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This report contains two translations on medical radio- 
logy and radiation taken from ths periodical Sovetskajra 
roeditslna (Soviet Medicine), No 9S  Moscow, September 
19o0. The titles of the articles are given below in 
the table of contents».   ' , 
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THE PRESBHT STAGS OP MEDICAL RMJIOUJGT* 

■ . ' . «ÜS3R« 

rFol"'owing is t&e'translation of &n article by 
Prof"l* o: Uffaiwa (Boscw). Director of the 
State Sciant^le-ItesearchRoeötg«fto--Ja«äiologiaA* 
Institute of the Ministry of Public Health RMoK, 
in So^skai^a^itsia, (So^t hedxei»a), No 9* 
Mosc^T Septeitteer I960, pages 26-^.j 

''•  The brilliant achievements In the field of meleM 
«hvoir«    the discovery of the structure, of tne & torn ana 

leas sources of energy but. also  new Jnd j^^^lf 
of «tiidvtnp- the extremely complicated processes wju^b 

■takS p2ä in the ante«! and plant kingdoms and which 
esnnot be studied, by any other »st ho cts. cannot ot  sj ktwally radioactive substances*  it 
is no*/ possible  to indue« artificial radioactivity *n 
filrost ell the chemicals of Mendoleevva  n&bie.    t,"^8 

gives tS riMarchers a-vide ohoioo of sources of radi- 
atlons"Prom the beginning of the discovery of radloac- 
tivltT. radioactive subatanoes  began.to  assume a dx»- 
^r-ctii^es-ing ir, radioii».    A  nev  branch of nealeal 
.-ilt^a aS%«Stioa, medical radio!ogy, b,g- to ^ 
into exlstenoe.    The development of meaio^l radJ.oj.ofey   - 
can be» divided into several penoas. 

The fir-«t p«r1oo\   the ooriod during which weuioal   , 
radiology was In the process of blowing an Independent 
diSeipl&i , began «ith the ,'ery dljoowy of the pto- 
no»wn of radioactivity &.na its offsets on bxolGg^al 
JStt^V    It is  character!*«* by the «ipirloal study of 
tW biological effect, and by the use of na.twai.ly ra- 
dioactive material for medical  purposes. 

In the second period, which. Degan in 19k$~lW>* 
medical radiology «forwent vigorous growth,     ihis 

„_-rTresented at the Tashkent Conference on the 
Faaceful Uses of Atonic Ensrgy, Tashkent,  September,   1959. 



period vias  oi&ri-.ctsriiiau-  by th.> VJIOUR;;;":-^  .study of art!« 
fici&l radioactive  gabstanoes and the «sedeCuion from 
theia of the rcost useful cnos for the pruposes of scien- 
tific research and clinical sppli.cftt.ion; by experimental 
study-«of biological effect* of radiological energy,  the 
working cut of numerous Kethoas of di^gnosi« fend clinical 
application of radioactive isotopes»  and finally,  the 
development of radiological equipment* 

The  lest and cm-rant period, vfhioh began In 1955- 
1956,  is a parlod of relative  stabilisation,  a period of 
unique* ."revaluation of standards*   together with the ana- 
lysis and synthesis of all previously collects data* It- 
ia a period of sober comparative evaluation and comparison 
of isolated results of the use« of   the different radio- 
active juattera and the various techniques for using them» 

During the pariod of vigorous development of 
.medical radiology, va can discern three tendencies*   -The' 
first of these  is characterized by the use of radioactive 
laotopes for research on the different  life processes 
(biochemical and physiological) of a live human organism 
which are  inaccessible ov not easily accessible» to 
research by other met hods, 

■  " '      After it became apparent tbat it is possible to 
introduce radioactive matters into all Icinda cf organic 
and inorganic compounds,  to "l&bls" the proteins, vita- 
rainds,  hormones» bacteria, medicinal matters,  stc,  both   s 
'we  here and those abroad began an intensive  study of 
matabolisw, distribution,  speed of con.7«rp*on, Movement 
and extraction fröre the organ!era of the matter Intro- 
duced into it»    Studie a were begun on the fane t ions of 
various organs and systems of the  living hmaan being 
both in his normal and pathological states*    ?o study the 
metabolism of the  horses,  ther« were  experiments with the 
use of radioactive" pbosphorrojf ealei'.i55j,  galliuss and stron- 
tium.    To study the pro'cess&s of the formation ana circu- 
lation of the blood they u?« redioaetive ii'on*   sodinm, 

.potaaalam and rubidium»  and finally? to  study functions 
of tha  thyroid gland and others.   th.3>:  used radioaofcive 
iodine*    These   studios allowed at this tlraa the foniu» 
let ion of definite methods and tbe definition of a  nur/ber 
of radioactive matters which can have wide practical 
application.     Hew©vor,   there  is mich to  be explored, in 
this field» 

The second tendency Is  characterised by the ap- 
plication of radioactive  substances  In clinical diag- 
nostics.     It is also based on the  study of the distri- 
bution of introduced radioactive matter,  the  speed of 
its unovemcnt and the  intensity of allocation in the dif- 
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T&vmro tlssueä.-   organ?! and  systems  of  the organise    The 
rs.dloao-t.lv© »u'bstance,   being a  sourc©  of radiation/ can 
b>Tdetected at a älstance by special counting devices. 
In some ways  this  tandern? y is  sinilar- to   the first, ^es-     ; 
üpclally when we use  this mothod  to   study  the  functions 
of organs  and  systems;   the  purpose  is,   hcvrever,  different 
fop It .Is purely .clinical,. ■     ■ 

At first this xnöttK>d  (the method of using radxo- 
activ« Indicators)   skirted very promising.    The research 
tvroeeedsd in three  directions?   1)   the utilisation of or« 
eanotropic and tusior-otropic properties of radioactive 
matter?  2}   the choice of the most effective indicators 
from the  'ooint of view of the  relationship of^ sal'e dos-^ 
ages  and the fruitfalnasa of  research}   and»   3)   the  devel- 
opment and  Defection of counters,     "äo^mver-,. not  all 
hopss were  fulfilled.    Orgenotropic  end tisncr^tpopic 
prow r tie 3 of  radioactive  substances turned out to  oe 

■somewhat  restricted and rel&tlva.    Numerous experiments 
«shA^ed that the  Introduction of any radioactive matter 
into the or«ahisra caused definite  shifts  In the functions 
of the different orgens end  systems,  © special XyJ.n the 
oeßts'al norvouB   system and the ovg&xxs of blood forsatioru 
Therefore",   in clinic«! usage the  method of using^indic« 
cator?J> must be restricted b? very careful directives. 

At the  present time  the raost practical application 
of t,hs  Indicative method in clinical'practice  is   th©  use 
of 3-aäiöactive  iodine.    Through It,   it Is  oossible to 
diagnose  the diseases of the thyroid gland ana the 
changes in its function caused bj the disfunctioning of 

Thft other method vrhioh jJ3c©iv6d some, practical 
arvpl.1 cation la  the use of -.radioactive  sodium»   iron and 
iodine  to  determine   the  velocity of general and capillary 
blood 6ii*culRtiom     And it wust  be  ad clod that  the velo- 
city of the 'blooä-flow can he   studied not only in the 
whole' cardio-vascular syat&m,  but also  in isolated, re- 
gions s  for exasaole  in the pulmonary circle,  in the blood 
vessels of the  brain,   in the  blood vessels of any ex- 
tremity,   in the  transplanted  Ifcyer of skin,  ox* locally 
in the*regions  of  any lesion,     'i'bs  study of  hemodynamlcs 
has a great practical value especially in the.thera- 
peutic and general .clinics* 

By means of the  introduction of radioactive phos- 
phorus'» we can. also aster^im?  the volume- of the circu- 
lating blood,  and with radioactive  iron,  the content of 
hemoglobin in the »rythrocytes» 

The diagnosis of tumors by irnans of radioactive 
indicators is limited in practice to  the topical. 



di&gnojdK   of. tuwo.oc  of   the  thvocld   pio.i  Pp  rod* oaclivö 
iodine and ib?> fiagnosia of cerebral   tusor-fl  by soans of 
radioactive  phosphoro« or  isctooes of s 2* sonic, 'which 
radiate positrons* 

While  on. the  topic  of diagnosticsf  HO   should, also 
mention an attempt ■ eheste an apparatus of a radio* 
graph or- gairmiagraph with radioactive isotopes   (analogous 
to the X-ray ras. chins}   primarily for th*  study of the  bond 
structure^    Radioactive  thulium  and  zenoo wero used for 
this*     Boworror,,  a^   tho research at  oor   institute   stows.» 
r-egardlojjs  of the  riacossary cornoaoine?;K snd aioydicitp 
of the mechiii;^ radiography cannot be reali^d in prac- 
tice at pressmt with the uso  of conventional protective 
substances. It is  pcssiblt at In the  fature*  t??.th 
the development  of  highly sensitive filwo   with the ln~ 
proved photographic  6orsensf  electronic optieoi trans- 
'orxaevä)  arsd,  othar  technologiesi.  irnprov^info'iis ?   fchis 

method also will find  it? pl&c«  in ice hole 
f'ho?  third  tortdency IK   charoeierisec by tl';o oso of 

This widest  and rcost 
oth-^r branches  of 

;l so« 
bio- 

radioactivity  for oui-iog rurposen. 
heuristic  bra r, oh won over o .true at all 
MftOicIno«    The v-irodv-.cti.or:. of   loog-ilvoci r^dio^c 
topes  of  cobs it  v?hose radiation Jo its   naps leai 
logical properties  is si;mbvr  tr- that of r&dln"~s  and the 
creation of a povorful  gar^io  sp^s.r&tu.si moie possible  the 
Improvement of the methods  of curia;" and   also   their prac- 
tical  aoolication in the   horoitets,     The radioactive 
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£n 
V 11 >. of red.lolegy, 

log was   studying 
bpvdlopinp new ?-:othodfs 
;• Q 1 o oii si s  e hr o ad 
uftioabni t.T of radio» 

pnospnorus vcion  is ■ 
rays and radioactive 
in tho  dove'io profit  of idio  ... 
J A4 ring the »hole  period of  the  '-:••;¥• 
the branch of raedielos   concerned  t 
different raoio&otlve  Isotops*  and 
of therapy»     ?hwos   both -we tod  too 
conducted resoaroh to d&ierrulr^  th 
active  strontium for external rop therapy especially for* 
sorts diseases  of the aye*     VP- vorh^l as wall or the 
utility of  tuRtadlu™  in intorstltlsfL   thpi'opyp   arid  on  the 
solutions of radioactive-   sod.iar*. and   lutetiuri. in  tho 
intra-tumeTcl  therapy»     We   in^estippi^t   th*  use of radio»* 
active  copper-  for   tho  cure  of of.lanoms,   and  radioactive 
gallium for coring  ths   ionora   of the  bones«     As  a  result 
of  theye  &oä ctoor  oo^'-roua  Mtuuiojr.,   th-> assortment of 
radioactive  isotopes used in r.vsdioel therapy la almost 
stabilixed at the presoot  time.     In general, it is  limited 
to  radioactive  cct;al1p,   phosphorus^   iollno ftnd gold* 

All the dB'»?,olopovD. nethots of coring wolch hava 
achieved  practical application cen  bo divided  into  fovir 



basle aroupss   I)   external radiation^   2)   i^tfRca^Itary 
radiatloni" 3)   interstitial radiations  &.ndf h'f  Internal 
radiation.    AII-these arft saethods of curing by th» use 
of  synthetic radioactive substances* 

'EXTERNAL RADIATION has  the widest  application .in 
all branches of Kiedicins because of its externally, lo- 
cated sources of emission..together with all the modifi- 
cations»    Radiation from.-e. considerable distance   (tele«' 
i^aMG&pathy or far«foeusaci '-therapy)  is usc&d in the case' 
of deeply located malignant tumors*    ffaer© are   special 
installations created, whey© radioactive  oobalt  is used 
and  (to a lessep degree) radioactive oesiuia*    Clos»~focus 
or contact therapy (application aatho-i)   is used in the 
treatment of both' the malignant and non-malignant tmaor-s 
and. also  in the  treatment-of skin ul.gea.gas,    At the-pre- 
sent time sobalt and phosphorus  are used in ths appli« 

■ ea toffs' of ■different fonns» 
'   Tbe KBthod of  1RTF?ACA¥1TARY RADIATION,   fo? which 

cobalt and gold e,ve mainly "aseci^. also has several iso&l» 
fixations mainly regarding th*r forms and consistencies 
of the   stt'fjstanoes which are  introduced into the n©tural 
cavities of the- human body,, 

She  INTERSTITIAL RADIATIOK consists  of zim  intro- 
duction of radloacfciv® mattar  (cobalt and gold)  directly 
into the  aff&oted tissue.    There ara also aeveri?.! modi- 
fication to this method depending on. the consistency 
of the preparation (metallic s.ftI©\iX©.r cobalt or." gold in 
a colloidal a tat el) * 

■IHTSRNAL.RADIATION.    During  th© early periods of 
the 'development of medical radiology*  the use of synthetic 
radioactive isotopes by means of oral or peroral intro«   ■ 
dilation seemed vary promlslag9    Keeping in mind that the 
bone tissue absorbs pöosphornis,,.  calcium and strontiuis» w® 
expected success In the curing of the sarcoma of tha bone.? 
ard reTrtemboring that thyr-oicl tissue absorbs iodine^ >*# 
hoped to successfully cure oanoer of tha thyroid»    How- 
ever,  the  hopes bestowed on this therapeutic method as 
well as the idea'of internal introduction of Isotopes 
for diagnostic purposes Hera but little justified»    At 
präsent the only practical value of the internal Intro- 
duction, of radioactive phosphorus  has bz?%n in tbe cur® 
of polycjthemia«    To some degree  this method proved 
useful 'also  In tb@ a?.®t©,stas©s of the skeleton and. the . 
lymphatic  system» 

Thusg  out of ths four groups of methods,,  the most 
practical "one is the method of external radiation»    Each 
of the ramaini'ng Is ttsed maiBly 'in the capacity of ad- 
ditional and auxiliary methods* both fox» the external 
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radiation therapy and especially for  ^n-gioal methods of 
cubing* 

♦       The ecniterftporary stage of  development of clinical 
radiology» as already stated,, cliff or« greatly from the 
proceeding»    It ie eh&r&cterii&ed by the following prop- 
er fci es» 

The  number of .isotopes which are used In Medicine 
ar© considerably stabilized«    The basic methods of diag- 
nostics and therapy have bean f orrnl&tedj  therefore*  tho 
number of new isotopes being tested and the  number of 
new methods being deTSloped have ßherply decreased.*    All 
attention of scientific research and construction is di- 
rected toward ths perfection of the already ©x>. sting 
methods and radiological apparatus. The methods of ex- 
ternal radiation s.re being perfected.    It has he-en found 
that all forms of kinetic radiation er?   more effective 
that static?  therefore, we are now developing these modi- 
fications for telagamma therapy and are constructing ro- 
tating tolegarattia apparatus. 

The use of herd and  super-hard rsys turned out to 
be quite  effective.     They are generated by means of beta- 
trons' of various  constructions and by   linear accelerators 
frora.it to 3;? 1W  (megavolts),    T$>? us? of mogavolt energy 
allows one to  concentrate and evenly distribute  the 
dosage on the tumors-,  sparing the  healthy tissue's and 
especially the  skin« 

■ Nuclear therapy can h&va  soectel application 'With 
the aid of a cyclotron which giver:  a narrow beam of 
alpha particles with an energy close to e billion electro- 
volts«,    Kpelear therapy een be realized on^in Irradiation 
of email areas  (about 1 cm3)   by a  strictly 'localised beam» 
as'for example in the irradiation of ths hypophysis   (ra- 
diological  hypophyfr&ctosny .in tenors 11 wee!  cancer of the 
breast)* 

The methods of short-focus cont&ct-  therapy of 
lntracavitary smd interstitial methods are e.iso being 
perfected»    The forres of rsdioji^tlve pr?ps.rp,ticns >shlch 
are used, in the intreccvitary  -;herapy era beginning to 
change*    ^'ith the rectilinear preparation» of cobalt 
they use also preparetions in the forre of beads of all 
sizes evenly distributed in & plastic iraes  (plastobalt)♦ 
In macro suspensions the beads-   of the plastic bait are 
weighed in a liquid aedla of different specific gravities 
depending on whether they distribute themselves evenly, 
sink, or float«    ?na  testing of these n&n forms of radio- 
active preparations in our institute showed their ad- 
vantage over the old methods» We also use  liquid prepa- 
rations which are introduced into  the cavities  in b& loons» 
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and nev  kinds of colloidal solutions of gold with dif- 
ferent sizes of colloidal particles» etc* For the inter- 
stitial radiation .besides sticking cobalt needles into 
the areas to be irradiated, tha also sew it with hollow 
nylon thread Inside of "which there are pieces of thin 
cobalt wires 

It was suggested to  use sewing .of the swelling 
with nylon tapes, or catgut saturated with radioactive 
phosphorus to facilitate interstitial radiation.« It was 
also suggested to insert; {by shooting) into the swelling 
by means of a special instrument (gun) some special non- 
removable needle* s of radioactive gold» Abroad they in- 
sert through the.operativ© opening into the region of the 
hypophysis radioactive, yttrium confined in t hi rivalled 
needles of stainless steel* 

In. the. branch of internal radiation, tfes thought 
of the researchers took a special bent«. They are trying 
to develop a substance of biological and tumorotropic 
nature which would lead the isotopes which are attached 
to it to the tumors* This idea is close to the idea of. 
neiitrontrapping therapy» This method utilises the ability 
of some, matters to travel from the blood to the different 
tissues with varying velocities* Sines the turn©rotas 
tissue absorbs the different matter move  quickly there 
occurred tho'idea to saturate the tumor with substances 
capable of creating in it induced radioactivity» .For 
this purpose'we are testing boron,, litiiwi and uranium. 
However, this path is still beset-by many difficulties* 

The second outstanding characteristic of the pre- : 

sent.period is the comparative study of the clinical data 
which was obtained by the application of the different 
diagnostic and therapeutic methods«  isolated results 
for the past five to ton years of observation make it 
possible ever now to give a aober avaluation and to assign 
the corresponding place in .clinical practice to each of 
the developed methods« 

■ The third characteristic is the detailed study of 
the reactions of the organism to radiation in any forra, 
the fight, against this reaction and its prophylactics« 
The radiation clinic already possesses several very ef- 
fective means of coabating both the general reaction of 
the organism and the local reaction, of the skin» mucous 
membranes* etc» Suffice it to name only a few such &at 
höBiotransfusion, hormone reaction and medicaments such 
as ffisreamin» propanln, cvstamin^ capherids etc« The use 
of all these diminishes the reaction to radiation, creates 
favorable conditions for radiation therapy, and increases 
its effectiveness*. 
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The fourth  characteristic is the strdy of ths> 
effect of radiation or; the personnel which is working 
with the radioactive energy in medicine and the devel- 
opment of means for their pro tact ion, We should not© 
here the development of the new dos©meters and protective 
devices. In the last three years in our institute alone 
they developed. 18 protective constructions for work with 
radioactive isotopes, such as •>   screens, safes, containers 
syringes» radio-manipulated tables, etc» All of these are 
now in mass production. 

The fifth and the last characteristic of the pre- 
sent period is, that during it, the science of radiology 
has been formulated and organized into a new of thera- 
peutic and. preventive establishments« Here belong the 
formation of X-ray and radiological departments, radio- 
logical groups, at the first aid and epidexnological 
stations, the development of different rules and direc- 
tivesf civilian norms, typical plans for radiological 
departments, etc,, and the preparation of radiological 
divisions in all units. 

Sussti.ar»isdng the development of radiology, in the 
past 15' year a, it Is possible to map out {several immediate 
prospects for its development« 

In the coming years the scientific development of 
clinical radiology will continue in the following basic 
directions. 

1) Perfection of the techniques of radiological 
mathods of diagnostics in the-» field of circulatory ®.n& 
metabolic processes and also the diagnosis of the early 
forms of cancer. For this purpose our' national Industry 
will put out in the nearest future new kinds of radio- 
diagnostic apparatus (scanners, diascins) and special 
probes equipped with oscillating counting devices. 

2) Perfection of the techniques of ail forms of 
radiological therapy, The development of a rotating 
telegamma-apparatus is near about, to be finished,, Soon 
the beta-trons and linear accelerator* will be installed. 
To improve the 'use of the isottcis of intracavitary and 
interstitial therapies there is planned a national pro- 
duction of sets of radiological instruments and apparatus 
for the utilization of macro suspensions and beads. All 
this will allow a wide application of radioactive iso- 
topes; it will enable us to cure the late stages of cancer 
and to remove the term "incurably ill"*. 

3) Improvements in the protection of the personnel 
and the decrease of hamful effects of radiation on the 
patients. Our therapeutic and preventive institutions 
are already receiving sets of protective equipment in 
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accordance with the already developed schedule of de«» 
llw-nTj  of this equipment to the radiological departments 
arid facultiese 

At the present time all efforts are being exerted * 
In ou.f *ootmtry to create conditions for medical radiology 
to .take its rightful place In medicine* 

» 9. 



ICKIZING RADIM10K AiQ FETAL PB.OTECTTGK 

[ Following is the translation cf &?i article by A« F« 
Kiryushebenkov "La S£^t^a2SL--lS'äÄH2-.5H, (Soviet Meat*. 
cine), Vol 2k, 2o 9t Moseo-rf, Septenibsr I96ö» p&gss 
92-9?13 

The study of the effects of »ray and ganraia rays 
on the prenatal'cl-sveiopmeiit  of organises began severs! 
years after Roentgen discovered X-rays  (1-595)  öwä 
Beocparel discovered natural  radioactivity {1&96}« 

Th«  first research or the of feet of iorisrtng ra- 
diation on tbo reproductive calls was conducted by I» P.* 
Tarkbanov in 189&.    Ha noticed that the eg'gs of iRiwpreys 
which wer® subjected  to X-rays ceased to roproduce.     In 
1901 there app-sared. tho first arviouneernert by Barr and 
Bulle  concerning the unfortunate outcome of the prog- 
nancy of a young -woran fetter  sha  had b-»<»n X-rayed in the 
•pelvic region* 

Beginning in the twenties and thirties of the 
present century nurr>sroua obsor*r&tions? wore published oxi 
"the outcome of pregnancies of vornan, who *«?sre subjected 
to radiation at diffarord. £•? ag&s of pregnancy«     It was 
noticed that  the exposure to radiation of the polvic 
region of pregnant women often, led  ho the death of the* 
fetus«    This observation made  it coysibl©  fcr E..  A# 
Arkhangalsskly, A. Mayer,  B, Genaorl*  K, Widmer and 
others  to us© X-rays as a tie ans of interrupting preg- 
nancies» 

Many res®arohors wore studying the anomalies of 
development of different organs and  systoros of children, 
fooihi to mothers who were  exposed to radiation.    L* F« 
Drissen,  L.  Zappert.»  D.  p, Murphy, M.  de Renyi,  K, W, 
Jones and 'W. Moil brought together and  systematized a 
greater part of tbo available information or frequency 
and kinds of defo.rrd.ty in children who wore exposed to 
radiation ir> their pro-natal state»    The frequency of 
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r^,".4 •ßnasö &Doi«Äi.3.0fj ma. a maß esöixi.©.T3.ori! it-oia iru to >u «■ 
60 per eent* Among, thss« anomalies tfaa ernes most often 
©eaurrlng weye aisrocephalia .and mlöFophthalamia* 

After the S«eond World V&15 4#t& WAS published on 
the outcome of pregnancies of w>men who %?&v& subjected 
to the explosion of atomic bombs In Hiroshima ape! Naga«> 
sakl*    J* S. l£Hnö.aakI, S*-W, Weight, P* M* Wright and 
0« W» G-1-oHsi.ar stated that pregnant women who were iß the 
radius of 1200 «* 2000 setarg fyors the hypocenter had In« 
Tolimtary abortions, aiid stillbirths»    Tfc© children who 
were bora were found to have speech aef®otsf Kilaroe«^ 
phalle idiocjj, cataracts and otter anomalies of äerel-» 
©pa© at* 

Tbu®a  the majority of the people studying the 
influence of ionising rays on the fetus seers to agres 
that exposure to irradiation at tim time of pregnancy 
constitutes a direct danger to the offspring«    The.ex- 
posure' to radiation ie mors daagafotis during th.© first 
half of pTegTiimoj than chairing tba second*    ^he result 
of 'exposure to radiation can m@&n ,tfce death of the :f«a-tiag 
or th© birth of &n offspring with cliff ex*ost anoiaalie® of 
development* 

The ellrdeal e3jp@F3.ment® on the high sensitivity 
of the  hasma »mbryc to  the effects of ionising radiation 
w©^© supported by the results of experiments on animals« 
This experimentation jsade it possible to establish 
several regal&r patt&rns i?$ the relationships between the 
r&dl©active energy &o£ eKbpyogeassis*     In 1906 S9 .G. 
Zapetskiy studied'in detail'the effect of X-rays on the 
ovaries and the course of pregsaney in animals1    He 
i«aistala@d that the follicular apparatus of the ovaries 
has a high sensitivity to yadloaativity*    The exposure 
of ttaa oYBS?$.es  of tfc® rabbit to radiation during the 
first &RJB of pregaaoey almost always results  In intra« 
«,t@rine death of the embryo«    This/the author explainst 
is the result of sot only the isjut'y to the ovaries but 
also tbs 2»®suit ■ of the dii»©et effect of X-reTa  on th«, 
embryo itself, ' *     ■ 

Ye. I, Voroblova, L* B. Rusaol, ¥» L.  Rnaaal and others" 
established a definite correlation botwsen the deceit' 
of exposure fco radiation» the stage of embryonic devol« 
opmorrb and the sensitivity of tm embryo to* the  effects 

Wmn fcb.3 animals  ara @xpo8©4 to radiation during 
the first periods of pragnancy (dosage 200 r.}, we c&n 



observe a  high mortality In the intr^-t-erlne' enforyoa* 
how&vesr»  those  surviving were  toi"a vUa no apparent  sign® 
of damage duo to radiation»    The exposure to X-r&ya of 
the same Intensity during the period of differentiation 
of organ's and tissues of the embryo results in high fre- 
quency of abnormalities of derolopi&ent and. a high mor- 
tality rate after birth»    Exposure to radiation in the 
late period of gestation leads  to the irradiation disease* 
in the offspring (strong hypo trophy,  hemorrhages,  leuco« 
ponia, and anemia)* 

The different outcomes of pregnancies which were 
observed in the experimental animals vhich received 
equal dosage of ionising radiation depend upon the dif- 
ferences In the sensitivity of the embryo to the effects 
of radiation* 

At the early stages of development the'embryonic 
cells quickly undergo irreversible changes under the 
influence of penetrating ray a'.    As a result of that the 
number of intrauterine deaths is high* 

We notice that at the time of organoganesia  there 
exists a process of selective injury to those organs 
and tissues which at the moment of expo surft are in a 
state of heightened differentiation and metabolism.    Most 
often radiation affects  the  nervous system, and th© eyes 
of the mebryo which points to the  higher sensitivity of 
the ectoderm to radiation* 

In the  later gfcages of embryo gens sis,  in co ranee» 
tlon with the end of morphogenesis *  the sensitivity of 
the embryo to radioactivity is considerably lower.    Ex- 
posure to radiation in this period of prenatal devel- 
opment does not cause  high mortality of the fetusj  nor' 
doss it cause deformity«    However,   the offspring  show 
the  symptoms of irradiation disease* 

Bach'organ (or system of organs)  at certain times 
has a heightened sensitivity to radioactivity.    At these 
tiw.es even a relatively low dose of radiation*  not higher 
than 25 r«,  causes anosialles of developKsent»    These em« 
bryonlc periods of greater sesi?;itivi ty to radiation are 
called critical periods. 

For diagnostic examinations the X-ray dose varies 
from 5 to 10 r«    Therefor©,»  euch examinations of pregnant 
women at the critical period of embryonic development 
may have deleterious effects on the growth and formation 
of the fetus * 

Which period of prenatal development of the   human 
embryo is the most dangerous in respect to the appearance 
of dasaa&e by radiation? 
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think that fi»©^ the seeond to  seventh week of ppegaasey 
is the danger period*    The chances of daaag® to.th© braaan 
embryo h&r& aw bigbsst»    Therefore» when X-r&j examina- 
tion of the pelvic region of pr@g*5&!ßt %»os?.en during, th® 
@«<ly period of pregnancy is insvitables the do sag® 
should not exö&Bti 1 a?* 

K"Offiej?ous experiments 'and eliriieal observations 
. showed that  tfc-.a disruptions of the »m'bpjorsle d«v®lopmant 

earn to® caused not onlj by the «mission of radiation &i» 
reetly on the esbf'yo but" also indirectly by"   th® ohang®a 
which take plan in the organ!©B of the mother* ■ 

K. -A« Kalinins., A* D, Bnkha^tsoira, and. others 
havd shown im their» ©xpe^iraents on. pregnant Animals ©x** 
posed .-to ra&l&tion that the se^e-e&ing of the .pregnant 
uterus during general X-ray ©srposur© doe a not prevent 
the. appears.»»« of X«i»&y damage'in the da¥© loping embryos« 
W* Pl&skßffip quotes a case wfo®3?« a patieat in her* second 
and third months of pr@gnan.ej was subjected >.to -X»ray 
thar&py et® a 1*0 suit of cano»r of tba iMiimarj gland« 
Three _months after births the child was diagnosed fits 
microceph&llc with extensile daisag© to the eyss»    H» 
Bai ley-*  E, J* Bagg, Schul»««*B©xfgf/'and others describe 
similar cases« 

The esssi»« of the effoots of in&irsot radiation 
'is tb.s- fact that under» th© Influence* of radiation the 
metabolism of th© «other*s body 1®-disrupted,,    These 
disruptions ©ecus* in th© v&rj important f@rs?.esafeative 
pToq^ams» th© formation arid circulation of blood» and 
permeability.    Toxemia and aiitoinfeotion also develop. 
Changes in' the pl&oenta which are e&ysed by esqposio?© 
©f pregnant women to radiation also  have .deleterious 
effects on the fetus CM« le Evusneisova.)* 

All these ehstfigss  in the mother's övg&nl&m and in 
the placenta c&uss disruptions of th® proper conditions 
for development of tha -fetus and inoreas© the effeefcg 
of dis^aet ionising radiation* 

Because* of high sensitivity of the fetus to ss&»» 
dlation,  it is necessary to develop effective means of 
protecting it«    On© of the forms of suoh protection 
against ionizing radiation ie Injeotion of &nfci»3*B&iatioa 
chemical substances*- 

It tlm present tima w® know a great number of' 
different chemical compounds which, when used ps*ophy lac- 
tic lys weaken the- dasa&ge from radi&tion and speed up th© 
proems» of recovery of damaged functions of the organism« 
Included in such eoiBpounds are stiostanees which form met- 
hemoglobin (sodiuai cyanide?  sodium aside $ malononltril), 
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narcotic  subst&BC6S  of  central 'n.na por:;pher-a! action 
(diethyi ether's  etho»*barb&;Kyl ana a the tic} ,  sympathetic 
and parasympatfaetlo substances  (adrenalin,  aeetyl«- 
choline),  hormones (estrogens., AOTH), sulphur-containing 
compounds  (glutathione*  tbiour#a, uaithtole*  cysteine* 
cystamine,  eyste&Biine) * and several others» 

All substances which have  anti-radiation qualities 
possess certain properties in common»    ^hey are effec- 
tive only if introduced before irradiation!   in order to 
have an effective protective action you have to use large 
doses of the prepare lion.»    Lastly an essential precondi- 
tion for the realissetion of chemical protection is the 
presence of oxygon in the immediate surroundings, 

Of all such chemical protective  substances tha 
best known are the  sulphur-containing compounds«    Among 
the  sulphur-containint compounds the most affective is 
cysteamin (a Soviet -preparation called mercamln)  and 
cystamin* 

According to the data of V0 p4 Korotkova,  H. 
L&ngeniorf, R* Koch, H*  Sauerf  D* G. Doherty, W. T, 
Burnettt H. Shapira and others., isiercaatln is effective 
In preventing death in hfi - 100 per cent of the animals 
which ware exposed to a lethal doss of X-raya» 

The defensive chemical substances do  not prevent 
Irradiation illness however, but tha animals do seem to 
show a quicker return to noraal wsight,  a  speeding up of 
regeneration'of bone marrow,  liver>   spleen and the in- 
testine. 

It is interesting to note that the prophylactic 
introduction of mereamin ha®  a positive effect on the 
regeneration of organs sensitive to radioactivity, but 
does not prevent the aiaasive atresi.a of the follicles 
of animals which wars exposed to a lethal dose of radi- 
ation {P. De salve, Z* Bacq, A,.  Kerve and J.  van Lanker). 

Mercßmln has been used  successfully both in the 
Soviet Union and abroad for the prophylactics end therapy 
of radiation illness in oncological patients who  had been 
subjected to &o®p roentgen therapyft     It was established 
that a  human body can well  take a SCO mg dose of atercawiln 
infcrovenously.    With such an introduction of mere ami n 
the after-effects of radiation illness  such as an upset 
of intestinal functions BTA. leu-.openia disappear«    It ia 
valuable that this prep?rration, while relieving the 
course  of radiation illness» does not decrease the posi- 
tive effect of roentgsn rays on the growth of tumors 
(Z.» BacqK 

The siachaniam of chemical protection ©gainst ra- 
diation is a 7BVJ complex and still net fully understood 
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process*    ^he  sulphur-containing substances exert an in- 
fluence on the different pathogenic aspects of irradiation 
aff&ots.    As. a result of the prophylactics injection of 
th® chemical defense  substances*  the concentration of 
active-water radicals is lowered.»'fctie conditions of hv« 
poxia are created and. a protection of SH-groups of ensynses 
and tissue.-proteins takes place» 

Notwithstanding the positive results of the us© of 
chemical &nfei«»radiation protection in experimental and 
clinical conditions»; thase preparations so far have not 
been used for the protection of the. fetus from ionising 
radiation»    At the same time the danger to th© fetus is 
very great when the mother- comes into contact with a 
source of radiation» 

P, B„ Shapiro announced that she had successfully 
used heroin as a means of protecting nine«- and twelve- 
day embryos of* mice which had been exposed to gaiiBaa« ra» 
diatten Co»0 in 200 r* As a result of this prophylactic 
us© of heroin there was- noted a decrease of iritrautarine 
deaths' and deaths after birth, a normalisation of th® 
processes of growth and a decrease of-deformities» 

R* Hugh,  H» Gludatone, J •■ Maisln,  H, Mallain, A« 
Dnnjie, and P.'Maldaque injected mercamin into pregnant 

' xaioe and rats and then   subjected th»- to X»rays' in 300 
to 700 r* dosagos»    In all cases th© use of merc&min in- 
creased the rate of survival and normalisation of th® 
growth process of the offspring« 

We wer© studying the effectiveness of mercamin in 
the radiation-of rat embryos at the beginning of th© 
organ-formation period (ninth day of development) and at 
its end  (15th day)*    It was noted that its protective 
effectiveness is determined by the stage of embyonic 
development and the dose of radiation«    At  the beginning 
of the organ-formation period when the embryo as- a result 
of active differentiation of organs and tissues has a 
high sensitivity to radiation» 'the prophylactic injection 
of mercamin has almost no effect?  (dose of radiation 3^0 
r«).    Decreasing the dose- from 300 to 200 r»  at the same * 
period of ontogenesis re stilted in a considerable increase 
of live births and a decrease of the number, of anomalies 
in the new-born rats» 

When-jBereassin is introduced at the end of the dif- 
ferentiation period^ when the radio«sensitivlty of the 
fetus is considerably lover,  it increases the number of 
rats born alive  (about two times)  and decreases the 
death rat® after birth«    Besides increasing the survival 
level and decreasing the death rate, th© injection of 
mercamin had a positive effect also  on the progress of 
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of irradiation illnoue-in the nsv-born (less loss of 
weight, absence of & natal a, and a considerably faster 
recovery from leucopoiesis). 

The mechanism of chemical protection of  the fetus  * 
from th® effects of Ionising radiation is virtually un- 
studied.    ,£he protection of the fetus depends "to a high 
degree upon the ability,  spaed and degree of permeation 
of"the protective substances through the placenta.    We 
know that the placenta Is a barrier which prevents »any 
harmful and toxic  substances in the mother's body from 
reaching the fetus* 

V. I.' Bodyaehlna and A, p. Kiryushchenkov studied-- 
the permeation of S35 mercamin through the placenta of 
a rat and its distribution in the organs of the mother 
and  the fetus.    As a result of the shielding quality of 
the placenta,  the amount of marked aulpbur in the mercamin 

•was three to five times lesa in the organs of the fetus • 
than In the mother's organs. 

The permeation of protective  substances  from the' 
mother to the fetus allows us to suppose that with the 
help of sulphur-containing compounds,  it will be possible 
to create an immediate protection of the embryos from 
the direct action of penetrating rays because at that 
none mi» the protective  agent is already in the tissue» , 
of the fetus»    A decrease of anomalies of development 
of the central nervous system of rats born from mothers 
treated by mercamin also points to the possibility of 
such a mechanism.    From the data of S„  P. Hicks? we know 
that the changes in the central nervous system of the 
rat's embryos under the  influence of radiation take place 
very quickly;  soroettrees it Is  a question of several boura« 
Therefore, L. B« Ruaa«! thinks that these changes can 
only be  caused by direct irradiation on the embryo, be- 
cause during  such a short period of time*   the radiation 
illness in the mother's body doe,? not have time  to 
develop» 

The sulphur-containlrig compounds seen to have a 
double effect.    They not only cause  an Immediate protec- 
tion of the fetua but  also seem to have an indirect 
effect on the  development of the  irradiated embryo«,    An 
easier recovery from the radiation illness of the mother 
which ia observed after t ha  prophylactic injection of 

the chemical protectors supports this observation.» 
Thus»  one of the moat Important problems of 

•radioactivity» the  protection of the fetus from the 
effects of ionising radiation,  has«  begun to develop 
successfully«    At the present time we  have proved by 
experimental methods that It is theoretically possible 



to protect the fetus f:^om Irr&dltion davriage by the py-o«' 
phylactlc Injection of ebeKlestl protective compound's» 
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