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Age-related Morphological Changes in the White
Matter of Cat Lumbar Spinal Cord

/HU Zai-man, ZHANG Chang-zheng, LUO Xun, SUN Qing-yan,
MEI Bin, HUA Tian-miao™

(College of Life Sciences, Anhui Normal University, Wuhu 241000, China)

Abstract: In order to investigate age-related morphological changes in the white matter of the lumbar spinal cord in
young adult and old cats, several techniques were used. (1) Immunostaining of neurofilaments (NF) was used to identify
nerve fibres; (2) modified Holzer crystal violet to show all the glial cells; (3) immunoreaction of glial fibrillary acid pro-
tein (GFAP) to exhibit the astrocytes; (4) the Golgi method to display the morphology of glial cells and astrocytes in the
white matter. Under the microscope, the fibres and glial cells were observed and quantitatively studied. Compared with
young cats, old cats showed significantly lower density of nerve fibres (P < 0.01)and weaker staining of the NF immunore-
activity . However, the density of glial cells and astrocytes (P < 0.01)in old cats is significantly greater than in young adult
cats. In addition, astrocytes in old cats were more hypertrophic, with stronger immunoreactivity of GFAP substance than in
young ones. This indicates that there is a loss of nerve fibres accompanied by an obvious glial hyperplasia in the white mat-
ter of the aging cat spinal cord. The above results suggest that the loss of nerve fibres in the white matter of old cats may
be an important factor that underlies the functional decline of signal transmission and processing in the spinal cord during
ageing. The activity enhancement of glial cells in old cats may provide a protective effect on surviving nerve fibers from
further degradation during senescence.
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1—12

Figs. 1 =12 Nerve fibers and glial cells in the white matter of young and old cat lumbar spinal cord
135 7 9 11 Youngcat 2 4 6 8 10 12 Old cat
1 2. NF Nerve fibers NF immunohistochemical staining % 1 000
3 4. NF The NF immunoreactive negative experiment X 1 000
5 6. Holzer Glial cells indicated by arrow Holzer staining % 400
7 8. GFAP Astrocytes  indicated by arrow  GFAP immunohistochemical staining X 400
9 10. GFAP The GFAP immunoreactive negative experiment restained by hematoxylin ~ x 400
11 12. Golgi Shape of glial cells indicated by arrow Golgi staining  x 400
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Peters et al 1999



532

26

Kirchhoff et al 2001

Aloisi et
al 2000

Aloisi F Ria F Adorini L. 2000. Regulation of T-cell responses by
CNS antigen-presenting cells different roles for microglia and astro-
cytes J . Immunol Today 21 3 141 -147.

Bigini P Bastone A Mennini T. 2001. Glutamate transporters in the
spinal cord of the wobbler mouse J . Newroreport 12 9 1815
- 1820.

Caccuri RL  lacono RF Weissenbacher MC  Avila MM Berria MI.
2003. Long-lasting astrocyte reaction to persistent Junin virus infec-
tion of rat cortical neurons J . J Neural Transm 110 8 847 —
857.

Cavallotti C  Artico M Pescosolido N Leali FM  Feher J. 2004. Age-
related changes in the human retina J . Can J Ophthalmol 39

1 61-68.

Elder GA  Friedrich VL Jr Bosco P Kang C Gourov A Tu PH Lee
VM  Lazzarini RA. 1998. Absence of the mid-sized neurofilament
subunit decreases axonal calibers levels of light neurofilament NF-
L and neurofilament content J . J Cell Biol 141 3 727 -
739.

Elder GA  Friedrich VL Jr Margita A Lazzarini RA. 1999. Age-related

atrophy of motor axons in mice deficient in the mid-sized neurofila-

ment subunit J . J Cell Biol 146 1 181-192.
Jessen KR. 2004. Glial cells J . The International Journal of Bio-
chemistry & Cell Biology 36 10 1861 — 1867.

Ju G Wan XC Dong XW. 1985. Methods in Neuroanatomy M .

Beijing People’s Medical Publishing House.
. 1985. . .

Kirchhoff F Dringen R Giaume C. 2001. Pathways of neuron-astrocyte
interactions and their possible role in neuroprotection J . Eur Arch
Psychiatry Clin Neurosci 251 159 - 169.

Linda RW Erin DM Steven FM. 2001. Spinal cord glia New players
inpain J . Pain 93 201-205.

Linnemann D Skarsfelt T. 1994. Regional changes in expression of
NCAM GFAP and S100 in aging rat brain ] . Neurobiol Aging
15 5 651-655.

Mattiace LA Davies P Dickson DW. 1990. Detection of HLA-DR on
microglia in the human brain is a function of both clinical and techni-
cal factors J . Am J Pathol 136 1101 -1114.

Mo YY Jiang Y Chen Y. 2002. Progress in the biological function of
brain astrocytes J .

1 71-73.

Development of Physiological Science 33
. 2002.
. 33 1 71-73.
Parhad IM  Scott JN Cellars LA Bains JS Krekoski CA  Clark AW.
1995. Axonal atrophy in aging is associated with a decline in neuro-

1990 Sheng et al 1998

Sloane et al

Mattiace et al

1999

filament gene expression J . J Neurosci Res 41 355 -366.

Peters A Josephson K Vincent SL. 1991 . Effects of aging on the neu-
roglial cells and pericytes within area 17 of the rhesus monkey cere-
bral cortex ] . Anat Rec 229 384 -398.

Ramirez JM  Ramirez Al Salazar JJ de Hoz R Trivino A. 2001.
Changes of astrocytes in retinal ageing and age-related macular de-
generation J . Eye Research 73 601 -615.

Sabbatini M Barili P Bronzetti E  Zaccheo D Amenta F. 1999. Age-
related changes of glial fibrillary acidic protein immunoreactive astro-
cytes in the rat cerebellar cortex ] .
Development 108 2 165-172.

Sheng JG Mrak RE Griffin WS. 1998. Enlarged and phagocytic but

not primed interleukin-1 IL-1 alpha-immunoreactive microglia in-

Mechanisms of Ageing and

crease with age in normal human brain ] . Acta Neuropathologica
95 3 229-234.

Sloane JA Hollander W Moss MB  Rosene DL Abraham CR. 1999.
Increased microglial activation and protein nitration in white matter of
the aging monkey ] . Neurobiology of Aging 20 4 395-405.

Sloane JA Hollander W Rosene DL Moss MB  Kemper T Abraham
CR. 2000. Astrocytic hypertrophy and altered GFAP degradation
with age in subcortical white matter of the rhesus monkey J . Brain
Research 862 1-10.

Sobin LH. 1992. AFIP Laboratory Methods in Histotechnology M .
Washington American Registry of Pathology 102 —104.

Sun QY Mei B Wang HT Zhu ZM Zhang CZ Luo X Hua TM Liu
7Q. 2004. Age-related morphological changes in the retina of cat
J . Zool Res 25 6 537-542.

. 2004.
. 25 6 537-542.

Uchida K Baba H Maezawa Y Kubota C. 2002. Progressive changes
in neurofilament proteins and growth-associated protein-43 im-
munoreactivities at the site of cervical spinal cord compression in
spinal hyperostotic mice J . Spine 27 5 480 -486.

VegaJA Valle MD Amenta F. 1994. Expression of neurofilament pro-
teins in the rat cerebellar cortex as a function of age An immuno-
histochemical study J . Mech Aging Dev 73 1 9-16.

Vickers JC Biederer BM' Marugg RA  Buee-Scherrer V. Buee L. Dela-
courte A Morrison JH. 1994. Alterations in neurofilament protein
immunoreactivity in human hippocampal neurons related to normal
aging and Alzeimer’s disease J . Neuroscience 62 1-13.

Wang F. 1986. Human and Animal Physiology M . Beijing Higher E-

. 1986.

ducation Press.



533

Zhang C Goto N Zhou M. 1995. Morphometric analyses and aging pro-
cess of nerve fibers in the human spinal posterior funiculus J .
Okajimas Folia Anat Jpn 72 5 259 -264.

Zhang JH Sampogna SM  Moralesa FR  Chase MH. 1997. Age-related
alterations in immunoreactivity of the midsized neurofilament subunit

in the brainstem reticular formation of the cat J . Brain Research

dent Changes in the Midsized Neurofilament Subunit in Sensory-Mo-

tor Systems of the Cat Brainstem An Immunocytochemical Study
J . The Journals of Gerontology Series A Biological Sciences and

55 233-241.

Zhou M Goto N Otsuka N Moriyama H Nakamura Y. 1997. Morpho-

metric analyses of axons in the lateral corticospinal tract with ageing

Medical Sciences

769 196 - 200. process J . Okajimas Folia Anat Jpn 74 4 133 -138.
Zhang JH Sampogna SM  Moralesa FR  Chase MH. 2000. Age-Depen-
1] ”
2004

: b 2004

1985

TMVA
L- A
49 SCI 18 65
4 TMVA

ADP AA  PAF

650223



