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Abstract
In this paper we present an analysis of the visual sector of the Thalamic Reticular Nucleus
(TRN) from 3, 6, 18, 24 and 30 month old Wistar rats using stereological methods. The
volume density (Vv), the number of neurones per surface unit (Na) and the neurone
numerical density (NV) showed a progressive decrease between the 3rd and the 24th months
as the animals aged, whereas a significant increase was observed between the 24th and the
30th month, the period at which these rodents have fully entered old age.
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1. Introduction
The dorsocaudal region of the thalamic reticular nucleus (TRN) receives afferent
fibres from layer VI of the primary visual cortex [l-3] and establishes reciprocal
connections with the projection neurones of the Dorsal Lateral Geniculate Nucleus
(dLGN) [2-51. This means it has an important role as a modulating centre of the
visual system [6].
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During ageing, the central nervous system undergoes certain changes, those
related to the visual system being of particular interest to us. Ageing in the brain is
frequently associated with modifications in the number and density of neurones.
However, data is often contradictory. In general, there is a consensus regarding the
decrease in the various centres of the nervous system, but the degree of these
changes seems to vary depending on the species and level analysed. Thus, a decline
in neuronal density has been observed in the human somatosensory cortex [7], in
the frontal association cortex [8], and in the nucleus basalis of Meynert [9,10]. In
other species the same reduction has been equally found: in rat cerebellum [ 111,
hippocampus [12], in the frontal cortex [13] and cerebellum [14] of the monkey. In
contrast, no changes have been reported in the somatosensory cortex of the mouse
[151.
As regards ageing in the visual system, a decrease in neuronal density has been
observed in the human [16,17] and rat [12,18] visual cortex, whereas the findings
concerning rat dLGN [19] as regards the number of neurones have revealed
stability. However, up to now these parameters have not been analysed in the
ageing TRN.
2. Material and methods
2.1. Material
25 albino male Wistar rats, 3, 6, 18, 24 and 30 months old, were used in this
experiment, i.e., 5 in each age group. Their weight was between 275 g and 400 g
(Table 1). The animals, never paired and were kept at a day/night cycle by means
of artificial light and the Venice Conference guidelines [20] followed in their care.
The rats were anaesthetised with chloral hydrate at 8% (0.4 ml/100 g), and perfused
through the ascending aorta with a saline solution followed by buffered 10%
formaldehyde.
2.2. Tissue preparation
Once decapitated, the brains were removed and immersed in the same type of
fixing solution from 48 to 72 h., and finally embedded in paraffin. 8 pm thick serial
coronal sections were cut at intervals from the TRN visual sector using a microtome, and following the criteria of Pellegrino [21] and Webster et al. [22] (Figs. 1.1,

Table 1
Mean weight (X) and standard error of the mean ( + S.E.M.) of rats from each age group
Age (months)

Mean weight (g.)

3
6
18
24
30

275.90 & 10.00
392.00 f 21.42
379.61 f 16.00
443.50 * 20.51
360.00 _+15.42

R. Ramos et al. 1 Mechanisms of Ageing and Development 83 (1995) 21-29

1.1

23

1.2

Fig. 1, (1) Diagram illustrating the location of the TRN (4.6 from the bregma). (2) Enlarged diagram
illustrating the topography of the sector investigated indicated by cross-hatching.

1.2).
These tissue sections were then stained according to the Einarson gallocyanin
technique [23]. In order to better view the boundaries of the TRN, the intervening
sections were stained using the Kluver-Barrera technique [24].

2.3. Stereological study
Volume density (Vv), number of neurones per surface unit (Na) and neuronal
numerical density (NV) were calculated for each age.
Volume density (Vu): Vv = Vo/Vi (mm3/mm3) where Vo is the volume occupied
by neuronal profiles in a given volume Vi.
To calculate this parameter we applied Hilliard and Cahn’s point-counting
method [25]. A grid of 225 points was used, the distance between them, ‘d’, being
1 cm. Each tissue section was analysed with a camera lucida at x 1.25 with a x
63 objective. Only the neuronal profiles showing evident nucleolus, according to
Konigsmark’s [26] criteria, were drawn when the histological field image was
projected onto the grid situated on the working surface. Neurones were easily
distinguished from glia by the following features: the neuronal nuclei being paler
and lhaving a granular appearance; they are larger and often have a well-developed
nucleolus and a visible cytoplasmic edge [27]. The grid was applied twice on each
of the twenty sections per brain analysed. In all cases the sections were taken from
the Eeft hemisphere (Figs. 2 and 3).
Number of neurones per surface unit (Na): Na = n/At (mm-2) where n is the
numlber of neurones observed in a given area At.
In our case the actual area, At, was 0.0362 mm2
Neurone numerical density (Nu) or number of neuronal profiles per volume
unit. This was calculate according to Weibel and Gomez’s [28] formula: NV =
K(Na)//3(Vv) where k is the size distribution coefficient (previously calculated as
l.O268)and, p the shape coefficient with a value of 1.4.

24

R. Ramos et al. / Mechanisms of Ageing and Development 83 (1995) 21-29

Fig. 2. Image of the visual sector of the TRN stained using the Kluver-Barrera technique I. For each
histological section the selected A and B fields are marked.( Objective 20 x ).

2.4.Statistical treatment
The Kolmogorov-Smirnov
normality test was initially applied. As the disti :ibution did not conform to normality, a non-parametric test was then apf jlied (the
Kruskall-Wallis test).In all cases, the significance level was of P I 0.00001 . Fin .ally,
differences in each parameter for the various ages were analysed using a mu1tiple
comparison test at P I 0.05.

Fig. 3. Image of one of the histological fields selected, with the superimposed grid. Stained using the
Einarson gallocyanin technique.(Objective 63 x ).
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Table :!
Mean I:!?)and standard error of the mean ( f
bodies of the TRN visual sector neurones
Age (months)
3
6
18
24
30

Vv (mm3/mm3)
0.0569 k
0.0474 +
0.0328 f
0.0291 h
0.0420 *

0.0197
0.0186*
0.0154*
0.0135
0.0199*

S.E.M.) corresponding

Na (mme2)
417.83 +
333.60 k
260.75 +
220.23 +
306.13 k

8.78
7.98*
6.88*
5.93;
7.64*

25

to Vv, Na and NV of the cell

NV (neurones/mm3)
26 679.66 k
21 129.56 +
17 742.40 +
14 504.22 k
19 912.83 +

590.32
565.64*
505.02*
425.85*
553.77*

*represents the existence of a significant difference between the indicated value and that of the preceding
age at P I 0.05

3. Results
3.1. Volume density (VU)

Volume density was at its highest in the 3rd month (0.0569 mm3/mm3).
It decreased in a significant way up to the 18th month and stabilised in the
24th. Finally, it underwent a significant increase from the 24th to the 30th month
(Tabl,e 2).
3.2. The number of newones per surface unit (Na)
Na was at its maximum in the 3 month-old rats and decreased significantly up to
the age of 24 months. Between the 24th and 30th months a significant increase took
place. (Table 2).
3.3. Neurone numerical density (NV)

This was also at its highest in the 3 month-old animals, decreasing significantly
up to the 24th month, at which point it started to increase again until it reached,
at the age of 30 months, similar levels to that of 6 month-old rats (Table 2).
4. Discussion
In this paper we present our findings, as regards volume density (Vv), number of
neurones per surface unit (Na) and neurone numerical density (NV) in the visual
sector of the thalamic reticular nucleus (TRN) of Wistar rats during their ageing
process after following stereological methodology.
In his model Beier states [29], that the process of life development consists of two
well-defined periods. The first one, fundamentally mitotic, is associated with
growth; the second is the adulthood period, which is initially characterised by
‘optimal functioning’ or maximum vitality and simply continues into ageing or
decline- ‘regressive growth’ [29,30].
The age of the rats used was between 3 to 30 months, as our aim was to analyse,
in a sequential manner, any changes in the above-mentioned parameters during the
animal’s second life-period, as defined by Beier [29], (from adulthood to old age),
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paying special attention to the intermediate stages, as recommended by Coleman et
al. [31]. At the age of three months, (the beginning of our study), the Wistar rat can
be considered a young adult since it has reached sexual maturity. From this
moment onwards, and always according to Beier’s model, a functional decline will
have already begun, although it will not be manifested until a later age. On the
other hand, 30 month old rats can certainly be considered old since the survival rate
in this breed is 50% [32] between the 27th and 28th month.
During this research it was not possible to calculate the total volume of the
thalamic reticular nucleus visual sector and by extension, the total number of
neurones, because its ventral boundaries are not clearly established [22]. Nevertheless, the parameters analysed, namely, Vv, Na and NV, sufficed to reveal that from
adulthood to old age there are two well-defined periods. The first one includes most
of the rat’s life, since it extends from the 3rd to the 24th months, while the second
appears from the 24th onwards.
During the first period analysed, (3-24 months), the parameters measured
decreased in a progressive and significant fashion. Numerous studies of the visual
system carried out in different species support this observed decrease. Thus, in area
17 of the human cerebral cortex, declines in neuronal density of up to 3 1% [16] and
54% [33] have been observed from the age of 18 to 95. In a similar study, but on
area 18, Shefer [34] found a 14% decrease.
Ordy et al. [18], reported an 18% loss in neuronal density in the visual cortex of
F344 rats between the age of 17 and 29 months, while in the same cortex area of
the Wistar Kyoto rat, Knox [12] found reductions of 30% between the 3rd and the
23rd-25th month. On the other hand, Peters et al., reported that in the visual
cortex of monkeys [35] and Sprague-Dawley rats [36] this parameter was stable. At
a different level of the visual system, the dLGN, Satorre et al. [19], observed that
the number of neurones was stable from the 3rd to the 29th month in the self-same
Sprague-Dawley
rats. This heterogeneity in the reported results [37] is partly
explained by the fact that the organic systems and the organs of the various
rodents, present different degrees of vulnerability to ageing.
At the moment, we cannot assess whether the decrease in neuronal density is due
to a genuine loss of neurones or to something else. In principle, we assume that
neuronal loss is a consequence of ageing, since this phenomenon is very frequent in
other centres of the nervous system and in several species [37]. However, it is
currently acknowledged that neurones maintain some degree of plasticity during
most of their life span, and this could be used to compensate, at least partially, for
the damage caused by the degenerative changes associated with old age like, for
instance, neuronal loss. This plasticity might manifest itself either as somatic
growth [38-401 or dendritic growth [37,41,42]. Dendritic proliferation has been
observed in certain brain regions suffering from neuronal loss during ageing
[42-441. This is thought to be due to the diminished competition from afferent
fibres encounterd by the remaining neurones, or to the existence of a trophic factor
generated either by neurones about to die or by their closest glia [41]. In any case,
the dendritic response persists for most of the ageing period, but it does not
continue to the end [42,43].
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During the second period we studied - from the 24th to the 30th month an
increa.se in neurone density was observed. The same phenomenon has been reported
by Heumann and Leuba [45] in the cerebral cortex of 24 month-old mice, a very
advanced age for this rodent. Similary, Leuba and Garey [17] and Haug [46] have
detected a slight increase in neuronal density in the human visual cortex after the
age of 80. On the other hand, Haug [47] has also reported that the brain shrinks at
an advanced age. Moreover,in other centres of the nervous system a decrease in the
size of neuronal cell bodies has been observed at very advanced ages [39,46] as well
as a definite decrease in the dendritic tree after a long period of expansion
[42,43,48,49], which has been interpreted as an irreversible collapse of the functional
compensating mechanism mentioned earlier.
This increase in neurone density - from 14 504.22 to 19 912.83 neurones/mm3
- cannot be due to an actual increase in the number of neurones. Indeed, we have
foundi that within this same age range the size of neurone cell bodies in the visual
sector of the TRN declined in a significant way (publication in preparation); an
observation which is shared by other research on different centres of the nervous
systern [39,46]. We consider, in agreement with several authors [42,43,48,49], that a
reduction of the cell body might induce a parallel decline in dendritic branching
with the consequent neuropil decrease, a fact reported in some other works
[42,43,48,49]. In conclusion, cell body and neuropil reduction could partly account
for the increase in neuronal density observed during the later life period of the
Wistar rat in the visual sector, i.e., 24th to 30th month.
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