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Abstract

The overall extent of the perikaryal projections of sensory neurons from spinal ganglia of young adult and aged rabbits was
estimated by a stereological method using the electron microscope. The extent of perikaryal projections was significantly smaller
in the aged animals. This age-related decrease did not seem to depend on factors intrinsic to the neuron, but on the absence of a
satellite cell covering over extensive portions of the nerve cell body surface. This decrease may influence the organization of the
subplasmalemmal cytoskeleton, metabolic exchange between the nerve cell body and its environment and perhaps also neu-
ronal metabolism.  1998 Elsevier Science Ireland Ltd. All rights reserved
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The cell bodies of spinal ganglion neurons display
numerous slender projections, which considerably increase
the surface area available for exchange of metabolites (see
[8,9] for review). Since modifications in the overall extent
of these projections may influence metabolic processes of
the neuron or exchanges between the cell body and its envi-
ronment, we have continued our studies on age-related
structural changes in spinal ganglia by addressing the ques-
tion as to whether this extent changes with age. As far as we
are aware, no studies have been published on this problem.

Rabbits (Oryctolagus cuniculus) aged 12 months (two
animals, one male and one female, 3.4–3.5 kg body weight)
and 79–96 months (two animals, one male and one female,
4.0–4.2 kg body weight) were used. The dates of birth of
these animals are well documented; all had been raised by a
specialist rabbit breeder with particular attention to hygiene
and regular veterinary inspections. Since the life span of the
normal healthyOryctolagusis 60–72 months [5] or 84–96
months [13], the 12-month-old rabbits we studied were
young adults and the 79–96-month-old animals were aged
rabbits. Furthermore, the end of fertility is usually consid-
ered to mark the onset of senescence and female rabbits are

not normally fertile after 60 months, so that the 79–96-
month-old animals are to be considered aged also from
this point of view.

The animals were perfused transcardially with a solution
containing 2% formaldehyde and 2% glutaraldehyde in 0.1
M sodium cacodylate buffer (pH 7.3) under deep anaesthe-
sia with Nembutal (80 mg/kg). After fixation for about 3 h,
the thoracic spinal ganglia were removed, washed in caco-
dylate buffer (0.2 M, pH 7.3) for 2 h and then postfixed on
ice for 1.5 h in 2% OsO4, buffered with 0.1 M sodium
cacodylate. The specimens were washed in distilled water,
stained with 2% aqueous uranyl acetate, dehydrated in alco-
hol and embedded in Epon–Araldite resin. Several semithin
sections were prepared from each ganglion and stained with
0.5% toluidine blue in 1% sodium borate. They were then
examined in the light microscope to check the quality of
fixation. Only the best preserved ganglia were used to study
the extent of the perikaryal projections. Since even during
optimum fixation, dehydration and embedding, there is
some degree of cellular swelling or shrinkage, a basic
assumption in our comparison of the perikaryal projections
in young adult and old rabbits was that any artifactual
volume changes were similar in both age groups. This
assumption seems justified by the observation that in all
the ganglia used for the present study the space between
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the nerve cell body and the enveloping satellite cell sheath
was of fairly uniform width. Furthermore, neither empty
areas nor clumping were observed in the connective tissue
space surrounding the unit consisting of the nerve cell body
and its enveloping satellite cell sheath. Overall, 40 ganglia
(10 for each animal) were used for this study.

Although spinal ganglion neurons do not show preferred
orientations and as a rule perikaryal projections are present
over the entire surface of the neuron [7], the study was
carried out on isotropic uniform random (IUR) sections
obtained following the orientator procedure [6]. For each
ganglion a single IUR thin section (about 0.25× 0.20 mm)
was photographed under the electron microscope. Each
section was photographed in its entirety at a magnification
of × 2500 and the negatives printed to a final magnification
of × 10 000. A montage of 60–70 prints was necessary to
reconstruct each section. A sheet of cardboard containing
uniform-sized (10× 5 cm), systematically arranged win-
dows was placed over the photomontage of each section.
The outlines of the nerve cell bodies found within each
window were traced with ink, cutting across the bases of
the perikaryal projections. From now on, these outlines will
be referred to as smoothed outlines. Next a transparent sheet
containing a series of parallel test lines was placed over each
window. The number of intersection points between the
perikaryal plasma membranes within each window and
the test lines (I′) were counted, as also were the number
of intersection points between the traces of the smoothed
outlines of the perikarya and the test lines (I″). The ratioF
betweenI ′ andI″ gives an indication of the extension of the
perikaryal projections being studied.

For each rabbit the mean value ofF and SD were calcu-
lated. The values obtained for the rabbits in each age group
were then compared to establish whether they differed sig-
nificantly. Finally, the data for the young adult rabbits were
compared with the data for the aged animals. The statistical
comparisons employed the two-tailed Student’st-test (dif-
ferences withP , 0.05 were considered significant) and for
each value the 95% confidence limits were calculated. All
data analyses were carried out using a statistical graphics
program (Statgraphics) on a Compaq 386/s computer.

A survey of sections under the electron microscope did
not reveal differences in the structure of nerve cell bodies
and satellite cells between old and young adult rabbits. The
quantitative data for each animal are shown in Table 1. The
ratio F, which gives an indication of the extension of the
perikaryal projections, did not differ between the two young
adults or between the two old rabbits. The comparison
between the two age groups (Table 1) showed that the
ratioF was significantly lower (P , 0.05) in the old rabbits
than young adults. These data indicate that the overall extent
of the perikaryal projections of spinal ganglion neurons is
significantly lower in the aged rabbits.

In considering factors that may cause the decrease in the
overall extent of perikaryal projections in the old rabbits, it
is important to bear in mind the following. (a) In aged
rabbits, unlike in young adults, the perisomatic satellite
cell sheaths exhibit extensive gaps which leave the nerve
cell body surface directly exposed to the extracellular
matrix [10]. (b) Perikaryal projections are absent at the
level of these gaps, but are present and normally developed
in the surface domains covered by satellite cells [11]. These
findings suggest that the decrease in the overall extent of
perikaryal projections in old rabbits depends mainly on fac-
tors extrinsic to the neuron. Possibly the absence of a satel-
lite cell covering along extensive areas of the nerve cell
body surface is responsible for the lack of projections in
these areas, with consequent decrease in the overall extent
of perikaryal projections.

This decrease implies changes in the shape of the plasma
membrane of the perikaryon. Observations on other cell
types have shown that changes in the shape of the plasma
membrane can influence the subplasmalemmal cytoskeleton
[1,3]. Presumably, such changes also occur in the spinal
ganglion neurons of the old rabbits. In support of this we
draw attention to our finding that a dense undercoating is
present beneath portions of the nerve cell body plasma
membrane lacking perikaryal projections, but is absent else-
where [10]. This undercoating, whose major constituents
are microfilaments, seems to represent a reaction of the
neuronal cytoskeleton to loss of the satellite cell covering.
The undercoating appears similar to that situated beneath

Table 1

Quantitative results

Rabbit Age
(months)

Total number of
sections examined

Total number of intersection points with Mean ratio (±SD)
between I′ and I″ (F)

plasma membranes of
the nerve cell bodies (I′)

smoothed outlines of
the nerve cell bodies (I″)

Values for each rabbit
1 12 10 10258 5090 2.00 ± 0.36
2 12 10 12593 6485 2.00 ± 0.46
3 79 10 10567 6083 1.71 ± 0.37
4 96 10 11724 6627 1.77 ± 0.17

Values for each age group
Young adult 20 22851 11575 2.00 ± 0.42
Old 20 22291 12710 1.72 ± 0.34
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the axolemma at the nodes of Ranvier, which has been
suggested to be involved in anchoring plasma membrane
particles [4]. If the layer of dense material observed in the
present study plays a similar role, it is possible that the
properties of the portions of the plasma membrane covered
by satellite cells differ from those of the portions not cov-
ered.

However, little information is available to indicate which
properties of the neuronal plasma membrane are modified in
aged rabbits. In particular, it is not known whether exci-
tability is modified. Even if this were the case, the change
would only affect limited portions of the nerve cell body
plasma membrane and this would have no significant influ-
ence on impulse propagation, since the cell body of these
neurons is not in the propagation path. In these neurons the
impulse propagates directly from the peripheral to the cen-
tral axonal branch to reach the spinal cord; for this reason it
is generally held that the nerve cell body is of little impor-
tance in their electrical activity.

Finally, it is likely that the reduction in the overall extent
of perikaryal projections will influence the metabolic activ-
ity of the spinal ganglion neurons. In fact, this reduction
changes the shape and reduces the extent of the plasma
membrane of the cell body of these neurons. In other cell
types it has been reported that changes in the shape of the
plasma membrane can influence basic metabolic processes
such as protein synthesis [2]. Moreover, a reduction in sur-
face area would probably lead to a decrease in metabolic
exchange between the neuron and its environment, which in
turn may have negative consequences for neuronal metabo-
lism. In this regard, note that the rate of protein synthesis
declines in rat spinal ganglion neurons with age [12].
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