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ABSTRACT

The processes of normal development of rat neocortex, and the effects of
premating maternal thyroidectomy or hypothyroidism produced by treatment with
propylthio-uracil (PTU), during pre- and postnatal periods of pup development, and
thyroid hormone supplementation on dam and pup growth, thyroxine (T4) and tri-
iodothyronine (T3) concentrations and postnatal morphological and neurological
parameters of offspring at 5, 20 and 48 days postnatal, and also the effect of
hypothyroidism (PTU treatment) on the length of the neurites with diameters equal to
or bigger than 0.5um, at 48 days postnatal, were investigated. The total number of
cells, neurons and glial cells in the rat foetal or pup neocortices were estimated as the
product of their numerical density (N,,) and the total volume of the neocortex(Vjeo).
Numerical density (N,,) was estimated by using the disector method (Sterio, 1984)
while the volume of the neocortex was estimated by Cavalieri’s principle. Both methods
are unbiased by particle shape, size, orientation and spatial distribution.

i) The results of the pre- and postnatal development of rat neocortex indicate that the
neuronal population stabilises at ~15 million neurons by the 5th postnatal day while
the neocortical volume and glial cell number are increasing postnatally.

ii) The results of comparison of the volume and the numbers of glial cells and neurons
in the neocortices of pups born from normal, sham thyroidectomized (STx),
thyroidectomized (Tx+0) and thyroidectomized with T4 or T3 supplementation
(Tx+T4 or Tx+T3) rats were similar in all groups and at every stage studied. From
the morphological parameters only litter size and dam weight and length were
significantly reduced in thyroidectomized (Tx) dams, with or without thyroid hormone
supplementation, when compared with STx. Dam thyroidectomy reduced pup weight
and length at 5 days postnatal which were corrected at later stages. Radioimmunoassay
(RIA) showed no dramatic difference in the thyroid hormone levels of Tx dams at 20
days postparturition. Pup thyroid hormone levels were also unaffected.

iii) Hypothyroidism (or PTU treatment) during pregnancy and postnatal developmental
stages decreased the volume of the neocortex at all of the stages studied. Although,
T4 or T3 supplementation partially reversed this effect at certain stages, the differences
remained significant. Generally hypothyroidism (or PTU treatment) reduced litter size,
dam and pup weight, volume of the neocortex and the number of glial cells in the
neocortex. The latter effect was most marked in the 48 day rat born from hypothyroid
(or PTU treated) dams.

iv) Comparison of the mean total length (L) of neurites in the neocortex of rats treated
with PTU, during pre- and postnatal periods, and born from hypothyroid (or PTU
treated) dams with pups born from normal dams indicates that hypothyroidism (or
PTU treatment) reduces, significantly, the total length of neurites; myelinated and
unmyelinated, in the neocortex. Also it was found that the mean length density (.'.v)
of all myelinated neurites, bigger or smaller than 0.5um diameter, was higher in
control rats when compared with PTU treated rats.

The results of the present investigations support the contention that the growth
and maturation of the foetal brain is dependent on the maintenance of normal levels of
T4 and suggest that maternal T4 has a role in the early growth and brain development
while pup T4 acts the late growth, brain development and maturation.
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CHAPTER 1

INTRODUCTION

1.1 - THYROID HORMONES
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1.1.1- HISTORY

The relationship between cretinism and goitre, and a state of mental deficiency in
man has been well known for many centuries to villagers in Alpine Europe (Hetzel and
Hay, 1979; Hetzel and Potter, 1983). The belief that the thyroid influences neural
development was due to the observation that in human cretinoid babies, the thyroid
fails to develop normally. However, the aetiology of that was not recognized for a long
time (Hamburgh, 1969).

Anatomists of the fifteenth and sixteenth centuries described the thyroid gland in
detail, and an enlargement of the thyroid gland as the anatomical basis for goitre was
subsequently noted. In 1918 Kendall isolated the active component of the thyroid
which he redundant it thyroxine and proposed its chemical structure. Thyroxine was
later isolated from the thyroid gland in pure form. In 1952 tri-iodothyronine was
synthesized and found to be more active than thyroxine. It was then suggested that
tri-iodothyronine was the peripheral physiological hormone and thyroxine its precursor
(Pitt-Rivers, 1978; Hadley, 1988).

Although, there are many reports which indicated the relationship between
thyroid deficiency and mental retardation, the actual investigations on the role of
thyroid hormones on brain development were started in the second half of this century,
so that in 1952 it was stated that there was very little direct evidence to prove that
hormones act upon the nervous system (Beach, 1952). The first report of a direct
effect of thyroid hormone on nervous tissue, in vitro, was presented by Hamburgh,

Lynn and Weiss (1964).
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1.1.2- GENERAL EFFECTS OF THYROID HORMONES

It has been shown, a long time ago, that amphibian metamorphosis is primarily
under the control of thyroid hormones. Thyroxine (T4) has far-reaching effects on
numerous target tissues and induces morphological and biochemical changes, including
the resorption of the tail and gills and changes in the character of the skin and most of
the systems, including nervous system (Raff and Kaufman, 1983). Inhibition of the
action of thyroxine in embryos of salamander Eleutherodactylus with thiourea produces
some abnormalities in metamorphosis; the pronephros fails to degenerate, the tail is
not resorbed and the egg tooth is not lost. The converse experiment of administering
thyroxine to embryos of Eleutherodactylus causes premature resorption of pronephros and
tail (Lynn, 1947; Lynn and Peadon, 1955).

The extensive literature suggests the necessity of thyroid hormones or iodine for
normal growth and development. Potter et al. (1981) compared the role of iodine
deficiency with thyroid hormone deficiency in the rat, guinea pig and sheep and found
that iodine is necessary for normal development of the central nervous system (CNS)
(Potter, McIntosh and Hetzel, 1981). Before that, in a controlled trial, the necessity
of iodine for normal development of the CNS in the human foetus was established
(Pharoah, Buttfield and Hetzel, 1971). It could implied that iodine acts through the
thyroid gland in the production of adequate supplies of thyroid hormones. However,
other evidence indicated that foetal hypothyroidism is not associated with the syndrome
of endemic cretinism (Pharoah et al., 1971; Pharoah, Delange, Fierro-Bentiez and

Stanbury, 1980). In these circumstances it was suggested that iodine itself may be
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required for early brain development (Pharoah et al., 1971).

One of the results of the absence of iodine or thyroid hormones is severe growth
retardation, which was associated with the arrest of bone elongation and delayed
ossification of the growing bone centers or epiphyses as well as retarded bone maturation
(Scow and Marx, 1945; Potter et al., 1981; Hadley, 1988; Hetzel, 1989).

One cause of growth retardation is due to the absence of circulating levels of
somatotrophin (STH). Nevertheless, administration of STH to hypothyroid individuals
is without effect if thyroid hormones are not also given. Somatotrophin (STH)
secretion which is diminished in the absence of thyroid hormones is renewed when
thyroid hormones are administered. Scow and Marx (1945) found a greater response to
growth hormone when thyroid hormone was present. It was found that there is an
association between thyroid deficiency and an impairment in growth hormone secretion
and growth hormone pituitary content (Solomon, Bird, Ling, Iwamiya and Young,
1967). Thyroid hormones are specifically capable of modifying pituitary growth
hormone levels, the effects of a deficit of which in association with hypothyroidism can
be reversed by administration of thyroid hormones (Scow and Marx, 1945; Geel and
Timiras, 1970b). Thus, the role of thyroid hormones in normal growth is twofold:
they are required both for the production of STH and for its systemic actions.
Thyroid hormones not only affect the secretion and biological action of STH, but also
they have a permissive function and are required for the normal action of other
hormones on target tissues (Scow and Marx, 1964; Hadley, 1988).

Other evidence suggested the necessity of thyroid hormones for normal growth and
maturation. Thyroid hormones are required for normal ovulation and maintenance of
the embryos during pregnancy, so that maternal thyroid deficiency decreases the

number of viable embryos, and reduces the body weights of the individual embryos in
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the rats from thyroidectomized mothers (Morreale de Escobar, Pastor, Obregon and
Escobar del Rey, 1985). More recently it has been reported that there is a correlation
between the decrease in growth velocity and serum thyroxine levels (Leger and
Czernichow, 1989). In the early postnatal stage, the body weight as well as cerebral
weight of hypothyroid rats decreases in comparison with controls (Pasquini, Kaplun,
Garcia Argiz and Gomez, 1967; Krawiec, Garcia Argiz, Gomez and Pasquini, 1969).

The other important deficit of the absence of thyroid hormones is mental
retardation. Thyroid hormones are required for the normal development of the brain.
Previously it has been reported that there is an increased risk of mental retardation
(Man, Holden and Jones, 1971), deaf mutism, spastic diplegia and strabismus (Potter
et al., 1981; Pharoah, Connolly, Ekins and Harding, 1984; Hetzel, 1989) in children
of mothers who failed to obtain the normal rise in plasma thyroxine level during
pregnancy. Thyroid hormone deficiency causes a decrease in protein synthesis,
decreased myelinogenesis, and retarded axonal formation. These developmental
processes, unlike general body growth, are irreversibly compromised and lead to
mental deficiency, as is evident in cretins (Hadely, 1988). Hamburgh, Sobl, Kobline
and Rinestone (1962) mentioned that thyroid hormone must influence subsequent
postnatal processes of differentiation and stated that “thyroxine changes the neural cell
growth from a proliferative to a differentiated phase” (Hamburgh, Mendoza, Burkart
and Weil, 1971a and b).

At least two very important steps in brain maturation; neurite outgrowth and
myelination seem to be controlled by thyroid hormones. Neurite outgrowth is an
essential and early event in differentiation that is common to all neurons and that will
allow the formation of the interneuronal contacts; ~1000 contacts for each nerve cell in

rat brain, which is followed the other important aspects of the differentiation process;
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forming different sorts of synapses, myelination, etc... (Nunez, 1984). Thyroid
hormones also accelerate axonal regeneration in the cerebrum of lesioned adult rats and
the hormones appear to be selectively concentrated within nerve terminals (Hadley,
1988).

All these observations point to an important role of thyroid hormone during the
critical period of CNS development, during which, changes in the level of thyroid
hormones can cause either transitory acceleration or delay of some aspects of neural
maturation.  In the rat, this critical period extends over the first 20 days of life
(Winick, 1969; Dobbing, 1970) and thereafter neither thyroidectomy nor thyroid
medication to the neonatally thyroidectomized rat can change the course of development
or reverse some of the damage to the maturing brain caused by the deprivation of
thyroid hormone during this period (Hamburgh, 1969).

It has been shown that during normal morphogenesis of the cerebral cortex and
cerebellum the activity of all enzymes; succinate dehydrogenase, glutamate
decarboxylase, GABA transaminase and adenosine triphosphatase increases sharply
from the 10th postnatal day onward, the greatest rate of increase being observed
between the 10th and the 30th days (Garcia Argiz, Pasquini, Kaplun and Gomez,
1967).  Hamburgh (1955) reported similar finding for cytochromeoxidase and acetyl-
cholinesterase. It seems, therefore, that there could be a relationship between the
need for thyroid hormones and enzyme activity in the brain. Thyroid deprivation from
birth leads to a significant decrease in all the above enzymes in the cerebral cortex
(Hamburgh, 1955; Garcia Argiz et al., 1967). As will be described later, interaction
of T3 with a nuclear receptor which binds to the chromatin produces specific genes by
the hormone-receptor complex; mRNA, which in turn produces and translate into

specific proteins.
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1.1.3- PRODUCTION AND MECHANISM OF ACTION OF THYROID HORMONES

Thyroid hormone secretion is regulated by thyroid stimulating hormone (TSH)
from pituitary, the gland which, in turn, is controlled by thyrotropin releasing
hormone (TRH) of hypothalamic origin. Thyroid hormone feeds back at the pituitary
and hypothalamic levels to inhibit TSH secretion. See figure 1.1. The pituitary gland
of the rat binds T3 more strongly than T4. These binding sites are apparently specific
for T3 and exhibit a high affinity but low capacity for this iodothyronine. The
inhibitory action of the thyroid hormones on pituitary TSH secretion in the rat would
therefore appear to be regulated by negative feedback through T3. In contrast it was
shown that there is a positive correlation between serum T4 level and TSH while serum

T3 level is normal (Hadley, 1988).
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Fig. 1.1 - Central nervous system-pituitary-thyroid axis. (Reprint from Hadley,

1988).
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In response to TSH there is an immediate activation of follicular cell thyroid
hormone synthesizing activity. Synthesized thyroid hormones enter the extracellular
space of thyroid gland and carried to the target tissues by circulation (Hadley, 1988).

The model of stimulation of protein synthesis by thyroid hormone includes several
steps (Nunez, 1984); Conversion of thyroxine (T4) into its more potent form; tri-
iodothyronine (T3) (Chopra et al., 1978), interaction of T3 with a nuclear receptor
which binds to the chromatin (Baxter, Eberhardt, Apriletti, Johnson, Ivarie,
Schachter, Morris, Seeburg, Goodman, Lathan, Polansky and Martial, 1979;
Samuels, Perlman, Raaka and Stanley, 1982), and induction or repression of specific
genes by the hormone-receptor complex mRNA, which are produced and translated into
specific proteins (Surks, Koerner, Dillman and Oppenheimer, 1973; Latham,
Ring and Baxter, 1976; Oppenheimer, 1979; Baxter and Funder, 1979; Smith,
1981).

Early observations that thyroid hormones act to stimulate RNA synthesis (Tata
and Widnell, 1966) have been confirmed and the RNA species produced have been
shown to include heteronuclear RNA (hnRNA, the precursor of mRNA) and mRNA
itself (Dillman, Mendecki, Koerner, Schwartz and Oppenheimer, 1978).

This model may explain both the regulatory effects of homeostasis observed in
adults and the developmental effects seen in young developing animals, and seems to
apply to all cell types including neurons (Nunez, 1984).

In the hypothyroid state mitochondria are altered both morphologically and
functionally, and the uptake of ADP by mitochondria is increased after administration
of T3 or T4 to thyroidectomized rats. Most interesting is the observation that
mitochondria from neonatal rat brain, but not from brain tissues of older animals,

posses thyroid hormone receptors (Hadley, 1988). Similarly, Weiss and Sokoloff
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(1963) found that thyroxine stimulation is clearly present only in the mitochondria of
immature brain cells (Gelber, Campbell, Deibler and Sckoloff, 1964). This probably
indicates that the mitochondria in adult brain have lost this ability to interact with T4,

and that this is the basis of loss of T4-sensitivity in the mature brain.

1.1.3.1- The conversion of T4 to T3:

Euthyroidism is maintained with normal levels of serum T3, which is due to the
preferential secretion of T3 by the thyroid gland (Greer, Grimm and Studer, 1968)
and is preserved by the continued production of normal amounts of T3, the intrinsic
metabolic activity of T4 being relatively unimportant (Pharoah, Lawton, Ellis,
Williams and Ekins, 1973) and thought to exert a negative feedback action on the
hypothalamus (Hadley, 1988).

Normally thyroxine (T4) is produced in greater quantities than tri-iodothyronine
(T3). In human, the serum concentration of T4 is about 50 times greater than the T3
level (Hadely, 1988). However, there is strong evidence that T3 is the major
physiologically active thyroid hormone which regulates cellular activity in many species.
Because T4 is converted into T3 in athyreotic human subjects (Braverman, Ingbar and
Sterling, 1970), extrathyroidal monodeiodination of T4 appears, therefore, to be the
major source of T3 in the body (Hadely, 1988).

Both T4 and T3 accumulate in the brain (Ford and Rhines, 1967) with uneven
distribution being in much higher concentration in neuropil than in white matter
(Nunez, 1984). Although the cerebral cortex is only approximately 2.5% of the body
weight, with not more than 2% of the total T4 pool, it contains approximately 8% of
the total T3 pool. The total production rate of T3 in the cerebral cortex is equal to

15% of the extrathyroidal T3 production in the body pool exchangeable with plasma

























































































































































































































































































































































































































































































































































































































































































































































