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CIUL DIMNITY CHNG IWRING CHRmIC,
SU8TLINE IONIZING RADIATION

-USSR -

•.Pollowing is a translation of an article by P. N.
iselev and P. A. Businl in the Ruseian-language

periodical Ymedtsinskaya aUolooeYal. (Medical Ra-
di ,. Vol 7. No 8, Moscow, August 1962, pages

At the present time there has been a great deal of study on the
disturtance of natural and acquired Iinmtty in acute radiation sick-
ness. There are, howeverj only Isolated investigations of the effect
of chsqnic ionizing radiation on mechanism of immnity (Ps N. Kiselev
and P. A. Businl; V. N. Sivertseva; 0. 0. Aleksqeva).

Five years ago ouw laboratory began experimental Investigations
on the study of chronicp sustained action of y-iwradiation CoCU on in-
fection and iummntF. In the data published during this t1me, we exa-
mined investigation results of the effect of sustained action of Ioni-
zing rediatim on humoral Immity and the course of certain processes
of infection (P. 1. KUselev and P. A. Businil P. A. Butzini V. N. Siver-
tseva). In order to have a clear picture of the disturbance of natural
Imunity and immnoganesis in these conditions, however, it is necessary
to clarify the effect of sustained small dosage radiation cell iunitSy
and caspare observed disturbances of the hmoral imanli, with changes
in linnty mechanisms of the cell. It is only under these conditions
that we can understand not only the character and completeness of the
disturbances, but also their significance.

In previcus research it was ascertained that during the chronic
sustained action of Ionsing radiation on the organism changes in the
humoral ImmnIty occur. This is expressed in a decrease of bactericidal
capacit•, of the blood, and increase in sensitivity to Infection of the
irradiated organism, and in the final anaysis the development of auto-
infectionary processes. It was found that the greatest disturbance of
natural imut•y was observed In the case where the organism was subject-
ed to radiation in the period of eambryogenesis, Immity disturbance
passes through a stage of humoral intamyi activation and the process
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of immunogenesis. This phenomenon is evidence that during the process
of chronic irr'adiation of the organism, in response to irradiation in-
Jury, protective immunizing mechanisms begin to function. With the ex-
haustin, of adaptive meciri•isms, there is an onset of humoral immunity
decrease. The data obtained has shed a certain amount of light on the
character and course of changes in humoral immunity.

The present article examines experimental data on the study of
the influence of chronic, sustained o-irradi tion Co6O on cellular immu-
nity. Experiments were performed on rabbits, guinea pigs, white mice
and rats. The same irradiation techniques were used %s before (P. N.
Kiselev aid P. A. Buzsni). Dosage strength varied wlthin 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
in egment- Phagocytia

Mai-% - &P-A _

Total a. . 6
irrasiatio" Iouo1 p1* mixed! plati detail

465 78 O's 60 24 18 0 4,1
700 67 4,3 20 27 63 14,3 4.6

1000 49 1.3 12 19 69 70:,1 5,1
I IS 37 .6 0 8 6 I 83 69,9 3,6SI 1
KocTpom- 63 10.3 82 28 10 0 3.6

Changes in the activity of phagocytic leukocytes
during kronic, sustained irradiation of guinea
pigsbpom In relation to total dosage (dosage
strength 3.5 g per day)

We studied the results of chronic, sustained ioni7tng irradiation
as it affected the phagocytic capacity of lelekoctes, the segregational
furnction of the reticulo-endothelial system, and the sensitivity of so-
matic cells to toxins and viruses. We studied the phagocytic activity
of leukocytes on guinea pigs according to the technique of V. V. Berman
and E. M. Slavskks'a. We studio! the absorbing and digesting capacity
of leukocytes in relation to Bact. typhi abdomintlis3. Table 1 presents
data on quantitative and qui1it'ttive chbanes in the phagocytic activi-
ty of leukocytes in ginea pigs during irradiation.

We see from Table I that the total irradiation dosage of 465 r
was not lethal for guinea pigs and led to comparatively minor changes
in thA phagocytic activity of leukocytes. With increase in time inter-
vals that the animals spend in the sphere of ionizing irradiation, and
the increase in the general total dosage, eventual weakening of the
phagocytic activity of leukocytes occurs. Phagocytic weakening parallels



the growth of percentage of detail and affects not only the absorbing,
but also the digestive, capacity of leakoats. At total dosages of
700-1#000 g# however, the absorbing capacity of leukoo~tes was disturbed
to a manler degrees and the digestive capacity to a larger degree. In
subsequent significant increue of total dosage of Irradiations there
was less epression of a proportional relation between the phagocytio
count and the phagoytio character.

After establishing this general pattern for the disturbance of
the phagocytic capaity of laekocytes under chronic, sustained irra-
diation, we studied phagocytic changes in relation to the age of irra-
diated animals. We had two objectives in our work. First we investi-
gated changes in the phagocytic capacity of leukocytes in the offspring
of aninals who were pregnant during the course of Irradiation. We also
studied disturbances of the phagocytio function of the leukocytes of
nice whose course of Irradiation was Initiated at various periods in
the post-natal developelnt. The aiA of all this experimentation was to
clarify which of the ontogenetie eorlode (starting with embryogenesis
and oontinuing throu&h sexual maturity) is the mot vulnerable in the
Iinmunological sene under chronic Irradiation.

The investigation of phagocytic activity of leukocytes under
irradiation in sice during the period of embryogenesis was conducted
on two groups of animals. The first group - nice, born of parents
irradiated during the period of intra-uterine development (780 r dose)
and poet-natal development (200 r does). The second group was composed
of the same nicej, whiob were removed from the sphere of radiation I*-
mediately following birth. The control group consisted of mice weigh-
ing 10-12 g which were not subjected to irradiation, and which were born
of non-irrediated parents. A•Ana phagocytosis was investigated accord-
ing to the attainment by experimental animals of the weight of the mice
from the control grop (10-12 g).

The results of the experiment@ are presented In Table 2.
As we see from Table 2, irradiation during the period of embryo-

genesis leads to functionally non-fall-valued, in the phagocytic sense#
leukocytes even under relatively smeall total dosage (200 r). The im-
mediate removal of mite, following birth, from the sphere of ionizing
radiation does weaken the eventual inju7 of this defensive function of
the organim, yet phagocytosis in experimintal animals is significantly
weaker than in the control group. Consequently these experiments indi-
cate a significant sensitivity of the leukocyte phagocytic function
under irradiation of the organism in the period of intra-1terine develop-
ment.
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Table 2. Changes in phagocytic activity of leukocytes
in mice subjected to chronic irradiation during
the period of intra-uterine development at do-
sage strengths of 4.3 r/day (experiments In vitro).

21I X&pA, rep 4sraipr0141Oa
ixZI I Il H elAt ,M

I

MNWH, o6.Uy4as- 51 I 3,2 11 26 63
wxec a l nermoO
s' mdpmoreliena H
noee rowilA-
HHS (cyu!,tp-a•s •oaa 2C0 r)

JMWH, o6,Yoa- 69 6,8 39 31 30
wamcwn a ner"Oo

I yc4acpe Hlpe

AHAUH nocjile
pow•e•mx

Ic)KOIT~b~e9,1 59 M33 8. MUWH so

Legend: (I1 Group
(2) % of cells participating in phagocytosis
(3 Phagocytic number
+ Character of phagocytosis

Complete
(6) Mixed
(7 Incomplete

M8 ice irradiated during the period of embryogenesis
and following birth (total dosage, 200 r)

(9) Mice irradiated during the period of nmbryogenesis
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 nge. With th.a aiu, mice were
irradiated following birth at the ages of 31-5, 6-7 weeks and at the
alftainment of a 16-18 g weight. Irradiation was performed at dosages
oil 1.29 r/day and prolonged for 14 months. Phagocytosis was investi-
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gated after a totsl dose of 520 r. Investigption 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 bacillus in mice
irradiated at different ages (dosage strength
1.29 r/day, dosage 520 r)

603PTt .A7-

( /i--5 iv-*O -PD . . .. . "90 59 16.7 6 69 25

,to MNzrnf, odity4smwunec~a 9sospaci
6-7 . .. .. . 20 73 18,3 24 7 1

(0• rlz" ;abe (16-18 r) 20... , 8,8i 11
(.>'K o.uponI.Hh e

U33,,5%-5 ne.;en... .. .. .. .. .... 20 181 u8 :9 .66 34 to)
286--7 .191 62 30 a

tg)lJolpc1e. .. .. .. ..... 20 178 8,8S 5 3

Legaids (1) G3ronp
2 Number of animals

% of cells particilating In phagocytosia
Phagocytic number

5 Phigocytic character
~6) Complete

Incomplete
(a) mixed
(91 Mice irradiated at ag3s of 3J-5 weeks
10 Mice irradiated at ages of 6-7 weeks
1I' Sexually mature (16-I8 g)

(12 3 5-5 weeks
(13 6-7
(14) Sexually mature
( 15, )xPerimental
(16) Control

In the experiments, we not only noted a disturbance in phagocytic
activity of leukocytes in animals subjected to chronic irradiation,, but
also discovered a relation with the period of the develom.ent of the or-
ganism when it comes into the sphere of radiation.

At the same tUe that the phagocytic activity of leukocytes was
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studied, ,re als3 Inv stiaittd the segrogitional function of the reticulo-
en-lothelil system through marked $31 B. coli oril colloidal Au1 '8. We
conducted experiments on white mice who had received varying total do-
stes of irradeon, injecting them intravenously with either marked

bacteria or Aua * We evaluated the function of the reticulo-endothe-
lial system according to the technique of Benacerrfs, Halpern et -;L.
Figure 1 presents dati concerning the functlio of the reticulo-endo-
thelial system, derived on the basis of stu'3ing how the blood purifies
Itself from marked S35 B. coll after the action of 100-1,650 r at the
same dosqge strength (2.4 r/dey). As we see from F'igure I, at total
dosage of 100-550r, one can observe some stimulation of tho Punctlon of
the reticul-endothelial system, expressed by an increase in the rapidity
of the blo-d cleansing process from foreign particles. The stinrilatI on

thit occurs is preceded by a stage of stable weakenIng of the segreg4tio-
ial ft'ncti'rn of tie reticul-endothelium. However, even at total doses

of 1,650 r,which was fatal in 85% of our cases over a two-year perio,,
we did not observe complete blockage of the segreg'atisial function of
t'ie retic'alo-endothelial system. This indicates great restor-itive ca-
pacity under chronic irradiation. Conseqiently, chronic, continuous
acti-, of relatively small doses of ionizing radittion finally leads to
weaken ng of the fanction of the reticulo-endothelial system, although
the evezital weakening passes through a stage of stimulatioi of its so-
grag-tiona i function. The organism's itmurdty depends in a certain mea-
sure on the degree of son.tic cell sens 'tivity to various pathogenic
agents, includtig bacterial toxins and viruses. We therefore evaluated
cell immunty of chronically irradiated animals both according to chan-
ges in their sensitivity to endo-end exo-toxins of various b-icteria, ane
according to their response reacti on to the virus as a intracellular pa-
rasite. In t:s connection we investigated somatic cell reaction to
virus induction of grippe, md by this we judged the 6hkn!7es in their de-
fensive 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 -nd V. Ya. Aleksindrov).
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Figure 1. Blood purification from Bact 'coli, marked S3 5,
under chrornic, continuous Co09 irradiation of
the organism in relation to dosage magnitude
(dosage strength, 2,414 r/day)

0. 0 S\\

time in minutes-- contro .•. -g ",'I

,,*.ZJCr d-. C.KC

Table 4 Dynmics of the for:~tion o.' defensive, oxyphilic
components In the cells of the trachea and main
bronchi of ndice under chronic irrqdiation (Oosags

strenitht 1.29 p/day) when infected with we&akly

pathoEenic strains of grippe virus, type A.

Totl CPel KMTO&%

dosage, 3- ý 172
r %0u s hr 4 M lava

220 320 415 ISO 7 0
433 51 6 128 78

cont rol 230 315 315 13 0

Legends (1) Averaýge quantity of components for 900 epithelial cells
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The research of Farford and Hamlin, and V. E. Pigarevskiy shows
that, in response to the induction of wea'ly pathoigenic griprpe virus in-
to tracheal epithelium., basophilic end oxyphilic components appear in
cell cytoplasm. The basophilic components consist of accumulations of
virus particles, while oxyphilic fozm,%tions reflect the cell's defensive
reaction.. A. A. Smorodintaev established that there is a disturbance
of the rormation of oxyphilic components in cells during acute radial
injury to the organism. As a result of these concepts, we infected
irradiated mice (1.29 r/day, after total doses of 220 and 430 r) as well
as control mice with grippe virus A, and did not approach them again for
1-5 days. We investigated the epithelium of the trachea anA main bron-
chi histologically for the ?resence of defensive omrphilic components
according to the Dominici-Piý-arevskiy method. We present the results of
this research in Table 4.

As we see from Table 4, chronic action of relatively small irra-
dittion doses on white mice leads to a change in the dynamics of the
formati-n of defensive oxyp:hilic bodies in epithelial cells of the tra-
chea nnd maia bronchi.In response to cellular penetr'.triý off weakly patho-
genic strains of grippe virus. At total radiation dosage of 220 r, we
can observe stimulation of the formation process of defensive components
and some increase in the tempo of their disapp&ar'nce from the cytoplasm;
this indicetes an increase in the defensive reaction. Increase of to-
tal dosage to 430 r, on the contrary, leads to a significant expression
of a decrease in the formatioi of oxyphilic cellular components, which
char, cterizes weaskening of somatic cell defensive reaction as a result
of the prolonged action of radiation. Consa,.uently, our experiaents
showed, as had investigations of the f'urt on of the reticulo-endothe-
lial system, phasic changes in the defensive reaction of cells to virus,
conditioned by the chrlnlc action of small doses of radiation. These
phasic changes indicate that, in response to initial, weak expression
of radlati n injury, there occurs aectvisation of somatic cell defensive
reactlons including increased formation of oxyphillc components against
the virus. As injury increases, we observe gradual weakening of the ab-
sorbing function of the reticul-endcthelium, and decrease in epithelial
cell capacity to form defensive components.

A second criterion in the evaluation of the cell immunity of ir-
radiation animals was investigation of their sensitivity to various bac-
terial toxins (Bact. perfringens, Bact. typhi, and others). We studied
sensitivitV changes in irradiated white mice to endo- and exo-toxins af-
ter the action of 190, 2.5, and 950 r at dosage strengths of 1.29 r/day.
We evaluated the degree of sansitivity in irradiated and control animals
through LD5 0 toxin determination according to Reed and Minch's meathod.

As a result of these investigrtions, we established that radiation
doses at the indicated strength to total doses of 285 r decrease senslti-
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 radiation
dose, Irradiated animal sensitivity increased 1.62 timos in comparison
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to the ccontrol group. Consequently these data also indicate the phasic
ohiaracber of sonw.tic cell sensitivity chinges diving the course of chro-
nic:, continuous .. ti n. of relatively smsll doses of ions zing radiation
on thre orgautLom.

ligure 2, Sensitivity of white mice to Eact, Derfringens
toxin during chronic, continuous Co6d irradiation
of the organism (dosage strength 1,260 r/day).

: ,ooI .. ...

*0 L

r/

Tocia dose

On ta4 basis of the conducted experiimets, ire can conclude that
chronic Irrdlla tion leads to a disturbance in many aspects of cell In-
unwity, prtiauLarly to decrease in the phagocytic capacity of leu1..o-

(cytas|; e.±kantr,4 of the segregational function of the reticulo-endothe-
J.ial syst-m; decrease in somatic cell defensive function to virus pene-
t1rstionij .ml Incre'tse in sensitivity to bacterial toxins. .4 character-
Istic properi•y of the observed ofeakening of cell immunity is the fact
that it Is preceded by a stiwilation phase, emerging in the initial pe-
riod oe cirrnic irradiation, which is then followed by weakening.

Evalt~ng in this way the disturbance in natural immunity and
the proce¢as in I:[munogenesis during chronic action of ionizing radiation
on the orgarnsm as a whole, it is necessary to recognize that weakening
of immrinit•y "ouches u-,on humoral as well is cell immunity. A comparison
of dis'urbaaces in humoral and cell immunity shows that they occur at
the sane tim, In the irradiated organism; they are initiated under the
action of' apro:.imatdeY equal total dosew; and have the same direction,
Mt depresswl phase is preceded by stimulation of the organism's defen-
viive reactiotis, having a compensatory character and a definitely positive
neaning La tho atraggle against infections. Under continuing ionizing
radiat.lor.p the resulting Injury is not compensated# and there occurs a
weakening ,f va:rir.:uS aspects of cell and huwersl immunity following which
the orgairsm be-omes an arena for various auto-infectioriary processes
having a ahrtde, course. As a result, various infeetion, and primarily
auto-infectiona.'ry, processes serve as the main reason for organism fa-
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tality, when the organism has been sub3ected to chronic, continuous action
of rel-atively small doses of ionizing irradiation.
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T'E PRODUCTION OF MORGAN'S TOXICOINFEMTION
IN MKEfS IN RELATION TO ACUTE RADIATIONSICKIUSS

- SSR -

q rollowi•g is a translation of an article by L. A.
akovlevas B. A. Lapin and S. u. Pekerman in the

Russian language periodical M lRadiologb vol.
7, no 8, August 1962, pages 65-68-:1

At the present time it is well established that a single, massive
irradiation significantly decreases the animal organism's resistqnce to
various agents of infecti.-n, both bacterial and virus. The investiga-
tions of native and foreign writers were presented in the recently pub-
lished monographs of V. L. Troitsidy and M. A. Tumanyan (195), . P.
Peterson with co-authors (1961). Similar research on these problems
in relativi to monkeys has been very scarce, ror example# M. A. Tuaan-
yan, in experiments on monkeys, noted an abrupt increase in their sen-
sitivity to dysentery during irradiation at lethal and sub-lethal doses
of ionizing irradiation.

We obtained similar results in stidying the courseof Breslaa's
pareityphoid fever in relation to irradiation at sub-lethal dosage. Z.
K. Stasilevich, studying factors decreasing the natural resistance of
monkeys to Salmonellas and coll-enterites, established that during sub-
lethal dose irradiation there is an increase in susceptibilit of animals
to coli-enterites and paratypoid fever S, as well as a significant
increase in the severity of these infections and Heaidelberg's paratyphoid
fever. Dysenteric and paratyphoid fever agents, however, 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 theml tLei, occurence often assumes
the character of an epidemic outbreak. In a number of cases it is also
possible to produce these infections in monkeys artificially.

We considered it useful to clarify whether susceptibility increases
and the courue of the illness becomes more severe only in the infections
listed above (having a relatively wide wspontaneousO distribution among
monkeys and artificially induced in Vhem), or whether the observed regu-
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larities ccoz~ing to illnesses produced by pathogenic stimuli. With
this ain we dwelt on the experiment of producing Morgan's toxicoinfeotion
whose stimulus, being conditionally pathogenic for monkeys,, cain often
be found In the feces of healthy Andma3~ a Apparently monkeys rarely
become ill from Morgan'sa toxicoinfection. In isolated cases, however#
diarrhatic monkeys excrete Morgan't bacillus (Lovell., Hamerton).

In the past 7 ye~rs, monkeys of the Sukhumakiy nursery-were
found to have Morgan's toxicoinfection,, confirmed bacteriologically,,
only 3 times. In this case, the disease had the character of an epidemic
outbreak; 3 young monkeys less than a year old who were on artifIcial
feeding became ill and died within several days. In relption to all
autopsies on monkeys (1600) conducted during this p~eriod.. death from
Morgan's toxicoinfection was responsible only for 0.18%.

The clinical and pathomorpholovical picture In the dead animals
was characterized by the development of a severe catarrhal-hemorrhagic
gastroenteritis. This was accompanied by swelling of the mesenterieal
lymphatic nodes and enlargement of Payer's patches oIr the ileu. En-
largment of the intestinal lymphatic apparatus and that of the mosentery
was Associated with hyperismis, edema, and proliferation of lymphoid
elements in lymphatic formations.

We used young Rhesus; monkeys of an average age from J t- lj years.
Contamination was conducted according to the same technique used in the
investigation of experimental paratr'phoid infection of monkeys. The
monkeys were contaminated by mouth on an empty stomach by dail.y agar
culture in quantities of 30-50 aird. microbe bodies following preparar-
tory Induction,, one hour prior to contaminiation, 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 clinical
findings and blood indlicators. For some time following contamination
(from I to 16 days in different animals), however, there were large
quantities of Morgan's bacteria in tbe fen_.&I mattear. Venous blood sem-
ples remained sterile. Starting with the second week the blood of all
infected monkeys showed anti-bodies to Morgan's bacteria in titers of
1:200; and by the 15-16th day - In titers of 1:800. Later we observed
a decrease in anti-body titer.

Infection of 7 monkeys under the same conditions with preceoding
irradiation gave somewhat distinctive results. The Animals were subjected
to irradiation in 300 r doses on the twini RUM-3 apparatus 2-3 days prior
to infection (voltages 180 kV; currents 15 ma; dosage strength: 17 r/hour).
In experiments we conducted earlier, Irradiation of mionkers in doses of
250-300 r produces a very light fors of radiation sickenas which is cli-
nically characterized primarily ty the development of short-term, super-.
ficial leukopenia (2#500-3#000 leukocytes/1=3 of blood).

Out of 7 irradiated and infected monkeys,, 7 became ill, The ill-
ness was characterized by the appearance of a watery, fetid stool from
the 2nd day following irradiation; the stool was sometimes mixed with mu-
cue. In all the sick monkeys we observed listlessnessj, loss of appetite
in various degrees. The diarrhea was accompanied by significant increase
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in the ESR (from 19 to 46 mahiour). The il1ness was accompanied by a
moderate leukopenia (2,400-1,800 leukocytes/ m.3). In four seriously
ill animals (Sina, Pores, Shayim, Polchok), by the 3-4th day, one could
already observe the appearance of significant exicosix in the form of
a severe rolling back of the wes and decreise in akin turgor. In 2 of
these animals (Polchok and Sina) repeated vomiting was observed.On rib
cap auscultation, moist ralese were heard in 3 animals. The duration of
the illness varied. In 2 mildly sick animals (Shusa and Yartan) the
mild diarrhea (without any disturbance of the general state of the ani-
mals, and with ISR increase to 18 h'our) continued only 3 days. In
the two monkeys who survived the illness with severe diarrhea, the ill-
ness lasted a relatively short time - 7 and 13 days. 'eenal bacteria
In all animals was observed a relatively short time -- from 2 to 6 days.

The agglutination reaction from the blood serum of all irradiated
animals 2j weeks following infection gave no positive result. Two mon-
keys from tbls group (Sina and Shayim)died on the 3rd and 7th day of
the illness, corresponding to the 5th and 10th day following irradiation.

On pathologoanatomical autopsy of these animals, Morgan's bacteria
vas 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
monkey who died on the 3rd day of illness, we observed catarrhal inflam-
mation of the ucmics membrane of the small and large intestine, accoa-
p'tzed by severe swelling mf intestinal loops. The mucous membrane was
pink and swollen throughout. Edema and hneremia of the mucous and sub-
mucous intestinal laIsers were observed. Edematous vil) of the small
intestine were usually deprived of epithelial covering. The contents
of the small and large intestine were watery. Intestinal inflammation
was not accompanied by noticeable hyperplasia of the spleen a•id menente-
riutl lymph nodes. Tne 4mph nodes were observed to have significant ede-
ma and hyperemia with severe dilatation of the sinuses. In sinus lumens
we find a lari- quantity of microphages in ihose protoplasm there are of-
ten erythrocytes, brown pigment, and cell fragments, In some areas of
the sinus lumen we found the fine network of fibrin. 9he queatity of
cells in the cortical layer of the mesenterial and peripheral nodes was
somewhat dereaasedj; ths did not, however, appear in the form of signi-
ficant wasting awnT of lymphoid tissue. Light centers were not numerous,
and were of small sizes. There was often cell degeneration with rhexis
of the nucleus. The spleen was small, moderately firm, with a well-
marked 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 monkey was also suf-
fering from focal pneumonia having a very mixed morphological character.
At the same time that alveolar groups were observed filled with leuko-
cytic exudate, alveoli were encountered with serous fluid in the lumen
containing various quantities of macrophages. In some areas the alveoli
were &lmost completely full of erythrocytes, and sometimes with fibrin.
The process had the distinctive character of bronchopneumonia with leu-
kocytic infiltration of bronchial walls and with serous-leukocytic exudate
filling lumens of the bronchi. Other internal organs presented a picture
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of moderate hyperemia. Under the endicardium of the left ventricle, there
were a few hemorrhages.

In the second ease, where the monkey died on the 7th day of ill-
ness, pathomorphological investigation showed severe gastroenteritis with
sever* edema of the mucous# sub-mecous, and in some places of the serouw
layer, as well as the appearance of a large number of hemorrhages in the
stomach and along the course of 1he emall intestine. The mucous membrane
of the stomach showed small necroses. The contents of the mall anW
large intestine were watery with pinkish-gray small flakes. In micro-
scopic section, follicles were not distinguished.

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

These observations are evidence that the stimulus for Morgan's
toxicoinffection, being for Rhesus monkeys conditionally pathogenic and
not inducing in artificial infection the appearance of an infectionary
process, on x-ray irradiation of these animals at sub-lethal doses, pro-
duces the development of a severe process of infection concluding in
a number of cases with the animals' death. The illness,appearing 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-
radiation, however, imposes its mark on the morphological manifestation
of this illness in the form of the developmant of modr .te atrophic phe-
nomena in the spleen and intest.'nal lyphýatic apparatus.
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EST?3BLlS'iItG PERMI3SIBLE MAXIMUS IN IRE
CONT1IT AND INGESTION LEVELS OF RAOTOACTTVE

ISC•0PMS I. THE ORGANTSM

.Fclloo,-n- 3.. the tr..tnaAtion of &n article by Yu. I.
"Moskalev in the Russiaa-laaguage perlolical M-editgj-
. .a oRadioloz.yi (Medical RadioloV'), Vol 7, No 8, Mos-
co07, August 1962, pages 91-97.J

In order to establish perm:ssible levels for the in,,astlDn of
ra;ioactive isotopes in the org4nissm, -An- underst-ineiing of general laws
of bioloFi-al activity for small ionizing r-ý"ation doses is neees•vry.
Amon.ý the basic froc of rdlobiology, an Import-ant place is oecu:,i,4 by
problems or threshold, suimatlon, restorti•tai, avri r~dio-
iensLtivit in thner varioais aspects. An nderstqnling of lafs govern-
i. distributi-i., acrumulation, and removal of rndioictive isotopes from
.ihe arganism in relation to the rbythni of their Ingestion -- is Inothe3r
but *Io less important, aspect of this question.

In this article we wish to examine possibilities of experimental
bases for permli:;ible maximus in +'he content Rn'i Ing-stton levels of
radioactive isotopes, in the human org-nism, while imsing osteosarcomore-
nic and leu.-emogenic action of r-dioactivAe isotopes as our criterion for
longevity.

The high energy level of Irradi-ition, significantly exceeding that
of chemicil ties, makes the hypothesis highly likely that there is no
threshold for the action of ionizing ridiatinn in inititl changes in any
stracture of the organism on a molecul-ir level. It does not follow#, how-
ever, that reactions at other levels also have no threshold. Experimen-
t "l evidence on the biolol.:ical activity of "rious aspects of ionIzing
radiation, includiig radioactive lsotonest is sufficiently convincing on
this score.

In resolving thtj problem -f the threshold or non-threshold nature
of the reaction, data concern'ng the foni of the dose-affect curve are
highly significant.

Figure I presents data charscterizing the degree of decrease in
the natural iI&e sopqn of rats in relation to the amount of Sr 9g induced
into the abdominal cavity. We see that, according to the eriterion of
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lW~e span duration, the action of Sr90 has a threshold character. Ana-
logous results were obt4iWd with other radioactive isoto •es, as for in-
stance 0el4, CsI37, BaL40 and others. There exists a very wide dosage
diapason w4ch does not affeot the longevity of exprimental rits. The
maximal SrW dosage that is ineffective for rats, according to the cri-
terion of longevitiV, is 25-50 c/Ag; and for mice (according. to the dat-.
of M. Finkel') - 444Jkg.

Figure 1. The average decrease in the life span of rits (in
percentages to control) in relatio~to the quantity
of intra-abdomlzal induction of Srp.

legends The striped area - death rate for control animals
with reliabilitr intervals for P = 0.05.

We are acquiring experimental data providing evidence that, at
emall quantities of radioactive substonces, the average life span of
uxperimental animals Increases. For instance, on induction of Sr9 0 in
cuantlties of 1-5 per rat, the expenrimental animals initially die off
onre slowly than the control animals. In 500 days, 36.6% of the con-
trol animals died, while on induction of 1, 2, and 5 Mzthe correspond-
ing percentages were 25.8, 30.9, and 17.2%. The average 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 Ce1 4 4 . In
parenterkl induction of this isotone in quantities of 1, 2, 5, and 10 ,
by the 450th day there died 7.9a 7.7# 13.2, and 8.8% of male rate and
14.3, 12.2, 17.9, and 17.1% of female rats. In the control group, for
the same time interval 21.4% male rats and 28.6% female rats died. The
differences between the death rates for control and experimental groups
are reliable. Radiation levels for the animals at the quantities of Co144
were comparatively low. The average daily dosage strength on induction
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of 1-5 A CeI/4 was 0.e4-0.4 rad/day, and in bone tissue 1.3-6.2 rdd/day.
The average irradiation dose, accumulated during the life span, was 0.03-
0.16 krad, and in bone tissue -- 0.51-2.6 krad. M. Finkel's research
also emphasizes the long, in comparison with adequate control life s-an
of mice subjected to small quantities of Pu2 9 , ua32, nd Po210.

We are dwelling in some detail on this data as we are deeply con-
vinced that in evaluating permissible levels of content and ingestion of
radioactive isoto -es in the organism it is appropriate to use not just
any reaction of the organism to irradiation, but only those which cha-
racterize the Iniurious action of radiation. Of course, as a result of
the fact that under conditions of prolonged action of low radiation le-
vels average life span increase is possible, the causes of death n-A. Sig-
nificantly differ from these in the control population. In this connection
we are faced with the difficult 'roblem conceraing which deviations from
"the norm" in conditions of continuous radiAti-n can be taken into ac-
count in the evaluation of harmful effects of small dosage radiation.

In the evaluation of the injurious action of radioactive isotopes,
the data characterizing their blastomogenic activity is very significant.
One of the moat dangerous of the radioactive isotopes in the professional
sense is Sr 90. Experiment shows that this radioactive isotone elicits
in animals (mice, rits, rabbits, dogs) the appearance of tumors of the
bone, and hemopoletic and endoorine systems. Quantitative data, descri-
bing the appearance of these tumors in relati:rn to the quantity of indu-
ced activity, do not have a linear oharacter. Most frequently Sr9 0 pro-
duces bone tissue tumors in animals. This type of tumor reaction has
been studied in more detail and can be quantitatively described. Figure
2 shows the "threshold" nature of the indicated effect, in any case for
the limited population of experimental animals encompassing hundreds of
animals per dose. On single parenterial induction of the isotope, the
minimal osteosarcomogenic dose is within limits of 25-50 )-Ag. Accord-
ing to our evidence, an single parenterial induction of rats with Sri9 0

the ineffective quantity in relation to osteosarcoma ie 5-50 .&ikg; accor-
ding to M. Finkel's mice experiments, it is 44 Mc/kg. If we suppose that
a similar ratio is true in man, then allowing for differences in life span,
single parenterial induction of Sr90 in quantitites of 10-100)4,r. should
not affect the natural life span in man nor increase the incidence of
bone tissue tumors.
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Figure 2. The frequency of cataosarcoma in sale and 'male
rate in relation to the quantit' of intra-abdoni-
nally induced Sr 9 0 .

Skeletal dosage .kV7a

The action of Sr 9 0 often produces laukoses. The problem of
whether this is a threshold or non-threshold reaction has not yet been
resolved. Rats develop leukoses significantly more rarely than sarco-
man under the action of SO9 0 . On inducing SO 0 in quantities of 50-
250Pc/kg, the frquency of leukosea increases 2-i. times in oompailson
with the control. The relation of leukoses incidence to the quantity
of parentsrial rat induction of Sr9O is illustrated in Figure 3. The
data in this figure indicate the absence of a linear relati.ýnship bet-
ween the quantity of induced sr 9 O and the frequency of leukoses. The
shape of the curve is evidence of thejec easity for exeeeding threshold
dosages in producing leukoses. In Sr" induction In quantities of
5•x/kg, leukoses are encountered In the ome froequency in experimental

in one rat out of 83, surviving 200 days, or 1.e) end control rats
in 6 out of 337, or 1.a). These rate sustain an irradiation dose of

0.27 krsd in their bone marrow during their lifetime.



Figure 3. The average life span of ratl in relation to

the ingestion rhythm and Sr9U dosage.

control

• once
Sfor 1G days

for 100 day.
twice a month

• once a month

F' rat

According to the influence of radioactive isotopes on the life
span and the appearance of tumors in the homopoletic tissue and bone,
the action of Sr 90 and other osteotropic isotopes has a threshold cha-
racter. This provides a basis for future consideration of the problem
of permissible levels of content and irngestion for radioactive iso-
topes in the organism for a few people at least,whose work is related
to the utilization of radioactive isotones.

Because of the slow removAl from the organism of the injurioua
action of radioactive isotopes, even their single ingestion 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 question of the role of the time factor
in the injurious action of radioactive isotopes, and the relationship
of their biologi-al activity to the ingestion rhythm of the organism.

A very complex correlation exists between the organism's reactions
and ionizing radiationb action rhythm. At the basis of the correlation
lies the differing sensitivity of separeste systems and. organs to ir-
radiation, and their varied capacity for compensation, restorttion, and
ausation of irradiation injury. Restorative processes occur differently
in various systems of the organism, so that a decrease of dosage strength
can have unequal significance for various Mrstems. Ovaries have a very
high sensitivity to ionizing irradiation and a very low reparative capa-
city. In contrast to hemoboietio organs and the intestinal mucous mem-
bran., the ovaries show destruc tive changes of a single type on single
massiveand prolonged,action.
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A comparative evaluAtion of the act'on of Sr89'90 on the life span
of' rats in relation to the isotope ingestion rhythm indicate incomplete
summation of radioactive effects. Protracted induction (daily for 100
days it 15c) of ;gh •hy effective single doses (l,500 per rat, intra-
abdominally) of S ", 9 0 leads to a significant decrease (by 10 times) in
comparison vith the control (478 ! 21 days) of the life span (from 19 +
4 at a single induction to 160 1 20 days at prolonged ingestion). It Is
important to emphasize that such an abru:)t decrease in the effective ac-
tion of radioactive isotopes on protracted ingestiorn into the organism
is observed only under the breakdown of highly .effective quantities. On
breakdown of acute and chronic effective isctope quantities, differences
in the life span in relatton to isotope ingestion rhythm are less marked
(See figure3). In later intervals of the experiment there are similar
peripheral blood changes in the animals, irregardless of single or pro-
longed Induction of the indicated quantity of Sr 9 0 .

It is of interest to evaluate the significance of dosage strength
in the occurence of *stogenic action from ionising radiation. An ana-
lysis of experimental data shows that, under the action of Sr 9 0 , tý- in-
cidece of osteosarcom significantly depends on dosage strength (Figure
4) L.ee Noi~i . Within limits of equal total doses (N2.6-21 krad), do-
creasing dosaje strength by 20 times produces a decrease of osteosarcoma
incidence by 10 times. When the bone marrow accumulates 12.6 krad for
30, 100, and 400 days, osteosarcomes occur in 30; 8, 4, and 2.6% of the
animals. within limits of optimal obýeosarcoaogenic ioses (147 krad),
decreasing the irradiational dosage strength by 3 times has little ref-
lection on the total incidence of osteostrcomas.

(Not0 : Text of footnote: The frequency of osteosarcomas under
the given total irradiation dosage was not determined immediately after
the bone marrow accumulated a eorresponding dose, but after the "latent"
period elapsed (200 days) necessary for development of the tuwor. 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, i.e. after completion of the "latent" period.)

Figure 4. The relation of the inaidence of sarcomas in rats
,Ander the action of Sr 9 O to the strength and maLi-
tude of the total irradiation dose in bone tissue.

days
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Corresponding to these data are the exrriments on the study of
the relationship between osteosarcomogenic Sru- action (Kusma and Zander,
1958) and Sr90 (Yu. 1. Moalev) in relation to the isotope ingestion rhy-
thm of the organism. In our experiement conducted with V, N. Strel'tso-
v it waa established that in single Sr induction (in equilibrium with
y•') atquant~ties of 100,4t per rat, osteosarcomas develop in 26%; on in-
duction of the indicated quantity for 100 davs - in 8.3%; and on traction-
al induction at 2 week intervals (for 10 inductions) and one month (5 in-
ductions), the rate did not develop osteosarcomas. We must state that
the "latent" period necessary for the esvelopment of osteosarcomas in-
creases with a decreased quantity of induced activity.

These facts are evidence thatpunder low radiation levels in struc-
tures where deleterious changes are occurring# restorative processes take
place. This means that radiation summation is incomplete. Under the
action of oL-radiation, bone tissue restoratlve processes occur much more
weakly than under ;-irradiation. For example, according to the observa-
tions of M. *Finkel' (1956), under the action of Ra 2 2O a decrease to /lOth
(from 60 to 5 A.wAg) of the amount of induced isotope (in experiments
with mice) leads to a decrease In incidence of osteosarcoma from 60 to
351, i.e. it lessens to half. In the case of Pu2 3 9 , on decrease of the
optimal osteosarcomogenic dose from 3 to 0.3,2Jkg, the frequency of osteo-
sarcoma decreased to 19% . Research on Pu j conducted on rats by A.
M. Builhtoyarova and V. K. Lemberg, shows that under a decreased quantity
of Induced activity to /lAOth (from 6.3 to 0.63 Ankg) the frequency of
osteosarcoma decreases to 40%. There is an utterly different correlation
under the action of 6-irradiation (2u. I. Mosakalev). decrease to l/AOth
of optimal osteosarcomogenic quantities of SrVu and Cea4m (from 50-1,000
to 50-100 '/kg) is associated with a drop in frequency of osteosarcoma
to 3.3-2%,, or to an order higher than under -1-irradiation.

Table 1. Bone tumor frequency under parenterial induction
of p 2 39 under various isotope ingestion rhythms
(according to the data of Yu. I. Mosikalev, L. A.
Buldakov, and V. N. Strel'tsova)

k- PPui 111ACOMM
IoKo�mui paI 5 . M P•e- o as a

* 2.. €1 €lCTO r. oC/Ktl Ao ,sA 60 AMPS i 54 100 A .R . , .M z +t I 2Ilel.. ,i

I' I " £Mb 1 '' T, i • .•+

6AM*, Io: as
pul" 1.%25-024 (441 4/45 (8,9%)134 (67N / 1,%# 1 1%

Legends 1. Induction rhythm. 2. Isotope. 3, Quantity.&ukg. 4.
single 5. for 50 days 6. for 100 days 7. once weekly for
9 weeks 8. once in 2 weeks for 18 weeks.

Notes the numerator - tumor frequencyj the denominator - the
quantity of animels not surviving after the 200th day.
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In contrast to Br9 O, the oateosarconogenic action of Pu23 9 is not
too dependent on the ingestion rhythm of the isotope into the organism.
It wts shown that under Pu239 action bone tumors occur both with single
and prolonged ingestion of equal Isotope amounts (Table 1).

One forse the impression that, under prolonged induction of Pu2 3 9r,
bone tissue tumors develop even somewhat more frequentAZ than under single
indaction. For examples after single induction of Pu2 39 in quantities
of 1.25 to 20s•, bone tumors developed in 40% of the rats who did not
survive after the 200th day; on induction of the same quantities for
50 asz 100 dayse 9 weeks (once weekly) and 18 weeks (once every two
weeka), bone tumors developed correspondingly in 8.9, 6.7s 13.9, and
15%. Since our data are quantitatively small, further experiment. ac-
carding to this plan are necessary on a larger sample of animals. Never-
theless, results of our research perait our making the conclusion that
the frequ-ncy of bone tumors on fractioned and protracted induction of
CC-irradiators does not, in any case, decrease. These data are evidence
that injury produced by l-irradiators are less well restored and better
summited under protracted aption. The indicated differences in blasto-
mogenic activity ofes'- and 4-irradiators is a necessary factor to con-
sider in attempb to extrapolate from experimental results on animals to
huim a.

Figure 5. The relation of leukos" frequency to the
qumattty of induced SrW0.

Bone marrow does ,

/%

0 /" . .. A' "t

Legend: Striped area - leukoses frequenoy in control rate.

In contrast to osteosarcomas, the frequency of hemopoietic tissue
tumors under Sr90 in conditions of protracted action does not decrease.
CO the contrary, it can even be greater than in concentrated action. For
example, at total dosesf 2.7 krad accumulated by bone makrow over 50
daysp leukoses under SrW developed in 1% of the rat.; under accumulation
of the indicated dose for 200 and 600 days - in a corresponding 3,8 and
5.6 of animals. At total dose of 5.6 krad, leukoses frequency at accu-
mulated doses for 50# 150, and 650 days wu 2.5, 4.5 and 8.3 % (Figure 5).
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These facts point to the existence of sumuation and poor restoration of
injuries in bone marrow cambial elements leading to the occurrence of
leukoses.

The data we have examin.'d lead us to to conclusion that under
prolonged ingestion of small quantities of Srw, the probability of the
occurrence of ostoosarconas decreases. The existence of a definite
"threshold" dose, necessary for the induction of sarcomas, and the ab-
rupt decrease in the frequency of bone tumors under decreased dosage
strengths,provide a basis for the position stated above. The existence
if more complex 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 excl14•e the possibility of the occurrence of this reaction
under smaller Sr'," quantities than those for rats. It is obvious that
future accumulation of experimental data is necessary to pin-point mi-
nimal leukemogenic doses and the role of the time factor in the produc-
tion of this reaction.

Leukeamogenic radioactive isotope action cannot be examined apart
from other reactions of the organism. If we useas such an additional
criterion, the average life span of rats dying from leukosis in the con-
trol and experimetal groups, then induction of minimal leukeamogenic
qantities of Sr (2.,-per rat) produces leukoses in 5 out of 82 rate
(6.3%). The average life span of rats with leukoses was 591 days and
was even sonewhatlonger than in control animals (538 days).

Taking SrW as an example, we will examine ways of translating
experimental data from animals to humansA The experimental data indi-
cated above concerning the effect of SrP' on the life span and on the
ocrurrence of tumors of the bone and homopoletic system can be utilized
for the evaluation of minimal permissible levels of the ingestion of
th 4 8 isotope by the human organism. They show that single parenterial
Srw induction in 104 uquantity does not affect the natural life span or
the frequency of bone tumors and leukoses in the human. In recomputing
experimental data from animals to humans, owing to the signif'icant dif-
ferences in longevity, the quantity of Sri9 that is non-etWective for
rats decreases to 2.85%. 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, tVAs has great Importance as the additional biologi-
cal coefficient of reserve plays a part here. For those reactions whose
development is li+tle affected by decrease of dosage strength (leukoses,
ovarian injuries), this circumstance apparently will have less meaning.

The bone tissue 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 explriment retair$l5-20% of the in-
duced Sr 9 0 . The maximal permissible SrO content in human bones, there-
fore, should be 1.5-2,". A similar magnitude (2.34) was obtained in
computing the maximal permissible Sr90 content in the human body by em-
pirical equation.

(1) Mp-u.-d
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where Upe is the maximal permissible content of osteotropic isotope in

the human skeleton; d is the optimal osteosarcomogmnic irradiation dose

for rate (in microcurie per 1 g).
Equation (1) is derived from the comparison of clinical and expe-

rimental investigations on osteosarcomogenic action of radium.

Table 2.
X.3

I'0dp; L. yi•,•G,.o I,)O'TO'JA p 't.,T

&, *., Y;"Nd ' x , &

3044' i 7,5

.5 2,3
I-.il |"3 4 16'8

i~• 0 *c 6,023

Legend: 1. isotope
2. optimal oeteosarcomogmic content on intre-

peritoneal Induction, wA/g
3. maximal permissible isotope content in the

human skeleton,A*/g.

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

The magnitudes of maximal permissible radioactive isotope content
thAs found are ir correspondence with international recumendations.

In evaluating the mauimal permissible Sr 9 0 content in the human
skeleton derived throurh other methods, includine dosimetry, tAking into
account the unecual distribution of tle isotope in the bone tissue and
the dIfferences in the magnitudes of local tissue eosages connected with
thisp we obtAin similar magnitudes (1.8-3. M). On conducting corres-
ponling computations for the maximal Permissible strength, we used a
dosage equal to 300 mber/week.

Onoethe magnitude of maximal permissible radioactive isotope con-
tent has been established in the critical organ, we can go on to an examl-
nation of the problem of the activity amounts tat can be ingested daily
by the organism with food products or through respiratory channels. tin-
til the present time* information on the continuous deposit and removal
of radioactive isotopes from critical organs has been gleaned primarily
from investigations of single inductions of a substance. Recent researchi,
hoxever, indicates that this method of evaluating maximal permissible le-
vels of radioactive isotope ingestion by the orggism Is not effective.

Ws will illustrate this through taking Srw as an example. In ex-
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periments with intra-peritoneal induction of rats, i1 was found that after
single induction, Its removal from bone tissue can be satisfactorily des-
cribed by the equations

(2) Qt a 25.5 *-•'017t + 36.6 e-0o0 0lft

Moreover 41% of the initial Sr90 deposit is removed with Tb:ol..= 40 days
and 59% - with T biol = 392 days.

In conditions 6f prolonged ingestion (daily induction for 100 days)
there are changes not only in the constant removal of the isotope from
bones, but, what is particularly important, there are changes in the co-
efficients of sr 9 O storage in the bone tissue. Equation (3) describes
changes in Sr90 content in rat skeleton after isotope induction is stoppedt

(3) Qt = 8.6 eDO0ot + LS.5 e-04 00015t

Nearly 32% of SO9O is removed with Tbiol" a 77 days, and 6% -

with T biol" a 149 600 days (the magnitude is apparently over-estimated;
the observation period after cessation of induction was only 340 days).
In cogparison with single induction at prolonged ingestion, the sassitude
of Srvu storage in the skeleton was 43.5% lower. On fractional induction
of Sr 9 0 (once a month for a total of 5 inductiUns), its removal from the
skeleton (after cessation of induction) is described by the equations

(4) Qt a 13.9 e-O.0264t 4 17.1 e"0.00041t

Nearly 46% of the activity is removed with TM., = 26 days and
541-- with Tbiol. = 1,690 days, In comparison witfiAgle induction,
Sr•u content was 30% loss.

The indicated data Is sufficien t coar evidence that the con-
stant bone deposition and removal of Sr%' depends on the rbytha and in-
gestig of isotope induction into the organism. Moreover the magnitude
of Sr"- deposition in bone tissue, in conditions of prolonged ingestion,
significantl decreases. As a result of the constant deposition and re-
moval of SrW 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
basis of experimentation with single induction. There is an obvious ne-
cessity for direct data on the patterns of radioactive isotope deposition
under prolonged ingestion into the organism.

Under prolonged intestion of radioactive substances, as a result
of radioactive breakdown and removal, an equilibrium is established bet-
ween isotope ingestion and retention in the organism. Apparently de-
position multiplicity (the relation of isotope retention in the organism
in a critical organ after an equilibrium has been established to the
daily ingested dose) and the speed with whichvarious isotopes achieve
an equilibrium will differ. In the case o isotopes having a short pe-
riod of partial breakdown (for examplej, S$ with Ti - 53 days), but
a long period of removal from the organim, the problem is resolved re-
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lativeoy elaplky, as their depooltion multiplicii7 in the organism is de-
termined by the partial breakdown period, and the equilibrium between
ingestion and depouition of the isotope in the organism is estebllshed
rel-itivelyv quickly. The reseorch of E. B. Yurlyandskiy and co-authors
k1957) and D. I. Ilyin and Yu. I. Mockaleo (1959) conducted on various
animals confirmvthis position. It appeared that Sr 8 9 deposition multi-
plicity in the bone tissue of rats and rabbits is 8.A, and the equill-
braun between isotope ingestion and re;ntion in bones was established
by tbh 130th day. S3bsequent daily Sr' induction over 830 days did
not ACfect the magn tude of deposition rultiplicity of this isotope in
the okeleton. On the basis of these data, it is not difficult to ce-
oulate that for retention in human bones of mawmal peimieible SrW
content (2,j, there can be daily Ingestion of 0.2mof this Isotope.
In tthe case of long-lived radioactive isotopes which -re slowly removed
from the organism, including Sr 9 0 , the eqilibrium between Ingestion
and deposition is established at later Intervals.

By means of calcilal.tcns, we found, along with D. I. Ilyin, that in
pigs and dogs, on daily Sr9 ingestionpper os equilibrium (99%) must be
est'tbltshed in approximately 1,300 days, while the Isoto:e deposition
multiplicity is equal to 45. A similar magnitude for SrM deposition
multiplicity in the skeleton, 15, was obtained In experiments on dogs
by L. N. FurykIna, inducing animals with Sr 9 O by mouth over a period of
several years. In condi ,ons of continuous ingestion through the gastro-
intestinal tract, the Sr'AJ deposition multiplicity In the human skeleton
would apparently differ littleJfrom the magniudes indicated above, par-
ticularly in the case wherr, Sr1 would be ingested by an adult human.

The indirect data confirms the accuracy of the indicated position.
Ve will therefore utilize data on the deposition o stable strontium in
the human organism. Ie know that man consumes 10-5 g of stable stron-
tium with his food per day, while the whole human organism retains 0.14 g
of this isotope. It therefore follows that under prolonged ingestion,
the strontium content in the whole skeleton will 1ceed the daily ingested
quantity by 140 times. A similar magnitude of SrW deposition multidlicl-
ty in the human skeleton in obtained in the comparison of the exchange
characteristics of the Indicated element with stable calcium. We know
that the passage of Sr 9 O from food into bone is achieved with its dis-
crimination in relation to calcium. On the basis of the research of L.
A. Buldakovsekcy and Yu. I. Moskalev (1960) cgducted on sheep, as well
as direct observation of the migration of Sr"" falling on the earth's
surface along the food chain (milk -- bones of new-born children), this
coefficient is determined to b00.2-0.25. These data are evidence that,
in comparison with calcium, SrOO is ingested and retained by the organism
in smaller amounts.

Sr 9 0 deposition multiplicity in the human skeleton will apparently
be ama ler by the magnitude of its discrimination in relation to calcium.
Since celcium deposition multiplicity is 1,000, the corresponding mag-
nitude for Sr 9 0 should be 200-250. Such Sr 9 0 deposition multiplicities
might be observed if the isotope had been ingested by the organism fin=
childhood. When Sr 9 O is ingested by the adult hwmsn, its depositiou

-26-



multiplicity should be lower than these magnitudes and similar to that
obtained in experiment. If we take as a base a maximal Sr 9O deposition
multipliciV of the human skeleton of 250, then for the skeleton to re-
tain the maximal permissible magnitude (2ýw) of this isotope there mist
be a daily atduotion of 0.008,m. This magnitude is 4.4 times higher
than the one recommended ty the International Conission on radiological
protection (0.0018..A).

On this basis we can conclude that existing norms of maximal per-
missible content and ingestion of Sr 90 in the human organism have experi-
mental verification and Indicate the existence of a sufficient reserve
guarantee.The induction of maximal permissible 59O quantities into the org-

anlsz cannot present great dangers in the wenstic sense. In any casev
this danger is significantly less than that from the naturally radio-
active isotopes 140 and C14 whseh constantly enter the organism with
food intake. For example, the adult hqAq. daily takes in 0.0054 AsAof
naturally radioactive isotope X40 and C , wbich is 3.2 te geater
than the saxilmal permissible magnitude of SrO ingestion (o.0oFoi8 ).
In comparison of Mhe indicated magnitudes, we mast keep in mind that K40

and C14 are wholly ingested from the gstro-intestinal tract and are
comparatively evenly distributed in organs and tissues, while Sr 9 O is
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 radiobiological laws of the action of ionizing
radiation in .mall doses; establishing permissible retention levels (in
the critical organ) of radioactive isotopes and their ingestion by the
human organism; and studying the laws of their deposition and removal
under prolonged ingestion by the organism.
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TT2 SECOND ALL41ON C017ERENCE ON q.?.F APrLICATION
OF RADIOF=ECTROVICS IN BIOL')GY AND WrICINE

-USSR-

".jollowlng is the translation of an article by Tu. B.
Msndelttsvey in the Russian-l~nguhge perlodlcal gLj-
ttgkinsksya RadioloqLya (Medical Radiololq), Vol 7,
No 0, Moscow, August 1962, pages 100-101."

Prom April 24-28, 1962 there was held in Lenlner,-A the Second
AlN-Union Conference on the application of radioelectronics to biology
and medicine, sponsored by the Scientific Technical Society of' Radio-
techric' an& Electrosignal. ImenI A. S. Popova; the Ainistry of Public
Health USSR; the All-Union Scientific Council on Radlophysics amd Radio-
technics AS USSR; the State Committee of the Council of Ministers USSR
on rsdioelectronics; aryl the Academy of Medicsl Sciences USSR.

More tan 1,000 people pt.rticipated In t. e conference. Pour
plennry meetings were held at which 11 reports were made on the major
problems of the application of electronics in medicine and biology; the
role and future for the utilization o' cybernetics, electronic micro-
scony, tele.visicon techniques, ultra-sound, radioelectronics in nhysical
therapy; and the development and production of electronic medical equip-
ment in the USSR was discussed.

At 11 sectional meetings, more than 100 reports were made. One
of the sections was devoted to electronic equipment in physiological re-
senrch using Jsoto•pes,

G. A. Malov aR .4. A. Gabelova reported on the result, of the
stney of blood flomv speeds in various areas of the vascular canal in pa-
tients with acquired and hereditary heart detects, as well as In patients
with vascular dise--aes. There were 600 people studied in all. The re-
search was coniucted with the aid of an 8-canal rqdiograph in the Insti-
tute of Heart and Vascular Surgery. A comparlson of obtained speed mag-
nitudes of blood flow at various areas of the vareular canal with some
hemodynamric indicqtors provides the possibility for establishing lavs
lhlch do not emerge in the study of blood flow speeds through usual me-
thod s.

The report of E. Yu. Eltkind and I. M. Gofman described the gamma-

-28-



topograph having graph registration, developed in the All-Union Scienti-
fic Research Institute of Medical Instriuments and Equipment of the Mini-
st~ry of Public Health USSR (AERflCIE),, which has been approved clinically
by the Institute of Yeurosurgery Imeni Aced. N. N. Burdernko (1. V. Lyass)
and the Oneclogical Institute imeni ?P. A. Gertsena (M. A. Volkova).

S. G. Zentkovich's report on problems of' gammatopography concerned
chiefly the diagnostics of brain tumer. He reported on the basic charac-
teristics of the gaummencephalograph of the Leningrad Nfeurosurgical In-
stitute lueni A. Le Polenova; briefly surveyed foreign models; and also
examined the problem of the further development and refinement of the
metbod of' scintillating gammatopograph.y.

V. A. * 4eyakov (SIMMI) discussed radiometry of biological liquirs
-equipment planned for t1h. deterrenrn.tý- '. of urine-excreted radio-

active iodine (3131) and other )-active, isotopes utilized therapeutically,
without additional dilution and evaporation*

Yu. B. Nandel'tsbayg sad I. K. Tabarovakil (ASRIME) reported on
the clinical scintillaý,pg equipment for the determination of thyroid
function by means of 3J-V . For wider inculcation into cilinciul prkctice
of this more highly approved r~dioftagnostic technique,, It In niecess~ryt
to supply the clinic with special radiometric equipment of high sensiti-
vity which would secure a large output at sufficiently simple operating
condi tions; ka-secure the production of gelatin capsules with packaged

a~ts of Z3,L obviating the necessity for the clinic to dole out the
3~solutionr into diagnostic portions.* The develo,-iment of this equip-

ment should assist resolutio-i of the first task. In 1962 the Council of
National Economy in Kiev began a serial distribuation of the diagnostic
scintill~ating equipment type DSJ-60.

V. A. Vollcoy and Z. G. Gu3.yaeva (AERIJ4I) discussed equipment for
the diagnosis of malignant neoplasms in body cavities with the aid of
radioactiv.4-irradiators. A-series bits been developed of scintillating
and gas-discharging ý-probes for research into activity accurulation in
cavities, tiassues,, wA skin surfaces. $-probes permit diagnostic investi-
gation of the vagina, cervis uteri# laryoxg, eyes, brain,, esophagus,. sto-
mach, wed skin.

The applicAtion of electroencephalography and methods of radio-
active indices in the an~alysis of pharmacological activity of cholino-
lytic substances was the subject of A,, M. Kats# report (Leningrad affi-
liate ASRINIE). With the aim of studying changes in the centra~l nervous
system occurring under the influence of substances with a central cholino-
1.ytic action, research was conducted on the bioelectrictl activity of
the cerebral cortex in rabbits. Th. central oholiziolytic substances used

w eagil and its sulfer-containdng analogues* The latter wase mar~ked
S35*Exprimntswere conducted on animals with chronically implanted

platinum electrodes. Electric potentials were registered on the multi-.
channelled electroencephalograph ink recording. Parietal and occipital
biotics were registered. At the same time the distribution character of
the amysil sulfer-contai'ding analogue in the animal organism was studie5i.
Combining methods of eleotrouacephalography and radioactive indices per-
mitted foflowftf the finest dbarpm courrIng Iithe central nervous syt-
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tem; the corntrol of loceli•ation and duration o4 their existence in the
or.iiism; .nd the pet-•xys puv, speed of remov'l of the medicinal ore-
p~rr~ion. Research was conducted on many kinis of animals.

On the whole, the Second All-Union Conference on the Appli&tti'n
of Radioelectronics to Bioloa and Medicine was significnntly more re-
preseatative then the First 4.l-Union Conference, held in Moscow in
.T iirxir7 of 1959. This is seen even through attendance numbers (400
people in 1Q59) and reportd presented (50 In lq59), which reflects the
signiiicant extension of the development of radio-equipment and the ap-
plicqtion of modern methods of radioelectronics in medical and biological
research. Sectional meetings were verj well attended, as a rule, and
were Very active.

However, everything said relates very little to the section on
electronic equipment for nbhyiologi~alJ research with the applirlation of
radioactive isotones. This section was listless nnd poorly attended.
Except for the concluding report of the sectional chairman, A. F. Go-
rodetskiy, there was no discussion of reports. Apparently the Pacts
presented ia the repo-ts did not reflect the actual ,tiation in the
area of rhdiometric equipment development for medical and biological
purposes. This is connected with a number of reasons. First of all,
few organi7ation of a corresponding profile were urged to attend (5
out of the 7 sectional reports were presented by. the USRINIE). Section-
al reports had differing orientations: in some the main emphasis wRs
on purely technical and physical problems, in others -- on medic-al ones.
They were therefore intended for differing types of audience. Sines prob-
lems of a medical character (the techniique of utilizing radioactive iso-
topes, clinical and experimental results) are chleflZ- discussed at all-
union -vd republic radiologiial conferences, it would be advisable to
coantrate the focus of subsequent conferences on the application of
radioelectronles to bioloL7 and mdicine on technical and physlcl prob-
lems in the development of radiometric equipment for medical and bio-
logical research, and the people presenting reports should be oriented
accordingly. And finally, at the same time that ations were held on
the indicated research, there were sectional meetings on electronic methor4s
of research into pbysiological function.,and sections on the apilication
of television to biology and medicine; this led to some measure of a
dissipation of effort.

There was great interest in the exhibit of new rrtdioelectronic
equipment designed for medicine end biology, held at the conference.
The exhibit demonstrated more than 150 appliances and instruments (in
1959 only 90 exhibits were shown), developed and prepared by the ASRIVIE,
the factory "Krasnogvarderetas, the Scientific Research Institute of
Experimental Surgical Equipment and Instriments, the constructional bu-
reau "Biofizpribor" and many other organizations.

i0,446 - END -
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