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CELL IMMUNITY CHANGES DURING CHRONIC,
SUSTAINED IONIZING RADIATION

-~ USSR -

Yollowing is a translation of an article dy P. N.
iselev and P, A, Busini in the Russian-language
periodical Meditsinskave Radiologiya (Medicsl Ra-
diology), Vol 7, No 8, Moscow, August 1962, pages

5 .

At the present time there has been 2 great desl of study on the
disturbtance of natural and acquired immmity in acute radiation sick-
ness. There are, howsver, only isclated investigations of the effect
of chronic iomizing radistion on mechanisme of immunity (P. N. Kiselev
and P, A, Busini; V., N. Sivertseva; O. G. Aleksayeva).

Five years ago our laboratory began experimental investigations
on the study of curonic, sustained action of Yy-irradiation Co™® on in-
fectior. and imsunity. In the date published during this time, we exa-
mined investigation results of the effect of sustained action of ioni-
sing rsdiation on humoral immunity and the course of certain processes
of infection (Po M. Kiselev and P, A. Bumi’ P. A, mm; V. N, Siver-
tseva). In order to have a clear picture of the disturbance of naturel
imsnity and immunogenesis in these conditions, however, it is necessary
to olarify the effect of sustained small dosage radiation cell immunity
and cospare observed disturbances of the humoral immunity with changes
in immnity mechanisms of the cell, It is only under these conditions
that we ¢an understand not only the character and completeness of the
disturteances, btut also their significance.

In previcus research it was ascertained that during the chronic
sustaired action of ionising radiation on the organism changes in the
humorsl immmity occur. This is expressed in a decrease of bactericidal
capacity of the blood, end increase in sensitivity to infection of the
irradisted organism, and in the final analysis the development of auto-
infectionary processes. It was found that the greatest disturbance of
natural immunity was observed in the case where the organism was subject-
ed to rediation in the period of embryogenesis. Immnity dieturbance
pesses through a stage of humoral immwnity activation and the process
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of immunogenesis, This phenomenon is avidence that during the proceas
of chronlc irradiation of the organism, in response to irradiation in-
Jury, protactive immunizing mechanisms begin to function. With the ex-
haustis: of adaptive mechanisms, there 18 an onset of humoral immunity
decrease. The data obtained has shed a cartain amount of light on the
character and course of changes in humoral immunity.

The present article examines experimental deta on the study of
the influence of chronic, sustained Y-irradi:tion Co0 on celiular immu-
nity. FExperiments were performed on rabbits, guinea pigs, white mice
and rats. The same irradiation techniques were used as before (P. N,
Kiselev and P. A, Buzinil). Dosage strength varied within limits of 0.5-
4¢3 g/day; total dosages 50-4,000 g. The animals were observed for a
period of five years, '

Table 1
£ active
1~
in :’g;;y_ Phagocytio
olear ., Pha .
terads - o744 Hlete | wixed lote ; tatl| g
irradiati, i pasge- l.count % Plete de ()
465 7 9.8 80 24 18 0 41
700 67 4,3 P 27 53 14,3 4.8
1 000 49 1,3 12 19 69 70,1 8.1
1 150 37 | 0.8 6 11 83 89,9 3,8
Kourpoas 83 ‘ 10,3 62 28 10 0 3.8
. [ !

Changes in the activity of phagocyti¢ leukocytes
during garonic, sustained irradiation of guinea
pigsho™ in relation to total dosage (dosage
straigth 3.5 g per day)

We studled the rasults of chronic, sustained ionizing irradiation
as it affected the phagocytic capacity of lenkocytes, the segregational
foniction of the reticulo-endothelial system, and the sensitivity of so-
matic cells to toxins and viruses. We studled the phagocytic activity
of leukocytes on guinea pigs according to the technique of V. M., Berman
and E. M, Slavskava. We studiai the absorbing and digesting capacity
of leukocytes in relation to Bact. typhi abdominalis. Table 1 presents
data on quantitative and qualitative changes in the phagocytic activi-
ty of leukocytes in giinea pigs during irradiation.

Wa see from Table 1 that the total irradiation dossage of 465 r
was not lathal for guinea pigs and led to comparatively minor changes
in the phagocytic activity of leukocytes. With increase in time inter-
vals that the animelp svend in the sphere of ionizing irradiation, and
the {ncrease in the general total dosage, eventual weakerning of the
phagocytic sctivity of leukocytes occurs. Phagocytic weakaning parallels
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the growth of parcentage of detall and affects not only the absor¥ing,
but also the digestive, capacity of leukocytes. At total dosages of
700-1,000 g, however, the avsorbdbing ocapacity of leukoaytes was disturbed
to a maller degree, and the digestive capacity to & larger degrees. In
subsequent significent increase of total dosage of irradiation, there
wes less expression of a proportional relation between the phagocytic
count and the phagoocytic character.

After sstablighing this gensral pattern for the disturbance of
the phagocytic capasity of leukocytes under chronic, sustained irra-
diation, we studied phagocytic changes in relation to the age of irrs-
diated animals. We had two odbjectives in our work. PFirst we investi-
gated changes in the phagocytic cepacity of leukocytes in the offspring
of animals who were pregnant during the course of irrediation., We also
studied disturbances of the phagocytic function of the leukooytes of
sice vhose course of irradiation was initiated at various periocds in
the post-natal development. The aim of all this experimentation was to
clarify which of the ontogenstic veriods (starting with embryogenesis
end continuing through sexual maturity) 1s the most vulnerable in the
immunological sense under ehronic irradiation.

The investigation of phagocytic activity of leukocytes under
irrediation in mice during the period of embryogenssis was conducted
on two groups of animals., The firsi group — mice, born of parents
irradiated during the period of intra-uterine development (780 r dose)
and post~natel development (200 r dose). The second group was composed
of the same mice, which were remcved from the sphere of rediation im-
mediately following birth. The control group consisted of mice weigh-
ing 10-12 g which were not subjected to irrediation, and which were borm
of non-irrediated parents. Animal phagocytosis was investigated accord-
ing to the attainment by experimental animals of the weight of the mice
from the comtrol group (10-12 g).

The resultis of the experiments are presentsd in Table 2.

As we see from Table 2, irrediation during the period of embryo-
genesis leads to functionally non-full-valued, in the phagocytic sense,
leukocytes even under relatively small total dosage (200 r). The im-
vediste removal of mice, following birth, from the sphere of ionizing
radiation does weaken the eventual injury of this defensive function of
the organism, yet phagocytosis in experimental animals is significantly
weaker than in the oontrol group. Consequently these experiments indi-
cate a significant sensitivity of the leukocyte phagocytic fimction
under irrediation of the organism in the period of intrs-uterine develop-
nent.,



Table 2. Chanpea in phagocytic activity of leukocytes
in mice subjected to chronic irradiation during
the pericd of intra-uterine developnont at do~
sage strengths of 4.3 r/day (experimenis in vitro).

— 'S
i i N i‘é l ;5 ! | Xapadrep éarounvony.
rpynna i ?{& ! E 3 ’h‘b‘. %2 . M";in'e.m
kEe ) il nwa
lbEE &8 %

Muw, obayves- | 51 13,2 11 26 63
WIKECR B NE[HOL
S\, PMEPHOFEEID H
.NOCKe [OXAL-
HHUSR (cymmp
Hast fo3a 200 1) {

Muwn, oBayvss-| 69 | 6,8 39 31 30
LIKCCR B ReHOR
. 5 MMOpiOrenesa
: 4 # YIALC RHbE
3 chepe pa-
AHALHK nocne
poKACHNR

;c\ Ko#trponshuie 80 | 9,1 59 a3 8
Mhltn

Logend: ; Group
€ of cella participeting in phagocytosis
Phagocytic number
Character of phagocytosis
Complete
Mixed
Inccmplete
Mice irradiated during the period of embryogenesis
and following birth (total dosage, 200 r)
Mice irradiated during the period of embryogenesis
and removed from the sphere of radiation following birth
(10) Control mice

In another series, investigators studied changes in phagocytic
activity of leukoctyes in relation to sge. With th!s aim, mice were
irrediated following birth at the ages of 31~5, 6-7 weeks and at the
a<tainment of a 16-18 g weight, Irradiation was performed at dosages
of 1,29 r/day and prolonged for 1, months, Phagocytosis was investi-
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gated after a totsl dose of 520 r. Investigation results showed that,
at the same irradiation dosage, the disturbance in phagocytic activity
was unequal in animals irradiated at various ages (Table 3).

Table 3. Changes in phagocytic activity of leukocytes
in relation to the typhus bdeecillus in mice .
irradiated at different ages (dosage strength

1.29 r/day, dosags 520 r)

) £1) E( “; KepaKTep BarcunTosal e )
. g » nesab e
Fpynna g gn g g WeNHMR l:p 4 ‘wuuml
o
SRR ; %
/ (XY Mogonurune
(4) Muww, obaywanumees B sospocte |
C B1/g8 HCACAE v e e ee . 20 | 3 67! 6 {60 ! 2
00 Manv, o6nYYBRIIIEST B BOBDACTS
E—7 MCIEAR .« . v e e e 20 73 18,3 24 57 19
{1 Toacsospeasie ((6—18 1) . . . . . 20 | 8 ‘8¢ ! 83V |1
(1)K ontpoasuse
() 3,55 meqean. ... ... .. 20 1 81 18,9 i 86 | 3¢ | 1
\{' 3 67 T oo 20 1 80 | 9,1 82 30 8
f wz) Nononoapeaste . . . . . . . . . . 20 l 7 188 .87 ) U 9

Legands (1) Group

2) Rumber ¢f animals

3) % of cella participating in phagocytosis

4) Phagocytic number

5; Phigoeytic character

§6 Complete

7 Incomplete

(8) Wixed

(9) Mice irradiated at ages of 33-5 weeks

Mice irradiated at ages of 6-7 weeks

11) Sexually mature (16-18 g)
(12 305‘5 weaksa

(13) 6-7

(Mg Sexually mature

(15) Experimental

(16) Control

In the experiments, we not only noted & disturbance in phagocytic
activity of leukocytes in animals subjected to chronic irradiation, Wt
also discovered a relation with the period of the development of the or-
ganlsms when it comes into the sphers of radiation,

At the same time that the phagoaytic activity of leukocytes was
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gtudled, va als> investigaited the segrogniional function of the reticulo-
eniothelial system through marked 83> B, coli and colloidal Awl98, we
conducted experiments on whits mice who had received varying total do-
sares of lrrad zxé.i.on, injecting them intravenously w=ith either marked
bacteria or Aul93, We evaluated the function of the reticulo-endothe-
11al system according to the technique of Benacerrsf, Halpern et al,
Figure 1 presants dats concerning the function of the reticulo-endo-
thelial system, derived on the basis of studying how the blood purifies
{tsalf from marked S35 B, coli after the action of 100-1,650 r at the
same dosage strength (2.4 r/day). As we see from Pigure 1, at total
dogsage of 100-550r, one can ohsarve some stimulation of the function of
the reticul-endothelial system, expressed by an increase in the rapidity
of the blond cleansing process from foreign particles, The stimilatlinn
tha: occurs is praceded by a stage of stable weskening of the segregzitio-
nal function of tie reticul-endothelium, However, aven at total doses
of 1,650 r,which was fatal in 85% of our cases over a two-year period,

wa 413 not observe complete blockage of the segreg tional functinn of
the reticuio~endothelial system. This indicates great restorative ca-
pacity under chronic irradiation, Consejiently, chronis, continuous
actira of relatively small doses of ifonizing radiition finelly leads %o
waaker. 'ng of the function of the reticulo-endothelial system, although
the evertual wenkenlng passes through a stage of stimulation of its se—
gregaitional function. The organism's irmurdty depends in a certsin mea-
surs on the degree of somaAtic cell sensitivity to various pathogenic
agents, incluiiag bacterisl texins and viruses. We therefore evaluated
cell immmity of chronically irradiated animals both according to chan-
ges ia their sensitivity to endo-and exo-~toxins of various bhicteria, snd
according to their response reaction to the virus as a intrscellular pa-
rasite. In &:'s connection we investigated somatic cell reaction 4o
virus induction of grippe, and by this we judged the chances in their de-
fengive function. This would be analogous to judging the defensive func-
tion in general according to paranecrosis or cell ability to form vital
stain granules (D. N. Nasonov and V. Ya. Aleksudrov).



Legend:

Figure 1. Blood purification from Bact, coll, marked 335,
uader chronic, continuous Coe’0 irradiation of
the organiem in relatfon to dosage megnitude
(dosage strength, 2,419 r/day)
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Table 4. Dynsmics of the formation of defensive, oxyphilie
components in the cells of the trachea and main
bronchi of mice under chronic irradiation (dcasga
strengtns 1.29 w/day) when infected with weakly
pathozenic sitraiins of grippe virus, type A.

Ti

Cpeaiee xonmcicrna BMONCHHR Ba

R Tom WO ITUTEANRIbHMX RIMTOK

dosage, |, 3 |48 e g

T houds hrL. |days

220 320 ! 415 | 180 4 l o
439 5_&\ 64 128 78 30
contrel 230 | 315 [ 315 | 13 0

(1) Average quantity of components for 900 epithelial cells



The research of Hurford and Hemlin, and V. E. Pigarevscly shows
that, in response to the inductlion of wea'ly pathojenic grirpe virus in-
to tracheal epithelium, basophilic and oxyphilic components appear in
call cytoplasm. The basophilic components consist of accumulations of
virus particles, while oxyphilic form=tions reflect the cell's defensive
reaction, A. A, Smorodintsev established that there i3 a disturbance
of the formation of oxyphilic components in cells during acute radial
injury to the organism. As a rasult of these concepts, wve infected
irradiated mice (1.29 r/day, after total doses of 220 and 430 r) as well
ag cantrol mice with grippe virus A, and did not approach %them again for
1-5 days. We investigated the epithaelium of the trachea and msin bron-
chi hiatologically for the nresence of defensive oxyphilic components
accorling to the Dominici-Pirarevskiy method. We present the resulis of
this research in Table 4.

As we see from Table 4, chronic action of relatively smail irra-
diition doses on white mice leads to a change in the dynamics of the
formati-n of defensive oxyp:ilic bodies in epithelial cells of the tra-
chez and maia bronchi,in response to cellular penetriti-n of weakly patno-
genlc strains of grinspe virus. At total radiation dosage of 220 r, we
can observa stimulation »f the formation procesa of defensive components
and some increase in tiie tempo of their disappearance from the cytoplasm;
this indicetes an increaze 1n the defenasive reaction. Increase of to-
tal dosaze to 430 r, on the contrary, leads to a significant expression
of a decrease in the formetion of oxyphilie cellular components, which
charncharizes weakening of somatic cell defensive reection as a result
of the prolonged action of radiation. Consaejuently, our experisents
showed, as had investigationa of the function of the reticulo-endothe-
l1ial system, phasic changes in the defenaive reaction of cells to virus,
conditioned by the chronle actlon of small doses of radiation. These
phasic changss indicate that, in response to initial, weak expression
of radiati.n injury, there occurs ectivizatlon of somatic cell defensive
reactions including increased formatlon of oxyphilic components apainst
the virus. As injury increases, we observe gradual weakening of the ab-
sorbing function of the reticul-endcthellium, and decrease in eplithelial
cell capacity to form defensive components,

A second eriterion in the evaluation of the cell immunity of ir-
radiation animals was investigation of their sensitivity to various bac-
terial toxins (Bsct. perfringens, Bact. typhi, and others). We astudied
sensitivity changes in irradiated white mice to endo- and exo-toxins af-
ter the action of 190, 285, and 950 r at domsage strengths of 1.29 r/day.
e evalusted the degrec of sansitivity in irradiated and control animals
through LD5p toxin determination according to Reed and Minch's method.

As a result of thess investigstions, we estadlished that radiation
doses at the indicated strengti to total doses of 285 r decrease sensiti-
vity in animals to bacterial toxins. Total doses exceeding this level,
on the contrary, increase sensitivity to toxins. Figure 2 presents data
illustrating sensitivity changes in irradiated animals to toxin Bact.
perfringens at a 950 r total dosage, This means that at this radistion
dose, irradiated animal sensitivity increased 1,62 timss in comparison
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to the control group. Consejuently these data also indicate the phaasic
cheracter of sometic cell sensitivity changes dwring the course of chro-
nie, continuous actl-n of relatively smsll doses of lonizing radiation
on the organism,

Figura 2, Sensitivity of white mice to Bact. parfringens
toxin during chronic, continuous Co®0 irradiation
of the organism (dosage strength 1,260 r/day).
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On tas basis of the conducted axperiments, we can conclude that
chronie irradiation leads to a disturbance in many aspects of cell im-
mnity, particularly to decreass in the phagocytic capacity of leuko-
cytes; weikening of the segregational function of the reticulo-endothe-
1ial syvstam; decrease in somatic cell defensive function to virus pene-
frationy and {rcrenze in sensitivity to bacterial toxins., 4 character~
iatic projeriy of the cbserved weakening of cell immunity is the fact
that iv 13 pracaded by a stimmlation phase, smerging in the initial pe-
ricd o caronlc irradiation, which 1s then followad by weakening.

Fvalanting in this way the disturbence in natursl immmity and
the prucess of lmmunogenesis during chronlc sction of ionizing radiation
on the organ.sm as a whole, it 1s necessary to recognize that weakening
of immunity zouchea uson humoral as well 28 cell immunity, A comparison
of disvwurbances in humoral and cell immunity shows that they oenur st
the sare timn in the irradiated organism; they are initiated under the
sction of approcximately equal total doses; and have the same direction.
"he depresasi phase is preceded by stimulation of the organism's defan~
nive reactions, having a compenaatory charactar and & definitely positive
steaning i1 the struggle againat infections. Under contlinuing lonizing
radistior, the resulting injury is not compensated, snd theras occurs a
weakening of varisus aspacts of cell and humoral immunity following which
the orgerism beccmes en arena for various auto-infectionary processes
having & chroaic course. As a result, various infeetlon, and primarily
auto~infectionary, processss serve as the main reason for organism fa-
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tality, when the organism has been subjected to chronic, continuous action
of relatively small doses of ionizing irradiation.
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THE PRODUCTION OF MORGAN'S TOXICCINFECTION
IN MONKEYS IN RELATION TO ACUTE RADIATION
SICKNESS

-~ OSSR -

{Following is a translation of an article by L. A.
akovleva, B, A. Lapin and S. M. Pekerman in the

Russian language periodical cal Radiology, vol.
7, no 8, August 1962, pages 65-b8,

At the present time it is well established that a single, massive
irradiation significantly decreases the animal organism's resistance to
various agents of infecti:n, both bacterial and virus. The investiga-
tions of native and foreign writers were presented in the recently pub-
1ished monographs of V. L. Troitskiy and M. A. Tumanyan (195?), 0. P,
Peterson with co-authors (1961)., Similar research on theses problems
in relatisn to monkeys has been very scarce. For example, M. A. Tuman-
yan, in experiments on monksys, noted an abrupt increase in their sen-
sitivity to dysentery during irradiation at lethal and sub-lathal doses
of fonizing irradiation.

We obtained similar results in stidying the courseof Breslau's
paratyphoid fever in relation to irradiation at sub-lethal dosage. 2.

K. Stasilevich, studying factors decreasing the natural resistance of
monkeys to Salmonellas and coli-enterites, established that during sub-
lethal dose irradiation there is an increase in susceptibility of animals
to coli-enterites and paratypoid fever B, as well as a significant
increase in the severity of thege infections and Heidelberg's paratyphoid
fever. Dysenteric and paratyphoid fever agents, hogever, are considered
highly pathogenic for monkeys. In maintaining these animals in cages,
without any experimental intervention, one can encounter the appearance
of these infectionary processes in themj tiefr occurence often agsumes
the character of an epldemic outbreak, In a number of cases it 18 also
possible to produce these infeotions in monkeys artifioially.

We considered it useful to clarify whether susceptibility increases
and the course of the illness becomes more severe only in the infections
1isted above (having a relatively wide "spontaneous® distribution among
nonkeys and ertificislly induced in them), or whether the observed regu~
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sproad
lal‘it1°8Acgording to 11lnesses produced by pathogenic stimuli. With
this aim we dwelt on the experiment of producing Morgen's toxicoinfection
whose stimulus, being conditionally pathogenic for monkeys, can often
be found in the feces of healthy animals. Apparently monkeys rarely
become 111 from Morgan's toxicoinfection. In isolated cases, however,
diarrhetic monkeys excrete Morgan's bacillus (Lovell, Hamerton).

In the past 7 years, monkeys of the Sukhumskiy rursery. were
found to have Morgan's toxicoinfection, confirmed bactericlogicslly,
only 3 times, In this case, the disease had the character of an gpidemic
outbreak; 3 young monkeys less than a year old who were on artificial
feeding became i1l and died within several days. In relstion to all
autopsies on monkeys {1600) conducted during this period, death from
Morgan's toxicoinfection was responsible only for 0.12%,

The clinical and pathomorpholoyical picture in tha dead animals
wag characterized by the development of a severe catarrhal-hemorrhagic
gastroenteritis. This was accompanied by swelling of the mesenterial
lymphatic nodes and enlargement of Payer's patches of the ileum. En-
largment of the intestinal lymphatic apparatus and that of the mesentery
was associated with hyperemis, edema, and proliferation of lymphoid
elenents in lymphatic formations.

We used young Rhesus monkeys of an aversge age from 4 i« 1% years.
Contamination was conducted according to the same technique used in the
investigation of experimental paratyphoid infection of monkeys. The
monkeys were contaminated by mouth on an empty stcmach by daily agar
culture in quantities of 30-50 mlrd. microbe bodies following prepara-
tory induction, one hour prior to contamination, of 3-5 ml bull bile
(depending on the age of the animal).

The attempt to infect 10 monkeys without prior irradiation was
not successful. The animals remained healthy, according to clinieal
findings and blood indicators. For some time following contamination
(from 2 to 16 days in different animals), however, there were large
quantities of Morgan's bacteria in tha feral matisr, Venous blood sam-
ples remained sterile. Starting with the second week the hlood of all
infected monksys shcwed anti-bodies to Morgan's bacteria in titers of
11200; and by the 15-16th day — in titers of 1:800. Later we obssrved
& decreese in anti-body titer.

Infection of 7 monkeys under the same conditions with preceding
irradiation gave somewhat dimtinctive results. The animals were subjected
to irradiation In 300 r doses on the twin RUM-3 apparatus 2-3 days prior
to infection (voltages 180 kV; current: 15 mA; dosage stremgtht 17 r/hour).
In experiments we conducted earlier, irradiation of monkeys in doses of
250-300 r produces a very light form of radiation sickenss which is cli-
nically characterised primarily ty the development of short-term, super-
ficial leukopenia (2,500-3,000 leukocytes/l mm3 of blood).

Out of 7 irradiated and infected monkeys, 7 became ill, The 11l-
ness was characterized by the appearance of a watery, fetid atool from
the 2nd day following irradiation; the stool was sometimes mixed with mu-~
cus. In all the sick monkeys we observed listlessness, loss of appetite
in various degrees. The diarrhea was accompanied by significant increase
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in the ESR (from 18 to 46 mm/hour). The illness was sccompanied by a
moderate leukopenie (2,400-1,800 leukocytes/l mm3). In four seriocusly
111 animals (Sina, Fores, Shayim, Polchok), by the 3-4th day, one could
already observe the appearance of significant exicosis in the form of
a severe rolling back of the «yes and decrease in skin turgor. In 2 of
these animals (Pclchok and Sina) repeated vomiting was observed.On rib
cag auscultation, moist rales were heard in 3 animals. The duration of
the illness varied. In 2 mildly sick animals (Shusa and Yartan) the
nild diarrhea (without any disturbance of the general state of the ani~
mals, and with ESR increase to 18 mm/hour) continued only 3 days, In
the two monkeys who survived the illness with severe diarrhsa, the il1-
ness laated a relatively short time ~— 7 and 13 days. Peaal hacteria
in 8ll unimals was observed a relatively short time -- from 2 to 6 days.
The agglutination reaction from the hlood serum of all irradisted
animals 24 weeks following infection gave no positive result. Two mon—
keys from this group (Sina and Shayim) died on the 3rd and 7th day of
the illness, corresponding to the 5th and 10th day following irrsdiation.
On pathclogoanatomical autopsy of these animals, Morgan's hacteria
was found in the contents of the stomach, and small and large intestine.
In one case {Sina), the microbe was also found in lung tissue. In the
nonkey who died on the 3rd day of illness, we observed catarrhal inflam-
mation of the mucons membrane of the pmall and large intestine, accom-
panied By severe swalling of intestinal loops. The muuous membrane waz
pirk and swollen throughout. Edema ani hyveremia of the mucous and zub-
mucous inteatinal layers ware observed. REdematous vill2 of the small
inteatine were usually deprived of epithelial covering. The contentc
of the small and 2&rge intestine were watery. Intestinal inflammation
was not accompenied by noticeable hyperplasis of the splesn aad mesente-
risl lymph nodes. Tne iymph nodes were obsarved to have significant ede~
ma and hyperemia with severe dilatetion of the sinuges., In sinus lumens
we find a larg quantity of microphages in whoee protoplasm there are of-
ten erythrocytes, brown pigment, snd cell fragments, In some areas of
the sinus lumen we found the fine network of fibrin, The quantity of
cells in the corticsl laysr of the mesenterial and peripheral nodes was
somewhat de:ressed; this did rot, however, appssr in the form of signi-
ficant wasting aw.y of lymphoid tissue. Light centers were not numercus,
ané were of smell sizes. There wvas of ten cell degensraticn with rhexis
of the nucleus., The spleen was small, moderstely firm, with a well-
nerked network of trabeculae and small follicles. The quantity of lympho-
cytes appeared significantly decreased. Blood vessels were usually dis-
tended. Small hemorrhages were encountered, This monkay was also suf-
fering from focel pneumonia having a very mixed morpbological character.
At the same time that alveolar groups were observed filled with leuko-
cytic exudate, alveocll ware encountered with asrous fluid in the lumen
containing varjous quantities of macrophages. In some areas the alveoli
were tlmost completely full of erythrocytes, and sometimes with fibrin.
The process had the distinctive character of bronchopneumonia with leu-
kocy4ie infiltration of bronchial walls and with serous-leukocytic exudate
£111ing lumens of the bLronchi, Other internal organs presented a picture
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of moderate hyperemia., Under the endgcardium of the left ventricle, there
were a few hemcrrhages.

In the second case, where the munkey died on the 7th day of ill-
ness, pethomorphological investigation showed ssvere gastroenteritis with
severe edema of the mucous, sub-mucous, and in some places of the serous
layer, as well as the appsarance of a large mmber of hemorrhages in the
stomach and along the course of the small intestine. The mucous mexbrane
of the stomach showed small necroses. The contents of the small and
large intestine were watery with pinkish-gray small flakes. In sicro-
scopic section, follicles were not distinguished.

In microscopic investigation, significant hyperemia of the crgan
was otserved with blood overflow in the sinuses. PFollicles were small,
The quantity of lymphocytes in them was noticeably reduced. Light cen-
ters in follicles were found relatively infraquently. Occasionally we
found here an accumulation of protein exudate. We had similar findings
in the mesenterial lymph nodes where the number of lymphocytes was also
clearly reduced. We found, just as in the monkey who hed died on the
3rd day, that the nodes had severe distension of sinuses with an acen-
mulation of a large number of macrophages., We very often observed ery-
throcytes in macrophags protoplasm, and less often — clumps of brown
pimeﬂto

Thess observations are evidence that the stimulus for Morgan's
toxicoinfection, being for Rhesus monkeys conditionally pathogenic and
not inducing in artificial infection the appearance of an infectionary
procese, on x-ray irradlation of these animals at sub-lethal doses, pro-
duces the development of a severe process of infection concluding in
a nunber of cases with the animals! death. The illness,apvezring in re~
lation to irradiation, does not differ as a whole from the spontaneously
appearing illness, and has the character of severe g:stroenteritis., Ir-
radietion, however, imposes its mark on the morphological manifestati-n
of this 1llness in the form of the developmont of moder.ts atrophic phe-
nomena in the spleen and intestinal lymphatic spparatus.
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ESTABLISHING PERMI3SIBLE MAXIMUMS IN THE
CONTENT ANL INGESTION LEVELS OF RADIOACTIVE
ISCTOPES IN THE ORGANISM

-JJ13SR-

TFclloV1ng 13 the translation of an article by Yu. I.
"Moskalev in tha Russian-laaguage perlciical Medjtsin-
gkava Radiologlys (Medical Redieclogy), Vol 7, No 8, Mos-
cow, Auguat 1662, pages 9197, ]

In order to establish perm.asidle levels for the iny«stisn of
railioactive isotopes in the orgenism, an underztiniing of general laws
of biologi~al activity for amall ifonlzing ro~lation doses 1s necessary,
Amon,; the basic focl of r~dloblology, an !mportant place is occunied by
problems of threshold, svmmation, restoritiosn, compensatism, and ridlo-
sanaltivity in their variocus aspects. An understaniing of laws rovern-
ing diatributi~g, acecumulzilon, and removal of radioactive isotopes from
tne organiam in relation to the rhytsm cf thelir ingestion -- is anothaer,
but 10 less Important, aspect of this quaestion.

In this article we wish to examine paasibllities of experimental
hages for permis;ible maximums in the contant and inpgestion levels of
radioactive isotores in the human orginism, +hile using osteosarcomoge-~
nic and lauvemogenic action of radiometive isotopes as our criterion for
longevity.

The hizh energy level of irradiation, significantly exceeding that
0f chemical tles, makes the hypothesis highly licely that there is nc
threshnold for the action of lonizing rrdiation in Initial changes in any
stracture of the organism on a molecular level, It does not follow, how-
ever, that reactions at other levels also have nc threshold. Fxparimen-
1.1 evidence on the blolo iral activity of varisus aspects of ilonizing
radiation, including radioactive isotones, 1s sufficiently convincing on
this score.

In resolving the problem 5f the threshnld or aon-threshold nature
of the reactlon, data concern’ng the form of the dose-affect curve are
kighly significant.

Figure 1 presents data charinterizing the degree of decrease in
the natursl life span of rats in relation to the amount of Sr%0 tnduced
into the abdominal cavity., We see that, according to the criterion of
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11®e span duration, the action »f 8r% has a threshold character. Ana-
logous rewts were obti with other radiosctive isoto-es, as for in-
stance Ce~44, Catl and others. There exista a very wxlde dosage
diapason which doss not affect the longevity of expsrimental rats. The
maximal Sr?Y dosags that is ineffective for rats, according to the cri-
terion of longevity, is 25-50 ue/kg; and for mice (according to the datn
of M, FPinkel') —— L4 u/Ree

Pigare 1. The average dacrense in the life span of rats (in
psrcentages to control) in relation to the auantity
of intra-abdominal induction of Sr7V,
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legends The striped area — death rate for control anisals
with reliabllity intervals for P = 0,05,

We ars acquiring experimental data providing evidence that, at
tmall quentities of radioactive substeonces, the average 1ife span of
txperimental animals increases. For instance, on induction of Sr%0 in
cuantities of 1-5 per rat, the experimental animals initially die off
zore slowly than the control animals. In 500 days, 36.6% of the con-
trol animals died, while on induction of 1, 2, and 5 ucthe correspond-
ing percentages were 25.8, 30.9, and 17.2%. The aversge life span of
female rats in experimental groups was 530, 536, and 585 days; while in
the control — 506 days. Analogous results were obtained with Celd4, In
parenteridl induction of this isotore in quantities nf 1, 2, 4, and 10 ,
by the 450th day tners died 7.9, 7.7, 13.2, and 8.8% of male rata and
1443, 12.2, 17.9, snd 17.1% of female rats. In the control group, for
the sam¢ time interval 21.4% male rats and 28.4% female rats died. The
differences batween the death rates for control and experimental groups
are reliable., Radiation levels for the animals at the quantities of Celds
ware comparatively low. The average daily dosage strength on induction

~16-



of 1-5 u Cel% was 0.84~0./ rad/day, and in bone tissue 1.3-6.2 rdd/day.
The average irrsdiation dose, accumulated during the 1life sran, vas 0,33~
0.16 krad, and in bone tissue -— 0.51-2,6 krad, M. Finkel's research
also emphasizes the long, in comparison with adeguate control, lifs s~an
of mice subjected to small quantities of Pud, UL32, and Po210, -

We are dwelling in some detaill on this dats as we are desply con-~
vinced that in evaluating permissible levels of content and ingestion of
radloactive isotores in the organism it is apnropriate to use not just
any reaction of the organism to irradiation, but only those which cha-
racterize the injurious action of radiation., Of courss, as a result of
the fact that under conditions of prolonged action of low radiation le-
vels average 1ifes span increase 13 possible, the causes of death cen sig-
nificantly differ from these in the contr>l ponulation. In this connection
we 2re faced with the difficult sroblem concerning which deviations from
"tnhe norm” in conditions of continuous radiati-m can be taken into ac-
count in the evaluation of harmful effects of amall dosage radiation.

In the evaluation of the injurious action of radioasctive isotopes,
the data characterizing thelr hlastomogenic activity is very significent.
One of the most dangsrous of the radicactive isotopes in the professional
sense 18 Sr99, Experizent shows that this radioactive isotone elicits
in animals (mice, rats, rabbits, dogs) the appearance of tumors of the
bone. and hemopoietic and endocrine systems. Quantitative data, descri-
bing the appearance of these tumors in relati~n to the quantity of indu-
ced activity, 40 not have a linear character. Most frequently Sr% pro-
duces bone tissue tumors in animals. This type of tumor reaction has
be:zn studled in more detail and can be gquantitatively described., Figure
2 shows tne "threshold" nature of the indicated effect, in any case for
the limited ponulation of experimental animals sncompassing hundreds of
animals per dose. On single parenterial induction of the isotope, the
minimal osteosarcomogenic dose is within limits of 25-50 uc/kg. Accord-
ing to our evidence, on single parenterial induction of rats with Sr%0,
the ineffective quantity in relation to osteosarcoma is 5-50 w/kg; accor-
ding to M, Finkel's mice experiments, it is 44 i /kg. If we suppose that
a similar ratio is true in man, then allowing for differences in 1life span,
single parenterial induction of Sr% in quantitites of 10-100 Jic should
not affect the natural life span in man nor increase the incidence of
bone tissue tumors.
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Figure 2. The frequsnay of csizosarcema in male and Temale
rats in relation to the quantity of intra-abdomi-
nelly induced sr90,
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The action of Sr™ often produces leukoses., The problem of
whether this is a threshold or non-threshold reaction has not yet been
resolved, Rats develop lsukoses significantly more rarely than sareco-
mas under the action of Sr?0. On inducing Sr® in quantities of 50-
250 pc/xg, the frquency of leukoses increases 2-4 times in comparison
with the control. The relation of leukoses incidence to the quantity
of parentmrial rat induction of Sr%0 is illustrated in P4 3. The
data in this figure indicate ths abaence of a linear relationship bet-
ween the quantity of induced Sr% and the frequency of leukoses. The
shape of the curve is evidence of thegaoousiw for exceeding threshold
dosages in producing leukoses. In Sr’Y induction in quantities of
5 mc/kg, leukoses are encountered in the same tr;;uoncy in experimental

in one rat out of 83, surviving 200 days, or 1.28) and control rats
in 6 out of 337, or 1.8%). These rats sustain an irradiation dose of
0.27 krad in their bone marrow during their lifetime.
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Figure 3. The averags life span of rats in relation to
the ingestion rhythm and Sr7V dosage.
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According to the influence of radioactive isotopes on the life
span and the appearance of tumors in the homopcietic tissue and bone,
the action of Sr%0 and other osteotropic isotopes has a threshoid cha-
racter. This provides a basis for future cansideration of the problem
of permissible levels of content and ingestion for radicactive iso-
topes in the organism for a few people at least,whose work is related
to the utilization of radiocactive isotones.

Because of the slow removal from the organism of the injurious
action of radioactive lsotopes, even their single ingzstion into the or-
ganism continues over a very prolonged period; and in the case of long-
lived radioactive isotopes — over a full life span. It is therefore
very important to clarify the questlon of the role of the time factor
in the injurious action of radioactive isotopes, and the relationship
of their biologizal activity to the ingestion rhythm of the organiam.

A very complex correlation sxists between the organism's reactions
and ionizing radiation®s action rhythm. At the basis of the correlation
lies the differing sensitivity of separzte systems =nd. organs to ir-
radiation, and their varied capacity for compensation, restoration, and
summation of irradiation injury. Restorative processes occur differently
in various systems of the organism, so that a decrease of dosage strength
can have unegual significance for various systems. Ovaries have a very
high sensitivity to ionizing irradiation and a very low reparative cape-
city. In contrast to hemopoletic organa and the intestinal mucous mem-
brane, ths ovaries sanow destruc tive changes of a single type on single
massive,and prolonged action.
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A comparative evaluation of the ncton of 5rf99 on the 11fe span
of rats in relation to the isotope ingestion rhythm indicateg incomplete
summation of radioactive effects. Protracted induction {daily for 100
days 2t 15.k) of lg&ghly effactive single doses (1,500 uc per rat, intra-
abdominally) of S%9590 leads to a significant decrease (by 10 times) in
conparison with the control (478 * 21 days) of the life span (from 19 +
4 at a single induction to 160 t 20 days at prolonged ingestion)., It Is
important to emphasize that such an abrunt decrease in the effective ac-
tion of rasdinactive 1sotopes on protracted ingeaticn intc the organism
is observed only under the breskdown of highly effective quantities. On
breskdom of acute and chronle effective isctope quantitiea, differsnces
in the 1ife s in relation to isotope ingestion rhythm are less marked
(See figure 3). In later intervals of the experiment there are similar
peripheral blood changas in the animals, irregardless of single or pro-
longad induction of the indicated quantity of sr%0,

It is of interest to evaluate the significance of dosage strength
in the occurence of thstogenic action from ionizing radistion, An ana-
lysis of experimental data shows that, under the action of Sr%0, tre in-
cidence of cstecsarcom significantly depends on dosage strsngth (Figure
4) [See Notgl . Within limits of soual total doses 712.641 krad), de-
creasing dosaze strengtn by 20 times produces a decrease of osteosarcoma
incidance by 10 times. When tne bone marrow accumulates 12.6 krad for
30, 100, and 400 days, osteosarcomes occur in 30; 8, 4, and 2,6% of the
animals. "ithin limits of optimal osieosarcomogenic 3oses {47 krad),
decreasing the irradiatiaonal dossgs strength bty 3 times has little ref-
lection on the total incidence of osteosarcomas.

((Notel: Text of footnoter The frequency of osteosarcomes under
the given total irradiation dosage was not determined immediately after
the bone marrow accumlated a corresponding dose, but after the "latent®
period elapsed {200 days) necessary for development of the tumcr. Thus,
for example, at total doses of 16.8 krad accumulated by the skeleton over
50 days, the osteosarcoma frequency induced by this dosage was determined
on the 250th day, 1.s. after ccmpletion of the "latent" period.)

Figure 4. The relation of the ingidence of sarcomas in rats
under the action of Sr% to the strength and magni-
tude of the total irradiation dose in bone tissue.
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Corresponding to these data are the expariments on the study of
the relationghip tetween osteosarcomogenic Sr®” action (Kusma and Zander,
1958) and Sr% (Yu. I. Moskalev) in relation to the isotops ingestion rhy-
tha of the organism. In our experiement, conducted with V, N, Strel'tso-
v, 1t was established that in single Sr’0 induction (in equilibrium with

) at guantities of 100 ucver rat, osteosarcomas develop in 26%; on in~
duction of the indicated quantity for 100 days -~ in 8.3%; and on fraction-
al induction at 2 week intervals (for 10 inductlons) and one month (5 in-
ductions), the rats did not develop osteosarcomas. We must state that
the "latent” period necessary for the Csvelopment of osteosarcomas in-
creages with a decreased guantity of induced activity.

Thase facts are evidence that,under low radiation ievels in struc-
tures where deleterious changes are occurring, restorative processes take
place. This means that radiation summation is incomplete. Under the
action of «L-radiation, bone tissue restorative processes occur muck more
weally than under §-irradiation. Yor example, accorging to the obdserva-
tions of M. Mnkel' (1956), under the action of Ra?26 a decrease to 1/10tn
(from 80 to 5 Mmc/kg) of the amount of induced isotore (in experiments
with mice) leads to a decreass in incidence of osteosarcoma from 60 to
35%, 1i.8. it lessens to half, In the case of Pu239, on decrease of the
optimal osteosarcomogenic dose from 3 to 0.3 g, the frequancy of osteo-
sarcoma decreased %o 19% . Resesrch on Pu<’’, conducted on rats by A.
M. Bukhtoyarova and V., X, Lemberg, shows thst under a decreased quantity
of induced activity %o 1/10th (from 6.3 to 0.3 ic/kg) the frequency of
osteosarcoma decreases to 40%. There is an utterly different correlation
under the action of f-irradiation (Yu. I, Moakalev). decrease to 1/10th
of optimal osteosarcomogenic quantities of Sr%0 and Cel44 (from 50-1,000
to 50--100 M/kg) is associated with a drop in frequency of osteosarcoma
to 3.3-2%, or to an order higher than under L-irradiation.

Table 1. Bone t\nsgr frequency under parenterial induction
of Pu 239 under various isotope inzestion rhythme
(sccording to the data of Yu. I, Moskalav, L. A.
Buldakov, and V. N. Strelttsova)
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Legend: 1. Induction rhythm. 2. Isotope. 3. Quantityss/kg. 4.
single 5. for 50 days 6. for 100 days 7. once weekly for
9 weeks 8. once in 2 weeks for 18 weeks.

Note: the numerator -~ tumor frequency; the denominator — the
quantity of animals not surviving after the 200th day.



In contrast to Sr9%, the osteosarcomogenic action of Pu?>? 15 not
too dependent on the ingestion rhythm of the isotope into the organism.
It wes shown that under Pu239 action bone tumors occur both with single
and prolonged ingestion of equal isctope amounts (Table 1).

One forms the impression that, under prolonged induction of Pu239,
bone tissue tumors develop even somewhat more frequen than under single
induction. For example, after simgle induction of Pu?3? in quantities
of 1.25 to 20 uc , bone tumors developed in 4LO0% of the rats who did nmot
survive after the 200th day; on induction of the same gquantities for
50 ard 100 days, 9 weeks (once weekly) and 18 weeks (once every two
weeks), bone tumors developed correspondingly in 8.9, 6.7, 13.9, and
15%. Since our data are quantitatively small, further experiments ac-
cording to this plan are necessary on a larger sample of animals, Nevar-
theless, results of our research permit our making the conclusion that
the frequency of bone tumors on fractioned and protracted induction of
(L -irradiators does not, in any case, decrease. These data are evidence
that injury produced by A -irradiators are leas well restored and better
summated under protracted action. The indicated differences in blasto-~
mogenic activity of &~ and D-irradiators is a necesszary factor to con-
eider in attempts to extrapolate from experimental results on animals to
humans .

Figure 5. The relation of loukos&l’ frequency to the
quantity of induced SrM.
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Legend: Siriped area — leukoses frequency in control rats,

In contrast to osteosarcomas, the frequency of hamopoletic tissue
tumors under SrV in conditions of protracted action doea not decrease.
Cn the contrary, it can even be greater than in concentrated action. For
example, at total doses 98f 2.7 krad accumulated by bone merrow aver 50
days, leukoses under Sr0 developed in 1f of the rats; under accumulation
of the indicated dose for 200 and 600 days — in a corresponding 3.8 and
& 4 of animels. At total dose of 5.6 krad, leukoses frequency at scou-
mlated doses for 50, 150, and 650 days was 205, 4e5S and 8,3 ‘ (!’1gure 5).
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These facts point to the existence of summation and poor restoration of
injuries in bone marrow cambial elements leading to the occurrence of
leukoses.

The data we have examined lead us to conclusion that under
prolonged ingestion of small quantities of Sr7Y, the prodbabllity of the
occurrence of osteosarcomas decreases. The existence of a definite
nthreshold" dose, necessary for the induction of sarcomas, and the ab-
rupt decrease in the frequency of bone tumors under decreased dosage
strengtha,provide a basis for the position stated above, The existence
of more complax conditions for the occurrence of leukoses, the existence
of a "threshold® dose, and the poor restoration of injuries in bone
marrow cells as a consequence of the significantly longer human life
span do not exclyde the possibility of the occurrence of this reaction
under smaller Sr’" quantities than those for rats. It is obvious that
future accumilation of experimental data 1s necessary to pin-point mi-
nimal leukemogenic doses and the role of the time factor in the produc-
tion of this reaction.

Leukemogenic radioactive isotope action cannot be examined apart
from other resctions of the organism. If we use,as such an additional
criterion, the average life span of rats dying fros leukosis in the con-
trol and exper tal groups, then induction of minimsl leukemogenic
quantities of Sr”VY (2 ucper rat) produces leukoses in 5 out of 82 rats
(6.12), The average life span of rats with leukoses was 591 days and
was even sonewha&olonger than in control animals (538 days).

Taking Sr’~ as an example, we will examine ways of translating
experimental data from animals to hw.% The experimental data indi-
cated above concerning the effect of Sr” on the life spen and on the
occurrence of tumors of the bone and homopoletic system can be utilized
for the evaluation of minimal permissible levels of the ingestion of
th&a isotope by the human organisa. They show that single parenterial
Sr”" induction in 1lOwquantity does not affect the natural 1ife span or
the frequency of bone tumors and leukoses in the human. In recomputing
experimental data fram animals to bhumans, owing to the significant dif-
ferences in longevity, the quantity of Sr% that is non-ef“sctive for
rets decreases to 2.858, This means that the same decrease holds for
the irradiation dose strength in the rat's organ. For reactions (lon-
gevity, bone tumors) which are well restored and weakly summated under
protracted action, t-is has great importance as the additional biologi-
cal coefficient of reserve plays a part here. PFor those reactions whose
development is little affected by decrease of dosage strength (leukoses,
ovarian injuries), this circumstance apperently will have less meaning.

The bone timsaue has a prolonged retention not of all the strontium,
but only of a portion of it, An analysis of data on distribution shows
that rat bone at final stages of the oxsarilent retaing15-20% of the in-
duced Sr%0, The maximal permiseible Sr’° content in human bones, there-
fore, should be 1.5-2 uc. A similar magnitude (2.3uc) was obtained in
copputing the maximal permissible Sr% content in the humen body by em-
pirical eguation. '

(1) Mpe = 4.6 4
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where Mpc 1s the maximal permipsible content of osteotropic isotope in
the human skeleton; d is the optlmsl osteosarcomogenic irradiation dose
for rats (in microcurie per 1 g).

Eoustion (1) 48 derived from the comparisen of clinical and expe-
rimental investigations on osteosarcomogenic action of raedium.
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Legend:s 1l. 1isotope
2, optimal osteosarcomogenic content on intre-
peritoneal induction, /g
3., maximsl permissible isotope content in the
humen skeleton, i/g.

Table 2 presents magnitudes of maximal permissible contents de-
rived from equation (1) for a number of reactive isotopez in the human
bO&.Yﬁ

The magnitudes of maximal permissible radioactive fsotope content
thms found are ir correspondence with internmatiocnel recrmmendaticns.

In svaluating the meximal permissible Sr90 content in the bumen
skeleton derived throu:h other methods, including dosimetry, taking into
sccount the unegual distribution of the 4sotope in the vone tissue and
the 4ifferences in the magnitudes of local tissue doseges connected with
this, we obtain similar magnitudes (1.8-3.7 ). On conducting corres-
poni'ing computations for the maximel yermissible strength, we used a
dosage equal to 300 mber/week.

Oneeths magnitude of maximal permisseidble radiosctive isotope con-
tent has been established in the critical organ, we can go on to an exami-
nation of the problem of the sctivity amounts thai can be inpested dally
bty the organism with food products or through respiratory channels. Un-
til the present time, information on the continuous depesit and removal
of radioactive 1sotopes from critical organs has heen gleaned primarily
from investigations of single inducticns of a subatance. Recent research,
hovever, indicates that this method of evaluating maximal permissihle le~
vels of redicactive isotope ingestion by the orggnism is not effective.

¥a will {1lustrate this through taking Sr”’V as an example. In ex~
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periments with intra-peritonesl induction of rats, if, was found that after
single induction, its removal from bone tissue can be satisfactorily des-
eribed by the equationt

(2) Qq = 25.5 ¢~0-017% 4 36,6 ¢~0.0015t

Moreover ,1f of the initial sr0 deposit is removed with Ty 3 = 40 days
and 59‘ ~ with Tbiol £ 392 days. s

In conditions &f prolonged ingestion (daily induction for 100 days)
there are changees not only in the constant resoval of the isotope from
bones, but, what is particularly important, there are changes in the co-
efficients of Sr%0 storage in the bone tissue. Bquation (3) describdes
changes in 5r% content in rat skeleton after isotops induction is stopped:

(3) Q= 8.6 6700009t § 18,5 ¢~0400015¢

Nearly 32% of Sr%0 is resoved with Ty,.1. = 77 days, and 68% —
with Tyy01, ® 14, 600 days (the magnitude is apparently over-—sstimated;
tre observation period after cessation of induction was only 340 days).
In comparison with single induction at prolonged ingestion, the magnitude
of Sr’V storage in the skeleton was 43.5% lower. On fractional induction
of Sr% (once a month for a total of 5 inducti-ns), its removal from the
skeleton (after ceesation of induction) is described by the equationmt

(4) Qy =13.9 0-0.0264t § 17,1 000041t

Nearly 46% of the activity is removed with T, . = 26 days and
548 — with Tpiqa1, = 1,690 days. In comparison wit ginglo induction,
Sr7™ content was 50% less.

The indicated data is sufficient)r clear evidence that the con-
stant bone deposition and removal of Sr’” depends omn the riytham and in-
gest.i% of isotope induction into the organism. Moreover the magnitude
of Sr7V deposition in done tissue, in conditions of prolonged ingestion,
significan decreases. As a result of the constant deposition and re-
soval of SrV from the skeleton depending on the rhythm of its induction
into the organism and changes in time, it would be inadvisable to draw
conclusions regarding laws of isotope deposition in the organism on the
baais of experimentation with single induction. There is an obvious ne-
ceasity for direct data on the patterns of radiocactive isotope deposition
under prolonged ingestion into the organisa.

Under prolonged ingestion of radicactive substances, as a result
of radiosctive breakdown and removal, an equilibrium is eatablished bet-
ween isotope ingestion and retention in the organism. Apperently de-
position multiplicity (the relation of isotope retention in the organisa
in a critical organ after an equilibrium has been established ¢o the
daily ingested dose) and the speed with whichvarious isotopes achieve
an equilibrium will differ. In the case of isotopes having a short pe-
riod of partial breakdown (for example, Sr°? with T4 = 53 days), but
a long period of removal from the orgenism, the problem is resolved re-
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latively simply, as thelr depoaition multiplicity in the organism is de-
tarmined by the partial breakdown period, amd the esquilibrium between
ingestion and deposition of the isotope in the organism is est~blished
relutively quickly, The resserch of E. B. Xurlysndskiy snd co-authors
{1957) spd D. Y. Ilyin end Yu. I. Moekelev (1959) conducted on varicus
animals confimmthis position. It appearcd that Sr8% deposition multi-
plicity in the bone tissue of rats and rabbiis is 8.4, and the equili~
bum between laotope ingestion and retention in bones was estsblished
by the 130%¢h day. Subsequent daily 3r®7 inductlion ovar 830 days did
not affect the magnitude of deposition multiplicity of this imotope in
the skeleton, On the tasis of these dats, 1t 1s not sifficult tc cal~
culate ¢hat for retentiom Iin human bones of maximal permissible Sr
content (2:x), there can be dally ingestion of O.2uof thie isotope.

In the case of long-lived radicactive isotopes which sre slowly removed
from the organism, including Sr%, the equilibrium between ingestion
and deposition 3s establizhed at later intervals.

By means of caleulstions, we found, along with D, I, Ilyin, that in
pigs and dogs, on daily Sr?V ingeation,per os equilidrium (99%) must be
eatsblished in approximately 1,300 days, while the 1:0%86 deposition
multiplicity i3 equal to 45. A similar magnitude for Sr’U deposition
multiplicity in the skeleton, 15, was odbiained in experiments on dogs
by L. N. Burykina, inducing animals »ith Sr90 by mouth over & period of
sevaral years. In ccndi&i)ons of continuous ingestion through the gastro-
intestinal tract, the Sr” deposition muliirlicity In the human skeleton
would apparently differ little from the magnitudes indicated sbove, psr-
ticularly in the case where Sr7V would be ingested by an adult human,

The indirect data confirms the accuracy of the indicated position.
Ve wil) therefore utilize data on the deposition of stable strontium in
the human organism. We know that man consumes 10~ g of stable stron-
tium with his food per day, while the whole human organism reteins 0.14 g
of this isctope. It therefore follows that under prolonged ingestion,
the strontium content in the whole akeleton will gxceed the daily ingested
quantity by 140 times. A similar magnitude of Sr’V deposition multiplici-
ty in the human skeleton 1s cbtained in the comparison of the exchange
charscteristics of the indicated element with stable calcium. We know
that the passage of Sr%0 from food into bone is achieved with its dis-
erimination in relation to calcium. On the basis of the research of L.
A, Buldakovs'ly and Yu, 1. Moskalev (1960) cggductod on sheep, as well
as direct observation of the migration of Sr7” falling on the earth's
surface along the food chain (milk -~ bones of new-born children), this
coefficient 1s determined to 0.2-0.25, These data are evidence that,
in comparison with calcium, Sr7Y is ingested and retained by the organism
in smaller smounts.

$r%0 deposition multiplicity in the humen skeleton will spparently
be smaller by the magnitude of its discrimination in relation to celcium.
Since celcium deposition multiplicity is 1,000, the corresponding meg-
nitude for Sr% should be 200-250, Such Sr90 deposition multiplicities
might be observed if the isotope had been ingested by the organism from
childhood, Whea Sr%0 is ingested by the adult humsan, its deposition
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mltiplicity should be lower than these magnitudes and similar to that
obtained in experiment. If we take as a base a maximal 5r% deposition
mltiplicity of the human skelston of 250, then for the skeleton to re-
tain the maximal permissible magnitude (2ue) of this isotope there must
be a daily induction of 0,008 4cs This magnitude is 4.4 times higher
than the one recommended ty the International Commission on rediological
protection (0,0018 we).

On this basis we can conclude that existing norms of maximal per-
missible content and ingestion of Sr?0 in the human organism have experi-
mental verification and indicate the existence of a sufficlent reserve
guarantee.

The induction of maximal permissible 5r%0 quantities into the org-
anisz. cannot present great dangers in the genetic sense. In any case,
this danger is significantly less than that from the naturally radio-
active isotopes K40 and C14 which constantly enter the organism with
food intske. YFor example, the adult hupin daily takes in 0.0054 Jie of
naturally redicactive isotope X40 and C3, ch 18 3.2 times greater
than the maximal permissible magnitude of 8r’0 ingestion (0.,0018_uc).

In comparison of the indicated magnitudes, we must keep in mind that X40
and C14 are wholly ingested from the gastro-intestinal tract and are
comparatively evenly distributed in organs and tissues, while Sr%0 ig
only partially ingested from the gasto-intestinal tract and is selective-
ly retained by bones ,when soft tissues retain only an insignificant por-
tion.

The data cited indicate that further research is necessary, di-
rected at studying the radiodiological laws of the action of ionizin
radiation in small doses; establishing permissible retention levels (in
the critical organ) of radiocactive isotopes and their ingestion by the
human organism; and studying the laws of their deposition and removal
under prolonged ingestion by the organisa.
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THE SECOND ALL-UNION CONFERPNCE ON THE APPLICATION
GF RADIOELECTRONICS IN BIOLNGY AND MELICINE

- USSR -

! Following is the translation of an article by Yu. B,
Mandel'tavay in the Russian-language periodical Medi-

tgkinskaya Radioloplys (Medical Radiology), Vol 7,
No 2, Moscow, August 1962, pages 100-101..

From April 2,-28, 1962 there wsas held in Leningr=3 the Second
Adll-lInion Conference on the application of radicelectronics to biology
and medicine, sponsored by the Scientific Technical Society of Radio-
techrics anc Flectrosignals Imeni A. S. Popova; the #inistry of Public
Health U3SSR; the All-Union Scientific Council on Radiophysics and Radio-
techrics AS USSR; the State Comnittee of the Council of Miniaters USSR
o rzdicelectronice; and the Acedemy of Medical Sctences TSSR.,

More tian 1,000 people participated in tie conference. Your
plennry meetings were held at which 11 reports wsre maje on the msjor
problems of the application of electronics in medicine and dlology; the
role and futurs for the utilization of cybernetlics, electronic micro-
scony, televisicn technicues, ultra-sound, radiocelectronics in physical
therapy; and the development and production of electronic medical equip-
ment in the USSR was discussed.

At 11 secticnal meetings, more than 100 reports were made. One
of the sections was devoted to electronic ecuirment in physiclogical re-
search using isotopes,

Gs A, Malov and N. A. Gabelcva raported on the results of the
study of blood flow speeds in varisus sreas of the vascular canal in pa-
tients with acoguired and hereditary heart defects, as well as in patients
with vesculer Cise:tses. There were 600 people studied in all. The re-
search was conducted with the ald of an B-cenal rsdiograph in the lnsti-
tute nf Heart and Vascular Surgery. A comparison of obtained speed mag-
nitudes of blood flow at various areas of the vapcular canal with some
hemodynamic indicators provides the possibility for establishing laws
which 0 not emerge in the study of blood flow speeds through usual me-
thoc?a.

The report of E. Yu. El'kind and 1. M., Gofmen described the gamme~
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topogreph having graph registration, developed in the All-Union Scienti-
fic Research Institute of Medical Instruments and Equirment of the Mini-
atry of Public Health USSR (ASRIMIE), which has been approved clinically
by the Institute of Neurosurgery Imeni Acad. N. N, Burdenko (F. M, Lyass)
and the Oncological Inatitute imeni P, A, Gerteena (M. A. Volkove).

S. G. Zen'kovich's report on problems ¢ gammatopography concerned
chiefly the diagnostics of brain tumors. He reported on the basic charac-
terietics of the gammaencephalograph of the Leningrad Neurosurgical In-
stitute imeni A. L. Polenova; briefly surveyed foreign models; and also
exanined the problem of the further development and refinement of the
method of scintillating gammatopography.

V. A. Balyakov ?ASRIII!) discussed radiometry of blological liquids

~~ equipment planned for the determinril.r of urine-excretead radio-
active iodine {J131) and other Yy-active isotopes utilized therapeutically,
without additional dilution and evaporation, .

Yu. B. Mandel'tsbayg snd I. K. Tabarovskiy (ASRIMIE) reported on
the clinical scintillaﬁﬁg equipment for the determination of thyroid
function by means of J:-*, For wider inculcation into clincial practice
of this more highly approved radiodiagnostic technique, it is necessary:
to supply the clinic with special radiometric equipment of high sensiti-
vity which would secure a large outmt at sufficiently simple operating
condi tions; secure the production of gelatin capsules with packaged
Wts of J°", obviating the necessity for the clinic to dole out the
J solution into diagnostic portions. The develo ment of this equip-
ment should assist resolution of the first task. In 1962 the Council of
Hational Rconomy in Kiev began g serial distribution of the diagnostic
scintillating equipment type DSU-60,

V. A, Volkov snd E. G. Gulyaeva (ASRIMIX) discussed equipment for
the diagnosis of malignant neoplasms in body cavitiss with the aid of
radicactivet-irradiators. A .series has been devaloped of scintillating
and gas~diascharging ‘-pro‘)ea for research into activity accumulation in
cavitias, tissues, and skin surfaces. §-probes permit disgnostic investi-
gation of the vagina, cervis uteri, laryax, eyes, dbrain, esophagus, sto-
mach, and skin,

The application of electroencephalography and methods of radio-
active indices in the analysis of pharmacological activity of cholino-
lytic substances was the subject of A, M. Kats' report (Leningrad affi-
liate ASRIMIE). With the aim of studying changes in the centrsl nervous
system occurring under the influence of substances with a central cholino- .
lytic action, research was conducted on the bioslectrical activity of
the cerebral cortex in rabbits. The central cholinolytic substances used
wgro amysil and its sulfer-containing anslogus. The latter was marked
835, Experiments were conducted on animels with chronically implanted
platinum electrodes. FElectric potentials were rsgistered on the multi-~
chsnnelled electroencephalograph ink recording. Pardetal and oceipital
biotics were registered. At the same time,the distribution character of
the anysil sulfer-containing analogue in the animal organiss was studiei.
Combining methods of electroencephalography and radioactive indicea per-
mitted following the finesy changes occurring im the centrsl nervous sys-
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tem; he control of lacallzation and duration of their existence in the
orzanism; 2and the pathrays and speed of removal of the medicinal ypre-
parzilon. Research was conducted on many %inls of animals,

On the whole, the Second All-Union Confarence on the Applirzatisg
of Radioelectronics to Biology and Medicine was signiflcantly mors re-
preseatative than the First 411-Union Conférence, held in Moscow in
Tiumary of 1959, This is sesn even through attendance numbers (400
people in 1959) and reporis presented (50 in 1959}, which reflects the
signi*icant extonsion of the development of radio-eguipment and the a;-
plication of modern methods of radioelsctronics in medical and bioloziesal
research, Sectional meetings were very well attended, 23 a rule, and
were very active,

However, everything sald relates very little to the sectlion on
electmnic ecuirment for nhysiologi:al research with the appliration of
radioactive isotopnes. This section was listless and poorly attendad,
Except for the concluding report of the sectional chairman, A, ¥, Go-
rodetsitly, there was no discussion of reports. Apparanitly the facts
presented ia the repo~ts did not reflect the actusl situation in tre
area of radiometric eguipment develonment for medical and dblologicsel
purposes., This is connected with a number of ressons. First of all,
few organization of a correspondinz profile were urged to attend (5
out of the 7 sectionsl reports vere presented by the ASRIMIE)., Section-
al reports had differing orientations: in some the main emphasis was
on purely technical and physical problems, in others —- on medical ones,
They were therefore intended for differing types of audience. Sinee prob-
lems of 2 medical character (the technijue of utilizing radioactive igo-
topss, clinical and experimentil results) are chlefiy Mscussed at all-
union and repudlic radliologizal conferences, it would be advisable to
comentrate the focus of subseguent conferences on the application of
radioelectronics to bdiclogy and medicine on technical and physieal prob.
lems in the development of radiometric equipment for medi:al and bio-
logical research, and ¢he people presanting reports should be oriented
acnrordingly. And finally, at the same time that sptiona were held on
the indicated research, there wers sectinnal meetings on elactronie methods
of research into physiological function,and sections on the apnlication
of television to biology and medicine; this led to some measure of a
diassipation of effort.

There was grest interest in the exhibit of new radicelectronic
equipment designed for aedicine and biology, held at the conference.

The exhibit demonstrated more than 150 appliances and instruments (in
1659 only 90 exhibits were shomn), developed and prepared by the ASRIMIE,
the factory "Krasnogvardeyets", the Scientific Research Institute of
Experimentil Surgical Equipment and Instruments, the constructional .
reau "Biofizpribor® and many other organizations.
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