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Effect of Acupuncture(PC6) on Behavior, Dopamine Release in the
Nucleus Accumbens in Rats Sensitized to Morphine

Sang Ho Kim, Seung Jun Lyu, Tae Heon Kim, Hyung Won Kang*, Yeoung Su Lyu

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

Acupuncture as a therapeutic intervention is widely used for the treatment of many functional disorders such as
substance abuse and mental dysfunction. Clinical trials are currently underway to determine the effectiveness of
acupuncture in the treatment of drug addiction. Yet, there are still many unanswered questions about the basic
mechanism of acupuncture. Studies have shown that both the psychomotor stimulant effects and rewarding properties
of addictive drugs, including morphine, are sensitized by repeated drug administration and raised the possibility that
both of these effects may be linked to the same or closely overlapping the mesolimbic dopamine systems. Neiguan
(PC6) point on the pericardium channel which is associated with the brain and its mental function, has been used to
treat mental, psychosomatic disorders and gastroenterological disorders. The present study was designed to investigate
the effect of acupuncture on repeated morphine-induced changes in extracellular dopamine levels using in vivo
microdialysis and to measure the effect of acupuncture on repeated morphine-induced behavioral changes. 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 Neiguan (PC6) points for 1 min after the morphine challenge. Results showed that
acupuncture at the specific acupoint PC6, but not at control points (tail and HES) significantly decreased both dopamine
release, behavior induced by a systemic morphine challenge or a single s.c. morphine injection in the morphine-repeated
animals. These results suggest that reduction in sensitization may be one mechanism whereby acupuncture alleviates
morphine craving in addicts. Moreover, in a more general sense these results suggest that acupuncture can be used as
a therapeutic intervention for correcting reversible malfunction of the body by direction of brain pathway and thus
acupuncture can contribute to the biochemical balance in the central nervous system by regulating neurotransmitters.
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HESHIEEEAE ZRE] T8 84 Sprague-Dawley ]
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AFSA (LT = 23T, GEE 50£10%)0l4 SR & AS
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m}ﬂ

¥ Fof gy

Z31 Eole Cadoni ‘:19),] EAL R
hydrochloride(FFA 2L, $F=) e Yl AE59 ke &7t
AlA A g 10 mg/kg, E7) ¢ 20 mg/kg, AA & 40 mg/kg
2 397 19 234 (12A17F 7H4) T3l £ SIRict. Morphine
hydrochloride & Mg AlP4E gha 203t & 14 S
A 3)717Hwithdrawal)E 51 15& 4] morphine hydrochlorideZ

mlot FATIR

018519 21 morphine

0= mo

5

5 mg/kgE

glzloll A 2 GEA 2 10 mg/kg, R 2 20 mg/kg, A
40 mg/kgE 3 Y71 A 2 3H DERG)E HE B ¢
oIS 14 o =010) #3) 717} (withdrawal)S F1 15 Lal 23
S 5 mg/kgE T5t TN AF FY AL FE

2) Azl A4 (Saline) FoT 1T

oA saline2 S} 20] & FHOE 8o ¢ s

15 YAl BIES 5 mg/kgT 5t FASH A& FE AW Fek o
3) ne)(Tall) AR 18

BAF A BEE A Lol 5US &

15 UM ETE 5 mg/kgE T8 FAS AF FELR FL1Q) 1L
glof 1 B2 Apglat =
4) =B (HES) MR 18

BAAA BSUE A9 Zo| Y YHOE Tt
15 sl 23S 5 mg/kgE TSt Folgt A5 LR 7Y
HE(HES) LZol 1 871 dlHst o

5) RH(PCE) HEHE 18

gzlolA 2US Y9 Lol 5YS YHOT Eod tha

15 9l E3E 5 mg/kgE Tt F A
1 220 flEst o
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M3 717 1145 48 EEE sodium pentobarbital (50
mg/kg, 1. p)E UIEISH & stereotaxic frameof| ILFAIF)IL F
= H/M51Erh Paxinos £29] rat brain atlasZ ZL3A
bregmaZ 71EQE 27} HiZ] coordinate (nucleus accumbens
shell: AP 1.7, ML 0.8, DV-6.0, nucleus accumbens core: AP 1.2,
ML 1.6, DV-6.0)E 0| &3l m1crod1a1y51s probe AAE I¢h
guide cannulaE MASIICE & F 4UY IEVE TKI &
microdialysis systemo] HZATIHEE
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24 AE] Al BoF (Saline) 18, JEAE H910) 711g|(Tail)
HgkEE 221 o AE 201 =E#k(Sanyangluo, HES) A1
T I8, 4% A48 220 WA (Neiguan, PC6) HlikEE 1E52
2 TRk BE (5 mg/kg sc) FOI AT AR oFol 18l
WEIECE AKRS 9 RAS 018 mm, Z0] 20 mmo|H $=AC
2 ZE K2loll 20] 3 mmE UIBHIL U B KErA] FiESIACE

6. Microdialysis 2+
Guide cannulaE EdkY pMEAEE Y8 microdialysis
probe (CMA/11, cuprophane dialysis membrane, 6000 Dalton,
2 mm length) & Y8 F, (artificial CSF)& 1.5
wl/mingd] S< (CMA/100 Microinjection pump)@2 probedi]
HEFIHCE ¢1F ¥ H5AH2 NaCl (150mM), KCI (3.0 mM),
CaClh (1.4 mM), MgCl, (0.8 mM)E 10 mM phosphate buffer
(pH 7.1)0) gali5kd AFESIHC). Microdialysis probe?] probe
recovery AME H Q1E  WESdo] EaF dopamine,
DOPAC, HVA EZdolA B4 & 3l 781 nA T30
Ao EAE T3IACh Bowl cage oAl BF7t AAREC] &
KolE AEjoliA] microdialysis systemE &l 3417 &9 208
(£4 15 g/min) PHCE ATYAS Aok A% 7Y
microdialysate®] dopamine, DOPAC, HVA =57} 10%0]UH7}
HAES W 3700 BHAZES baselineQZE 5191 2™ HPLC (high
performance liquid chromatography)E 01&3t0] RA5IITE

ol

o1 ] ool

au R B

shcll

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

7. HPLCZ 0]£3} microdialysate A& (Dopamine, DOPAC, HVA)

o1EA}9] 75 mM sodium phosphate monobasic, 1.7
mM sodium octane sulfonate 25 yM EDTA, 0714 mM
triethylamine and 10% acetonitrile, pH 3.09.2 &}%1 2 mobile
phaset= Sykam 7121 pump& 01835lo 1.0 ml/ min9] S40 8
=2l HPLC S column : (HR-80, 80x4.6 mm, 3 /m
partical size ; ESA), coulometric detector (ESA, Coulochem 11,
Model 5200A with analytical cell, Model 5014B, Guard cell
Model 5020). guard cell : 400 mV, screen electrode : -100 mV,
320 mVeE 3l

FHe

detection electrode :

8. B E(behavior) ZF Y
Microdialysis UEEQH B8l Fof 2o 1| HEH BEY
{non-stereotyped activity) T} 4H54] EEZ stereotyped activity)

2412 BoF £H3ICE 3 &9 19 23]
oll&] et (development) A E A3
(withdrawal)717}& F1 1527 @& (challenge)i7 ol
(5 mg/kg s.c)E X Bodl] BEA A0 thTt &
=S Z2FoINCE 48 529 SN2 EXE vn 27zt
(video camera)Z AI&dl SEBIGL S5
Lol FE¥C
1) B] &4
el 8 (forward locomtion), BEHA}SE | (grooming), =41
7] (rearing), AN E71.
2) 454

e Ol
on
il

D

%
313)
]

wa

il

(@]

)
T
=

ghE 2 non-stereotyped activity)

glE g (stereotyped activity)
ME7)(gnawig), §71(licking), FT Hal| Z7|(sniffing).

9. 2& HAL

Microdialysis 48lo] Bt £ microdialysis probe&] QX7
nucleus accumbens(shell#} core)o] A=A 015171 HAd] £A
AALE Bl9C) Sodium pentobarbital (80 mg/kg, ip )& FAIGH
of vl H EBS Fo] descending aortaE ZEGIL
BEIHLE F
MEFEEE HE 221510 formalin/glucose SHoll AATH &
23l HEFE TS0 cresyl violet @M
9ICk Paxinos ¢ Watson9] atlasoil A1 F01%] coordinateE £Fil
Blod probeQ] YXIE BB Yk YRNA] Holt sample
9| Avk= AMAGKACH

912 Al saline W formalin/ glucose SNV S

Qe
=0

vibratomeS O]

10. A4 Agl

AlZ 31815 dopamine, DOPAC, HVA &1 ¥igl9] 48l 4
ol theh EARAS vhE HE BAY (repeated ANOVA)S
2 BHGRON, AS BES Tukey et S0 ASHUL,
w5 Y8 AE Aiks UHE HE 2471 (repeated ANOVA)OE
2o e, Al 352 E8) A5y 4 P

#4o] 0.05 0]8l0l Aol FASH Aol7t U ALE AFBINCt

=

Tukey test=

2 =

1. W12 23 Edo] 98t nucleus accumbens shell 2£]9]
dopamine, DOPAC, HVA g2t ¥slof] tléh # &34
1) dopamine 3} Wl A= #WO G
Bl 231 Edo] 98 nucleus accumbens shello]A]2)
dopamine, DOPAC, HVA 1} W3l 01X & #S auE Lot
271 95l A3 E2S 32711 Y 2814 morphine hydrochloride
(GIRd 10 mg/kg, B 20 mg/kg, Al 40 mg/kg, sc)E
golgigion, U Uus wae o) fiskd 42l Ad
2= Eolt(Saline, 1 cc/kg, s.c)1HES Fol SYSH o 4
gl AH4g Bt 88
1Y B0 BITIE Fo
15847 == ol 22
ds

accumbens shello]]

=)
f
o

=3 (5 mg/kg, sc
A

opamine BH&F
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S0} MPEE SR WRSY AFol BET e Tl Feld wAls A%

T (Saline) 2B 7)1A =E(559:049 nM)ol Bl 1L
242.003.15%7HA 718191, AR (EHE B3 Bo)r2 71X &
T(5.7620.41 nM)oll HI&l Z 1L 217.50:9.22% 7K E71519E). A
gl Alge FoF I80) EF BA ZFE 80RFIA]
235.67+9.37% M, TIZETO] 217.5049.22% of] vl S25HA &7}
SIFch mE|(Tail) ARRE I8 2 26K AR 182 2427
A BE(G57:043 nM)oll dlol HI 211.14415.36%%} 237.96+
2953%7MA E7151 thETH A9 Z2 2719 dopamine ¢&
2 Y91, AT AT 18 A4 158.00£15.43% 71K £7F5)
o Al AE(Tutey tesyZBW AT W 71)(Tail) AT 18 ,
=B AT 180 vigie] R AT TLEoA] dopamine
FEI7t FYGHA AAE S SRISIITt (p<0.05) (Table 1, Fig. 2).

Table 1. Effect of acupuncture on chronic morphine-induced
sensitization of extracellular dopamine levels in the NAc shell

Group control Neiguan Tall Saline  Sanyangluo

00 100 100 100 100
+041)  (5232143)  (5574043) (5.50+049) (3.7240.8)

139504552 10640£505"" 140004518 130.33£2.35 159.16+3368
(803t062) (563+164) (7.86+0.75) (7.18+063) (1.500.33)

A0 183.3343.26 136004345%," 179.14£591 18567907 237.86+29.53
(1062£087) (7.10+1.93) (992+067) (9.921.01) (238+0.29)

60 212.17£342 1580021551 2018646.34 220.17+2.76 228.16+40.21
Collection (1225¢097) (809+211) (11.22089) (12.11¢1.14) (2.28+04)

e gy 217808920° WAAI6AS, 2111421536 23567037 20364%1438
after (0601300 (7.78+240) (11.75128) (13361.10) (203014)

chalenge 1o 20450+6.24" 1516041056 F 2110041331 24200+3.15 191.86£32.45
with (1189124) (704+2.14) (11.78£132) (1339+131) (1.92+0.32)

Sma/kg 120 200674658 142201159, 19986847 22433784 157.88+30.11
morphine (1159104 (696+1.31) (11.15¢1.08) (12.1621.11)  (157£03)

(min) 185171200 1304041314 185.00+1261 21100537 153562599
(079100 (7121200 (10274108 (1163£087) (153+026)

160 171504899 12220+650% " 165.43+1091 187.004772 12320+2822
(1005¢123) (611+128) (9.16+004) (10.21£86) (1.23+0.28)

180 13517483 10160280 130.71£7.03 144.83+7.99 109.62+26.61
(7.80£067) (5.19+1.26) (7.29x0.72) (7.57=0.70) (0.09+0.26)

The concentration (nM) of extracellular dopamine In the nucleus accumbens shell of
rats, which was collected three times before morphine challenge (baseline) and nine
times after morphine challenge at 20-mins intervals in rat and analyzed by HPLC.
Results are means + SEM of the amount of dopamine in each sample expressed as
the percent of the basal values. Numbers in parenthesis are dopamine concentrations.
© Statistically significant as compared with Control group (*:P (005 + :Statistically
significant as compared with Tail group (+:P (005 #:Statistically significant as
compared with Saline group (#:P (005

1
Baseline (576

20

140

Effect of acupuncture on chronic morphine-induced sensitization
of extracellular dopamine levels in the NAc shell of rats

—e— Controt (n=6)

- >\/§:’*— e == Neiguan {n=6)
200 Za ~ — Tl (n=7)
/-/{\f/{\ :M\ —e—Saline (n=6)

% of basal D.
g

—o— Sanyangluo
{n=6)

0 20 40 80 80 100 120 140 160 180
time(min)

Fig. 2. Effect of acupuncture on chronic morphine-induced
sensitization of extracellular dopamine level. Male Sprague-Dawley rats
treated twice a day for 3 days with increasing doses of morphine (10, 20 and 40
mo/kg, sc) or saline. After 15 days of withdrawal, rats were challenged with 5 mg/kg
(sc) of morphine hydrochloride. Acupuncture was given at bilateral PC6 (Neiguan,
n=6) point for 1 min after injection of morphine hydrochloride (Control, n=6). Tail
(Tal, n=7) and TE8 (Sanvangluo, n=6) were used as control site 1o avoid the direct
effect of mechanical stimulation. Results are means + SEM of the amount of dopamine
in each sample expressed as the percent of the basal values. Data were analyzed by
repeated ANOVA and followed by Tukey test * P<005 as compared with the
corresponding data of Control group. +, P(0.05 as compared with the corresponding
data of Tail group. # P05 as compared with the corresponding data of Saline group.

2) DOPAC gk Hgloft Tt A9 a1

vh= 23] Eoo) 98} nucleus accumbens shellollA] DOPAC
b Hole ] Alge Boldt 180A JIA skE(117486+
217.98 nM)ol] B13) 119.91:2.30%E5715193 12, ThE(RRE BT %)
FolAE 71A B5(1379.59:394.57 nM)oll B3l 119.31+ 7.52% &
7519t wEl(Tal) AREE I8 ¥ =BG ARe 252 V1A
=0 (1587.72+419.08 Mol Hlgl 24 11467+6.63% Y
127.3£7.76% 7K E7161 23 AQl 22 =719 DOPAC 4
58 Hork AR AT 152 114.5547.11% S5l thET
ol Hi5ld DOPAC 2] S9I5k xjol7} ik Table 2, Fig. 3).

]

Table 2. Effect of acupuncture on chronic morphine-induced
sensitization of extracelluar DOPAC levels in the NAc shell

Group control Neiguan Tail Saline  Sanyangluo

100 100 100 100 100
Basene (187959 (137441  (837.72 (117486 (190161
30457 £067.73)  +41908)  £217.98)  *19468)
107105900 98.25¢2.48 100.49+181 10119326 10646608
o0 (143877 (134581 (151924 (120439 (145954
30015  226376)  +30081)  £05066)  +9328)
111314615 101404240 10536+260 107.19+159 111445620
4 (152353 (141221 (164492 (125784 (1560.18
4420 £30890) 460400 231420 +B49B)
1154021016 106214300 10737310 11138186 1273<7.76
60 (147688 (144068 (167004 (131001 (17450
£31860)  +27940)  +47060)  *P4480)  105.49)
‘ V6ATE1107 114542715 112012217 115142210 1023+2.27
Collection gy (150701 (155155 (175233 (13%644 (140187
time £35007) 20032 +51149)  #25779)  3131)

Ch:f,fgge 11931752 1145474711 114674663 11991230 1226693
0 100 (58014 (164908 (185740 (142383 (168039
Smarkg £A0196)  +28041)  *60383)  +20000)  x95.08)
mophine  1626+1034 100124811 11352£374 118974362 122.1£8.10

(miny 120 (147258 (147766 (173984 (141506 (167460
+313099)  +29058)  £47541)  +20406)  +11112)

114.19£277 10820596 108962394 11643384 121.7x8.14
140 (156037 (146497  (1661.32 (136508 (166819
+42937)  £27926) 449800  £24798)  +111.72)

106.93+7.70 10800+5.79 102.10£7.79 113032228 1154+9.88
160 (138721 (146584 (142934 (132640 (158185
*08444)  #28750)  £26210) 245200  +13644)

10652359 107.28+4.18 100.34+10.32 104.05+4.72 11456£752
180 (146825 (145307 (13648 (118813  (15/0.38
+43844)  *27337)  *22086)  *+161.95)  #103.14)

The concentration (nM) of extraceliular DOPAC in the nucleus accumbens shell of rats,
which was collected three times before morphine challenge (baseline) and nine times
after morphine challenge at 20-mins intervals in rat and analyzed by HPLC. Results are
means + SEM of the amount of DOPAC in each sample expressed as the percent of
the basal values. Numbers in parenthesis are DOPAC concentrations.

Effect of acupuncture on chronic morphine-induced sensitization
of extraceliular DOPAC levels in the NAc shell of rats

wr e Cowd ()
g —=—Neiguan (n=5}
Q o r e Tail {5}
g
3 ~e—Saline (n=5)
o
S W —o—Sanyangluo
2 (r=6)

0 20 40 60 80 100 120 140 160 180
time(min)

Fig. 3. Effect of acupuncture on chronic morphine-induced sensitization
of extracellular DOPAC level. Male Sprague-Dawiey rats treated twice a day for
3 days with increasing doses of morphine (10, 20 and 40 mg/kg, sc) or saline. After 16
days of withdrawal, rats were challenged with 5 mgrkg (sc) of morphine hydrochioride.
Acupuncture was given at bilateral PC6 (Neiguan, n=>5) point for 1 min after injection of
morphine hyarochloride (Control, n=5). Tail (Tail, n=5 and TEB (Sanyangiuo, n=6) were
used as control site to avoid the direct effect of mechanical stimulation. Results are means +
SEM of the amount of DOPAC in each sample expressed as the percent of the basal values.
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5

3) HVA &= Hglo] of
vhe 23] 2o 95} nucleus accumbens shellelA] HVA

Hale dg] Agse BoFE A 04 7IA
(1726.19+320.76 nM)oll Bla £ AL 127.88+6.08% 5713153 4L, thE
T A= 71A) S55(2539.29+502.42 nM)oll H)3) 128.74+6.16% &
7kt ieEl(Tail) A 1E 2 =B AT 714 55
(1678.91£522.14 nM)oll Bla] 2+t 128.10+354% 2} 113.0+8.70%
E7¥6lo] thaTa} A 2 3719 HVA A5E 290} ARl
R AR 11847+4.33% S71510] thR ol HI8H HVA g+
o S9Jgk x10]7} YIUCH (Table 3, Fig. 4).

COR-E
&
e = 55

Table 3. Effect of acupuncture on chronic morphine-induced
sensitization of extracellular HVA levels in the NAc shell

Group control Neiguan Tall Saline  Sanyangluo

100 100 100 100 100

Basdline (253008 (157600 (167891 (172619 (168870
+50047)  £06739)  +5014)  +30076)  +13996)

9906:274 9041525 97504542 G5 47057 925361

0 52110 (146690 (162530 (166887 (186811

51650 +19168) 50873 +M1/4  £7307)
106.7245.14 102054324 111.34+450 108774525 9963+11.04

0 Q000 (188720 (186719 (183660 (201191

+50817)  +31996) 502520 34723  +20299)
115306279 10793360 11994549 11473628 108.03+104

60 (201000 (177680 (204588 (196046 (295650

+58073)  +34541)  +69161)  £35034)  +166.79)
. 123964524 112.15+479 10524+5.14 122424594 106.75+7.03
Collecion gy (316720 (188810 (210390 (208125 (917034
“;?e 67600  +3B100)  +67270)  £35092)  £13041)
Chjl,jrqge 12670568 11784+521 195944645 196414484 107.10+057
Wil 100 (8310 (195980 (03292 (21617 (20859
smarkg +75786)  £35092)  +56075)  *37257)  +12054)
morphine 128744616 119.11:333 12690£6,00 127.86+608 1130+870
(i) 120 (333040 (188720 (205120 (215988 (230783
£77415)  £35828)  +58257)  +34138)  +171.71)
12535455 119414333 126904600 122214611 109.93+8.05

140 (30180 (188720 (05120 (206152 (227105

+71554)  £35828)  +53728) 30000  +1434D)
118204584 113564313 11842770 117.04£634 10281+4.86

160 (3061.80 (1878.60 (1866.80 (1985.47 (2099.15

71791 *37369) 464000  £31782)  +G275)
112324438 112034358 100.30£4.95 113704592 100.08+7.32

180 (2BB000 (178010 (180103 (191188 (205045

+63184)  +37360)  +50406)  £09998)  +13956)

The concentration (M) of extracefiular HVA in the nucleus accumbens shell of rats,
which was collected three times before morphine challenge (baseline) and nine times
after morphing challenge at 20-mins intervals in rat and analyzed by HPLC. Results are
means + SEM of the amount of HVA in each sample expressed as the percent of the
basal values. Numbers in parenthesis are HVA concentrations.

Etfect of acupuncture on chranic marphine-induced sensitization of
extracellular HVA levels in the NAc shell of rats
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Fig. 4. Effect of acupuncture on chronic morphine-induced sensitization
of extracellular HVA level. Male Sprague-Dawley rats treated twice a day for 3
days with increasing doses of morphine (10, 20 and 40 mo/kg, sc.) or saline. After 15 days
of withdrawal, rats were challenged with 5 mgrkg (sc) of momhine  hydrochioride.
Acupuncture was given at bilateral PC6 (Neiguan, n=6) point for 1 min after injection of
morphine hydrochloride (Control, n=5). Tail (Tal, n=5 and TE§ (Sanyangluo, n=6) were
used as control site to avoid the direct effect of mechanical stimulation. Results are means +
SEM of the amount of HVA in each sample expressed as the percent of the basal values.

2. d9iE 23 2dol 98 nucleus accumbens core F£]9)
dopamine, DOPAC, HVA gFzF W¥alol e e g
gret Hglol ulAl= Mol &%

Edoll 98} nucleus accumbens coredi|A] 9]
dopamine, DOPAC, HVA g2t Hgjof nR]E #S E3E Yol
7] Ql5lad 48 SES 397F1 ¢ 234 morphine hydrochloride
FAE 10 mg/kg, EMY 20 mg/kg, A & 40 mg/kg, s.c)Z
Toaleiow, B9 us detg Slolsh] f15ke] 4] 4
4 2ol (Saline, 1 cc/kg, s.c) TES Fo] YU WpHOZ 4
Al =S FA3INCE LB
49 B IR Fo og 43S
54 He ddl S0 mg/kg sc)FOBIHEW nucleus
accumbens coreollA] dopamine §HZF Bl 447
IgdAMe 71" &L (8.06:0.55 nM)yoll 813l # 1L 175.18+5.18%
A BIHIRA, ARS 714 55 (6.15£049 nM)oll B8 &L
222,67+21.09% kA E7161%t tHETo] 28 B 2% 8024
oA} 222.67+21.09% 2, 2] Al@S BT 15 172.82+1.94%
of dlsl FIAYsAl &ridke Wsl dads Bork of=2H

3l £ & dopamine®] 2}
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ANE= i1
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=
=

Juy

=

=

nucleus accumbens shello|A] YHE 21
50] UL} coreol] HIEH ZRATE. 12| (Tail) AARE I1F U
Bis AT V1A (8061055 nM)el wlsl 4ZF HI
209.06+4.31% W 226.04+37.82% A 716k thAE T Aol 7+
2 2719 dopamine & BCE RER AT IE2 H1
134.89+10.35% 71X &7k R0l vlskd AR AT 2L
FollA4l dopamine [E|7F 7S HAHE AT (Table 4, Fig. 5).

Table 4. Effect of acupuncture on chronic morphine-induced
sensitization of extracellurar dopamine levels in the NAc core

Group control Neiguan Tall Saline  Sanyangluo
Baseline 100 100 100 100 100

(6.15+049) (7.12037) (8.66+0.63) (806055 (7.04+180)

op 134172691 101342458" " 12349308 116.75£295 165,10+ 1854

(100420.77) (7.30£059) (10670.77) (9.42+066) (1.32+0.35)

ap 65712124 108642, 154444367 14313£505 1942243033

(100420.77) (786+0.73) (1341£1.12) (11.66¢1.16) (1.94£0.30)

192 65+ 16,62 107004443, " 193232379 175.18+5,18 195.08+33.241

Collection  (1185¢137) (770+052) (16.79+143) (1419+1.15) (1952038)

fime 0206721007 1211245531 20906431 172824194 206043787

afier (1342£100) (862+0.36) (18.10£1.35) (1390£084) (2.26+037)

challenge 4 200 A3+1223° 1348061035 " 20387+4.15 16158£491 214.7660.28

with (1231+092) (946+0.25) (17.72+151) (12.98+0.86) (2.14£054)

SMO/KY 1071541067 10RSE+B08," 185882592 158.13+4.35 2134845500

morphine (1227+147) (9.10£0.79) (16.13+1.33) (1285+1.22) (2.13£054)

(min) (g 17997£001° 128864767 " 180864685 14665£0.05 161 96+4951

(10982081) (8.76+0.35) (1560+1.32) (11.83£084) (1.82+049)

g 17288+7.12" 115042463 " 15863+5.71 14330+ 174 20050+4681

(1050£067) (827+058) (13.76+1.21) (11.53x0.72) (2.00£0.46)

g 131.23+1001 1095854617 141124751 12840+281 189.20+5165

(8.00£0.74) (7.79+0.27) (1221+1.08) (10.36+0.76) (1.01+0.50)

The concentration (nM) of extraceliular dopamine which was collected three times before
morphine challenge (basefine) and nine times after morphine challenge at 20-mins
intervals in rat and analyzed by HPLC. Results are means * SEM of the amount of
dopamine in each sample expressed as the percent of the basal values. Numbers in
parenthesis are dopamine concentrations. * : Statistically significant as compared with
Control group ( * : P<005) + : Statistically significant as compared with Tall group (
+ P (005 # : Statistically significant as compared with Saline group (# : P (0,05}
ShEt B

2) DOPAC & WH3lof] tier 2] 534
di= 23 Edo] 2|8} nucleus accumbens coreol]A] DOPAC
Hal= AP A 2ol 2504 714 55110112+
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Edd UZaE 259 RERS Aol #sd 39 Tl /I mixlE &%

276.61 nM)ol] HIal 120.646.24% S715IR9.L, AT 71A BL
(1312.65+208.88 nM)ol| H15H 118.1626.41% Z7V5153T4. e (Tail)
AR I8 2 =B AT 71X 55(1515.45£460.89 nM)
of B]a) Z}zt 119.40+12.39%, 118.16+10.40% Z7}+510) A=k
A9 22 4719 DOPAC 45€ BT AR AT 182
134.89+1035% &7Y5lol 24 o 719] RS Aol YRt thET
ol H)&kd DOPAC glo] OAEl= ZHES B Table 5, Fig. 6).

Effect of acupuncture on chronic morphine-induced sensitization
of extracellular dopamine levels in the NAc core of rats
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Fig. 5. Effect of acupuncture on chronic morphine-induced
sensitization of extracellular dopamine level. Male SpragueDawley rats
treated twice a day for 3 days with increasing doses of morphine (10, 20 and 40
mg/kg, s¢) or saline. After 15 days of withdrawal, rals were challenged with 5mg/kg
(sc) of morphine hydrochloride. Acupuncture was given at bilateral PC6 (Neiguan,
n=7) point for 1 min after injection of morphine hydrochloride (Control, n=6). Tail
(Tall, n=6) and TE8 (Sanyangluo, n=6) were used as control site to avoid the direct
effect of mechanical stimulation. Results are means = SEM of the amount of dopamine
expressed as the percent of the basal values. Data were analyzed by repeated ANOVA
and followed by Tukey test. * P<005 as compared with the corresponding data of
Control group. +, P(005 as compared with the corresponding data of Tail group. #,
P¢005 as compared with the corresponding data of Saline group.

Table 5. Effect of acupuncture on chronic morphine-induced
sensitization of extracellurar DOPAC levels in the NAc core

Group control Neiguan Tall Saline  Sanyangiuo

100 100 100 100 100
Baseline (131265 (129385 (151546 (110192 (20084
+20888)  +46083)  +46089)  +27661)  +25/92)

101.62+4.95 101.34£458 9785217 100.30+3.79 104.54+5.244
20 (135690 (114732 (151299 (106452  (1588.34
273270 50271 £50271)  £21340)  79.58)

10557352 108.26+6.42 108.02+6.18 107.10£534 10342+7.82
40 (140231 (121915 (156885 (121004 (156640
26255  +48164)  +48164)  £34956)  +18127)

113.95¢8.92 107.02+4.43 107.1924.84 115904460 109.22+11.96
60 (156793 (132900 (158837 (128043  (1654.40
+40605)  +43875)  +43875) 323280  +1812))

' 118.16£641 121.12553 116.04442 120.34+2.91 1141621040
Collection gy (158685 (134960 (181219 (13441 (178097
lime £33405) 628300 628300 #33587)  +15778)

Ch:ﬂfége 117.6847.10 134.89+10.35 119.40+12.33 120.64+6.24 118.16+10.60
with 100 (156484 (134996 (195702 (127033 (1789.97
+30073) 819640 81964  £23977)  +15778)

5mg/k
nohine 118404924 12695808 114942708 117604508 1111421285
iy 120 (162618 (130662 (174337 (124547 (168334

+41291)  +53550)  +53550)  £24285)  +19472)

113.79+4.00 12386767 110.00£804 11361£4.19 112.32+11.11
140 (151536 (135313 (169234 (124695 (170151
+98786)  +55687)  +55687)  +31313)  £168.30)

1116524.32 115042463 10848+6.76 110.06+4.72 100.16£10.18
160 (149555 (120245 (168052 (120673  (1517.04
30311 56753 567530 £30007)  +154.43)

102.16+4.97 109.58+4.61 10011618 99.44+7.74 80.54+21.86
180 (138042 (115102 (166885 (104123 (121879
+30458)  +55183)  +551.83) 19039  +331.23)

The concentration (nM) of extracellular DOPAC which was collected three times before
morphine challenge (baseline) and nine times after morphine challenge at 20-mins
intervals in rat and analyzed by HPLC. Resuits are means + SEM of the amount of
DOPAC in each sample expressed as the percent of the basal values. Numbers in
parenthesis are DOPAC concentrations.

Effect of acupuncture on chronic morphine~induced sensitization
of extracellutar DOPAC levels in the NAc core of rats
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Fig. 6. Effect of acupuncture on chronic morphine-induced
sensitization of extracellular DOPAC " level. Male Sprague-Dawley rats
treated twice a day for 3 days with increasing doses of morphine (10, 20 and 40
mo/kg, sc) or saline. After 15 days of withdrawal, rats were challenged with 5 mg/kg
(sc) of morphine hydrochioride. Acupuncture was given at bilateral PC6 (Neiguan,
n=6) point for 1 min after injection of morphine hydrochloride (Control, n=5). Tail
(Tail, n=4) and TES (Sanyangluo, n=6) were used as another control site to avoid the
direct effect of mechanical stimulation. Results are means = SEM of the amount of
DOPAC in each sample expressed as the percent of the basal values.

3) HVA & ®islof] oigt 29 331

= Edo]] 9|8} nucleus accumbens coreol]A] HVA &}
2 ¥H3leE Mg Bd I1E0A VA =T(2183.77+ 319.14
nM)oll Hla T 116.07+344% S718191 L, iR 714 &
(2336.80344.32 nM)ol] I8 119.4241.89% 7HA] £71513

Table 6. Effect of acupuncture on chronic morphine-induced
sensitization of extracellular HVA levels in the NAc core

Group control  Neiguan Tail Saline  Sanyangluo

100 100 100 100 100
Baseline (233680 (184489 (193743 (2183.77 (2519.86
34432)  £20085)  +70198)  #319.14)  +11694)

9840565 $582£2.78 9847304 96.69+268 90744283
o0 (932354 (180210 (188621 (212268 (243607

40349 #25500)  #63630) 31970 +7581)

10054£220 102.12£2.83 10468+650 10553417 92.36+2.86

4 (239386 (190154 (199389 (23060  (2479.09

+35007) 27420 +68029)  +34826)  +7686)

107904277 107.982.14 10594655 10083375 9598+379

B0 (252607 (199890 (200778 (24141 (2575306

+380.16)  £25507)  +BRBOB)  +36338)  +10200)

‘ 11150088 11297163 117.96+749 11274389  97.962508
Collection gy (261188 (208338 (217682 (246685 (262804
fime +30880) +24006)  66480) 37503  +13663)

ohgrlfr:ge 16574311 11468257 12029513 11413£504 0948+479
e 100 Q7307 Q0501 (26457 (50842 (277167
smarks £131)  £20081)  +73375) 39663 £21130)
mophine  11611£317 114574293 12023835 11457473 9956545

(min) 120 (272029 (210853 (2282.46 (251843 (267099
40531 £20847) - £74906)  £30954)  £146.17)

1118324265 113084300 120.09£6.645 115.06£4.28 102842815
140 (277897 (20822  (2279.16 (2528.40 (2759.42
+42601)  £23252)  +75082)  £39622)  *21851)

119424189 113094523 118112887 116.07+344 99.36+5.98
160 (278669 (207622 (224632 (2550.07 (266583
+41008) £23286) 74288 307790  +16057)

11813300 111.2224.62 112512980 114.13£408 9846542
180 (277420 (203300 (2188.31 (2515.19 (2641.71
42989  £191.19) +765.73) +400.71) +14565)
The concentration (nM) of extracellular HVA which was collected three times before
morphine challenge (baseline) and nine times after morphine challenge at 20-mins
intervals in rat and analyzed by HPLC. Results are means + SEM of the amount of
HVA in each sample expressed as the percent of the basal values. Numbers in
parenthesis are HVA concentrations.

1E)(Tail) AFRTF 28 714 55(1937.43+701.98 nM)ol] B]
B 120.29:6.64% 71510 M2 (Tail) XA 7 18 22T A
9] 22 A719 HVA 45E B3 o, =R AT 182
Z T 102.84:815% A 7161900 7R =59 HIS8IH T
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Effect of acupuncture on chronic morphine-induced sensitization
of extracellular HVA levels in the NAc core of rats
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Fig. 7. Effect of acupuncture on chronic morphine-induced
sensitization of extracellular HVA level. Male Sprague-Dawley rats treated
twice a day for 3 days with increasing doses of morphine (10, 20 and 40 mg/kg, sc)
or saline. After 15 days of withdrawal, rats were challenged with 5 mg/kg (sc) of
morphine hydrochloride. Acupuncture was given at bilateral PC6 (Neiguan, n=6) point
for 1 min after subcutaneous injection of morphine hydrochloride (Control, n=6). Tail
(Tail, n=5) and TE8 (Sanyangluo, n=6) were used as control site to avoid the direct
effect of mecanical stimulation. Results are means * SEM of the amount of HVA in
gach sample expressed as the percent of the basal values.

3. Bkg B FoE QI$H H] 4&E4 ESE(non-stereotyped
activity) i} 4454 EET (stereotyped activity)?] 23}

BEE 27 (FAA 10 mg/kg, A 2 20 mg/kg, AR &
40 mg/kg= 3 Y7 1Y 234 Tj5} Fo)S viE =4 3 TS
14 Q] A3 7|7} (withdrawal)

g Fol ¥4 UUslE
FT5k 1585 S8 (G mg/kg, sc) Fo FH] 45E g5¢
(non-stereotyped  activity)?] H3l = Uds5d E3Y

(non-stereotyped activity)?] H3lE TSI
1) H] 454 2EZH(non-stereotyped activity)?] 23}
208 HEOE RIGEe BESH Y] dEd €8
2+ Zedro| FoOgE Alol7t AU HETFY =3
Hrlo] =20} 29.47+0.29%0]1, Ag] Algs
5.3810.05%0l Hlah S43] &7ide g8 uus)
AFEQ oM vl 4Ed SE5HS QRHSE SIIICH
o A& Zed RAT & 402F0A AR AT
2210+0.22% 2 thEF 52.55:0.53%0] B]a] F-A5HA
(p<0.05), 2A17} St LE 3|7]olA] H] 4&Y
2ol Bldl ZAsirt. Bel(Tail) AT 153
T IS 742 20809 53| 28.64:0.29% B 26.520.12%
ZUETH AY Ze 719 E715 Bd f Aol #&9] Ul
23} wsle] A ©A LU} (Table 7, Fig. 8).
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Table 7. Effect of acupuncture on non-stereotyped activity in chronic
morphine-induced sensitization

Experimental
group

control Neiguan Tail Saline  Sanyangluo

20 2947029 1560£016 28642029 538005 26524012

Non- 40 5255£053' 22102020 5136£051 11.00£0.11 4963025
slereotyped 60 5824+058° 3200+030" 5756£058 2340£023 5545+042
acivily 80 62102062° 410+041 61172061 27.56+008 60.22+032
(%) {00 7362+074° 37.80£038 7263073 4309+043 6981054
120 5428£054 3750+038 5299+053 5052+053 5353+047

Behavioral effects induced in saline-treated rats and sensitized animals by challenge
with morphine hydrochloride (5 mg/kg, sc). * : Statistically significant as compared with
Control group (* : P(005) + : Statistically significant as compared with Tail group (
+ : P(005) # : Statistically significant as compared with Saline group ( # - P (C.05)
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Fig. 8. Effect of acupuncture on non-stereotyped activity in
sensitized rats by challenge with morphine hydrochloride. Behavioral
effects treated twice a day for 3 days with increasing doses of morphine (10, 20 and
40 mg/kg, sc) or saline. After 15 days of withdrawal rats were challenged with
5mg/kg (sc) of morphing hydrochioride. Acupuncture was given at bilateral PC6
(Neiguan, n=12) point for 1 min after injection of morphine hydrochloride (Control,
n=13). Tall (Tail, n=13) was used as control site to avoid the direct effect of
mechanical stimulation. the results are expressed as mean = SEM. of the percentage
of time spent performing each behavioral item. For time-points at which the sum of the
percentage time spent in the different behavioral items is not 100, the difference has to
be sedation or no activity. Data were analyzed by repeated ANOVA and followed by
Tukey test. * « Statistically sigrificant as compared with Control group (* : P (005 + -
Statistically significant as compared with Tall group ( + : P {005 # : Statistically
significant as compared with Saline group ( # : P <005

Table 8. Effect of acupuncture on stereotyped activity in chronic
morphine-induced sensitization

Experimental

group control Neiguan Talil Saline  Sanyangluo

20 5473055 1460£0.15% 53762054 7.11£007 50550.14
0 3195032 27408027 3139:031 805:008 3236027
S‘GFG?‘thed 60 3047+030° 2660:027 2996030 655+007 30224063
o) 80 2683007 2080+040 2946+026 844008 2546:033
100 20.77+023 44005044 2203022 1340+0.13 238120.17
120 1823+0.18 4920+0498"" 17.85+0.18 22584023 1856£0.33

Behavioral effects induced in saline-treated rats and sensitized animals by challenge
with morphine hydrochloride (5 mg/kg, sc.). * : Statistically significant as compared with
Contral group (* : P<(005) + : Statistically significant as compared with Tail group (
+ P (005 # : Statistically significant as compared with Saline group ( # : P <0.05)

stereotyped activity
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% of time spen’
w
k=]

time(min)

Fig. 9. Effect of acupuncture on stereotyped activity in sensitized
rats by challenge with morphine hydrochloride. Behavioral effects treated
twice a day for 3 days with increasing doses of morphine (10, 20 and 40 mg/kg, sc)
or saline. After 15 days of withdrawal, rats were challenged with 5 mg/kg (sc) of
morphine fydrochioride. Acupuncture was given at bilateral PCB (neiguan, n=12) point
for 1 min after subcutaneous injection of morphine hydrochloride (Control, n=13). Tall
(Tall, n=13) was used as conirol site to avoid the direct effect of mechanical
stimulation.. the results are expressed as mean + SEM. of the percentage of time
spent performing each behavioral item. For time-points at which the sum of the
percentage time spent in the different behavioral items is not 100, the difference has to
be sedation or no activity. Data were analyzed by repeated ANOVA and followed by
Tukey test. * : Statistically significant as compared with Control group {* : P <005 + :
Statistically significant as compared with Tail group ( + : P{(005) # : Statistically
significant as compared with Saline group ( # : P (005)
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