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Abstract

In this study volume density of gray and white matter of cervical segments of spinal cords of rats were investigated
using stereological method. Twelve male Wistar albino rats were used in the study as two different age groups 1
month and 5 months. All animals were fixed by perfusing 10% buffered formalin. Rats were dissected and spinal
cords of rats were removed. In the study cervical segments of 1 and 5 months age rats were obtained. One of the
first 15 section were selected randomly when the sections were taken. And following every 50th section was
determined by systematic random sampling. Thus, 8-10 sections of 5um thickness were obtained from cervical
segments of each animal’s medulla spinalis. These sections were stained by hemotoxylin eosin and they were
photographed at microscope. Densities of volumes of all tissue of cervical segments of whole spinal cord and white
and gray matters were calculated using dotted area ruler by Cavalieri Principle. SHTEREOM 1.5 package
programme was used for counting dotted area. In addition, the volume vales of total cervical segment, volume
values of the white matter and the gray matter and the ratios of these volume values to each other were evaluated
in the study.
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Bir Aylik ve Bes Ayhik Erkek Ratlarda Medulla Spinalis’in Servikal
Segmenti Uzerine Yapilan Morfolojik ve Stereolojik Bir Calisma

Oz

Bu ¢alismada ratlarda medulla spinalis’in servikal boliimiiniin ak ve gri madde ve tiim dokunun hacim yogunluklari
stereolojik yontem kullanilarak arastirildi. Materyal olarak 1 aylik ve 5 aylik olmak tizere iki farkli yas grubundan
altigar adet erkek Wistar Albino irki ratlar kullanildi. Materyaller % 10’luk tamponlu formaldehitle perfilize
edilerek tespit edildi. Daha sonra ratlar diseke edildi ve medulla spinalis’leri agiga ¢ikarildi. Caligmada 1 aylik ve
5 aylik ratlarin medulla spinalis’lerinin cervical boliimlerinden segmentler elde edildi. Kesitler alinirken ilk 15
kesit arasindan rasgele bir tanesi secildi. Onu takip eden her 50.kesit sistematik rasgele 6rnekleme yontemiyle
belirlendi. Boylelikle bir hayvanin medulla spinalis’inin cervical segment’inden 5um kalinhiginda 8-10 Kkesit
alindi. Bu kesitler hematoksilen eosin boyama teknigi ile boyanarak mikroskop altinda fotograflandi. Cavalieri
Prensibi kullanilarak noktali alan cetveli sayesinde medulla spinalis’in cervical boliimiiniin her bir segmentinde
tim dokunun, ak madde ve gri madde kisimlarinin hacim yogunluklari hesaplandi. Noktali alan sayimi igin
SHTEREOM 1.5 paket programi kullanildi. Ayrica aragtirmada cervical segmentin tiim hacminin, ak madde ve
gri madde hacim degerleri ve bu hacim degerlerinin birbirlerine oranlari hesaplanarak degerlendirildi.

Anahtar Kelimeler: Hacim, medulla spinalis, rat, servikal segment, stereoloji.
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1. Introduction
1.1. Rat

Rats, generally being active at nights, are the mostly preferred animal group in biomedical studies
because they easily adapt to laboratory setting where they live in, are easy to raise, can be reproduced
into a large number in a short time, and have small physical structures [1, 2].

1.2. Spine

Spine is a multifunctional organ that has support and motional function, also undertakes the duty to
protect spinal cord found in it and spinal roots separating from spinal cord [3, 4]. The spine starts with
atlas, which is the first cervical vertebrae, and continues until the last sacral vertebrae. It is studied under
five different parts. These parts are cervical, thoracic, lumbar, sacral, and caudal parts [5-7].

1.3. Spinal cord (SC)

The part of central nervous system in vertebral canal is spinal cord [8]. The spinal cord originates from
spinal cord bulb at the level of foramen magnum without showing a macroscopic borderline and
terminates with conus medullaris [6]. Even though spinal cord is cylindrical, this cylindrical structure
can not maintain this shape throughout its all length. It has two distinct extensions in two separate
regions including lumbar and cervical parts [3, 7]. Cervical enlargement is an extention in cervical
region, lumbal enlargement is an extention region in lumbal part [7]. Cervical enlargement forms by
involvement of C6-7-8 and T1-2 segments in all domestic mammals (except for pig), C5-6-7-8 and T1
in human and pork [6]. The spinal cord is divided into five parts including cervical, thoracic, lumbar,
sacral, and caudal parts [3].

1.4. White and Grey Matters

Two areas, grey and white matter, are distinguished from cross section surfaces of spinal cord. While
grey matter (GM) is the central part of spinal cord and is the butterfly or H-like here, white matter (WM)
is located outside grey matter and surrounds it and appears in lighter color [3, 9]. The grey matter is
centrally located in spinal cord. Its all sides is surrounded by white matter central canal is located in the
middle of grey matter. This canal proceeding along the length of spinal cord terminates by opening to
back to end of fourth ventricle [10]. The white matter generates outer part of spinal cord. It appears
white due to excessive myelinated fibers. It is composed of a great number of glial cells [3, 10].

1.5. Stereology

Stereology is a discipline which is open to interpretation about concrete three dimensional characteristics
of three dimensional objects thanks to data obtained from their two dimensional cross section images or
projections (volume, length, area, particle number, etc.) as well as including a chain of objective methods
[11, 12]. One of essential conditions required to increase reliability of data in biological studies
conducted is to correctly carry out the sampling stage. Sequential random sampling method is
implemented separately in every stage of stereological study including sampling of the tissue which is
planned to studied (tissue sampling), histological cross sectioning (section sampling), and examination
of these cross sections under microscope (area sampling) [13-17]. Owing to stereological studies, quality
and accuracy of numerical measurements can be observed by calculating coefficient of error (CE) [18].
Gundersen et al. [19] reported that a CE value around 5% and lower is sufficient for reliable results of
a stereological study.

1.6. Cavalieri’s Principle
Significant numeric values which are used frequently consist of volume of an organ, volumes of different

components belonging to an organ, and also volume ratios of these components to one another or the
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whole structure [15, 20]. For calculating total volume of objects the Cavalieri principle is usually used
in stereology [14, 15, 21]. Mathematical equation used in the calculation is stated as follows [15, 21,
22].

Vref : Total or reference volume of the structure studied
2. ai  :Total surface area of projection or total projections of the cross section number
t : Mean thickness of cross section or slice

Total volume can be achieved by the equation Vref= Y aixt. In the study applying these
procedures, total volume of the studied structure is found to be effective and objective [13, 20,
23].

2. Materials and Methods
2.1. Animals

By Van Yuzuncu Yil University Animal Researches Local Ethic Committee the final report of the
research project detailed above was approved in the session held on 12/26/2017 (decision number
2016/09). Healty young male Wistar Albino rats that had a weight of 50-60 gr and were 1 month old
and healty adult male Wistar Albino rats that had a weight of 150-200 gr and were 5 month old were
used in the study. 50 mg/kg ketalar was administered i.p to ensure deep anesthesia in animals [24]. 0.5
cc heparin was injected to ventriculus sinister while hearts of rats were beating under anesthesia. The
right ventricle of heart was also cut to let the blood stream out. 0.9% physiological saline solution was
administered as intracardiac through a cannula simultaneously until the blood running out from right
ventricle became clear (for 5 minutes). Animals were ensured to be fixed by administering formalin with
10% buffer for 10 minutes using the same method. Rats were dissected after perfusion and fixation
processes.

2.2. Dissection and removal of spinal cord

Soft tissues around spine of rats were removed by using clamp, scalpel, surgical scissors, and micro-
scissors. Separate tissues were obtained from each spinal cord’s cervical segment of all animals (Figure
1, Figure 2). Tissue processing procedure was then applied to these tissues [25].

Figure 1. Dissection of cervical segment of rat (5-month-old)
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Figure 2. Dissection of cervical segment of rat (1-month-old)
2.3. Method of Sampling

A preliminary study was carried out to determine the number of animals and cross sections, and sampling
before starting the study. It is reported in existing studies that each group needs to consist of minimum
5 animals to obtain coefficient of error which is approximately 0.05 in stereological studies to be
conducted [11]. Pilot study revealed that the number of animals and cross sections numbers, and
sampling method were convenient. Segments were removed from spinal cord’s cervical parts of 5-month
old and 1-month-old rats for the preliminary study. Tissue samples were taken from these segments.
Cross sections having a thickness of S5um were obtained from the cervical segment tissue samples.
Averagely 8-10 cross sections were taken from spinal cord’s cervical segment of every animal. Section
sampling was organized to perform randomly and systematically at the ratio of 1/50 by starting from a
random one among the first 15 cross tissue sections. Every 50" cross section were taken following.
Sampled cross sections were then included in the study. Cross section processes by microtome were
continued based on sampling rates and method in the pilot study after histological processing for spinal
cord of rats. To obtain cross sections in the number determined in the preliminary study, cross sections
were taken separately from each of cervical spinal segments blocked by being embedded into paraffin.
Hematoxylin-eosin staining method were used to stain the cross sections obtained from tissues [25]
(Figure 4, Figure 5). Since the spinal cord is a considerably little structure, there was no need for
stereological stepping. Pointed area and after that area volume were calculated by numeric aperture
(NA)=0.25, objective x 4 magnification. For this calculation Shtereom 1.5 software was used (Figure
3). The Cavalieri’s principle was utilized for the calculation in the program [14, 26]. Total spinal cord
volume, the total volume of grey matter, and volume of the white matter of the 8 segments generating
the cervical part of spinal cord were calculated in the present study.
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=
Figure 4. Tissue specimen of cervical segment of 1-month old rat
X4 objective magnification (Hematoxylin eosine)

Figure 5. Tissue specimen of cervical segment of 5-month-old rat
X4 objective magnification (Hematoxylin eosine)

2.4. Equation of volume density

Volume ratio of white matter in every segment: The number of points corresponding to white matter/the
number of points corresponding to the whole cervical segment

Equation of total volume: Volume data of 8 segments were added together for total volume of segments.
Equation for volume of cervical segment: Volume ratio X reference volume of cervical segment
Equation for reference volume of cervical segment: Inter-section distance X actual area of the point X
the number of points

The equation below was used for calculating volume of relevant structures in the study.

Volume (V)= Y Pi.a/p. (KOO). (AOO).t

Y. Pi : Total number of points

alp : Area represented by single point

KOO : Cross section sampling ratio

AOO : Step sampling ratio

t : Mean thickness of cross section

3. Results

All volume, volume values of the grey and white matter of spinal cord’s cervical segments of six 1-
month-old male rats and six 5-month-old male rats, as well as ratios of GM volume to WM volume,
ratios of WM volume to all volume measurements of cervical segment, and ratios of GM volume to all
volume measurements of cervical segment were separately in this study. As 1-month old male rats were
evaluated in terms of the overall volume as a result of the calculations, all volume values of cervical
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segment of C1 were observed to be higher than all other segments. C4 value was determined to be 2.102
mm?. The lowest cervical segment volume value belonged to C8 which was found to be 1.067 mm?
(Table 1). The highest mean volume from white matter measurements of cervical segment of 1-month
male rats shown in Table 2 was 1.018 mm® which belonged to the segment C1. The highest volume of
white matter was 1,009 mm?, which belonged to segment C4, as well. As grey matter values of one
month-old male rats were examined, it was remarkable that volume measurements of segments C1 and
C4 were higher than volume results of other segments. This value was calculated to be 0.851 mm? for
segment C1. C8 was the segment with the lowest volume in grey matter, which was found to be 0.393
mm? (Table 2). When ratios of grey matter volume measurements of cervical segment to volume values
of white matter for one-month old male rats were examined in Table 2, the highest mean ratio was
determined in segment C4 as 0.85. The lowest grey matter/white matter ratio was established in segment
C8 with 0.64. When examining ratio of white matter volume values to volume results of whole spine in
cervical segment in one-month old male rats, it was revealed that the highest ratio was 0.60 and
determined in segment C8. The lowest ratio of volume was identified in segment C1 with 0.42 (Table
1). When examining the ratio of volume value of grey matter to spinal cord volume value in Table 1, it
was seen that the highest value was 0.43 and belonged to segment C7. The lowest GM /WM ratio was
0.33 and regarded to segment C2.

Table 1. Volume values of the cervical (C) spinal cord of 1-month-old male rats (Q) (VVSC) (mm?), Volume
ratios of the white matter/the spinal cord in the cervical spinal segments of 1-month-old male rats (WM/SC) (%),
Volume ratios of the gray matter/the spinal cord in the cervical spinal segments of 1-month-old male rats
(GM/SC) (%)

Number of Animal
MEANS
Rl R2 R3 R4 R5 Ré

VVSC 2.138 2238 3.646 2378 3.204 1.388 2498

C1l WM/SC 0.390 0.370 0.350 0.350 0.610 0.480 0.420
GM/SC 0.330 0.330 0.330 0.390 0.250 0.480 0350

VVSC 2192 1.785 2017 2240 1.732 2.840 2.134

c2 WM/SC 0.470 0.480 0.350 0.570 0.430 0.330 0.430
GM/SC 0.290 0.340 0.330 0.260 0440 0.350 0.330

VVSC 2.006 1.861 2426 2783 1520 1.608 2.035

C3 WA/SC 0.450 0.460 0.340 0.630 0.600 0310 0.460

= GM/SC 0340 0360 0.250 0.200 0470 0480 0360
g VVSC 2247 1.755 2713 2505 1.647 1.660 2.102
% C4 WN/SC 0.380 0300 0.310 0.650 0.740 0.570 0.490
b GM/SC 0.320 0410 0.300 0.280 0.500 0.490 0.380
E VVSC 2.080 2.100 3.079 2.697 1.192 1.205 2.058
g Cs WM/SC 0310 0.400 0.300 0.750 0.640 0510 0.480
= GM/SC 0.270 0.390 0.260 0.250 0450 0470 0.340
VVSC 1.800 1.676 2317 2.026 1.700 0.974 1.748

Ca WM/SC 0.450 0.380 0.310 0.620 0.690 0410 0.480
GM/SC 0.360 0.330 0.330 0.380 0.340 0480 0370

VVSC 0.700 1.156 1.618 1.313 2.128 0.971 1314

c7 WM/SC 0.690 0.440 0.340 0.520 0.730 0.510 0.530
GM/SC 0.780 0.360 0.270 0.330 0.370 0.490 0.430

VVSC 1.163 0917 1421 1.236 0.863 0.803 1.067

Cg WM/SC 0.550 0.450 0.400 0.770 0.860 0.570 0.600
GM/SC 0.360 0.390 0.290 0.280 0.460 0.500 0.380

When whole spinal cord’s mean volume values in cervical segments of 5-month old male rats
were viewed, it was seen that the highest volume was 2.565 mm? and regarded to segment C1. The
lowest value belonged to segment C8 and was 1.566. (Table 3). In Table 4, examination of white matter
values of 5-month-old male rats revealed that the highest mean volume value was 1.248 mm?® and
belonged to segment C2. The lowest volume value was calculated as 0.866 mm® and belonged to
segment C8. When examining the volume values of the grey matter determined in cervical segment of
5-month old male rats (Table 4), it was observed that volume value of segment C1 was 0.714 mm?®. The
lowest value of the volume was 0.349 mm® and belonged to segment C8. While the highest GM /WM
volume ratio in 5-month old male rats was 0.62 for segment C3, the lowest mean GM /WM volume ratio
was 0.33 for segment C8 (Table 4). When WM/SC volume ratios were examined in Table 3, it was
revealed that the highest mean WM/SC value was 0.55 and this value was determined in both segment
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C6 and segment C8. The lowest mean WM/SC value belonged to C5 segment and determined to be
0.45. When the ratio of volume of the grey matter to volume of whole spinal cord in 5 month-old male
rats was evaluated, the highest volume ratio belonged to segment C3 and this value was determined to
be 0,30. The lowest volume ratio was determined in segment C8 with 0.21 (Table 3).

Table 2. Volume values of the white matter of the cervical (C) spinal cord of 1-month-old male rats (Q)
(VVWM) (mm?3), Volume values of the gray matter of the cervical spinal segments of 1-month-old male rats
(VVGM) (mm?3), Volume ratios of the gray matter/the white matter in the cervical spinal segments of 1-month-
old male rats (GM/WM) (%)

Number of Animal

MEANS

R1 R2 R3 R4 RS Ro
VVWM 0.848 0.832 1.206 1.145 1.133 0.858 1.018
Cl | VVGM 0.720 0.741 1.213 0.940 0.823 0.669 0.851
GM/WM 0.840 0.800 0.930 0.820 0.720 0.770 0.820
VVWM 1.050 0.830 0.709 0.743 1.004 1232 0.032
C2 | VVGM 0.633 0619 0.676 0.600 0.766 1015 0.721
GM/WM 0.620 0.720 0.950 0.800 0.760 0.820 0.770
VVWM 0.914 0.864 0.840 0.865 0.976 0.972 0.905
C3 | VVGM 0.697 0.672 0.622 0.816 0.728 0.775 0.718
o GMWM 0.760 0.770 0.740 0.940 0.740 0.790 0.790
g VVWM 0.856 0.537 0.856 1.501 1.076 1232 1.000
%1 C4 | VVGM 0.735 0.737 0.836 0.738 0.835 0.828 0.784
b GM/WM 0.850 1.370 0.970 0.490 0.770 0.670 0.850
o VVWM 0.634 0.846 0.943 1.389 0.900 0.782 0.019
-g C3 | VVGM 0.368 0.837 0.829 0.695 0.5345 0.572 0.674
= GM/ W 0.860 0.980 0.870 0.300 0.600 0.730 0.750
VVWM 0.813 0.646 0.738 0.835 1.180 0.683 0.815
C6 | VVGM 0.654 0.568 0.765 0.776 0.580 0.476 0.636
GM/WM 0.800 0.870 1.030 0.930 0.490 0.690 0.800
VVWM 0488 0.511 0.360 0.674 1.118 0.716 0.677
C7 | VVGM 0.348 0.421 0.445 0.434 0.802 0.481 0.521
GM/ W 1.120 0.820 0.790 0.640 0.710 0.670 0.690
VVWM 0.644 0414 0.580 0.712 0.668 0.694 0.618
C& | VVGM 0.428 0.362 0.415 0.347 0.400 0.400 0.303
GM/WM 0.660 0.870 0.710 0.480 0.590 0.580 0.640

Table 3. Volume values of the cervical (C) spinal cord of 5-month-old rats (Q) (VVSC) (mm?), Volume ratios of
the white matter/the spinal cord in the cervical spinal segments of 5-month-old rats (WM/SC) (%), Volume
ratios of the gray matter/the spinal cord in the cervical spinal segments of 5-month-old rats (GM/SC) (%)

Number of Animal

MEANS

Rl R2 E3 R4 R5 Réb
VVSC 2.584 2853 2.240 2,665 2527 2.522 2565
Cl | WMYSC 0.560 0.440 0.450 0.430 0.480 0.480 0470
GM/SC 0.300 0.230 0.390 0310 0.220 0.220 0270
VVSC 2.360 2812 2.048 2.652 2812 2221 2484
C2 | WMYSC 0.590 0.440 0.570 0.460 0420 0.560 0.500
GM/SC 0.270 0.220 0.350 0.250 0.220 0.180 0.240
VVSC 3.085 3.560 2.086 2.566 2175 1.644 2519
C3 | WM/SC 0420 0.460 0.570 0.440 0.360 0.700 0.400
- GM/SC 0.230 0.250 0.330 0.240 0.330 0.440 0.300
a VVSC 2.944 2.932 2.100 2.336 2347 1.932 2.465
o C4 | WM/SC 0.500 0.420 0.510 0.410 0.480 0.610 0.480
bt GM/SC 0.260 0.250 0.330 0.280 0.220 0.280 0270
E VVSC 2028 2820 2.628 2444 1078 1575 2307
g Cs | WMYSC 0.400 0.390 0.390 0.430 0450 0.650 0450
= GM/SC 0.220 0.230 0.260 0.330 0.180 0.260 0.240
VVSC 3.032 2.606 2.648 2.639 1.400 1.041 2233
Cé | WM/SC 0450 0410 0.440 0450 0.560 1.020 0.550
GM/SC 0.230 0.230 0.240 0.260 0.240 0.330 0.250
VVSC 2.048 1486 2.220 2197 1.784 1364 1.842
C7 | WM/SC 0490 0.600 0.520 0370 0.530 0.670 0.530
GM/SC 0.160 0.270 0.340 0.330 0.180 0.250 0.250
VVSC 1.578 1.546 1.587 1.580 1.752 1.3537 1.566
Cs8 | WM/SC 0.500 0.660 0.520 0.320 0.480 0.630 0.550
GM/SC 0.220 0.230 0.200 0.200 0.200 0.250 0.210
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Table 4. Volume values of the white matter of the cervical (C) spinal cord of 5-month-old rats (Q) (VVWM)
(mm?), Volume values of the gray matter of the cervical spinal segments of 5-month-old rats (VVGM) (mm?),
Volume ratios of the gray matter/the white matter in the cervical spinal segments of 5-month-old rats (GM/WM)

(%)
Number of Animal
MEANS
R1 R2 ] R4 RS R&o
VVWM 1.471 1.265 1.023 1.156 1215 1.146 1212
Cl | VVGM 0.777 0.670 0.880 0.839 0.575 0.535 0.714
GM/WM 0.5320 0,320 0.710 0.720 0.300 0.430 0.570
VVWM 1.401 1.247 1.179 1.240 1.203 1.219 1248
C2 | VVGM 0.510 0.643 0.724 0,669 0.621 0.409 0.619
GM/WM 0.460 0,510 0.610 0,330 0.300 0320 0480
VVWM 1305 1.673 1.201 1.152 0.803 0.790 1154
C3 | VVGM 0.710 0.001 0.704 0.627 0.723 0.725 0.731
- GAMWM 0.540 0.530 0.580 0.540 0.910 0.620 0.620
g VVWM 1475 1.235 1.075 1.0635 1.133 1.135 1.186
% C4 | VVGM 0.766 0.738 0.708 0.712 0.330 0.551 0.677
n GM/WM 0.510 0.390 0.630 0.660 0.460 0.460 0.330
E VVWM 1.187 1.108 1.049 1.062 0.896 0.890 1.032
g C5 | VVGM 0.665 0.636 0.702 0.813 0.364 0.420 0.603
= GM/W 0.560 0,300 0.660 0.810 0.400 0.400 0370
VVIWM 1.369 1.078 1.188 1.205 0.788 0.760 1.064
Co | VWGEM 0.711 0.608 0.664 0.696 0.339 0.349 0.561
GM/WM 0.510 0,390 0.540 0,570 0.440 0320 0490
VVWM 1.004 0.895 0.836 0.833 0.961 0.964 09135
C7 | VVGM 0.341 0.408 0.765 0.745 0.336 0.334 04901
GM/WM 0.330 0.570 0.910 0.890 0.340 0.380 0.360
VVIWM 0.789 1.024 0.837 0.824 0.849 0.877 0.866
C8 | VVGM 0.362 0.371 0327 0.328 0.357 0352 0.349
GMWM 0.4350 0.360 0.390 0390 0.400 0.400 0330

Cervical part of columna vertebralis in 1-month and 5-month-old male rats consisted of 7
vertebrae. In addition, 8 cervical segments were determined. Volume value increased for segments C2,
C3, C4, and C5 when volume of whole cervical segment was evaluated in 1-month-old male rats.
Volume value was also higher for segments C2, C3, C4, and C5 when evaluating the volume of cervical
segment’s grey matter in 1-month-old male rats. As volume value of white matter of cervical segment
in 1-month-old male rats was evaluated, the highest values were determined in segments C2, C3, C4,
and C5. Thus, segments C2, C3, C4, and C5 were considered to create the extension region called as
cervical enlargement. When evaluating the volume of whole cervical segment in 5 month-old male rats,
this value was observed mostly in segments C3, C4, C5, C6, and C7. Examination of white matter
volume value of 5-month-old male rats revealed that values of C2, C3, C4, C5, C6 were higher compared
to the other segments. Values of segments C3, C4, C5, and C6 were determined to be higher when
examining grey matter in terms of the volume value. In the present study, this extension peaked at
segment C3 in 5-month-old male rats, there was a considerable decrease in volume after segments C4,
C5. Segments C3, C4, C5, and C6 were considered to create cervical enlargement in 5-month-old male
rats. As mean volume was calculated for whole cervical segment in 5-month-old male rats in this study,
the obtained value was about 2.259 mm?. A mean volume value of about 1.615mm? was obtained from
the calculation of the mean of all cervical segment volume values in 1-month-old male rats. When
arithmetic mean of all volume values of cervical segments in 5-month and 1-month-old male rats was
compared, volume values were determined to be lower for 1-month-old rats. Segment C4 was the one
where volume value of grey matter was the highest in 1-month-old male rats. When it was compared
with all volume values, it was determined that segments C2 and C4 had the highest total volume. When
comparing white matter volume value with all volume values, it was determined that segments C2 and
C4 had the highest volume. In terms of overall volume values, the white matter volume and the volume
of grey matter, the highest value in C2, C3, C4, and C5 segments, where cervical extension took place,
was in parallel to each other. The highest grey matter value belonged to segments C1, C3 and C4 in 5-
month male rats. The highest white matter value belonged to segments C1, C2, and C4. Overall volume
was determined to be the highest in segments C2, C3, and C4. Segments with increased the volume of
white and grey matter, overall volume volumes were in parallel with each other.
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3.1. Statistical Analysis

When all spinal cord volume values were investigated, it was seen that there was not any statistical
differences between 1-month and 5-month-old rats in terms of all segments studied (except for C8);
whereas, there was a numeric increase. When examining segments in 1-month-old rats, the highest value
belonged to segment C1 and the value of segment decreased as the order of segment increased (except
for C3, C5) (P<0.01). The lowest value was determined in segment C8. As segments of 5-month-old
rats were investigated, it was determined that the highest value was for C1 segment and segment value
decreased as the order of segment increased (except for C3) (P<0.01). There was not any statistical
differences among segments C1-6, C4-7, and C7-8 (Table 5).

Table 5. Measured values at 1 st and 5 th months for all segmental volume at male rats

Segments 1. month 5. month Sig.
Cl 2.499+0.330° 2.565+0.0822 -
C2 2.134+0.164%® 2.484+0.131° -
C3 2.036+0.198%® 2.519+0.2872 -
C4 2.103+0.197% 2.465+0.172% -
C5 2.059+0.313% 2.397+0.214%® -
C6 1.749+0.184" 2.234+0.330%® -
C7 1.314+0.206% 1.850+0.149"¢ -
C8 1.067+0.099° 1.567+0.051°¢ *
Slg *%k *%k

-2 Insignificant, *: P<0.05, **: P<0.01
a, b, ¢, d: The difference between the averages expressed in different letters in the same column is significant

It was observed that there was no statistical difference in all segments (except for C8) between
1-month and 5-month-old rats studied in terms of the volume values of WM. On the other hand, there
was a numeric increase. When segments of 1-month-old rats were determined,that was seen the highest
value was belonged to segment C1 and the segment value decreased as the order of segment increased
(except for C4) (P<0.05). The lowest value was determined to be in segment C8. As segments of 5-
month-old rats were examined in terms of WM volume values, the highest value belonged to segment
C2. Segment value decreased as the order of segments increased (C4 and C6) (P<0.01). (Table 6).

Table 6. Measured values at 1st and 5th months of white matter volume in male rats

Segments 1. month 5. month Sig.
Cl 1.019+0.0812 1.213+0.0612 -
C2 0.933+0.082% 1.249+0.0322 *x
C3 0.905+0.024%® 1.154+0.135° -
C4 1.010+0.1372 1.186+0.0632 -
C5 0.919+0.103% 1.032+0.048%® -
C6 0.816+0.079% 1.065+0.100%® -
C7 0.678+0.095" 0.916+0.029° *
C8 0.619+0.045°¢ 0.867+0.034° *k
Slg * **

- Insignificant, *: P<0.05, **: P<0.01
a, b, c: The difference between the averages expressed in different letters in the same column is significant

There was no statistical difference between 1-month and 5-month-old rats in all segments
(except for C8) studied in terms of GM volume values; besides, a numeric decrease (except for segment
C3) was determined. In 1-month and 5-month-old rats, the difference between segments C4 and C8 and
other segments was significant, respectively (P<0.05).

When segments of 1-month-old rats were investigated, the highest value was determined for
segment C1 and segment value decreased as the order of segment increased (except for segment C4)
(P<0.001). In addition, while there was not any statistical differencesamong the segments C1-C4, it was
different from others; while there was not any statistical differences among the C2-C7 segments , it was
different from others; and the lowest value was belonged to segment C8.
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When segments of 5-month-old rats were examined within themselves, it was determined that
the highest value belonged to segment C3 and segment value decreased as the number of segment
increased (except for segment C3) (P<0.001). Also, there was not any statistical changes between the
C1-6, C2-7, and C7-8 segments (Table 7).

Table 7. The grey matter values were measured at 1 and 5 months in male rats

Segments 1. month 5. month Sig.
C1 0.851+0.082% 0.716+0.056? -
C2 0.722+0.063% 0.620+0.044% -
C3 0.718+0.029% 0.732+0.0372 -
C4 0.785+0.022% 0.668+0.041% *
C5 0.674+0.055" 0.603+0.071% -
C6 0.637+0.048" 0.561+0.070% -
C7 0.522+0.059% 0.492+0.084"° -
C8 0.394+0.013° 0.35040.007¢ *
Slg *kk k%%

-2 Insignificant, *: P<0.05, ***: P<0.001
a, b, ¢, d: The difference between the averages expressed in different letters in the same column is significant

GM/SC volume ratios were determined to be statistically insignificant between 1-month and 5-
month-old rats in terms of all segments studied, except for segments C1, C2, and C8 (P<0.01). As
GM/SC volume ratios were evaluated within themselves for segments of 1-month-old rats, the difference
between segments was revealed to be insignificant.

When GM/SC volume ratios for segments of 5-month-old rats were examined statistically, the
difference between segments was determined to be insignificant (Table 8).

Table 8. GM/SC ratio is the volume measurements at 1 and 5 months in male rats

Segments 1. month 5. month Sig.
Cl 0.352+0.031 0.473+0.019 *x
C2 0.335+0.025 0.507+0.031 *x
C3 0.365+0.038 0.492+0.050 -
C4 0.383+0.040 0.488+0.030 -
C5 0.348+0.041 0.452+0.041 -
C6 0.370+0.023 0.555+0.095 -
C7 0.433+0.075 0.530+0.042 -
C8 0.380+0.036 0.552+0.030 *x
Sig. - -

-2 Insignificant, **: P<0.01

The difference between segments was revealed to be statistically insignificant as WM/SC
volume ratios were evaluated for 1-month and 5-month-old rats (Table 9).

Table 9. WM/SC ratio is the volume measurements at 1 and 5 months in male rats
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Segments 1. month 5. month Sig.
Cl 0.425+0.042 0.473+0.019 -
C2 0.438+0.036 0.507+0.031 -
C3 0.465+0.053 0.492+0.050 -
C4 0.492+0.076 0.488+0.030 -
C5 0.485+0.075 0.452+0.041 -
C6 0.488+0.066 0.555+0.095 -
C7 0.538+0.061 0.530+0.042 -
C8 0.600+0.074 0.5524+0.030 -
Sig. - -

-: Insignificant
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GM/WM volume ratios were statistically significant between 1-month and 5-month-old rats in
segments studied in terms of segments C1, C2, C6 and C8 (P<0.01). GM/WM volume ratios between
segments of 5-month-old rats were statistically insignificant (Table 10).

Table 10. GM/WM ratio is the volume measurements at 1 and 5 months in male rats

Segments 1. month 5. month Sig.
C1 0.828+0.031 0.570+0.047 **
C2 0.778+0.045 0.488+0.039 el
C3 0.790+0.031 0.620+0.060 *
C4 0.853+0.123 0.55540.037 *
C5 0.757+0.074 0.55540.065 -
C6 0.802+0.078 0.49540.041 *x
C7 0.792+0.071 0.56840.110 -
C8 0.648+0.055 0.398+0.012 *x
Sig. - -

-2 Insignificant, *: P<0.05, **: P<0.01

Two-simple T Test was used for comparison of volume values in 1-month and 5-month-old
male rats. For comparing the volume values among the cervical spinal segments One-Way Anova test
was utilized. Statistical analysis was carried out by SPSS packaged software.

4. Discussion

In the present study, cervical segments of spinal cord were dissected, but spinal cord could not
distinguished from spine completely. Because, it assisted to give name for cervical vertebrae of spine
by cervical segments. Begum et al. [27] segmented spinal cord along with spine. Dissection stage of the
present study is similar to the study by Begum et al. [27].

In various studies in the literature [5, 28-30] the cervical segments’number in rats was stated to
be 8 cervical segments which was one more than the number of cervical vertebrae. The cervical
segments’ number was 8 in the present study, as well.

In the study conducted on Leghorn chicken, enlargement of cervical segment was found to be
composed by C13, C14, C15, T1, T2 segments [31]. Baumel [32] and Haziroglu et al. [33] stated that
cervical enlargement in poultry was created by the the first two thoracic segments and last three cervical
segments. Nickel et al. [34] reported that it was composed of the last two cervical and T1, T2, and
sometimes T3. Zeman and Maitland [5] indicated that the expansion of cervical segment in rats started
from segment C4 and continued to segment C8. In the present study, segments C2, C3, C4, and C5 were
observed to form the extension part, which is called as cervical enlargement, in 1-month -old male rats.
This study revealed that the extension peaked at volume of segment C3 in 5-month-old male rats, there
was an apparent decrease in volume value after segments C4 and C5. It was determined in the present
study that cervical enlargement corresponded to segments C3, C4, and C5. There was no study in the
literature identifying the segment where cervical enlargement is located in male rats based on the age.
In the studies on intertransversal cross sections of spinal cord from Leghorn chickens, it was determined
as a result of volume calculations that total volume of white matter was 1007+127 mm? in females and
1400.7494.1 mm?® in males. Measurements of grey matter indicated that volume of grey matter was
241.4426.8 mm?® in females and 311.4423.4 mm?® in males. When total volume of grey matter was
compared to total volume of spinal cord in the study, the results were obtained as 19.36%=+0.882 in
females and 18.19%+0.706 in males [31].

In the current study, it was revealed that the white matter’s total volume was 0.861 mm?® in 1-
month-old male rats; whereas, the white matter’s total volume was 1.081 mm? in 5-month-old male rats.
While total volume of grey matter was 0.662 mm? in 1-month-old male rats, volume value of grey matter
was 0.591 mm?® in 5-month-old male rats. Thus, total volume of grey matter was determined to decrease
in 5-month-old rats. However, volume value of grey matter in 1-month-old male rats was higher than
volume of grey matter in 5-month-old male rats.

In the study on Leghorn chicken [31], volume ratio of grey matter was found to be higher at
pars caudalis and lumbosacral part in females; this was the highest at caudal part in males. Rahmanifar
et al. [35] studied on ostrich and identified that grey matter was found most intensively in pars lumbalis.
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In a study which was on Leghorn chicken [31], cervical part was revealed to be a part where grey matter
to whole spinal cord ratio was the lowest in females and males, the highest ratio was at thoracic part.
Rahmanifar et al. [35], in their study on mature ostrich, stated that cervical part had the lowest of the
ratio of grey matter and the lowest amount of the grey matter was more intensive in thoracic part and
lumbar part compared to cervical part. In the present study, on the other hand, mean ratio for the grey
matter’s volume to spinal cord’s total volume was found to be 0.36 in 1-month-old male rats. This ratio
was 0.25 for 5-month-old male rats. This volume ratio was higher in 1-month-old male rats than 5-
month-old male rats, it decreased in adult rats, and also the grey matter’s volume was smaller in 5-
month-old male rats.

In morphometric studies on horse [36], ape [37], donkey [38], human [39] and rat [40]. areas
and white matter’s and grey matter’s area ratios in lumbal segments of spinal cord were represented as
parameter. In conclusion; volumes and volume ratios of all cervical segments, spinal cord’s white and
grey matters in 1-month and 5-month-old male rats were obtained using morphological and stereological
methods in the present study. The results were given in tables. The results of the present study were
considered to contribute to the global literature. We also concluded that the present study can shine light
on further studies.
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