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Shematic drawings adapted from Paxinos and Watson's stereotaxic atlas representative of the sections used for
measuring monoamine contents in the FC (prefrontal cortex), ACC (nucleus accumbens), C/P (caudate and putamen),
V/8 (ventral tegmental area and substantia nigra), DRN (dorsal raphe nucleus), LI (lateral hypothalamus), HP

(hippocampus), AMY (amvgdala).
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Fig, 3

Changes in DA levels following restraining stress. Rats
were exposed to restraining stress for ten minutes twice a
week. Data are expressed as the mean + S.D.(n = 5-12).
Statistically significant differences by an unpaired two tailed
t-test are indicated by asterisk(s) as following: *P < 0.05,
P < 0.01, *™P < 0.001. FC: prefrontal cortex, ACC:nucleus
accumbens, C/P:caudate and putamen, V/S:ventral tegmental
area and substantia nigra, DRN : dorsal raphe nucleus, LH:
lateral hypothalamus, HP: hippocampus, AMY: amygdala.
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Changes in 5-HT levels [ollowing restraining stress. Rats
underwent ten minutes restraint twice a week for a week.
Data are the mean + S.D. values(n=5-12). An unpaired
two-sample t-test showed significant main effects of treatmen

(P<0.05). *P<0.05, ™P<0.01, "*P<0.001. FC: prefrontal cortex.
ACC: nucleus accumbens, C/P: caudate and putamen, V/S:
ventral tegmental area and substantia nigra, DRN : dorsal
raphe nucleus, LIH: lateral hypothalamus, HP: hippocampus,

ANMY: amvegdala.
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Changes in [DOPACI/[DA] and [5-HIAAJ/5-HT] ratios following restraining stress. Data are the mean = S.D.
(n = 512). An unpaired two-sample t-test showed significant main effects of treatment (P < 0.03). P < 0.05, **P <
0.001. FC: prefrontal cortex. ACC: nucleus accumbens, C/P: caudate and putamen, V/8: ventral tegmental area and

substantia nigra, DEN : dorsal raphe nucleus, LH: lateral hypothalamus, HP: hippocampus, AMY: amygdala,

Table 1

[DOPACY/[DA] ratio

FC ACC C/P V/§ DRN LH HP AMY
Control  1.18%0.68 0253007 0.37x0.11 024£008 085%040 042015 194043 041£0.25
Stressed 0.64%046 0274018 022+006* 041033  0.46==0.01 0.64+0.38 1.17+048  0.2040.07*

[5-HIAAT/[5-HT] ratio

FC AGC C/P V/S§ DRN LH HP AMY
Control  2.33:£132 298+1.52 241+095 152034 246=%073 180068 325080 2.07X061
Stressed 592073+« 582+1.83% 152+0.22 1.86+084 286+088 05905.56% 4.55+2.16 1.66+0.24
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Effects on DA levels by low frequency EA at lumbar and
hindlimb are as under restraining stress. Data are expressed
as the mean = S.D.(n = 5-12). Statistically significant
differences by analysis of variance followed by Scheffe's post-
hoc comparison were found as follows: stress vs. EA under
stress; *P < 0.05, **P < 0.01, ***P < 0.001. FC: prefrontal
cortex, ACC: nucleus accumbens, C/P:caudate and putamen,
V/S: ventral tegmental area and substantia nigra, DRN:
dorsal raphe nucleus, LH: hypothalamus, HP:
hippocampus, AMY: amvgdala.

lateral

Table 2
Effects on [DOAPCI/[DA] and [5-HIAA]/5-HT]
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Fig. 6

Kffects on 5-HT levels by low frequency EA at lumbar and
hindlimb are as under restraining stress. Data are expressed
as the mean £ S.D. (n = 5-12). Statistically significant
differences by analysis of variance followed by Scheffe's post-
hoc comparison were found as follows: stress vs. EA under
stress; *P < 0.05, P < 0.01, *™P < 0.001, Lumbar EA vs.
Hindlimb EA: ¥ P<0.05. FC: prefrontal cortex, ACC: nucleus
accumbens, C/P: caudate and putamen, V/S: ventral
tepmental area and substantia nigra, DEN: dorsal raphe
nucleus, LI: lateral hypothalamus, HP: hippocampus, AMY:

amygdala.

ratios by lumbar and hindlimb low frequency EA during

restraining stress. Data are the mean + S.D. (n = 5-12). Analysis of variance comparing [metabolites]/[monoamines]
ratios under stress demonstrated that Lumbar EA and Hindlimb EA groups showed a statistically significant

difference. Scheffe post-hoc comparison revealed a

a significant difference between the stressed and Lumbar EA,

stressed and Hindlimb EA, and Lumbar EA and Hindlimb EA groups. Significant differences from the stressed
group: *P < 0.05, *P < 0.01, *P < 0.001 or from the Lumbar EA group: %P < 0.05. FC: prefrontal cortex, ACC:
nucleus accumbens, C/P: caudate and putamen, V/S: ventral tegmental area and substantia nigra, DRN: dorsal
raphe nucleus, LH: lateral hypothalamus, HP: hippocampus, AMY: amygdala.

Table 2
[DOPACI/[DA] ratio
FC el C/P V/S DRN LH HP AMY
Stressed  0.64+046  027+0.18 022006 041*033 046+001 064=038 117048  0.20%007
Lumbar EA 065+0239 021009 034+010 056%023 152=102% 030012« 106+067 0.26=0.21
Hindlimb EA 0.85£059  0.24--0.09 040027  030%004  073%029 032+007= 0722027 180+ 1.07%f
[5-HIAAL/[5-HT] ratia
FC ACC C/P V/S DRN LH _HP AMY
Stressed 572073 152022 582+1.83 186+084  286--088 0590+556 455+216  1.55=0.24
Lumbar EA 2.36==0.95%+* 1.78=£071 340169 202%055+« 232-£071 255+100« 207074 146020
Hindlimb EA 148=0.36%% 1524064 130+027+« 130+024F 2814077 162+007% 324091 154018
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Effects of lumbar and hindlimb high frequency EA on DA
levels during restraining stress. Data are the mean £ S.D.
values (n = 5-12). A statistically significant difference was
revealed by analysis of variance comparing DA levels in the
stressed, Lumbar EA. and Hindlimb EA groups. Scheffe
post-hoc comparison revealed a significant difference between
stressed and Lumbar EA, stressed and Hindlimb KA, and
Lumbar EA and Hindlimb EA groups. Significant differences
from stressed group were: *P<0.05, **P<0.01, ***P<0,001 or
from the Lumbar EA group: ¥P<0.05. FC; prefrontal cortex
ACC: nucleus accumbens, C/P: caudate and putamen, V/S:
ventral tegmental area and substantia migra, DRN: dorsal
raphe nucleus, LH: lateral hypothalamus, HP: hippocampus,
AMY: amygdala.
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0 3 < REEFICIER L7z

—7i, [DOPAC] / [DA] kX, FHUHKT
TR A b L A BT L BRSO T H41%,
TR THIT6 BE AR Uie (Table 2).
[5-HIAA] / [5-HT] kX, WA MLV AEK
He BB T AT ERT R R, AMAE R T
THBZIZEA L, FRHEE CILaTsan s L E T
$26%, FREMRTHI22%, SMEITHR NERTHRI16% &
HEWTwEA Uz (Table 2). #MAlHE FEED5-H
TR R R ICH LT, KAEEHREFREIT A b
L ZafmEmI=5y b@ [6-HIAA] / [5-HTI]
Hapb i, Z Of%FV R FEHE R

FC

3 to
e g2
- ]
- £ 3
N 22 [=
- g E,
§ E s
0 0
V/8 DRN
4 L3 12
i iF
o g 1 ! #o8
) = i 5
] < | 3
E 505 2,04
[} 1 Q
1 HP 25 AMY

as| | : 2 - Stressed

E g

s

E‘{Lh fry 13 ‘/2/;‘ Lumbar EA

204 —‘ =) 1

) E. | Hindhimb EA
0.2 | 0.5

Fig. 8

Effects of lumbar and hindlimb high Irequency EA on
5-HT levels during restraining stress. Data are the mean =+
S.D. values (n = 5-12). A statistically significant difference
was revealed by analysis of variance comparing 5-HT levels
in the stressed. Lumbar EA, and Hindlimb EA
Scheffe post-hoc comparison revealed a significant difference
between stressed and Lumbar EA, stressed and Hindlimb
EA, and Lumbar EA and Hindlimb EA groups. Significant
differences from stressed group were: *P<0.05, **P<0.01, **P
<0.001 or Lumbar EA ¥ P<0.05, FC:
prefrontal cortex, ACC: accumbens, C/P:
and putamen, V/S5: ventral tegmental area and substantia
nigra, DRN: dorsal raphe nucleus, LH: lateral hypothalamus,
HP: hippocampus, AMY: amygdala.

groups.

from the group:

nueclaus caudate
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12725y FOIMUBK FEIZH1T 2 [DOPAC]
/ [DA] H&—H L7 (Table 2).

3. IRRAMLRIZHT S
SR At b ()7

PSR b L A & w0 0 k3 0 o I,
B OF T IR iom FE R O i SEAT 7 R BT, AR R,
TRAR, PIMALVE - MM ETr, Y MRERREE, Ab
(R FEB, W5, WA TODAROE{LEFI
g. Tlcmwl, 5-HTEDZE{L#Fig. 8icRL 7=,
iz, ThoORBMEMEDHTHS [DOPAC]
/ [DA] H, KU [5-HIAA] / [5-HT] Ho%
{7 Table 3iZ-;RL 7=,

g R O F NSRBI BT S DA,
g2 L ARG EITEA U, LR
TIE#931%, FEHRIEEE TIIR40% & F EigE D
Uiz, & 5 2 ST ek =8 o33 oD i B i M R &
SMIEPR FERic BT ADARE, FhEFN#252%,
364% EHIHR A B L ABICHRTHEIZHEDL,
I I g R EACRE D A B 2 B 1T B DA R 40
Z N L ABEIZ 245 s EICHmML = (Fig.
7). FRSEEIMEICBIT55-HTREIE, K
A b L AR B A8 THI997%, MAETHI
331%, B UVAMEIHEBR T 0 T#Y394% & A B IZHE N
L7z (Fig. 8).

—7%, [DOPAC] / [DA] EidfisEZ b L 2
BRI Pe AU bkl R B T, IS TH BT
DLEOIIHL, SR THEREICEmL,
FEfsom AR CIIATEAT i, Al

kA THEICHEMLZ (Table 3). &51(C

[5-HIAA] / [5-HT] kid#asz b L ARICEH:
N, WETREOm R Tl A, Bk THE
L 2DIZH LT, SMISEE M THEICH
U7z, Fi=, TFHRSGE BRI T ATEERTE &
M, MR, AMIER TR THEREICEA L (T
able 3).

IS v A Sl R v 02 BT R DA R B X
NEER FEDARZERIE L, TR EEEHEEE
R P L AR DA R R OBARE, SR T
ARS-HT R Z MG L, HRFEHRZODARIZHL T
WEREEL R, TR EBIZDARER DS E S
EVDHLILAERHZRLE.

4. FEEREHEERAL & T BB ER B & DL
EFEEOHFMBRHIZDOWTHD L, DARIE
iy S R TR B ERAs h o e (T
g. 5). S-HTE SRR EFHRFIT LT, F
I S L 5 7 B T IR AR AR T HY556% & A7 I
iR L7zhl, Il T4 B ARITEM
L7 (Fig6). &7/, [DOPAC] / [DA]
TR AR IZ 3 W TEER S FE R T H T
TheshmERHETHEEICSMEZ R LA (Tab
le 2), [5-HIAA] / [5-HT] LLTHEPHEH -
VAR 25 7 U o s T 8 e 3 8 ) R LT LT
T B R HBEE TR 2% E A EITHEZ R L
J= (Table 2). (M58 kBB RMIZDA R TIEH]
MM KD EVIESH SN o724, 5-HTH
T~ e eom A TR L TR D E

Table 3
Effects of lumbar and hindlimb high frequency EA during restraining stress on [DOAPCI/[DA] and [5-HIAA]/
[5-HT] ratios. Data are the mean =+ S.D. values (n = 512). Analysis of variance comparing [metabolites]/

[monoamines] ratios during stress, Lumbar EA and Hindlimb EA groups revealed a statistically significant
difference. Scheffe post-hoc comparison revealed a significant difference between stressed and Lumbar EA, stressed
and Hindlimb EA, and Lumbar EA and Hindlimb EA groups. Significant differences from stressed group: "P<0.05,
*PL0.01 or from the Lumbar EA group: tP<0.05, ¥ ¥P<0.01. FC: prefrontal cortex. ACC: nucleus accumbens, C/P:
caudate and putamen, V/S: ventral tegmental area and substantia nigra, DRN: dorsal raphe nucleus, LH: lateral
hypothalamus, HP: hippocampus, AMY: amyegdala.

Table 3

[DOPACT/[DA] ratio
FG ACC C/P V/S DRN LH HP AMY

Stressed 0.64*=0.46 0.27+0.18 0.22+0.06 041=0.33 046001 064038 117048 0.20£0.07
L_umlf)ar EA 081065 0.42+0.04 0484023 041020 111053« 032%005 051x0.15% 0.93+0.63
Hindlimb EA 1.340.30%  0.30+0.04 0.22240.10 0.3440.17 1254031  045+0.14 1.02+041 0.560.11%

[5-HIAA)/[5-HT] ratio
FC ACC . C/P v/S DRN LH HP AMY

Stressed 5.72=+0.73 1.52+0.22 582183 1.86%0.84 2.86+0.88 990556 455%2.16 1.650.24
E_.umll::ar EA  480+303 25B1.09% 10.55=2.41%% 205+061 417069 2.26151=* 3.82+1.50 203%0.39
Hindlimb EA 1.64-0.22= 148+036 1.57+0.27F 1454020 222+035f 206=+045% 2.50*041 204084
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AaErRLT.

—7F, EBEOEMERRIIOWTASLL, D
ARV IE SR SOm B I T, T B BsGE ER
WORET B W TRTEEATE i S MR FRiTE N
F24%, 0% FRICKRMEERL 2 (Fig.
7). S5-HTRIZMERSEMEREREIC LT, T
S R TR T A, RS R MR IR T
MTENZNHLI81Y%, $9546%, RUHH222% & 17
EloEmEaExRrLE (Fig. 8). [DOPAC] / [DA]
b B R Seom SR & PR sOm R T A
BhrERsohizhof (Table 3). [5-HIAA]
/ [5-HT] L TRBEEEEMERBIIBWTIE
RSO BRI EEIC N T, FRshEBER TS
NENFEIKEZR LU (Table 3).

vty L ) T G B A L A
R FEODARIZ, B BRI e,
Zff, FMAER FEO5-HTR I L T D il
ERZERLI-

v, £ 2/

SN B WIZBRIERED A B L AT T SR
TR EEE, MankEsbRohElsEh
T3,

B EEE TlE, HanSl3EEE v FE2RWTA
FLRIZEDEMUREIFD /LT 27
>, DA, a)FaA70O, ACTHA g E #|
Wick oL, FoFyopilEckn ohn
5ORMENBII L2 E XD, HIEHBEREILE
RET TR, NEA%FEFAL K2 LTA R
L ARISOMEIZ BRI TH S LH®mEL, G
uimaraes 53R ZA ML A AR ES AT v b
IZHHEE AT 209 S, sl RmE L
AN EDTEFME(LE=MSIL, MEA L 2T
T B AT TEA B B KRR T0nEY
S5, HASIEHMKRA N ZAR Ty bOTIL
O— )V EBRTHIC KT T @B O Rz DN
THastL, B=BEAAOMESEREIC I 7L d—
IABTUTEYOMIE 2388, T O KISIT i R ik
HISMRFIZE DA b L 22T % 7L 3 —)Lflise
{EH & #K T i8-F MR- 8% % (hypothalamus-
pituitary-adrenal: HPA)MHEZ O EL R 23R
RENZLEHMEFEL TS,

FRED K DT, Hom BRI & ORI A b
L ZFBRIZH U TR TH 0, FhUT bR i

FEALEYD S 7E—2a L EIRH 2 WIENERE
FEFM ROESEREICLS ERBEINTNS,

-4, 77> aFIMIRZ W EREO
K R IR O T, R=BEAEAB7IOM
Bl X 0GR TER, MAETEELL, Rk
DB TIRMENASNEho - EHEINTW
A% ZOXDTHEEE® B AR R O 5o i
W S TR RICE S N, SO LK
Rt ZE5IERIT I EIZHETH S48, DM
BEFIZODVWTIERAHDOEETH D,

—h, AbPLABFER, S0z diis U
BALER AL TH S, A b L 2T
TAHERNRINZDOWTI, £ELTATFO-LY
I AEEHPE AR R ES-HTHIRRICHEEZ 4 TT
WoEdED s TED, ThETOEZS, Atk
Z b~ L ZZHN ODAER R OTEEZ & D,
RRIC R DDA DA AT A + L Az
FOEELENEZ ENBSsMzEIN TSRS Y|
/o, PGB EDAMRRIIMHEREL TH
HonNTHDY, MEEREIA ML AICESAR
2 ix EDOFBHIIGER A b L Z W %5l R
METHEOWEDDD, ANLAWEIZBNT
BEERMEZEHD TS,

7B, TR D EFIED R S - DI 19534F
T, Olds & Milneri3 f86E RIS R OHREIZ D W
TOEET, TOFEEZBBRALEY. 20
MM B TN 5 —HOWIFEMN 5, W)
BN RO & HNNHRETAE, BS540
fAIHEL AR T & 2 fE 1 B < INIRTREE 2 tpul & S
WTHarZEMPSHIZEINTNS, EHIT, kb
N T HEM & EERICHIE RN & & 7 & TR 28
GIET DI EMHENIIENTNWSY

WENRELGT BEHEITDONT, &I
VT BL U ARG RE I LY . L
L, ZOESZIZOEOWEICLOMAN/ILT R
Loh U R E10% AT ICHEA 2/ TH E Ol
HEgEZTRVWEVIWRES, VT ELFY
> ERAED FHEEBHIEO 1 DTH 5 EH~T
BEHOCHESEZSRWT™ mthEns, H
TETIE /LT R U AR R O E R 51
BEEINTWS, Zhicfbo> T, DAESHE
RIZE>TEESINS EWODAFRMEBRIEL /-,
DAZZBIRIIZHEE S &5 & G EHAHH = A,
DAZRBLES Y M7 78I 2510
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THHCHIMIIE F L2 TH DT Eabho
=Y. DARHETHAENORY R—)L2AED
AN F=l, EREVEREDRERZ LT, WA
ATARER, M4z, thbm, WSS EoaC#
WIHIFl sz Z Ebbho29 . HOHREIZ
KD EIIRDATFES TODABE D LR35 2
&P, KEHEEMTHDEINER, TIh1 2,
—aFr, Y /=B ETHRBIZDAKE %
S Z &R EDERMMN ST DARIZBEEH
MENTWS, X/, AEFINETHCOH#EZS
72 5 9 AR D B SR FIOIFIE I &L O P,
ROV ORI O iR S O Mfafk 2 idth & 3%
TATPERRME DR (B9 35 W 2 ETE T B AL10% 2 B
EEBHLEWITFITHREHOH D5, HHHEOV
elley 5 I3 ¥ 18 R % W 5 PR HLHE /MR R T &6
DN, AR EICEE T 2 NTEMEIE D
TI=IT I (FEF 1 RE) THD,
ZDZa—0Ori/ )T R+ > RUDAEA
NZE-THREZ N, BAHCEBEREEZMLED R
ML ARIBIZHSEINSEEEZ2T 5 E468mL TH
B

FITHEHFIE, ZhITok MRUBHHERD
HMAZEBEAT, WRHEOZ N ZENDR, K
rflgELTo) s 7¥—2 3 3RO aEEM
IZDOWTOmHEELT, MfiERzRE=P0&EL77ZD
ATEBY PR R E5-HTEERME MR RICH T S
NE/T7ICEBCELAZY TTIHEZITOIZL
&Lz, AEOWS T2 b L ZAmiRED
Z oy MRS, RGO FL7s 2 i SR
i, IMHER 2RO E L BRERMIC BT 2
DAR&S-HTE, #hoofiMEhEOELE D
L, BoBEREAMEANL ATy MIBIT2
fRERE /7 2 AEBHEMRERIIHLTEDX
INIFIET DD EBRFTL .

1. ERAFLVRICEDHAE/TIEDELL
LEIOWFETHW AR L X T, —FF#Y
CEREEONDE CHEEET o, N\DOt KRR
HRREIC T T HE L LTI, WG ZH
W EBRIKENT & 5 F8 & Bz E O F
ZEIHIL, TR E ORE I K S ERE
51%, 7eFILaY o EESEEH 4, D
AL/ NIERTY >EFERICHT DERIIHM
IZEDELWENRA SN, 5-HTEA RITHEERE

THNTSZEMASMITINTVBS?, Ln
L, MBEONOE VKL SE/ 7IVRD
BLIIHT 2RGHZELIZ OV TIZB S Micah
TWRW, ZTOEDTFHERE L TNDOY Bl
DEANE /7 2 8, RUEhs ORMEER Rz
M DEBIIDVWTHRFETo /2. TORE,
BEEONDO T > FRBEARE T 7 v - ORNE
JT7IVE, RUENS ONHEYRICEEREE
WidAsnaho/z., TOHELOERERTON
Ut 2 RREMC X BINNE /7 2 AEBE IR R I
T HEEL, WELTWABDEEZ S

fidNE /7 2 RBMEEOELIZDOVTIE, M
AO TInhibitorZ il \x TDOPAC & DA % 7= 145-HI
AAES-HTOZE 2 REFMICHRE T RETH Y,
S LIZDADOHMKERER LI DOWTIE, Fr >
IKEE L BEFRAERITdH 5 o -methyl-p-lyrosine:
ZHWTDADZE{LZHER L TDAFI 2 DR
NUBETHS. LirL, Fichid, /734
WICHMTBEITICEBORIZDNT, —H#iE
JTICORBOBECHWTELY , SEO
FRHERIZ DN THENS DLLOE(LERE L 7.

L E OIS TIEMAZODARNRHEA R A
& DAL (Fig. 3) 45, 4% 0[DOPAC]
/IDAJMIZIRZELIZA Ao (Table 1).
—fRMIc At ofE 2 b L A EAEIZ BT 5D
AW ZBINEE2 2 MM N TS Y > 45,
SlRlO#H A F L A AR TIRMAARIZBIT5DA
iR/ &, [DOPACI/[DAIZIZZE LA A ST
oozl &5, WEZ ML RITL D EI4RIC
B BDAMEIREA L Z &R S Nz,
ZTOEREL TDALEROTEEE T ZRL T
HulREMEAE Z 60, SHEDALG KO HH R
T & A Tyrosine hydroxylase{EHIZ D WY THiET
MHEEEZLSND,

728, AU AL0%R O T & 2 jigE i T &
B TIIDAR, [DOPACY/[DAlLEBIZTHETEZ b
LRIZEBZERIEHENAha2z. 2O EEC
abib5 OFFEIC L D KEA b L AP RD
AR &I ERDARITR LT R s 2 i b 5
ZHERITEVIWMEY L—HLEEERMNEG
537z —F, AlRZIZBITSDAKME, 5-HT,
SHRENHEL TS EWSHGENRH0, AL
2zt S DAKHOELIZH L TH5-HT 5%
HOEGHREEENDT . FZTH-HTRIZDW



iR REY HB2TE

THD &, SEOERGR TR & Ty
BET, &bIs-HTREE AL, [5-HIAAL/I(S-
HTILhIZ AT 5 WS #EENF s N z(Fig. 4,
Table 1). Z® Z &I M4e8: & pisn L EHIZH
T B5-HT Z& OLEHEIEIC DWW T, EEREA
b L R BRI R L T5-HT {3 [ iE 0 g6 A B %
R EMREENT.

—77, AI0ZR ORI Th 2 IEMEEYICH
7 5DAR &[DOPACI/[DAIKIX, &BIZA ML
AWz EBEEAH SN EREEE M
AL 5 GABATEBIE phfRIC K SERET 25210 T
BD, AbLRITEDMNLEOHEEANACABAE
B A= L TAIORZHHT 56807 1 —F
INy TN T WS RIREME A RIEE NS A8, FFHl
{2 DUy Tldbrain microdialysisif/s E & H W T
A ML RIZES RN CEEOE (L ZERFHIZE
M 20ERHAD. £k, SEOHFE TIEHE
AR L AL DALz BITADAR ES-HTREA
WAL=z l, HHEREICBIT5DARE
5-THEI#EML 7= (Fig. 3, Fig. 4. Zhso
HHRRY RS EIE, MR BT B5-HT 8
It R R S N 2 W - (0 A & i P D R R
DAZRZRHEIL TWAEWITHE o, {48
WZBIFAHE /T I 2L AL OB 2 SRR O
S-HTHEEMEMRERAFHE L T B nfgEfEZ2 kL
TWwa EEZNE.

AR DL T 2MEARTIEDAR, KU
[DOPACY/[DAIEE BIZA B L AT DEAL
fz(Fig. 3, Table 1)) ZOZ EMEHHEZA L
AN X DBERIZBIT B DAERAEDHNHI & 183
TIREED RN R I N, BREICBIT55-H
TREIEA L ZIZE D@D LM (Fig. 2), [5-HI
AAY/[S-HTI I Z A A S NT, BEEICB
AH5-HTHEWEMEZ b L A& 0 M =1 7-0]
REMEAE A Shrzh, FECS-HTESROK T
Db EETET, S-HTEAROEEEESE
T& 5 Tryptophan hyvdroxylaselFPEIZ DLy T O
B SHRLETH D EBbND. HEMC, &
FARIZS-HTIE B Bt & BRI S L T S35
HERREL THS-HTH DB K AR S N7z (Fig. 4,
Table 1). 5-HTEBhM:#hE DB G ERAL & 5 5150
MTOZDRIEDENICDOVWTIRARLRIZES
B RITEIOELICEHE L ThanfiElnE A 5 h
L0, FHICOVWTIEHENTIERL, SHBOK
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HEETHD. Lo Z &0 s fldEk - FrsEail
HEODAZ, TbbAI0REBREAEDODART
HHAIZTITRHERER L AITHT 5 RiGHE
Rizd I EWREI N

A L AR BAEERKISE L TRbEEE
EETHEHMIZHPA WRRTH S, SEOER
HETIIHE A LA XK 0 AMAREE FERic B
HDAEES-HTEMWA L, (5-HIAAL/[5-HT]L
AEmL 7= Z £ 5(Fig. 3, Fig. 4, Table 1),
HPAMBERZ T LEKNTE / 7 2 U {EEh e
FRIZABRLAPERHLTWS Z EAREENE
/e, HEFHOPTHIMURER FERiZaTd L 7z
X DIZAIORNE-THD, EosbdHsdNITHA
DL DA FZEH IS L TWnWaE® Z&h 5,
DABHHEAD E5-HT i O K2R L 7= 45RO
EEFERIT, AIER TEAREA b LR
BHISERZFH PR IIH L THNWTWwAEZ &%
B U T D alREME AR S 7z

TR HRER T A A O ENIEET I B W TTHULR
REBZRELLTVWSEY . SEOETIE, W
HARDODARIZZ b L AKX DB L iz f2 78,
[DOPACY/[DAJMIZ A ML 22K DA L 7z (Ta
ble 1). F7/, HBETHRIIOHEEZICH &
TRTEOMAAMITIREHES L TWS, 5T,
WP S ORI OWT A S &, FHMETH
BN FE 2 S22 iE A E N E o N, ATEERTEF
B B ONHE R O tiRE eI 3% TR 2E L 2z i s s
thiE~ES N, BEAHNOHFEMIC &8 E
FTWasEEINTVSY, SEIOMEZ ML R
AWM TIRBHRICBTSE /72 B EMREEY]
/T I VI EERA SN Lk
L, #3A b L 2322 MR AR S O QLB
ERNRER EICHEE T INW I LIZEAICL
WZ &M, ABLAANNG24RMETIZITT
IZHBICBIT 5 I s OfFRILESKTLTEY,
ZTREBDIZE /T 2 EBERREROEELLE S
SNAEMholzbOEEZ SN

2. BRBIRICLIMARNE/ 7 EDEL
S EI O TIZARA S L A BMRED S v b
VR, RGO B B SE R A T,
fm Rz PO & LE&MEAIich T 2DAR L
5-HTE, ke s o#EmROELZE 5T
L, BoEEMESTREZ L2y MzBT 5K
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HWERET /7 I AEBHEHRERITHLTEDELS
CEETLHONERFMN L=
1A BEERATIZ 33V B S g fi 1 o e

MR DDA S, (SR T T V3 R,
TR O WT ORI THHEZ ML 2
BEICHE~ML 7=(Fig. 5. L L, SSEERNY
IZDWT AL & ERREREE T B (LB s hizho
oY, TR TR A b L AT TH
MU 7=(Fig. 7). & 512, {EHEERNM TIa08E
BEEIZBISDAROELN A S NI 08,
SRR TR R R TDAR AR R - L
ABEITHATHEML, TR #EE TDOPACY/
[DAIEASHE L 7=(Fig. 7, Table 3). ZHQi5®
e R O B P B B R A 1 B R 7 <
G RDARICERAL TWADIZHL T, &
A A A I TR L D W IZ K D ER
LZDARMNELD T EHRB I NI

[ DO5-HTRICDWT S [RIEET, (I
BT EE, IO O W O Rl
(I THEMAA 5N (Fig. 6), MEEFETIEF
e T O AS-HTR O A 5 17z (Fig. 8).
HISERTEF R E 2 DWW T A S &, {RAEER T M
PRI BT HAER L FEET, MR, TR
BEEEDICHEZ ML ZXBEICHEATHEML Thiz
H(Fig. 6), BHEEHH TR WITINORBETSHS-
HTEOZ{LED s hiaho /=, MBIz HT
BH5-HTIEB M ##R R I2H T 2 @B RE O #E
X, DAEBIEMRBREFAKTHDLEEASND
A, R L A ARRE T AT R E
1+ B5-HTZ ORI OE W, #TEEATE R E D5-
HT RIS SR T 2 EiENE LA LR
<, EHEERICHT DEZENFE->TVDD
DEEZ BN,
BMERODARIIKEE ORI, KT
FREONTNOHBEERFETOHRA ML AT Y
Mz A s N =M (Fig. 5), &80
BRI T W TN ORE THDARIZIZIZEAL
aehnmmhoiz, LML, MEFO-HTEIT
(CAREE T ORI, mlaEE R T A 54,
A e g, e b R RS R B TR AT A 5
Nixn-oi=(Fig. 6, Fig. 8). Zh 5 OFERITH
AR DDA RITH U TR I B Rz < @i
Rl E O BESERE TR D FENR <, BE
(R D5-HT R I x U TR EE 12 B R 7 < HERR

FREE D B FRHAM T DmWNERMRER TS -
EATREEI N, SSICWThORIETHDOA
PCl/[DANICE{LNA S NRhozZ & LD,
DARIZBISINEDOELIZTRTDARDE
FRRER M FRRE DL AURE X h /e,

TN ODAMRER E5-HTHRROMIZIE, 5
BERALIZ 51T 5 DA R 2 DAL 5 O5-HT &
DBRETE L 720, £AES-HTREZDARDHET S
75 E, DARES-HTRZMEWIZHHSE L & 3 hetero
typic sproutingZidh D, FT/FhFNOMEFER
IZDNTH, HBHMMERMLICHITBDARZE DK
WAL S ODARMHEL D, 5-HTRTHREEE
WZHfi5c L @& © homotypic sprouting/id s = &
MEGSMIZENTNS® ™ £/  Yoshimoto
S VLR SR B I A S IR B VW T
heterotypic sprouting OFEFEZEMRL TWLr 5
T TR, Al ATEF R E R U SRE
IZBTSFREMHETHER D &, TR
WEIZED NS OEEZizcBI2E/ 72 &
DRIz, T35 Dheterotypic sprouting-h
omotypic sprouting®@ 5 & GE TEa,
A TH D, SEROVEHRETH .

F/z, BOREFHITPREHRERIIBT A EA
1 FZHEEITH L TERT 2 2 &M <HES
NTWDY" | ZHEETPREMREREEIZD
o TIR</p L, DigEAlEFRE, MMk, M4
K, #HIE, 5, BEREIZIEEEIZEEL,
DK AE MBI EEICEET S
W, Fh, FELA EEREFEOmRNARZAE A
AR« RT7FFRUAD=Z2—-O>HIZEET BT
EMRHEINTHY, FEAA RZEAEMO
BEEPEZREL TWEEEZSNTED, ¢
SREENET HGABAZ 2— 0O > ZMHIT S
Z&izkY, DA ZRERETHLIITEH Z
ERHLMZINTVLEY, ZhsOZ 34
WIETHALNDAROEMA, 1 ZREENL
TGABAZ a2 — O XAl S Nz /R & L TH
Nl HRIEL TS, ZhED/RRERMNS,
[/ U&AFomaE#NEE S AT, AIOREA9
BRI L TIEEARBRE/ 7TI VEEESIER T
ZENFR BN

HHEEEICB I 2DAR LS HTRIZME A -
L ZE IR DO & MBS ER L7
A%, AR ol B TIEDAR, 5-HTH &



BRI RE T 2T

HIZHIE A b L ABEICHERTEA L THE D (Fig.
5, Fig. 6), S#HEHEEERK CIIXDARIIESL
W, FEEEOWTR ThEd L(Fig. 7), [D
OPACY/[DAJEIZ W TN &K L /= (Table 3).
{48 B O F B # % T2 [DOPAC]/[DATk &[5-HI
AAY/5-HTItRIZ B b B S hiaho/22 & XKD,
T 5 ORERISMEE T ol BRIz L 0 H M
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Changes in brain monoamine levels induced by electroacupuncture
stimulation in restrained rats
Baku Kato

Department of Internal Medicine, Clinical Medicine of Acupuncture and
Moxibustion, Graduate School of Acupuncture and Moxibustion,

Meiji University of Oriental Medicine

Summary :
[Aim and Methods]

The effects of applying low and high frequency electroacupuncture (EA) at the lumbar and hindlimb
secgments on brain monoamine levels in rats under restraint stress have been investigated in the present study.
The contents of dopamine, serotonin and their metabolites were measured by HPLC-ECD.

[Results:]

Dopamine (DA) and serotonin (5-HT) levels were decreased in the nucleus accumbens (ACC), caudate
putamen (C/P), and lateral hypothalamus (LH), whereas these levels showed an increase in the dorsal raphe
nucleus (DRN) following applications of restraint stress. The 5-HT level in the frontal cortex (FC)
showed a significant decrease following stress. Following the applications of low frequency EA at the
level of the lumbar and hindlimb are as induced the increases in DA levels in the ACC, C/P and LH as
well as in 5-HT levels in the FC, ACC and LH. However, the levels of DA and 5-HT in the DRN and
that of DA in the amygdala showed a significant decrease following lumbar EA. Following the application
of high frequency EA, DA in the FC and LH showed higher levels than those found in the stressed group.
The level of DA in the ACC and those of 5-HT levels in the ACC, C/P and LH showed higher values
than those found in the stressed group following hindlimb EA. In contrast, DA levels in the DRN and
AMY in both EA groups were found to be lower than those found in the stressed group.

[Conclusion]

These results indicate that the applications of EA stimulation under different conditions elicit different
effects on brain monoaminergic neurons in the restrained rats and these changes may occur to compensate
for changes in monoamine levels induced by restraint stress.
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