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Effect of acupuncture on behavior and dopamine release in the nucleus accumbens

in rats sensitized to morphine
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Department of Oriental Neuropsychiatry Medicine, Coliege of Oriental Medicine, Wonkwang University

ABSTRACT

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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43t morphine hydrochloride =+ A8 A4
Fol &3 F7HA AA F 10 mg/ke, A
g 20 mg/kg, AA ¥ 40 mg/kgE 397 1¥€ 2
34 (12412 +4) H3 Fo &%tk Morphine
hydrochloride =& Az 4 4$+E %8 549
F 149 B9 #H3 7| (withdrawal)S T3
1542 morphine hydrochlorideZ 5 mg/kgES o
& Fogct

3. s

43 717 11dA AE FEE  sodium
pentobarbital (50 mg/kg, i. p) & "FHF T
stereotaxic framedll - 2R A7| 1 T3 & H7e+Q
o}, PaxinosS?'9] rat brain atlas® F3std]
bregmaE 7|F22 g coordinated ©] 83t
microdialysis probe 4¥Y4& 9% guide cannula
£ 439tk nucleus accumbens shell (AP
1.7, ML 0.8, DV-6.0), nucleus accumbens core
(AP 12, ML 16, DV-6.0). 447t9] 3 E7|& 7}
2 & microdialysis systemo] €dsto).

4. 8 B
vE E¥W Roo 93 dopamine, DOPAC,
HVA &3 tAe #HEey 2748 golrr ¢
3 48 F¥8S 74 ¥ vt 6-9vlE wi g3
Ak
ul

—

e
ta
)

u

7 R HE AA e gz
Fogk 4S)H B s ug
Ao g dRFoRA My A4y Fd
{(Saline), M7ZA ¥ ¥ me) FEAE(Tai), 3
B0 7T #EAF(Shenmen, HT7) 2.2 I
3l BWG mgkg sc) Fo9 FE AR ¥
of 183 #3tH o}
AREE e AAL 018 mm, Zo] 20 mmo]
o FAoz AY Ao Zol 3 mmE HAFH
3 EA E HEHA st

(B

=
=

e dropet Ao AL

5. Microdialysis

Guide cannulaZ %39 ulA FAYE A
(CMA/11,
dialysis membrane, 6000 Dalton, 2 mm length)
g A F, AF ¥ HFA(artificial CSF)S

microdialysis  probe cuprophane

15 w/min® % (CMA/100 Microinjection
pump) 2.2 probed] #HFIIATH AT H HFAY
£ NaCl (150mM), KCI (3.0 mM), CaCl2 (14
mM), MgCl2 (08 mM)E 10 mM phosphate
buffer(pH 7.0k L35} AR89}
Microdialysis probe¢] probe recovery: AHE A ¢l
& 5 #HFHo L3813t dopamine, DOPAC, HVA
FEF RN FAg Tt Falo wlA FAN4e A
0 5=x% Ttk Bowl cage &4 @ A7
Ag-2o] gAolx AEjolA microdialysis system
& E3 347 B¢ 208 (F% 15p8/min) HE
oy  HEHLE  FHsx AdAF 39
microdialysate®] dopamine, DOPAC, HVA &%
7t 10%olU7 HAg oW 379 #HIEgE
baseline2. 2 &% .29 HPLC (high performance
liquid chromatography)& ©]&3la 431}

Fig. A, Schematic representation of nucleus accumbens shell and
core

6. HPLCE ol &%t microdialysate 82
(Dopamine, DOPAC, HVA)

ol Aol ZAL 75 mM sodium phosphate
monobasic, 1.7 mM sodium octane sulfonate 25
uM EDTA, 0.714 mM triethylamine and 10%
acetonitrile, pH 3.022 %29 mobile phase
+ Sykam 7121 pumpE ©}4€3t4 1.0 mi/min®l
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f407 ZFHUY. HPLC Z=d&  column
(HR-80, 80x4.6 mm, 3 m patical size ; ESA),
coulometric detector (ESA, Coulochem I,
Model 5200A with analytical cell, Model 5014B,
Guard cell Model 5020). guard cell : 400 mV,
screen electrode : -100 mV, detection electrode
1320 mvez 4.

7. ¥ S(behavior) &3 Wy

Microdialysis 48 %¢t 2% $o Fo v 4
54 ¥5% (non-stereotyped activity)® &
A 8% (stereotyped activity)& 2717 E<t
243194t 39 B9 19 23 W& Fosq o
B ZEJdA 29 (developmen)FAE AP F
22 149 E<tel Adl(withdrawa)7|1g T3
1595 wd(challenge)AolA] EHGE mgkg
sc)E A F93q #5H wPsid gy ¥
Zg 2AsAY. 4¥ 589 £3YL 4dAd
8t} 2. 7} vl &} (video camera)E Al&39 &33
A3 PEo MIFE gy o] FEEY

(1) ¥] 454 ¥5Z(non-stereotyped activity) :
A H(forward locomtion), EH G571

(grooming), ¥#)%-7)(rearing), 7} E7).(AHA)

2) 454 ¥5%(stereotyped activity) :

A& 7)(gnawig), B7](icking), 22 ¥ ¢

(sniffing).(2}Al)

Aesge 72 Forg 11-13 wey w Qs
ges go] 49 2oz Yrch

1) W2H(ERFA) .

3 HoA E2HURAA ¢ 10 mgke, EA ¢
20 mg/kg, AA ¢ 40 mg/kgR 3U 1Y 23
4 93 %d)s BE Fo § g 149 FU¢9
33 7|7t (withdrawal)® 53 1544 BdEL 5
mg/kg2 W3 F4F AF FY AANT HE
T.

2) A2 HgF FoL(Saline) :

2 HolA salineS 9 Zo] HYUE e
2 5d @ & 1594 29E 5 mg/kgE I3
248 AF AY AT HE T

(3) 22 FHEA(Tail) :

3 FolAl EUE s o] FLY WYe=
2% b 1594 E0L SmegkgE A8 Fo
3 AE n|AY 294 medol 183 AFF T

{4) #PY7 BEEE (HTT) -

3 FHolA ENE 99 #o] T WRe=
203 o 1594 E8& 5 mg/kgR Hs F
% AF /R FY MMREHTD F F94 1
B fEe <.

9. =3 Al

Microdialysis d#8e] Y ¥ microdialysis
probed) 9A7t nucleus accumbens(shell 3}
core)ol &R &zl AW 23 AAE I}
t}.

Sodium pentobarbital (80mg/kg, ip)E FA}
st alH 3 H FHE Yol descending aortad
22 APRNE BRSNS saline R
formalin/glucose £ 4-¢ #AFIAL. FAIES
§ X & @3t formalin/glucose &l A3
8 F Vibratome® ol§38 HEgAE w9l
cresyl violet 4§ 3t

Paxinos ¢t Watsong] atlaselA Fo|3
coordinate® #3134 probed] HXE &Ustn
A3t YA A Wold sample] A3 A2 3
At

10. A4 X2

A7 384 dopamine, DOPAC, HVA ¥
wsle] A9 A g FARAMLS wE A
EMY  (repeated ANOVA)2 2 EA{dgon,
A A2 L Tukey test® T3 #EsAxn, =
3 P35 AY dAes wE wF ENY
(repeated ANOVA)SZ BAMaReH, A% 7
28 Tukey test® €3 #F3At
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m. & R

1. g8 28 £o{ol 2|5 nucleus
accumbens shell 92| dopamine,
DOPAC, HVA &2k W stoll of st g2 &=
1) dopamine &3 ®widld mx= He &7
WE Ey Rod 93 nucleus accumbens
shellel M 9] dopamine, DOPAC, HVA & w3}
o mlX e W ENE dolir] el 4F F
E8 397 149 2314 morphine hydrochloride
(RAE 10 mg/kg, EXY 20 mg/kg, AAE 40
mg/kg, sc)& FAsdon, Ede vz &
9& FAs7l gt Ay AEgs R
(Saline, 1 cc/kg, s.c.)g Fo] $£Ys wyoesm
e Adsg 5. B8 == A9 49
Fo HE Ro I 149 Bt HIANS F

e 3 2HE FEIAeH 1594 He
dol EH (5 mgke, Foades o
nucleus accumbens shellel 4] dopamine 3 H
e A Ads 59T (Saline)dl A 714 T
(559049 nM)el Hvl&] #Hi 242.00£3.15% 74
F7het 2, HEREE Bl )5 VA FE
(6.76£041 nM)ol uvla]l Hx 21750£9.22% 714
F7tstdch Ae Ags Fodol W Fo F
3 80EAddA  235671937%EM, dETY
2175049.22% o Hl& FosA FrEATH &
YL 714 FEGST£043 nMO) BlE Hz
211.14215.36% 744 F7t8te iz A9 e
A719) dopamine %S BRI, W FIEEE
A3 131.71:430%7 A Z7tetd AME AZ
(Tutey test) > Wizg 2 mE ol vjsto]
P I HEN A dopamine #87F FolstAl o
AFgL FAsIYG (p<0.05) (Table 1.1, Fig.
1.1).

s.c.)

L

Table 1.1. Effect of acupuncture on chronic morphine-induced sensitization of extracellurar

dopamine levels in the NAc shell

Group Base Collection (min) time after challenge with morphine
line 20 40 60 80 100 120 140 160 180
100 13850 18383 21217 21750 204.50 200.67 185.17 17150 135.17
Control 552 326 342 9 224 +6.24# +6.58 +12.00 +8.9 +488
(576 (803 (10.62 (1225 (1262 (11.89 (11,59 {(10.79 (10.05 (780
+041) +0.62) +0.87) +0.97) +1.30) +1.24) +1.04) +1.04) £1.23) +0.67)
100 104.86 123.86 103.71 9457 127.14 131.71 120.14 95.00 88.71
Shenmen 405+ 553+ #641nH  £782++  #653H 1430+ #4543 {  £781:+ ( £301
(566 (5.91 6.98 5.86 (537 722 747 681 540 (502
£0.26) +0.31) +0.39) +0.44) £0.54) +0.53) +0,46) £0.44) +0.56) +0.30)
100 140.00 179.14 201.86 211.14 211.00 199.86 185.29 165.43 130.71
Tai 518 +591 £6.34 +15.36 1331 +847 +1261 +10.91 +703
(557 (786 (992 M2 (11.75 (11.78 (11.15 (10.27 (916 (729
+043) £0.75) +0.67) +0.89) £1.28) +1.32) 103 £1.08) +0.94) +0.72)
100 130.33 185.67 220.17 235.67 242.00 22433 211.00 187.00 144.83
Saline $2.35 907 276 +9.37 £3.15 784 537 772 779 (
(559 (7.18 (9.92 (121 (13.36 (13.39 (1216 (11.63 (10.21 757
+0.49) +063) £1.01) +1.14) £1.10) +1.31) +.11) +0.87) +0.86) +0.70)

The concentration (nM) of extracefiular 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 Contral group ( * : P<0.05)
+ : Slatistically significant as compared with Tail group ( + : P<0.05)
# : Statistically significant as compared with Saline group ( # : P<0.05)
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a) -
m -
5 190
g —o— Conrdl
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« 101 -~ Shenrren
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O 1 1 1 1 1 1 i 1 i J
baseline 0 & 120 160

Fig. 1.1. Efiect of acupuncture on chronic momhine-induced sensitization of exiraceliular dopamine level.

Male Sprague-Dawley rats frealed twice a day for 3 days with increasing doses of morphine (10, 20 and 40 mghkg, s.c.) or saline. After
15 days of withdrawl, rais were challenged with mormphine hydrochloride (5 mg/kg, s.c.) and were given acupuncture at bilateral HT7
(Shenmen, n=7) point for 1 min following subcutaneous injection of morphine hydrochloride (Control, n=6). Tail (Tail, n=7) was used as
control site to 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<0.05 as
compared with the corresponding data of Control group. +, P<0.05 as compared with the corresponding data of Tail group. #, P<0.05 as
compared with the corresponding data of Saline group.

2) DOPAC & ®istol dig wel &3}

uhE B R 2§ nucleus accumbens shelldllA FPTR MIBMAES 11353:5.04% M8t diET
DOPAC &% ke Ae] 494 FoTdA 714 %= o] wlgte] DOPAC &F¢l #eg Ael7t st
(11748621798 nMel Hl3] 119912230963 718193, (Table 1.2, Fig. 1.2).

(e B9 Ro)ToME 71A FE(13053M57
nMoll ula} 119314752% Z7Hskch

nEL 714 $E(1537.72¢419.08 nMDol u] 3
11467+6.63% F7FstA =2TH A9 2L 37)
9] DOPAC #%€ B3t
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Table 1.2.

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

Base Collection time (min) after challenge with morphine
Group .
line 20 40 60 80 100 120 140 160 180
100 107.10 1131 115.40 116.17 11931 11526 11419 106.93 106.52
Contral +909 36.15 +10.16 +11.07 +7.52 +10.4 £277 +7.70 +359
(137959139 (143877 {152353t4 (147688 (1507.01 (1580.14 (147258 (156037  (1387.21 (1468.25
457) +380.15) 44 24) +318.69) +35007)  +421.96) £31399) +42037) +28444)  +438.44)
100 9491 102.49 104.57 11353 108.61 109.72 105.71 10450 101.65
Shenmen 248 +354 577 504 +353 +3.06 +3.44 +246 +491

(996.64 94721 (103206 (105000 (114178 (108743 (110326 (106485 (104933  (1024.32
+91.35) 9251)  $13308)  £13437)  14437) $12083) £13457) £13768) +12248) +136.16)

100 100.49 105.36 107.37 112,01 11467 113.52 108.96 102.10 100.34

Tail 191 +269 +3.10 217 16,63 +374 +3.94 £7.79 +10.32
(1537.72 (151924 (164492 (167004 (175233 (185749 (173084 (166132 (142034  (1364.86

+41908)  $3%081)  £469.10) 47069  511.49) +60383) +47541)  +44980) +26210) +220.86)

100 101.19 107.19 11138 115.14 199 1897 116.43 11303 104.05
+326 +1.59 +1.86 210 +230 +362 +384 1228 472

(117486 (120439 (125784 (131001 (135644 (142383 (141506 (136508 (132540  (1188.13

$21798)  £25266) $23142)  24462)  #257.79) +20090) +204.96) +24796) :24520)  £161.95)

Saling

10 r

O
&b —— Contrdl
8 (r=6)
p ~—#— Shenren
o (=9
o 8¢t s Tall(ned)
k]
R —%—Saline(r=6)

O e 1 1 1 1 1 1 1 1 1 —

baseline L0 O 120 160

time(min)

Fig 1.2. Effect of acupuncture on chronic morphine-induced sensitization of extraceliular DOPAC level.

Male Sprague-Dawley rats treated twice a day for 3 days with increasing doses of morphine (10, 20 and 40 mglkg, s.c.) or saline. After
15 days of withdrawal, rals were challenged with morphine hydrochloride (5 mg/kg, s.c.) and given acupunciure at bilateral HT7
(Shenmen, n=5) point for 1 min. Tail (fail, n=5) was 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. Data were analyzed by
repeated ANOVA and followed by Tukey test.
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3) HVA &% ®slo g el ax

yhE 29 Fdo] 9% nucleus accumbens
shellel 2] HVA &3 ®stes Alg 4494 FoqF
M 714 FE(1726.19£320.76 nM)el Hl& A3
127.88+6.08% %78t 1, =M e 714 &
5(2539.29+502.42 nM)o| ]3] 128.7416.16% F
7}8t k.

Table 1.3.

wE T 71A FHE(1678.91+522.14 nM)9l
v 128.10£354% Z 718t wzF3 A
¢ e =7]9 HVA A%< BATh
R OFIBAFS 123.88+2.02% F718td dix+
of Hldte] HVA #%9 #2g o]zt AN
t}(Table 1.3, Fig 1.3).

Effect of acupuncture on chronic morphine-induced sensitization of extracellurar HVA levels

in the NAc shell

Collection time (min) after challenge with morphine

Base
Group line
20 0 60 80 100 120 140 160 180
10672 11530 12396 12670 1874 12535 11820  112%
Cont (25?9?29 99(35621*12674 $514  £279  +524 568 616 455 584 438
D@ copy AW 9190 BT (R0 (K00 @210 (6180 (288000
02 : 98.17) 58073 67600) +75786) 77415 471554  £71791)  +63184)
0  otipsag 06 1818 NGN 238 1260 1081 184 LM
srommen (8o (7iesy 33 #8185 1202 813 @8 #5247
oty smeey (9080 Q02 COBTE) QIRE Q2070 (MW Q280 (20040
*189. 9 iop00) 100025 27615  +27268) 2020 2815 2024  £20766)
0 o752 11134 11994 12524 12584 12810 12690 11842 10939
i emg 5@ #8549 1514 s645 1354 w600 4770 #4%
sppjg 653 (819 QM5B QIO  0RP Q7B @S2 (186680 (160103
B 450879 502520 60161) $67270)  56075)  +58257) $53738)  46409)  £52406)
- 0647 10677 11473 1242 1641 12788 1221 17% 1370
sine (bt 1257 525 468 454 - w484 608 611 6% 50
voo7e U887 (BB (190046 (0BIZS  QISSN @198 QLR (198547 (191168
WA a7 34723 $35036)  435080) 437257  +34138)  +3000) 431780  20998)

The concentration (M) of extracellular HVA 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. Resulls 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.
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Fig 1.3. 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, s.c.) or saline. After
15 days of withdrawal, rats were challenged with morphine hydrochloride (5 mgkg, s.c.) and given acupunclure at bilateral HT7
(Shenmen, n=6) point for 1 min. Tail (fail, n=5) was 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. Data were analyzed by repeated

ANOVA and followed by Tukey test.

2. 92 25 STo{o 25 nucleus
accumbens core %12 dopamine, DOPAC,
HVA &2t Bistof st giel &7

1) dopamine &% W3le] vX &= @] &7

BE E¥ Fool 93 nucleus accumbens
coredl A1 2] dopamine, DOPAC, HVA &% ¥3}
of HlAE= el aFE Yolry] A3l AY F
8% 397 1 o 234 morphine hydrochloride
(RAL 10 mg/kg, EAE 20 mg/kg, AH 2
40 mg/kg, sc)E Fosien, B9 wuzts
wgs F$As7] HEe Ay dds FAL
(Saline, 1 cc/kg, s.c)& Fo $4F Wgez
Ae HE4E Foqstddd.

29 = A AdTy vy Foq 3 149
E<te] AYNUNE Fol 48 A3 AHE fE
dlgor 1594 =HE g 239G mgke, sc)
%o} 82 nucleus accumbens coreoll A

dopamine % W3te AHAEs FoAToA
v 714 FE(806:055 nM)ol Hd Hxm
175.1845.18% 72l F7t3td n, Wz 7|4 ¥
£(6.15:049 nM)el vl HI 22267+21.09%7
2 F7pat Aok

gzFol EH Foq AF  0EAAA
22267+21.09% 24, A" A9y FAL
172.82+1.94%°) Hl&] fo&A F7tete W23t
AL B9t} o2 ¥ nucleus accumbens shell
oA wE E¥ Eo 3 dopamined %5 U
Ao} coreol B3] A UTh.

0AFL 71AF % (8B.06+055 nM)ol uis] A
I 209.06x4.31%7 A Frtstd dzeH A 2
& 27]9] dopamine %S BRI, IR FE
e A3 13545:7.13%7+A) F7bste] izl
H)8te] fI #EEEN A dopamine FE7F
o8t A A5 AtH(Table 2.1, Fig. 2.1).
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Table 2.1. Effec;t of acupuncture on chronic morphine-induced sensitization of extracellular
dopamine levels in the NAc core
Base Collection time (min) after challenge with morphine

Group line 20 20 60 80 100 120 140 160 180

100 13417 165.71 192,65 22267 20243 197.15 179.97 172.68 131.23

Control +6.91 t124 +16.62 +21.09% +1223%  +1067# 9014 +7.124 +10.01
6.15 8.28 (10.04 (1185 (1342 (1231 (1227 (10.98 {10.50 8.00

+049) +0.87) +0.77) +1.37) +1.09) +0.92) +1.47) +0.81) +0.67) +0.74)

100 11528 121.94 124.06 13273 13545 12787 121.08 120.33 110.80
+6.11 1493+ 4414 384+ 713+ 896+  $799+  £800~+ 4568+

shenmen w10 679 (6.10 (6.14 (658 (680 (645 (6.08 (6.06 (554
1045 068) 060  $048) 059  +077)  086)  +076) 1079  *061)

100 12349 15444 19323 20006 20387 18588 18086 15863  14L12

Tai 308 367 $379 +431 1405 459 4885 4571 %751
@66 (1067 (341 (679 (810 (772 (613 (1560 (1376 (1221

1069 £077) 142 +143  £135)  #15)  £13)  £13) 121 108)

100 11675 14313 17508 17282 16158 15813 14665 14330 12840

Saine 205 595 4518 +194 £491 435 208 174 4281

{8.06 942 (11.66 (14.19 (1390 (1298 (1285 (11.83 (11.53 (10.36
+055) +0.66) t1.16) 115 +0.84) +0.86) +1.22) +0.84) +0.72) +0.76)

The concentration (nM) of extracelilar dopamine which was collected three times before morphine (baseling) and six times after 5 mg/kg
morphine at 20-mins infervals 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<0.05)

+ : Statistically significant as compared with tail group ( + : P<0.05)

# : Statistically significant as compared with saline group (# : P<0.05)

0
20 F

é 180
§ —e— Control {n=6)
S}
s - Shenmmen(n=6)
* o1 3¢ Tail(n=6)

0 ke N . . N . " 2 s | —#%—Saline{n=6)

baseline 40 0 120 160

time(min)

Fig. 2.1. Etfect of acupuncture on chronic morphine-induced sensitization of extraceliular dopamine level.

Male Sprague-Dawley rals was treated twice a day for 3 days with increasing doses of morphine {10, 20and 40 mg/kg, s.c) or saline.
After 15 days of withdrawal, rals were given acupuncture at bilateral HT7 (Shenmen, n=6) point for 1 min after subcutaneous injection of
5 mg/kg of morphine hydrochloride (Control, n=6). 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 dopamine in each sample expressed as the percent of the basal values. Data
were analyzed by repeated ANOVA 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 Tall group. #, P<0.05 as compared with the corresponding data of Saline group.
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2) DOPAC ¥ wisle] o3t e &3

e Z3 Foo 938 nucleus accumbens
coredl A DOPAC &% ®3te A g+ F
2N 714 BEA10L12:27661 nM)ol vl s
12064£6.24% F718t91, d2EL 74 FE
(1312.65+208.83 nM)oll Hl3k 118.16+6.41% S 7}
).

Table 2.2.

ng e 714 L (1515.45£460.89 nM)ol H]
8 119.40+12.39% Z7tate] dzFFH Ao 7L
2719 DOPAC A+& Btk wfix FEe
107.62+553% 78ty 2 & 749 93 Aol
E oy tz2F vlste DOPAC &o] 9
AHE B8 WAHTable 22, Fig. 2.2).

Effect of acupuncture on chronic morphine-induced sensitization of extracellurar DOPAC

levels in the NAc core

Ba Collection time (min) after challenge with morphine
Group .se
line 20 40 60 80 100 120 140 160 180
100 101.62 105.57 11395 118.16 117.68 118.40 113.79 111.65 102.16
Control +4.96 352 892 +6.41 710 £924 +4.00 +4.32 497
(131265 (135690  (1402.31 (156793 (158685 (156464  (1626.18 (151536 (149555  (1380.12
+20888) £27327)  +26255)  +40605) 33405 £30073)  £41291)  :28786) +303.11)  £304.50)
100 9452 100.56 101.63 106.21 10762 107.02 10748 10666 93829
Shenmen 473 973 445 +394 +553 +558 +9.60 +6.03 841
(1008.19 (962.43 (933.54 (101536 (106420 (107724 (106654 (106195  (1079.57 (554
+137.19)  +15790) +14936) +13457)  +14300) £14516) +13963) 13365 +16985  +117.93)
100 9785 103.02 107.19 116.04 119.40 11494 110.00 108.48 100.11
Tail 217 +6.18 +4.84 442 +12.39 +7.08 +8.04 £6.76 +6.19
(151545 (151299 (156885 (158837 (181219  (1957.02 (174337 (169234 (168052  (1568.85
+46089)  +50271)  +481.64)  +43875  +62830) +81964) £53550) £55687) £56753)  +551.83)
100 100.30 107.10 11599 120.34 120.64 117.60 113.61 110.05 99.44
Saline 1379 534 +4 60 291 +6.24 +5.08 419 472 3774
(110112 1068452 (121004 (128043 (132441 (127033 (124547 (124695 (120673 (104123
+27661)  +21340)  +34955)  £32328  +33587) +23997) 24285 31313  £30007) £190.39)

The concentration (nM) of extracellular DOPAC which was collected three times before morphing challenge (baseline) and nine times after
morphine challenge at 20-mins infervals 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.
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150
§ 10
g —&— Control (n=5)
o 5 -~ Shenmen
© (n=5)
] woxg Tail{n=4)

0 L L . R L —~X%-Saline(n=6)
baseline 40 80 120 160
time(min)

Fig. 2.2. Effect of acupuncture on chronic mormphine-induced sensitization of extraceliular DOPAC level.

Male Sprague-Dawley rats treated twice a day for 3 days with increasing doses of morphine (10, 20 and 40 mglkg, s.c.) or saline. Afier
15 days of withdrawal, rats were given acupuncture at bilateral HT7 (Shenmen, n=5) point for 1min afier morphine hydrochloride (5
mg/kg, s.c.) challenge (Control, n=5). Tail (tail, n=4) was used as control site to avoid the direct effect of mechanical stimuiation. Results
are means +SEM of the amount of dopamine in each sample expressed as the percent of the basal values. Dala were analyzed by
repeated ANOVA and followed by Tukey test.

3) HVA 3 Wisle] digt §el &5

ukE 23 Foo] 2§ nucleus accumbens coredl] I FL 7|A ¥E(1937.43£701.98 nM)ol| u|
A HVA 3% d3ie 4] Ade RozodA 714 8 120.29¢664% Z7}3te) WETFH A9 T
FE(2183.77+319.14 nM)ell Hls} Hx 11607+344% A7)1¢] HVA A%5& 29, #fx FEiES
7159 x, dE2e 714 FE(2336.80£34.32 nM) 111.99:1.62% 718t djxFe B3t {23
o} v}a) 11942+1.89% 739tk z}o]7} Y (Table 2.3, Fig. 2.3).

Table 2.3. Effect of acupuncture on chronic morphine-induced sensitization of extracellular
HVA levels in the NAc core

Group Base Collection time (min) after challenge with morphine
line 20 40 60 80 100 120 140 160 180
100 98.40 10254 107.90 11582 11557 116.11 111832 119.42 118.13
Control 565 22 277 1288 3.1 3,17 265 +1.89 +3.00
(2336.80 (232354 (2303863 (252602 (261188 (271307 (272029 (277897 (278669 (277420
34432}  +403.49) 59.97) +383.16) +39882)  421.31) £42531) 42601) +41008) 429.80)
100 100.79 104.00 107.13 11029 111.99 111.70 11095 109.95 107.22
Shenmen 6.1 +4.93 441 38 713 +8.96 +7.99 800 15,68
(203041 (203871+3 (1737.88+3 (214744  (2200.12 (224209 (24517 (28101 (20167 (149586
+35602)  7938)  6782)  37238) +36484) 38139) +30748) £39835 +38042) +35464)
100 98.47 104.68 10594 117.96 120.29 12023 120.09 181 11251
Tai (1937.43 304 $6.50 16.55 749 513 4835 +6.64 +8.87 +9.80
£701 :()8) (186621 (199389 (200778 (217682 (226457 (228246 (27916 (2462 (218831
: +636.30) +66029) +668.08  +664.80) 73375  749.06) - 1750820 £74288) 765.73)
100 96.69 105.53 109.83 1237 11413 11457 115.06 11607 114.13
Saiine 268 417 +375 1389 1504 473 +4.28 344 408

(2183773 (212268 (232060 (24114t (246685 (250842 (251843 (252840 (255007 (251519
$319.14)  £31977) $34826) $36338) 137503 :30663) $39954) 139622) +397.79)  +400.71)

The concentration (M) of extraceliular HVA which was collected three times before morphine challenge (basefine) 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.
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% of basal HVA
8

0 e L L

—e—Control (n=5)

~&-- Shenmen
(n=5)

=i Tail(n=5)
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baseline 40 80
time(min)

120

Fig. 2.3. 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 mgkg, s.c.) or saline.
Following 15 days of withdrawal, rats were acupuncture for 1 min at bilateral HT7 (Shenmen, n=5) point for 1 min after morphine
hydrochioride (5 mg/kg, s.c.) challenge (Control, n=5). Tail (tail, n=5) was used as control site fo avoid the direct effect of mechanical
stimulation. Results are means + SEM of HVA expressed as the percent of the basal values. Data were analyzed by repeated ANOVA

and tollowed by Tukey test.

w

ue 2H Soi2 olft U ASA

g =2 non-stereotyped  activity)® A S A
# -5 Z¥(stereotyped activity)2| Z @}

e 58 (AAY 10 mgkg, EA 4 20
mg/kg, AR 2 40 mg/kg2 3 43 1Y 234
03 )& ¥HE REo 3 0§ 149 B¢ H
3] 7|zt (withdrawalDS Fo 3&¥ ¥z sE
fE&a 15494 235 mgkg, sc.) F9 F v
AH$A) 8% 2 (non-stereotyped activity)] ¥ 3}
2 AHEA 8% Z(non-stereotyped activity)e} ®
3E g4

fujed

1 8] 4%A 2%z (non-stereotyped activity)
o Az

208 BAOR 2A)7HEt S v A5 8
TF sle 4 Jand {493 Aojrt Ay

dzre 24 Fo FAF 20849 FF5F
29.47+0.29%0°] 1, g A4 o

3to] 2L BoRon u AFA EEHL
HAAHoz F7psth

29 59 AF A #ET F 4027304
T VAN I SHTE S 25.310.25% 2 =
5255:053%9 W& fKelsA  pAIAen
(p<0.05), 2413+ Erel ZE 37)oA v A FA
g5 Fe F934 #AsAT (p<0.05). ¥IFE
Bojel mE  HEHE 208HY BEF I
2864£029% 2 =T AY B A7 F7t
Ho] g ofe® Q3 s)Ee] Uzs $Hy
A7b ¥R %krHTable 5.1, Fig. 5.1).

12
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Table 3.1
Effect of acupuncture on non-stereotyped activity in sensitized rats by challenge with
morphine hydrochloride ‘

Non-stereotyped activity (%)

Group
20 40 60 80 100 120
Control 2947+0.29% 52.55+0.53 58.2410.58# 62.10:0.62 7362£0.74# 54.28+0.54
Shenmen 10.80+0.11+ 25310.25++ 58.24+0.38+ 62.10£0.43 7362+0.53 54.28:0.52
Tail 28641029 51.360.51 57.58+0.58 61.170.61 72630.73 52.99+0.53
Saline 5381005 11.00£0.11 23404023 27.56£0.28 43.09+0.43 5252+0.53

Behavioral effects induced in saline-treated rats and sensitized animals by challenge with morphine hydrochioride (5 mg/kg, s.c.).
+ : Statisiically significant as compared with Control group (= : P<0.05)

+ : Statistically significant as compared with Tail group { + : P<0.05)

# : Statistically significant as compared with Saline group ( # : P<0.05)

B Corrd(re13)
B Sherrren(r=11)
OTail(r=13

B Sdline(r=11)

Fig. 3.1. Behavioral effects induced in saline-reated rats and sensitized animals by challenge with morphine hydrochloride (5 mg/kg,
sC.).

The Results are expressed as means * SEM of the percent of time spent performing each behavioral item. Data were analyzed by
repeated ANOVA and followed by Tukey test. For ime~poinis 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.

+ ¢ Statistically significant as compared with Control group (+ : P<0.05)

+  Statistically significant as compared with Tail group ( + : P<0.05)

# : Statistically significant as compared with Saline group ( # : P<0.05)
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%ol 547305, AU AdeE FAT
T112007%A H1% foishA A3 Skl A
4 ngse) 28 RelFAR, 7 YA A%

v}
E
4 BFHE A¥Y oz 7ATE By

Folof wmitE REQ 78 I K& MEol THY ERok oiXi= BE -

A FlgREe]  10.1920.10%&E  HiET
54.73:055%°1 Hl& KA FaIFALY
(p<0.05), Z 37]dA FFH BFF2 S71E2
B vZd B mEBEHS 208 A
5 o] 53.76:0.54% 2 T AY e A
71¢] Z7H 2o & Rk B39 WUztst 2d
A&7 A Table 3.2, Fig. 3.2).

Table 3.2.
Effect of acupuncture on stereotyped activity in sensitized rats by challenge with morphine
hydrochloride
Stereotyped activity (%)
Group
20 40 80 100 120
Control 54.73+0.554 31.95+0.32 30.47+0.30# 26.88+0.27 R.77+0.234# 18.23+0.18
Shenmen 10.190.10~.+ 26.44+0.26 33.33:0.33 36.50£0.37 29.92+0.30 34.55+0.35
Tail 53.76£0.54 31.39+0.31 29.960.30 26.46£0.26 223022 17.85£0.18
Saline 712007 8.05x0.08 6.5510.07 8.44+0.08 13.4240.13 258023

Behavioral effects induced in saline-treated rals and sensitized animals by challenge with morphine hydrochloride (5 mglkg, s.c.).

* ¢ Statistically significant as compared with Control group (+
+ : Slatistically significant as compared with Tail group { +

1 P<0.05)
: P<0.05)

# © Statistically significant as compared with Saline group ( # : P<0.05)

=

100

B Control(n=13)
B Shenmren(n=11)
OTail(n=13)

W Saline(n=11)

Fig. 3.2, Behavioral effects induced in saline-treated rais and sensitized animals by challenge with morphine hydrochioride (5 mglkg, s.c).
The Results are expressed as means + SEM of the percent of time spent performing each behavioral item. Data were analyzed by
repeated ANOVA and followed by Tukey test. 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.

+ : Statistically significant as compared with Control group (« : P<0.05)
+ : Statistically significant as compared with Tail group ( + : P<0.05)

# : Statistically significant as compared with Saline group { # : P<0.05)
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