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Effects of propranolol on acquisition and retrieval of morphine-
induced conditioned place preference memories in ICR mice
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Abstract: To interfere with the drug-cue memory processes of addicts such as reconsolidation by the administration
of the B-adrenergic receptor (B-AR) of norepinephrine (NE) antagonist propranolol (PRO) has become a potential therapy
in the future to decrease or inhibit relapse. However, the relationship between PRO and the acquisition or retrieval of
morphine-cue memory is not clear. This study examined the effects of PRO on the acquisition and retrieval of memories
in morphine-induced conditioned place preference (CPP) mice model. We found that during memory acquisition period,
PRO had no effects on the expression and extinction of morphine-CPP, which suggests that the B-AR was irrelevant to the
CPP memory acquisition. However, during memory retrieval period, although PRO did not affect the expression of CPP,
but it delayed the occurrence of CPP extinction, which indicates that PRO has an inhibit effect on CPP memory extinction,
and B-AR plays an important role in modulating the extinction of morphine-CPP. Our study further improved the
relationship between drug addiction and B-AR, and proposed a new theory to help developing potential therapy to cure
addiction and other neuropsychiatric disorders.
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VS IEL SR I L ARER 2 5 2l Z il i, 3
W AT eI N S AR R Tl TP LT
TE R I L EA Y SR S M0 AZ L (B A T R
A Y59 BT B W B 0 24 ) (1) 0 BRI SRS ST
TR, XTI IE 25 BORE B RS F B i 0)8
S, O T LAk A 5T £ s (Bernardi et al,
2009; Fricks-Gleason & Marshall, 2011).

2 F 4k A7 B i % (conditioned place preference,
CPP) #5243 ik 7 42 B P 2 W (AR S ARV BR 5
IR B R (AT 1 2 A ACAZ, 7R 25
B i R PR 955 2 22355 i 3l W00k 24 40 (1) i 4 P
SRR 3, 2447 A (Childress et al, 1988). %:T-i%zh Wtk
T R, CPP L) &2 M H T o ic 12t
%% (Huffman, 1989; Tzschentke, 1998).

R, KAE RN ZTE ERR
(norepinephrine, NE) B-SZA&(tL4E By Fl B) B0
1322 (%51 /K%, propranolol, PRO)H] T-Wr 4t 4144k,
RLEE 12 (conditioned fear memory) s Ax Y F G145
Jii N 84 5 i (posttraumatic stress disorder, PTSD) %
&, A2 B DL, B s A 2R dAZ
H1v43iE (Vaiva et al, 2003; Debiec & LeDoux, 2004;
Mueller & Cahill, 2010). It4k, nJ-K[X(cocaine).
¥ (ethanol) 22 1 (morphine)i% S () CPP 5 74 th %
WY, 045 2 n] i A sl BH T RS 25 A G 2 Z il
2 1R) IR [ A 95 59 20 B0 0k 245 49 (1)« 3L Vg K B, 24

17 M (Bernardi et al, 2006; Robinson & Franklin, 2007;

Fricks-Gleason & Marshall, 2008).

HI T IRAT R 0 T8 Jm) R (0 A5 22 08 By 2840 I
(opioid) kA AZ LI R Y b, BT O
TG IZ B LB AT (AR AT ISR AR ) T AN 2,
T WA ) RO T BRI AZ IR 540 S . PRI,
ZSLIRAE /D R CPP AR A rh, Tl LK CPP A A
TH AR AIE G0 A 220 e R 75 5 ) PR BE 2 R AH R 12
(R3RAS B BB, DRI B-S2 AAAE 4 S e 24
PRSI RS AT R VR, B 25 Beis
TR 1R BRI R S I B IR R

1 #MRFITTE

11 Wz

A NHHEE ICR /MR, A 18~22 g(W H |2
I 2 B IR sh A holy), fEARAESSE TR Shi
H S E YOk, PrfE=IE . 12 h BIR/BEEAT O
HESF ) A 8:00~20:00). T3 845K 56 1 46 1 7E 52

KGN R,
12 #&

SRR HET SR (10 mg/mL « i, 775t
070802) e Ty BHES — il 25 ), 425 & A 10
mg/kg A (. p.); HER0AFZ (FH 0.9%4: B EL /KT
% 2 mg/mL) T Sigma AH], LZFEN 10
ma/kg /AT (i. p.).

13 1TAZERZE

1.31 CPPAT A  CPP AT Ay A i T~ Wy i) R~
R/NAHTF] R A~ 2546 (B0 cm X 30 cm X 35
cm) Al —S A JEAR (35 cm X 15 cm X 35 cm)
PR PR 2R AR il 5 FORR B2 3 AN TR], 23 1) A <
AR TR] (R 90 4% SO BE+RHRS (AR IS T F0 “ B
FHTA) AR 2% UM RE G PRI T 7 5 I e A
TR A IR TE, LK B P RERE . 7E
AN GAAAR 5 I AR 1R 2 AT AT LLR B I R (O FT) Y
I'T. CPP Hi# Ll BCE A i i e 1Al A, e BT
RS Sk B I SRR AR R G I 20l
SKANPIIAT IS S o

1.3.2 Z4WAHOC CPP #E8Y  i% CPP B (1 7.y
3 AELHIN ] Z AT (pre-conditioning)
(%F 1~3 R). &AFE (conditioning) (3 4~7 K)
FI4A1-4k )5 W (post-conditioning) (I K I 4, %5 8~
13 K).

1) SAACHETI: DEUEERAE CPP AT A N (FF
FIIF ) E ti%3h 15 min(900 s), LA 7843 BRI WV
NG, 55 3 RIVWIER N AT Wil s IF kAT
BAm 30T o Gevk N AR ISR 23 45 B 1
BRI (S), 35BN B A5e B IS T A ) 2658 0 P 4 P E A A
S HEVC LA, 53— AR ZEE SR K VL ACAS, Hoy
S LA/ SUTE 8547 D 46 0455 B IR [0 4 DAy 0 A 1 2%
fitlifiw 4-{EL (baseline) »

2) FAFAE: AR (8:00) 1 (20:00) % 34T —
AN, RIDCH] CPP AT W4T, /MU s
SR 2 S5 AR HEVL AR 5 B 30 min DALY
MESATAL; 12 h J5 1%/ BRI 5 [RAARA R A BE 45
IKJETBNA PR ER K L ECAE 4 81 30 min i 7 A3
EAREAA . T VA TR, 2/
BT R A G MEA AR, B g vy AR 3 R K A A
;S AE R

3) ZAAL S (R IN ) r it TR B 4¢ CPP
IFIE S il . &S 6 d, /NREERAE CPP 47 044
T TT6 ) A S S 15 min(900 s), HAEHI &Mt
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AAET R 3 90452 B2 1A I a) ()BT s, HLAMAHS: I s 1)
B FLAE A AR 8 S S M S A A R I R AH DR .
7IN Bl A UG PR P £ B KD IS ) S 2 v T ()
SRl (B, WTA A W ME S S 1) CPP a7,
1.4 WIFit
141 DAFZXHEGE S CPP Ad 23845 () 521
SATACHTINE G, /B O A (B2 =8 R),
RN 22 4 R FR R K AL O B o S A4 30 1]
FERAEMHESATAL 2 1T 5 min /N B I SO
(10 mg/kg HA T, i, p.), 7EAEBEERIKSAFAZ T 5 min
Xof /I BRI 4 S TR AR R A B R UK . p.) o SRS
SENZ R I R IFARIESEAS I 6 d.
1.4.2  DAFZXEHEGS S CPP AdfZ 32 HL 1) 521
AL G, /R 4L (B =8 ),
RTCMS 22 20 RN A2 P LR K A O IR o AEE S8 6 d 1
DUHATE], BERATIIFAE 2/ 5 min 7 BRI 5O
1322(10 molkg PR, i, p.)ECFARR AR B ER K (.
p.)o
1.5 HESHT

BT #3534 LA CPP 1) Mean + SE &7, 4
41 6 d 1) CPP {H K H H 52 I & ANOVAS 731, 41P
BEM R I 22 e R HBCOFEAS t-An 56, 2L 18] P Y LL
KHBSIREAR k050 . P geit TAEY H SPSS 13.0
SRR SE K, P<0.05 b i 25, P<0.01 K
SETE =

2 # R

2.1 LERXMBEHES CPPICIZRRE L EE &N

1A R S E PR BT 26 R A AL 2 1 5 min,
NS O 2 s AR B R K . AT IR PN
LIRS CPP(* RN ERN.: Fes 102=9.382,
P=0.000), H.#41[A] CPP [FZIAFIY IR IC 2 5 (“ R
ey 2 AL HAER: Fe, 102=1.368, P=0.235)
(H 1).

B K% CPP ikl AR E /K 41 (6
1, n=10) CPP ik 7& A% Wl ] % 1(P=0.001) .
2(P=0.008). 3(P=0.006). 4(P=0.001). 5(P=0.022)
K, RB 5 W E KT, 56 RIHR(E 1), AP
XTREZH CPP I IEH 3Rk 5 iR, 03 %4 (n=9)
CPP KX/ MM S 1(P=0.001). 2(P=0.017).
3(P=0.026). 6(P=0.014)K, i 3|t & ol ik 2 7K F,
KU CPP JEARTEHEA KT IH R RIL (B 1); {HO
3422 CPP [RIE AN IR 50t AL AR LG 2% 2

St o RIS P AL OB B 5,
VTR B AR B A X AL (3

600 - = L AR K 4] Control
i - TR PRO
- 500 F *_f:H . **ml:'ii*j‘ !
¢ s I
o 400 F
g2
a o L
5% 300
= E 200+
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oL - - - 5 5
e 1 2 3 4 s 6
Baseline o HA(d)

Post-conditioning

1 DX EMHES S CPP L Z 345 I Rk
Fig.1 Effects of PRO on the acquisition of morphine-
induced CPP memories

A I ER KA. p., n=10)CPP TRy MIIASS 1. 2. 3. 4. 5 REIL, BB 6 KR
THIR; 032413, p., n=9) CPP TRNMIZE 1. 2. 3. 6 RKiL, % 4. 5
RiHiR; HPAMLL, CPP RIARIHIRIC W& 7. RO 20
MEF 3 CPP ICIZIMARAFBAT . *: P<0.05, **: P<0.01.

The CPP of saline group(control group, i. p., n=10) expressed at the 1%, 2",
3 4™ 5" days, and extinguished at the 6" day of post-conditioning. The
CPP of PRO group (propranolol, i. p. n=9) expressed at the 1%, 2", 3", 6"
days, and extinguished at 4™, 5 days of post-conditioning. And there is no
difference of the CPP expression and extinguishment between two groups.
So, PRO has no influence on the acquisition of morphine-CPP memory in
mice. Data are presented as Meanz SE; *'P<0.05,,**'P<0.01.

22 LERIIGHEGES CPP iEIZiRENAT £

e 44k 2 5 6 d 1) CPP KLY, F/)
FURE AT I 2 T Smin JI5 i v SO 1 22 BUAR 3R K
SRR BN, o 1 R4 CPP IRIE L £ (R N
BN : Fe, 90=3.02, P=0.005); {HZ Ji7 %% K #5411
CPP ik (TR ) HL LA 3 72 e (R R4 2
HE L HAEH: Fe, 00=2.26, P=0.045; 411N N
F(1.15=136.671, P=0.000).,

PC X - 56 2 WA 31585 1 0] B4 1) CPP {H
B RLAME AR LA 2 2 e (Fe X 4546, P=0.015),
{EAE CPP ik; HATIIASE 2. 3. 4. 5. 6 R¥L
Bz, W CPP A AT 2 K4 H B 18 (K]
2). %4 WoR S CPP A Z 3R 13 A Eh A B2 /1N B
MG, Bk CPP ACAZRBUN Eh K 4/ Bl
CPP A MY IRBIAEAE, {H CPP IRIA RERD,
HAH R IR AT R A, RS E 2B R
TG I R 2

DR AR 1(P=0.009). 2(P=0.028). 3(P=
0.013). 4(P=0.010). 6 (P=0.020)x ] CPP {1} &%
re TR e A, R LTS I [R) #AEE CPP
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[PIE; 5 LRI CPPE 5% FEALAH LL G Wl 25 22 5
MAER %5 3(P=0.019). 6(P=0.018)K, W& T
TR . B CPP A AZ$R U L 322 41 /N CPP i
B BRI ] (B8 5 R)Bexd I 4L 5 (58 2 K), JHiB
ZENT B RINHI (B 2). %485 R 0 22 R T
HE CPPicZ 4 HL, $&7R B-32 44 5 il CPP 1424
BB DIARC

= A= HER K4 Control
700 w0 REHIPRO *
!&ﬂ #
600
~ 5 500f 5
z 3 %
& 400 3
a9
2 2300
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= 5 200p
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100}
0

JERBE 1 2 3 4 5 6
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B2 IR IO 223 g HES 2 K CPP IFTH IR
Fig.2 The inhibit effect of PRO during the memory retrieval
on morphine-induced CPP

AP ERKAL(. p., n=9) CPP TIlINIZH 1 R3&ik, 25 2. 3. 4, 5. 6 K
THIR; 013224 CPP (ip., n=8) T-RIMIIALE 1. 2. 3, 4. 6 R¥Kik, 5
RIHIE; RIAZE 3. 6 K, O3 %4l CPP {H B3 m T-X 4L, Bl
BZANEHIDHER S CPP IR . *: P<0.05; **: P<0.01;*: [H— K4l
CPP fH L#S.

The CPP of saline group(control group, i. p., n=9) expressed at the 1% day,
and extinguished in the following five days of post-conditioning. The CPP
of PRO group (i. p. n=8) expressed at the 1% 2", 3" 4™ and 6" days, and
extinguished at the 5" day of post-conditioning. The CPP of PRO group was
significantly higher than control group at the 3 and 6" days of
post-conditioning. So, the treatment of PRO inhibited the extinction of
morphine-CPP in mice.*:P<0.05; **:P<0.01; #the difference of CPP
between two groups at the same day of post-conditioning.

3 it it

SAAACAZ TR R — A R A R AR AR R AL
AT IR 51 RS ANAA S A S5 L TR JEE R 43 3 [ A1
[r)ikFE(Maren, 2001) . H 1% 7 1R ML HIA P9 R RS -
— BN T 1B AN R O] JRUE 4 A OoR A 4
T ORE A 1 [ 2% 2 (unlearning)”, EAAER T A
B2 2 I RE Rk R IR 2% 2], R B (1 4%
PR 2E 2 IR R A 2B R (Myers &
Davis, 2002; Delamater, 2004); 5 —fi#RIA N i
G2 A B B AR B (Mao et al, 2006).

2 A AR v R o R i R Rk T
ELIEFH (White, 1996). A3 T AE 9 A 0

R4k # (status epilepticus) ] % £ 4 CPP () 4
SLAHASE W e CPP (K HEAT, $27-B v S8 244 i
W25 H B 252 AR EE N A R, 1X 2Kl
A Pl 2830 B N T _F W] RE LG RRE B (Zhang et al,
2009) . 7552 ZAIZ AR AT (JF) L Bl g5 7,
TERE 5 AT R 2R Pzl AL R 2R IE K s, (HX
FCIZ TR AR B AT 4, AT R Tk
VAR N T A AR TR AR N E R D2 A
(Fricks-Gleason & Marshall, 2008). 24 715iE 2% ) #
18, T ANHE R T8 s 12 1) g 7 A
IHid 2 B o A HRAE N A e ] -R 55 CPP AR Y
b, CAZ SRS T O 2R 1A Z R PRI
i AE 5% 4k W4 3B (Fricks-Gleason & Marshall,
2008).

TENGMES PRI, 200 i MELL B () Bk B T
ZYWIULRCAR b, N 1 25 PR B 2 AL 3R 1)
)2, A TN GRRR & AT IR 4 1K),
KA, B4R % #5 E CPP 8+ I i 4 il
P ER I I TH) T (AN BIE T 6 1K) o AEIX PN IS TR 7
BATo S B P AT AT A0 B, FERI 5 2 ) )
CPP IR IEFITY IR K 54045 22 5 LA ANdAZ IR
THIR R LA T, AT, O
f34cl CPP RIS FI IR 55 0 A LU A A I
25, IO L AN L2 3R 4T, AEd 12 132
WO, 0152 BARAE W HE CPP [ 3KIA, (Hay
LASEZE CPP R H BLINS ) i 5 sk CPP 31
B, RO R EL, RN $E 7~ 7E i1l
LT B-2 ARG i mE CPP 12 (IR 5
WA, HET, AT CPP IR UL iR A e
Wi CPP ACAZ A AL A i DL, TR CPP IR Y
e ] ER N HE A A A IR AZAH R I 2 AN AT L R 2
532, Banid 2 rr oL sk, Bl A &
TR Bk 59 55, AHAANHERR P4 0 W IR 4 FH sl e
AT RERIALE o

G 00 S 1) S5 2L /) B A Pl SR 4 0 25 B 2
[ g HEPCECAS, RN CPP 3Rak . fRBEALI
I, B S T e R R ) PR 4 R (AR AR )
oo 5 3 CPP 1Y W iR (Davis et al, 2008;
Fricks-Gleason & Marshall, 2008; Wang et al, 2010).
TEABEFTCAZIRAF A I LI v, 0 HEZH /) B
HE CPP [ SR A R, Ui WX FE 4H /) Bl CPP
BRI T AR O RGN 22 542 T-3)4) CPP
B FVH AR 1 TR) B A6 . TR H IR IR ) 55 L A 3
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S, AL/ B CPP & IA MY I (AR 20 th AN [H]
(B 1, 2). FRATHEDN CPP IR 1) 22 7 ] B 55 525 1)
PAERRIP A G KRBT FR I, NIEORs B i
# (Glucocorticoids, GCs)fg W sk iciZ 13k +
A2 3 EL (De Quervain et al,1998; Shors et
al,1992). Kltt, ASEG AR CPP il {4 3R 13 B A2
FUVES O A2, )/ BRBEAT HTCHR R S 48 N S o)
WOAT e )tk A s/ B CPP VIR, M5 1
PRANSIIG 0 PR ZH /N B CPP IR 1 22 5+

A TR IO % BEAE T 4% A ka2 12
(DL, AT IR CPP f3iE (Fricks-Gleason &
Marshall, 2008), TMiAHE TN, SEEUHOE 240
il CPP [FHIE o WFFTE, I 2 S vl B A T4 S
T 23 8 AN AN F B2 38, RS B A
WpeE Al Ak, a2 BT UER M, NI GCs
BPAC T2 3R AT T B i ) 22 5+ (De Quervain et al,
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