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2o Hla s ZFrleleed ole 2EH U HEEgA il HelmA e el Wzlg Z3
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Tz EuAe o]z A F RAlE 23]
Q) A2 F A2 ol
% (HPA axis)®] EA 3P} AEH 2o B8 52
o] Z7ke- o] &} (Carrascod} Van de Kar,
2003). HPAZ-S FA3HA7]= 29 2 sjAA T
2 231 g2} (corticotropin releasing factor, CRF)7}
A g8 slen, 2e 28 dste B AT
7} o] F-o]Z ) (Sarnyai 5 1995, Fadda$} Fatta 1997,
Habib & 2001). vd2}A] in vivooA] AEFGAZS 9
%=R9] RS CRF 3o} o]e]] whE FAllA
o HFEN|Eq FFIA=ER
stel glsha oot

sEezel % CRFS) Wl 9 3] 2
ST, AP AUV BN ol Folle)
(Habib - 2001). o] Z HA=33A L o8 72M
Eolo S dEle 2T AHRE I, oY
g ARE Fo} yExehe AL TEAVSG HE
B3HA) = FA ¥ (central nucleus), 7}%# (lateral nu-
cleus), ¢+Z3 (medial nucleus), v}=+3} (basal nucle-
us) ¥ A (cortical nucleus) 502 o] Fo]F ).
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g49 7l%S s ok FAYE F2 EeA
A g A Zskar ofell Higt A A
A8k 2H8-& 3= wbd (Dayas 5 2000), ¢t
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ekt ARE 92 A} ZA] oY ez
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2004).

o] 7] g9l 23t AAA S 7144 (neuro-

plasticity)& A7 o)) F8=E o] Qe Aol ok
o, AAbTAE 94 FelASeel W3E ne)
o} AlAzA ol A Al Aot E F W olw M| E (astro-
cyte)®] 7152w cjekaled AAA 2 AAE
EE AAAE 54719 8BS 2E3L 5=
A = A (channel conductance), .5 A7 48] T12AF,
Aol e +9 e s How
a2y ek (Muller 1995). *HolmA £e] 7}4Ae|
FAA Aote] A3 s AmAGA SA

, HHY, =

E,0lx8, 3y, ¢
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GFAP9] W dAAe] 2713}l e (Hansen 5
1990), =g T3] i o8] FH6Ae
GFAP 1A A 2] A& (Khurgeld} Ivy 1996) o] H
3593, =3 o8] learning modelel A = GFAP7}
Z7l8l= Zlew deFHT(Kraig 5 1991, Wenzei
5 1991). 2445 8] BE AAZA ARYS
e FoT eAel golg 2 dow o
2 HemAze 5 of APAEe nud
o Qe 53 4871 FF A4 JAR
oA WeltmHxz £7]9] ZHeo|7} A rhs B2
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AFAE 24 A AEHAFel et 24 A &
EHag vk 139 Aoz AT AFE
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== (control restraint group: CONR), &4 A AEH A
E ke I (prenatally stressed group: PNS) @ 24}
A 2EH2e) FFFAEHAE 9He Z(prenatally
and resrtraint stressed group: PNSR) ¢ 2 F-23}gc}
ZAEE FALE Ae=s 399 953 AR
2FE Y3 25°Ce A 2r3telA] a7 2
Al AREE 394 A B AFE
vtz AL HE 2EdAg 74 e 04
4] o] W ol HYAA AFEsrect

2. Algldiy

7zt #9] 2FZE sodium pentobarbital (150 mg/kg,
ip)& olgdlel BN ¥ §74e A3 AL
E3}e] 0.9% NaCle Z3sl= 0.1 M QAlg g3
(pH 7.4; PBS)& Fofste] dHE A AT Fol 4%
paraformaldehyde2 #7F A3l HE &3
% Leica 1000S vibratome (Leica, Germany)©° 2 30
pm F7 9] AL H S A ztste] APHu2 A}
A=t

FHHE ol 47 Az e Agsl] ¢
3ty ©4 0.5% FAESEAS 23831 methyl alco-

holel] 1087+ A2lated 2 Aol Wasle] U
AAS D, ool 2AW 1%

Shapshass) 94

o
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o] Wule-S glol7] ¢I3] normal goat serumol| A
1087 A2)3}eoh. 12} 3= rabbit polyclonal
anti-GFAP antibody (Dako, Demark), 22} A 2=
biotinylated anti-rabbit IgG (Biogenex, USA)S A&
3te] HAzA RSP S Algstr o]eA] avidin-
biotin-peroxidase complex (Biogenex, USA)Z x]z]
st 4 AI7E 22 "ol 0.1% triton X-100&
Zgshe PBSE ATt e 2 3}eked A o]
Tt AH-2 0.05% diaminobenzidineo] £33 0.1
M QAR pH 7402 AN F 43 &
spolmel] g2y ALeld AzAZct Welda
o Bt Aue) Yy feleiol=dN A2A2)
% methylene blue/azure 12 W ZFM S A A1
o}

Jro] Bt AHFHL Paxinos2} Watson (1998)2]

Wil oot WERAE olF: 7 AddE 7
F3la, AFPSE vt 539 RS dijo=
w9l & A9l Jstan)7 2008 Alopel A 7
N7Ye] SR AT GFAP S A
9] $£2 eIttt =38 mbf bioscience (Micro-

BrightField Inc., USA)2] Neurolucida system2- ©]-&
sle] 7+ 217 Fe] EE3= GFAP FAJuESA £9]
12,2719 37} £719] 49 Zolg 2ATe

Fig 1. A. Structure of the amygdala complex. BL: basolateral nucleus, BM: basomedial nucleus, Ce: central nucleus, Co: cortical nucleus,
DEn: dorsal endopyriform nucleus, La: lateral nucleus, Me: medial nucleus, opt: optic tract, arrows: external capsule. X 40. B.
Higher magnification view of Fig. A (rectangle B). Astrocytes stained with GFAP immunohistochemistry (black arrows), as well as
nucleus of the neuron (red arrows) and the neuroglia (yellow arrows) stained with methylene blue/azure II were observed. X 200.
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Table 1. Number of GFAP immunoreactive cells in various amygdala nuclei

Co Ce Me BL BM La
CON 33,10+6.03 35.67+6.86 35.08+3.93 34.06+£6.37 39.47+6.80 39.62+7.96
CONR 36.98+6.69 34.441+6.01 36.06+5.67 33.82+5.66 41.12+4.53 36.91+4.32
PNS 3594+5.08 39.32+5.71 41.93£5.26 32.0+4.88 40.71+5.88 36.96+£5.36
PNSR 3375+5.63 36.82+£8.46 34.51+4.56 34.06+5.68 33.88+4.48 36.07+£5.26

CON: control group, CONR: control restraint stressed group, PNS: prenatal stressed group, PNSR: prenatal and restraint stressed group, Ce: central
nucleus, La: lateral nucleus, Me: medial nucleus, BL: basolateral nucleus; BM: basomedial nucleus, Co: cortical nucleus.

B

(5’

Fig. 2. Diagrams of astrocytic cell body(CB) and its processes were made using Neurolucida.

3. EAIXz
7 Aol W AT 29 4 vlma]

9]3}e] two-way anova test W student t-test3 A A} 5}

A=

it

Anti-GFAP 348 o] 48 Wz 318}3} methy-
lene blue/azure [1of] 23} djxA8-2 A3 Az}
A7 M L= methylene blue/azure 18] 2J3)] #1gF A
Aoz, AAotaMxr & AHFNeoz dNHS]
o} (Fig. 1A, B). =38 GFAP Wz 3}stg el <
AAuk-S-& Hol: HolwA| £ N=A B AHEEY
st BAFE 4 Il (Fig. 1B). 313 <]
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FTAAHAN =B w2 Fe ARmart
velbs B9lelA ZAARE ehtr] Az}l
neFoz UM FAH, 7159, EH, viHr)E:
9, vheebEd, A 55 HHE 4 A (Fig
1A).
279 HEB3A o)A GFAP FAEg-& Bo]
HolwA £9] 4= Fshain]Z 200 x wf-EelA
Aok & 33.10£6.037H (RAM)ol| A 39.62+7.967)
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T AP E el = 2bo) 7t gl Aoz Jeptot (Table
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Table 2. Number and length of cell processes of a astrocyte in various amygdala nuclei

a) Cortical nucleus

Primary process Secondary process Tertiary process Total
Number  Length (um) Number Length (um) Number  Length(tm) Number Length (m)

CON 7.99+0.68 87.87+9.89 7.18+1.25 65.66+11.81 2.68+1.01 23.75£9.62 18.23+2.85 180.771+28.88

CONR  8.22+0.55 91.42+537 9.55+0.82* 87.58+8.79*  4.06+1.22* 3335%10.22 23.06£2.63*% 224.561+22.74*
PNS 7.88+0.58 82474821 10.07+1.51* 98.69+16.59* 3.87x1.05 3549£10.95% 21.87+3.64* 221.10434.04*
PNSR  8.17+043 883%11.86 10.34+1.95% 97.86+£8.96*  4.4841.62* 41.10+14.381 23.88+4.26* 240.73£27.69*

b) Central nucleus

Primary process Secondary process Tertiary process Total
Number Length (tm) Number Length (um) Number  Length(um) Number Length (um)
CON 8.49+0.78 97.09+9.05 739+135 6533£10.19 250+0.88 20.06+£6.65 18.71+£2.59 18501+£19.55
CONR  7.61x0.93 83.75+13.44 8.73+0.93 83.85%+16.12* 231%£043 19.83+£4.08 19.11+2.36 189.53+31.06
PNS 7.80+£0.25 84.64+9.05 895+1.13 89.40+10.17% 2931+0.99 25.70+8.09 20.60+£2.0 205.43+21.16
PNSR 7.49+£051* 82.77+£16.69* 8.92+1.23* 91.2541091* 3.30+0.96 30.06+7.78 20.21+1.98 207.80%13.95

¢) Medial nucleus

Primary process Secondary process Tertiary process Total
Number  Length (um) Number Length (um) Number Length (um) Number Length (um)
CON 851x1.01 89.92+10.11 7.30x1.39 67.811£10.76 2.23+0.73 20.19+6.0 18.16+£2.56 180.49+16.95
CONR 8.0x£0.58 87.25+10.15 859x107% 8370+£1641* 244+0.92 21.94+749 17.82£3.51 181.27+4273

PNS  727x0.70* 77.08+11.84* 8.76+£0.77* 84.57+6.49* 2.76+0.71 26.13+£7.01 19.14+1.73 1926111845
PNSR 7.66+045 80.72+1241 8.64+1.17% 88.74+11.06* 329+062M11 305743471+ 20.55+1.63* 207.87+8.96*

d) Basolateral nucleus

Primary process Secondary process Tertiary process Total
Number Length (um) Number Length (m) Number Length (um) Number Length (um)
CON 8.42+095 106.83%+10.75 821£1.63 78.10£1457 291£1.10 2226+833 19.82+40 212.79+35.12
CONR 7.84%0.73 92.02+13.23* 9.2740.39 90.63+7.25 4354084 3801+8.18Y 21.98+0.72* 208.34+24.08

PNS 7.74+0.54 8701+£882*% 100x£1.11* 97.50+£1534* 339+£0.60 3055%3.76 21.68+£1.80*% 220.841+26.58
PNSR  7.79%£0.67 9L.56%11.16% 9.38%1.14* 96.01%15.35% 4.15+1.101 37.25+7.46% 22.06+1.82% 232.16+18.58

e) Basomedial nucleus

Primary process Secondary process Tertiary process Total
Number Length (um) Number Length {pm) Number Length (um) Number Length (um)

CON 8.42+0.76 91.04+4388 751128 67.86+10.71 1.80+0.76 14464587 1827+251 1759711827
CONR  7.94%0.52 80.27+4.43 8.36+059 7751+£639 248+0.83 21.15%8.15 19.22+1.22 179.31%7.13
PNS 7.30£0.78*% 7526+843* 821£1.02 77324855 270+£0.61 24.194£576 18.89+1.23 1766111543
PNSR 8.A51044%+ 8787 £544%4* 981146k 9504991 3841370 34412240t 22150404 2240413028538

.13

f) Lateral nucleus

Primary process Secondary process Tertiary process Total

Number Length (um) Number Length (um) Number  Length (um) Number Length (tm)

CON 8.65+0.83 98.73+7.60 792+126 72.75+£13.60 2.85+£0.40 23.10+4.63 19.04+2.35 191.73+£29.30
CONR  822+1.16 94.88%+16.80 875051 83.15%11.05 3.60+142 30.26£1220 21.15+1.29 212.27+25.28
PNS 7.99£0.57 91.89+10.77 9.59+1.14* 94.24+1843* 3524096 31.13+8.58  2048+1.51 220.65+25.09
PNSR  7.96%0.24 90.61+3.11 9.0+0.68 90.80£9.63* 3.85+1.36 348911047 21.13+£2.26 22249+12.31

*significantly different from CON group p<0.05, tsignificantly different from CON group p<0.01, **significantly different from CONR group
p<0.05, ' significantly different from CONR group p<0.01, **¥significantly different from PNS group p<0.05
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°]F AU (Fig. 2). dlzZolA 2+ A7)
E23he & N Helmd oM flshe 14 &
71 BF 7.99+0.687H(RA AN A 8.65+0.837)
CHEA)Rom, F Aol (um)e 87.871£9.89 (R4
Aol A 106.83£10.75 (shFrhEa) et 23} E7)
o] 4 7.18%1.25 (BA MM 8.21+£1.63 (vFF
71&3), Aol 65.33£10.19 (FAH)elH 78.10+
14.57 (9F=7124), 350 B7)9) S 1.80+0.76 (7}
FokgA)el A 2912110 (F7HE), Aol
14.46+5.87 (u}=hebEd)el| A 23.10+£4.63 (71%3)
olet. & N8 M=l RN 33 E7)7HA
719 & S8} F Aol A7 18.16+2.56 (AFH)
oA 9.82+4.0 (v}=trhES), 175.97+18.27 (vheket
Zd)oll A 212.79+35.12 (a}=t7HE3) o] 3t} (Table
2)

=
=

SEFH 2] g HolmAE E7]9 Wik 1A
71 S AR AR Azl Hls
Agze) Moz Ao} £Hoz ta Fas
A% wgdew, 53 FdGNE 24 o)
Glag T eold AA7 AT Fol HAl 2
E AT ke o (PNSRE) £7]9 41t Zeld
A Az wE ol Bas wiT vl
93} vldEdelE 244 Andag B 2
(PNSB)el Blzzel wal St Aol 2E ol
Aag weh ool Wla 24 @ 3% Ble Ay
2o AU B719l 4} Aolrb dzzel ¥]
A f9l Z7he Aew Jehten, g7 2
Sob 2 Rl eIME Azl Hlsl Fela
Z7}3ld e} (Table 2).
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ARAHe AL s A f2d 4 9o
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™ (McEwen} Stellar 1993), /18 ¢} A~ A (Curtis
5 2002), £8, 28, 73 2E8 2 (Dayas 5 2001)
5 9ok 259 2Edar dAxBibAel Y
FAAAE Wi 9lct o] ¢el= HEEIHE F
g EY] R 9 A Yehle FUEATs
dol oA FekEAte] vehs A7]el] HEH
A Foll 27148 4719 c-fose] W3] Z7)
HE Zoz yehlrlz sz (Sarnyai S 1995)
A= EPA = 2ed A Wee] F532 553 9
o dAdez Eejdq Asdaude 4]l
2EH 2 AR Aoz dEA ol A=5F
A= (Chowdhury % 2000) «38] 7o) AlAH oz o
Folzlon, A7 we} AEH A9 A 7%
o] thzrty A 3leu}(Vochteloos} Koohaas
1987, Dayas € 1999, 2001, Salm 5 2004), 2. 4]
Adel Az QBse] B4 Axe s qlem,
Age 23 2Eds el e AR
Aol W 4= U2 e HAEel wu
"} glt}. 3] Bush$) Barfield (1974)= 3 F oA
H=83A S AAAGY FAAS Mt sl
ot B.313}e] o), Bunnel (1966)2 Z-AA)o] <)
Aokx B384 31, Vochteloo®} Koolhaas (1987)%
53] FAU=d WHe] AL AL FHA
At &S FAsldd o] e HeEggx
FANTG ANFZH-E 2EHA URSo] glojM M=
ArA] 71%E YT Bas Qo (Grijalva
5 1990).
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[e]
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24 A AEHAY HAA F Aegirl HAEE
el WelwAZA PIAE e 2 & 2

FN BE A¥zo) zgel v)s) Polhmr x9)
S sk B2 5 A9 Salm F (2004 A
HE BN 24 A A=A WS o) 24 F
AL He W ASEEde) 440 Frlaloe
o, o] HelN ANz st f5h Z7hs
W AolmAEx HakA gotort % AE 4
o leiME 7R MMz A7 otm
Ax 2% Z7plE ek B sl ol (Salm 5 2004).
Jeht Al elmMxe] Wwst WAl dekele A
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UEE YulEie, ol JIBRHEY S ¥R Ax
FAE A BE AN 2EH 2 9
o) Aok o WHelmM 2 $1= WA o> e
2 vehd 2 a9 ZAstel A3 ol =
2ed2vt HotwH| 2] 43 Wslel] nX|= 3f
of wsiM eFstAl 2omEe] o). Sirevaagt
Greenough (1991)= A& 4w & B215} 31764 30
d F AREE A9 dy Bxg AAME ¥
olswMZ2] wld7}, 67d F3t ARSEE IFHAME
Z2lo] Yehgols ®.3slg] o, Bridges $(2008)
2 2EHNY FEEHE FFEIIZEIN=ET F
J3lAeY AEd2e FAY = G2 F4q 3
ule] CAlell: Helwr 27} F7)5ksd o, CA3ell
ME Z71eHA dsitts B3gt whi, Mouton %
(2002)-> CA3o|A Fristsdcta AbEA Bas)
Aot ol AARs} £ A A S B
W AEHAY) HelmM Xof| mAE S AYPF
Eo|u}, Asd Al F5 U AEHA 7|7 Sl o}
g 9& Hoz AaFHy, AxigAE T4
AARNE A APEE Y 22D F7H9 A
AlZb Bl wel 2 edgke] ksl vepdvtn &

215} (Cullinan 5 1995, Dayas 5 1999, Thorsel
1999, Dayas 5 2001, Curtis -5 2002).
Sirevaag®} Greenough (1991)2) A3 Aale) 23}
o etz FA e} vlde] 2] M Z2A-E7]
o] =7t 7k ol WetwM 2yl A7 49A
Ao dxe] S 2= V5o TS
pAPET Aot & AFAAE Azl B9
PNSRZAIA @ 7)) WelwAzst 2z e &
57 %8 Aol Aypel AAHAN 274 A
o2 velydol £3] PNS 3-2 CONRZo|] tfzo

o % Ao

s

T

=
[

vla] &% ksl ot dRE A stae fost
2] okolx|uk PNSRZoIA = §-0)8}A] =713 A
o7 do} 24 A9 22} AR F P 2
EF2d s 3gE A o= AlwFo) Hatonst
Tweedle (1982), Thodosis®} Poulain (1989) 52 4=
$7) Bt WeltmAl xSl E7)71 &EH, ol Al
AAZE Abolel] AHFAA HEE FAIA Aol
T FAslg o), gutde g sedAg Wy Azt
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@ 5B cudag @ Tl WolwAx
719 £4 Z7PF vehdun oA A (Sire-
vaag®} Greenough 1987). =3 Sirevaag 5-(1991)-2
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Feahe How AzHe, B QTN Asea
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Az, 53 24 A 2o} 43 ol g3
£ viAE Zlez Asdn
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Abstract
Effects of Prenatal Stress and Restraint Stress on Amygdala
Complex of the Rat: I1. Effects on the Astrocytic Cell Processes

Jin Suk Lee, Byoung Young Choi, Byung Pil Cho, Ji Yong Lee,
Wonsug Jung, Young Chul Yang

Department of Anatomy, Yonsei University Wonju College of Medicine, Wonju 220-701, Korea

The hypothesis that adverse experience alters the balance of neurotransmitters in the amygdala rendering it
hyperresponsive to stress was examined in the present study. Since astrocytes regulate the brain’s neurochemical milieu
by uptaking neurotransmitters, we have examined these cells in the amygdala of prenatally stressed rats, a model of
pathological anxiety. Here we examined morphometric changes on the cell bodies of astrocytes in the amygdala
induced by prenatal stress and restraint stress.

For this purpose, rats were classified into 4 groups; control group (CON), only restraint stressed (starting on P90 for 3
days) group (CONR), prenatally stressed group (PNS), and prenatally and restraint (on P90 for 3 days) stressed group
(PNSR). Astrocytes stained with GFAP immunohistochemistry were counter stained with methylene blue/azure II and
were examined using the Neurolucida.

The present study showed that prenatal and restraint stress caused the significant increase in the total number and
length of the amygdaloid astrocytic processes.

In conclusion, astrocytes show structural indices of activation with stress.

Key words : Prenatal stress, Restraint stress, Amygdala complex, Astrocyte
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