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Abstract : Ischemic damage in the selectively vulnerable populations of neurons is thought to
be caused by an abnormal accumulation of intracellular calcium. It has been reported that the
neurons, expressing specific calcium binding proteins, might effectively control intracellular
calcium concentrations because of a high capacity to buffer intracellular calcium in the brain
ischemic condition. It is uncertain that parvalbumin, one of the calcium binding proteins, can
protect the neurons from the cerebral ischemic damage. Recently, treatment of kappa opioid
agonists increased survival rate, improved neurological function, and decreased tissue damage
under the cerebral ischemic condition. Many evidences indicate that these therapeutic effects
might result from regulation of calcium concentration.

This study was designed to analyze the changes of number in parvalbumin-positive neurons
after cerebral ischemic damage according to timepoints after cerebral ischemic induction. In addi-
tion, we evaluated the effect of GR89696 (kappa opioid agonist) or naltrexone(non selective
opioid antagonist) on the changes of number in parvalbumin expressing neurons under ischemic
condition.

Cerebral ischemia was induced by occluding the common carotid artery of experimental
animals. The hippocampal areas were morphometrically analyzed at different time point after
ischemic induction(1, 3, 5 days) by using immuno-histochemical technique and imaging analysis
system.

The number of parvalbumin-positive neurons in hippocampus was significantly reduced at 1
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day after ischemia(p  0.05). Furthermore, the number of parvalbumin-immunoreactive neurons
was dramatically reduced at 3 and 5 days after cerebral ischemic induction(p { 0.05) as compared
to 1 day group after ischemia, as well as sham control group. Significant reduction of parval-
bumin positive neurons in CA1 region of hippocampus was observed at 1 day after cerebral
ischemic induction. However, significant loss of MAP2 immunoreactivity was observed at 3 day
after cerebral ischemia. The loss of parvalbumin-positive neurons and MAP2 immunoreactivity in
CA1 region was prevented by pre-administration of GR89696 compared to that of saline-treated
ischemic group. Furthermore, protective effect of GR89696 partially reversed by pre-treatment of
naltrexone. :

These data indicate that parvalbumin-positive neurons more sensitively responded to cerebral
ischemic damage than MAP2 protein. Moreover, this loss of parvalbumin-positive neurons was
effectively prevented by the pretreatment of kappa opioid agonist. It was also suggested that the
changes of number in parvalbumin-positive neurons could be used as the specific marker to

analyze the degree of ischemic neuronal damage.
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HEol f4 : 4Y%5E-2 mongolian gerbil(H 3 60g~
Wg)E AHE3tAen ZE5Y AEYo2 UYL &
W34t Mongolian gebilE 3% isoflurane(70% N,0$}
30% 0,8 EP)22 FYTHHE =8 F 15%2 £
38A ¥4 7-%% & microancurysm clipg AHE-3}e] 10%
% H4sdn. i F2 A Ao ZA rectal
probeE AH&3tef A& &4} 1, heating pad2 M 2&
38T o|4 FAAIR . Sham controle HYRFETH F
de ez Fed ¥ 459 dde oA ¥%oh

ofEe XA : GR AL AYHL A HI}E
%8 GR(30pg/ke, RB)E F {8920 nalirexone Fo
79 2% HE5% 30849 932 naltrexone(10mgkg,
RBDE HA A8t} GR X naltrexone g FA|o} £
< naltrexone$ HYH 30 FAXE ¥ GRE
w5 en, GR £ 1083 YL KL
o 2EE 02 AL 0.9% salined FYF AT
ol HaFAlsgh HEE FEE A TF FFY
GEg 23 T8k FEAI Fun 19,39 ¥
590] g YYFENA parvalbuming] 2] ¥F
£ @E4

E3o Ma| : HYRLF 42 19,39 ¥ 59 A
33 AYF B 5% isoflurane(70% N,08} 30% 0,8 &
$hoez AlnlH A 7] F calcium free tyrode £} 100ml&
F93te 2202 HE FA4E FA AAY F 4% pars-
formaldehyde$} 0.2% pictic acidE X33 0.4M phosphate
buffer(Lana's fixative)}& #FAA 23 & 1YYt 2
Aol B 232 FUF LFGRN 4AEL A
o FnA3Qem 10%, 20%, 30% sucrose & of 2}
2 HAANA 20| FAAN &4HA REE P 4L
o) A 24A12HF <t sucrose A7t B 23L& 2008 2
L2 freezing stageo 4] A&3] Wl sliding microtome
& A4 A apmE G4 EUE A Fetd Wz
gy o] AL At
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& & avidin-biotin peroxidase method® A}§3}0] A4
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o UAEE Fo|7] A3 biotin amplification Y&
2485

Anti-mouse parvalbumin(Sigma)e] U3} ¥ 1:40,000L
2 anti-mouse MAP2(Sigma)2} ¢&4 A% 1:40,0000.8
Ast] Zhz ALEE o 4T A 1AL BEAR
o A3t YA dbgo] g AL oAk A rabbit
anti-mouse IgG(vector, 1:200)8 A &ojA 1A+ A F
% avidin-biotin complex(ABC: Vector, 1:250)8 A& 4]
3087 vk A1 A I % biotinylated tyramine(BT : 11 BT/
mi PBS+0.005% H,0,)3 20859 A&dA #$A4
orf o] ABC(1:500)sh A2l A 1A]ZHEE ¥HEAIR
Th. ABCS} ihgo] #d 232 DABYHE L2 A2 oA
SAA R 4 DA gl ¥d 23 TPBSE
AHgatel AF gEHE Aojd F og dAR A3}
Ak

EAXME : 4Ee AHEYE 4 A0l bregma -2.56
mmol| A bregma -4.52mm Alo]e] FMH ZAF HAHY
5 3o A bregma -3.14mm¢| ZAH AF ¢ 02mm¥
AL 52 Y 23 L AEsd F 574 2F A
parvalbumin 2@ A M X9 & digital image analysis
system(Meta-Morph, Universal Imaging Co.)& ] &38}d &
A3t 9o parvalbumin BH NAH LY Fof of
@ P& T Z AAE dEte go2 AP H
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min @8 AZM Tt FFHAHFg 1ACEG). 2184
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Table 1. Number of parvalbumin-immunoreactive ncurons in the sham control and cerebral ischemia induced group

CAl region of Hippocampus

Time after reperfusion

Total hippocampus and dentate gyrus

Sham Ischemia Sham Ischemia
1 day 24.1+08 78+06* 774+1.6 52.2+29*
3 day 23.1+£06 48112 761121 51.8+3.1*
5 day 221108 5.1+19* 77519 444125*

The numbers of parvalbumin immunoreactive neurons in CAl region of hippocampus as well as toral hippocampal area including CAl, CA2, CA3 and
dentate gyrus, were significantly decreased at )} day, 3 days and 5 days after ischemic induction compared to that o sham contro! group. Each value

denotes the mean with SEM(n = 3).

* : Significandly different from the values of sham-operated control group(p ¢ 0.05).

ARt Fhe AR FESATHFig 1-B, Table 1).
HYH LT CA29| A= parvalbumin 38 AA ML &
7t 248 o1 parvalbumine] hE A E 748
59 ARFoME AR FY 7tAE0] BFHA G
th(Fig 1-D). 3% Z 3+ 4 59 3 HT <9 CA3(Fig 1-H¢}
dentate gyrus(Fig 1-H)o| A= 9 A] parvaibumin &@ A7
A 9 ga4yg0] A FAsH) o gzl par
valbumin ‘&8 AN H E57} CAl, CA2, CA3 ¥ dentate
gynus& TS sobdAolM HERLF ALAH T
gzt dAHOR oA A #AdE FEE YE
91 th(Table 1).

GR89696 % naltrexone X7} parvalbumin &#
MBMRZY £ giglof 0jx|e HY : Saline HHXF
Y& 39 ERTY CAl BE2dA FZd parval
bumin 48 NAAMEY & 1Y FHLEEH dZ2T
Hl3te] @A 3| Fass) AlFstd 3, 59 AFTA
80% ol4¢] #AE JehiAth(Fig 2, Fig 3-B). 28y
kappa opioid agonist?] GRE A A A & JYFLFAME
parvalbumin 28 ARFAHE] + R WG P&
7t BEHA %o} sham 273 FAF F49 par-
valbumin B8 ARMES AGFAY 4 +& YN
Th(Fig 2, Fig 3-C). Opioid ~&# o] WA €93 ZgA =2
427 naltrexoned AAAE F HYE LT FolA
£ saline® £4% dizFo] vlF H¥=E A par
valbumin 4@ AAA L £HFA7 A AASHA
21 GR A v#ME AR & Re2
B35 9l }(Fig 2, Fig 3-D). Naltrexone?} GRE FAld] ¥
% 3¢ GR FoFdM FAYE F AT parvalbu-
min G4 AAA X g BEaFH} dYFHE Ao
&= 0™ naltrexone &= 5 A} {AMS A3 E #

:71!

Y T ANHFig 2).

—O— sham
—8—sal
~®~GR

i%..
. W g ~O-Natusxone
. I \\

g 204 - i ~®— Nakrexne/Gh
€ N .

g i%\_‘;» a

g a4 = ﬁ\i

F oA

s 1\_ .

2 s E _———I

T T
3day Sday

Time after reperfusion

Y
1day

Fig 2. The number of parvalbumin-immunoreactive(PV-IR) neu-
rons in hippocampal CA1 region of vehicle treated group. GR,
and naltrexone treated group. *: Significantly different from
the value of sham-operated control group(p ¢ 0.05), ~ : Sig-
nificantly different from the values of saline treated group(p ¢
0.05).

YR ol MFMZL MAP22 £4 : 882 9%
ARAZY 723 &4& 4587 93t dd 3y
45 MAP2 B EAY S AA3ST MAP2 44
€ sham tiRFA4 #fvule] CAl, CA2, CA3 pyramidal
cell layers} dentate gyrus®) granular cell layerof] 4 A7 4]
X9 H{7HA S Z3HA BRHU(Fig 4-A). T3S
€9 vehicleq] salineg §3tn dHsd I ¥
19 AGZo)Me MAP2 BE G40 sham tf 273
SR A& HolX ¥k (Fig 4-BG), 3¢ AAL
(Figure 4-C) ® 59 7 3} 7 (Figure 4-D)ol X & 27 v}
o] CA1 BEM g o] A3 FAsArt. MAP2
A Ago] Fad &S Hdste B3 A A
ZME dendritic process®] TRH &4o] FAHJLH
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gzFoA FEHAD AZATY AR g E
HYg44 ¢ 2238 5 U (Fig 4H). §¥ GRE A
ARG F Y Fig Pl E 19,39 9259 A
T BEFoA sham 275 YT 4408 MAP2 9§
dgdA4e] fAHE Ao §REQh(Fig 4-E). Nal-
trexoneS AAAE F ¥ E Fd 3% GR FA Lo
H| 3] MAP2 A g AqAo] A3 #AdAoy saline
FoAZ v &3P JAHE ez g3y
ATHFig 4-F).
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FFARANA B AAALEDY £, A4A
¥ Azdg ¥ &§3 719 F Oad Ay @4
s Aoz g3A AG® a2y wAYHes
F7Hd A 252 AX8A4E FEA F/HAHL
2R Ao £4¢ 248 Aoz ¢4 A9’ o
A HZo 5o HAAA o F7tE AXY gL
2 opy|HE AEY &3S ZAAT7] A8 AXY 2
#5529 2A7Ad @ Q77 43 AP g
o, olg Z2A/AF AaH} &L A%Yoz Y
o AEY ZEFrE 248 222 ¢ clcum
binding proteind] calbindin D28k, parvalbumin 3 calretinin
5o] 48 A en E3| calbindin-D28ks} parvalbumin
Zad S AXY Zed $4398E 928 trans-
port/ buffer protein'o] 2t 31 & & Qo>

o]#]§ calcium binding proteing Zr43} FL &Y
o8 A¢e & & FF hand family2 & A Q1o o]
ZF parvalbuming JA3te AFAEE A5 ratd] 3
n A F2 FEHD oz HIYZ A F
7t AEY ZaFEE 2AE & UE AR 335
T Uk, ol 9ol = parvalbumino] A A efo] A k1)
3 Z¥Hn Aot AE7t gAED o
Za3 a@ss Aoz oA o wavgel 3
g ZrgdAGE A& AAY 4 9 F dAHA
I Qo] #ANE AAEY €49 BA9GdE A
2 3uda A9’ gy Yz A8 FA8A 37t
€ A ZEFEE parvalbumine] o= A7|7HA] 2
AY & JeAY 9479 parvalbuming EHH2 &
AZAZ} & ABAZE v8f HYZ A9 4
A &4 APE 7HAE 7tol daide d77t

o) kg A Aol

£ Ay gy HYHKEF Y2 U# parvalbumin
TE AHAE] FHEE B3] 98 19,39 ©
5d0] g Fo|A parvalbumind} o § W zZ e
HE AR HPHETY st ddaNE gz
3 d) @t Azt Fe) whel parvalbumin B A7 A)
X 2L L UGG 228 ABE & U
ot E3 #vlel CAle] 4EE parvalbumin &3 NAA
EEL YRHUT U2 AFATEY Y2 AF A
1402 g &4wel 19 AT R tE £
g8 dzTd @A Zolg Hojn] 2 Aoz 3
Z5 v} HYZ AF parvalbumin B AAH T F
© 1Y ABLRY 59FNA AEH o2 Fas o 3
4 59 A7 #nl CA1 22 o)A parvalbumin &
8 AFAREEE A9 F2Y § AU o] 2e] CA
1o 2@ ol 9l parvalbumin 4@ AAFHEE0] ThE
§-91el 2@ =o] 3l parvalbumin @ A FZAEXERT
HA E3E e AL o] FEoj dE 298D 3¥E
Aol g3 o AYAHE AT gttw BnE Mossa-
kowski ef al %9] AT A7} YA g}

Ak 2L parvalbumin @ AAAEY #a7 BE
B BN & AAHNEEY HYd g3 SAAE
E dolry] g8 JETLF 19, 39 2 5Y A7
#ul CAlL, CA2, CA3 2 dentate gyrusE& 54 0.2 MAP
29 Az S A A8 MAP2E A A X 9]
dendritic process9t HHE GHIE HPY27] ARZA
T EAATE & F AE maker2A o] £5 1 U
W H P A MAP27L E4HE 714 o dEAE A7)
nepatt A7) F71E ARAY Y FEFVE
Q18] calcium-activated proteinaseS ] 84 850} MAP
29] 3% &AL NHALE AoE ¢A JT”. 8y
FEF 14 AT MAP2S] G4 L CALE X8
§ #ut WA oA FAEHA ko dendritic processe]
TEE fAHE Aoz FAHUD. Hri) CA2 CA
39} dentate gynusol = HA] MAP29] 48 A3 T2
sham 273 FUF F3o2 Jepgrh 22y gy
3 @] 98] delayed neuronal cell death7} EAHo 2 |
Be 202 gEA v 3URH sivhe] CAld A
MAP2¢8] g A4 o] 437 AR8Hd 5Y AFFAME
749 =7t g2 Fo 3 @48 A JeEd o)
¥ MAP29] Z 3} 9} parvalbuming $@ 3t e AFA
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X9 A4X7)& v E 9 parvalbumin TH A3 A
X7l O& ABZATEY Y2 QY AH&Hd b
A dgste AE ¢ F Ak BEA parvalbu-
ming LTHHE ARAEI) HYEFLEE A3 Fo) @
g 39 H3E YgyE2 Y e AAHEY
EXREE HE £ e FUE AFE ALY 5 9
£ A2 2 AlgdY.

2o 5o J¥A Lol B XY &47]H )
Aol W<IA opioid peptide s o] < ol B A7 gt
3 AYE 3 A HYA ] WA mu opioid 5§ Ao
43 Ao 427 beta-endorphing] £H]7} Z7}4
o] Ru5o] It ¥’ WA kappa opioid 8 H o
248 dynorphin®] 7% #-2l7} 7tA 36l dynorphin
e #8E mRNA B¢ £330 7rago) 1
TLHY*, ol 5 YA o) mu opicid 5§79 FAL
%7b8He ¥ kappa opioid 84 ¢ AL Ao
2 #ade g 9uidta drh AAZ $EA 9 kappa
opioid agonist¢] dynorphin-A3} US0488H7} & @ &AL 9
€ ZA2A7Y H12-FE 9Astd &L L FMAE
Aoz <A Ao E3 kappa opioid agonist¢] CI-
977¢ Z43 Yol A &3¢ o U5 F F4 ¢ A3
AE &4 AR A%t Yo BaHYn”,
GRE AY3Y¥3} Z2HYRDNAM BT HEEHAA
238 vEhie Yo 28 Fol g 0 &
B} frastn BEA . o] & kappa agonist7} 7}
A HYEA QY A7) A& voltage dependent Ca™*
current& 74 A]7] 1%, presynaptic terminalo] A} <] glutamate
9 #EE FAANYLEA YEYE Aoz daA ¢
O, Bt o}1ig} kappa agonist= NMDA receptor chan-
nele] $4& AAsE Aoz BaEo glo, A
AEEY] F2¢ AU A 243718 A8
2 qAgezN 5748 Yl A28 3290 ¢
£-0] Decoster et al ' ET}E kappa agonist$] enadoline
o} NMDA Z & A)¢] MK-8013% & 7= 2 NMDA 4
A9 2ge AgPrtn Y .om, dynorphin opioids
£AE 53X ¥ AFH o2 NMDA #4849 &4
£ JAddn BasdQd® NMDA £4i¢9 M43
Z%A Q) MK-801% NMDA +&49 $4& A7
22X ZFY FU& Add Y g Yojig
€ 7z gz BaHo A u” MK-801L #¥H
dA v Rosobtt AXENE AR FE wA

kappa agonist¢] GRS HYFEF ) T3k 13§
Boje Aoz ¢EA AT £ 4¥dME GRE A
HEAd HgRded HYREF 198 &2 1
°]7] A& parvalbumin®] %39 First EHFHoZ
A HAE BT oz} Hvly CAL MEY F2H &
e A Q) MAP2 By E4E AR oy
ATFZHol A vdebd Z3s} 2o kappa agonists Y
EdAe AZWZY @ BEFUL JAsS A
e ZeFrrt d2dA goldE AL ged og
g Z-go] parvalbuming] GMA9 BE YA B
g5l gle Aoz 2590 1y {YAd g
calcium binding proteino] oj @ 3§ UERRE o)
A e o B Q77 AgEojor & A ARE
t}.

&9 opioide] ¥] M ¥ A ¢l 28 A< naloxoned HE&
A& AN 2 GFHE FANPLEANT HEES 3
JAE Ao dEA AT a8y g4 A8
of o8 ojg} WujE = A3 £ A7)Ho] =39 ox
7 EH3 Ao B Ao A4 E opioidd] A €A
Q1 Z#AY naltrexone GRo] ¥|# &3 v okshy
YA #iote] CA19) A9 parvalbuming] 7+AE 60% A
5 ZaARom MAP2Y 4449 A% v fshnt
BEHOZE AZAA H¥o ARAHAE 2P} Yul
Ho g ul A<l opioid 23 A= kappa opioid 48 )
o 283 7] BthE mu opioid &4 AL Y4 7
g3 dAse Ao ¢eiA ok delA naltrexone
o] H2# 0z ut parvalbumind MAP2 G4 L HE A
AL HEELE F/AFE A2 Bad mu opioid
9] 28& Z&ste= F Aol kappa opioid 52 H S BF
4 JAZEdA 7| Aog Aggn. B 4Y
o] 4 GR3} naltrexone & F Ao T §S wo] GRY A
&Y AR AT 2850 oA T naltrexone GEF
A 2 F=Y HEELE Rol: o2 Ho}
GR] #7}7} opioid &4 WA Y& AALsta Yot

i 2

¥ A¥ & mongolian gerbil®] thd 3 WA calcium bind-
ing protein%-¢] 31441 parvalbumin WA ¥ o] YL
F A e 3 §F & EA3 T kappa opioid &
Ao A agonistZ &2 GR8I6Y6 L opioid 3-8 )
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9] v]d93 ZYAQ naltrexoneo] ©]E parvalbumin &
d AZAZTY A9 R FHEF YA 9%
of e gotrn Ut oo BE J¥AAE
I gz

L 884 19,39 % 59 F parvalbumin T A
o £ WE & AW A3 A7 g} Fejol A
parvalbumin 2@ AZAEY 443 7 J2T
HjE) WA 8 BATS BEY 4 UAfen 53 HYL
Aol Q1743 CAL B8 HYRFEF 1Y 5E parvaibu-
min 23 AAMEY AY +3 L2E #2E T Y
%A tHp € 0.05).

2 3EE Q¥ ABMNTY T2 &4 BEIY
S8 MAP2 Az g JAE 253 Y H LR
39 AFTEE 8t CAl £EdA MAP2 §44¢9
ZA7F BEH o HYHFLF 19747 FRE CAL R E
A BAY $4 F4E B parvalbumin BE AR A
X7t O ARA R wd H¥o DAeA e
4 & gt

3. Kappa opioid & # ¢} €3 agonistd] GR89696&
AAANY ¥ HYE R 2 QolH AT Y2
Q1% parvalbumin G NAMEY 3 FirJ} F94
AA GA@P(005)5H e AR et} Salined Fo
# Oz FAfeME HEE 9F parvalbumin ¥
AAHEY £3 Fart AA e gel FEH AL

4. Opioid =& ¢] v] ¥4 P& naltrexone A
A F 5YE FIF A3 GR89696 o3 A=
e AAAXY &Ado] REHOR AYHE FEE
F ANt

919 A3}2 H]Fo] Hol parvalbumin T NFHE
E Y& gy e AZATEY 9EsA we
o] EHYS QG AT &4 24T 5 9
t EUE makerZ ALEo] M8 RO AIREHY o
& ulg o 2 kappa opioid & A 9] agonistg! GR896960]
YR Qg AAEAE EAHoE JdAEE FAY
F AA

Legends of figures

Fig 1. Parvalbumin immunoreactivity in the hippocampus of the mongolian gerbil.
Parvalbumin immunoreactive neurons (arrow) were distributed in the CA1 (A,B), CA2 (C,D), CA3 (E,F), dentate gyrus (G,H)
of sham control group (A,CEG) and 5 days group after ischemic induction (B,D,F,H). Bar=50ym. Parvalbumin im-
munoreactive neurons were bipolar or multipolar neurons with slender dendritic processes distributed in the plexiform layer of
CAL1 region (A,B), pyramidal and granular layers of CA2 (C,D), CA3 (EF) and dentate gyrus (G,H). The immunoreactivity and
number of parvalbumin immunoreactive neurons were significantly decreased in ischemia induced group compared to those of

sham control.

Fig 3. Parvalbumin immunoreactivity in hippocampal CA1 region of vehicle treated group, GR, and naltrexone treated group. Par-
valbumin immunoreactive neurons (arrows) were observed in the sham control(A), saline-pretreated ischemic group(B), GR
treated group(C), and naltrexone treated group(D). Bar=200um.

Fig 4. MAP2 immunoreactivity in hippocampus. Intensive immunoreactivity of MAP2(arrowhead) was observed in the hippocampus
of sham control group (A), 1 day group (B), and GR treated group(E). MAP2 immunoreactivity was significantly decteased in 3
days group (C), 5 days group (D) after ischemic induction. Moderate decrease in MAP2 immunoreactivity was observed in the
naltrexone treated group (F). Bar=200um. High magnification of CA1 region in 3 days group (H, arrow) demonstrated sig-
nificant reduction of MAP2 immunoreactivity compared to 1 day group (G, arrow) after ischemic induction. Bar=50pm.



Fig 1.
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