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A Morphological Study in the Gerbil Hippocampus following Transient
Ischemia with Special Reference to the Role of the Astrocyte

Shinya SATO

The role of the astrocyte in delayed neuronal cell death in the hippocampus of the
gerbil is not well understood. Morphological changes follwoing ischemic insult in CA
1 and CA 3 of the gerbil hippocampus were investigated by hematoxylin-eosin (H &
E) staining, an immunohistochemistry using an antibody against glial fibrillary acidic
protein (GFAP), and enzyme histochemistry of nicotinamide adenine dinucleotide
phosphate diaphorase (NADPH-d).
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In the CA 1, changes due to ischemia in pyramidal neurons was observed on the
third day after transient ischemia and an increase in the number of nonpyramidal
cells such as, astrocytes, microglias and macrophages was found fifth operative day.
However, neither ischemic changes of pyramidal cells, nor increase in the number of
nonpyramidal cells were observed in the CA 3, during six days following ischemia.

GFAP immunohistochemistry revealed strong reaction of astrocytes, an clonga-
tion of the foot processes and an increase in the size of cytoplasma, in both the CA
1 and CA 3 on the second operative day. In the CA 1, an increase in the size of
reactive astrocytes reached a peak on the fourth day after ischemia, while no
increase was observed in the CA 3. Furthermore, the increase in the size of reactive
astrocytes continued after six post operative day in the CA 1, while a decrease in the
size of reactive astrocytes was observed in the CA 3.

NADPH-d histochemistry showed that a small number of Nitric Oxide Synthase
(NOS) -containing neurons were present in the hippocampus. No morphological
changes were recognized over six days following transient ischemia.

In this study, a different glial reaction was observed in the area between CA 1 and
CA 3, indicated by the fact that in CA 1, reactive astrocytes continued to maintain
an increase in size after six days, but did not in CA 3. These results suggest that
astrocytes may play an important role such as, releasing neurotoxic or neuro-
protectory substances, in selective neuronal cell death after ischemic insult in the
gerbil hippocampus. Furthermore, in this study no morphological changes in NOS-
containing neurons were observed in either CA 1 or CA 3. It could be stated that NO
might have little effect on selective neuronal death. However, further studies are
needed to elucidate the functional role of the astrocyte in the hippocampus following

ischemia. (Accepted on January 11, 1996) Kawasaki Igakkaishi 21(3) : 225—236, 1996

Key Words @ Gerbil @ Hippocampus ® Ischemia
@ Asryocyte ® Gial fibrillary acidic protein (GFAP)
® Imaging analysis
@ Nicotinamide adenine dinucleotide phosphate diaphorase
(NADPH-d)
PERRIE, MR FR 2 E VW TEE L R
& L ®» (= MBHL, TA YA b OREEFEZIIHR

7 A bu¥A b+ (astrocyte) iE, FEEHIEED
R R OB, MEAEEFIORER, TR
EEIO D OBRERRKD 4 £ O Rk
BbRE<EboTHBY, PRHEERBERED
EEEPHER T2 L CEELRE 2R LT
LZEBHIONT WS,

— B PR AR 5% 0D 38 Fo M AR I SED® D

ML 7zEE I wn.

S, —EPERIRGEE M5 1< R MR AT
BROOLNLEEE CALERE, D s5hRWn
CA3FHBIZDWT?, 7A bud A DOFREE
HIZAL % S B L T 5 % W TRERER I
HBBE LTz, 5k, WEKEEERT
T» % nitric oxide (NO) »SEF&M:HHHIIA5T
OFRBICEE L T 2 JREMES R E LT 5



Ve T BN O¥E 5 B IS 927

ZEems, NO &EiEER TH 5 NO synthase D
43 i % nicotinamide adenine dinucleotide
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60~80 g DEF (12~13:8H#0) HEER A X 3

(Mongolian gerbil) 4205 % FHv>7z.
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FERET

A2VEOEIz D Epentobarbital (Nembutal®,
50 mg/kg, i.p.) FREMEIEER % EFYIBE L il
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TKS-1 (et T34 I % 5 5 FERT
Lz, 207 )y 72 M2 HERE,
BAAIL 7z. Fii#EfE, animal blanket con-
troller (AZAYEH) ZHVW CEBRE—EL L
72 (37%0.5°C).

NSO EFMOE (BFEM, avbo
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xylene Thik#/¢7 7 4 »AML, S70 b—
AT 5um OYIF 2EREL T H.E. Ra2fTo
7z.

(2) GFAP faysfiffe et | EREEK
THEMEREEL, 4% FA T 5 12128/
SELT#, 20 % sucrose I 12HEIR L 72
FOHI7VARY Y MZT 30 um OBWFEVIF 2
E%1 L, Zh % 0.1 M phosphate buffer (pH
7.4) WBELT:. BlE$i%0.5% H,0. 8LV

1 % normal bovine serum IZERIZTENTH
30438 K s & ¥ W I peroxidase W& & FERE
BMEFEERKRE L. DWW Trabbit anti-cow
GFAP #ifk (DACO #t, 1:2000) iz 4°CT24kF
BRGS¥7-. X512 labelled streptoavidin
biotin gt (LSAB * v +, DACO#) €&V,
biotin #& 3% goat anti - rabbit IgG, stre-
ptoavidin-peroxidase 12 Z 1LZNE R TL073H
K5, 3,3'-diaminobenzidine tetra-hydro-
chloride I T H @ & ¥ /2. Z R % alcohol,
xylene 1 THiZk#, Entellan® (MERCK #f) %
FWBTEHAL.

(3) NADPH-d B R bt Q&
EREOYIE 2HMAL, ¥4I 0.1mg/ml
nitroblue tetrazolium (SIGMA #) 8 X U 1.0
mg/ml S-NADPH (SIGMA #) %&% 0.3 %
Triton-X 0 0.1 M phosphate buffer (pH8.0)
WEET30—-60 8 L7z, % D% Entellan® 1
THEHALT.
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(1) H.E. 21T - 7AEZRDWHED CA 1,
CA 3Bz BT, 1HEH (X400) THA
MR E L HEF X AP RICES S % £ D R
$L, IER R 2R T SEAMBaER OHEAHT
BalList ofERe GEsEAMD) EFEIL. [
K12 hematoxylin THEY € %17 > /- GFAP %
tafEiAC GFAP BtEfifask 25l L& & DR
THE L7z,

(2) w7z GFAP Jtapyts % %8
B SR 5 72 912 IBAS-2000 (Zeiss #) % H
W (150X 150) wm? OEREMNIZ B ) % J B
Bofi% GFAP BB ERE L L THEHL, GFAP
BMEERE % CA 1, CA 3B B\ THBHRES
L.

4. F— 98BN
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Fig. 1. Photomicrographs of H.E. staining in the CA in control animals (a) (b), 2 days (¢) (d), 3 days (e) (f)

and 6days (g) (h) following transicnt ischemia. (a, ¢, e, g-hippocampus b, d, f, h-CA 1 resion) No
significant differences were found between control and second postoperative days in the shape and size
of pyramidal cells. On the third days, all pyramidal cells were observed to have shrunk. The shrunken
cells were observed to disappear on day 6 following transient ischemia, while nonpyramidal cells such
as, astrocytes, microglia and macrophages were still observe around the pyramidal cell layer of the CA

1. The bar indicates 500 xm (a, ¢, e, g) and 50 um (b, d, f, h). arrow head : astrocyte open triangle :
microglia
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1. H.E. 2+ (- & 3 SEthH000 & FESEAAHBIAD I3BHEL , B ERROXAIEEETH - 7z (Fig.
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Fig. 2a. The mean number of pyramidal (filled bar) and nonpyramidal cells (shadowed bar) in the
CA'1 per unit area. Values were represented by the percentage of that of the control animals.
*p<0.05 The number of pyramidal and nonpyramidal cells was not change until 2 days following
operation. Three days following operation, the number of normal pyramidal cells had significant-
ly decreased, while that of nonpyramidal cells was unchanged. On the 5th and 6 th day following
operation, no normal pyramidal cells were observed, while the number of nonpyramidal cells had
significantly increased.
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Fig. 2b. The mean number of pyramidal (filled bar) and nonpyramidal cells (shadowed bar) in the
CA 3 per unit area. Values were represented by the percentage of that of the control animals. The
numbers of pyramidal and nonpyramidal cells were not significantly changed from day 1 to days
6 following operation.



230 g & 2 = 3
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2) #pag ozt (Fig. 2)

CA 1 sl CldstfAiifgss 3 H B CREICEA
L 4 HEHRBRICZHEE L T, —7F, FEEE
#3565 HEURAERE ML 7z (Fig. 2a).
CA 3 SIS CISEAMIRT, FESfEAMIIE & bk
WELEZED > 72 (Fig. 2b).
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1) reryZft. (Figs. 3, 4, 5)
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© wBELEKXR O CA 1 H#HEE

ay bo— VT, GFAP B IziEE
I E AMICTFEET 55, CA1ERICB T
% GFAP Bl O AL CA 3 HER 2 &0
OMEBIC AR5 2. Lo Liehy s, #fk
HEREE I 13 GFAP BB MM IEEE & iz -
7z (Fig. 3a). {H% QML IR IZME <,
REERICB T Y EITh - 7- (Fig. 4a) .
2HH, H.E. BTz »EEIZEED > h
o lzh’, GFAP Peta TR A DR AN
DMEML, 7A MY A DRI DA
BRA~DHEELRFED 517 (Fig. 3b) . 7-Ex
OMifaCIIEEREOKS, BEXEblcar o
— VIR, kb BEBEAL Tz
(Fig. 4b). 4 HETIZ, ¥BELETCA 14,
DHAENE LM DRI FE G5 - 72 (Fig. 3e) .
FIHHS R OEREED . (Fig. 4¢). 6

Photomicrographs of GFAP immunohistochemistry in the hippocampus in the control animals

(a), on 2 days(b), 4 days(e), and 6 days(d) following operation. Reactive astrocytes were appeared
2, 4 and 6 days following operation. The density of astrocytes in the hippocampal CA 1 region
increased in 6 th day following operation. The bar indicates 500 zm.
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Fig. 4. Photomicrographs of GFAP immunohisto-
chemistry in the CA 1 in control animals (a),
2 days (b), 4 days (¢), and 6 days (d) following
operation. The same changes were observed
as in Figure 3. The bar indicates 100 gm.

HETIZ, #AMEENCRBELEZ7 A ey
4 P OREHESESICEELRYD, BKbEHR
2R EFED T2HS, BT 4 HE WAL
7o Twi (Figs. 3d, 4d).
@ CA 3 $EI%
ay ro—VEETIE, CA1ERICHARDRN
Svfafk LV EZEHE R b D GFAP Bk’
@posht-(Fig. 5a). 2 HEH, 4 HETE, I
&, BZEREBITHEARL TV, bEDER
H=yshldo7: (Fig. 5b, ¢). 6 HH TR
GFAP g ogatiid 4 HECHAETL
Twi: (Fig. bd).

Photomicrographs of GFAP immunohisto-
chemistry in the CA 3 in the control animals
(a), 2days (b), 4days (¢), and 6days (d)
following operation. Reactive astrocytes
appeared 2, 4 and 6 days following operation.
The density of the astrocytes increased 4
days following operation. These changes in
tha CA 3 were smaller than that of the CA 1.
The bar indicates 100 xm.

Fig. 5.

2) Mgzt (Fig. 6)

CA 1fEBucB VT 5 HEUETERREINZ
Hwi-h, CAIERTIERLEER DN
tholz.

3) EfgfEyT (Fig. 7)

CA 148 Ci3EmeE 2 HECBWTar o
— M= GFAP BEERE O %789
7. 4HEb I >HEIMERERL, 6 HEIE
BERD T2 00 2 HEICHAEINL Twik.
CA34ERICBWTH 2HEHEBW (I Y ba—
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CONT 1 2 3 days

Fig. 6. The mean number of GFAP-immunreac tive (GFAP-I) cells in the CA 1 (filled bar) and CA
3 (shadowed bar) from 0 to 6 days following operation. Values were represented by the percentage
of that of control animals. *p<0.05 The number of GFAP-I cells was not change from 1 to 4 days
following operation in the CA1 and CA 3. On the 5th and 6 th day following operation, significant

increases in the number of GFAP-I cells were observed in the CA 1, while no increase was noted in the
CA 3.

(%) P<0.05

| Il ca *
300 | .
/] CA3 .
7 %

200 -

100 4

7

CONT 2 4 6 days

Fig. 7. The total areas of GFAP-immunoreactivities in the CA 1 (filled bar) and the CA 3 (shadowed bar)
in the control animals, 2 days, 4 days and 6 days following operation, measured by a computer assisted
analysis system (IBAS) . Values were represented by the percentage of that of control animals. *p<

0.05 A significant increase was observed in both the CA1 and CA 3 on 2, 4 and 6 days following
operation.

WIZHAREERBMZ23 7208, 2HE®S 4 (Fig. 8)

HEHEZ»FTRERZL 6 HHIKBWT4HE arbra—io CA 1 EBOMEEHIBAL &
EHAREBRZET28ED 7. UREZIZE 20~30 mm @ NADPH-d Btk

3. NADPH-d ## b (& 3 EBEMEL Ml RS shi- (Fig. 8a, b) 25, il
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Fig. 8. Photomicrographs of NADPH-diaphorase potitive neurons in the CA 1 in the

control animals (a, b) and on the 4th day following operation (¢, d). No
significant changes of NADPH-d positive neurons near the CA 1 were observed
between the control and specimens obtained on the 4 th day following operation.
P : pyramidal cell layer. The bar indicates 50 um. arrow head : NOS-containing

neuron

#% 3 HEMKE S NADPH-d 5 s Hi i o
B X ORI ELIZFED & iz h o 7z (Fig.
8c, d). NADPH-dB4ET X b a¥ A MZFED
s>h¥, xREFNELLZEDLh» o7z (Fig.
8c, d). L»L, BEEBICEWMEOLRE
M2S 4 HETIRBEML Twiz (Fig. 8c, d).

£ %=
— R KB 7 A b ey A b (reactive

astrocyte) & X, IEFICEERKHE O,
EVLWREEZbDO7 A baHdA bT, KLY

Z OHELIMA S » ORBOFEL RRT 5 & S
NTn»39, 7o, MIREEEEERT 2EEN 10
nm QOHFREE7 4 9 A2 bO—FETH 5 glial
fibrillary acidic protein (GFAP) D&E &M
BinL, SR EENFERCIVRZELES
ZEDBHLENT VDY,

KEBRTIF—@EMEMEOT X bay A b
OEE %, FRROFEICE W TRFIICBZE S
B EICEVMRET S L REHBE LIz, in
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S, KIEET A 04 f SR 2 HE

B S HIISELTE sz CA 1 588 & 38
onrofz: CAIEETHICHIEL, CA1
EBROKIGIE, Bl%4HEH, 6 HE bk
2500, CAIHEETORIGIZ—BETHS
& R EREEATEEE TR L 2 7.

ZOZrix, CALERIEBIT L KIGHET A b
TY A~ ORI S 2 EA LN 2 H
H % ToORMA & tiifastas £ Uiz 4 HEHLARE
ETCERZ b DB b, —%, CA3#EEI
BOWTEME6 HETY X ba¥4 +ORISHE
PMET U7, MEHIRZELSE U o fziz
O»ThdrEEZONTZ.

WIFRIZLTY, KR TRIGET X + o
4 NBEME2HEZBWTIT TCRED >N
Z XX, B E TR TR 4 BE% O
18 B fE IR 12 GFAPmMRNA O ¥ % =~ L 7z
Kindy 6 DEERER? 2 XTI bDEEZHN
7z.

FOGHET A T a4 4~ OBEEEIZ DV TI3iE
PRAEVEH R iR EEF OFHE %2 2 fER 233Kk
HEINT»5 . MREREERICBILTEING, K
JEHET A b oy A BSHERERTF (nerve
growth factor : NGF) #&K T3 Z L 2RLY,
Shigeno & i3 NGF DiNE WS CEF ML
MRZED IR 2 MHEI T2 2 L 2R LY. 72
Tanaka 5%, AREER L FREOETTIVCREIMTE
DRIGET A b a¥ A MZB W CRERBRILF
BN 7Ny 3 BRI B g 5 2k
2RL, RIGET A My A N 23SRmE 7Ny
SUVBEITNVY S UBRBRICEV VY S
952 LWLV AELL, SR LT
REERHEZETZ L L. SHEOBE»S K
BT A b av A4 I NGE R0V 3 AR
xR LR OREIER 2R U I ATREME DS 2
o5, 2 HEHO GFAP BiEmBEsEimis et 7
A bay A FAD NGF OFHERINVY I A8
BEROEEERKML T3 DL Bbil:.

—7%, BMEHHO CA1ERICBIFL27A Mo
YA~ OMHRRBEEMIER I OWTORE DR
V. I, NEEKEENEMERTCTH 3
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nitric oxide (NO)™V @ 7' V¥ 3 U EBIC X 3%
& E OB 2% Snyder'? 12 & D IR & L TEL
Xk, MBI 2 NO OREDFEHSATY
3. 5EOEBRTIE, NOSGKEE (nitric
oxide synthase : NOS) 3 NADPH-d k&4
5 2 R BREBEENTFETH 2D
NADPH-d #fa %247v>, NO D5 % CA 1,
CA 3 fEI CLb#&at U 72, Pallardy iX, I
BREIWIC LD 7R a4 b Dinducible-NOS (i-
NOS) #ZFEH x4, NO H4HE 16 O A
FERB| ST L BRLEY. LiL, A
TWHRESOKIEET X b av 4 FcNADPH-
dEEOHBR IR oo, ZOZERT
A hadA 48, NO 24 UTsBF M B sE
OHBICELBEEL THLRWI ER2RBLTWY
% . 7-72 LM EET NADPH-d e fat:nigia s
Bz 2 L IFIE O MR 2 & iINOS
DHEHEINTVIARESESEZ NS, &5
MisEE I A 8D NADPH-d & A A s &
£ L7535, NADPH-d &AM 138 e
FBEMERDL LN TER DS I EDS
&8 £ °, NADPH-d &7 sl oldeE I
T 2B DWTIRSES S IEHT 3.4
BEXbHDbDEEZS.

— M RTARE 115212 A & . 2 tE i oD B4R
WlEssEORERFO—D L LT, V5 3
B—ANVYTLABBELZONTYS., Thbb
A F 7 AR L D BRI D7 V5 3 U h
BHERD, 22UV s F 7 AR A
DHNY T ADBEADBRLE, A4 vicfkE
SNZEASMRERCZ RYE 2SR L
MEMISE R 7T T2 DTHS. —F, 7
AhaHA b IV S R RTERRE
BB N T 22/ EE L, Br OMRk5EE
YIE W X DN VY ADELT B 2 LS
WESNTWBED, ZOZ oA TE N
7o CA1%E & CA3EHBOKIEHET A kv A
 DREFFIIZALDE T, FHEHRIZE DG &
BARLTWwa tBbh, #OAXAH=XLELT
MM EERRIC VY S v BEA LTV BT
BEMEDY D B .
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7 A Muy A b OHEBEEERICODVWTIEX
HIBNTWBEZATHD. KEBRIIBWT
LREkROEHE LB, CA 1 fEBROM#EAHITTIX 3
HECEMEZLEEI LZDBREL, 72X
buaY A MK BHEBEESEO SN T A
a4~ OFBMEE ICB T, FREIERES.5
—AHOBIC 7 A b A FORERBIDB I L
L 09, KEEOCA1MEET, 4 HHCHER
NleRBEO7 A vad4 Ok, BRI
ST A rud A POMESFHCEIELDTH
D, BlEEHEEX5HBEIRT X a4 - O
BB sh R o7

F1, BEBACBWTIRI 207 ) 7 5%
o ont:. H.E. Rfics 2 I Mo
BEINERSS, GFAP BEMMaBOBEInR I G
WD Zz7u ) 7TENOBEEGcE2bDEE
Z26h5. 270707 MR TEECEL 2
BEARERAPRBCET 2ERAEELTWE® L
SEbhTw33S, T EH% { —EMERKHEE
BB 2 EEESHROBBTEL Lizwv.

X

3 & &

1. —@MRINEmEO¥EE CA1, CA3HE
BB 2 HBENEL, Frc7 A bad A b
ORBFIZIC D W TRE L 2.

2. RIGHET A ba¥A b IZEEIMEE OMREHE
FEDBEEICEDL S FHEL .

3. RIGHE7 A bav4 IR MY i
RARE Y, MEMIER BEEERAANEZ 0
wE LS Es L BbhT:.

4. FIHAOMHRREERC DWW TS HEHT 2
DENH B

a2 hizy, BRIEY, IR EER
L7 IFERIRFRAEFHE, INEFREE I F TR
2EEEBT L L bz, BROMPEEH LR
HEBZ 2 1R, BREFREOHLET RSB =
7.

BB, FPFRO—EITTR T EENIFERAET Y
= 7 MFFEER (7-609) Ik oz Z LR MEEL, B#OE
ERLET.
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