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Inject ion of l a rge  doses  of cor t i sone  during the per iod of opera t ion  of the mutant  ocular  r e t a r -  
dation (or) gene leads  to i n c r e a s e d  inhibition of growth of the p r imi t ive  re t ina  in o r / o r  mouse  
e m b r y o s .  Small  doses  of the hormone,  if injected during the l l t h - 1 4 t h d a y  of embryogenes i s ,  
l a rge ly  r e s t o r e  the normal  development  of the damaged  re t ina  and other  s t r u c t u r e s  of the eye.  
Pro longed  sa tu ra t ion  of p regnant  f e m a l e s  with va r ious  doses  of cor t i sone ,  however,  had no 
s t imulant  effect  on growth of the re t ina ,  optic cup, or  lens in o r / o r  e m b r y o s .  The adrena l  
g lucocor t i cos te ro id  cor t i sone  thus modi f ies  the e f fec ts  of the or  gene in homozygotes ,  s t im-  
ulat ing growth of the re t ina  or  inhibiting it st i l l  m o r e  in the embryonic  per iod of development  
of mice .  

Steroid ho rm ones  of v e r t e b r a t e s  af fec t  va r i ous  t i s sues  and o rgans  and produce changes  in in t raceUu-  
l a r  m e t a b o l i s m .  In pa r t i cu la r ,  s t e ro ids  such a s  cor t i sone  and hydrocor t i sone  control  the functional act iv i ty  
of the genome at  the l eve l s  of t r an s c r i p t i on  and t r ans la t ion  of genet ic  informat ion  [6-12]. The ro le  of these  
ho rmones  a s  r e g u l a t o r s  of gene act !vi ty  in m a m m a l i a n  ontogeny has been inadequately studied. 

This  p a p e r  d e s c r i b e s  a study of the effect  of cor t i sone  on e x p r e s s i o n  of the mutant  ocu la r  r e t a rda t ion  
gene in the embryonic  per iod of deve lopment  of mice .  

E X P E R I M E N T A L  M E T H O D  

E x p e r i m e n t s  w e r e  c a r r i e d  out on mice  of the mutant  ocular  r e t a rda t ion  line. The au tosomal  r e c e s -  
sive ocular  r e t a rda t i on  (or) gene inMbits  p ro l i f e ra t ion  of the re t ina l  ce l l s  of the eye in mouse  e m b r y o s  [2] 
and pro longs  the G i per iod of the mi to t ic  cycle [3]. F o r  this  r e a son  the mi to t ic  index of the developing r e t -  
ina was  used  a s  the bas ic  t es t  of changes  in the ef fec ts  of the or  gene. Homozygous  (or /or )  f e m a l e s  weigh-  
ing 25-27 g were  c r o s s e d  with o r / o r  males ;  the day of d i scove ry  of a vaginal  plug was taken a s  the ze ro  day 
of p regnancy .  Cor t i sone  (cor t isone aceta te ;  N. V. Organon-OSS, Holland) was  diluted to the r equ i red  con- 
cen t ra t ion  with 0.857c NaC1 solution. The hormone  was  injected into p regnan t  f e m a l e s  in doses  of 0.25, 1.0, 
o r  2.5 mg p e r  mouse .  The suspens ion of co r t i sone  ace ta t e  was  injected in t r ape r i tonea l ly  in a volume of 
0.2 ml  during the 8th-10th, l l t h -14 th ,  or  9th-14th days of p regnancy .  The control  (intact) a n i m a l s  r e ce iv ed  
in jec t ions  of physiologica l  sal ine at  the same  t imes .  No f ewer  than ten e m b r y o s  ( f rom th ree  mothers ) ,  aged 
15 and 18 days,  w e r e  taken f r o m  the expe r imen ta l  and control  g roups  for  his tological  examinat ion.  Mate-  
r i a l  was  f ixed in C a r n o y ' s  fluid. Ser ia l  t r a n s v e r s e  sec t ions  5 p in th ickness  we re  stained with C a r a z z i ' s  
hematoxyl in .  The mi to t ic  index (in percent)  was  de t e rmined  by counting 4500-5000 ce l l s  in the re t ina  of 
15-day e m b r y o s  or  7000-9000 ce l l s  in the s a m e  t i s sue  of 18-day embryos ,  a s  well  as  the number  of ce l l s  
(nuclei) in th ree  or  four  sec t ions  through the cen te r  of the re t ina .  The s ize  of the optic cup and the lens  
and the th ickness  of the re t ina  w e r e  m e a s u r e d .  The numer i ca l  r e s u l t s  were  analyzed by the F i s h e r - S t u d e n t  
method.  
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E X P E R I M E N T A L  R E S U L T S  

Cor t i sone  if injected in a dose of 2.5 mg into f ema le s  on 
the 8th, 9th, and 10th days  of pregnancy  inhibited growth of all  
s t r u c t u r e s  of the eye of the 15-day o r / o r  embryos .  In these  
embryos  there  was a dec rea se  not only in the th ickness  of the 
re t ina  {by 27.5~c) but a lso  in the number  of ce l l s  {by 18.1%) in 
it, although the mitot ic  index was 47.3% higher than in the con-  
t ro l .  The r ea son  for  the high mitot ic  index observed  in this 
s e r i e s  of expe r imen t s  was evidently the compensa to ry  growth 
taking place at the end of the inhibi tory act ion of this  dose of 
the s te ro id  hormone (Table 1). Injection of cor t i sone  ina  dose 
of 2.5 mg s t imulated growth of the p r imi t ive  re t ina  only on 
the 9th and 10th days  of development .  F o r  instance,  the num- 
be r  of cel ls  in the re t ina  of the 15-day embryos  was inc reased  
by 19% while mitot ic  ac t iv i ty  ro se  by 20% (Table 1). In doses  
of 2.5 mg or more ,  and if injected during the 8th, 9th, and 10th 
days  of pregnancy  into the mice ,  the hormone evidently poten-  
t ia ted the ef fec ts  of the or  gene. This  i s  conf i rmed by inves t i -  
gat ions [6, 12, 13] showing that  injection of the adrena l  s te ro id  
cor t i sone  or  of hydrocor t i sone  induces p r e m a t u r e  synthes is  
and ac t iva t ion  of the enzyme glutamine synthetase,  which is  
accompanied  by a c c e l e r a t i o n  of re t inal  different iat ion in chick 
embryos .  Inject ions of cor t i sone  in a dose of 0.25 mg during 
the 9th and 10th days  of pregnancy had a s t imulant  effect  on 
p ro l i f e ra t ive  p r o c e s s e s  in the re t ina .  However,  the s t imula -  
t ion of growth produced in this  case  by the s teroid  was  r a t h e r  
l e s s  than a f t e r  injection of 2.5 mg of the hormone at  the same 
t imes  of pregnancy  (Table 1). 

If injected in a dose of 2.5 rag during the l l t h ,  12th, 13th, 
and 14th days  of e m b r y o g e n e s i s  cor t i sone  inhibited re t inal  de-  
ve lopment .  The number  of cel ls  in the re t ina  of the 15-day 
e m b r y o s  was reduced by 38.5~ compared  with the control .  
The d imens ions  of the optic cup and lens and the th ickness  of 
the ret ina a lso  were  l e s s  than in intact  embryos  (Table 1). In- 
jection of the s te ro id  in a dose of 2.5 mg both on the 8th, 9th, 
and 10th and on the l l t h ,  12th, 13th, and 14th days  of p r eg -  
nancy intensif ied the inhibition of growth of the re t ina  in the 
o r / o r  e m b r y o s .  This  s imi l a r i ty  between inhibition of growth 
of the p r imi t ive  re t ina  was probably  due to the specif ic  c h a r -  
a c t e r  of act ion of cor t i sone  at individual per iods  of the cei l  
cycle .  According to the l i t e ra tu re  [1, 4-5],  high concen t ra -  
t ions of cor t i sone  or hydrocor t i sone  in the m a m m a l  i nc r ea se  
the durat ion of the phase  of DNA synthes is .  It has a lso  been 
shown [11] that  s te ro id  hormones  change the duration not only 
of  the S-per iod but a lso  of the preceding G 1 per iod,  although 
they have no significant effect  on the remain ing  phases  of the 
mitot ic  cycle .  

Injection of cor t i sone  in a dose  of 0.25 mg during the 
11th, 12th, 13th, and 14th days  of p regnancy  led to s t imulat ion 
of growth not only of the affected ret ina,  but a l so  of the other  
components  of the eye. F o r  instance,  the number  of cei ls  and 
mitot ic  index in the re t ina  of the 15-day e m b r y o s  were  in-  
c r e a s e d  by 43.0 and 15.7~ r e spec t ive ly  (Table 1). The d imen-  
sions of the optic cup, lens, and re t ina  were  cons iderably  in-  
c r ea sed .  On the whole the s t r u c t u r e s  of the eye were  be t t e r  
developed than in the control  embryos .  
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Fig.  1. Sections through the eye of 18-day o r / o r  mouse em- 
bryos:  a) control ;  b) a f te r  injection of cor t i sone acetate  in a 
dose of 0.25 mgdur ing  l l t h - 1 4 t h d a y s  of pregnancy.  Carazz i ' s  
hematoxylin,  70 • 

If injected init ial ly in a dose of 2.5 mg on the 9th and 10th days, followed by a dose of 1.0 mg during 
the 11th and 12th days, and, finally, by a dose of 0.5 mg on the subsequent 13th and 14th days of embryo  gene-  
sis,  cor t i sone inhibited growth of the pr imi t ive  re t ina  and the other  s t ruc tu res  of the eye. The number  of 
ce l ls  in the re t ina  of the 15-day embryos  fe l l  by 27.7~ a f t e r  hormone t r ea tmen t  in this way. Injection of the 
s teroid  in a dose of 1.0 mg during the 9th, 10th, l l t h ,  12th, 13th, and 14th days of pregnancy led to some ac-  
t ivation of re t inal  growth. F o r  instance, a small  i nc rease  in the number of i ts cel ls  (by 13.4~) and in i ts 
thickness  (by 11.3%) was observed in this t i ssue  of the 15-day embryos .  The dimensions of the optic cup 
and lens were  indistinguishable f rom the control  (Table 1). Consequently, the prolonged adminis t ra t ion of 
cor t i sone  had no stimulant effect  on the growth of the main components  of the eye. Large  doses  of the hor-  
mone, injected in the ear ly  stages (8th-10th day) of development,  intensified the inhibition of growth of the 
affected re t ina  in the o r / o r  mouse embryos .  

The growth-s t imulat ing effect  of cor t i sone  on the pr imi t ive  re t ina  became significantly more  marked  
with the increas ing  age of the embryos .  Restorat ion of normal  development of the ret ina in the 15-day em-  
bryos ,  observed  as the resu l t  of injection of the s teroid  in a dose of 0.25 mg on the 11th, 12th, i3th, and 14th 
days of pregnancy was more  marked on the 18th day of embryogenes is .  The dimensions of the optic cup, 
lens, and re t ina  of the 18-day embryos  were  much g r e a t e r  than the corresponding dimensions in the control  
(Fig. 1). 

Small doses  of cor t isone,  if injected during the l l t h -14 th  days of pregnancy,  thus had the most  nor-  
mal iz ing effect  on growth of the affected ret ina in o r / o r  mouse embryos .  Injection of large  doses  of the 
s tero id  hormone, whether  in the ear ly  (8th-10th days) or  late ( l l th-14th  days) of development of the p r imi -  
t ive ret ina,  led to marked  potentiation of the effects  of the mutant or  gene.  
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