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A m a r k e d  d e c r e a s e  in the dimensions  and dry  weight of the cy top lasm and nucleus of neurons  in the 
ganglionic l aye r  of cor t i ca l  a r e a  F p m  was found in r a t s  developing under the conditions of hypo- and hyper -  
thyro id ism.  

A deficiency of thyroid hormone  in the ear ly  s tages  of m a m m a l i a n  ontogenesis  causes  m a r k e d  delay 
in development  of the cent ra l  nervous  sys t em [10, 11, 15]. It  has been shown that the r a t e  of DNA-dependent 
R N A - p o t y m e r a s e  r eac t ions  in the l i ve r  cel ls  of young animals  with hypothyroidism is much s lower  than 
normal .  One r e s u l t  of this is a lower  r a t e  of prote in  synthes is  [17]. It  has also been shown that prote in  and 
lipid synthes is  play an impor tan t  ro le  in growth and different ia t ion of the developing brain .  

The object  of this invest igat ion was to de te rmine ,  by means  of i n t e r f e rome t ry ,  changes in the dry  
weight of cor t ica l  neurons  in the ea r ly  postnatal  development  of r a t s  with hypo-  and hyper thyro id i sm and 
to compa re  them with normal .  Since the dry weight of the cel l  cons is t s  pr incipal ly  of prote in  m a t e r i a l ,  
changes in the dry  weight of the neurons in an imals  with hypo- and hyper thyro id i sm could indicate the p r e s -  
ence of d i s turbances  of protein synthes is .  

EXPERIMENTAL METHOD 

Experiments were carried out on albino rats in a normal state aged I, 7, and 24 days, on rats with 
hypo- and hyperthyroidism aged 24 days. Hypothyroidism was produced in newborn rats by intraperitoneal 
injection of methylthiouracil into lactating females as an aqueous suspension in a daily dose of I00 mg for 
7 days after parturition and then in a daily dose of 70 mg until the end of the experiment. Hypothyroidism 
in the young rats was judged from the presence of a characteristic goiter response and the histological pic- 
ture of the thyroid gland. Hyperthyroidism was produced by daily subcutaneous injection of 2 pg L-thyrox- 
ine into the young rats from the first day after birth until the end of the experiment. 

Pieces of brain were fixed for 2.5 h in a mixture of basic formalin, 96 ~ alcohol, and glacial acetic acid 
in the ratio 3:1:0.3 [2], which preserves the structure of tissues well and causes little change in the dry 
weight of cells. With comparatively rapid processing before embedding in paraffin wax (4 h) little deforma- 
tion was caused of the cell structures, which were well preserved. Serial sections were cut to a thickness 
of 5 p .  

Neurons  in the ganglionic l aye r  of cor t ica l  a r e a  F P  m,  using SvetukhinaVs c lass i f ica t ion  [7], we re  
studied. Fo r  each s tage of the expe r imen t , th ree  an imals  were  sac r i f i ced  and 100-120 cel ls  we re  m e a s u r e d .  
The phase  shift  was de te rmined  in an in t e r fe rence  m i c r o s c o p e  [2]. The a r e a  of the cel ls  was m e a s u r e d  by 
a p lan imete r  f rom drawnpro jec t ions  of cel ls  stained by NisslWs method with c r e sy l  violet.  The  dry weight 
(m) was de te rmined  in p i cog rams  (10 -12 g) by the fo rmula  [2]: 
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where 6 is the phase shift of the light ray; S the a rea  of the cell or  nucleus; p 
the specific increase  in re f rac t ive  index, amounting to 0.0018 for protein. 

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

The resul ts  given in Table 1 show that the dimensions of the cells and 
also their  dry weight under normal  conditions increase  p rogress ive ly  with the 
an imal ' s  age. These resul ts ,  indicating an increase  in the protein content of 
the neurons,  agree well with relat ive quantitative his tochemical  data [1]. Un- 
der normal  conditions the dimensions and mass  of the nucleus in neurons of 
animals aged 1 and 7 days a re  grea te r  than the dimensions and mass  of the  
cytoplasm. At the age of 24 days these proport ions a re  equal, and in fact, so 
far  as mass  is concerned, they may be reversed .  This is evidently a cha rac -  
ter is t ic  feature of many developing cells and of the neuron in par t icular  [5]. 

In animals aged 24 days and with hypothyroidism, a sharp decrease  was 
observed both in the size of the cells,  in agreement  with the resu l t s  of ear l ier  
investigations [11], and in their dry weight. These values were also lower in 
animals with hyper thyroidism than in the contrel,  indicating either that high 
doses of thyroxine were given or  that the velocity of synthetic p rocesses  taking 
place under normal  conditions in neurons is close to the optimum. 

Similar resul ts  were obtained in a study of the dimensions of cor t ical  
cells in the brain  of rabbi ts  with hypothyroidism [4]. However, when guinea 
pigs were  investigated under the same conditions [3~, no significant differences 
were observed between the control  and experimental  animals in the s t ruc ture  
and size of their cor t ical  cells,  presumably due to spec ies-spec i f ic  proper t ies  
of these animals.  

Metabolic effects discovered in the bra in  t issue of ra t s  with hyper thyroid-  
ism are  so var ied  that it is difficult at present  to suggest any single mechanism 
to account for them. Many changes in the developing nervous system in hypo- 
thyroidism are  explained, at least  in part ,  by disturbance of the ability of nerve 
t issue to synthesize protein [14]. In m o r e  recent ly  published papers  this view 
has been confirmed; it has been shown that in hypothyroidism the incorporat ion 
of labeled amino acids into nerve t issue proteins is considerably reduced [13, 
17]. 

The present  investigation also showed that the protein content in neurons 
was considerably reduced. Demonstrat ion of a decrease  in the RNA content 
under these same conditions [12] gives a more  definite idea of the mechanism 
of disturbance of protein synthesis in hypothyroidism. 

It is interest ing to compare  the resul ts  descr ibed above with other effects 
of hypothyroidism. For  instance, severa l  workers  have shown that in hypothy" 
roidism the content of amino acids of the glutamine group [17] and of N-ace ty l -  
L -aspa r t i c  acid [16] in the brain  is reduced, and activity of cer ta in  enzymes is 
depressed:  succinate dehydrogenase,  NADP-H2-eytochrome c 'ox idoreduc tase ,  
acetylchol ines terase  and nonspeciffc ehol inesterase  [6, 12, 15], 7 - a m i n ~  
acid t ransaminase  and glutamate decarboxylase [9], and aspar ta te  aminot rans-  
fe rase  [17]. The view that in hypothyroidism many changes in the developing 
nerve t issue a re  based on a disturbance of protein synthesis does not explain 
the fact that not all the enzymes studied r eac t  to this factor  in hypothyroidism 
[9, 17]. There  are  no grounds at the present  time for suggesting any specific 
relat ionships between the level of thyroid hormone in the body and synthesis  of 
par t icular  enzymes in the neuron.  
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