Effect of Immobilization Stress and Cold
Exposure on Functions of the Autonomic Nervous
System, the Endocrine System and
Neurotransmitters in the Rat Brain
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vanillic acid; OPD, o-phenylenediamine dihydrochloride ; m-RNA, messenger ribonucleic
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20, Lih2T, A b v AHT 2 EERISD F08
EREERTTORFRMERTHD LEZ D, £
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i3, EFEMA YLy Py —itd b= 2 —u rOER
CEBETHS, LERNAv LS —ThBE/7
1o, HHENHREEYEL L TEHE  »oHoNnT
BY, APVALEDBFBETH I vy FERALWTHSELD
WEnfTabiTya, Fl2E, WERA b 2E/E,
WO LE 2T/ VA7) >~ (norepinephrine
NE) ®t v F => (5-hydroxytryptamine, 5-HT) {£
BMOAHEESSEI THT TR L2, hy-—UE
k—/,%3 > (dopamine, DA) ROMEEAHELEL S
HEESRBINTWVEY, 72, FVLEELHEV
foot shock stress 1&, Fi¥—KHE DA R 2RIiEL, DA
ORB#ETTHES LD LHEINTLED, 8512, JN
/T IVREEBEZEAEEROLOESREE LD
3, £IBH, BERBLMAT /73 RICBHLT
it, FEAEECIBE»S, EOEEKTHME, 7 2
vHREDEETHRIMTRbNAT WS, iz, BE
THW5-HT 2572 &, BELRENL 5B,

HB0iE DA DHBREREROET R &R I T L
S0 %70, 5-HT OFREFEERIE DA RENT 2
LOF®ELH DY, FHKTES-HT DA Ros{EiRi
BHBCERCRboTwa LA ATV 5, L
L, EHEBCL2BEETO—HEOX MV AEME
Erohd s, TZOBCETIMAE 73>
FOEBIBEETHIC L X g 57T, MO bE

25z B2REEENHBH, ZOHELTIRIAET
BEACRET SN TR,

L23T, EMLBER, ANT LA ML ADE
WIZk T, BT/ 7 2V R0BRE - RISERT
CELERBL TV, LithoT, BXoAML R
BRICL AN E ) 7 I Y ROBERRE Z LI,
APV AT 2EERICOBEEL LD —BEDZ S
AT, ELOTHELTFHEHIEEZ2LELLNE,
ZZTHE, MEANLURA, BHREE UTESA
VAEIER) RBU, BNT /7 2 RCHT 5158
DA MVAHOBECDWTHE - BHTHI 8120
oo ZHOA ML RIFZE B ICRAE 7 3 R
REERIZTHEESBOL I LR LRLEBY TH B
B, RAMLVAELMANERICHE L TIREEC
Tanaka 990z L 2 M RE L H 5 DT, SEIZ
A DA 5 L U 5-HT RICES R K> THRET L 72, Z
B, A ML RERNIC X B BEEE -RBROGED

BEL L TR I F a7 o r0E L L BEEOR
FHELHNS LRBCERBOELLTN, Z2o0DA
N A BTERO RIEHEOED DB TEELNL T2,
BRICIZE /7 3 v 8 O HBEHEEEYE O
CELDOEEOME~NTF FOFEEL, Z2h 51
Za—o CEOBEREERBCEWT, HEEEYE
B HEREE L L CE T3 el Ty
519, IR F Rz id, DA % 5-HT Ol &
BEEZBZRTFFOFEESREINTS, Ty MY
WL 3T B9 7 A5 > AP (substance P,
SP) 1%, DA L CTHRIBEERAZE > TWw A Z LR
ENTVLA99 2Dz SP i, 4T 5-HT i
LIEHET 219, 2512 SP & 5-HT S CHEL
TW3 EDHENLH B, ThoDWMEIL, SP 28 DA
®5-HT ORFHcEEST 5 L2 RELTWS, Lz
DoT, TOMRERTF P, A DA, 5-HT oF1bL
S TZOBELE(T 2 tEEEI N, AV
AEMICEREL TO SP OBEERRSE Mz &R TH
BV, FZTHRFRTE, RS L RSO ZEED
AMVARARLIBOMASEHICB Y 5 SPEE
BE2HEL, DA, 5-HT ORNTEINEREED
T, ZDDRA M AREROEEORIGHED B VI
DWTERRINZ .

XRE & UHE

1. RE®W

WHRIZE 9 ~10:8% ((AE 313+3.8g) D Wistar
REMEZ v b (35IE) TH B, & v b I HEEABIKRAT
1:8BH, ERfR (HE&2 v 7 CE-2) B4 Uk EH
WIRERTEE A R — A — YW AR, 12 B R HA O BER
A4 I NVEAEE (FiR 22+ 2°C, BF 46%) THEL
7z

II. MEFED 1= DDFH

&7y MRV PV ESY — (60 mg/ke) FREFT
TRODI DDA T — T MBAFMEML 72, $RINE
AT —7MiZid, Clay Adams #84 PE-10 (7% 0.23
ml #+1% 0.38 mm), PE-50 (P91% 0.28 mm #+7% 0.61
mm) RY ZFVrFa—TUCBEMITESLLY
O xRV NSMEOM: PE-10 i ARRBIFRAICFEA
L, PSMEOKRVPES) ET2EBL TS v b O
HRE DS EH LIz, 20, 0.1%~ %) YA D 453
RIEKRENT—FNICHAL, v b OBEHREE LD
BlEH LA T —7 Vi (PE10) R wEREL, £
(2 TR

acid; NE, norepinephrine ; SP, substance P; SP-LI, substance P-like immunoreactivity ;

VTA, ventral tegmental area.
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m. 2+ LRAFHEER

DA, 5-HT HIE D 7: DD KERIL, HHRA bV AEH
HER (5) WAL AATWER (50U o[
EHTTFY, AN CARTES M-RERER
To XM (BL A MV RAAWMRBRICDWTSET
D) OFNEHELE, &8, FEA N RERER
W11 F, SR MV AATHERIZ 8 RiciTok. &1z
BT AY s APKRHEEE M (substance P-Like
Immunoreactivity, SP-LI) #IED 7 H DEERIZ, X
M (SIE), MBRA MVAEE (5L), BHAPLA
B (5 OFBREIRCITYL, B oz
HorhrlEL .

Frk, 7v r OBESMEIOKBES CRET 20
E-T, APVAARERRITE %, Ty MER
bV A ETTELE 24 BERAT & DR S ¥ 7008, KIZEH
WA A ¥ 7o, REABAMAIZ R0 10 BF 15 A~11 85 45
SOMELz, A NVAERERZ, aVFaAT 0
HIEO DO (0.6 ml) EEBEORIERTo 7.
HiRix, r—3 2% (ZHEEFBER, Type PT) %
AFf» 58 5cmBAL, ¥— 3 X F7EEEH (EHE
FBUERT, Model- MGA 1II) 2HWTHIEL /2.

1. WA LR

HHRA b L AIE, Butterfield 5 D FEIZH U TE
L. 7y rORMKEBREERMTED, A8lDE
LR TERBMICEEL, troBFROM (S
RS 2#e CHEIB L CFROB S 2HEIL:.
B M AARIX I L L, SRPRAE X UHEE
BRI o0, TOM, BBLLZAT—T b
5 1B EmL (0.6 ml), avFaxsoroil]
FBWHEL, &, FHOERTCAIIFNCY— A %2F
AUERERIEL T,

2. BHAPVA

&7y b ERBEEOKRESF v PRV IR — A
=Yz ANT, 4°CEREW IRMHKEL 2. 2
DO, 1RREEICHER bV ABE L FBRIZ 0.6 ml DFF
I FROREETE o0k, WERAMVRAERULCA
kB & NI B ¥z o Tz,

28, MBEHEOET v ML, KBF v PR AN K —
L7 — PR TRAIORM L FROBEE{TEV, 0
#®, IFMEBR KB L. TOMA bV AR L FK
Z, 1RMEORDEEROFERTL -1z, BB A
MU AR L ERRIC, KB & CREBOZEIZRIEL 7,

IV. BEA XL URKMOIH L

HIREE, ZEE B b IRRIEORMER
I micro HINHAEE (RRIZHESHEXESHE TMW-
6402) B ER L CTEB L7, EbH el (BEkEk<)
PERDHL, —70°C THREL .

V. BR¥

FEOFETEE L7 v FOEHEMELIL, S5
BREOERE T, BEBEOFMIZIE, Bhargava
597D ulcer index % A7z,

IV. B0 EF%

—70°C THFEERTF L EMEL, KET Ilmm o
BEso2BWHOUR #E-LI0b, HETH, %
&, @I41%%E Marley 5 DA EIC > TERT TR
B2mmDAYF7 7 RO EFER LTV F7
v b L7, BTEZEREIE, ATEREESELEES 5 2 mm 0y
FT, BERRWLEAEEWL,

VI. F=sX3 > (DA) &R M=> (5-HT)

cxhoNRBIEHDRE

[F—m a5, DA 3L 0°5-HT &, DA O
EYMThs5EKEN=Y B (homovanillic acid,
HVA), 5HT ORBEYTH 5 5-hydroxyindole-3-
acetic acid (5-HIAA) #HIE L%, HEIZELRL
FRUSEMEEEE s v= b 257 (HPLC-ECD) %
ERAL%. %8, DA & 5-HT OFI%EIZI Yanaco L-
5000 (M0 2 8¢ {F AF ; #2 H 2 VMD-501), HVA, 5.
HIAA ORIFE T ik Yanaco L-2000 (WIASU/ERTSY ;
28 VMD-101) %R L7,

1. DA, 5-HT 0 #lE

1) A4 THBEBE O FHEE

B 4 A HaifE & L C, Amberlite CG-50 (type
II) #Fvwiz, Amberlite # 2N NaOH, 2N HCI T
REIZ 2 BI¥EEL, K¥E, 0.1M V EREEWR (pH
6.1) B 4°C THEE{EL /2. Amberlite # 100 mg i3
FIIZ Y FOE VU REEDRY T AL T L (RE
#2mm) wAh, DA, 5-HT 058k - LI ERL
7z,

2) DA, 5-HT 0 #llE

R#H A& 0.4 N @IEE (PCA)(0.1mM EDTA
&%) 2ml £ DA, 5-HT 8L ' HVA, 5-HIAA®
AERE # ¢ L T % h # n dihydroxybenzylamine
(DHBA) 4.9ng, p-hydroxyphenylacetic acid
(PHPA)750 ng #f0% 7z, Z0tk, BEHEREITR
v, BOLsYEE (4°C, 13000 rpm, 20 min) L7z, i
FHBEAEOREICH L, EEICE, 1.5ml D 0.4
M K,CO; (0.1mM EDTA %#%&tr) 202 TpH %
6.5 AL, BUELSE (4°C, 3000 rpm, 5 min)
7w, 0O LE2E% Amberlite # 7 AITEL,
DA,5-HT 2&E & ¥ 72, @@k HVA,5-HIAA D
HEWH L, FH, 0.6 MHCI (0.1mMEDTA %
&%) 0.8ml TDA,5HT #&H L, 60! % HPLC
ECDIZEA L, FRFIOENEREZH ISR TH>
7. %28, DA, 5-HT 048t - Bl - IFH o 28R,
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4°C DEBETITR -1,

1. HVA, 5-HIAA OHE

1) Neopack elute (C18) DEIALEE

HVA, 5-HIAA @538 « #8421 Neopack elute
(C-18) (TR ITEH) 2 H L. Neopack elute (C-
18) X AF /—NT20, ZOBKEKT3IEHEEL
TheHw,

2) HVA, 5-HIAA O E L UHIE

Neopack elute iZ Amberlite FRKLE*EL,
HVA,5-HIAA *RESETDB, 50% 25/ — LA
# (0.1mMEDTA %2&%)1ml THHL, FOBEK
gk (0.1mM EDTA &) 1ml THEL 7.
HVA, HIAA 28 50% A 5 / — LV EHIR L ¥ L
RKOEBEREL CTHREGZERLDSE, 0.4 N PCA
(0.1mM EDTA %#&10) 0.3ml T&MEL THELSHE
(4°C, 3000 rpm, 5min) L, _E¥# 60«1 % HPLC-ECD
WWEALT:, ZRZROENNERIEZK 5% TH -7,

3) HPLC-ECD {4

DA, 5-HT #IZEx, E4HIC 0.05 M KH,PO,, 17%
A9 /=N, 1mM CH; (CH,)s SO;Na, 0.1mM
EDTA, pH3.6 #HI\» T, ¥ 0.6 ml/min, HE&F
0.8V, # 7 LEE 25°C TITo 7.

HVA, 5-HIAA #IE i, #81#Hiz 0.1 M KH,PO,,
0% A% /=), 0.1mMEDTA, pH4.5 2T,
H# 1.0 ml/min, TEE 0.8V, # 3 ARE30°CT
Toitz,

%8, DA, 5-HT, 8 XU HVA, 5-HIAA OHIEICH
Wiz A 7 L3 Yanapac ODS-T (4 mm X 25 mm) T
5,

Vil. #7258 > X P #%&EY (SP-LI) ORE

HEIR, 2 HEREREIC L 2BRAEHIERE (EIA
%) 2AW3 Arai & D HEVICHE 5 7.

1. ERERL X UBE

ERLI-ES BEGLUTOED TH S : &5 sub-
stance P (SP) iZ Sigma Chemical Company (S-
0880) % {#EFI L, substance PHi{k (51 #Hitk)
UCB-Bioproducts (1675 LOT No. 2867-4-1A), #i
rabbit IgG (8 2 §4£) 1 Miles-Yeda (65159 LOT
No.E108) # # L #4L{#H L 7z. O-phenylenediamine
dihydrochloride (OPD) * £ MmE 7 V7 3 > X
Sigma Chemical Company 7> &8 A L7:. Horse-
radish peroxidase (HRP) i38E#%5, Tween 20 i
FEMIED b D %A L 7. Microplate it Dynatech
Laboratories (flat bottom microelizaplate 96 well/
plate), Washer (Zi3 Titertek Microplate Washer,
W6 BE O # % iz 12 Corona #t# Microplate Photo-
meter (MTP-22) #fHL 7.

2. BTRF A PRAEEYE (SP-LD OHlE

BB, KRS L7 0. INEEEE 1ml OB EER
Bel, 5oMOE#REEIC 2 EE058 (4°C, 3000
rpm, 20 min) 2174V, FEEBEBERL 2, EOH
BTHE N EIARERBORE ] L. B
EREORKNL, Al AEERK (0.14M ) VEETER
pH 7.4, 25mM EDTA0.5%4mE7 V7 5 >,
0.05% Tween20 &t INT AR ET3)0.4ml iz
BREL o1k, BUEMLMEEC ABTHRL, SP-LI
HIEZFERL .

SPHUEIZ Iml D ARCERL:Db, 0.2ml ¥
DHELT-TCC IZFEELL, FRICEBLT, AKT
SHEL 1B R 100 fBICRIR L TRV,

A YR 100 ul, BHED U < 13BR(E 50 1], SP #ifk 50 ul
EEURIGEERS o T Arai 5D FEVTE 2 Hifk
%0%%& & & 72 microplate iz At, 4°C —BRIGE S+
7. ¥H, #E3ME (HRP-SP conjugate : 125 f&HHR
L7z D) 100! 202 T, 2HMREGE -5 L,
Arai & L FICU T microplate #¥t¥% L7z, #2
G LREEL L EBHROBRREELAET 270
iz, OPD 736 ng/ml, 0.88mM H,0, 2 &tr V) &2
I BEEYE (0.1M citric acid, 0.2 M NaH,PO,,
pH 5.2) % microplate # CEER T 40 HEIRG R € T,
492 nm OBRNE #HIE Lz, BRI OBEIITER L 724
iR L DR,

3. BRUEHEE (EIA %) Ok
1) Gel chromatography

Arai & DFEICHEHLL THIE L 72 EIA BORR
MEAHEFET 3 7212, Sephadex G-50 5 A (1 X46
cm) 2T SP 22T gel chromatography %17
Bof, B INEERR (0.1%4FMET LTI v &
&) REVAR, SP-LI R EATHEERE2HH L
7. B#EB & En 3 SP-LI % AR L - FIETHH
L, BHEEEAR L7z, 2 DRELE 0.5 ml OB ES L,
EEBEHSLICEL, 797y avav 7y —T1ml
TOMRL . BRLLENEEUEESRL, AR
0.5ml ML 7D, EIAMTRSE SO SP-LI
WERREL, £/, ¥ UTARKSP 3ng/ml &
EUEHE0S5ml 205 AEL, R LACFEETSE
SERICE NS SP-LIBEXAIEL, EfTBon
PefESR E LLBE - BRETL 22,

2) HEL BRI DL TORETS

SP-LIRIE W L 7 B IR R 0 — % A W
THEYZBECHRL, SPHfkrEWT EIA 3Tl
ELRRUBEE> T, BonLHREBRE SP OE
HEEIR & HE L 7z,

X. I FaxFarnilE
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BRER U oM, EH #0458 (3000 rpm, 20
min) %, MFEEHEL 72D b, —200C TEEREL
7z. BIZEiX protein binding assay % F\>7- Honma
5 DITEDNIGE - TIT - 7z,

X. EBHE

HEEOOTEERIE, Lowry > DAEM T -7z,
#ELUT, INNaOH L 4 ME7 VT 2 v %
R,

X 1. HEHER

fHi& D DA, HVA, 5-HT, 5-HIAA 8 X UF SP-LI
SEROBHMOLLEIL, Pitman OBHRE 2 HH
L™, MAavFardor@BES L CERROSH
MO, B—BRIEMTE & - %2, Pitman ©E
BPORE X FHRIRE TITV, B—BERSES I R Ak
ETTofk. &8, EHRESBLUTEERLLL,

B ##
I. SROEL
BR LY RBFRREOFE £ E L U THE

(A)

36

Core Temperature
w
~
T

3af \“""§**

o i 2 3
Time (hours)

Fig. 1.
the rat.

U7z, REEECIHAIERS 1 RFE TR 1°CoLay
Ao, 2HRMETZOE EHBLLY, TOBRET
U 3B OB IF B EEI TR 0.5COEE
MLTz, FERA ML ABTRA b ABRERERRE
EEHIERIMETL, 3EHMBTEN4.LCOET
Basii: (K1 A).

WA DV ABRERTIE, R V2 EHER
1RO RIEME L EEEOMICERIX A 5Nk h -
7eh8, 2EFMIBICEEET L 3 REB TIIEEEI L
NTHO0.9°C DEBET AN, BB, ZOER
TOMNBERFOEEB ORI L LB, R b
VABERERICB T ABETEOALER (H1A)
LIEE—KLTwi (K1B).

O, APLRAFEORALFIRTACBENE

B

BEEL b ERMBAEROAEE 2 ERE Y LT
L7z, HIEA bV ABETIE, A v AATEE 1
BT arFaRForyBEREL ERL, 3K
FIOR M ABHERSKT T2 2 CRIED £ 2B

(B)

36

Core Temperature

35+

34

33
ol

0 ] 2 3

Time (hours)

The effect of immobilization stress and cold exposure on core temperature of

All rats were starved for 24 hours prior to the experiments, but water was available

ad Ubitum during the period of starvation.
individual cages at room temperature.

Control rats remained housed in

(A) The rats were restrained according to

the method of Butterfield and Rasche for 3 hours at room temperature (broken line)
(B) The rats were housed in individual cages and were kept in a cold room (4 °C)

for 3 hours (broken line).
rats on each experiment.
obtained from 5 rats.

Solid line indicates the core temperature of the control
Each value represents the meanzstandard error

Statistical analysis was performed using one way ANOVA. Statistically significant

as compared to the value just before start of the experiment.

** p<0.01.

* p<0.05;
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Uiz, NERETE, EERG I BEGCBRED L8
poiizhd, EREZEL TRE2EHEITED oS
mol (F1A),

FIGA P VARTH, MFaLF a7 o BEI
A bV AATRIS L RERC LR L b0 EESR
5, TORETERZTL:, BT ooiEeE
OMFINF AT O EEOHRIZ R b L R AR
LIEE—B L8y —v &R LT (E1B).

. MR PLRBLIUBAR L RAFICLSE

BEORS

MEHTHE, BEEIEEonhol, L»L,
FRA VAR, EHA ML AROLAT/AHME
ol EEImm BT O/NS ZEENE & LT/
fllic1~2@ZD oI, L2, WEDZIZE
BLAFLEZA ML RAZBODH S 500, BEOR
BENL, REE, BELBCERI o0, £77,
BHEOEEE % ER L 7: ulcer index'% FVv> 2 T
BICLBFHETS, ZO@ITFARA ML AR 9,
FERA MLV RABEE 23 CEVIZED Sk o).

IV. RE/ 732 >8LU20RBEY

1. DA &£ HVA

DAESERICIBAELLXOWMIZB LT Y, T
BEARA N AR OMEZREED SRR H-
7. LirL, DA OREIEMTH 5 HVA SEEIZ, 3t
REEICLERTHIRA MV ABCRATEERE S L O

LB TEELZE 2R DAORBEEE %
HVA/DA tt;‘iﬁ%a"s”é &, NRBEICEETHIER A b
VABTRPR -0 DA %, BE -85k DA %O
KR DFHERE D 2 [k, BREFIZBVLTDA D
REEECETHL N, HEERECBVLTR,
WHEBEIC LN THEA bV ABEETI: HVA/DA H O
FEZETREDohrhok (#2).

FHA NV ABTIINERE I AT, BETE DA
EEORY, BEEHVA SERORINNGS i,
UL, HVA/DA LIC IR BRI CHEB R L AREE
MEFHOM TIRERE I 21 o7 (£ 3),

2. 5-HT » 5-HIAA

SHT SFRBIBIHER ML A k> CHIEERES
S URIBZI B TR L2, 20RBEDTH S
5-HIAA BFRIBVTFROBWALIZB LT LIEA F L
AR ENBHOM TEERELERE ok, &2,
DA O¥%& L Rk 5-HIAA/S-HT b8~ 7208, #
RAMABTERLE AN Eh o0 (R4),

FEA DV AT, NMEBICHNT5HT 8583
EOFMIZBLTHHEEEIRED ST, 5-HIAAS
FREIEERETOAEML Twiz, L2 528, 6
HIAA/5-HT iz &2k <, REMLICB W TES
APVABMTEELREEERL:. 2Oz, &4
AP VABRTEMOLEEZHMUTS-HT RORBE
EWTTEL TWBZ L2 REBLTWS (£5),

Table 1. Effect of immobilization stress and cold exposure on serum corticosterone
levels of the rat.
(A)
Serum Corticosterone Concentration (x g/dl)
0 2 3(hr)
Control 26.1£2.3 34.2+2.2 32.1£5.8 25.5+4.8
Immobilization 36.1+2.4 48.4+5.6 48.1+1.6* 44.0+4.8
(B)
Serum Corticosterone Concentration (u g/dl)
0 2 3(hr)
Contorol 21.6%2.9 29.7+4.7 23.7+5.3 16.5+3.3*
Cold Exposure 24.3+2.2 28.5+2.6 25.0+3.8 20.0£5.8

Each value represents the meanzstandard error obtained from 5 rats. Staistical
analysis was performed using one way ANOVA.
Statistically significant as compared to the values just before starting the experiment.

*,p<0.05.
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Table 2. Effects of immobilization stress on levels of dopamine and homovanillic acid in 4 discrete
regions of the rat brain

Dopamine (DA) Homovanillic Acid(HVA)

(ng/mg protein) (ng/mg protein) HVA/DA

Control Immobilization = Control  Immobilization = Control  Immobilization

Frontal Cortex 4.66+0.46 3.68+£0.69 1.77+0.14 1.04%0.14* 0.39%0.04 0.31£0.05
N. Accumbens 57.89+6.35 49.84:+8.42 6.05+0.62 N. D** 0.11£0.02 N. D**
Caudate-Putamen 57.69+4.45 63.39+4.39 6.42+0.74 4.64+0.41" 0.11£0.01 0.07=0.01*

Hypothalamus 8.52+0.83 11.97x2.11 0.82%+0.11 1.01%0.20 0.10%0.01 0.08=%0.01

Each value represents the mean=*standard error obtained from 5 rats. Statistical comparisons between
control and immobilization group were based on Pitman’s permutation test(two-tailed).
+p<0.1; **p<0.05; **p<0.01.

Table 3. Effects of cold expusure on levels of dopamine and homovanillic acid in 4 discrete regions
of the rat brain.

Dopamine(DA) Homovanillic Acid(HVA)

(ng/mg protein) (ng/mg protein) HVA/DA

Control Cold Exposure  Control  Cold Exposure  Control  Cold Exposure

Frontal Cortex 2.22+0.57 2.90£1.03 0.56+0.09 0.68%+0.10 0.26=0.03 0.30+£0.08
N. Accumbens 40.26+4.06 40.90+5.54 2.90+0.36 3.87+0.62 0.07£0.00 0.10=£0.01
Caudate-Putamen 68.84+2.80 66.45+2.47 5.76+0.28 7.04%0.43* 0.08%+0.01 0.11%0.01"

Hypothalamus 11.7542.60  3.98+0.46* 0.85+0.15 0.69%+0.11  0.10£0.03 0.18£0.03

Each value represents the mean-standard error obtained from 5 rats. Statistical comparisons between
control and immobilization group were based on Pitman's permutation test(two-tailed).
+p<0.1; *p<0.05.

Table 4. Effects of immobilization stress on levels of 5—hydroxytryptamine and 5—hydroxyindole-
—3 —acetic acid in 4 discrete regions of the rat brain.

5—hydroxytryptamine 5—hydroxyindole—3—
(5—HT) Acetic Acid(5—HIAA) 5—HIAA/5—HT
(ng/mg protein) (ng/mg protein)
Control Immobilization  Control  Immobilization  Control  Immobilization

Frontal Cortex 6.89+0.27 10.12+0.60** 6.71+0.32 7.61%0.48 0.99%0.08 0.760.06"
N. Accumbens 7.00--0.62  3.93+0.95* 9.64+1.36 7.27+1.99 1.34%£0.19 1.60%0.43
Caudate-Putamen 5.56+0.16  5.77%0.29 10.59+0.46 10.50£0.66 1.93+0.11 1.91x0.14

Hypothalamus 7.30£1.01  7.22%0.61 5.67+0.74 5.83%+0.49 0.79+0.04 0.81%0.03

Each value represents the meanzstandard error obtained from 5 rats. Statistical comparisons between
control and immobilization group were based on Pitman’s permutation test(two-tailed).
+p<0.1; **p<0.05; **p<0.01.
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V. BARESTFF ¥ & Fplate AEBZ F N Z NP I%LW4%T
1. BEREHAEE (EIAE) ol btz
SPOHMBNZFEEHBREIN2cRLEZBY TH 2. Gel chromatography

5. SP @ nonspecific binding (NSB) i2#3 5 %, plate BEL LI SPOSAERED Y — 7 1%, >

Table 5.  Effects of cold exposure on levels of 5—hydroxytryptamine and 5—hydroxyindole—3—ace-
tic acid in 4 discrete regions of the rat brain.

5—hydroxytryptamine 5—hydroxyindole—3—
(5—HT) Acetic Acid(5—HIAA) 5—HIAA/5—HT
(ng/mg protein) (ng/mg protein)

Control Cold Exposure  Control  Cold Exposure Control  Cold Exposure

Frontal Cortex 5.78%0.88 4.74%+0.35 2.931+0.35 4.18%0.22** 0.53%0.04 0.90%0.07**
N. Accumbens 3.27x0.97 2.124+0.66  3.40+0.87 5.78+0.82 1.23£0.23 2.20%0.27*
Caudate-Putamen  4.56£0.46 3.99+0.25  6.39%0.50 7.14%0.63 1.45%0.15 1.78+0.08"

Hypothalamus 9.28+0.44  7.54£0.70 11.60%0.39 12.86+0.93 1.26+0.06 1.75%0.17*

Each value represents the mean=standard error obtained from 5 rats. Statistical comparisons between
control and immobilization group were based on Pitman’s permutation test(two-tailed).
*p<0.1; *p<0.05; **p<0.01.
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Fig.2. Competitive inhibition curve of antibody-bound HRP conjugated substance P

by synthetic substance P (standard curve), crude hypothalamus and crude striatum
extract.
Each microplate contained the diluted synthetic substance P (standard, B), the
enzyme blanks (nonspecific binding, NSB), and the well without free antigen (B,).
B/B, (%) express (B-NSB)/(B,-NSB) ratio. Hypothalamus extract was diluted 40,
80, 160 and 320 times. Striatum extract was diluted 20, 40, 80 and 160 times.
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Fig.3. Elution profile of the substance P-like

immunoreactivity (SP-LI) in the frontal cortex
extract (broken line)
The pooled extract and the synthetic substance P
were applied onto Sephadex G-50 column (1X46
cm) and eluted with 1N acetic acid (containing 0.
1 %bovine serum albumin). 1-ml fraction were
collected and lyophilized. Each fraction re-
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Table 6. Effects of immobilization stress and cold exposure on levels of substance
P-like immunoreactivity in 4 discrete regions of the rat brain.

Substance P-Like Immunoreactivity(SP—LI)

(ng/mg protein)

control Immobilization cold Exposure
Frontal Cortex 0.66+0.07 0.43+0.01** 0.43+0.04*
N. Accumbens 4.7040.49 2.66+0.52* 4.39+0.75
Caudate-Putamen 7.13:£0.74 9.37£1.30 8.00+0.57
Hypothalamus 7.94+1.65 6.62%+1.16 8.88+1.11

Each value represents the meanzstandard error obtained from 5 rats. Statistical
comparisons between control and Immobilization or cold exposure group were based on
Pitman's permutation test (two-tailed). *,p<<0.05; **p<<0.01.
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Abstract

In order to clarify the responses of organisms to stress, it would be of interest to investigate
whether responses of the autonomic nervous system, the endocrine system and neurochemical
processes which may mediate these responses are stresser-specific. In the present study, responses
of the autonomic system, the endocrine system and changes in levels of neurotransmitters in the
brain were investigated in rats subjected to immobilization (3hr at room temperature) and cold
exposure (3hr at 4°C). The core temperature of immobilized rats decreased in course of time and
decreased by 4.4°C, as compared to the control value after 3hr immobilization. In contrast, there
was no remarkable change in the core temperature of both control rats and those subjected to cold.
The serum corticosterone levels increased within lhr immobilization and were still elevated after
immobilization of 3hrs. The serum corticosterone levels of both the cold exposure group and the
control group also increased within lhr, but decreased there after. Gastric ulcers occurred in all
rats subjected to immobilization and cold. Both the number and severity of ulcers did not differ
between immobilization and cold exposure. These findings suggest that the responses to
immobilization may be different from those to cold exposure. Immobilization caused a decrease
in homovanillic acid (HVA) levels in the frontal cortex (FC) and the nucleus accumbens (NS),
Dopamine (DA) turnover in the striatum decreased significantly. Cold exposure increased HVA
level in the striatum. DA turnover tended to increase in both NA and striatum. Consequently,
the author postulates that immobilization has an inhibitory effect on dopaminergic systems, while
cold exposure activates these systems. Immobilization caused an increase in 5-hydroxytryptamine
(5-HT) level in the FC and a depletion in 5-HT level in the NA. No significant changes in levels
of 5-HT and 5-hydroxyindole-3-acetic acid were observed in all regions after 3hr cold exposure.
Cold exposure significantly increased 5-HIAA/5-HT ratio (5-HT turnover) in the 3-regions except
the striatum, in which 5-HT turnover also increased, but not significantly. Thus, it seems likely
that cold exposure has a long-lasting activating effect on 5-HT system. Substance P-like
immunoreactivity (SP-LI) in the FC was reduced in the rats subjected to immobilization and cold
in approximately same degree. A significant reduction in SP-LI was also observed in the NS of
immobilized rats. These findings suggest that SP-LI reduction in the NS is associated with
stress-induced emotional changes, while a reduction in frontal SP-LI is common to most stress.




