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The development of the response of rabbit fetal tissues to thyroxine was investigated by de ter -  
mining changes in ~-glycerophosphate dehydrogenase activity of the l iver  mitochondria of 
pregnant rabbits and their fetuses during administration of thyroxine at different t imes of preg-  
nancy. Until the 23rd day the activity of this enzyme increased only in the mitochondria of the 
maternal l iver,  whereas in the fetuses it remained at the control level. After the 24th day of 
pregnancy an increase in activity of this enzyme was observed in the fetuses also, where it can 
be explained by the appearance of the response of the rabbit fetal t issues to maternal thyroxine 
at this stage of development, and increasing until the end of pregnancy. 
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A deficiency of thyroid hormones during pregnancy is known to predispose to prematuri ty [5] and it can 
be prevented by timely t reatment  with exogenous thyroxine [12]. However, administration of certain hormones 
during pregnancy, even in therapeutic doses, can lead to the development of various developmental anomalies, 
congenital diseases,  and perinatal mortali ty [3], especially if their  administration coincides with the so-called 
cri t ical  periods of ontogeny [1]. Fur thermore,  many investigations have shown that developmental anomalies 
in children are  associated with diseases of the maternal thyroid gland. Barkhatova [2] found various distur-  
bances, most frequently affecting the CNS and cardiovascular system, less frequently the reproductive, endo- 
crine, and musculoskeletal systems, in one-third of children whose mothers suffered from diffuse toxic goiter. 

The discovery of the role of hormonal factors in mammalian ontogeny, especially in the embryonic pe- 
r iod ,whenprocesses  of development and morphogenesis are  part icularly intensive, must be considered from 
the standpoint of the embryo's requirement of maternal hormones; this implies essential changes in the sen- 
sitivity of the fetal t issues to maternal hormones at different stages of intrauterine development. Thyroxine 
has been shown to increase the oxygen uptake in embryos of intact chickens at all stages of development [10]. 

However, modern views on the mechanism of action of thyroid hormones assume that the change in basal 
metabolism is secondary relative to the induction of nucleic acid and protein synthesis as a result  of interac-  
tion between thyroid hormones and the specific receptor  in the nucleus [15]. One enzyme which plays an im- 
portant role in the regulation of energy metabolism in the l iver cells and the synthesis of which is specifically 
induced by thyroid hormones is mitochondrial ~-glycerophosphate dehydrogenase, by contrast  with the cyto- 
plasmic form of this enzyme [13]. An increase in ~-glycerophosphate dehydrogenase (~ GPD) activity after 
administration of thyroxine correla tes  distinctly with the increase in the ability of the mitochondria to oxidize 
~-glycerophosphate, i.e., with the ~ GPD activity of the l iver  mitochondria [13]. 

The object of this investigation was to study the sensitivity of metabolism of rabbit fetuses to changes in 
the thyroxine concentration in maternal blood as reflected in changes in the ~ GPD activity of the l iver  mito- 
chondria of the fetus and mother at different times of pregnancy. Since thyroxine may have a toxic action on 
the embryo [17], its doses and the times after  administration of the hormone when it caused considerable ac-  
tivation of mitochondrial ~ GPD in the maternal liver, but gave no appreciable embryotoxic effect by the time 
of the experiments, were investigated. 
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E X P E R I M E N T A L  M E T H O D  

Exper imen t s  we re  c a r r i e d  out on 72 p regnan t  chinchil la  rabbi t s .  Thyroxine  was injected in t ravenously  
into the f e m a l e  in a dose  of 5 mg /kg  body weight  24 h before  sac r i f i ce .  Mitochondria w e r e  isola ted f r o m  the 
ma te rna l  and fetal  l i ve r  in 0.25 M s u c r o s e  containing 0.01 M Tr is -HC1 and 0.005 M EDTA (pH 7.4) by the 
usual  method [16]. Mitochondrial  a GPD act iv i ty  was m e a s u r e d  po la rographica l ly .  The incubation medium of 
the mi toehondr ia  contained 10 mM a - g l y c e r o p h o s p h a t e ,  2 mM ATP,  20 mM Tr i s -HC1,  pH 7.4, 3 mM'MgSO4, 
1 mM Na~.HPO4, and 100 mM KC1. To ru le  out any effect  of the deg ree  of coupling of the mi tochondr ia ,  2 ,4-  
dini t rophenol  was added to the po la rographic  cel l  in a concentra t ion of 5 �9 10 -5 M. Pro te in  w a s  de te rmined  by 
L o w r y ' s  method [16]. 

E X P E R I M E N T A L  R E S U L T S  

The r e su l t s  of m e a s u r e m e n t  of mi toehondr ia l  a GPD act iv i ty  in the ma te rna l  and fetal  l i ve r  f r o m  the 18th 
to the 30th days  of p regnancy  inclusive a r e  shown in Tab le  1. Before  the 23rd day thyroxine caused an i n c r ea se  
in ma t e rna l  (~ GPD act iv i ty  without any cor respond ing  inc rea se  in fetal  ~ GPD activi ty.  This  r e su l t  may  be 
in te rp re ted  as the onset  of sens i t iv i ty  to m a t e r n a l  thyroxine in the cel ls  of the fetal  l iver .  The appearance  of 
this r e s p o n s e  evidently r e f l ec t s  the r ead ines s  of the t i s sue  to respond  adequately to the ho rmone  and it is an 
indication of  the need fo r  the ho rmone  to take i ts  pa r t ,  s t a r t ing  f r o m  that  per iod,  in the complex  m e c h a n i s m s  
of cell  p r o c e s s e s .  This  p rob l em  i s  of fundamental  impor tance  to the unders tanding of the pa r t i cu l a r  f ea tu res  
of fo rma t ion  of individual t i s sues  and organs  in the cou r se  of embryonic  development  and the par t ic ipa t ion  of 
individual ho rmones  in this p r o c e s s .  

The r e su l t s  of this invest igat ion demons t r a t e  the high demand of the fetus for  thyroxine during the per iod 
studied and conf i rm the r e su l t s  of a previous  invest igat ion showing an i nc r ea se  in the intensi ty of hormone  
fo rmat ion  in the ma te rna l  and fetal  rabbi t  thyroid  gland at  these  t imes  [8]. The fact  will be noted that  on the 
27th-28th days of p regnancy  the deg ree  of ac t iva t ion  of the t e s t  enzyme was higher  in the fe tuses  than in adult 
rabbi t s .  

Consider ing the r e su l t s  of admin is t ra t ion  of high doses  of KI during pregnancy  (leading to a reduct ion in 
the blood thyroid ho rm one  level  [7]), accord ing  to which the highest  fe ta l  mor t a l i t y  a r i s e s  as a r e su l t  of the 
action of this compound on the 27th day of p regnancy  [6], and a lso  data showing the high r e sponse  to thyroxine 
at  this  per iod,  it can be tenta t ively  sugges ted  that  the l a s t  3 or  4 days before  par tur i t ion  const i tute  the c r i t i ca l  
per iod  of development  in rabbi t s .  The hypothesis  that the developing o rgan i sm is highly sens i t ive  or  has low 
r e s i s t a n c e  to the act ion of s t imul i  is usual ly  linked with the concept  of c r i t i ca l  per iods  in m a m m a l i a n  antenatal  
development  [4]. The c r i t i ca l  per iod of mani fes ta t ion  of the c h a r a c t e r i s t i c  effects  of hypothyro id i sm va r i e s  
for  an imals  of d i f ferent  spec ies :  In r a t s  it is the postnata l  per iod ,  whereas  in sheep it cove r s  the whole of 
per iod ]II of p regnancy  [11]. 

T h e r e  is as yet  no informat ion  in the l i t e r a t u r e  on the sens i t iv i ty  of m a m m a l i a n  embryonic  t i s sues  to 
thyroid  hormones .  Khamidov et al. studied the action of thyroxine on r e sp i r a t i on  and oxidative phosphoryla t ion 
of the l i ve r  and hea r t  mi tochondr ia  of chick embryos  and showed high sensi t iv i ty  to thyroxine in the per iod of 
ac t ive  cel l  d i f ferent ia t ion  in these  organs  [9]. However ,  these  observa t ions  mus t  be cons idered  independently, 
fo r  chick embryos  have no p lacenta  and the i r  development  is independent of the s ta te  of the mother .  

TABLE 1. a -G l yce rophos pha t e  Dehydrogenase  Activi ty (in ~atoms O2/min.  m g  p r ~ e i n )  
of L i v e r  Mitochondria of P regnan t  Rabbits  and The i r  Fe tuses  Following Adminis t ra t ion  
of Thyroxine  to the Mother  at  Dif ferent  T i m e s  of P regnancy  

Day of Number 
pregnancy of ani- 

rnals 

:sin 
21st 
22nd 
23rd 1 ~ 
24th 20 
25th 10 
26th 6 
2~th 6 
29th 4 

control 

7,61+_0,73 
7,76+__2, 11 
5,51+-0,55 
5,24+-0,67 
6,75+_0,88 
5,12+_0,84 

11,48• 
10, 22+- 1,32 
9,75_1,14 

Mother Fetus 

experiment 

11,62• 
12,73• 
8,28+_0, 74 
8,62+_1,06 

11,54+_1,43 
8,12+_0,71 

20,88+_0,99 
17,38+_0,71 
17,50+__0, 85 

in%of 
control 

152,69 
164,05 
150,27" 
164,50" 
170,96" 
158,59" 
174,77" 
170,06" 
179,48" 

control 

7,40+_0,52 
12, 89+_3,35 
9,85+_0,72 
8,02+_0,67 
7,50+_0,65 
9,01+_1,08 

10,00_l, 13 
6,79+_0,17 
7,48+-1,32 

experiment 

6,29___0,29 
10,54+_2,55 
8,91+_0,42 
8,14+_0,70 

11,20_1,01 
13,52_+1,77 
16,40_1,62 
15,32+_0,96 
18, 13• 

Legend. Di f fe rences  fo r  which P < 0:05 marked  by a s t e r i s k .  

in % of 
control 

85,00 
81,77 
90,46 

lO1,50 
149,33" 
150,05 
163,78" 
225,63* 
242,38" 

1652 



For an unequivocal solution to the problem of the role of the placental barr ier  in the present investiga- 
tion it would be necessary to study the metabolic response to thyroxine when given both to the mother and to 
the fetus, and this will be the subject of future investigations. 

The results showing thedevelopment of sensitivity of embryonic tissues to thyroxine administered to 
the mother must therefore be interpreted in relation to the concept of unity of the maternal and fetal organ- 
isms. In order to safeguard the normal development of the fetus during administration of hormonal prepara-  
tions to the mother, the times of pregnancy must be taken into account. 
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