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Effect of Acupuncture on Behavior and Dopamine Release
in the Nucleus Accumbens in rats Sensitized to Morphine

Yeoung Su Lyu*

Department of Oriental Neuropsychiatry Medicine, College of Oriental Medicine, Wonkwang University

Studies have shown that both the psychomotor stimulant effects and rewarding properties of addictive drugs,
including morphine, are sensitized by repeated drug administration and it is suggested that both of these effects are
mediated by the same or closely overlapping dopamine systems. Specifically, the mesolimbic dopamine system has
been implicated in the reinforcing and sensitizing properties of morphine. In oriental medicine, Shenmen (HT7) point on
the heart channel has been used to treat mental and psychosomatic disorders. This study was designed to investigate
the effect of acupuncture on acute and repeated morphine-induced changes in extracellular dopamine levels using in
vivo microdialysis and morphine-induced behavioral changes. In the morphine sensitization experiment, male
Sprague-Dawley rats were treated twice a day for three days with increasing doses of morphine (10, 20 and 40 mg/kg,
s.c.) or with saline. After 15 days of withdrawal, rats were challenged with morphine hydrochloride (5 mg/kg, s.c.).
Acupuncture was applied at bilateral Shenmen (HT7) points for 1 min after the morphine challenge. In the acute
experiment, rats also received acupuncture for 1 min after an injection of morphine hydrochloride (5 mg/kg, s.c.).
Results showed that acupuncture at the specific acupoint HT7, but not at control points (tail) significantly decreased
both dopamine release and behavior induced by a systemic morphine challenge or a single sc morphine injection in
the acute animals. These results suggest that reduction in sensitization may be one mechanism whereby acupuncture
alleviates morphine craving in addicts.
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1 48 88

st AE S8 A EZRE TS 84 Spraque-Dawley7
8 F(S34 280~320g ; TS 150~200g)E 7€ F w0 F7]
7b 1212 AR EAE ARBARIT 2:3C, &§&e
50+10%)ollA HEAY & A183IA L EEL 2 caged 3~47)
¥ FReH, 23 AIRE AHREol HASIEE sivict

34 23 Zd+= morphine hydrochlorideE &%F 5 mg/kg

= gl £ siict

3| 717 1198 48 SEE sodium pentobarbital (50
mg/kg, i. p) E "IES & stereotaxic frameol] J1F A7 F1
£ =N5IYct Paxinos=™9) rat brain atlas® A3
bregmaE 7)1EOF C}Z coordinateE 0183} microdialysis
probe 411E $Ig guide cannulaE AX|EI[TH nucleus
accumbens shell (AP 1.7, ML 0.8, DV-6.0), nucleus accumbens
core (AP 12, ML 16, DV-6.0). 4479 3E718 71X &
microdialysis systemoll HZ8}%C.

4. $ B

24 27 Eoo} 28} dopamine, DOPAC, HVA glzlol] B]
A FmlES aTE gotly) fisle] 48 s28 4 & vtk
6~ & wiAINECE 24 B Fo dEoXE FE AT
Fdh= EHEE 5o 519S), uldE B mel e

(Tail), 28 290 W9/ H§HE(Shenmen, HT7) 2 F &SI
B8 (5 mg/kg sc) T AE LA G Foll 123 HWSKACE
ALEE #9 AF 2 018 mm, Zo} 20 mmo|H £ACF AY
Aol Zo] 3 mmZ HASIL A X MEtA] LWSIXACE

5. Microdialysis 2}

Guide cannulaZ E3JI nA] BE41HE 218} microdialysis
probe (CMA/11, cuprophane dialysis membrane, 6000 Dalton,
2 mm length)& QI8 &, Q1& x| &4 (artificial CSF)& 1.5
w/min®) §< (CMA/100 Microinjection pump)2F probeoi]
DEBIFC) O1F ¥ SN NaCl (150mM), KCIB.0 mM) ,
CaCly(1.4 mM), MgCL(0.8 mM)& 10 mM phosphate buffer(pH
710l 8ddkd AME3I%TE  Microdialysis probeQ] probe
recovery= AHE & ¥ Hedol] ST dopamine,
DOPAC, HVA EEHollA 548 Edld 761 o)A F4e9)
o)) BTX|E TICE Bowl cage £ollA 8 F 7} AAFE0] 2
Foj= AeiolAl microdialysis systeme &3} 3417 &9 2082
(@& 15u/min) PHSE Az a1 | 349
microdialysate®] dopamine, DOPAC, HVA &E7} 10%0Ji7}
S w 719 BFAUE baselineCZ 3153 21 HPLC (high
performance liquid chromatography)& o|&3kd 245Krh

Fig. 1. Schematic representation of nucleus accumbens shell and core

6. HPLCE 0]2%} microdialysate 2 Dopamine, DOPAC, HVA)

0}1E419 242 75 mM sodium phosphate monobasic, 1.7
mM sodium octane sulfonate 25 pM EDTA, 0714 mM
triethylamine and 10% acetonitrile, pH 3.02.2 3}%1 2™ mobile
phase Sykam 7121 pumpE 0188l 1.0 ml/mind] {42 %
&%l HPLC £AL column : (HR-80, 80x4.6 mm, 3 um
patical size ; ESA), coulometric detector (ESA, Coulochem 1,
Model 5200A with analytical cell, Model 5014B, Guard cell
Model 5020). guard cell : 400 mV, screen electrode : -100 mV,
detection electrode : 320 mV2Z It

7. &) AA}
Microdialysis A8lo] £t & microdialysis probeQ] §JX]7}
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3lof probed] YRIE BOISHL A3l YX)olA] Hold sample
9 3= Hsigirt.

8. 4 Ael
AZ 31atA dopamine, DOPAC, HVA §12F H3lo] 48 2
Holl it SARHE V= MY E4Y (repeated ANOVA)S

2 243IR0H, A% UES Tukey testE B3 AFSIMCH

4 3

1. 84 B3 Edo] I3 nucleus accumbens shell £
dopamine, DOPAC, HVA &% Hglol it S a3

&4 Sprague-Dawley# 25 olA 34 B (5 mg/kg sc)
22 QI8 nucleus accumbens shellollA] dopamine, DOPAC,
HVA &2 Hslol tigh @ 24 microdialysis & HPLCE
olgsla] golsiwch

1) dopamine &gt Halof tigr #O Ft

=4 23 BEdao] 98 nucleus accumbens shellofA]9]
dopamine #% Hal= WZRFo] ¥ 5o B 1A sk
{10.0411.69 nM)oll B1&Hk &3 238.00+7.86% MK Z716191 20 1
ZITe 1A B (841118 nM)of B8] H 1 227.33:1248%7}
X E78l thaF 22 3719 dopamine A&5E Bt
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Fig. 2. Eftect of acupuncture on changes in extracellular dopamine
tevels in nucleus accumbens shell of rat challenged with morphine.

Male Sprague-Dawley rats recewed acupuncture at bilateral HT7 (Shenmen, n=8) pont
for 1 mn after subculaneous myection of morphine hydrachioride (Contrd, =8, Tad
(Tat, n=6 was used as conyol sie to avod the drect sffect of mechanical
simulation. Restits are means * SEM of the amount of dopamine in each sample
expressed as the percent of the basal values. Data were anatyzed by repealed ANOVA
and followed by Tukey test *, P(006 as compared with the cormesponding data of
Control group. +, P(005 as compared with the corresponding data of Tait group.

Z23 B0 & @PRHT7ON 1270 JES 219 20 59
A 7| Ask (8.3321.15 nMjolf BId] & 11 150.50+£7.51% & 75k
AlZ AE (Tukey test)ZTh WP FliEtol thRToh nls)
dopamine SE17} G LMFAYLL. (p<0.05) (Fig. 2).
2) DOPAC grg Halo] ot e gt

24 B 50o) 98 nucleus accumbens shellol)4]9)

DOPAC &% Hile uiigol g3 Fod 7" BE
{1439.554284.65 nM)oj HISKd ST B 120870)

122.25:889% % 7} A E716190m R2lE2 VA 5%
(1576.82+601.00 nM)oll 818 120.22:5.21% Zviskd Ui =270 2
& 3719 DOPAC 4&5€ Rt 81 By & R 123
FIEEE Z T 118.2327.45% S715k B HEEC] BRIl
Higl DOPAC @HE Z4dle 280l A2 Fode i
CHFig. 3).
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Fig. 3. Effect of acupuncture on changes in extracelluiar DOPAC
levels in nucleus accumbens shell of rat challenged with morphine.

Male Sprague-Dawiey rals received acupuncture al bilateral HT7 (Shenmen, n=B) pomis
for 1 min after subcutaneous ijeckan of morphing hydrochlonde (Contral, n=8). Tad
(Tal, n=6 was used as control Ste 10 avod the dwecl elfect of mechanical
stmulation, Resufls are means * SEM of the amount of DOPAC In each sample
expressed as the percent of the basal values. Data were analyzed by repeated ANOVA
and followed by Tukey test '
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Fig. 4. Effect of acupuncture on changes in extracellular HVA levefs
in nucleus accumbens shell of rat challenged with morphine. Male
Sprague-Dawley rats received acupuncture for Imin at corresponding to bilateral
HT7 (Shenmen, n=6) point for 1 min after subcutaneoys injection of morphine
hydsochloride (Control, n=9). Tail (Tail, n=6) was used as control site to avoid
the direct effect of mechanical stimulation. Results are means * SEM of the
amount of HVA in gach sample expressed as the percent of the basal values,
Data were anatyzed by repeated ANOVA and followed by Tukey test
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3) HVA gk wgloll oish o) g3

24 B8 ool ¢} nucleus accumbens shelloll A9} HVA
B Ml uxFo] E3RA [ 7IASE (1848.07+2372.39
nM)oll HIgH B8 £of 120 BZol 150481639% 75152
MNP Z2 7S T (1666.01+434.40 nM)oll B8l 148.72+7.03% &
715k thE T 22 32719 HVA 448 BYth 23 §d9
& W7ol 120 WSt 23 127.29:4.45% FU15lod P
HgEto] U= % meEloll Hidlel HVAERIE Z4dhe 4
glo} AR FATH Alol7t FUCHFig. 4).

2. 24 21 Edo] 98} nucleus accumbens core F Y
dopamine, DOPAC, HVA g2} wglol| tigh 0 g3

24 Sprague-Dawley7] BF|ollH 24 23 (5 mg/kg, sc.)
FoZ  QIgF nucleus accumbens coreolA]9}  dopamine,
DOPAC, HVA gz H3alol thst $89 EE microdialysis X
HPLCE o] &glo] &RISKIT:

1) dopamine &} H3lol tigt @Al F

24 27 ®dAol A§ nucleus accumbens coreol|A{9)
dopamine & Hil= tiEdo] M £ [ 7INEL
(9.40+0.82 nM)oll H|& 11 177.43+5.82% 7K B7151R0m 1@
22 714 5%5(9.29+1.09 nM)oll ulol & 3L 169.17+1.89%7kK)
716K iz A9 22 3719 dopamine 458 BHC)
2T T T @R 120 ®ERs 23 28 £9 19 X
ET (8411052 nM)oll 113} 142.13:15.24% E715l A% HE
(Tutey test)Z T} #FI/X HkEro] thAE ol Hl6} dopamine
2i7} FAsHA AU} (p<0.05).

0l2%] nucleus accumbens coredlAl= 4 I FAZ
dopamine®] 2350] UYL} shello] G RUL FFIR #
#9} dopamine 4% Axl Gz shellol A9 FpETt HA
Eldtl(Fig. 5).
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Fig. 5. Effect of acupuncture on changes in extraceliular dopamine
levels in nucleus accumbens core of rat challenged with morphine.

Male Sprague-Dawley rals recewed acupunciure for imin al corresponding to bilateral
HT7 (Shenmen, n=7) pont for 1 mn after subcutaneous mjection of morphine
hydrochloride (Control, n=7). Tal (tal, n=6) was used as contol ste lo avoid the
direct effect of mechanical stmulation. Results are means + SEM of the amount of
dopamine in each sampie expressed as the percenl of the basal values. Dala were
analyzed by repeated ANOVA and followed by Tukey ftest *, P(005 as compared with
the corresponding data of Control group. +, P<005 as compared with the
corresponding data of Tal group.
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2) DOPAC &g giglol st el &3

248 B3 Edo] 23} nucleus accumbens coreol| A2}
DOPAC gt #Hale diRao] 83 o d9 714 3%
(1246.21+191.51 nM)oll B3 124.14+11.03%7tA] 7618 0
HETE 714 B5(1412.82499.45 nM)oll BI3) 114.9149.34% 5
7k, &8 5o F @Rl 18D HEs Za
105.37+4.55% E71510] AlE HE(Tutey testydl} 2} F719 F
QIgt ol YR} thE Tl Hidkd DOPAC &o] AAlH
= e HAriFig. 6).
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Fig. 6. Effect of acupuncture on changes in extracellular DOPAC
levels in nucleus accumbens core of rat challenged with morphine.

Male Sprague-Dawley rals received acupunciure for 1min at coresponding to bilateral
HT? (Shenmen, n=7) point for 1 min after subcutaneous injection of morphine
hydrochioride (Control, n=7). Tail (tail, n=6) was used as control site to avoid the
direct effect of mechanical stimulation. Resulis are means + SEM of the amount of
DOPAC in each sample expressed as the percent of the basal values. Data were
analyzed by repeated ANOVA and followed by Tukey test
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Fig. 7. Effect of acupuncture on changes in extracellular HVA levels
in nucleus accumbens core of rat challenged with morphine. Male
Sprague-Dawley rats received acupuncture at bitateral HT7 (Shenmen, n=6) point
for 1 min after subcutaneous injection of morphine hydrochloride (Control, n=8).
Tail (Tail, n=6) was used as control site to avoid the direct -effect of mechanicai
stimutation. Results are means + SEM of the amount of HVA in each sample
expressed as the percent of the basal values. Dala were analyzed by repeated
ANQVA and followed by Tukey test. *, P(0.05 as compared with the corresponding
data of Control group. +, P{0.05 as compared with the corresponding data of
Taif group.

3) HVA &2 H3loll it 89 a3

34 E¥ Hool 93} nucleus accumbens coreciiAiQ]
HVA 2 ®3l= oizdo) E3%9 319 7IAsk
(2917.29+447.65 nMoll H13} 12458:5.72% S7}3K00m HElF



2 71455 (1900.44+470.13 nM)ol] H1l 120.13+2.20% Z7}5KH
270 22 3719 HVA 46€ B30 S8 5o & i
7ol 1 87 #lEs 2 105.37:455% E716ld AR A5
(Tutey test)Z3} th R0l 0Bk HVAEHGO] FsHAl A%
AL} (p<0.05) (Fig. 7).
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