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INTRODUCTION

Thyroid hormone deficiency exerts an influence of paramount importance on the
development and maturation of numerous cell types and different body structures (for
review see Hamburgh, Lynn & Weiss, 1968; Gilbert & Frieden, 1981). The nervous
tissue has been found to be highly vulnerable to this condition, as it can be ascertained
from the abundant literature on the subject. The study of the structural alterations
induced by thyroid hormone manipulations during brain development provides an
additional tool for the understanding of brain neurogenesis (Lauder, 1979) as well as
for the establishment of functional correlations with the morphological findings that
result from this process (Eayrs, 1971; Hamburgh et al. 1977). In fact, it has been
demonstrated that any disturbance of the normal balance of thyroid hormone levels
interferes with the entire process of neuronal formation, involving therefore cell
proliferation, migration and maturation; moreover, the resulting structural changes
can easily be discerned (for review see Eayrs, 1971; Bass & Young, 1973; Legrand,
1982-3; Legrand, 1984).
From a quantitative morphological point of view, the process of acquisition of the

cerebellar granule cells of hypothyroid rats has attracted the attention of numerous
research workers (Nicholson & Altman, 1972; Lewis, Patel, Johnson & Balazs, 1976;
Lauder, 1977). The peculiar mode of neurogenesis displayed by cerebellar granule cells
makes them a convenient model for postnatal developmental studies as they are
formed during the first three postnatal weeks from a secondary germinative matrix
and then migrate to their final location where the complex maturation process occurs
(Altman, 1969). Although the study of the cerebellar granule cell neurogenesis in
hypothyroid rats has made it possible to evaluate the effects of thyroid hormone
deficiency at all stages of neurogenesis, there still remains some controversy over the
end result of this deficiency upon the number of these cells (for review see Legrand,
1982-3). By applying morphometric procedures to 30 days old hypothyroid rats we
have been able to clarify this subject. An unequivocal decrease in the volume of the
cerebellar granule cell layer as well as of the total number of granule cells was found
(Madeira, Paula-Barbosa, Cadete-Leite & Tavares, 1988a).

It is almost forty years since Eayrs and his co-workers (Eayrs & Taylor, 1951; Eayrs,
1955; Eayrs & Horn, 1955; Horn, 1955), in an attempt to determine the morphological
background for the marked behavioural changes displayed by hypothyroid animals,
pioneered the histological study of the developing cerebral neocortex in this condition.
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However, they restricted their observations to the sensorimotor and visual cortices,
whose neuropil changes reflect the changes in the neuronal processes. As regards the
number of neurons, Horn (1955) evaluated the number of pyramidal cells per unit
surface area of visual cortex and found that in cortical layers III-V the neurons from
hypothyroid rats displayed a greater packing density when compared to controls.

In spite of these encouraging results, which were supported at the biochemical level
(Patel, Rabie, Lewis & Balazs, 1976), and of the advances in morphometric techniques,
as far as we know detailed determinations of the cerebral cortex volumes and
concomitant estimations of the total number of cortical neurons have not been
performed in hypothyroid rats. However, such studies, if carried out in the same
cortical area, could contribute to a better understanding of the structural organisation
of the cerebral cortex and, in the present conditions, could provide an additional clue
to the explanation of the functional and behavioural alterations observed in cretinism.
Taking all this into account we decided to address this issue and, to do so, we

studied the prelimbic subdivision of the medial prefrontal cortex (Krettek & Price,
1977; Van Eden & Uylings, 1985a) from 30 days old hypothyroid rats using recent
stereological techniques and compared the results with those obtained in age- and sex-
matched controls. Several factors determined the selection of this cortical area: (a) its
involvement in cognitive tasks, which are deeply affected in hypothyroid states (Kolb,
1984); (b) its sharp boundaries and easily-recognisable layers, which permit a precise
volumetric determination (Krettek & Price, 1977; Van Eden & Uylings, 1985 a); (c) the
existence of sound previous studies of its volumetric development, which enable us to
verify the consistency of our data (Van Eden & Uylings, 1985 b); (d) the evidence of
sexual dimorphism in some subareas of the prefrontal cortex (Van Eden, Uylings &
Van Pelt, 1984). The latter was taken into consideration as, in our previous studies in
the cerebellum and hippocampus (Madeira et al. 1988 a, b), we found sex-related
dimorphic differences in control rats that were undetectable in the hypothyroid
groups.

MATERIALS AND METHODS

Animals and treatment

Sprague-Dawley rats from the colony of the Gulbenkian Institute of Science
(Oeiras) were used. On the day of birth (Day 0) the litters were standardised to eight
(4 males and 4 females); the groups studied were made up of 6 animals from 5 different
litters. Rats were rendered hypothyroid by a subcutaneous daily injection of
propylthiouracil. (PTU) from Day 0 up to Day 30: 0 05 ml 0-2% PTU on Days 0-10,
0.1 ml 0-2% PTU on Days 11-20 and 0-1 ml 0-4% PTU on Days 21-30 (Nicholson &
Altman, 1972). Animals were considered to be hypothyroid as a result of histological
characteristics of the thyroid gland and of blood assays of T4 (Pharmacia 100).

Sex- and age-matched control animals were also obtained from 5 different litters of
the same size and injected daily with 0.1 ml of physiological saline.

General procedures
At Day 30 the animals were anaesthetised with ether. After collecting 1 ml of blood

from the heart for T4 determination, they were transcardially perfused with a solution
of 1% paraformaldehyde/ 1 % glutaraldehyde in 0 12 M phosphate buffer at pH 7f2.
The brains were removed, weighed and immersed for 2 hours in the perfusion solution.

Cell counts, volume estimations and shrinkage factor determinations were made in
each group of male and female hypothyroid and control rats.
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1 (b)

1 (c)

C B A
Fig. 1 (a-c). (a) Photograph of the medial surface of the left hemisphere of the rat brain. The
prelimbic subarea of the medial prefrontal cortex is delineated by a dotted semicircle. Vertical lines
(A, B, C) indicate the location from which the sections present in (c) were obtained. x 25.
(b) Schematic drawing of a rat brain coronal section through the frontal part of its right hemisphere,
from a section close to line B. The medial precentral area (PrCm), the dorsal anterior cingulate area

(ACd) and the prelimbic area (PL) of the medial prefrontal cortex are diagrammatically represented.
(c) Photographic montage of three coronal sections of the rat brain right hemisphere, whose location
is indicated by lines drawn in (a). The structural rostrocaudal features of the PL cortex can be seen.

The boundaries of the PL cortex are shown; the arrows indicate its Layer III. Cresyl violet. x 14.
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Characterisation of the prelimbic cortex and its Layer III
Our studies were performed in a specific subarea of the agranular medial prefrontal

cortex - the prelimbic area (Fig. 1 a). According to Krettek & Price (1977) and Van
Eden & Uylings (1985a) three subareas can be identified in the medial prefrontal
cortex: the medial precentral area, the dorsal anterior cingulate area and the prelimbic
area (Fig. 1 b). These areas can be discriminated on the basis of the connections
established with the subnuclei of the mediodorsal nucleus of the thalamus and also
from their cytoarchitectonic organisation. In the prelimbic area (Fig. 1 c) the cellular
lamination is more marked than in the two adjacent areas, the dorsal anterior
cingulate and the infralimbic. Layer I has virtually no cells; Layer II consists of
densely-packed neurons; Layer III is large and contains loosely-packed, lightly stained
cells; Layer V is composed of three sublayers, the middle one containing large round
cells; Layer VI is bilaminar and contains tightly-packed cells with their long axes
arranged tangentially to the pial surface (Fig. 1 c). Since the prelimbic cortex is of the
agranular type, i.e. it lacks Layer IV, most of the fibres of the thalamic projection end
in Layer III. Thus, we centred our observations on this layer. As Layer III is not
clearly delimited, it is possible that small parts of the adjacent Layers II and V may
have been included in some delineations. However, as this occurs both in controls and
in hypothyroid animals (Fig. 2a, c), there is no reason to assume that this might have
interfered with our results. Yet, it must be recognised that this handicap is a hindrance
to the unbiased estimation of cortical layer volume.

Correction for tissue shrinkage
After immersion of the brains in the perfusion solution for two hours, the right

hemispheres were coronally sectioned just rostral to the optic chiasma. The first slice
of the caudal part of the hemisphere was first obtained on a Vibratome and
photographed. The rostral part of the same hemisphere was embedded in celloidin as
for volume determinations; the first cross-sectional celloidin section obtained on a
sliding microtome was stained with cresyl violet and photographed. In these
photographs the entire surface areas (AV - vibratome section area and A. - celloidin
section area) were determined with the aid of a MOP-Videoplan.
The shrinkage factor (SF) was calculated according to Van Eden & Uylings

(1985b) by applying the formula,

cAVI, Vv
cA 2 vc

in which c is the shape-dependent constant and Vv and V, are the forebrain volumes
in Vibratome and celloidin sections, respectively. For an unbiased determination of
the cortical volume it would be necessary to calculate the cortical shrinkage factor
instead of that of the forebrain, as it was made. This would also render the formula
employed completely adequate, as it was developed with the assumption that the
shrinkage of the tissue under evaluation is isometric and homogeneous. For technical
reasons the determination of the SFv of the prelimbic cortex was a task impossible to
achieve. Thus, the methodology advanced by Van Eden & Uylings (1985b) was
followed.

Volume of the prelimbic area and its Layer III
For volumetric determinations, the right hemispheres of 6 animals per group were

celloidin-embedded; 54,um serial celloidin sections were obtained with a sliding
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Fig. 2 (a-d). Photographs of the prelimbic cortices from a control (a) and a hypothyroid rat (c).
Cresyl violet. x 52. On the right side of the Figure the photographs (b) and (d) represent higher
magnifications of the insets. x 130. No striking differences can be detected between controls and
hypothyroids. In both cases Layer III is easily recognised in spite of the lack of sharp boundaries with
the adjacent layers.



M. DULCE MADEIRA AND OTHERS

microtome and stained with cresyl violet. The average thickness of the sections was
calculated with an oil-immersion objective (40 x ). As it is difficult to determine the
boundaries of the rostral part of the different subareas of the medial prefrontal cortex
on the basis of their cytoarchitecture (Van Eden & Uylings, 1985a), volumetric
determinations were restricted to the medial prefrontal cortex caudal to the rostral
part of the forceps minor of the corpus callosum. For that reason, the choice of the
first rostral section for volumetric measurements was based on the characteristics of
the underlying white matter (Fig. 1 c). The selection was blindly made by two
researchers. The opinion of a third was requested when the choice made by the first
two did not fit. It must be stressed, however, that according to the Cavalieri principle
(Gundersen, 1986), of which the present formula is a modification, the choice of the
referred section should have been made at random. Every second section was drawn
with the aid of a camera lucida at x 30 magnification. At the level of the corpus
callosum all the sections were drawn, as the shape of the subareas differ considerably
from section to section. In each section, the boundaries of the prelimbic cortex and
limits of its layers were determined by microscopic observation, using the criteria
described by Krettek & Price (1977) and Van Eden & Uylings (1985a).
The areas of the prelimbic cortex and its Layer III were measured with the aid of

a MOP-Videoplan. Volumes were obtained according to the formula described by Van
Eden & Uylings (1985b),

V= SFV E Ai+ Ai+,d
i_ 2

in which Ai is the surface area of the ith section, n is the number of sections measured
and di is the distance between surface areas A, and A+1. This distance is calculated
from the mean thickness of the sections and the number of the sections skipped
between successively measured surfaces. Volumes were subsequently corrected for
tissue. shrinkage.

Numerical density of Layer III pyramidal cells
The numerical density of the pyramidal cells was calculated in the right hemisphere

and the disector method applied (Sterio, 1984). As the cerebral cortex is, for
morphometric purposes, an inhomogeneous specimen, small blocks from the entire
prefrontal cortex including its prelimbic area were obtained (Gundersen, 1986). The
blocks, after being osmicated in a solution of 2% osmium tetroxide in 0 12 M
phosphate buffer for two hours, were stained with uranyl acetate, dehydrated in
ethanols and Epon-embedded. For quantification, three blocks were chosen at
random. After trimming the blocks containing the prelimbic cortex, semithin sections
were obtained perpendicularly to the pial surface and stained with toluidine blue. In
this way, serial sections were obtained uniformly random in the tissue volume, which
is necessary to estimate the numerical density of pyramidal cells using the disector
(Sterio, 1984; Gundersen, 1986). From each block, 4 groups of 3 consecutive 2,um
thick semithin sections were obtained. The exact section thickness was ascertained
after re-embedding 10 similar sections from different blocks and cutting 5 cross-
sections of each at the same thickness (Lima & Coimbra, 1983). Three measurements
were made in each cross-sectioned section and the mean thickness of the 150
measurements was found to be 2-03 + 0-17 /um. Photographs of the same area were
taken of the sections at a magnification of x 345. A total of 16 disectors per animal
was made.
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Diameter ofpyramidal cell nuclear profiles
For the determination of the mean diameter of the nuclear profiles of Layer III

pyramidal cells of the prelimbic area, an average of 240 nuclei per animal was drawn
at a magnification of x 345 and the diameter calculated with the aid of a MOP-
Videoplan.

Total number ofpyramidal cells from Layer III prelimbic area
The total number of pyramidal cells was obtained by multiplying their numerical

density by the volume of the prelimbic cortex Layer III. It must be stressed, however,
that an unbiased estimation would only be achieved if the referred parameters could
have been calculated in the same hemisphere and processed in the same way. For
technical reasons this was not practicable. For comparative purposes, the numbers
obtained can be considered reliable and informative.

Statistical analysis
A two-way analysis of variance (ANOVA) interacting the effects between PTU

treatment and the sex of the animals was carried out on data from control and treated
rats, with repeated measurements. The remainder mean square was used as the error
term.
The non-parametric two-tailed Mann-Whitney U-test for two independent samples

was applied.
Differences were considered significant if P < 0 05.

RESULTS

Animal weights and hormonal determinations
At Day 30 the body weights of the hypothyroid groups were significantly reduced

when compared with the respective controls. A significant difference was found
between the body weights of male and female control groups (Fig. 3). The ANOVA
showed significant differences in the body weight dependent on both the sex (F1 89 =
5-44, P < 0-05) and the thyroid hormone levels (F1 89 = 483-5, P < 0-001).
The brain weights were significantly reduced in hypothyroid groups. In the female

control group the brain weight was significantly smaller when compared with that of
the male control group (Fig. 4). The ANOVA showed significant differences in the
brain weight dependent on both the sex (F1 89 = 6-97, P < 0-001), and the thyroid
hormone levels (F1,89 = 148-7, P < 0-001).
Serum T4 concentrations were markedly reduced in hypothyroid rats (Fig. 5).

Qualitative observations
No changes could be detected in the prelimbic area of the medial prefrontal cortex

of hypothyroid rats (Figs. 1 c, 2 a-d).

Volumes of the prelimbic area and its Layer III
The volume of the entire prelimbic area was significantly reduced in both male and

female hypothyroid groups when compared with the respective controls (Fig. 6). The
volume of the prelimbic area Layer III was smaller in both hypothyroid groups when
compared with the respective controls, although no significant differences could be
found (Fig. 7).

In males, the shrinkage factor calculated was 17 for controls and 1-9 for
hypothyroid rats; in females, 1-7 for both control and hypothyroid rats.
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Fig. 3. Graphic representation of the mean body weights at the end of the experiment Day 30.

Columns represent means and vertical bars one standard deviation (S.D.). n, number of animals

studied. * P = 0-002.
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Fig. 4. Graphic representation of the mean brain weights at Day 30. Columns represent means and
vertical bars one S.D. * P < 0-02; ** P = 0-002.
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Fig. 5. Graphic representation of the mean serum T4 concentrations at Day 30. Columns represent
means and vertical bars one S.D. Reference value: T4 - 5 0/94 ,ug/100 ml.
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Fig. 6. Graphic representation of the mean volumes of the prelimbic area (PL) of the medial
prefrontal cortex, before and after correction for the shrinkage factor (SFv). Columns represent
means and vertical bars one S.D. * P = 0-05; ** P < 0-02.
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Fig. 7. Graphic representation of the mean volumes of the prelimbic area Layer III, before and after

correction for the shrinkage factor (SFv). Columns represent means and vertical bars one S.D.
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volume no such effect could be found (F1,21 = 3 37, P not significant).

Nuclear diameter ofpyramidal cells
No differences were found in the mean nuclear diameters of the Layer III pyramidal

cells (Fig. 8).
Numerical density ofpyramidal cells

A significant increase in the number of pyramidal cells per unit volume was found
in the male hypothyroid group when compared with the respective control group. In
females, the numerical density of pyramidal cells was also increased in the hypothyroid
group when compared with the respective control group, but this difference was not
significant (Fig. 9).
The ANOVA showed significant effect of hypothyroidism in the numerical density

of pyramidal cells (F1 21 = 448, P < 005). No effect of the sex was found (F1 21 = 338,
P not significant).

Total number of Layer III pyramidal cells
No significant differences in the total number of pyramidal cells were detected

between hypothyroid rats and controls in either male or female groups (Fig. 9).
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Unlike the conditions that have been found in the cerebellum and hippocampus
(Madeira et al. 1988a, b) no sexual dimorphic differences were found either between
male and female controls or male and female hypothyroid animals.

DISCUSSION

It is commonly accepted that hypothyroid-induced cerebral cortex structural
disturbances and the inherent behavioural alterations are dependent on the
impoverishment of the neuronal processes rather than on a numerical decrease in the
neuronal population (Eayrs, 1955, 1961; Horn, 1955; Lewis et al. 1976). This indicates
that for the neurons of the prelimbic area, as in other zones of the cerebral cortex, the
neurogenic phase that is mainly affected by the lack of thyroid hormones is the process
of maturation (Eayrs, 1955; Horn, 1955), as opposed to the neurogenesis of cerebellar
and hippocampal granule cells where neuronal proliferation and migration are also
deeply disturbed (Lauder, 1977; Rami, Rabie & Patel, 1986; Rami, Patel & Rabie,
1986; Madeira et al. 1988a, b).
The cortical dendritic and axonal alterations observed in hypothyroid rats were

brilliantly described by Eayrs and his collaborators (Eayrs & Taylor, 1951; Eayrs,
1955; Eayrs & Horn, 1955) in a series of investigations mainly performed in the
sensorimotor area. By applying quantitative methods to the study of neuronal
processes, including a modification of the Sholl method for dendrites, it was found
that the axonal plexus and dendritic trees of hypothyroid rats were less exuberant than
those of euthyroids, and it was suggested that thyroid hormones play an important
role in cortical maturation (Eayrs, 1955). This assessment was later corroborated by
other workers in different cortical areas: marked dendritic changes in the auditory and
visual cortices were described in detail by Ruiz-Marcos et al. (1979, 1983), whereas
Cragg (1970) had previously reported, in the latter cortical area, a reduction of the
number of synapses per neuron.

Conversely to the results obtained with the quantitative analysis of neuronal
processes, these authors did not pay a great deal of attention to the quantification of
neurons themselves; it was found however, that in hypothyroid animals there were
more pyramidal cells per unit surface area of cerebral cortex than in respective
controls (Eayrs & Taylor, 1951; Horn, 1955). This finding was linked with a neuropil
impoverishment and interpreted as a change in neuronal packing density. However, it
was suggested by Horn (1955) that numerical differences between control and
hypothyroid rats were unlikely to occur. This assumption was corroborated by Patel
et al. (1976) through the evaluation of the DNA content in the forebrain of
hypothyroid and control rats which was found to be similar in both groups.
The estimation of the number of cells on the basis either of the DNA content of a

given area or on the evaluation of the number of neurons per unit surface can lend a
bias to the interpretation of the results, as these methods are not very informative
(Rami, Rabie & Patel, 1986; Swaab & Uylings, 1987). This is because of the presence
of polyploidy and nuclear abnormalities in the CNS of hypothyroid rats in the former
method (Balazs et al. 1971) and of the importance of the orientation, size, distribution
and variation in shape of particles under study in the latter (Uylings, Van Eden &
Verwer, 1984). To overcome these handicaps it is advisable to determine the total
number of cells of a reference area. This is a time-consuming process which requires
the determination of the volume of the area under investigation, its correction for the
tissue shrinkage factor and the estimation of the number of cells per unit volume of
the same zone (see Materials and Methods).
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The employment of this methodology in the cerebellum and hippocampal formation

of hypothyroid animals allowed us (Madeira et al. 1988a, b) to obtain detailed
quantitative information regarding the total number of the respective granule cells.
These results encouraged us to extend these investigations to the prelimbic subarea of
the medial prefrontal cortex, closely related from a functional point of view, to the
limbic structures (Kolb, 1984). As this cortical area is of the agranular type, cell counts
were made in its Layer III, where the thalamic afferents end; these are known to be
markedly reduced in hypothyroid animals (Eayrs, 1955).
For the selection of this cortical area we also took into consideration the well-

established roles that it displays in behavioural tasks, known to be deeply affected in
hypothyroids (Kolb & Nonneman, 1978; Kolb, 1984), and its delayed neurogenesis
when compared with the rest of the cerebral cortex (Van Eden & Uylings, 1985a, b).
In fact, its Layers II and III start forming by postnatal Day 6 and only reach a full
differentiation by Day 18 (Van Eden & Uylings, 1985b). In addition, it is known that
it is also only by Day 6 that fibres coming from the mediodorsal nucleus (which form
the main afferent system to this area) reach the cortical upper plate, in which the
prelimbic cortex Layer III is then developing (Van Eden, 1986). Consequently, the
effects of hypothyroidism upon cell migration and maturation are obviously felt for
longer periods in this cortical area than in the remaining neocortex.
As it is commonly accepted that disturbance of the maturation process mainly

affects the growth capability of the neurites (Lauder, 1978), it is likely that in
hypothyroid rats the dendritic arborisations of the prelimbic area Layer III will be still
more affected than those in other cortical areas; likewise, under these circumstances,
the axonal ending of the thalamic afferents in Layer III will probably be severely
delayed. These assumptions allow one to infer that both the processes of cortical
lamination which depend on the arrival of the cortical afferents (Lund & Mustari,
1977; Van Eden, 1986) as well as the formation of the cortical axonal networks (Van
Eden, 1986) can be deeply affected in the prelimbic area of hypothyroid rats.
The volume of the prelimbic cortex observed in euthyroid groups, which is in

agreement with that obtained by Van Eden & Uylings (1985b) in normal rats, is
greater than that found in hypothyroids. It must be noted, however, that the Layer III
volumetric reduction was found to be smaller than that observed for the entire
prelimbic cortex. This is difficult to explain, given that there is abundant neuropil in
this layer and, as previously mentioned, the neuronal processes are the structures
particularly affected in hypothyroidism.
As opposed to the volumetric determinations, the number of the Layer III neurons

per unit volume in hypothyroid rats is greater than that of the respective controls. As
the total number of cells of Layer III is obtained multiplying the volume by the
respective numerical density, it was not surprising to find that the total number of
neurons did not differ when hypothyroid rats were compared to controls. By applying
stereological methods we were able to confirm the existence of a greater packing
density in the prelimbic cortex, similar to that described in the earlier investigations
using coarser quantitative methods for the sensorimotor (Eayrs & Taylor, 1951) and
visual cortices (Horn, 1955). Besides, it is most likely that the increased packing
density may depend almost exclusively on the reduced amount of the neuropil, rather
than on changes in cell size, as is strongly suggested by the absence of karyometric
differences between control and hypothyroid rats.
The maintenance, within normal values, of the number of neurons in different areas

of the cortex of hypothyroid rats, as opposed to that which happens in the cerebellum
(Nicholson & Altman, 1972; Madeira et al. 1988 a), hippocampus (Rami et al. 1986;
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Madeira et al. 1988 b) and olfactory bulb (Legrand, 1982-3), leads us to admit that
there are regional variations in neuronal vulnerability due to the lack of thyroid
hormones. This is most probably related to the neurogenic pattern displayed by
different cell populations. In the cerebral neocortex, maturation is likely to be affected
by the lack of thyroid hormones, as opposed to what happens with the replication and
migration that occur before birth or early postnatally. It is now established that
changes in the neuritic maturation observed in hypothyroid rats are basically
dependent on cytoskeletal alterations, namely of the neuronal filaments and
microtubules (Faivre, Legrand & Rabie, 1985; Faivre-Sarrailh & Rabie, 1988). Such
changes could be explained either by a reduction in the polymerisation rate of the actin
(Faivre-Sarrailh & Rabie, 1988) or by alterations in the microtubular-associated
proteins (Benjamin, Cambray-Deakin & Burgoyne, 1988). Conversely, the com-
ponents of the extracellular matrix, which could also interfere with neuritic growth,
seem to be unaffected (Normand, Clos, Vitiello & Gombos, 1989; Normand, Vitiello,
Clos & Gombos, 1989).
Under normal conditions, some subareas of the prefrontal cortex, namely its orbital

part, display sexual dimorphism during their development (Van Eden et al. 1984). In
previous studies we have shown that dimorphic changes observed in the number of
granule cells of the cerebellum and hippocampus of euthyroid animals could no longer
be found in the hypothyroid groups (Madeira et al. 1988 a, b). Thus we carried out this
investigation separately for males and females in an attempt to obtain more
information on this matter. Sex differences were not found in the prelimbic cortex
either between controls or hypothyroids.
A final remark is advisable regarding the experimental model used. The study of the

interrelationship between thyroid deficiency and brain development requires one to
take into consideration at least two uncontrolled variables, which must be faced as
associated factors of thyroid deficiency-induced alterations. The first is the
undernourishment displayed by hypothyroid rats which, by itself, induces neurogenic
changes and subsequent structural alterations that we still cannot differentiate from
those seen in hypothyroid rats (Eayrs & Horn, 1955; Paula-Barbosa, Madeira, Porto-
Carrero & Cam6es, 1989). Furthermore, close attention must be given to the effects
of hypothyroidism upon the morphology and function of several endocrine glands
(Dumm, Cortizo & Gagliardino, 1985), as low levels of insulin, prolactin and adrenal
steroids, also known to interfere with brain development, have been described in
hypothyroid rats. It would thus be wiser to admit that the changes observed in the
brain of hypothyroid rats are most probably induced by the lack of thyroid hormones
and subsequently aggravated by related neonatal abnormalities.

SUMMARY

In previous quantitative studies we demonstrated that the volumes of the cerebellar
and hippocampal granular layers, as well as their total number of cells, were reduced
in 30 days old hypothyroid rats. We decided to extend these studies to the prelimbic
subarea of the medial prefrontal cortex using the same morphometric procedures. The
cortical volume and the total number of neurons of its Layer III were determined.
After correcting for the tissue shrinkage factor, it was found that the volume of the
entire prelimbic cortex and that of its Layer III was smaller in hypothyroid rats than
in controls. Conversely, the number of neurons per unit volume of cortical Layer III
was greater in hypothyroids. This indicates that there is a markedly increased cell
packing density, probably related to the neuropil impoverishment, as was described by
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other authors almost forty years ago for the sensorimotor and visual cortices, applying
inaccurate quantitative methods.

The authors are indebted to Dr M. A. Tavares for helpful advice and to Mrs M. C.
Pinho for skilful assistance. They are also indebted to Dr M. Gorrwel for linguistic
corrections. This paper was supported by a grant from INIC (Instituto Nacional de
Investigasao Cientifica).
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