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Age-Related Changesin Neurons and S100-,
GFAP-Immunoreactive Cellsin the Motor Cortex of Cats

SHEN Lin, SUN Qing-yan, KAO Chuan-chao, HUA Tian-miao

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

Abstract: Morphological changes of neurons and S100-, GFAP-immunoreactive cells in the motor cortex of young
adult and older cats were comparatively investigated, and the correlation of these changes and motor function degradation
during senescence was discussed. Nissl staining was applied to show cortical layers and neurons.  |mmunohistochemical
method was employed to exhibit S100-immunoreactive (S100-1R) and GFAP-immunoreactive (GFAP-IR) cells.  Under
an Olympus microscope, Moitcam 5000 Digital Image Acquisition and Analysis System was used to statistically count
the number of total cortical neurons, GFAP-IR cells and S100-IR cells in each cortical layer, and the cell-body diameter
of GFAP-IR cells and S100-IR cells were randomly sampled and measured. The density of total neuronsin layer V and
V1 of the motor cortex showed a significant decrease in older cats (P<0.01). Furthermore, the density and the cell-body
diameter of GFAP-IR and S100-IR cells in the motor cortex of old cats were significantly increased when compared to
that in young adults (P<0.01). In addition, the S100 and GFAP immunoreactivity in the motor cortex of older cats was
stronger than in younger ones. The density of total neurons in layer V and VI of the motor cortex was significantly
reduced during aging, which might lead to a decreased motion mediation capacity of the motor cortex in older individuals.
Moreover, with age, astrocytes in the motor cortex were significantly activated and increased, which is of great
significance in maintaining normal neurona activities, signalling between neurons and therefore slowing down
age-dependent motor function degradation.
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L, PR TTZ M LSty XA TCR AT 5%
AP RGSARTNRE, PRI AP TC IR AR AH
AR 2 FEM ARG RERI N A . N A%
BN 5 5= ()38 BNAT 9 FIORE 4l iE 3 1 AT 52 K ki iz
B RSB . A SEREN], AR TR AN
M5, ZEAATIE B 1R 5 R I 75 20 2 1ok
i e JE X85 5, X e ZAEAMARIZ Bl e Z T BE
J1 N B AM (Ward et al, 2006; Sailer et al, 2000) .
AR RN R 2 4 28 70 Dy i ek %) Ji DR H T v A
IRIERE, DAL R SR, R MR (1 R 2
ZILHRERIE N RE S &I H B JEA (Dickstein
et a, 2007) 15 fE)) (Komatsu et al, 2006) 4s
HKo R iz /A T inl, BRI
MR P AR R G R EH A 4 L — 2R
AN, BAZ AR X, S RGN
I R RPUSMERRNKRE BE. H
Axy G gs N BRI 0 2 B Al TR AE Ty T AR+
Iy EE/ER (Kirchhoff et al, 2001; Jessen, 2004) .
TR P R R G H IR T 40 P e B
Ak, AN R R 0 5 T 4 1 R £ P
Rl =2 N (Errgji- Benchekroun et al, 2005)
GFAP (glia fibrillary acidic protein) s&—~56 kDa
(1) v ) 22 B 1, A DX A1) T 4 i e At s o 4 i —
AMEEF MR EY . K H GRAPHLA bR IC AL T I it
R AT RIS . S1008% (12— MR PES 45 5%
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REM SR . A5G P S10085 (A Bt A kR id SL00E [ 1)
o3, EZESI00BEE 50 . T2 KINIZ ) )2
MEEZ i, Moo, BB 4N A1S1005 A
SHIVEFEMTEA AR, 03 E W BUBOE A A7 4E
MHERR? BT, ARSI MGG S50 sh i b
WO 5, SR AL 25 Yt R s A 2R 25 7
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I ST A 58 47 3 (Snider, 1961) & {7 Y HUR Mg Kz )2
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BN, I Image-pro Express #EMLEE . 11, 5
E(E)IGH

Nissl G0 (1) U) v SeAEAIRA 58 (x40) 1 43 1) Bl
HIEBN 220 QNNVVD, SR JGTE R8T
(x400) TPl th e N 20 MRS (T
KK B0umx50 um) THECRR S o E H -4 5 R4
% 15 f (cel | ShmmP) o G 2 2 bR V) A
RIS 74 v 45 S100 4 1 G B 14 41 i Rl GFAP
Ho 5 BH P 40 25 0 5 S50 LR B 1R 40 i %5 R (cells/
mm?), Mk GFAP S B YA EA% . R4 2 K
%I 3 LAAHAR I Nissl B8] ok 2% itk

KA I A 25040 1 DLV S FR v 22 (X+SD) 3%
/~» F Oneway Anaysis of Variance & Two-way
Analysis of Variance (ANOVA) LA FIAERR A, |2
R TR 22 5 W 5

2 & R

21 Nissl £fasgR

Niss e iz g [0 5 J2 g, /15y 1
CIDVAMBURLZ CID AMEARE (MDD, NHEAE
2 (V) RZERE (VD , WERZE (V) fEiZ3)
BIAPAAAE(E 1—2). 7 TR b, b
HEAR R IS RERR, A RREAA 2 rhm DL K ) S 445 4 ff A
H T ST BT B AR Mo AR A A L
[V . MEMae s HEEELBH[]:
F (1.108=0.897, P=0.756; 11 : F(1.108=2.594, P=0.109;11I:
F109=1.626, P=0.204], {H2V . VIEH BEMHE
5 [V: Fua19=5801, P=0. 017; VI: F 1 108=6.492,
P=0.012], #1401 B4 6.55% .5.72% (%
1),

* 1 EFEBEREZFERENEEPHETEE LK
(X+SD)
Tab.1 A comparison on density of neuronsin the motor
cortex of younger and older cats (X+SD)

W R CAEm)

Density of neurons SRl Sk
(cell number/mm?) Young cat Old cat
1 JZ Layer1 130.8+54.27 127.01£51.4
)2 Layer I 332.8£58.2 317.2452.3
2 Layer I 268.8+38.4 258.1+58.8
VIJZ Layer V 342.02+68.5 321.1+37.6
VIJZ Layer VI 33254242  3145+415

" P<0.05.

22 BRBHLAKERZE

T K BRI ) Je )7 & )2 38 W, GFAP Al
S100 FHPE R NAr A, Horh oy FIRsE R 2, Mk
ORR, Z R OEEEEG, @58~ GFAP
PRSI AL, AR, HME &SR A
A LR REBH M A (B 3. 4); S100 25 4 A
TRHEA 2 b, Aot (& 7. 8). LAFHME
MNP A bR E, SEFMAELL, ZFA R
Rt (IRIR, s I N0 FE I B [GFAP: Fr,
108)=463.595 P<0.0001; S100: F (, 103 =532.875P
<0.0001] (3% 2). geil4h R WoREFERIs) T
GFAP-IR 4l fig 1 S100-IR 41 ff % 5 Lb 5 50 2% 1
THGFAP-IR: F (1, g9 =582.932, P<0.0001; S100-IR:
F (1. o5 =347.529, P<0.0001] (5] 3—8, % 3. 4),
XU M B 5% 1 AN AR (7] 41717 57 [ GFAP-IR:
F 3. 959 =1.75, P=0.155; S100-IR: F (3, 958 =2.38,
P=0.095], fHEm K/NERZKRAK[ZKZE R
[GFAP-IR: F 4, 953 =614.271, P<0.0001; S100-IR:
F 4 o9 =227.896, P<0.0001]. 4E#4 5 2R AjAH
HAEH[GFAP-IR: F (1, 9580 =23.82, P <0.0001;
S100-IR: F (1. g5 =31.161, P<0.0001]. 5i4FEA
L, ZERMIE SN B2 T GRAP-IR %% L T & 4
WA 1 Z601%. 112 36.4%. 112 709%. V)2
41.7% . VIZ 514%; ZAEREsh % E T
S100-IR 4 i35 B F T RE ol 1= 51.1% . 11
2 31.2%. 1II)Z 64.9% . V)2 37.4%. VI)Z 31.9%.
Pearson 43 A AH G PERL K W7, GFAP-IR 4 i Al
S100-1R 41 i 2% 52 3G A7 Ax 2 2 IEAH G HE (r =
0.546, P<0.0001). 734k, &5k )= % GFAP-IR fig
WEAR W FE R K[F . 24p =137.335, P <0.0001], -
BIRan 23.5% (3R 3)5 [0 LA 2R L BH 2 Jse v

*k 2 EEMEREZFERIEYEE GFAP-IR #faF1 S100-IR
4B T2 7R 1A P (X£SD)
Tab.2 A comparison on average grey value of GFAP-IR
cellsand S100-IRcellsin the motor cortex of
younger and older cats(X+ SD)

ST 2 K A HAEA AR
Average grey value of cells Young cat Old cat
GFAP-IR 135.31+7.71 104.98+11.79°
S100-IR 104.06+12.43 58.94+8.81"

" P<0.0001.



1

M MRS AIEF) R AR TR S100. GRAP BH A1 Y 4F E AR DG AR ML

59
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Figs. 1-8 Layers, GFAP-IR cells and S100-IR cells in the motor cortex of young and old cats

Ml: 53T egl: ANBURLZ: epl: AMEAE: ipl: PWAEMARLS; mfl: £JE)2. ml: molecular lamina;  egl: externa granular lamina;  epl:
external pyramidal lamina; ipl: interna pyramidal lamina; mfl: multiform layer.

1: REERIZE SN ENIssIg 4 2 (bR Rs200pm) [Showing all layers stained by Nissl’s method in motor cortex of young cat (Bar = 200
pm) J;

2: IR HAERNIZ E 2 ENiss1H 573 2 (bR R 7 200um) [Showing all layers stained by Nissl’s method in motor cortex of old cat (Bar=200um)];

3: R ERME B % 2 7 T2 (ml) GFAP-IR41 it (b R 750 pum)[Showing GFAP-IR cells of molecular lamina (ml) in motor cortex of young cat

(Bar=50um) ];

4: TREERMIEEN L )E 0 TE(ml) GFAP-IR4IAE (kR 7R50um) [Showing GFAP-IR cells of molecular lamina (ml) in motor cortex of old cat

(Bar=50um) ];

5: REAEMIZEE A T I T2IGFAP-IR4I (b5 7100um) [Showing GFAP-IR cellsof 1. 1I. III layer in motor cortex of young

cat. (Bar=100um) ];
6: NEEMIEE T 1. TMAIGFAP-IRGI (b /X78100um) [Showing GFAP-IR cellsof T . II . III layer in motor cortex of old cat.
(Bar=100pm) 1;

7: IREAEMIZ B A T2 (ml) S100-1R4i A (Fk R 750um) [Showing S100-IR cells of molecular lamina (ml) in motor cortex of young cat

(Bar=50um) ];

8: INEAEMIB B Y 4y T2 (ml) S100-1R4 A (kxR 7R50pum) [Showing S100-IR cells of molecular lamina (ml) in motor cortex of old cat (Bar

=50pm) J.
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*3 BFEHEREEMISHEEP GFAP-IR MIlEEE RERZ L
Tab. 3 A comparison on density of GFAP-IR cellsin the motor cortex of younger and older cats

GFAP-IR #ii i % (A i%/mm? % Eif2(um) F4EM Young cat ZAFH Old cat

Density (cell number/mm?) and diameter (um) of GFAP-IR cells (X£ D) (X£ D)

12 Layer | 220.8+58.9 355.2462.1"
)2 Layer 11 211.5+40.9 288.2442.9"
I1)2% Layer 1II 121.6+34.4 217.6+42.4°
V2 Layer V 134.4+27.8 190.4+44.6"
V)2 Layer VI 112.9+38.7 169.6+36.6
JB 5 ¢ Z K GFAP-IR H.4% (um) Diameter of GFAP-IR in motor cortex 6.89+1.32 8.51+1.24"

" P<0.0001.

F4 BEEBRREZEBREINEESD S100-|IR HIEEE HHEK
(41 %/mm®
Tab.4 A comparison on density of S100-IR cellsin the
motor cortex of younger and older cats
(cell number/mm?)

S100-1R 4 Jfu 2 /i
Density of S100-IR cells
1 2 Layer [

112 LayerII

112 Layer 111

VJzZ Layer V

VIJZ Layer VI

" P<0.0001.

FHAEME Youngcat Z4FEA Old cat

(X+ D) (X+ D)
245.8+53.1 371.2470.4°
241.5+47.4 316.8+65.5
143.6+34.4 236.8+45.7
193.6+30.8 265.3+36.6
147.9+40.9 195.2+31.8"

08 r

06
04 F
0
I il i} v Vv

IEE) B 43 )2 Layers of motor cortex

ZAEMIE YRS R S H AL GFAP-IR
2 i1 S100-IR 4 ffa FE 38 I 43 b
Fig. 9 A comparison on percentage of density increment
on GFAP-IR cells and S100-IR cellsin the motor
cortex of younger cats and older cats
S100-IR 4 % J& 1 b /% 5 GFAP-IR 4 )8 e J3 LA 58 2 (R AR Sk
(Pearson 3 i HHEPERL B r =0.929, P=0.023).
The density increment of GFAP-IR cells and S100-IR cells was correlated
(Correlation test of Pearson distributionr = 0.929, P <0.023) .

3 it it

U SR R Z AL TS i\ 8 2 BT
i T 25 AN Ih fig 48 4k (Errgji-Benchekroun et al,
2005), 4 A/ Minils {4 (Sjobeck et al,1999). M Ak i
JZ=(Smith et al,2004) & oA D, A TTEE
IR . LA FTUE R, e Lo

W GFAP
asio0

2 P A L PO Y 4 L
Percentage of density increment on

IR cell in eachlayer (%)

K9

FRIFARRG R A I, e S AR 4
FEHE R (Morrison & Hof, 1997; Markham et al,
2007). 22 (Peters, 2002)iA g NFFR K2K504)
(R e R e, Mol i ARk, Jl it
SIREIB ) A G sk geit, gE R EoR: 5EF
WEAHLL, EFEMZ A R MAETTE A T 1, 1
EhIREEZES, MV . VIEMZTH HRTE
MR (R D. BEEERE V. VI EME
JLREEERIESME AT, BV ENAEEK
(1) Betz 4, LA H 1%l 5 A HE 1A 3R 1) FE 2L A1 RS
oy, HMEEERBAZEHEY R, Bk,
LA FEPIZEN R EEV . VIE 08 H 122
AR T RE AL T BUEAEA R BE RIS B RS 118 2 il 2
RE ST PRI B R A

TP ML TR I, (RSB
o BLIRZS R ACKH B (Korolainen et al, 2005) .
KB/ 2 BT (Sabbatini et al,1999) K Fi AL pfi 4
(Cavallotti et al, 2003) & N [ #f £ (Cavallotti et dl,
2002) HRJE BT H 3G 2, B S 3G o,
MR EARK, SRIZ . ALl GFAP frid2
TERR T4, &5 R BoREERIE ) J )2 T BB
A0l LA, SRR K, RV
Wng, R ZAEMIZ B R 7 BV I I A I 1) D e
S, AT NAE 3 R BRI B2 /N 5 ot DA S N
PRI PRI 5 45 TR — 55

S100B 1 Ay #1228 70 FE T J T 41 i AH L3 2R (1)
vz —, HAET ZAESETE, R Tes
FE LS, 3 RACRER R ARG PR o 40 o 1
RN R AT O DS R S e B e B S g
(Zimmer et al,1995), 2= HHEH T HNELHI41 A
N [Cal ™ i~V [ AR A, A 40 B P9 I 1 2
PR 1 [Ca®™Yi L 2 75 40 i 1E 3 ThRE L 10, (H 2
[Cal "iex Bt A W8 I T 00, FR T e S o
gour RS, SR, AT EnEA. B
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IRRER IR IR L o 22 AEANR 1) S100% 38 1 i v ]
W2 A ANCE AT, BT Ca? A 2 41
(5% (Khachaturian, 1989; Razaet a, 2007).
WFSCR I, FEsEzadfid, KRN B2 J2 ¥ S100
IIMRNA K H: 2655 7= 4184 in (Linnemann & Skarsfelt,
1994), ASZEG IR UE BIZRAM IS, B Kz
&1 J7 1 S100-| RE 77 % 2 1k Ft v B S 19 0 et
FATTHE D S100 4 11 3 32 f ¥ 384 n mT LA & i 420t
FEIG 2, YERF SR MERS, LT MMA TR E

K B JA AN 2 I R AR ) DhRE, — A
NI T IV)E F RS2 AN UL N B R BUR£T
Y, GRS BN T REERE, BAEEE) &2
BHBEN)E (Jang, 2002); V. VIZEEEEEHE
SR AR AL . RS FRAT T8 21 67 T R
f5 AL H GV o VI Z 1 GFAP— IR Jin i FE
51.4% F141.7%, THIAEIX PN Th A4 0% B H L
BN, Aragque SERIL, S AR OC 1) R T4
F R 52 ik 117 A 52k J il 28 TC AR BR T — = ) 5k
(Arague et a,1999). AAMEFRIIITRIN, BIEIK
ST ] DS A v ) KR4 e, A ) DR
56 3% 1) 5 fid % & KR 1Y - ( Pfrieger & Barres,
1997). HHULFRATTHENE TR A B s 14 2 . Thie
15 DL A 7 3 2 28 0 1R PR DL R 2R G 2 TR
WIRBCR, W SAig s, VA T 188 )=
SEUXE S RERE S TR R BATT M 5% 5]
B DT N5 JIN AR K44 N %7 )2 GRAP-IRES i
e S A A H B J2 K, FErP T 1 A2 TR e I 4 i 50
8 e B A K, GFAP-IRI b J3 7 75 78.1 % «
Laskawi et al (1997) A, kX i f 2 il = X i
210 AR5 BE 88 51 ORI Z Bl K2 AR N2
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