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o] it B sERe= sEEe ®d siute Xolel# (dentate
gyrus) el glof NMDA F&A 9 g7 AXHAS 24@5Y o)
st ~Ey 2o A2 HPA axisoll 93 tifi x4 +=d, HPA axis©
Aol wat ge] gt delAd Yo bl BEe] A4S FA7]
B &2 corticosterone  levelS  YWERUM  FgAde]  wg o
adrenocorticotropin¥ corticosterone level®] % FAEHT} ] =7 LEF
vl NMDA, AMPA <=&4 o AlAlo] t3F corticosterone®] & 3= 3t
27127 (Long-term potentiation, LTP) & ZZ A7t} ¥ &3 7)o ¥
Aol BolstE bzl sl 9dolA corticosteroid?] g ol thd H =
Aol A7} Yk AW 7444 (synaptic plasticity) & 7193} 850
3t AZELA 2 7|4 el SEER gemA PF en
25H S0 A7t Al¥s sty ARE skl Asste], 37153
(LTP) & %38t/ |k o8& #7157 (LTP) & @A43td Alfx 7}
24 (synaptic plasticity) ¢ @7F4 @ejoln® o] A& F= sjutolA <
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W32 7oA HE Ao th® Estrogene dnte] CAl FEo] RE7%s
S zom ¥ olgd sl FE WE7%olE NMDA F&A7 B
£} 3840

:



Sprague - Dawley) & 7Y 2 A}53}
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of WrE =T Rate oFdA sEOIEE, wn= B AE F<t
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saline=7 : 3) o Ffr3sto] 40 mg/kgel &Fo® I8 FASSIH A H

5 o2 A% 450 fEAE A Ast o,
AT 219el daAE Ass AASAT 743 IEVIE & F, AF
5 < Fof3t ). Estradiol WA 3 kS|
=5 slar 39 F9, A% 24U RE vehicle?} estradiolS Folstgdth ALE
3t 2+ pB-Estradiol 3-benzonate (Sigma Chemical Co., St. Louis,
, o] AL sesame oildl Il 1 pgd % & DM &7 A3 37

74 wid ] ep FAFsES

°
o
OE

=



=

o

o

3™ D

<A A (Morris water maze test

1

]

kel

Ak

o
T

[e)

=

=, A7 20 emd platform

By A platformo] X.o] A

PhES 99 %

=

=

=kl

—
o

o

vzl
w
job
o

0

Z

A A

=

=

7F £y &7

T
a

o}t

~

=}k

e A

=

1

T
p 4

ot platform
153 Tt

°

5

3 =

s e

[s)

0]

o 47}l A
2%

=
-

]_

3} oAb

[e)
R
[€]

—_
1o

)

]_

sttt Platforms 3o A A7

S

A 2
platforme] & #pe] o] Auke] 9| A FLAIA

| A3

=

-l
=

probe test

=3
=

1

Ak 5io] e o

1044 &

-

platform®]

Mo

3t

5 ©

Q2

o]

=

=

Al

=

=

probe test
tracking system ; SMART ver. 2.0, Ugo Basile Co., Spain)

g 74 A



a8 1. TAZ 5 4HA (Morris water maze test) A RA &

10



WAk 25 8709 arm (Nos. 1-8 5 60 x 14 cm) &2 o] Fojx glo

x
o
.
SRR
o
b
X,
ob
32
=
o
3
Q
Q0
o
(@)
3.
=]
i)
o
Hed
ot
rot
ol
S
>
ox
o
— O
fr
rr
Sy
s
N,

flo

o2l

o w = Ar
o
fru

32

3t Hol= food pellet 45 mg (P.J. NOYES company Inc., St
Lancaster, USA) ¥} sucrose pellet 45 mg (Research diets Inc, New
Brunswick, USA) & AF&3t4th AFo] 7|3 sty Ho|9} WA

MEd 488 & YRS 39

2ol 928 food cupoll ¥t sucrose pelletS 2~37] ¥ g3te], A& 7|7

S TRt AP 3T A¥ELS AFFES YWAPE R FGF 5
27 HEA 3 F, opaque ringS A AT FAl pellets ol =77}t
A HAYAIES 8o ® Ftow gyl z1{iste] HolE W armlE A
A4 B4, error 13| = AlAbete] 2w st shlom, ZF armo =] XS)o]
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QF 4°Coll A § 1%
H20 2 30% sucrose &Nl 24A17F <k A T, AFE HEAS
SRSl 30% sucrose Sdol  24A7FsoF AP $ thg, sliding
microtome (Microm, Zeiss, Germany) < ©]&3to] Z2& 40 m=z Y%
g 3s & (0.IM PBS (phosphate buffered saline, pH 7.2) °f X Skt}.
Triton €9 (0.2% Triton X-100, 1% bovine serum albumin(BSA), 0.1M
PBS) o] 30%3%F #*8 %, monoclonal anti-NMDARI1 antibody (1:2,000,
Zymed, CA, USA) = A2°A 16413 &<k w8 Azl F, PBS-BSA
(0.5% BSA, 0.1IM PBS) & %28 A# 3} biotinylated anti-mouse IgG
(1:200, Vector Laboratories, CA, USA) = 1A7F &b ¥ A Z ), o)A
PBS-BSAZ x=# & A& 3t vt} avidin-biotin complex (1:50, ABC Elite
kit, Vector Laboratories, CA, USA) o 1A%t ¥F-8-A]7]31, 0.1M PB (0.1M
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sodium phosphate dibasic, 0.1M sodium phosphate monobasic, pH 7.4)
2 dk3o] =AY A AZE 3 3 DAB (0.05% 3,3'-diaminobenzidine
tetrahydrochloride, 0.003% hydrogen peroxide, 0.1M phosphate buffer, pH

72) S o]&3dte] H® Fob AAZLH 0.IM PBE ZHS AHI T
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tol Al&atAl = flolA A+
o] sucrose, NaHCOs; MgCly CaCl; 5ol 913+ bufferd Al &3k
4°Cell Al 1,400 x g 10%3F dAEE & 459

bufferel] &3] ThAl 102%F 710 goll Al €A &gk &
Hsl olde Fe A ek 710 go 2 1077 Al P4 sk
AEs AAT H, 13800 gox HAieste A= Tris buffer
(10mM  Tris, 0IM NaCl, 5%  Triton X-100, 100 uM
phenylmethylsulfonyl fluoride, 2 pg/ml leupeptin, 1 mM EDTA) o 9]
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S o] &3}l membraned] %7 PBS-T blocking buffer® membranes A
2 %, NMDARI primary antibodyE %] 4°CollA] ¥} &<k wkS-A] 71t
PBS-T buffer® 4x}# A& 3 secondary antibody® 1A]7F %<¢F 6F-&-A]
|3, ThAl M & WEST-ZOLS] A, B&< &Egdo] 2204 57k wt
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StatView (version 5.01, The SAS Institute, CA, USA) LIRS ALE
shlth. sists Aol A St 53 SteaAls o] 83
measures ANOVAZ F835}3 2™, probe test®} WAMIPIZ S5 AME
A Z2HEA (one-way ANOVA) S ARESESITh dA| 4 A7t S4kE
A Ao A §olst 2ol ke ¥E Fo 9 Ase] Scheffe’s F test
¢} Fisher’s protected least significance difference (PLSD) test W o &
post hoc testE F83ste] AolE FH 3 TE Western blote] A &sh=
TINA software (TINA 2.01) & AR&stdeom, F ke SAAE=
ANOVA (Unpaired t-test) 2 #7Fe] EA14 FAHS A A3

M:
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1. A RAE9 HAd7] dextromethorphand] &3 7198 &4 o
g glucocorticoid®] &3

A

oy

s 289 FH 1047t WY DME 40 mg/kgs] &Fo= HFFAMS
3, o]ojA] 353t corticosterones 40 mg/kg & HFSE wid FHFAL 5k
t}. Corticosterone A} 249 oy FZzujz 58 AAFYL. 34
71738 3-A)Eet FEu Rl gk Shgo] B o] Fo] Ttk Probe test
oA DM Folatel Qlo] 71998 &4l
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701 -sv 40- T
Q1-SsC Q
§ 601 £
] =
2 T 50 g 30
.g£4o 29
25 s & 201
>E 30 B
o =
co =
£ 20- 5
5 g 104
10- o
G T T T T 1 c <
0o 2 4 6 8 10 sV sC DV DC
Day of training Group
a¥ 3. 3 REY FFuE i DMIF GCY &3, (A) FF1
2 ¥gF FHEAGY 5 AT 2845 1041t WY DMS 40 mg/kge] &Ho
2 BgFARE & o]ojA 3F3F corticosteroned 40 mg/kg S Fo = Y
T 3t5AF sttt Corticosterones 3573+ Folgh A% 60, 99 &<t
z9 AR platform& ZoPtEE FHu R S5FHS 1Y 434 nid
AAEA T (n=6). (B) Probe test ; 9947te] F#7|zto] & thgdel

A 7049 probe testE TR (xx p < 0.01 vs. SV, n=12). SV:
saline+vehiclew", SC: saline+corticosteroner, DV:

dextromethorphan+vehiclew*, DC: dextromethorphan+corticosteronesr.
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a9 4. 3 REY SAAUE SgHAR AF 289FH 1093w
DM<S 40 mg/kgd] &#o 2 B7FFALSE & o]oja 357t corticosterones
40 mg/kg &Fo® WA IstFAG H FEUE StEHA & AS 864
of WAMGH 2 Sh5S AAISHATE 7 arme 2] A9 error 3¢k 8
el arme = FHA i o)A XIfiEke] 8708 arme 2 o] Y S $Edh=
ANz7HSE SAHSAT (A) 4 arme 29 AAY error 85 ; (n=6). (B)
EE armo 29 AYPS &5 At ; (n=6). SV: saline+vehiclex, SC:

K

saline+corticosteronev’, DV: dextromethorphan+vehicle, DC:

dextromethorphan+corticosteronev".
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A 5hsh AA FAA 2T fﬂii‘oﬂ Hle] S7HE v (2" 5).

CA3

SV SC DV DC

a9 5. A RAE 74 NMDARI "W x3Z 3184, 45 2845H

1097F 919 DME 40 mg/ksdl §Fo BAFAG F, oofd 3%
corticosterones 40 mg/kg §FO2 vid v|etFARE F, BF 60d v
2 g5A ¥ AT Y0 AR 2852 QA BE A4
2 Fuaa O ¥ AF 0ol AEES 453 WA F, 4 AP
o) ¥ =2 deAS Fvlste] sivkel A NMDARIL W 22315y & 33}
ATk W dNE Axs AstdnAstel A sk (x200).  SV:
saline+vehiclew”, SC: saline+corticosteroner, DV:

dextromethorphan+vehiclew*, DC: dextromethorphan+corticosteroner.
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2}. Cresyl violet 94

A5 284 HE 10247 vid DM+ 40 mg/kgel &%

[e)
o]oJA] 353} corticosterones 40 mg/kg SH o2 wld I FFASE FH A
T 609 FIHE 51*744 A5 85Y WA RG-S AAlE Y
RE 354 TR F F AT 0del HEE A& AN F
zh el o 2 duS FHlsto] dfjvkell A cresyl violet @S S
t}. Cresyl violet Mol A, vl A A Ee] Feje} AMx AR Eo] W3}
© UEuA dskd (28 6).

a9Y 6. 3vl9] Cresyl violet G444, A% 28¢5 10¥43 vid DM

40 mg/kgel &Fo 2 HAFALE F o]ojA 3531 corticosterones 40 mg/
kg §Fo® wid JstFAgE F, AS 604 FFHE FHAA - AF
85l ARG = 8tF 5
AT 90dd AEE 2l
of sfmlell A cresyl violet A& 33Tt
ol 4 #&3sATE (x200). SV: saline+vehiclew*, SC: saline+corticosterone
-, DV: dextromethorphan+vehiclei, DC:

dextromethorphan+corticosterone.
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ad 7. 3 RAE HAFYE 92 FH 3fvte NMDARI western blot.
AT 28U 5-E 1041 Wl DM< 40 mg/kge] &Fo 2 HAFFAgE § o]
o]A 353} corticosteroneS 40mg/kg S Ho 2 wd y|gFALE ¥, S
60d FEr 2 StEFHAL F A 5ol WAV REGS AASATE &
= FeANE TR F T AF 0L HEES FAvA A1 H,
AAFA9 4 3 A& dissectionsted NMDARI® FAWst&
western bloto =+ttt (A) AAFEHE ;5 (n=6), (B) 39t ; (=
p < 0.05 vs. SV, n=6). SV: salinetvehicled*, SC: saline+corticosterone,
DV: dextromethorphan+vehiclew, DC: dextromethorphan+corticosterone
i
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a9 9. ¢ RE Fvte] NMDARL "W x4 g AF 219 da
AE Ae F 749739 SE570s AR, AF 2845 H 10247 Wi DM
= 40 mg/kg®l &Fow HFFA 3 AF 38U FIVE SGFHAE
TRsta W 5 AF 45Ye] HEE &S] npHAZ & 74 AT ¥
Z2 ARG FHste] dinlol Al NMDARI Wz 3eys 33ttt
(A) DMl & dHx43s 94 FAAAE F71 (B) Estradiol WA
A3} SS: sham+salinei, SD: sham+dextromethorphan+, OS: ovx+saline
o, OD: ovx+dextromethorphanv®, Veh: ovx+vehicletdextromethorphanw"

ER: ovx+estradiol+dextromethorphan".
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t}. NMDAR1 western blot
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a9 10. 4A HE AASFIEIY A dve] NMDAR1 western blot.
ko3
5

=2
n® SFAAE RS W 5 S 45 AEES FARE AR F
AAFAT A FvpxaS  dissectiondte] NMDARIS SHHss
western bloto.Z 33ttt (A) DM &3 NMDAR1 @¥9dd F

; (x p < 005 vs. SS, n=6). (B) Estradiol iAZ3 ; (n=6). SS:
sham+salinew*, SD: sham+dextromethorphanv*, OS: ovx+salinew*, OD:
ovx+dextromethorphanv, Veh: ovx+vehicletdextromethorphan7 ER:

ovx+estradiol+dextromethorphan<".
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w3 =Y Az ALE£E DMES NMDA 849 HZAAA A
Aol ol g g Apde DM FEuE S5 aatr) sk gl A
DMell o]gk NMDA &A1 Asjayel @ s RS AAbgeh A
2 NMDA &Ao] Aa#|2l MK-801 % phencyclidine 5°] #HES 4
Frz ol FEFHES Yeditts Aldol wu #@ w9tk 59
Bane 5(1996)2 FFv& stE AA 158de] DMS Fod 4§ %7]
534 9 probe testell A EF FofjEdrb ftdvia Balgk wp Q)
o™ o] 79 DM Stpbol &b ey J N

710l A" ARz FMFHY, B A= DM Fol $ 35 ol A

* [e3] A

T A A FEu R Shgo] JdEernw s3] 71bE S DM

phencyclidine ¥HE-% o]

olelgt g ¥+ ¥ F9elA NMDA &4 #do] F7hd Ay A4S

2oty Ruedrh” B AP ME, DM Foite]  suhihglel A

NMDA &A9] d4w91¢] NMDARL (NR1) ¢ 2deo

7hel Ao 2 #FEHAT NMDA F8Al= 53] 53417440 wol] &3t
s}

M glutamated] BFSEEHE 1AL Ca’loinfluxE 2%
A

o
N
)
lo
t
ol\

Zet A3 DM =& 0] ¥ x=&ad Hl&] N
1akslet. olejgk A =45E, NMDA &4

Fol®2 g NMDA & F7k= 7193 #dd H7ise ¥WE

(neuro-cytotoxicity) S Z ;W3S AlAMSH. 53] dlvte] CAl 999

NMDA &A= F3H71ge] oA AW 7FAA  (synaptic plasticity)

of F2% A% ol musle} glon? selxHel o} sivkel CA3
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P ~EH 2~ g18E9 HPA axis (hypothalamus-pituitary—adrenal
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FH Ao A= 2t o] NR1 @by zpol& sk XA W 73k
o] corticosterone®] FoI7F WS AAFHI A = AEe] FAET]

AR Hedgo] Ray up QQrh!® wEk Fule] x)olo]e (dentate gyrus)

( N

B &

[P

fu)
BN

ofr



2ek Fol NMDA 84 714d& &3 Al xEAHcell death)& Z~E|Z o] =7}
A A gre] s Ak ek Abgrel] 9lo1A cortisol& Aol whel 1A
s} 71el W AE Gl gER gy 3 FrZHd AEHA G
%% HPA axisol #olHE T2EES 53 7]Yd 43S F
Hop

oo AlgE ~Ed A 289 corticosteroned] FEE AEHA
T 40 mg/kgE AHESIFA =], ol e W B Aol HE &
Efs 2 AyFel e 28 $E9 FoyE A7 5 oA
Al 8aaFoe] EF awEool & Axsta drk # ATAFNA =
corticosterone®] 7192l #7|%7% (LTP) o] =& FJ=d, vl w2l

A9 NMDA &A1& 5% Ca’ 4o 2Ed~ &
o] #olgloge ArmETPOP FE=Ad, DMOE 13 7]ole] &4to
corticosterone?} > ZHZo|Eo]| whg3towN 1 Fo] AT o] 4
HHog 7)o FE(REA4FY, compensation)S X o F5H
AT ORE0 38 3 Z717ke] corticosterone®] o7} 8t 7]
3t afupgo A AW A 7FAA (synaptic plasticity) < ¥
2 A5tk w2 NMDA 84 gAAe Foi7t 71574 (LTP) ¥
qe el 719 £ zaedn’® JuH o2 corticosterone &
oo e 2HRZo|=o WA whgFozM walE ozl AW ThA
) (synaptic plasticity) ©] A7ls HAS Aoz A5

A7 AEo| o HAW7] v DMS WHEFo & F7HX]7F T

AolA Y= XW]@ &4 an 2 oold Uit estrogen®] FFS FALSH
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AFqAH, DM Folol o3t FFr 2 S5 MolA DM =19 7]
oy Aol BAFJT T NMDA FEAe] Wz 44 A3 DM
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Abstract

Alterations in brain function induced by dextromethorphan

at adolescence in rats

Hee Jeong Cho

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Jeong Won Jahng)

Dextromethorphan (DM), a widely used antitussive agent and
non-competitive antagonist of NMDA (N-methyl-D-aspartate) receptor,
has been recently abused among adolescences. We previously observed
that repeated administration of DM during adolescent period impairs
water maze learning of rats in late age, parallel with a loss in the
hippocampal neurons. NMDA receptor antagonism has been reported to
impair the performance of spatial learning tasks. Corticosterone
modulates the neurons in the hippocampus and the prefrontal cortex,
which implicated in spatial learning. The hippocampal function is known
to be sexually dimorphic, and we previously reported a sex difference in
behavioral and neurochemical effects of DM given at adolescence. Both
estrogen and NMDA receptor have been implicated in the neural
plasticity of the hippocampus. In this study, we examined the effects of

chronic corticosterone on spatial learning and the hippocampal NMDARI
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expression in male rats, and of estrogen in female rats.

Male rats received 10 daily injection of DM (40 mg/kg, ip.) from
PND 28 through 37, and three weeks of daily corticosterone (40 mg/kg,
s.c.) was followed afterwards. Female rats received ovariectomy or
sham operation on PND 21, and daily injection of DM (40 mg/kg, ip.)
was given from PND 28 through 37. A group of ovariectomized females
received daily injection of 17 beta—estradiol (1pg in 200 ¢ of sesame oil
as a vehicle, s.c.) from PND 24 through 37 and of DM from PND 28
through 37. Control rats received vehicle injections at each drug
injection. Rats were subjected to the Morris water maze and/or radial
arm maze tasks 24 h after the last drug injection, and then sacrificed
for immunohistochemical and western blot analyses of the brain tissues

24 h after the final session of behavioral tests.

Following results were obtained :

In the male study,

1. Repetitive high dose DM at adolescence impairment in probe trial of
the Morris water maze task, up-regulated the hippocampal
expression of NMDARI in male rats.

2. Chronic corticosterone followed after the repetitive DM ameliorated
DM-induced impairment in the maze learning, reversed the
DM-induced increase in the hippocampal NMDARI1 expression.

3. No significant difference was found among the experimental groups
in the radial arm maze task.

4. Neither DM nor corticosterone appeared to alter the neuronal density
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or morphology of pyramidal neurons in the hippocampal formation.

In the female study,

1. Repetitive high dose DM at adolescence produced impairment in
probe trial of the Morris water maze task, up-regulated the
hippocampal expression of NMDARI1 in female rats.

2. Either DM-induced impairment in the maze test or up-regulation of
the hippocampal NMDARI1 expression was not found in the
ovariectomized female rats.

3. The DM-induced impairment in water maze learning, but not
NMDARI1 up-regulation, was revived with estrogen replacement in

the ovariectomized female rats.

These results demonstrate that repetitive high dose DM at
adolescence impairs spatial memory and up-regulates the hippocampal
expression of NMDARI1 both in male and female rats. It is suggested
that the DM-induced impairment in water maze learning may correlate
with increased NMDARI1 expression in the hippocampus. Chronic
glucocorticoids may ameliorate the DM-induced spatial memory
Impairment, at least partly, through its potential action in
down-regulating NMDARI1 expression in the hippocampus. It appears
that estrogen may take a role in the DM-induced memory impairment
in female rats. Although the action of ovarian hormones appears to be
required for DM-induced up-regulation of the hippocampal NMDARI1
expression, the NMDARI1 up-regulation may not be and essential factor

for the DM-induced spatial memory impairment in female rats.
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