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Numerous investigations have c o n f i r m e d t h a t  there is a risk of injury to the offspring from exposure of the 
mother  to external  ionizing radiat ion [4, 6, 7]. Meanwhile,  the question of radia t ion injury to the embryo as a result 
of the entry of rad ioac t ive  substances into the maternal  organism, pr inc ipa l ly  the long- las t ing osteotropic isotope Sr g~ 
is one of considerable interest. It has been shown that Sr 9~ if  deposited in the mother ' s  body, has a defini te  effect  on 
the  sexual function, the fer t i l i ty ,  and the course of pregnancy of the animals  [2,4]. It has further been established 
that  some of the Sr m entering the mother ' s  body is passed to the fetus through the p lacenta  [5,7-12].  The Sr 9~ accumu-  
lat ing in the embryo acts as a direct  source of internal  irradiat ion.  There is no doubt that the radia t ion hazard  to 

which the embryo is exposed depends on the quantity of Sr g~ passing from the mother through the p lacenta .  

We therefore considered that it would be of  interest to study the quanti ta t ive aspects of the transfer of Sr 9~ from 

mother  to embryos, and at the same t ime  to determine the dose of internal  i r radiat ion rece ived  by the embryos dur- 

ing the period of intrauterine development .  

E X P E R I M E N T A L  M E T H O D  
As exper imenta l  animals  we used albino rats weighing 180-220 g and 5-6 months old. Females  chosen for their 

reproduct ive powers were given a single tntraper i toneal  inject ion of Sr 9~ in equi l ibr ium with its daughter product Ym 
in the form of a solution of the salt Sr9~ The dose in jec ted  was 0.4 ~ C i / g  body weight.  The rats were kept on a 
standard ca lc ium diet  throughout the exper iment .  On the third day after adminis trat ion of  Sr 9~ the females  were 

m a t e d  with males  for 24 h. Females  of another group were mated  on the seventh day after in ject ion of the isotope, 
and at monthly intervals  thereafter .  The onset of pregnancy was de te rmined  by the vaginal  smear  method.  

To de te rmine  the Sr 9~ content of the developing embryos,  the exper imenta l  females  were sacrif iced at various 
t imes  during pregnancy (starting from the seventh day of pregnancy*) .  The embryos were ext rac ted  from the uterine 

cornua and samples  were prepared for rad iomet r ic  analysis. Meanwhile,  the Sr m concentrat ion was de te rmined  in the 
materna l  tissues (femur, blood, p lacen ta ,  soft tissues) and also in the cadaver  of  the rat  as a whole. The Sr 9~ content 

was de te rmined  in control females ,  rece iv ing  Sr 9~ but not copulat ing,  at the same t imes  as in the pregnant rats. 

Females  of  a third group rece ived  Sr ~ by mouth once every three days in a dose of 0.0006 ~tCi/g body weight 

for a period of just over 15 months. The rats were mated  at  different intervals after adminis t ra t ion of the isotope b e -  

gan, and the Sr m content of the embryos and the materna l  tissues was determined.  

In order to restore rad ioac t ive  equi l ibr ium between Sr 9~ and yg0 the ac t iv i ty  of samples from the embryos and 

mate rna l  tissues was measured 14 days after they were prepared.  

The mean data for e a c h  t ime interval  were de te rmined  from the results obta ined in three animals,  The numer i -  

caI results were t rea ted  s ta t is t ical ly .  

The to ta l  Sr m content in the embryos was expressed as a percentage  of the quanti ty of  Sr 9~ re ta ined  in the 
mother ' s  body. The concentrat ion of r ad ioac t iv i ty  in the embryos and in the materna l  tissues was expressed in CDA 

(coeff ic ient  of  d i f ferent ia l  accumula t ion)  units, i .e . ,  in fractions of the dose of Sr 9~ in jec ted  per 1 g body weight of 

the rat. 

* The content of Sr 9~ in the embryos was t echn ica l ly  diff icul t  to measure before the seventh day of pregnancy.  
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Accumulation of strontium- 90 in embryos after 
injection of a single dose of the isotope into the mother. 
The weight of the embryo is magnified. 1) Weight of 
embryo; 2) content of strontium-90. 
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Fig. 2. Change in the mean concentration of radioac- 
tivity in the embryos (1) and the maternal soft tissues(2). 

EXPERIMENTAL RESULTS 
An idea of the changes taking place in the ac- 

cumulation of Sr 9~ in the embryos in the period of in- 
trauterine development after administration of the iso- 
tope to the mother in a dose of 0.4 pC/g  can be ob- 
tained from Fig. 1. The total amount of Sr ~~ in all the 
embryos as a percentage of the activity retained by the 
mother is plotted along the ordinate on a logarithmic 
scale; the period of pregnancy is plotted along the ab- 
scissa on a linear scale. Each point plotted corresponds 
to the mean value for all the embryos of three rats. 

It may be seen from Fig. 1 that with the develop- 
ment of the embryo the Sr 9~ content increased, to reach 
0.2% of the amount retained by the mother on the last 
day of pregnancy. Hence, as the weight of the embryos 
increased, the quantity of accumulated activity rose. 
For purposes of comparison, in the same figure is shown 
the increase in weight of the embryos during pregnancy. 
The gain in weight is plotted on a logarithmic scale, 
and is represented by a straight line, i.e., it is depend- 
ent exponentially on the period of pregnancy. If we 
compare the gradient of the line reflecting the gain in 
weight with that of the curve of accumulation of Sr 9~ 
in the embryos, we may observe that in the initial 
period of pregnancy (approximately from the 7th to the 
15th day) the accumulation of isotope lagged behind 
the gain in weight. Later, on the contrary, the accumu- 
lation of Sr 9~ was ahead of the increase in weight. 

This feature of an intensified deposition of Sr 9~ 
regularly observed in the embryos toward the end of 
pregnancy was associated with the development of os- 
sification [8, 11]. The beginning of organogenesis, and 
especially of the formation of the skeleton, undoubtedly 
played an important part in increasing the transfer of 
Sr 9~ through the placenta. Sr 9~ is a chemical analog of 
calcium and follows the same path in this physiological 
process. This was confirmed by the figures showing the 
change in the mean concentration of radioactivity in 
the embryos in the course of pregnancy (Fig. 2). Where- 
as, before the 15th day, the concentration of radioacti- 
vity in the embryo remained approximately constant 
and did not exceed the level of the Sr 9~ concentration 
in the maternal soft tissues, on the last day of pregnancy 
it was more than three times higher than this level, and 
in .the newborn rat it was actually 5-10 times higher. 

These results were in good agreement with those obtained from experiments on other species of animals [8,10,11]. 
Determination of the accumulation of Sr ~~ in the embryo revealed that the accumulated radioactivity was directly pro- 
portional to the weight of the embryo. On the basis of the figures showing the Sr 9~ content of the embryos on the 19th 
and 20th days of pregnancy, a linear equation of correlation between the weight of the embryo and the accumulated 
radioactivity was deduced: y = 32 �9 10 -S (x -  1160). 

The concentration of radioactivity found in the maternal organs during pregnancy in the experiment in which 
Sr 9~ was given during the three days before copulation, expressed in CDA units, was as follows: in the femur, 1.4 ~ 0.2; 
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Fig. 3. Passage of Sr 9~ across the p lacenta  on the 15th day of pregnancy,  

the la t ter  commenc ing  at different  t ime  intervals after a single (closely 
shaded columns) or after the first of a series of inject ions of isotope (wide- 
ly shaded columns). 

in the blood,  0.0019 :~ 0.0005; in the muscles, 0.0020 ~ 0.0004; in the p lacenta ,  0.0014 ~ 0.0003. The total  Sr 9~ 
content  of the mother  was about 32 ~ 8% of the amount administered.  The effect ive h a l f - e l i m i n a t i o n  period of the 
isotope during this t ime was 200 days for the skeleton (femur) and 10-12 days for the soft tissues. ~/hen these results 
were compared  with those obta ined in the control females ,  the differences were not s ta t i s t ica l ly  significant .  

We used our exper imenta l  results to ca lcu la te  the mean potency of the absorbed dose of internal i r radiat ion of 
the  embryo in the period of intrauterine deve lopment  as a result of the passage of Sr 9~ through the p lacenta .  On the 
last day of  pregnancy its value reached 0.4 t a d / d a y .  This figure was probably exceeded  in the areas of  ossif ication,  
where Sr 9~ was main ly  deposited in the la t ter  part  of pregnancy.  The tissue dose absorbed by the rat  embryo during 
the whole period of  intrauterine development ,  when the isotope was adminis tered  to the mother  on the three days be -  
fore copulat ion,  was approx imate ly  4 tad. 

Data showing the p lacenta l  transfer of Sr 9~ from mother  to embryos at  various t ime  s after a single intra-  
per i toneal  in jec t ion  of 0.4/1 C / g  of the isotope are given in Fig. 3. It is c lear  from this figure that the la ter  pregnancy 

begins  after adminis t ra t ion of the isotope to the mother,  the lower the percentage  of  Sr 9~ accumula t ing  in the embryos 
in re la t ion to that  re ta ined  by the mother.  This relat ionship,  observed almost five months from the moment  of ad-  
min i s t ra t ion ,  was exponent ia l  in form. This result differed to some extent  from the findings of Holmberg and co-  
workers [6]. who observed a decrease in the passage across the p lacenta  in mice  only when five months had elapsed 
after adminis t ra t ion of  the isotope. 

The results of  the accumula t ion  of  Sr m in the embryos after repea ted  adminis t ra t ion are also shown in Fig. 3o 

As a result of this continuous adminis t ra t ion of Sr ~~ to the mother  in smal l  doses, the magni tude  of the p l acen ta l  trans- 
fer when pregnancy began three months after adminis t ra t ion of the isotope started was equal to that observed three 
days after a single inject ion.  If pregnancy began after six months of adminis t ra t ion of Sr 90, its accumula t ion  in the 

embryos fel l  to the level  of (20-24) �9 10-4% of that  re ta ined  by the mother  at this t ime,  and it s tayed at this level  
even when pregnancy started 12 months after the start of adminis t ra t ion of the isotope. 

Hence,  the transfer of Sr 9~ to the embryos after its continuous adminis t ra t ion was almost independent  of the 

t ime  interval  e lapsing from the beginning of its administrat ion.  It r emained  at a r e l a t ive ly  high leve l  under these 

c i rcumstances ,  and therefore it represented a greater  hazard  than in the case of a single inject ion.  

As a result  of the p l acen ta l  transfer of Sr 9~ to the embryo,  a constant focus of internal  i r radiat ion was thus 
created.  This focus persisted after birth of the young rat on account of the prolonged re tent ion of $r 9~ 

As regards the size of  the tissue dose absorbed during the period of intrauter ine deve lopment ,  a t tent ion should 
be drawn to the high radiosensi t ivi ty  of the growing cel ls  of  the embryo. This has been studied in de ta i l  [3, 6, 7], 
but  its l imi t s  have not ye t  been  defined. According to P. G. Svetlov and G. F. Korsakova [4], external  i r radia t ion of 

pregnant  rats with a dose of 30 r caused obvious and numerous disturbances of the normal deve lopment  of the embryos. 
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The vulnerability of the embryos when irradiated on the l s t - l l t h  day of development amounted to approximately 
50%. These workers did not consider that this dose was the smallest that would cause injury. Russell [10] reported 
significant changes in the skeleton after irradiation of a fetus with roentgen rays in a dose of 25 r. Irradiation of the 
embryo in the period of organogenesis may lead to the formation of skeletal anomalies, possibly only appearing in 
later H'fe. The accumulation of 8r 9~ a continuous source of ~ -radiation, notwithstanding the smallness of the dose, 
may therefore lead to serious radiation injury, manifested primarily by its effect on the structure of the skeleton, de- 
velopment of the bones, and hemopoiesis. 

When analyzing these results, we must not lose sight of the possibility of the genetic mutations which may 
arise in practice after irradiation with very small doses. Russell [9] reports that the possibility of such mutations is 
doubled in man by doses of 30-50 r. N. P. Dubinin [1] claims that they may appear after irradiation with a dose of 
only 3 r. 

We cannot, therefore, disregard the amount of radioactive Sr 9~ passing from mother to fetus, despite the ap- 
parent smallness of its dose. The possibility of radiation injury to the developing embryo, and also of the appearance 
of late sequelae and genetic mutations must be taken into account when the risks of the entry of Sr g~ into the human 
organism are being assessed. 

SUMMARY 
Strontium-90, entering the maternal body of rats, passes to the fetus through the placenta. This phenomenon 

intensifies with the development of ossification processes in the embryo and is in direct proportion to the embryo's 
weight. It decreases with the progress of t ime lapse following the isotope administration. Radiation doses received 
by the embryo during intrauterine development are sufficiently high to be fraught with the hazard of essential de- 
velopmental disturbances. 
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All  a b b r e v i a t i o n s  o f  p e r i o d i c a l s  in  t h e  a b o v e  b i b l i o g r a p h y  are l e t t e r - b y - l e t t e r  t r a n s l i t e r -  

a t i o n s  o f  the  a b b r e v i a t i o n s  a s  g i ven  in the  o r i g ina l  R u s s i a n  journa l .  Some  or  all  o f  t h i s  per i -  

od i ca l  l i t e ra t u re  m a y  we l l  be  a v a i l a b l e  in Ens t rans la t ion .  A c o m p l e t e  l i s t  o f  the  c o v e r - t o .  

c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at the  back  o f  t h i s  i s s u e .  
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