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Abstract

Micrometrical studies during the
prenatal development of spinal cord in goat
revealed that the cervical enlargement had the
maximum height at all ages, with maximum
gray matter and dorsal horn height except at
fifth month, where it was at the lumbosacral
enlargement. The maximum ventral horn
height was also seen at the enlargements.
Sparing a few exceptions, the percentage
contribution of gray matter height, dorsal horn
height and ventral horn height to the total spinal
cord height showed a decreasing trend during
gestation owing to a corresponding increase
in the ventral funiculus. The gray matter height
expressed as percentage of spinal cord height,
was maximum at the lumbosacral enlargement.
The greatest values for total width of spinal cord
and distance from central canal to spinal cord
left margin varied between cervical and
lumbosacral enlargements at different stages
of gestation. The total width of spinal cord was
greater than the height during gestation except
in the thoracic region during second month.
Dorsal and ventral horns were wider at
enlargements. The percentage of gray matter
width decreased after third month of gestation
indicating a comparative increase in the growth
of lateral funiculus during later stages of
gestation. Vertical gray matter percentage
decreased after second month indicating an
early growth of ventral funiculus.
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The spinal cord proper in mammals
consists of peripheral white matter surrounding
the central gray matter. The size and shape of
the spinal cord and relative amount of gray and
white matter vary at different levels with the
variation in the size of the nerve roots. In
general, there is an increase in the white matter
from caudal to cranial levels of the cord with
the cervical segments containing the largest
number of fibres in mammals. The general
microscopic structure of spinal cord in animals
has been described by several workers. But
since a detailed study on the prenatal
micrometry in goat is very limited, this study
was conducted to elucidate the same at various
stages of prenatal life in goat foetuses.

Materials and Methods

The study was conducted on 52 goat
foetuses of different ages. The age was
calculated using the formula derived by Singh
et al. (1979), for goat foetuses, W1/3 = 0.096
(t-30), where, W = body weight in g and t =
age of the foetus in days. The foetuses were
grouped into five age groups corresponding to
five months of gestation. The material was fixed
in 10 per cent neutral buffered formalin.
Embryos and small foetuses upto 50 days of
gestation were fixed as such for 48 to 96 h. In
embryos from 50 days to 90 days of age, the
vertebral column with spinal cord in situ was
separated, freed of its musculature and
immersed in the fixative for 48 h. The spinal
cord within the vertebral column was processed
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after cutting into region-wise pieces and serial
sections were made. In foetuses above 90 days
of age, the spinal cord was exposed by
laminectomy, paramedian section and by
clipping off the pedicles of the vertebrae. Then
the spinal cord along with meninges, spinal
nerve roots and dorsal root ganglia was
dissected out, cut into pieces of two to three
segments each and processed. Standard
procedures were adopted for histological
techniques and the serial sections were stained
using Ehrlich’s haematoxylin and eosin
staining, Holzer ’s method for glial fibres,
Sevier-Munger method for neural tissues, Van
Gieson’s method for collagen, Holmes silver
nitrate method for axis cylinders and myelin
sheaths, Aldehyde-Thionine-PAS method for
central nervous system and phosphotungstic
acid haematoxylin (PTAH) method for CNS
tissue (Luna, 1968). Micrometrical data were

recorded using an ocular micrometer and
analysed statistically following Snedecor and
Cochran (1985).

Results and Discussion

Micrometrical observations revealed
that the maximum height and width of the
neural tube was recorded at the regions
corresponding to the anterior limb buds (the
cervical enlargement) followed by the region
of posterior limb buds (lumbosacral
enlargement) during the first month. The
minimum height and width of the neural tube
were recorded at the coccygeal region (Table
1). During first month, height of neural tube
exceeded its width at the lower aspect at
cervical, thoracic, sacral and coccygeal
regions. Basal plate height was maximum at
the cervical enlargement, but the maximum alar
plate height was at thoracic region. Neural tube
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Table 1. Micro metrical data at the first month of gestation (Mean ± S. E.), µ m

*not measurable
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Table 2. Height of precoccygeal spinal cord structures at different regions (Mean ± S. E.)

was widest at the cervical enlargement. The
width of alar and basal plates was also
maximum in this region followed by the
lumbosacral enlargement.

   The region-wise average of height
and width of precoccygeal spinal cord from
second to fifth month of gestation are
presented in tables 2 and 3 respectively. The
total width of spinal cord was greater than the
height along the entire length from second to
fifth month of gestation. This partially concurs
with the observation in goat foetuses by Taluja
et al. (1990) who also found that the same was

true except in the cervical region in the first
trimester of gestation.

The greatest values for total width of
spinal cord and distance from central canal to
spinal cord left margin varied between cervical
and lumbosacral enlargements at different
stages of gestation (Table 3). But during fourth
and fifth month, the cervical enlargement was
wider than lumbosacral enlargement,
indicating the dominance of the total width at
the cervical enlargement during later stages
of gestation. The greater width at the
enlargements might be due to the increase in



RESEARCH ARTICLE

J.
 V

et
. A

ni
m

.S
ci

. 
20

10
. 

41
 :

 2
8-

35

31S. Maya et al.

size of the nerve roots and the relative quantum
of gray matter.

The cervical enlargement had the
maximum height throughout the gestation. It
was followed by the lumbosacral enlargement
for the major part of gestation (Table 2). Taluja
et al. (1990) also found that the height of spinal

cord was maximum at cervical enlargement in
goat foetuses. This increased size was
attributed to the increased number of nerve
fibres originating for supply towards the limbs.

 The gray matter height and dorsal
horn height were also maximum at the cervical
enlargement during greater part of gestation,

Table 3. Width of precoccygeal spinal cord structures at different regions (Mean ± S. E)



Table 4. Average gray matter height percentage and contribution of dorsal horn and ventral horn
height to gray matter and precoccygeal spinal cord height (µm)

but by the fifth month, it was at lumbosacral
enlargement. The maximum ventral horn
height was also recorded at the enlargements
with the lumbosacral enlargement
predominating during the major part of the
gestation. The minimum values for spinal cord
height, gray matter height and dorsal and
ventral horn height among the regions in the
precoccygeal cord were at the sacral region in
all age groups, since all these values
decreased towards the caudal end of spinal
cord (Table 2). All the regions showed a
progressive increase in height during the entire
gestation.  Dorsal and ventral horns were
widest at lumbosacral enlargement followed by
cervical enlargement in all age groups from
second to fifth month of gestation. It indicated
that eventhough cervical enlargement was
having greater width than lumbosacral
enlargement in the last two months of
gestation, its increased width was mostly due
to increased amount of white matter at cranial
levels of the spinal cord.

In the present study, sparing a few
exceptions at thoracic, lumbar and lumbosacral
enlargement regions between second and third
month, the percentage contribution of gray

matter height to the total spinal cord height
showed a gradual decrease as the age
advanced (Table 4). This indicated a
corresponding increase in the white matter
towards the end of gestation due to the
development of fibre tracts. In dogs also, the
mean ratio of gray matter diameter to spinal
cord diameter showed a decreasing trend as
the age advanced from 24 (Engel and Draper,
1982 a) to 44 days of gestation (Engel and
Draper, 1982b).

The percentage contribution of gray
matter height to the spinal cord height (vertical
gray matter percentage) started to decrease
from the second month (Table 4). This indicated
an early growth of the ventral funiculus
indirectly, because the contribution from the
dorsal funiculus at the dorsal aspect was
always less. The percentage of gray matter
width (transverse gray matter percentage)
decreased only after third month of gestation
in all the regions indicating a comparative
increase in the growth of lateral funiculus at
later stages of gestation when compared to that
of the ventral funiculus (Table 3). Jenkins
(1978) opined that variations in the gray and
white matter relationship at different levels of
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the cord occurred because of the variation in
the size and number of fibres forming the spinal
nerves, which attached to the cord at different
levels. He also found that the ventral funiculus
primarily contained descending
phylogenetically older tracts in mammals.
Hence, its differentiation happened earlier than
other funiculi in the present study.

The gray matter height expressed as
percentage of spinal cord height was maximum
at lumbosacral enlargement from third to fifth
month (Table. 4) indicating a dominance of gray
matter at the lumbosacral enlargement, which
in turn is related to the increased need for use
of the hindlimbs by goat, which fits well into
their feeding habits. The goats put their whole
weight on their hind limbs, resting their
forelimbs on the shrubs while they nibble the
leaves.

The dorsal horn and ventral horn
height expressed as percentage of gray matter
total height did not show any particular trend.
But during major part of gestation, the ventral

horn height expressed as percentage of gray
matter total height was more than that of dorsal
horn at lumbosacral enlargement indicating the
dominance of the motor component. This may
be due to the fact that the hind limbs are more
involved in the motor activity of forward
propulsion of the body, which makes them to
be more powerful than the forelimbs (Nickel
et. al , 1986). Instead, at the cervical
enlargement, the dorsal horn contribution was
more than that by ventral horn during the major
part of gestation, probably due to a comparative
increase in the sensory component and a
lesser motor involvement in the movement of
the body since the forelimbs are concerned
with only the support of the body, which is
propelled from behind.

Sparing exceptions at the cervical
region and lumbosacral enlargement region in
third month, the percentage contribution of
dorsal horn to spinal cord height also showed
a decreasing trend. The maximum value was
recorded at the sacral region upto third month,
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Table 5. Percentage increase in height of precoccygeal spinal cord between age groups (µm)



but for the last two months, it was at the
lumbosacral enlargement (Table 4).

The highest percentage contribution
of ventral horn height to spinal cord height was
in lumbosacral enlargement throughout the
gestation (Table 4). Similar to the percentage
height of dorsal horns, all regions showed a
decreasing trend in the ventral horn height
expressed as percentage of spinal cord height
also, except the thoracic and lumbar regions
in third month and cervical enlargement and

sacral regions in the fourth month.

A greater rate of growth in the height
of spinal cord, gray matter, dorsal horn and
ventral horn were seen during the latter half of
gestation in all regions (Table 5). This partially
agrees with the observation in goat foetuses
by Taluja et al. (1990) who found a greater rate
of increase for the height and other vertical
distances in latter half of gestation in all regions
except at L5 segment. In the present study,
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Table 6. Percentage increase in width of precoccygeal spinal cord between age groups (µm)



the spinal cord width at all regions showed
greater percentage of increase between third
and fifth month except the sacral region, which
showed a decreasing growth rate towards the
end of gestation indicating the dedifferentiation
towards the caudal end (Table 6).
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