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ABSTRACT

The process of myelination is an important event in the maturation of the nervous system. In this study, the fasciculus gracilis
and fasciculus cuneatus in the first and sixth cervical segments of the spinal cord of a mutant strain of Wistar rats, were studied
by electron microscopy in order to determine the perimeter of the axons, the thickness of the myelin sheath, and the diameter
and perimeter of the nerve fibers. At birth, the fasciculus gracilis  and fasciculus cuneatus had unmyelinated fibers, but by the
fifth day after birth myelination was in progress. The mean perimeter of nerve fibers was significantly greater (p< 0.05) in the
fasciculus cuneatus compared to the fasciculus gracilis at 15, 20 and 120 days of age. The diameter of the fibers, perimeter of
the axons and thickness of the myelin sheath were more developed in the fasciculus cuneatus than in the fasciculus gracilis at
all ages studied. The axons were relatively thinner 15-20 days after birth than at 20-120 days after birth. The myelination of the
fasciculi gracilis and cuneatus in the spinal cord of this mutant strain, agreed with previous reports indicating that the mutation,
which causes the rats to have bare skin, had no significant effect on myelination in the anatomical areas studied.
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INTRODUCTION

During development, the axons of the central
nervous system (CNS) are surrounded by a myelin
sheath made up of the cytoplasmic processes of
oligodendrocytes. Axon myelination is an
important process in the development of the
nervous system, and causes rapid neuron
development. Morphological studies have shown
that most of the main tract of the CNS is not
myelinated at birth, thus indicating that the nervous
system is not fully functional at this age [2,17].
The degree of myelin sheath development is
considered to be an index of the maturation reached
by neurons and depends on several factors [1,4-
7,11,12]. Rapid action potential conductance over
great distances is essential for appropriate neuronal
activity. Schwab and Schnell [14] reported that

myelination was required for quick conduction of
nerve impulses, and is therefore of considerable
functional importance because it allows the
saltatory conduction of impulses [10,15].

In this work, we measured the perimeter and
diameter of nerve fibers, the perimeter and
diameter of axons and the thickness of the
myelin sheath in the first and sixth cervical
segments of the fasciculi gracilis and cuneatus
of the spinal cord of a mutant strain of Wistar
rats, from birth to 120 days of age.

MATERIAL AND METHODS

Eighteen specimens of a mutant strain of Wistar rats,
three animals per age  (0, 3, 15, 20, 30 and 120 days), were
used in the present study. The animals were born from normal
rats undergone spontaneous mutation characterized
phenotypically as naked skin. The rats were anesthetized
intraperitoneally with sodium pentobarbital (40 mg/kg) and
perfused with heparinized saline solution via the left ventricle
of the heart for 10 min, followed by fixation with a modified
Karnovsky solution consisting of 3% glutaraldehyde and 3%
paraformaldehyde in 0.1 M phosphate buffer, pH 7.4 for 20 min.
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The soft tissue of neck region was removed and an
opening was made in the cervical vertebrae. The cervical
nerves were identified with a stereomicroscope and the spinal
cord then dissected, sectioned through the first and sixth
cervical segments and immersed  in Karnovsky fixative for
24 h at 4°C. This was followed by postfixation in 2% osmium
tetroxide (1 h), dehydration in an acetone series and
embedding in Spurr resin (EMS – Ft., Washington, USA).
Ultra-thin sections (60–90 nm) were obtained with a MT2B
ultramicrotome and the sections were stained with uranyl
acetate and lead citrate and examined with either a Jeol CX
100 or a Jeol CX 100 II transmission electron microscope
operated at 80 kV.

Ten electronmicrographs of the fasciculi were analyzed
for each age. The parameters measured were: a) the diameter
of the nerve fibers, b) the perimeter of the nerve fibers, c) the
perimeter of the axons, and d) the thickness of the myelin
sheath. For each age interval, the best-oriented section was
selected based on the circularity of the fibers, as described
by Han et al. [3]. A total of 100 fibers were examined. Only
myelinated fibers located entirely within each electron
micrograph were used. The perimeters were measured by
tracing the fibers and axons of interest using a planimeter.
Fiber and axon diameters were determined using the formula
D=P/π, where D is the fiber or axon diameter and P is the
fiber or axon perimeter. The thickness of the myelin sheath

membranes was calculated from the measurements made in
10 electronmiographs. The score of the mean perimeter fibers
were distributed in classes [9]. The results were expressed as
the mean ± standard deviation, as appropriate. Student’s t-test was
used for statistical analysis, with p<0.05 considered significant.

RESULTS

On day zero (day of birth), the fasciculi gracilis
and cuneatus have unmyelinated or showed few
myelinated fibers with a small axon perimeter and
thin myelin sheath (Fig. 1). Three days after birth,
there were still few myelinated fibers.

On the 15th day after birth, the average
perimeter of nerve fibers in the fasciculi gracilis
was 5.50 ± 3.09 μm, with most fibers having a
perimeter between 3.3 and 6.1 μm (Table 1). The
average perimeter of nerve fibers in the fasciculus
cuneatus was 7.43 ± 3.63 μm, with most fibers
having a perimeter between 6.10 and 8.90 μm
(Table 1). The axons showed different diameters,
and axons with a wider diameter had a thicker
myelin sheath (Fig. 2).

Figure 1. Electronmicrograph of the rat spinal cord dorsal funiculus on the day of birth. An astrocyte (*) and
some small diameter fibers (arrows) with a thin myelin sheath can be seen, but there are few fully myelinated
fibers. Bar = 1 μm.
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Mpf ± SD (μm) mdf (μm) mpa (μm) mts (μm) % of nerve fibers

by classes and

fasciculi

(days)

  Gra   Cun Gra Cun Gra Cun Gra Cun

Classes/class limits

(μm)

Gra Cun

     1  (0.5 – 3.3) 28 12

     2  (3.3 – 6.1) 52 24

     3  (6.1 – 8.9) 8 38

     4  (8.9 – 11.8) 5 18

     5  (11.8 – 14.6) 4 2

     6  (14.6 – 17.4) 2 2

15 5.50 ± 3.09 7.43 ± 3.63 1.48 1.73 3.51 4.01 0.24 0.29

     7  (17.4 – 20.3) 1 4

     1  (0.5 – 3.3) 20 10

     2  (3.3 – 6.1) 41 19

     3  (6.1 – 8.9) 27 30

     4  (8.9 – 11.8) 6 25

     5  (11.8 – 14.6) 3 9

     6  (14.6 – 17.4) 2 4

20 5.90 ± 3.57 7.49 ± 3.97 1.55 2.10 3.59 4.20 0.26 0.32

     7  (17.4 – 20.3) 1 3

     1  (0.5 – 3.3) 10 6

     2  (3.3 – 6.1) 36 10

     3  (6.1 – 8.9) 32 20

     4  (8.9 – 11.8) 10 36

     5  (11.8 – 14.6) 4 16

     6  (14.6 – 17.4) 4 6

30 6.52 ± 4.01 8.95 ± 4.04 1.88 2.60 4.36 5.21 0.31 0.39

     7  (17.4 – 20.3) 4 6

     1  (0.5 – 3.3) 2 2

     2  (3.3 – 6.1) 8 4

     3  (6.1 – 8.9) 34 10

     4  (8.9 – 11.8) 28 10

     5  (11.8 – 14.6) 19 16

     6  (14.6 – 17.4) 4 26

     7  (17.4 – 20.3) 5 18

120 10.67 ± 3.38 14.64 ± 5.20 3.40 4.66 6.28 9.42 1.21 1.99

     8  (20.3 – 23.2) - 14

Table 1. Distribution in class and by fasciculus of myelinated fibers in relation to the mean perimeter of
nerve fibers (axon + myelin sheath), of the fasciculus gracilis and cuneatus in the first cervical segment of
the spinal cord of rats 15 to 120 days old.

A total of 100 nerve fibers were examined per age. mpf - mean perimeter of nerve fibers (axon + myelin sheath), mdf mean diameter of
nerve fibers (axon + myelin sheath), mpa - mean perimeter of axon, mts - mean thickness of myelin sheath, Gra - fasciculus gracilis, Cun
- fasciculus cuneatus. The mean perimeter of nerve fibers of the fasciculis gracilis and cuneatus did not show significant difference
between fasciculi only at 30 days old mutant strain rats. (t-test, p< 0.05).
(–) Note that class intervals are up to but do not include the upper limit.

mpfAge
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Table 2.  Mean growth of axon thickness (μm) in the
fasciculus gracilis and fasciculus cuneatus in  the first
cervical segment of rat spinal cord, at five day intervals
from 15 to 120 days after birth.

Age Overall Mean growth
(days) growth (μm) every 5 days

Gracilis 15 – 20 0.08 0.08
21 – 30 0.77 0.38
31 – 120 1.92 0.10

Cuneatus 15 – 20 0.19 0.19
21 – 30 1.01 0.50
31 – 120 4.14 0.23

Fasciculi

At 20 days of age, the fibers in the fasciculus
gracilis had an average perimeter of 5.90 ± 3.57
μm and the second class had a larger number of
fibers. In the fasciculus cuneatus the nerve fibers
were concentrated in the third class and the average
perimeter was 7.49 ± 3.97 μm (Table 1).

On the 30th day after birth, there was a greater
number of nerve fibers in the second class
fasciculus gracilis, the overall average perimeter
being of 6.52 ± 4.01 μm. In the fasciculus cuneatus,
the fourth class showed the highest concentration
of fibers; the average perimeter of all fibers was
8.95 ± 4.04 μm (Table 1).

By 120 days of age, the nerve fibers of the
fasciculus gracilis were most common in the
third class and the average perimeter was 10.67
± 3.38 μm. In the fasciculus cuneatus, fibers
were not common in the sixth class fibers, with
the overall average perimeter being 14.64 ± 5.20
μm (Table 1).

The mean perimeter of nerve fibers in the
fasciculus cuneatus increased with age (p<0.05),
when compared with the fasciculus gracilis at 15,
20 and 120 days of age.

Figure 2. Electronmicrograph of the rat dorsal funiculus at 15 days of age. Note the oligodendrocyte (*) and
myelinated fibers of different diameters. Bar = 2 μm.

A small growth in axon thickness was observed
between 15 and 20 days in both fasciculi when
compared with the growth at 5-day interval from
20 to 120 days of age (Table 2).

DISCUSSION

Our results show that myelination of the
fasciculus gracilis and fasciculus cuneatus begins
during gestation and continues after birth. A few
myelinated axons were present at birth, but
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myelination was completed only during the
postnatal period. The thickness of the myelin sheath
increased with axon diameter, in contrast to results
reported by Towe and Harding [16] who observed
no relationship between myelin sheath thickness
and axon diameter. Myelin sheaths first appeared
on axons with wider diameter in both  fasciculi,
whereas in adult rats these sheaths occurred in
axons of increasingly smaller diameter, since axons
measuring 0.2 μm had a myelin sheath. Our results,
showed that when myelination begans in both
fasciculi of the spinal cord, the axons were not
myelinated at the same time, and myelination
started in thicker unmyelinated axons and
progressed to thinner axons, in agreement with data
reported by Matthews and Duncan [8].

A marked increase in the number of myelinated
axons was observed from 1 to 15 days of age;
however, the increase in thickness was not
measured during this period. Between 15 and 20
days of age, a smaller rate of axonal growth was
observed and, from 20 to 120 days of age the
average growth during each 5-day period was
higher, as also reported by Noppeney [9].

The fasciculus cuneatus showed an early, rapid
development when compared with the fasciculus
gracilis because the fibers of the latter were thinner
than those of the fasciculus cuneatus at each stage
of postnatal development, and the rapid increase
in nerve fiber thickness observed after 20 days of
age was more marked in the fasciculus cuneatus
than in the fasciculus gracilis. These observations
show that the fasciculus cuneatus has fibers of
wider diameter than the fasciculus  gracilis
throughout neural development in these rats. As a
result, the epicritic sensitivity of the anterior
extremities occurs earlier than in the posterior
extremities. Fibers with moderate myelination
therefore have a lower conductance when compared
to fibers with a thick myelin sheath.

At birth, myelination activity was weak in the
fasciculus gracilis, with no myelinated fibers being
observed in some areas, and only a few fibers in
others, as previously reported [2]. At 15 days of
age, the largest number of fibers present in the
fasciculus cuneatus belonged to the third class, with
38% of myelinated axons showing a perimeter
ranging from 6.1 to 8.9 μm.

Comparison of the results obtained here at 15,
20, and 120 days of age with those reported by
Schultes [13] revealed a greater average in the latter
study. According to Krigman and Hogan [6] and
Robain and Ponsot [11], factors such as nutritional
status, body weight and size of the specimen can
influence axonal development. Thus, from 15-30
days of age, the largest number of fibers belonged
to the second and third classes (6.1 to 8.9 μm), and
at 120 days of age, the addition of one more class
to the fasciculus cuneatus was necessary i.e., an
eighth class (20.3 to 23.2 μm) containing 14% of
the axons.

The change in fiber distribution among classes
was smaller in the fasciculus gracilis because the
perimeter of the axons was smaller than in the
fasciculus cuneatus, as also reported by  Noppeney
[9]. In the  fasciculus gracilis, the third size class
(6.1-8.9 μm) had the most fibers (34% of axons)
after 120 days. Indeed, the proportion of fibers in
this size interval increased progressively with age,
with the greatest increase occurring in first 20 days
after birth.

In conclusion, the fasciculus cuneatus develops
earlier than the fasciculus gracilis, and has a larger
number of nerve fibers with greater axon perimeters
and diameters. The mutation which produced a skin
naked in the rats apparently did not affect the
myelination of the fasciculi gracili and cuneatus.
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