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The relative concentration of the triiodothyronine (T ) receptors 
in the neuronal and glial nuclei of developing chick is rain have 
been studied. Scatchard analysis indicate that the number of T3 
binding sites in the neuronal nuclei increases from 400 to 1600 
sil.es/nucleus between 7-11 day of embryonic development without 
any concomitant change in the level of glial nuclear receptors 
(130 - 2100 sites/nucleus). Both sites are of high affinity (K = 
1-Z: x IO9 M-l) at all ages examined, The allundance of the T -a 
receptors in the neuronal nuclei and the close coincidence o s the 
period of rise in the level of these receptors in these nuclei 

I 
7-11 day 

1 
with that of maximal neuronal growth and synaptogenesis 

7-13 day suggest that the neurons are the primary site of action 
of T3 in the developing brain. 

The essential role of thyroid hormones in the development 

an1 maturation of mammalian brain has been well documented (for 

re.view, see Ref I). In hypothyroid rat brain, the major lesion is 

in the neuronal differentiation manifested by the formation of 

axons and dendrites (2-5). A vailable evidence (6) indicate that 

hypothyroidism retards the assembly of neurotubules - a. process 

that is required for the growth of dendrites and axons (7-9). 

Th:yroid hormones mediate their effect by interaction with 

specif ie chromatin associated receptor proteins (IO). Brain 

tissue is composed of a variety of cell types. Conceivably, the 

receptors for T3 could be distributed randomly in different types 

of brain cells or localized selectively in certain target cells 

for the hormone. We report here the distribution of receptors in 

the nuclei of the two major cell types of brain, viz. - the neuron 

and the glial cells of the embryonic chick. Ease of availability 
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and freedom from maternal hormonnl influence prompted us to use 

the chick system. Since the embryonic ac,e of 6-11 day of chick 

represent the period of rapid increase in the level of neuro- 

tubule protein (11) and that of ‘7-13 day the period of maximal 

growth of neuronal processes (12), we decided to study the onto- 

geny of T3 receptors in the neuronal and glial nuclei of brains 

covering these embryonic ages. 

KATERIALS AND KETIIODS 
Fertile white Leghorn chick eggs were obtcined from local 

poultry and incubated in the laboratory. L-L 125I] triiodo- 
thyronine (T 
purchased 

), having specific activity 70-80 Ci/m mole! was 
fr ni Bhabn Atomic Research Centre, Bombay, Indla. a 

Unlabeled T3 was obtained from Sigma Chemical Co., USA. 
Preparation of nuclei and their separation into neuronal and 

glial fractions were perlormed at 0-4’C using some modifications 
of the procedure described before (13-17) for rat brnin. Briefly, 
whole brain tissues were homogenized in IO parts (w/v) of 0.32 hi 
sucrose containing hiP buffer (3 mh: MgCl - 1 mhi sodium phosphaLe , 
pH 6,5) and the nuclei elleteti at 7OOxg for 10 min. The pellets 
v,ere suspended in 2.l(hi 7 sucrose and ccntrifu;.ed for 1 hr. at 
58,500xg (for embryonic ages llpto 13 day) or 86,500.x& (for 19-day 
embryo and adult). These pellets of total nuclear population 
were then suspended in 9.0 ml 2.38 hl (for adult) or 2.425 hl (for 
embryonic ages) sucrose - hlP buffer, overlayed with 25 ml of 
2.1 M sucrose containing hlP buffer and centrifuged a-t 58,500xg 
(embryonic ages up to 13-day) or at 89,900xg (for i9-day embryo 
and adult) for 1 hr. in a Sorvall ultracentrifuge using Al-I-627 
rotor. Following centrifugation, the neuroncal and glial nuclei 
appeared at the interphase and at the pellet respectively. These 
two fractions were collected and their identity was confirmed on 
the basis of differences in size, 
ties as described before (12-17); 

morphology and staining proper- 
they were stained separately 

by mixing 1% aqueous toludine blue and 19 p‘arts of nuclear sus- 
pension in 0,32 M sucrose - hlP buffer. For microscopic exami- 
nation and photography, a built-in camera at-tached to an American 
Optical inverted microscope was used. There was 5-10s neuronal 
contamination in the glial nuclei and IO-205 glial contamination 
in the neuronal nuclei and t!iese cross-contaminations were taken 
into account in calculating the receptor : ites per nucleus. 
Nuclear fractions v:c+re tl,cn suspended in 0.32 h; sucrose - 0 25c’ . ,o 
triton-X-100 containing hlP buffer, pelleted at 7OOxg, ?vnshetl 
twice, once with the same buffer v;itllout tri ton-X-100 and then 
with 0.14 M NaCl - 3 mhi hlgC1 - 

8 
and finally pelletc:d at IOOOxg. 

Nuclei were usually preserve overnight at -2OOC prior to 
extraction by vor texicg at 0“C (18) with 0.t Y NaCl - 5 mh! b:gC12 
made ul, in buffer A L 20 m&I Tris-:X1, pII 8.0, 2.9 mh: ED’i’A, 
5.0 mh! mrrcaptoethanol and 10:’ (vol/vol) gl?.cerolJ7 using 1 ml 
buffer per 300 - 350 x 106 nuclei. Af’ter vortexing Tar 40 
r::inrrtes , equal volume of buffer A was added 1.0 the suspension and 
it was clarified by ccnLrifugation at 20,OOOxg for 20 minutes. 
Ali.quots of the extract cere incubated in duplicate mith increa- 
sing concentrations of 1 1251-7 T (0.2-45 x 10-ioM) at 30% for 
40 min to allow dissociat,ion of enc ogenorlsly hound Irormone 9 
followed by 17-18 hr. at O’C as described b\. Schwartz <and Oppcn- 
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heimer (19). Parallel set of tubes were also incubated in 
presence of 1000 fold excess of unlabeled TQ to correct for non- 
specific binding. Bound and free hormones were separated by 
passing through 2.5 ml columns of Sephadex G-25 and the data 
analyzed: by the method of Scatchard (20). 

RESULTS 

Fig.1 shows the representative photographs of neuronal and 

glial nuclear preparations used in the present study. Morpho- 

lo&;ical and size differences between the two types of nuclei are 

similar to those reported for rat brain (13). 

In all age-groups studied (7, 9, 11, 13, i9-day embryo ,and 

adult), analysis of the T3 -binding data of nuclear receptors were 

performed by Scatchard plots. The binding affinities (equilibrium 

association constants) and the binding capacities (expressed as 

tho number of receptors per nucleus) were determined from these 

plots. Fig.2 shows the typical Scatchard plots for nuclei from 

brains of 9 day and 13 day embryos. A single class of binding 

sites, characterized by a single slope was observed in all cases. 

The equ ilibrium assoc iation constants of the neuronal and glial 

nuslear receptors for T3 ranged between 1,3-3 x 10 g M-l and 

Fig.1 Representative photographs of neuronal and glial(G) 
nuclei from 13 day embryonic chick brain. Both types of 
nuclei were stained with toluidine blue and photographed 
under identical conditions using a built-in camera attached 
to an American Optical Inverted Nicroscope. Note that 
neuronal nuclei appeared relatively large and pale with one 
or two well defined nucleoli. The size difference between 
the neuronal and glial nuclei increased progressively with 
age. 
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Fig.2 Scntchard analysis of T3 binding to neuronal (C)--o) and 
glial (U) nuclear receptors of 9 day (A) and 13 day (B) 
embryonic chick brain. AIiquots of nuclear extracts 
corresponding to 70 and 60 x IO6 nuclei for 9 and 13 day 
brain respectiveIy were incubated with 1z51-T3 in duplicate 
in a volume of 1 ml in the presence and absence of IOOO- 
fold unlabeled T3. Sound and free hormone were determined 
as described in Wethods”. 

0.77-2.8 x IO' fv!-' respectively at various ages. These affinity 

constants are comparable to those reported for embryonic chick 

liver (21). 

In contrast to rather constant binding affinity, the binding 

capacity of the neuronal nuclei increased pro;;ressively with age. 

Developmental changes in the T3 -binding capacity of the neuronal 

and glial nuclei are shown in Fig .3, Most interestingly, early 

during 7-11 day of embryogenesis, the receptor content of the 

neuronal nuclei increased 4-fold (from 400 to about 1600 sites/ 

nucleus) but the level of glial nuclear receptors remained essen- 

tially constant at a very low level(130 - 200 sites/nucleus)). In 

the late embryonic phase (II-19 day), the gl ial nuclear receptors 

increased slightly from 200 to 440 sites/nucleus; correspondingly 

the receptors in the neuronal nuclei increased from 1600 to 2000 

sites/nucleus. Finally in the adult brain too, the level of T3 

receptors in the neuronal nuclei (8000 sites/nucleus) is far 

greater than that in thr glial nuclei (1000 sites/nucleus). 
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Embryonic Age i Days) 

Fig.3 Age-related changes in the level of T -receptors (expressed 
;sETra;g :ni~:n~~“;t~~~;“,~!eu~n~;n~h~a~~~~~a~ll the 

indicated ages were subjected to Scatchard analysis and the 
number of sites/nucleus was calculated as described in 
“Methods”. Bar represents the range of variation observed 
between replicate experiments. 

DISCUSSION 

The most important outcome of the experiments presented here 

is the finding that in both embryonic as well as in atiult brain, 

the, receptors for T3 are localized predominantly in the neuronal 

nuc!l ei. Fig.3 indicate that at embryonic ages of day 7 and 9, 

the’ rat i.o of T3 -receptors in the neuronal : glial nucleus is 

abtlut 2 : 1 and 4 : 1 respectively. At all other ages examined, 

the, level of the receptor in the neuronal nucleus is 5-8 fold 

grf:ater tha that in the glial nucleus. Our own microscopic 

observation of total nuclear population indicate that early during 

emllryogenesis (g-11 day) the ratio of the two types of nuclei 

reriains nearly identical a.nd thereafter the proportion of glial 

cell increases reaching about 70-80s of the total population at 

adulthood. This is in accordance with the reports (22,23) that 

mil.osis of chick neuroblasts OCCUI rapidly, between 7-11 day and 

enc.s b) day 12. Evc*n if these developmental alterations in the 

neuronal. and glial cell population are taken into consideration, 
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the majority of the T3 receptors in the embryonic chick brain 

appears to be in the neuronal cells. 

Studies on the ontogeny of T3 receptors using total cuclear 

population of rat brain (11) indicate that the level of t,hese 

receptors is very high in the first two weeks after birth which 

corresponds to the period of rapid neuronal dif fercntjation. OUI 

studies on the level of T3 receptors in the total nuclei of chick 

brain (unpublished data) 8.1~0 intiicnte a similar corresljondence, 

The relative abundance of the T3 receptors in the neuronal 

nuclei, the low level of these receptors in the glial nuclei, and 

the temporal coincidence of the period of increase of the recep- 

tors in the nruronal nuclei with that of maximum ncuronnl proce- 

s ses and synaptofenesis (12) srlg:;est that the n:njor role of 

th?;roid hormone in the developing brain lies in the dif :‘erc:ntiatiori 

and maturation of neurons. 
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