count of the treated dogs occurred scmewhat more
slowly (by the 80th day) than in the control dogs (by the
60th day). : ' . : ;

In order to clarily whether the daily intravenous
infusions of glucose with ascorbic acid exerted a harmful
influence on the concentration of erythrocytes in the peri-
pheral blood We performed a control experiment, Three
dogs were subJected to a daily irpadiation under standard
conditions, recelving intravenously 10 cubic centimeters of
a 40-percent solution of glucose and 250 milligrams of as~
corbic acid. Prolonged cbservation of these animals dld
not show any considerable difference in the hematopoletic
indices compared with the countroli.

The red blood count decreased to the same degree as
in the control dogs. .

Tn the second series of investigations three dogs
were injected with vitamin Byo daily 10 a quantity of 15 v
for the first %two weeks of irradiaticn; in the second two
weeks five times a week, and when the lrradiation was stop-~
ped, for another two wegks three times a week., During the
experiment the dogs were given 405 y of vitamin Bjo.

The white blood eount of the treated dogs of this
series was notably higher than in the control animals, Be-
ginning with the 56th day of the experiment the recovery in
the white blood count of the treated and control dogs oc-
curred at the same rate,

The platelet count of the experimental dogs de-
creased somewhat more slowly than in the control dogs., The
recovery began earlier; however, by the 80th day of the ex-
periment the difference in the number of platelets in the
treated and control doges disapreareG, '

The red bloocd count a week after beginning the ir-
radiation increassd by 10, 15 and 17 percent, In the bone
marrow at this time and agalnst a background of impoverish~
rment of cellular elements a slight, relative increase in
the number of erythecblastics cells was noted, a reduction
in the concentration of young forms among them and an in-
crease in the number of mature forms, Therefore, an ac-
celeration of erythroblast maturations occurred.
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At the time of recelving the total dose of 500 r
(28th day) the erythrocyte count in the treated dogs dropped
to a greater extent than in the control dogs (in the experi-
ment, 77-85 percent; in the control, 93 percent); however,
by the 00th day the composition of the myelogram of the
treated dogs was close to the original, Normalization of
erythropoiesis of the control dogs began later and was not
so stable, , ;

In the third series of investigations we de¢lded to
use vitamin Bg (pyridoxin) along with vitamin Bjp; the for-
mer plays an éxcéeptionally important part in the metabolic
processes, particularly in the transformations of nitrogen-
ous substances. Five dogs were given vitamin Bjp according
to the system used in the previous serles, At the same time,
over the course of six days before the irradiatlion and the
first two weeks of the irradiation period three dogs out of
five were given vitamin Bg in a quantlty of 50 milligvams
per os; the other two, 25 milligrams each intravenously.

The results of the observation showed that the hema-
topoietic changes of all five dogs given vitamin Bg both by
mouth and intravenously were the same, The white blood
count dzcreased to the same degree as in the controls, but
regeneration during the perlod between the 35th and 49th day
occurraed somewhat more rapidly (see Fig. 1). Thereby, in
the majority of dogs the vecovery in the neutrophil count
occurred more rapidly by compairison with the recovery in
the number of lymphocytes.

The platelet count of the experimental dogs changed
in the same way as in the control animals, except on the
49th and 56th day there were higher figures in the treated
animals. The erythrocyte count in two dogs of this seriles
was maintained within limits of the previous normal for the
entire period of ilrradiation, while in three dogs 1t de-
creased by no more than 15-16 parceunt, There were no hemo-
lyzed erythrocytes enccuntered in the peripheral blood
smears. The reticulocyte count decreased ftic a lesser de-
gree than in the other groups.

_ No impoverishment of cellular elements was observed
in the bone marrow of these doga. Thé content of the cells
of early generations of both hematopoietic series was high -
for the entire experimental periocd, and the number of mito-
ges of the red series decreased to a lescer degree. A con-
siderable increase occurred in the conten% of erythroblastic
elements of the bone marrcw, apparently not only of a rela-
tive but also of an absolute nature, At the same time, a
depression of myelopoiesis was observed which was expressed
in a reduction in the total quantity of myeloid elements,
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Fig. 2, ‘Change in the Total Number of Erythroblastlc
"’ gells 4n the Sternal Bone Marrow Smears of Dogs
“Which were Given Vitamlns B and BG (1) Dally
During the Irradiation, by Comparison With the
Control Animals (2). : o
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 Therefore, the comblned uge of vivamin
proved to be very effective, particularly wi
erythropolegis., = ‘ S _
For the purpose of clavifying the effect of vitawin

BS in 4 guantlty o 50 willigramz per op for six days be-

, .
g “

fore irradiaticn and during the £irst Two weeks of irradle
ation. The leucoeyte count and the platelet count of the®
dogs durdng the lrradiation period decreased 1n the sawns

put regeneration began earlier,
and during the period from the Btk to the Bath day the -
content of them was highey in the treated dogs. The red
blood count decresased garllier than In the control animals,
resching & nimum level by the 28th day. The degreae of
reduction in the red bleood ecount in the treated and control
dogs was the same. Recovery In the treated dogs began ear-
lier than in the control dogs, and by the 50th day the opr-
iginal level was reached, wheress in the control dogs the
rad blood count approached the original om the &oth day.

. The material presented shows that the use of vitawlins
Bip and Bg does not prevent hematopletle disorders cecurring
in repeatedly irradiated dogs. In treated dogs & certaln
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way as in the conbrol dogs,
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impoverishment of the bone marrow in cellular elements de-
velops algo, chiefly of the white series. A number of de-
generative changes occur in the myeloid cells; however,
these phenomena are somewhat less pronounced than inh the
control ahimals, The leucocyte count and the platelet
count decpeased during the irradiation period 1n the same
way as in the control dogs,

- In experiments With the dally use of vitamin Bjp be-
ginnirdg with the first week of the irradiation, an acceler-
ation of erythroblast maturation was noted which led to an -
inerease in the red blood count in the peripheral blood by
the end of the first week of the experiment. The use of
vitamin Bjo at intervals of three to four days also contri-
buted to an acceleration of erythroblast maturation (by com-
parison with the control), but less considerable than after
the daily administration of vitamin Bip. The entrance of
mature erythroblastic elements into the peripheral blood
against the background of inhibition of erythropoiesls
leads to a depletion of the bone marrow of the dogs, This
apparently can explaln the earlier reduction in the erythro-
cyte count of dogs which have been given vitamin Bjp by
comparison with the control animals, .

The cause of the greater reductlon in the erythro-
cyte concentration in dogs gilven vitamin Bjp at intervals
of -three or four days along with the daily infuslons of glu-
cose with ascorbic-acid is hard to.explain, : Possibly:the - .-
hemolysis of erythrocytes, which was observed in the peri-
pheral blood in the second to third week of the irradi-
ation, was of importance, Nor has the possibility been
excluded of the significance of individual reactivity of
the animals, It may be said with confidence that the
regenerative processes of the animals given vitamins Bjp
-and Bg were -depressed to a. lesser degree than in the con-
trol animals, The-less severe wreducition in the nuwber of = | -
young elements of the white and particularly of the red
series as well as the earlier onset of recovery in the
leucocyte and platelet counts are evidence cof this, During
the course of two or three weeks after the cessation of the
irradiation the white blood count and platelet count in
the treated dogs were higher than in the control dogs,
However, by the 50th-60th day of the experiment the differ-
ence in the indices between the treated and control dogs
disappeared, which may be explained by the cessation of
vitamin adminitration,

The best results were obtalned from the use of vita-
min B2 in combination with vitamln Bg. The bone marrow in
these animals was rich in cellular elements throughout the
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entire period of observation, the cells of . early generations'
were more numerous than in the other animals, A reduction .
in the erythrocyte concentration did not occur in all dogs
and was considerably less pronounced,

The mechanism of the therapeutic effect of vitamin
B12 was unclear, The opinlon is generally accepted that it
represents the extrinsic antianemic factor, which after com=
bination with the intrinsic factor -- gastromucoprotein -
is deposited in the liver, and from there enters the 'bone’
marrow, regulating the hematopoiletic processes, The. possi-
bility of the effect of vitamin B,o through the nervous sys-~
tem has not been excluded: favorable results obtained by & '
number of authors from the use of vitamin Bjp in neurologl-
cal manifestations of pernicious anemia, diabetes, as well
as in the early period of polyneuritis (Scott, Sancetta aml
Ayres, 1950; Lerebotilet and Pluvinage, 1951) point to this.
On behalf of the nerve-reflex effect of vitamin Bjp are the
data of Ross, Mollin, Cox and Ungley, who observed a favor-
able effect of the vitamin introduced per rectum, where
the absorption is negligible, As far as vitamin Bg 1s con=~
cerned, as is well known from the works of A, Ye, Braunsh-
teyn and his co-workers, it is an irreplaoeable factor par-~
ticipating in the processes of synthesls and assimilation
of protein. These qualities suggest 1ts efficacy in such
patholegical conditions in which ‘the ccceleration of re-
generatlon processes 1s necessary. Apparently, the effic-

" agy of vitamin Bg would have been increased if it had been

used longer before irradlation, because in this case 1t
might have exerted a more pronounced effect on metabolic
processes,

Coriclusionq

1, The use of vitamins By2 and Bg under conditions.
of prolonged daily irradistlion does not prevent hematopoi-
étic disorders, However, the inhibition of hematopolesis, . -
particularly erythropoiesis, in-dogs given vitamins Bjo and
Bg is less pronounced, :

2., In dogs treated with vitamins a tendency is ob-
served toward an eariler normalization of the relationship
between the erythroblastic and myelolid elements in the bore .
marrow by comparison wlth controls,

3. In the peripheral blocod of dogs glven vitaming
B1o and Bg the content of white blood cells and platelets
during the two or three weeks .after btopping the radiation
effect was higher by comparison with the control animals.

4, The combined use of vitamins Bjo and Bg was most
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effective, The bone marrow of the animals was rich in cel-
jular elements throughout the entire observation perilod and
contained a large number of regenerative forms of the white
and particularly of the red series., .

5, The use of vitamin Bjp alone during the initlal
period of irradiatlion produces an acceleration of erythro-
bplastic maturation in the bone merrow, which involves the
development of éarlier erythrocytopenia in treated animals
by comparison with the controls, ' -
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Chénge in Sensigivityhto“ViSQeral*Trauma»of Animals Which’
‘ Have Suffered From. Radlation Slckness

G. Sh. Vasadze; S. G Sherashov
From the Chair of Pathologicél Ph&éidiégy'(Head -~ Corres-
ponding Member of the Academy. of Medical Scilences USSR Pro=-
fessor I, R, Petrov) of the Military Medical Order of Lenin
Academy imenl S. M, Kirov ' S

The change in the reactivity of dn irradiated organ-
ism 1s of special importance in the pathogenesls of radiat-
ion sickness, because after.the lrradiation a limitation ‘of-
the protective reactions is noted in. response to varlous
environmental influences (P, D. Gorizontov). Many research
workers have noted that under the influence of trauma racdi-
ation sickness develops in a more severe form; death occurs
from a smaller dose of ilonizing radiation and more rapidly
with combined afflictions (Brooks and others; Baxter and
others; A. I. Morozov), .= .=~ .= .. S .

According to the data of A, I. Reshetov, irradiated
rabbits in the initial period of wadiation sickness (dose
650 r) are most resistant to trauma produced by stimulation
of the sciatic nerve with an alternating current in combin-
ation with insignificant blood loss, The state of least
resistance is noted in rabbits durlng the period of reso-
lution of radiation slckhess, and in dogs, during the per-
iod of the climax of 1t,. G, M, Gorban' and P, P, Saksonov
noted that the animals in which surgical procedures, par-
ticularly extremity amputations, were pervformed during the
period of the climax of radiation sickness died, as a rule,
20-30 hours after the operation, V. K. Kalugin observed
an increase in the resistance of experimental animals to
mechanical trauma during the latent perlod of radiation
sickness; here, shock occurred after considerable trauma,
and the life span of the animals was increased somewhat by
comparison with the controls.

Ye, N. Antipenko, A, M., Mgebrov and N, P, Sinyakina
reported that by the method of producing interference be- .
tween the food and defense reflexes functlons which have
already become stabiiized followiug clinical recovery may -
be decompensated, and certain symptoms of radiation sickness
may be reproduced., A change in the funcitlons was malntained
for two or three weeks after the interference between the
reflexes., According to the data of V, N, Pravetskiy, dogs
which have had radiation sickness did not tolerate bleeding
so well in the perilod immediately followlng clinical re-
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covery, and approximately a year later their sensitivity

to blood loss was about the same as that of the control
animals, The sensitivity to operative trauma at the climax
of radiation sickness is increased, Therefore, thema jor-
1ty of investigators recommends performing surgical pro-
cedures in the latent period of radlation sickness, which
provides a favorable course of the poss~-vperative period
before the development of signs of radlatlon sickness (L.
M. Kotel'nikov; I, Ya., Tikhonin and others, A, V. Tsagarey-
shvili and I{ I. Dorokhov; Gustafson and Cebul),

We d&d not f£ind any data .concerning the sensitivity
of the body to visceral trauma at later perilcds following
irradiation in the literature avallable to us,

’ The aim of the present work was a study of the
characteristics of development of operative shock in exper-
imental animals which have radiaticn sicliness at various
intervals after clinlcal recovery. ‘

The experiments were performed on rabbits which had
been subjected to a total~body X-irradiation with a dose o
500-800 r. The irradiation conditions were the following:
RUM-3 apparatus, voltage 180 kv, current 20 ma, filters 0.5
mm Cu and 0,5 mm Al, dose rate 18 r/min,, skin-to-tube dis-
tance 60_centimetegs, For the experiments with experimen-
tal operative shock animals were used in which clinical re-
covery had occurred (normalization of the blood picture, wm -
covery of the normgl weight). The general condition and
behavior of the animals which had had radiatim sickress were
outwardly no different from those of the non-irradiated
animals, T
For the purpose of studylng visceral trauma the rab-
bits were tied down to a table in a supine position. The
blood pressure was reécorded with a mercurial menometer from
the carotid artery on a smoked kymograph strip. The reccrd
of respiration was made by means of a cuff and a Marey cap-
sule, The body température was taken rectally using a
microelectrothermometer Mr-55, TFor the purpose of evaluat-
ing the functional state of the vasomotor center a study was
made of the pressor and depressor vascular reflexes, The
pressor reflex was produced by ccmpression of one carotid
artery {where the other artery was tied oif); the depressor
reflex, by means cof stlmulating the centripetal segment of
the depressor nerve with an inducticn current, The reflexes
were studied in response to two stimuiailon intersitles --
weak and strong, which it made it possible to judge the na-
ture of the strergth relationships of these relflexes during
the course of development of shock. In the study of the
pressor reflex compression of the artery for five seconds
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was used as a weak stimulus; compression for 15 seconds, as
a strong stimulus, . . : S e
~ After obtaining the initlal data the ‘abdominal cavity:
was incised by a midlifié incision; the small intestine was’
extracted, and a mechanical stimulation of it was performed -
by means of traction; each evisceration lasted two minutes
with an interval between 'them of 20 minutes during the
course of which the indices under study were investigated.
The infliction of traumd was continued until the develop~
ment of shock. The occurrence of it was characterized by
a pronounced and prolonged reductlon in blood pressure, de-
crease in the body temperature, development of cardiac in-
sufficiency, and a disturbarce in the respiratory rhythm,
as well as changes in the magnitude of the vascular reflexes
and a development of phasic.states in them. \ _
A total of 33 experiments were performed; of these,
14 were on control and 19 on'animals which had had radi-
ation sickness, fThe animals which recovered were divided
into two series, = In the first series, which included 11
animals, the acute experiments ‘were performed two or three
months after irradiation, The animals of the second ser-
ies (eight rabbits) were used in the experiment eight to =
nine months after irradiation. , ‘ , :
ASs the results of the experiments showed, the resis-
tance to visceral trauma in the animals which had had redi-
ation sickness was considerably different from the resis-
tance of control healthy rabbits, The degree of change in
the resistance depended considerably on the time which had
elapsed after the irradiation, o ' '
: As seen from Table 1, .in the control group of experi-
ments the traumatic chock developed, on the average, after
the sixth evisceration; here, the blood pressure dropped from
114 to 50.5 millimeters of mercury {by 50 percent). The
most pronounced decrease in blood pressure was observed
after the first few evilsnerations; thus, after three eviscer-
ations it dropped by 39 percent, whereas the next three
eviscerations produced a reduction of only 17 pevcent.
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The considerable variations in the individual resis-
tance of the rabbits to visceral trauma deserve attention:
in some experiments shock developed after two evisceratlons
(in two experiments out of 14, see Table 2), in others, after
nine (in two experiments of this group), The pulse rate of
the control animals changed within broad limits, However,
with the infliction of visceral trauma a gradual slowing of
the pulse was observed (on the average, from 210 to 174 at
the end of the experiments)., The range of variations in
the respiratory rate was just as broad., On the average,
before the infliction of trauma it amounted to 56 per min-
ute; at the end of the experiments, 50 respirations per
minute, With the infliction of trauma hypothermia de-
veloped. At the end of the experiments the average re-
duction in body temperature was equal to 5,99, ‘The most
intense drop in body temperature was observed after lapar-
otomy and the first two or three eviscerations. The degree
of reduction in the temperature depends to a considerable
degree on the number of intestinal eviscerations performed,
that is, on the duration of time in which cooling of the
body occurs, which is associated with a more intense heat
loss during the time that the abdominal cavity is exposed.

A very important index of the development of shock
is the change in the vascular reflexes, In almost all ex-
periments the absolute magnitude of them decreased with the
infliction of trauma, With the deterioration in the condi-
tion of the animal more deep-seated parabiotic phases were
noted up to complete inhibition of these reflexes,

The changes in the vegetative functlons of the con-
trol animals occurred, on the average, after two hours and
12 minutes., The rabbits by this time were warkedly inhibi-
ted and were in a state of profound torpid shock, The
length of 1ife in the state of shock varied within broad
limits {from one hour to 24 hours),

In animals which had had radlation sickness the sen-
sitivity to visceral trauma depended on the time which had
elapsed after irradiation. From Table 1 it is seen that
rabbits which had suffered from radlation sickness were par-
ticularly sensitive to trauma three months after lrradiation,
In order to produce sghock in these animals it was enough to
perform two intestinal eviscerations (average data for the
group). The blood pressure dropped, on the average, by 64,6
percent in contrast to the control experiments, in which
temporary rises in the blood pressure were observed not un-
commonly during the course of infliction of trauma, in the
irradiated animals the reduction in blood pressure was per-
sistent, and there was no temporary normalization in the
hemodynamics,
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. A .
™ . Considerable individual .variations in the resistancel

of . the animals to trauma, partiéularly in the control ex-
periments, made necegsaryfa.Statistical,analysis_Qf‘the're~
suits obtained, For this purpose, the arithmetic mean num- -

bap of~@visc¢r3tians was' defeérmined which waa‘n@casﬁaryjfor
the development of_shock;"thabmada; that is, the most fre--
guently encountered variant, and the extreme deviations

from the mode (Table 2y E _ :

o  From Table 5 4% 18 seen that the resistance to trau-
~ma, judging by the‘numﬁet,cf.gvigceraﬁionS;necesSary for |-

the development aiwsnbck,'is'différent,1ﬁ'differant,a@ries,

The difference bet eén the first. and the control geries 18
gistinctly seen.. As has been noted above, shoek An the -
flrst serles developed, onhthe;average,"fter two or three- o

eviscerations of the intestine, and iny:iﬁ'one experiment

were [ive evisceratidns.perfqrmed, o -
- In the econd series of ‘experiments four to five
evisceraﬁians'were'reQniréd,“and,in‘tﬁewdentrol experiment
the mode was equa1;to”séVeﬁ,tofeight?eviécgraticnsq In the
L ST T T pradiated rabblis a lessening
. S o of the individual reactions =
- N S S to trauma was noted, which was
L oAt T “jexpresaed in an approximation
2 o7 ao . of the arlthmetic mean to mode
o i St and to the least deviation in
& i the extreme variants from the
b S D average value, In the cabhlts
™ o ‘f;'_j e the resistance to trauma elght
St 1 BT L f,'gofﬁineimonxhﬁ'after irradia-
e, ngﬁ# '1 .. tlom was less than in the noh-
SR N 1 4 o irr&éiatﬁﬁ‘rabbits,”Judg;pg:hy
,G}jé ﬁﬁﬁji_ ~g& ) the mode (which, in our cpin-"~
g E?ﬁ#“h- i ng . 4ion, is more relisble than
S0 O gl e evatustton maca aocoreing
:fium,pk‘w@{unﬁﬁuhﬂﬁ to the arithmetic mean). ¢
Control Fir$t.'3econd ' More pronounced aiffer-
series series series ences between these series :
o T o . wepe moted in the length of - i
Fig, 1. Léngth of Life of 1ife, It proved to be three -
Rabbits in A State of Shock times lessd in animals of the ’
’ second series than iln the con~ .

trol animals, and was lower DYy comparison with the length
of 1ife of rabbits in the first series. in Fig, 1 1t is
Gistinctly seen that in the state of shock the length of =
1ife of the animals decreased in both groups, particulariy

in rabblts which had been_subJeqted'tQ“trauma-eight'to'nine
@onths after irradiation;a,InIFig,‘l a lessening of the in-
Gividual differences in the life span of animals of the

lsecond series 1s also seen.
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F There were no clear-cubt differences between the conl
trol and experimental groups in the change in resplratory
and cardise frequency. It needs to be noted only that in
e pabbits which had had radiation sickness individual
"intercalated” deep inspirations were found more frequently
(in five out of 11 experiments in the first series and two
out of 14 control experiments); this 18 an index of the
deep-seated changes in the resplratory center (1. R, Petrov).
{  The average reduction in body temperature of control

~animals was somewhat greater than shock in the first group k
developsd much more rapidly it becomes clear that the de-
gree of reduction in body temperature of animals which had
nad radistion slckness was greater than in the control ani-
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. Fig. 2, Pressor Carotid Sinus Reflexeg In the Origlingl
Condition in a Rabbit of the First Serles,
On the left -- reflex to weak stimulus; on the right, Lo
Cstrong stimulus, From above down: record of refliexes,
resplration, blood pressure, record of time {one-second
intervals), ’

The reductlon in the absciute magnitude of the re-
flezes snd a disturbance in the normal sirength relation-
ships with the infliction of trauma and the development of
shock was a general characteristic of the change in the
vascular reflexes, In the animals which had had radiation
gsicknase the change in vascular reflexes was characterized
by & number of features, A more rapld reduction in the
absolute magnitude of the vascular reflexes was observed in
them. A more pronounced increase in the latent period of i

LIS,

i
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Mthe refiex was noted (by two or three times coppared with 1
the control experiment),  In certain sexperiments of the
first series a biphasic reactlon of the pressox vascuiar
refiexes Wag obServed even in the originmal condition, thatb
18, in refponse Lo compression of, the carcotid aviery &
pressor-depressor wave of the reflex appeared; thersby, the
depresscr phaze was greatér than the pressor (Fig. 2}, Very
frequently (in seven of 11 experiments of the first series)
stimulation of the depresSsor nerve wWas accompanied by & pro-
{longed after-effect characterized by a slow recovery of %
the original level of blood pressure (Fig, 3}, wheress in
the contro) experiments such . a reactlon was noted in the
state of definlte shock after the fifth to seventh intes-
tinal eviscersation, '
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Big, 3. Depressor Reflexes in the Originsl State of Rabbit
In the First Series,

On the ieft -- reflex to weak stimulus; on the right -~ to
gtrong stimulus, Significance of the curves is the sams g
or Fig. 2. : ,

At far &5 the experiments of the secomdi group are
concerned, the early inhibition of vascular reflexes was
more characteristic of them than of the controls, In Fig.
Y kymograms are pressnted of the sxperiwant indieasing a
change in the depressor vascular reflexes in the course off
developwent of shoek {experiment No 7 elght months af tey ly-
radiation). In the criginal conditien the vascular reflexss
ghow normal strength relationships (the magnitude of the
reflex to a weak stimulus is 16 millimeters; toe a strong
atimnlug, 42 millimeters). After the first evisceration an
equalizing phase of depressor reflexes occurred (magmitud@j
(- -
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of the reflex 28 millimeters to a weak stimulus, and 30 -
millimeters in response td a strong stimulus)., After the
third eviscersilon the blood pressure increased somewhat,
rwul &n snesthetic phase occurred, that is, the reflex dlg-
appearsd in response to the weak ptimulus and decreased Ln
regponse o the strong stimulus, After the fourth evis-
cepation an inhibitory phase developed, The fact deserves
attention that all these changes in the reflexes peourrad
with a relatlively high blood pressure level. The rabblt
Adiled three hours and 17 minutes after the fourth eviscer- 7
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Fig. 4. Change in Depressor Reflexes During the Course
of Development of Traumatle Shock 1n Rabbit of
the Second Series, : ‘
-~ peflexes in original condition; 2 -- reflexes after
e flrst investinal evisceration, development of equali-~

ing phase; 3 -- reflexes after third intestinal eviscer-
+ion, development of anesthetlc phase; 4 -- reflexes al'ter
foursh evisceration, development of inhibitory phase; A& -~
refiey in response to weak stimulus; B ~- reflex in res-
D » to strong stimulus. From above down: resplration, ,
niced pressure in wmillimeters of mercury, record of the
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evisceration_effect,;reéord of time (five-second intervals),

From the experiment it 1s seen that in the rabbilts
which had had radiation sickness the disturbance in the
reflex regulation of circulation and respiration after in-
fliction of visceral trauma was manifested conglderably
earlier than in the non-irradiated animals, and was of a
more profound natupe,

Therefore, rabbits which had had radiation sickness
were sensitive to visceral trauma to different degrees, and
thelr 1ife spans after trauma were consliderably shorter than
in the control animals, The period of two to three months
after irradiation was ihsufficient for the recovery of the
usual resistance of the rabbits to trauma., This way be ex-
plained by the developing functional disturbances, which
were not expressed clinically. Resistance to visceral
trauma was reduced even eight to nine months after irradi-
ation, Although just as many eviscerations were prequired,
on the average, for the development of shock in these rab-
bits as in the control experiments their life spans after
trauma were three times less, At the same time, a lessen-
ing of the individual variations in resistance to visceral
trauma was noted. -

An analysis of the changes in reflex regulation of
the circulation showed that in the animals which had had
radiation sickness i1t was inadequately compensated, A dis-
turbance in the strength relationships of the vagcular re-
flexes was shown even in the original condition, before the
infliction of visceral trauma, An inertia of the nerve pro-
cesses was observed, which was expressed in the lengthening
of the latent period of the reflexes and a prolonged after-
effect, A more rapid inhibition of vascular reflexes oc-
curred during the course of development of shock, In ani-
mals which had had radiation sickness it was sufflclent to
exert some slight external effect or them in order to re-
veal the imperfect nature of the reflex regulation of the
eirculation, Evidently, thils was a manifestation of the
limitation of the protective mechanisms, which in thelr
turn are determined by the functional changes in the neuro-
humoral regulation of the irradiated organism,
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Doses of X-Radiation to Which Patients and Medical Personnel
afe_subjected During cardiac Catheterization. -

k. Dyurchek, F, Minarik, A, Stankovichova,
. M, Petraphova, L, Urichek - ..

From the Institute of the Hyglene of Labor and Occupational
Diseases. at Bratislava (Director -- I. Kldchik, Doctor of

Medicine). I

~ Despite the considerable degree to which the method
of ‘cardiac catheterization under ‘the control of X-rays has
become widespread, it has been inadequately studied from the
hygienic viewpolnt, chlefly because of ‘the danger of irradi-
ation which 1t presents both for the patient and for medical
personnel, The catheterization method has a number of char-
acteristic featureswhich, when compared with' ordinary X-ray .
methods, considerably increase the danger. of irradiation.,
Osborn and Howland Have pointéd out the danger of irradiatlon
and the need for observing taution in catheterizatlion, .Cam-
ermanti asserts that in cardlac catheterization "the erythema
or necrotizing dose may be reached-and evéen exceeded," Jacob-
son presents the doseswhich are recaolved by people who are . .
performing cardlac cathetérization., To date, no hyglenic

evaluation has been made of the radiatidn assoclated with
cardiac datheterization and the personnel carrying out these
investigations frequently :do not have a clear idea of the
degree of danger of the lrradlatlon, - e

° The experimental pbdbrtion of. the work was performed i
the Balneological Clinic 6f the Faculty Hospital at Bratis-
lava, A paraffin phantom’was used instead of a patient, -
The ‘intensity of the primary beam was measured by the gen-
eral-purpose Simmens dosimeter with a thimble chamber; the
secondary irradiation was ‘determined by an intendosimeter
(Czechoslovakian patent No 85084), - The irradiation was =
carried out by a four-kendtron X-ray apparatus of the Mega-
met 125 brand with a Motoskop 14 t1lt table and a Met Don
X-ray tube., The X-ray tube had a bullt~in filter of 1 mm
Al and additional filters as follows: for a voltage of 60
xv, 1 mm Al; at 70 kv, 1.825 mm Al; at 80 kv, 2,7 mm Al,

We sought an answer to two questions: 1) what doses
are received by the ratlent during cardiac catheterlization;
2) what is the distribution of the scattered radiation with-
in the X-ray clinic which threatens the personnel during
cardiac catheterization,

There 1s no doubt that the dose received by patlents
during any X-ray investigation depends primarily on the in-
tensity of the primary beam, In our X-ray tubes the inten-
g1ty with the voltage usually used (60-80 kv) and the
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Fanode current usually used (three-four ma) ranges between
four and 12 r/minute., The magnitude of the surface dose
was measured at the surface of the phantom with a surface-
fo-tube distance equal to 45 centimeters; the depth dose
wzs meagured in the middle of the phantom at a depth, equal
to 12 centimeters, -

In Table 1 the dose rate is indicafed of the surface
and the depth dose in the middle of the phantom depending
on the magnitude of the field used on the fluoroscopic ,

4 sereen, From the Table it is seen, for example, the dose |~
rate at the surface (voltage 60 kvs is increased by 20 per-
cent when the field is increased from 10 X 10 centimeters ©
30 x 30 centimeters, whereas with the voltage of*80 kv the
i nerease is equal to 36.7 percent of the original level.
such & relationship was found also 1n depth. According to
Table 1 the surface and depth doses recelved by patlents
during a single examination may be computed,

Table 1
Change in Dose Rate Depending on the Slze of the Field {Cur-
rent 4 ma, Surface-to-tube Dista?ce 45 Centimeters, Fllter
- : -1 mm Al)
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servy, e | 05] 10 | 13, 0Ty 151 20 lﬁt 17l 3.0

The fluoroscopy time propar during cardiac catheter-
. ization was equal to 25 minutes {(vut frequently 1t was nore) .

The patient recelves a surface dose of 150-325 r depending
on the magnitude of the voltage.

Table 2 shows that when an X-ray tube is used with-
out a filter the intensity of the dose at the surface 18
four times greater than when an additional 3-mm, Al filtra-
tion is used. The intensity of the dose at a depth in this
case was cut in half, However, 1t should be enphasized
that in a conscientious approach to the matter the physi-
eian should require that the technicians set up 2 filter of
maximum thickness on the X-ray tube which still permits ade-
quate contrast and brightness in the image. He should do

 this, first of all, for the sake of the patient but also-;J
n , .
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for his own safety. Here, we run intec. the second quesnioﬁT‘
-~ the distribution of secondary radiation in space.
Table 2
thange In Dose Rate Depending on Use of Various Filters
(Current 4 ma, Radiatlon Field 30 x 30 Centimeters, Surface-
to~tube Distance 45 Centimeters, Voltage TO kv)
, ' - RSP S s e s . - . ; v‘ 2.‘.
L Frarpi, e | o 05 18 20 | d0 _ ]
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Taking into conslderation the tact that this method
of investigatlion is not associated with irradiation of the
medical worker making the examination wlth the primary beam,
we directed attention to the scattered secondary radiation.
With this alm in view an exam ation was made of the spa-
tial ¢distribution of the scattered radlatlion in the X-ray
ciinic. The dose rate measured in alr and determined in
milliiroentgens per hour was reprasented on the diagrams in
a slngle horizontal and two vertical planes in the form of
curves wlth the same intensities {isodoses). This method
of recordlng mekes 1t possible to create qulite a clear and
accurate concept of the danger for medical workers in cer-
tain places near the X-ray apparatus, The lsodose curves
show the following values in horizontal and vertical beam
aveas: I ~- 1,000 mr/hour; II -~ 700 mr/hour; IIT -- 500
mr/noury IV ~- 400 mr/hour; V -- 300 mr/hour; VI -~ 200
my/nour; VII -~ 100 mr/hour; VIII -- 50 mr/hour; IX -- 20
my/hour; X -~ 6,5 mr/hour, ‘ '

In Fig. 1 the distribution is given of the secondary
‘radiation during cardlac catheterization, The places of
meximum dangeyr are seen, whieh are represented by the scat-
tered radiation, chiefly in the immedlate vicinlty of the
horizontally arranged table on both sides of the screen-sup- .
port rods 4f we keep in mind the fact that three or four
medical workers stand exactly at these places during the
examination, where they may obtaln more than twice the maxi-
mum permissible daily dose during 2 single examination, the
gignificance of the appiicatlon of protection factors be-
comes clear, ERven at places where the worker is located who
tzkes care of the electrocardiograph, that 1s, abv a distance
of approximately 200 centimeters from the focus, the dose
lrate of scattered radiation 1s equal to 20-50 mr/hour, ol
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. .
rﬁrom the Figure i1t may be seen which portions of the bodyuT
are subjected to the greatest danger: hands, feet, lower
portion of the trunk, :

Fig. 1. Distribution of Secondary Radiation in X-ray Clinle
with Table in Horizontal Position. Voltage 60 kv,.
Current 4 ma, Radlation Fleld 30 x 30 Centimeters;
Filter 1 mm Al; Skin-to-tube Distance 45 Centi-
meters, - . .

a4 -- horizontal area of beam at & height of 90 centimeters .
above the floor; b -- vertical area cf beam on the left; ¢
-~ yertical area of the beam on the right; 1 -- horlzontal
position of tilt table; 2 ~- fluorcscoplc screan; 3 e BUp-

. port rod of X-ray tube; 4 -- electrocardiograph., See the
text for the explanation of the arable numerals,

The distribution of the secondary radiation with a
voltage of 70 and 80 kv shows an increass in the doge rate
when the voltage at the X-ray tube is increased,

In Fig. 2 the isodoses of scattered radiation are
given with a voltage of 80 kv, which are not shown in Fig.
1. A great displacement is seen of all the isodoge curves
away from the center and the appearance of new curves I,
111, and IV which represent levels of 1,000, 500 and 100
ny/hour, .
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¥ig, #. Distribution of Secondary Radiatlon in X-ray Clinic
vith Horizontal Position of Table. Voltage GO kv,
curpent 4 ma, Radiation Field 30 X 30 Centimeters;,
Filter 1 mm Al; Skin-to-tube Dlstance 45 Centi-
meters, The key 1ls the same af for Pig, 1.

The effect of the filter thickness 18 noted on the
1 pntensity of secondary radiation without any attached [ex-
ternal) filter. With the use of an additional one-milil-~
meter A1 filter at a voltage of 70 kv the intenglty of seat-
 tered radiation is decreased by almost half in comparlson
with irradiation without a filter. Thig 18 seen, for ex-
ampie, from the fact that whereas the dose rate varles atv
about 200 mr/hour with the use of a l-mm Al filter at &
glatance of 90 centimeters, the dose rate is egual to 300
me/hour without a fllter at the same distance. A sultable
f41ter, therefore, 18 needed not only for the patientis
safety; 1t plays a part also in reducing the scatiered
radiation level threatening the medical personnel,
We investigated the relaflonship between the level
of scattered radiation and the wagnltude of the fleid
used on the flucroscoplce screen, The results of the in-
rvamuigmtion showed that the use of a small fleld 1s the
| simplest and, at the same time, the most effectlive method. ]
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of reducing the level of harmful radlation and the danger
associated with it, Experienced roentgenologlsts use this
simple method everywhere and always, wherever it is possible,

Conelusions

N During cardlac catheterizationh the patient receives.
large doses of radiation which can be effectively reduced = ..
by increaSgd;externalffiltration and reduction if the fluor-
oscopic fileld, S L e T c
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;1'MefhemogiobfnaEbrﬁatfbnTihfRé&iaiidnkéickness :‘ ff75
K. S. Kosyakov

The transformation of hemoglobin into methemoglobin
represents an oxidative process -in which the iron of the . "=
hemin” grouping goes from a bivalent into.a trivalent statey ..,
In pathology we deal»with two routes of methemoglobin-ferma=
tion., The first route is obServed when toxins enter the
body, which, after coming into contact with the blood,
transform hemoglobin into méthémoglobin, Among the sube
stances of this kind are nitrites, Berthollet!s salt
[potasSium'chlorate],:aniline,wand:red;blqod salt [hematite].
The second route of methemoglobin~forma£19n_is that occurring’
as the result of the reaction of hemgglobin with endogenous .
methemoglobin«formers ‘which otéur. during the process of '
metabolism, : RIS S S

© In 1939 (K. S. Kosyakov) it was shown in in vitro
experiments that extracts from various organs form methemo=-
globin in contact with blood., It was-also.established that
sldehydes, glycerin, “and amino acids,  that is, products of
the intermediate metabolism of carbchydrates, fats and L
proteins, in contact with hemoglobin solution convert it to
methemoglobin. This made it possible to express the ides
that methemoglobin-formation is.a physiolpgicalvprocesS'Which
occurs continuously in the blood stream because of the pre-
sence of "endogénouS;methemoglobin;formers“ in it, However,
it is usually. impossible to find methemoglobin in the blood, .
because simultaneously with its formation a continuous reduce
tion of it occurs --"a transformation back to hemoglobin
with bivalent iron in the hemin grouping. “Actually, as has
been shown by the investigations of V. S, Shapot and G. Ye.
Viadimirov and others,.the products of the intermediate
metabolism of carbohydrates, glutathione and ascorbic acid,
reduce methemoglobin to hemoglobin, Physiologically, these
opposite processes == the formation of methemogiobin and
the reduction of it -- are in balance.

iIn pathological conditions, this equilibrium is

disturbed; methemoglobin-formation begins to predominate
over methemoglobin reduction, and methemoglobinemia occurs.
This sign can accompany a number of diseases, and can be
observed even in persons who are healthy otherwise as a
special form of metabolic disorder (a so-called "essential
methemoglobinemia®), Soocn after these investigations,
which determined that methemoglobin formatlon was a physio=
logical process, the presence of a small quantity of methemo-
globin in the blood was established by a number of authors
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in healthy animals .and people by the use of sensitive

spectral methods of. analysis, o _
24 1. Kozlovskaya and N, N. Savitskiy, using extenw

sive material concerning the clinical aspects of internal

diseases; showed tha{:the appearance of methemoglobin in
the bloddfodcurs‘parﬁzculaﬁly'frequently‘in inflammatory
and infectious diseasés, In the investigatlon of 463 blood
samples from 386 patients by these authors thé presence of
methemoglobih was es{dblished in"40%47 percent in broncho-
pneumoniaj knterocoliils, hepatitis, acute septic and sep=
ticemic conditions, -:Methemoglobin was found in croupous
pneumonia in all ten ‘patients examinedi Van Slyke reported
the presence of an ayerage of 0.4 percent me hemogiobin in
the biood of healthy'persors., According to the data of
Sibuja, there is Om1.5 percent {an dverage of 0,62 percent)
methemoglobin in the biood of healthy persons, The prcducs
tion of methemogiobin through the effect of ionizing radia-
tion has repeatedly attracted the attention of research '
workers, In the modern concepts of the effect of radiation
a considerable place is given to ¢xidizing radicals formed
during the process of water radiolysiss The idea that the
ox!dizing radicals in contact with hemoglobin produce a
transformation of it to methemoglohin has a sound basis.
Actually, as experiments of Guzman-Barron and Jonscn have
shown, the irradiation of a hemoglobin ¢olution of human
blood with Xerays in large doses leads tc a general reduc-
tion in the absorption maxima in the visible portionof the
spectrum and an ingrease in absorption et a wavelength of
6300 A, which is evidence of methemoglobineformation. ~This
methemoglébin =formation is increased with the increase in-
the radiafion dose,: ' o o o

- . -After irradiation with doses of 10,000, 25, 000,
50, 000, 75,000 and®100,000 r the percentage of absorption
is changed at 6300 R: 5.6; 17,83 42.23 54.5; and 82,3, °
respectively. Dowben and Walker established the fact that
irradiation with a ‘dese of 25,000 r 60 percent methemoglobin
is formed from lysed human erythrocytes. ‘Azcoprding to the
caiculations of Kleiln, the quantity of oxidlizer which could
have been formed in'the experiments of the authors mentioned
above could iransform asbout 50 percent of the hemoglobin
into methemoglobin, Therefore, the calculations and experi-
mental results come close to each other, From these calcu.
lations it followed that irradiation of rats with a dose of
3,000 r should convert about two percent of the hemoglobin
into methemoglobin, In experiments on rats with irradiation
with 5,000 r and examination of thelr blood immediately
after irradiation, Klein found a methemoglobin concentration
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which did not exceed 0,2 percent, Just &8s in the non-irra- *
diated animals, Apparently, this is evidence to the effect
that in the intact organism the eirculating products of the -
intermediate metabolism assure.a rapid reduction of methemo-
globin formeds . ... o ¢

~ In the examination on the pats, Dowben and Walker,

in contrast to Klein, established the fact that methemoglobin
occurs after irradiation.. In the experiments of these au- - .
thors, the rats were exposed to & total-body irradiation -~
with X-rays in a .dose of 6,000 r, Blood samples were taken .~
before irradiation, at a level of half of the dose, and - - * )
sixwcight hours after irradiation., A consistent incresse , .-~ -
was esteblished in the methefoglobin concentration to an
average of séven percent at. the end of the irradiation - ,
instead of the originai 1.5 percenty after an hour, the -
methemoglobin conceniration returned to the original levely -t
and then increased again to.thrse to four percent. R
‘An indirect ides. of methemoglobin formation in dogs
after the effect of forilzing irradigifon can be obtained
from the research of V, V. /Marenov, who studied the respi-
ratory function of the blood in acute radiation sichkness,
According to.the data of this author, the gas composition
of the bloéd was essentially unchanged up to the tenth day
of irradiation of dogs with a dose of 600 r, On the tenth”
day a réduction. in the hemoglobin was noted to 11,7 percent
and in the oxygen c¢apacity, to 15,93 percent,. With these’
relationships the Huffner Constant was equal to 1,36, that
is, the capacity of oxygen transfer fni the irradiated aniw.-
mals is not reduced, which'indiréctly attests to the
absence of any noticeable quantities of methemoglobin,
M, A, Rozhdestvenskaya and T. M, Ostroukhova report
the constant occurrence of ‘methemoglobid in the biocod of
the irradiated animals. According-to the data of these .
authors, the methemoglobin'concentratlion can’'reach very =
high figures (of the order of 40-50 percent). The authors .
consider the cause of methemoglobin formation the occurrence . -
of water radiolysis products in the blood., The contradigtory -
nature of the data in the literature stimulated us to clarify’
at which period of acuie radiation sickness and in what :
quantities methemoglobin occurs, The elucidation of this
matter would make it possible for us to clarify the mechan- . -
ism of methemoglobin formation in radiation sickness. It '
was also necessary to determine to what éexteni this meta-
bolic disorder can interfere with oxygen transSport. :
. We- made investigations on male dogs weighing 12~18
kilograms, which were exposed to a single totalw-body irra-
diation with Xwrays from two RUM3 apparatuses under the
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Following conditionss voltage 180 kv, current 15 ma, filters
0.5 mm Cu; distance, 120 centimeters; dose rate, 3.25 r/min
in the first epparatus and 4,15 r/min in the second; totsl
dose, 500 r, HAs a result of this effect the ascute form of
radlatien sickness occurred in the experimental animale,
from which 70 percent of the dogs died during the first
or three weeks of the disease, Before ivradiation and
during the course of the radlation sickness, blood wa
talen from the animals from the femoral artery for th o

Jpurpose of determining methemoglobin concentration, The P
blood was diluted 200 times with an ammonia solution (0.1
pnercent’) and examined in an SF=ZM spectrograph of Soviet
produciion., Spectrograms were made in the range of 35,000«
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For the purpose of determining the percentage <Ol
centration of methemoglobin, we made use of the 1ight
absorption ratio recommended by Heilmeyer at a wave lenglh
of 5, 480=5,8600 B, Table 1 served for the purpose of calcu-
iation.. : : '

Table 1

Computation Table for Determining Methemoglobin Percentags

W T e | ;
0 EE wolos fa B oo fom ] e 4% i w6 ;
PIRETETHAE b ! i H | i ! i
. . . . R e, [y . oty o &.......»._. poe AR f.,muw—vm-x-. k- - ‘ot g ‘i i S B e 'i' - "
Dgabiiane | 1,63 | 1,61} 1,591 1,67 :,asf 1,53 1 1,51 ’;,49 f1,47 3}965 }l,:
55 8 joh 0 (73 o[B8 e o b0 :
IR IR ; L |10 12 : 126 | gs | 12 i

in 211, 384 blood samples were exsmined from 88 dogs.

Of these, 149 samples were from animals before ilrraediation
and 235 samples were efter irradistion st an interval of
from one hour to 46 days. The results of the investigation
are presented in Table 2.

Methemoglobin was found only rarely and in small
quantities in healthy dogs: in 149 ssmples, seven percent
hemoglobin was found in only one sample, and in six
samples the gquantity did not exceed five percent
other 142 tests there was no methemoglobin. D1
irradistion, when blood wes taken during the first hour,
methemoglobin was not found in any of the nine sempl
Afterwards, during the first 15 days, when the sickness
resched ite meximum development and the majority of animals
began to die, methemoglobin was found with the same {rew
guency as in the noneirradiated animalse in 126 samples it
was found in only five cases, and the quantity of 1t only
once exceeded ten percent, The occurrence of methemogloblng
£ o)
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Table 2

Methemoglobin Concentration in Blood of Dogs With Radiation

Sickness (Single Irradiation With Dose of 500 r)
da b d 21 %
MET -~ -2 st 1 2 © P LK 4 - =1 & .
[ e b2 - ot
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the frequency with which

Table 3 gives us an ides of
various periods of the

methemoglobin was found during the
slcuness.,
Table 3

Frequency With Which Methemoglobin Was Found {In Percentages
of Number of Bloed Samples) in Dogs During the Coursze
of Radiation Sickness

Bzrons 19 |AFten 124 | Arren 835 | Arven 0. | brven 95
Tink RADIATION | HOURE SAYS 30 pavs 45 oaye
% or cASEe ]
WITH MET~ H
WER (e . X :
QLeR 2N 4,7 4,17 32 8,55 ' 429

in summarizing the results of the data obtained, we
sec that the cecurrence -of methemoglobin in the first hour
and during the first day after irpadiation is not charace-
teristic, Therefore, it is hard to speszk of the signifi-
cance of water radiolysis products in this process. While
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these}ppoducts’actually,form a certain quantity of methemo-
globin, which is confirmed by in vitro experiments, a reducC=
tion Qf~methemogIOh1n to hemoglobin occurs rapidly in the
body By the biochemical systems which accomplish this pro- -
cess during physiological methemoglobin=formation, |

.- The occurrence of methemoglobin in the blood of an
animal sick with radiation sickness becomes 2 regular feature,
which i{s ehcountered in 42 percent of the cases, only with
the expiration of-five to six weeks aftér the irradiation, In
these cases, we épe dealing with a portign of the animals
which surVived irradiation with an LD,,-and are in the stage
of ‘recovery, suffering from various associated diseases which

occur against thé background of a reduction in the immune
protéction of the body (inflaminatory processes in the res-
piratory and digestive. tracts)s S <

By this time the hemorrhagic syndrome and its abundant
hemorrhages in various tissues are manifested in an increased

crm, As is well known, the shed blood 1s subject to changes
n which the hemoglobin is'converted into methemoglobin, The
color changes of hemorrhages, spectral examinations, and the
data of our direct experiments with tissue homogenates (K, S.
Kosyakov) are evidence of thiss "In the presence of incfeased
capillary pérmeability it 1Is qizite natural to expect not only
the penetration of blood into the tissues but alsc the re-
sofpiion of erythrocyte decomposition prroducts, particularly
metheméglobin, into the bloodstream, The methemoglobin con=
centration in radiation sickhess does not reach the levels
which impair oxygen transport to any great extent; therefore
radiation methemogiobinemia does not require any special
treatment,

Since it appears late as a result of the development
of the hemdérrhagic syndrome and complications of infectious
nature, methemoglobinemia does not have any value for the
early diagnosis of radiation siskness and to a certain
degree indicates only the severity of the course of its late

. period,

-

Conclusions

1. Methemogiobinemia in dogs irradiated with Xeray
in a dose of 500 ¢ is not found any more often than in
‘heal thy animais during the initial period and during %the
period of the climax cf radiation sickness. '

2, During the recovery period, methemoglobinemia is
found in 42 percent 6f the cases in the animals which sure
‘vive the irradiation and is a consequence of the reaction
of hemoglobin with endogenous methemoglobineformers. The
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présencéibf'heﬁorrhages énd“cbmblibaiibhéiagainst the backe~ .
grounavof?reduCed;immunologiea;ﬂprotection~Qf-the-body con-‘{
tributes toxthis;prpceés,(fg,gf-"’:'"1. S
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The Properdine System in Radiation Sickness
(Review of the Literature) f

"I, L Chertkov
_ In 1954, the American sc¢ientist Pillemer with a gfoup
of his co=workers reported on the g3scovery of a new bacteri=
cidal and virusmneutralizing system of the body which was
given the name of the properdine system. ‘The main component
of the system is #a<new blood protein -= properdine (from the
Latin perdere <= to desttroy), The properdine SySiem includes
also four components of complement and the magnesium ion,
According to Pillemer's opinion; the properdine system
assures the bactericidal nature of the blood and also takes
4 very important part in natural immunity. Data reported in
this work to the effect that after ‘a total=-body X~irradiation
of rats with a dose of 500 r the properdine concentration
dropped as early as after two days from 25=35 to 4«6 units/
/cubic centimeter and after 7 to:.13 days the activity of the
properdine system of the blood in:the irradiated rats was
not found at all are of particular -interest, The restora=
tion of the properdine content in ‘surviving animals occurred
only after several weeks depénding on the dose used, Pille=
mer believes that this reduction in the blood properdine
following irradiation explains the well<known fact of the
reduction in resistance to inféction during radiation injur-
fes, Similar data concerning. the dynamics of the changes
in properdine titers in rats with acute radiation sickness
have been reported by Ross. fo Co o B
i Linder and others reported a somewhat different nature
of thé activity thanges in the properdine system in acute.
radiation sickness in rats., According to théir data, the
reduction in the properdine level in the blood following”
irradiation with a dose of 500 1 occurs more slowly and to
a lesser @iegree than was reported by Ross. Thus, 24 hours
after irradiation, the level of properdine was equal to 93
percent of the original; after three days, 52 percent; after
eight days, 34 percent, The recovery in the properdine level
in the surviving animals occurs much more rapidly -~ 13 days
after irradiation the concentration of properdine was. -
approximétely 60 percent of the original level, The authors
point out that the reduction in the properdine level in the
blood is not associated with the hardness of radiation,
because irradiation in a betatron or in an X=iray apparatus
acted with equal effects on the properdine system,
The nature of the changes in the properdine system
‘in radiation sickness in different species of animals has
been studied in particular detail by A, A, "Bagdasarov,
M. O, Raushenbakh, I. L, Chertkov and others. In the
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majority of animal species: studied (dogs, mice, guinea pigs,
rats) the properdine level decreased usually shortly before
death of the animals, Here, the reduction in the properdine
level in the blood was :associated not so much with the dose
of radiation or with the time which elapsed as with the
general condition of thg*animals,uwThe.reduction-in.the
activity of the properdine 'system was an extremely unfavore
able prognostic sign and was evidence of the severity of .
the'pathologicaljpﬂecess.andgdepletIOn?pf~the compensatory
capacities of thélhody;;“Thesbffalatigﬁghtis were shown with '
particular distinctness In experiments on dogs. . Thus, in
animals which ‘died rapidly after irradiation (7th to llth
day) the decreasge In the properdine level :in the blood
occurred as early as on the ‘second, to fifth day of radiation
sickness; in dogs which died on the 15the20th day after
{rradiation, the reduction in ‘activity.of the properdine
system developed only on the 15th.day of radiation sickness,
In dogs which survived, no changes .in the properdine activity
Wwere Observed- as a rule, . Howeversnin;the-surviving animals
in which radiation sickness occurredeith-particularfseverity
a reduction in the properdine levél in the!.blocd was observed,
In these cases, normalization of the properdine level occurred
qiite  quickly, coinéiding with clinical recovery. . :
In contrast to the species of animals indicated above
it was impossible to note any reducticn in the properdine.
level in the blood in rabbits with acute radiation sickness,
Particularly pronounced changes in the activity of the pro=~ .
perdine systém were néted in investigations on monkeys., In
the latter, the reductieon in the properdine level was 0b-
served immediately aftep irradiation, whereby it was noted
in both surviving monkeys and those which died subsequently,
On the day of death a distinct agonal increase in the pro-
perdine level was noted:in the monkeys which was observed
also sometinmes in experiments on dogs and rats, . In surviving
monkeys, the activity of the properdine system remained ’
reduced for a very long times normeiization of the properdine
level lagged considerably behind clinical recovery. .
o Therefore, in these works definite species differences
wWere demonstrated in the reaction of the properdine system .
to irradiation, which to a certain degree reflected the
condition of the species radioresistance. Thus, in the
rabbits most resistant to irradiation the properdine system
was practically unaffected, whereas in monkeys highly sen-
sitive to irradiation the properdine system was very labile,
In the more radioresistant rats, the .properdine system was
iess affected than in the less resistant mice and the -
guinea pigs. ' Co ’ -
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The data presented show that the changes in the acti-
vity 6f the properdine system are capable of reflecting the
condition of radioresistance of the body, and the properdine
system itself apparently participates in creating the general
body resistance to the effect of irrddiation as a pathologi=
cal factor, However, the role of the properdine system in,
protecting the body against radiatlon bacteriemia and autow
infection has evidentiy been somewhat. overestimated by
Pillemer, The propendine system itself cannot play the |
decisive part either in the phenomena of natural immunity,
or in the creation of ‘the bactericidal nature of the blood,. -
As is weil known (Wardlaw and others), only certain gram=’
riegative microbes are sensitive to the bactericidal effect
of the properdine system; the sensitivity to properdine is
& property of the microbial $traifn rather than of the microbe
speciés, More than half of the strains of a properdine= ‘
sensitive flora proved to be properdine-resistant, In conw
nection with this, autoinfection in radiation sickness can
develop also against the background of a normal properdine
level because of properdine-resistant strains, It is also
well known (N, N, Klemparskaya and others) that radiation
bacteriemia develops as early as the first few days after
irradiati6n, whereas the reduction in the properdine level
occurs later, as a rule, In rabbits, no reduction in the
properdine level in the blood occurs at all in severe radiam
tion sickness, whereas bactefiemia and autoinfection are
quite pronounced in them, 1t should be noted that in chronic
radiation sickness the activity of the properdine system does
not suffer (L. T. Tutochkinay Hinz). o '

The mechanism of reduction in the properdine level
in the blood in acute radiation sickness has not as yet been’
determined., 1%t Is well known that this mechanism is indirect,
because irradiation of the serum in the test-tube using a .
bpetatron (500 r did not reduce the properdine activity {Linder
and others)., The effect of irfadiation en properdine syn=
thesis is not very probable either, because reduction in
propefdine activity is observed with the use of low doses of
radiation (500=7C0 r) which do not exert any effect on the
syhthesis of other proteins in the body., On the other hand,
aithéugh the haif=liie period of properdine is definitely
shorter than that of giobulin (Xeller and others) it is hard
to imagine that the disappearance of properdine from the -
‘blood in certain casés as early as 24 hours after irradiation
can be explained by the stoppage of syntnesis of it in the l
body., Probably it is a question of binding of the properdine
by some substances liberated from the tissues as a result of
radiation trauma. Apparently, these substances are of a
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polysaccharide nature, because the tissue polysacchariéés
are capable of binding properdine (Landy, Shear ). T

" .Taking into consideration the. fact that an. 1ncreaSe e
1n the mucopolysaccharides have. been noted in the blood in
radiation ‘sickness' {L. T. Tutochkina), it may bg conqidered .
that the latter atcount for the binding of properdine, In
'special investigation (I, L, Chertkov, Z, I. Sheremet) it .
has been’'shown that in dogs, mice and guinea ' pigs the reduc~';
tion in the properdine lewel is regularly associated with an
increase in the mucopolysadchride concentration.’fn the blood _
at’ the same.-time, These facts confirm the decisive role of ;;1
mucopolysacchrides- in the mechanism of decrease in properdine
in acute fadiatidn. sickne53~ however the p"oblem needs =,
further studyi K N

Attempts: at affecting tho'properoine svstem with the,
aim of prophylaxis’ and- therapy of radiation slckneSS are of
particular interest, ~The works of this kind can be divideéd -
into two groups: treatment of radiation sickness bg purified
properdine and the use of high molecular-weight po ysacchrides
capable of 1ncreasing the properdine level in the body.

Even beforé:the -discovery of the properdine system, it
was reported (Strond and others) that a protective substance
could be isolated from Cohn's fraction III of the.serumj the
intravenous injection of ten milligrams of this, substance o
intd mide several minutes.before irracdiation reduce the - ..
mortality rate uf the animals, which had received a total-
body irradiation with a dose of 800 r, to a mortality rate
level o6f that produced by 500 ry In the 1ight of the modern,
data. it may be considered that the effect is explalned by
the action of pro; “rdine, which is present in Cohn's frac~
tion 111, . : ' o
According to-the data of Pillemer and Rcss, the o
~intravenous injection of properdine obtained from cows (in- .-
a dose of 50 units?) into micé irradiated with'd dose of T
820 r 2, 24, and 48 hours after the irradiation saved 14 out’
of 22 mice whereas there was 100 percent mortality in the
controls, . After the intravenous injection of. 250 units of
properdine into rats on the second, fourth ‘and seventh day
after irradiation-with a dose of 660 r <LD9O/BO) definite =
protection was obtained (Pillemer-and others’), It should
be pointed out that the properdine effect is Intimately -
associated with the time which has elapsed after 1rrad1ation.
Thus ‘according to the data of Ross, the intravenous injecw
Lion of 50 units 6f properdiné into mice irradiated with =
dose of 600 r on the secédnd, third and fourth or tenth day
after irradiation did not save the animals, whereds the same
dose of properdine injected on the seventh day after irradiae
tion saved 7 out of 16 mice (in the controls 7 out of 64 mice
survived) :
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The increase im the survival rate of mice from radia-
tion sickness under the influence of properdine has been
noted also by I. A, Pélishenko and others. In rcis the’
injection of properding produced an increase in the balteri-
cidal activity of the’hlood in a part of thé cases, with an
increase in the leukocyte and pletelet count, normalizition
6f the processes of blood coagulation, and bone-marrow hema-
topoiesis, It remains: unclear whether the protective effect

of properdinhe in acute: radiation sickness is associated with
its speciiic activity, because,” on the one hand, propeérdine
is effectiVe #l1so after boiling, which completely destroys
its specifié‘éctivity (Ross); on tlie other hand, a protective
effect of properdine has been noted also after intraperiton-
eal injection (I, A, Pelishenkd and others), although, as is
well known, the entire properdine molecule does not pass
through the peritoneum, e

All this is evidence of the necessity fot further
study of the problem of utilization bf properdihe for the
therapy of acute radiation sidkness, The development of
this problem is impeded by the need for utillzidg very
large quantities of properdine, It 1s sufficient to state
that the dose of properdine tised in the works of Pillemer
anid Ross exceeded the total concentration of properdine in
mice by two to five times, If the smaller doses proved to
be ineffective {and this problem has ot been studied as
yet ), "10,000-20,000 units of the purificd properdine will
have to be injected into man for the purpose of oktalning
a protective effect, which is, in practice, very complicated.
Therefore, the usc of preparations which considerably in-
crease the properdine level after injection into the body
is more prémising. = " ) )

At the present time, the ¢apacity of increasing the
properdine level in the blood after parenteral injection has
been shown by an insoluble polysacchride obtzined from yeast
cells, cymosan (Pillemer, Ross), levan, dexiran, mucin, etc.
(Pillemer and others), in various polysacchrides and lipo-
polysacchrides obtaingd from microbes (chiefly from gram=
negative flora), plants and animals (Blsing; Dichenberger
and othersy Landy; Landy, Piliemer; Merting Martin, Voss;
Piillemer and others), in certain simple roluvpeptides
(Auerswald), etc., A few of thess pre;avioui s have been
studiéd as agents for the prophylaxis and tiherapy of
radiation sickness, ‘ :

Data on zymosan have been given in greatest detail .
in the literature, in 1955 Pillemer reported that the
injzction of zymosan 24 hours before irradiation, or 24
hours after it saved up to 70 percent of the mice irradiated
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As is seen from Table lfngmosan exerted a definite.
p*otertive effect, even when’ injected after irradiation,

- In the work published ‘in 1958, Ross points out that
zymosan is maintained for a' long time in the pody and is
activated on subseguent irradiation of the.animals. Thus,
irradiation of mice (600 r) which were given gymosan three
menths previously produces &n 1ncrease 4in. the properdine

level of one and a half to two times: after 24 hours, where: .

in control mice the properdine level in the blood decreasec.
by 60 percent 24 hours after lrradjation according to Ross!
data., It should be noted that A, A, Bagdasarov and ¢o- . -,
workers observed an increase in the activity of the proper-
dine system 24 hours after irradiation in mice which had
never been given zymosan, ' T
" In a number of works of’ Soviet authors (V. M. Aleau‘ .

seyva and otherss G. A, Gankevich 'and others; G. A. Ganke- . -

vich) a peneficlal effect of zymosan was noted on the -, .
course of radiation sickness. After the injection of 125 -
milligrems/kilogram of zymosan three days before ilrradiatic.’

an increase was noted in the survival rate of the mice. . .

The plasma of dogs obtained after the injection of zymosan.
exerted a more pronounced therapeutic/ effect in acute rad-
iation sickness than the plasma of. in%act dogs. The injecw
tion of zymosan increased the bactericidal power of the :
blood, stimulated leukopolesis, brought about: leukocytosis
and phagocytosis. '

The evaluation of the efficacy of zymosan in acute
radiation sickness, however, remzins contradictory. A
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detailed chéeck of Billemer's and Ross' data was made by
Haley and others. 1in experiments on 600 mice they estab-
lished the fact that the injection of zymosan in doses of
from 5 to 125 milligrams per kilogram 14, 7, and 3 days or
one hour before irradiation (550 r) as well as at the same
intervals after it{a?dgpot exert any beheficial effect on
the course of radidtion sickness, but large doses of
zymosan (125 milli?réﬁ§?peﬁ kilogram) even accelerate the
death of the animalgi *The efficacy of zymosdn in acute
radiation sickness,wasfﬁqtcéonfirmed?ﬁy‘SmithyCQubted?by
Haley and Linder and others) eilther: “At the same time; there
is a considerable number of wiks which fiste an increase in
the radioresistance after the injection of various microbial
preparations. ' Thus, N, N. Klemparskaya and others point out
that the injection of typhoid vaccine into mice 14, 7, and 3
days befére irradiation (400-500 r) decreases-the mortality
rate of the animals by eight to ten times. A similar effect
was produéed in rabbits by the injection of paratyphoid A
vaccine, the colon bacillus, the bacillus "of Flexner dysen=

tery, and in guinea pigs, by the BCG vaceiné,

T It is nét,¢0531b1g;;however;“to*aégribe-avproteétiVe
effect of ‘all the preparations méntioned above simply to the
activation of the properdine system, meinly because the -
increase in resistance to infections is observed also after
the injection 6f 1lipopolysacchrides, which do not affect the
properdine system, and after the Injection of BCG, and
pertussis vaccine,  On the other hand, increase in:resistance
was observed also to thp gram-positive flora (pyogenic staw .
phylococciis, the tubercie bacillas) which is insensitive to
the efféect of the propefdine system (Dubos and othersy Nanni ).
Apparently, the effect of these preparations to a.considerable
degree is associated with their capacity of stimulating the
reticilo~endothelial system, .the production of ‘antibodies,

increasing the bone marrow function, producing -a pyrogenic
reaction, and increasing the resistance to trauma and bloocd
loss (Benacerraf and others; Boeme and others; Zweifach and
others). : A S
"~ 'As is seen from what has been stated the significance
of the properdine system in acute radiation sickness is far
from béing proved, Further investligations should establish
the nature of the changes in the properdine system'in men
in acute Fadiation sickness, demonstrate the mechanism of
the reduétion in properdine concentration 'in the blood, the
role of the latter in the general resistance of the body,
the possibilities of utillzing properdine and of high mole-
éular~weight polysaccharides for purposes of prophylaxis and
therapy of radiation sickness, A solution of these problems
may introduce clarity into many complicated problems of the
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BRIEF COMMUNICATIONS

The Effect of anaxs on the Concentration of Lactic Acid
Adenosinetriphosphoric Acid, Creatine Phosphate and
Inorganic Phosghorus in the Brains of Ra+s _

Ko Si Kosyakov (Leningrad)

i The blochemical compbsttion of braln tissue was - e
investigated in 137 white rats which were divided into the -

following groups: conttol groups ‘and those irradiated’with

Xerays in doses of 500-900 ¢ (voltage 170 kv, cuprent 23 ma,.’
field 10 x 15 centimeters, filter 0,5 mm Cu, Skin-to-tube f,”,
distance 30 centimeters), . The entire animals were frozen in’:
1iquid oxygen, and the eéncentration of lactic atid, phos-.
phorus, ATP, creatine phoSphate ahd. inorganic phosp orus were
determined in the brain tissue; -As is seen from the Table;
after irradiatton with-a dose of 500-700 r, a tendency occurs,
toward a reduction in the level of ATP in the brain tissue.

In the second week after irradiation with a dose of 900 r and .
against a background of severe radiation sickness a distlnct\

statistically reliable reduction in the .level of lactic acxd
and an increase in the ATP are noted 1n the. brain tissue.
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The Effect of Insulin in Irradiated Animals
F. M, Tsukrova o

From the Chair of Biochemistry (Head -- Professor S, V, Zakhw
arov) of the Astpakhan Medical Institute imeni A, V, Lunachw
arskiy

' The investigation of carbohydrate metabdlism in irra-
diated animals after the injection of imsulin is of practical
interest, because the stiggestion has been made that insulin
be used as a measure for treating radiation sickness (N, N.
Blokhin and coeauthors)i . ,

~ The aim of the present work was a clarification of the
effect of insulin dynamically depending on the dose of
radiation| L

The experiments were performed on rabbits welghing
2 to 2.5 kilograms, The animals were kept on a constant diet,
and weré used in the experiment 16~20 hours after their last
feeding., In the blood taken from the external auricular vein
the concentration of sugar was determined (total of reducing
agents ) according to the Hagedorn-Jensen method on a fasting
stomach, “before the injectlion of insulin and 15, 45, 90 and
150 minutés after the injection, ’

Afier preliminary study of the variations in the blood
sugar level before and after giving insulin to animals they
were subjected to a single totalwbody irradiation with Xerays.
The irradiation was carried ofit on an RUM-3 apparatus under
the following conditionss voltage 180 kv, current 4 ma, fil-
ters 0,45 mm Cu and 2'mm Al; skin<to-tube distance of 30
centimeters; total dose of irradiation 100, 200, 400, 600 r,
After the irradiation, blood was examined after one hour,
twenty-four hours, on the fourth-fifth day, and subsequently
every three or four days for three months if the animals did
not die, Against the background of irradiatlon the animals
were injected subcutaneously with insulin in a dose of one
unit per kilogram, and the concentration of blood sugar was
determined, '

The behavior of the rabbits irradiated with doses of
100200 r was no different from the normal, The condition
of the animals after the effect of 400-600 r was the usual
one only during the first two days; after three-four days a
certain sluggishness was noted, and a limitation of movement.
The life span of the irradiated rabbits which had been given
insulin was shortened by comparison with the control animals,
There were no other changes observed in the condition of the

animals. : 3
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Irradiation ofi the rabbits with a dose of 100 r did
not produce any changes in the sugar concentration in the
blood: only in one experiment one hour after irradiation was
a certain increase in the sugar level noted from 103 to 123
milligrams percent, “When the radiation dose was doubled,
that is, 200 r, céntgaaictory resulis were obtained: in some
rabbits thefe weré noghanges observed in the sugar level;
in others; on the fourth day after irradiation a pronounced
hyperglycemia Was obsérved, which was mairtained for two or.
three weeks., = EOE i :

Total=body irnadiation of the rabbits with a dose of
400 and 600 r produced an increase in the sugar level in the
blood beginning with the first: few days after irradiation.
After giving insulin &o the noneirradiated .animals the reduc=-
tion in the blood sugar .level did rot eXceed 2540 percent,
as a rule,” In an animal irradiated with .a dose of .100 r the
nature of the glyéemic curve after the injection of insulin
remained similar to that observed in the noneirradiated ‘
animal, Insulin injected a long.period of time after irra-
diation (eight to ten months) caused a more pronounced hyper-
glycemic reaction than in the control animals: a reduction
in the blood 'sugar concentration equal to 60-75 percent of
the original level, ' U

In rabbits in which no hyperglycemia was observed after
irradiation with a dose of 200 r a reduction in the sugar
concentration in the blood was noted by 40-50 percent afier
the injection of 0,5 units per kilogram of insulin, whereas
before .irradiation this dose of insulin caused a drop in the
sugar level by only 25«35 percent, In these animals, two
months after the effect of Xwrays the sensitivity to insulin
increased considerably, An index of the latter was a reduc= . .
tion in the sugar congcentration in the blood by 60 ‘percent
from the same dose of-insulin, In rabbits with a hypergly-
cemic effect after -irpadiation with a dose of 200 r the
itnjection of insulin according to .a calcudlation of one unit
per kilogram caiused a’drop - in the sugar level in the blood
by 40-50 percent, The insulin effect was more pronounced
three months after irradiation, The same dose of insulin
reduced the sugar level in the blood by 60-70 percent. '

‘ The injectioh of insulin into rabblits during the first
few days aftér irradiation with a dose of 400 r produced a
decfease'in the bldod sugar concentration such as was obsérved
in the nonwirradiated animals, Afterwards, the sensitivity to
insulin increased. Thus, for example, two weeks after irra-
diation the injection of insulin produced a decrease in the
blood sugar ¢oncentration by 35=-50 percent; after six weeks,
by 50 percent or more; after eighteten weeks, by 70 percent.
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In rabbits irradiated with a dose of 600 r the blood sugar
concentration after injection of "insulin on the fifth day
decreaéedcby_60“pgrpent;;apd;dﬁ{ihejfourteenth»day;-bye70f',m.
percent, . . oo nooonient 0o Lo
©" Insulih hypoglycemid in irradiated animals .was not: .. -
always_accompaniedbby;a'¢oﬁ&m1§lVé*?eaétion;even vwhen the -
blood sugar level dropped to 24 milligrams' percenty . . . .7 o
3 'The”rgSﬁlts]which.Wéfqbtarnédffcnfirmzdfﬁhe'data,of .
a number 6f investiga ors . to ”hefgffedt*thatwthe‘totalﬁbody
X-irradiation df’fabb'téﬁfs;assbéiated*with'gly&émibvchanges;uf
In some‘animals,a_h&berglycemja“is"noted the defree of ‘which .°
1sir31ated.to"the‘dosé“bf”rgdiatiﬁhgjin.others;*With“a”Small,;‘
dose or radiation hé,ﬁbttceabiefchéﬁgés‘arewfound“in'the'u‘ :

. N

sugaﬁ,concentvétxgh}ﬂ*Tﬁé¢jﬁjéc£@éﬁ”of“inéulfn*into irradiatedg

rébbitS'iS‘aSSchated”wffh;gmere;pfénoun&ed”hypoglycemic~“

effect by gomparfgqnWWitﬁinérmal”aﬁimals;"Thefdegree.bffthe g
hyp6glybemicﬁeffedtﬂiﬁﬁﬂirebtl”f?plﬁfgd to the time which has-.
elapsed after. irradiation::’’ R LR TNE
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The Role of Infection:aha“cﬁan e in the Immurioclogical
Reactivity in the Development of the Hemorrhagic -
= 5vndromg of the Irnadiatqd‘organism

N. N, Kiémparékayaxande¢”$.~SééOVa

In radiation sicknesS'afhumbéf,of»phénbmena,are ‘

“observed which ate characteristic of an allergic reaction

of the body w4 leukopenia, fever or-hypothermia, reduction
in the complément titer, diarrhéa and hemorrhage. . Therefore,
it may be supposed that the hemorrhagic phenomena under cone
ditions 6f irradiation are associated with the development
of the state of allergy. . . . . S :

o In our opinion, two factors. play an important part in
the pathogenesis of the hemorrhagic syndrome in radiation
sickness: 1) sensitization of the body by tissue decomposition
products which occur as a result of the effect of radiation;.
2) the soucalled "reacting factor™ -in the form of a local .
accuntlation’ oft increased concentrations of tissue decomposi-
tion as a result of tissue destruction by infectious aganis
or the death and destruction of cells in various organs &as a
result of an impaired metabolism in progressive radiation
sickness., ~ . - = - ST - T S

For the purpose of confirming the part of sensitization
and allergy (by tissue products) in the pathogenesis of hemor-
rhagic changes in radiation injuries it is necessary to obtain
experimentally a local hemorrhagic reaction to the injection
of homologous tissue products and microorganisms in irradiated

animals and nonuirragiated‘animals_whichvare,-howevef, sensi-
tized by thesé products. An analysis of our own experimental

material. and the datd of other! atithors permits us to draw @
conclusion concerning the cortrectness of the principlé which.
we proposed regarding the significance of the.two factors
mentioned, ‘First ofﬁall,fitnwas,established that in the -7
irradiated organism a local hemorrhagic reaction develops to
the injection of homélogous tissue products, The hemorrhagic-
necrotic changes were obtained by N, N. Klemparskaya in con-
Jjunction with N, A, Krayevskiy and V, V, Shikhodyrov. This
reaction was observed after the injJection of :suspensions of
intestinal tissue into the skin of the upper lip of mice on
the third day after irradiation with a dose of 600 r, The
formation of hemorrhages was absent .after the injection of
this tissue ‘into all the animals and during the first day
after irradiation, : B T

For the purpose of proving the role of the process of
tissue sensitigation it was possible to .obtain hemorrhagic

phenomena in none-irradiated animals which were given sensi-.

tizing and reacting injections of homologous tissue products,
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Usually, only a slight hypéremia 'and 3 mild diffuse infiltrate
could be §een in response to a slight intracutaneous injection
of extracts or homologous tissue $uspensions into rabbits.
After the repeated.injections of this material the nature of
the reaction changed considerably in the direction of a more
intense inflammation with the appearance of hemorrhages.

The role of infection™in the development of hemorrhages
was studied on rabhits, The infection of irradiated (800~ '
1100 r) rabbits by the injection of microbes intracutaneously -
(M, M, Izraeltson and others; V, F, Sosova) orf intovthe lungs
(A Yei Ivanov and V, F, Sosova) produces infidmmetion char=-.
acterized by hgmorrhagic changes, Becdude the microorganisms -
tested in these experiments (colon bacillus, -staphylococcus,
pneumococcus ) do fiot belongto” the group of micirobes capable
of producing a hemorrhagic reaction, there. is no basis for
associating the-.ocecurrence 'of hemorrhages at the sites of the.
microbe injections in-the irradiated animals with ‘the proper-
ties of the infectious agents, ~~ =~~~ . ocoe 0T
~° "Certain authors (A, Yugenburg and others; P, N, Kise~ -
lev; P."D. Gorizontov) have expressed the idea that the
irradiated organism acquires an increased sensitivity to its:
own microflora, However, the infection of autogenous cultures -
of colon bacillus (V, F,”Sosova) did not produce any more ' -
pronounced reaction by cémparison with that observed aftér the
use of laboratory cultures, and the intracutaneous injection
of the same killed microbes (V. F, Sosova) or'filtrates of _
bouillon cultures (Beckep, V, F, Soséva), on the other’ hand,
produced even a smaller fieactidn in the irradiated animals ’
than in the non-irradiated animals, Therefore, -on the basis *. .
of these data it .is Justifiablie to conclude that there is no.
specific sensitization to’ the microbial agent under radiation:
conditions and, in connectjon with this, that sensitization - -
has no part in the deVelggmentvofmthe'hemorrhagic reaction - -
to the injection of microbes, Specifically, the products of:
tissue destruction by microbes appear to be the reacting -~ - ..
factor in the allergic reaction, the result of which is the .-
occurrence of hemorrhages, - - = - T o0

_ The occurrende of hemorrhagic changes after experimen- . .
tal infection is observed as .early as the third day after -
irradiation in lethal and sublethal doses, During this =
period 6f the acute course of radiation injury there are 'no
manifestations of the hemorrhagic syndrome, alt hough there
is a basis fof it, such as increased capillary fragility, = - =~
reduction in the platelet count and an increase in the blood "
coagitlation time, The-injection ‘of microbes which destroy
the tissues are prepared prodicts of tissue decomposition .
essentially shortened to the time of ‘the ‘natural development
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of hemorrhagic changes in the area of the body of the irra-
diated organism investigated. The death of the animals
without signs of hemorrhagic syndrome during the early perw=
iods after irradiation in very large doses as well as the
impossibility of obtaining a hemorrhagic reaction in response
to certain doses of tissue products or microbes immediately
(during the fifst day) after irradiation emphasize the signi-
ficance of time; which is required for the accumulation of
the necessary quantity of tissue decomposition products in
the irradiated organism for the formation of the reaction in
the form of a sensitization, - »

The intracutaneous injection of the colon bacillus into
sensitized homologous animal tissue leads, as experiments have
shown on guinea pigs and rabbits (N, N, Klemparskaya), to a
considerably more severe course of the local inflammatory
process and death of part of the animals, which was never
observed in infected control organisms f{unsensitized).

’ In experiments performed’ by N. N. Klemparskaya, R. V,
Petrov and L, I, Il'yina (1956), it was shown that a prelim-
i{nary (two to five weeks beforé3 inJection of "different
fractions of the microscopic stfuctures of intestinal mucosal
éells of the rabbit leads t6 a chafige in their usual reaction
to the intracutaneous injection with 1,000,000,000 microbial
bodies of & R24-hour agar culture of the colon bacillus, In
place of a small hyperemlc infiltrate (in the control rabbits)
hemorrhages, hecroses and extensive infiltrates (see Figure)
developed in the sensitized animals, It is interesting that
of nine rabbits which were given injections of cytoplasm and
mitochondria of intestinal cells of a healthy rabbit the
hemorrhagic reaction was not noted after infection of them
with B. coli, although the area of the infiltrates and the
intensity of hyperemia were greater than in the control
animals, A much more severe course of the local inflammation
- was noted in animals sensitized by similar cell fractions
which iere, however, obtained from irradiated rabbits, 1In
_six out of nine rabbits the presence of an intense hemorrhagic-
necrotic reaction was noted at the site of the intracutaneous
infection, 1In order to show that the formation of tissue
decomposition products is important in this case {which was
formed under the influence of microblal activity), part of
these rabbits were injected intracutaneously with O.1 cubic
centimeter of turpentine on the opposite side of the body,
which also produced the occurrence of hemorrhages, Therefore,
sensitization by homologous tissue preparations ¢hanges the
nature of thé inflammatory reaction to the injection of
micfobes in the direction of an aggravation of it and the
occurrence of hemorrhages,

¢
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Top == rabbit previously sensitized by a fraction of cell -
cytoplasm of an irradiated rabbit; necrosis and hemorrhage
are seen at. site of injection,, . .= 7 7.
Bottom <= .2 non-sensitized rabbit. - 7 7

Therefore, in different variants of the experiments
2 relationship was established between the occurrence of
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the hemorrhagic inflammatory process and the presence of the
state of sensitization in the body to homologous tissue
products, This sensitization can be created after the in-
jection of suspensions of homologous tissue or fractions of
it or as a result of a tissue decomposition produced by the
effect of ionizing radiation, The reacting factor which
producés the, formation of the hemorrhagic reaction is & local
production of tissue decomposition products as a result of a
disturbance in metabolism and in cell activity after irradia-
tion or from the éffect of 1iving bacteria which multiply

in then. The'direct local injection of homologous tissue
products into irradiated organisms or organisms sensitized
with homologous tissues shows a similar effeéct.
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L In Figs, 1-6 hemograms are presented from each of _J
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SRARULOCTTRE known, patient V died, despite the
" infusion of the bone marrcw emuision,

con the 32nd day alter the 1n3uv;,

The iafusions sxerted a delinitely

- favorable effect in the other ﬁd%w

lents, which was expresssd in an

improvement in the general fecling

2 of wellwbeing and a change in the | ;
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Mcurves E and Lewis (a+) showed changes in the erythrocyte |
populations formed by bone marrow injected into the blood.
znd by the recipient's bone marrow; E == a curve of host
arythrocyte populations; Lewis {a+) == curve of erythrocyte
popuiations determined by the Lewis antigen {characteristic
of erythrocytes produced by grafted bone narrow)e. Th2

arrow indicates the time of blood trensfusion.

In Table 2 data are presented concerning the blood
.jgroup phenotypes of recipients and the donors sglected for |-
‘them. In Figs. 3«6 the curves are presented which fllus- =
tyate the blood groups to which the erythrocytes belong in
the peripheral blood of patients at different periods after
the infusion of bone marrow into the donor. or recipient.
From an analysis of these curves it may be concluded that
after the infusion of bone marrow the erythrocyte popul -
tions of donor origin first increase and then, over the
course of a month, decrease, During the period of Iincresse,
these curves are parallel to the concentration of erythro-
cytes in the blood of the reciplients. I Table 3 the sera
are indicated which were used for differentiating the eryw
throcytes, . )
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: . ;
TCurve C -~ Changes in erythrocytes populations produced bj

grafted bone marrow {determinations made according to the
¢ antigen in the erythrocytes produced by the donor bone
marrow), Arrows I and 2 show the times of blood transfuslion.

Table 3
]nemm FoR -snnn_iécncmamon '
atRUM B3ED} ROCYYES OF EAYTHROCYTES TEMPERATURE | TIME, MiB.
| in1m - ;_.
anris  |enoseuare ! ‘
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After the infusions the myelograms came back o nor-
mal both qualitatively and quantitatively. In G and M a
temporary increase was observed in the hyperbasophilic cells,
and in M, in addition, eosinophilia {up to 20 percent).

Subsequently, - in M between 5 December and 12 December
(the infusion was given 11 November), and in G, D, I, bet-
ween 12 December and 19 December {(the infusions were given
17 November, 20 November) a divergence of the two curves
occurred: the curve of the total number of red blood cells
increased, while the curve of the number of erythrocytes
coming from the grafted bone marrow, decreased. It may be
supposed that during this period the production of erythro-
cytes was resumed by the bone marrow of the patients (sze
Tables 4"7 ) .

Table 4 Patient D

{(Data Concerning the Blood of the Reciyfient and of the
Donor are Presented in Table 2) .
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Fig. 5. GChanges in the Number of Peripheral Blood Ceils in
, Patient H, :
Curves E and C show changes in the ergthrocyt? populationg-d
fermed by bone marrow injected into the body {(curve C] and
the recipient's bone marrow (curve E),’
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'Curves E and C showed changes in erythrocyte popuiations

formed by bone marrow injected into the organlsm {curve C)
B

and the recipient's bone marrow {curve E}. The arrow ! and

ihe broien lines 3, 4 indicate the times blood was trang-
fused, Arpow 2, the time of pratelet transfusion,
Taple 5 Patient G
(hata on the Bleed of the Recipient and the Donor are Pre-
o sented in Table 2} t-
‘ ! PESCENTACE OF CELLY.
BATE | tees: ‘ .
] [ ,
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Table &
W’; .
Patient H. Donor 5.
{pDatz on the Blood of the Recipient and Donor are Presented
‘ in Table 2
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r : | Table 7 - | :
Patient M :
(Dsta on the Blood of the Recipient and Donor are Fresentad
in Table 2) R :

et e b AR
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Several weeks later, variations were observed in the

number of granulocytes and platelets tha cause of which was
hard to explain in view of the lack of methods permitting
the determination of the origin of these blood cells Trom
the donor or reciplent,

“he authors of the first of the articles being ab-
stppected here digscuss the problem of bone-marrow grafting .
in detal! and the part of this method in the therapy of
radiation injuries.

In dealing with the causes of an absence of an effect
from grafting embryonic myeloid celils ("Meditsinskaya radio=
iogiva,® 9) into the most severely afflicted patient, V, the s
suthoprs note that the onset of recovery from cytopenia could
be expected no sooner than 10 days after the grafting, while
“the course of the dlisease was S0 severe that this pericd was -
too long for the patient. In addition, the authors believe
that possibly the number of grafted embryonic celis .
{4,000,000,000) was inadequate, Observations of the eflect
of bone~marrow grafting from adults into other afflicted
persons, which were not performed at the time the cyltopenia -
was particularly pronounced, show that the mechanisms of
development of compensatory hyperplasia during these periods
were very effective., The following facts speak for the
Massimilation” of the grafted bone marrow of adult donors:
1) the rapidity of the increase in the reticulocyte, granu-
tocyte and platelet counts after grafting the bone marrow;
2) *he discrepancy between the rapid and the considerable

B -
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rise in the ¢urve ‘of the granulocyte count In the blood and
the lymphocyte curve, which was not very much changed after
the grafting; 3) the type. of platelet curve, which rapidly
rose (particularly in V and M) after the grafting, and then
decreased and stayed at a quite low, stable level; 4) a
comparison of the curves of blood cells of patients who had
been given bofie marrow Iinfusions with thé curves of Patient
B;,whé(ﬁa? not treated in this way, In the latter there was
no reticulocyte "crisis" noted, and the number of polynuc- - .
leated @éi&é did not increase right away but'rather increased
slowly and reached their highest level only by the 50th day
after the maximum cytopenia, The type of platelet curve. was
different in him also; there was no peak on it chafacteristic
of the platelet curies in other patients. T

A direct proof of the "tage" of the bone marrow is the
determination of the origin of the erythrocytes from the
grafted bone marrow by immunological methods, - It was estab-
lished that the concentration of the erythrocytes in the :
blood is increased during the first month and that the total
number of erythrocytes produced by the bone marrow is con-
siderably greater than the number of erythroblasts injected,
The authors present a number of ‘arguments on behalf of the
adequate reliability of the methods of determination of the
origin of the erythrocytes. The subsequent reduction in the
erythrocyte count produced by the grafted bone marrow cannot
be explained by hyperhemolysis, because the Coombs test dur=
ing this period was negative. Apparently, the production of
these cells decreased, : S

The authors do not express themselves definitely con-
cerning the possibility of a secondary syndrome after the
grafting of homologous bone marrow, o

. In the last article, the method is described of

determining the survival of erythrocytes after intravenous
infusion of bone marrow, The differential agglutination
accofding to the Wlrmser method was accomplished at a con-
stant femperature by shaking a mixture of erythrocytes and
derum together., Anti-C and anti-Le® sera were used, In
three patients it was possible to determine the percentage
of their own cells by means of the anti~-E serum. The erfor .
of this kind of determination-did not exceed five percent,
The data obtained with anti-Le®, showed that this antibody .
can be dseful for evaluating the survival of erythrocytes
and that the Le® substance remains absorbed onto the surface
of cells during their entire lives, o :

‘D E, Grodzenskiy, F, G, Krotkov
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Conference of EkgertsJon'RadioghémfbagvMethOds of Analysis
. ~ . in the Public Health vystem . .- P
j(&engva;jiS«zo September 1958). ‘

;~ ,L. A.’Kadhur

" The World Health Organization and the Food and Agri-
culture Organization, which are specialized institutions®of
the United Nations Organjzation; convoked a Joint gonference '’
of the committee ‘of experts on radicchemical methods of "*. " .
analysis in the public health system. Experts from England, .
Canada, Norway, USSR, - United States of America, France, .
Jupun, as well as consultants and représentatives from - - :
Ausiria, United States and France wére represented in the FE
committee, The meeting of the committee took place in - - -
Genova, in the Unilted Nations Palace, from 15 through 20. ..
Sepiemﬂer 1958, The meeting of the committee was carried’
on in English, Russian and French; the records were made in
Engiish, S :

~ The committee was confronted with the task of giving
a report coitaining recommendations on the radidchemical and
physical methods of analysis-of“radioactive-contaminations
of the environment and-in man, Three reports were proposed
and given on these problems: those of Doctor Co Strraub, "The
Investigation of the Radioactive Contamination of the Envire
onment," of Doc¢tor C, Cémar, "Problems of Radiochemical = -
Analysis of Agricultural Products," and of Doctor T. Stuart,

%The Radiochemical Methods of Controlling Human Contamina-

tion." The material of these reports- were made the basis of

the decisions on these subjects-in the.guide book written by

the committee. i L : :
- For the purpose of working out the material and

RS

formulating it on varfotis points of the report the committee = -

was divided into a number of subcommittees of four to six ~ .-
persons each, Subcommitices were created to work out : i .
problems of the sotirces df ralifedctive contaminajions, for - -

an analysis of. the methods of detecting radioactive contaw -
minations in people, for methods of detecting environmental v
contamination, and a subcommittee on selectlon and recommen=
dations o6f radiochemical analytical procedures, ~In the last
subcommittee the group worked on recommendations of a speci- -

fic physical:apparatus for making the analyses, The reports

of the subcommittees were presented: for the benefit of the

committee members and were discussed at the Jjoint session

of the committee of experts, after which they were conslidered

adopteds - - - Tt T
As the result of the work of the session, a report was
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written by ‘the expernts containing a detailed description of
the radiochemical methods of analysis recommended, which
aftef approval by the Executive Committee of the: World
Health Organization:will be printed in several -languages.
"Below, a brief.summary of the report o6f the experts
committeg'is’givén]iﬁfthe'last of the variants adopted.

' fﬂi;,,Sauréé%vof'Radioagthe Contéﬁinatign,v

| Oﬁiéining.1nfjfmatlon'cdnCerﬁingjthé sources of .
radioactive contamiﬁﬁticn;is"esSentiai:fbrgmaking out. a plan
of analyses of isotopes in case of radioactive contamination
of the environment ahd of man, In the classification of the
possible type of rad{oactive contamination consideration - .
should be given to the following: 1) the level of activity .
exicting in the sourge; 2) the quantity of activity emittedy”
3) whether the emenafion {s the usual or chance; 4) isotopes
which may be present’in the source; 5) chemical and physical
forms in the substanqe‘isolated;‘ﬁj;an;gvaluation of the -
ared affected; 7) whether ‘there is a potential danger for
the entire population or only’for ‘personneél exposed to ire
radiation; 8) what ‘the nature of the environment is. o
. "In the reportithe need was noted for taking into con-
sideration the level:pf natural activity in the determination
of the level of contamination of the environment and of man,:

I11. Byaluatioggéf'Contamination of the Environment

In this section general comments are given concerning
an appfoach to the Sglection of the type of analysis and an -
evaluation of its results, An évaluation of the results is’
achieved by a companison of the data obtained with the maxis’
mum permissible concgntrations recommended by the Interna«:
tional Commission on-Radiologiéal Protection for a number of
{sotopes in water, afr and in the humarn body. The most '
widespread isotopes are mentioned, and a basis is given to
the need for analyses of radioactive isotopes in the followe
ing specific substances: in’air, drinking water, soil,
plants and products of vegetable origin, in milk and other
products of animal origin, as well as in reservoirs and -
products of aqueous origin, At the end of this section, a

table is given with an indication of the lsotopes of great- -
est inte:estkin thé analysis of the media'listed‘ :

" 111. Evaluation of Human Contamination |
-In the analysis of the types of analyses needed for

evaluating the degree of contamination of people considera- -
tion should be given to the fact that radioactive substances
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enter the body. by thiee routes: 1) inhalation of gas parte

icles 6r aerosol:particled; 2) by;swalLQWing‘(fér;example; o

6f contaminated food);.3);by;penetratiﬁgu1nto?aﬁwbuﬁdfandiwfff

the intact skin. The danger deperids on the relative bio- " "
logical effectiveness:of the:given type.of, radiation, "In

the majority of cases (with'fhe exception of hard gamma= -
émitters) internal contaminétion of the body is judged by

the content of isotépes in“the excretions, chiefly in the

urine, In the event of the presence; of insoluble jsotopes ,
a stool analysis is essentlal for the evaluation of the

internal contamination; AR analysis of radon in the exhaled

air provides a determination:of thevinitiarglevei_QfAradium ‘ .
in the body, The measurement .of the blood activity is . )
necésSarynforwobtaining“information'pn;variqﬁsﬂisotdpes SR
contained in the body: For these purposes .analyses of the
gastric juice, tissues, nasal, excretions, and saliva may be
used; . Radioactivity deﬁecbedfindicapesﬁthe,negd,for,taking |
prompt measures, but -does not give any accurate information -
concerning the quantity of isotopes contained.-in the body.

In order to°determine the level of internal contamination :
it is essential to. know the relationship between the rate of
excretion lof the given isotope.and its concentration in the -
body, The difficulties of measuping the internal ¢ontamina=
tion according to the excretion products are associated also
with the determination of the low concentrations of isotopes’
in the excretions and with the need .for taking into consi=-
deration the natural background of ‘the ‘excretiens, Extrine
sic direct methods of measurlng.the ac iyity are utilized

for hard beta= and gamma-radjation (Ra%%<®, Cel37, 1131 ang

others)e -’ S T S SR
% - At the end of the section, a summarized table 'is given
with an indication of the most widespﬁeadjisothes'and]theif'
maximumupérmlsstble?concentrpt;onsfiﬁ{biologic31 media R
(urine; stool, blood, thyroid gland, etcs)e . =

3

In this section.material'is”éohtained’bnjthreefprqb;f
lems: 1) the techniqué of selection and preparation of the - 2
samples: 2) the analytic radiochemical procedures for deters’ :
mining the isotopes; $) the physical apparatus utilized for"- -
making the analyses..:, = - - - . O I o

The technique of selection of the samples, The °°
analysis is reliable when the sample is correctly and care-
fully selected, The selectlion”of the samples cah be done
either once or regularly,., The former characterizes static
conditionsy the latter provides information of dynamic .

nature and makes it possible to.evaluate the contamifation |
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of the envivonment or.of man for a certaln interval of time,
The sample should be characteristic of the composition of
the medium heing analyzed., The size of the sample required
is determined by the activity level and the quantity needed
for the radiothemical assay., ‘In consideration of these
principles the characteristics of taking specimehs from a
number of s$amples are analyzed., For air. and other gases the
characteriétiCi afe hoted of selecting the samples in filtra-
tion, electrostatic precipitation, separation and sedimenta-
tion methods. The characteristic;featurqsnand’diffibult;es
are analyzed in taking samples of drinking, fresh and sea
water, “sewage and industrial water wastes as well as samples
of bottom mud. e '

‘Radjochemi¢al methods of analysis of isotopes. The
eriteria for choosing the analytical method are the follow-
ings 1) high dedree of sensitivity; 2) accuracy; 3) rapidity;
4) economy with respect to material and apparatus; 5) possi=-
bility of utilization for analyses in various media. For
the purpose of specific analysis two methods were fecdémmended
for thée purpose of specific analysis with respect to the
maJority‘of'isotopeSglone,,thetmostqapcurate and laborious;
the other; more rapid but less accurate., The results of the
analysis are reported in cuStomarily accepted units {accord-
ing to the instructions of the International Commission on
Radiological Protection), =

" The specific methods of analyses proposed in the
report include the majority of isotopes characteristic of
radioactive contamination of thé environment which are
really dangerous for humean health, In the regort anaégses
are given for the following isotopes: H and SrvY,
Rul03,. 1131 (5137 poR10, Rn, Ra, Th?SO and THR3Z, U, PuR%9,
Hereby, a determination s given of each of the isotopes (in
various biological media -= in the urine, blood and others,
. as well as in water, soil, plants, in the milk and other
products of vegetable and animal origin, In addition, ana=-
lyses are given for considerable unidentified alphe~ and
betawactivity.

Physical methods of measuring radioactivity. The fol-
lowing material is contained in the report: 1) on the
standard radiometric squipment; 2) gemma~spectrometry, and
3) on in vivo measurements in the case of internal contami
nation of man. i

' In the section on standard apparatus the main requirew
ments are presented which are made on radiometric dpparatus
in radiochemical methods:of analysis., In the light of these
requiréments ionization chambers, Geiger end=type counters,
proportional counters, which are usually connected up
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according to an anticoincidence system, as well ‘as alphae !
and gammamscintillation counters; The need and conditions .-,
of standardization of the apparatus are also noted. Gamma= .
. gpectrophotometry is considered the greatest achievement in
radiometric apparatis in recent ‘years,: and is particularly i
essential for analytical chemists, because a rapid direct;: ..,
measurement of activity with the gammawspectrometer without ...
preliminary treatment of' fhé’ sample, and determipbtion of. .. ..
substances .in different states ‘of aggregation with.a high ...
degree of Sensitivitylfétabilfty*aﬂd-aCCuracy4are“possib1e. i
“The apparatus for the direct external measurement. of.- -
the activity of an element ‘or compound is designed basically: .
for a gammaeradiation determination. "In the modern state of .o
technics it can be used for the detection of certain beta~
emitters by means of their. braking radistion, The following.-
may be recommended as measuring apparatusi a) fonization gase:
filled chambers of largb‘VOIuMQ}%b)fllquid‘and-solid scin- -
tillators, In in vivo measurements tliree quéstions may be: i
of interesti 1) the measuremént of the activity of the ~—~ =.°°
entire body; 2) the determination of the ‘activity localized-’
in a certain part of the body; 3) thé spectral composition @ -
and the distribulion of the energy emitted by the objects. .
The selectioniof the apparatus depends:on the nature of the -
problem being solved., = R SR
‘From what has been presented it is evident -that the
subject of the report is of current importance, The need
has matured for a guide-book on problems of radiochemical -
methods of analysis, Specialists working in the field of . -
medical radiology will find useful and- essential information
in the report both for the organization of this work and for~
its practical developments  In the report material has béen-.
put tégether well in theﬁ@abterxof'giving;a'SOund-basis_td .
selectivejsampleS'charactgristiciof.radioactive¢contamination,
of a given medium'and the’practical accomplishment of ana-, .
lyses of them,: A large bibliography is.given: in the report,
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