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Comparative histomorphometric study of the various
segments of the spinal cord in the adult male
and female mongoose (Herpestes edwardsii)
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Abstract:

BACKGROUND: Anatomical and histological studies
of the spinal cord have always garnered anatomists’ at-
tention because of their high importance in various fields
of veterinary medicine, zoology and behavioral science.
OBJECTIVES: This work was conducted to understand the
detailed histomorphometric aspects of the spinal cord of In-
dian gray mongoose (Herpestes edwardsii). METHODS: Six
adult Indian grey mongooses in the terminal stages of dis-
ease and the status of approaching death were used in the
present study. The spinal cords were dissected and fixed in
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10% buffer formalin then paraffinized and sections of 6 pm
thick were cut and stained with haematoxylin and eosin. In
this study, the vertical and transverse diameters of the spi-
nal cord, central canal, the length of the ependymal cells
and the ratio of gray matter to white matter in the selected

spinal cord segments, were measured with standard micro-
metric method using light microscope. RESULTS: In male
and female mongooses, the longest transverse and vertical
diameters of spinal cord segments were observed in the lum-
bar region. Although this stability and readability of the data
were not seen in the transverse and vertical diameters of the
central channel. Also, the highest ependymal cells in both
sexes were observed in the lumbar region. CONCLUSIONS:
It can be concluded that the transverse diameter of spinal
cord is larger than the vertical one and the largest measured
diameter and ratio of gray matter to white matter were iden-
tified in lumbosacral area.

tes edwardsii) 1s the specie of mongoose

that is mainly found in southern Asia par-
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Introduction

Mongooses are small carnivores occupy-
ing various regions from Africa to South-
east Asia. The genus Herpestes contains 10
species and is considered the oldest genus
within the order Carnivora, dating back to
approximately 30 million years (Shil et al.,
2012). The Indian gray mongoose (Herpes-

ticularly India, Pakistan, the south of Iran,
Sri Lanka and some other parts of Asia
(Choudhury et al., 2011). The Indian gray
mongoose is one of the few animals that can
survive a cobra attack, which makes it one
of the few predators of this deadly snake.
This will be a platform for better under-
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standing the physiology and pathology of
diseases (Rasouli et al., 2015 and Wu et al.,
2013).

The widest spinal cord segment of adult
human was identified at 6th cervical seg-
ment and 12" thoracic segment (Williams
et al., 1989). In addition, Sharma and Rao
(1971) and Malinska et al. (1976) measured
the spinal cord of buffalo and mole and
reported different diameters of the spinal
cord segments. The spinal cord segments
were also studied microscopically in sheep
(Ghazi and Gholami, 1994), camel (Ghazi
et al., 1998), duck (Gholami et. al., 1999),
cat and male dog (Mansouri et al., 2002),
pigeon (Khaksar et al., 2002), guinea pig
(Ghazi et al., 2005) and rabbit (Farag et al.
2012). No information appears to be avail-
able on histological study of the various
segments of the spinal cord in mongoose.
Therefore the present study was undertaken.

Materials and Methods

Six adult mongooses (3 male and 3 fe-
male) which have been found in the sur-
rounding areas of Shiraz were used for this
study during last two years. The age of the
animals was estimated to be more than one
year old by teeth inspection.These fresh
specimens were in terminal stages of dis-
ease or the status of approaching death (se-
vere hypothermia; 36°C body temperature)
and were admitted to the Department of
Anatomy and Embryology, Shiraz Univer-
sity, Iran.

All experiments conducted on animals
were in accordance with the guidance of
ethical committee for research on laborato-
ry animals of Shiraz University.

The animals were euthanized with Ket-
amine 10% and Xylazine 2% and then 10%
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buffered formalin solution was injected into
the lateral ventricles of brain. This way, the
fixative was spread easily in all ventricles,
central canal of spinal cord and subarach-
noid space. The specimens were then trans-
ferred into big containers of phosphate buff-
ered formaldehyde solution, and 24 hours
later, the spinal cord segments were further
dissected free without damaging the menin-
geal layers. In the following, after discern-
ing the spinal cord segments, the 1%, 4™ and
8" cervical, 6™ and 12" thoracic, 4" and 7™
lumbar and 2" sacral spinal cord segments
were taken. Subsequently, 6 um thick serial
paraffin sections were prepared from each
spinal segment and stained with haematoxy-
lin and eosin. The transverse and vertical di-
ameters of the spinal cord and central canal
and the length of the ependymal cells in the
sampled segments were measured by ocu-
lar micrometer. The ocular graticular lattice
line was used to determine the proportion
of gray matter to white matter (Farag et al.,
2012). Analysis of morphometric data was
carried out with Student’s t-test using SPSS
program (version 16).

Results

The longest to shortest transverse diam-
eter of spinal cord segments in male mon-
goose were identified as follows: 4" lumbar,
I and 4™ cervical, 12" and 6™ thoracic, 8"
cervical, 7" lumbar and 2" sacral segments.
The 1* cervical and 4" lumbar spinal cord
segment had the longest transverse diameter
in female mongoose followed by 12 tho-
racic, 4" cervical, 6" thoracic, 8 cervical, 7"
lumbar, and 2" cervical segments (Table 1).

The 7™ lumbar spinal cord segment had
the longest vertical diameter in male mon-
goose followed by 12" thoracic, 4", 1% and
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Table 1. Transverse and vertical diameters of different segments (Mean = SD, in mm) of the spinal cord in different segments
in male and female mongooses (*Significant at p<0.05).

Segments Vertical diameter Transverse diameter
Female Male Female Male

Cl 2.25+0.50 2.50 £0.35 5.50+0.55 6.25+1.00
C4 2.75 £ 0.00* 3.00 £+ 0.05 3.50 £ 0.50* 5.00+£0.75
C8 2.50+0.45 2.50 +£0.125 3.15+0.125 3.25+£0.125
T6 2.125+£0.25% 2.50 £0.40 3.25+£0.20* 4.50 £ 0.45
T12 2.75+0.30 3.635+0.25 4.25+0.90 4.75 £ 0.00
L4 3.75+0.05* 4.25+0.40 5.50 £0.35* 6.75+0.125
L7 1.875+0.20 2.125+0.35 2.50£0.05* 3.15+0.05
S2 1.875+0.00 2.00+0.25 1.75 £0.45 2.15+£0.90

Table 2. Transverse and vertical diameters (Mean + SD, in mm) of central canal of the spinal cord in different segments in

male and female mongooses (*Significant at p<0.05).

Segments Vertical diameter of central canal Transverse diameter of central canal
Female Male Female Male
Cl 0.11£0.03* 0.14+0.01 0.09+0.03* 0.11+0.02
c4 0.06+0.04 0.07+0.01 0.15+0.01* 0.19+0.1
C8 0.06+0.03 0.08+ 0.03 0.10+0.00 0.10+0.04
T6 0.15+0.10 0.17+0.07 0.12+0.03 0.15+0.04
TI12 0.05+0.00* 0.10+0.06 0.08+0.00* 0.12+0.09
L4 0.14+0.20 0.18+0.04 0.13£0.05 0.14+0.02
L7 0.15+0.20 0.17+0.02 0.12+0.02 0.12+0.01
S2 0.09+0.04 0.10+0.00 0.05+0.01 0.05+0.03

8" cervical, 6™ thoracic, 7" lumbar and 2"
sacral segments. The 4™ lumbar spinal cord
segment had the longest vertical diameter in
female mongoose too, followed by 4" cervi-
cal and 12" thoracic, 8" and 1% cervical, 6"
thoracic, 7" lumbar and 2" sacral segments
(Table 1).

Comparing the vertical and transverse and
diameter of spinal cord segments in the two
groups revealed that the transverse diameter
is consistently longer than the vertical di-
ameter except for the 2™ sacral segment in
female animals (Table 1 and Figure 1).

The longest to shortest transverse diame-
ter of central canal of spinal cord segments
in the male mongoose was identified as fol-
lows: 4" cervical, 6" thoracic, 4" lumbar,
12" thoracic and 7" lumbar, 1% and 8" cervi-
cal and 2™ sacral segments. The 4" cervical

and lumbar spinal cord segments had the
longest transverse diameter of central canal
of spinal cord in female mongoose followed
by 6" thoracic and 7™ lumbar, 8" cervical,
It cervical, 12" thoracic and 2" sacral seg-
ments (Table 2).

The 4™ lumbar spinal cord segment had
the longest vertical diameter of central canal
in the male mongoose followed by 4™ lum-
bar and 6™ thoracic, 1% cervical, 2™ sacral,
12% thoracic and 8™and 4™ segments. The 6™
thoracic and 7™ lumbar spinal cord segments
had the longest transverse diameters of cen-
tral canal in the female mongoose, followed
by 4" lumbar, 1% cervical, 2" sacral, 4™ and
8™ cervical and 12" thoracic segments (Ta-
ble 2).

Statistical analysis showed significant
differences in vertical and transverse di-
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Figure 1. Transverse sections of the spinal cord in the male
and female mongoose, based on the length of the spinal
cord transverse and vertical diameters.

ameters of some spinal cord segments and
their central canal between male and female
mongoose (p<0.05) which are shown in Ta-
ble 1 and Table 2.

The height of ependymal cells in all of
the cervical spinal cord segments was simi-
lar in male and female mongooses and was
measured 0.0075 mm. This height in the
6™ and 12" thoracic spinal segments was
0.0100+£0.00 mm and 0.0125+ 0.0025 mm
in male mongoose and 0.0100+0.00 mm
and 0.0125+ 0.0025 mm in females. In the
4™ lumbar spinal segment, the height of
these cells was 0.0150+0.005 mm in male,
and 0.0125+ 0.0025 in female mongoose.
In both sexes, the height of ependymal cells
in the 7" spinal segment was 0.0125. In
the 2" sacral spinal segment, the height of
these cells was 0.0100+0.00 mm in male,
and 0.0075+0.00 mm in female mongoose.
Statistical analysis showed no significant
differences in the height of the ependymal
cells between male and female mongoose
(p<0.05) (Table 3).

The largest to smallest ratio of gray matter
to white matter of spinal cord segments in
male and female mongoose are as follows:
2" gacral, 4™ and 7" lumbar, 1%, 4" and 8"

Figure 2. The proportion of gray matter to white matter of
the spinal cord in different segments in male and female
mongoose.

cervical, and 6™ and 12" thoracic segments.
The results showed that the proportion of
gray matter to white matter of the spinal
cord in sacral and lumbar segments was far
more than other areas (Figure 2).

Discussion

The longest vertical and transverse diam-
eters of spinal cord segments in male and
female adult mongoose was found to be in
the 4™ lumbar segment. On the other hand,
the 2" sacral spinal segment had the short-
est vertical and transverse diameter.

The long transverse and vertical diame-
ters in lumbar region, in both groups, may
be due to involvement of this region in the
formation of the lumbosacral plexus and
therefore, its innervations of the hind limb.
Also, the small dimensions of the sacral
segment, can be due to the limited innerva-
tions of this region.

The results of this work about the lon-
gest transverse and vertical diameters, were
not in agreement with the previous studies
in some other species. Previous studies in
sheep (Ghazi and Gholami, 1994), goat
(Chandna et al., 1998), cat (Mansouri et al.,
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2002) and camel (Ghazi et al., 1998), found
the biggest dimensions of the spinal cord to
be in the cervical region. However in rat,
dog, guinea pig and rabbit the final lumbar
segment has the maximum dimension in the
spinal cord (Ghazi et al., 2001, Mansouri et
al. 2002, and Farag et al., 2012). The results
of this study about the shortest transverse
and vertical diameters, were in agreement
with the studies on rat and guinea pig (Ghazi
et al., 2001).

The present results showed that in both
sexes, the longest transverse diameter of the
spinal central canal was in the fourth cer-
vical segment, and the shortest in the sec-
ond sacral segment. This study contradicts
the previous studies on guinea pigs and
rats about the longest transverse diameter
of the central canal. However, concerning
the shortest diameter, this study confirms
the previous studies (Ghazi et al., 2001 and
Farag et al., 2012).

As for the vertical diameter of central ca-
nal, our study showed that the maximum
diameter of the central canal in male and
female mongoose was in fourth and seventh
lumbar segment respectively. Also, in male
mongoose the 4™ cervical segment, and in
female the 12" thoracic segment had the
shortest vertical diameter of central canal.
In rabbit the 12" thoracic and the 2" sacral,
in rat the 2™ sacral and 6" thoracic, in male
guinea pig 2" sacral and 4" cervical, and in
female guinea pig spinal segments have the
longest and the shortest diameter of central
canal respectively (Ghazi et al., 2001).

It seems that there is no consistency be-
tween different studies about the maximum
and minimum vertical diameter of the cen-
tral canal.

The present study about the ratio of gray
matter to white matter revealed that the
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maximum ratio in male and female mon-
goose was related to 2" sacral and 7™ lum-
bar segments. In addition, the ratio of gray
matter to white matter in lumbar and sacral
region was much more than cervical and
thoracic regions. The present results were in
accordance with previous studies. Also, in
rabbit, Guinea pig, Rat (Ghazi et al., 2001)
and even in birds such as pigeons (Khak-
sar et al., 2002) the maximum proportion
of gray matter to white matter was found
in lumbosacral region. This could be due to
the special role of this region in innervation
of pelvic limb and showing the potential ac-
tivity of the lumbosacral area (Masouri.et
al., 2008).

According to our study, it can be con-
cluded that the transverse diameter of each
spinal cord segment is larger than the verti-
cal diameter. The largest measured diame-
ters and ratio of gray matter to white matter
were identified in lumbar and sacral areas.
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