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Molecular mechanisms of nicotine dependence and relapse after ethanol vapor
inhalation
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Ethanol (EtOH) and nicotine have been frequently reported to be co-abused in
humans, because EtOH and nicotine are legal and readily available. Several studies have showed that
aﬁproximately 80% of EtOH-dependent people are smokers and EtOH use is a risk factor for nicotine use.
The present study investigated whether the development of nicotine-induced place preference could be
modified by exposure of EtOH vapor inhalation prior to nicotine administration and how RyRs participate
in the sensitization of nicotine-induced place preference in mice after continuous EtOH vapor inhalation.
These results suggest that the facilitated nicotine-induced place preference after 3 days of withdrawal
from EtOH inhalation for 6 days is due to up-regulated RyRs-2 via a 7 nAChR activation in dopaminergic
neurons of the posterior VTA.




(EtOH) nicotine
EtOH
2~3
EtOH
90 %
nicotine EtOH
EtOH EtOH
EtOH
nicotine EtOH
nicotine
EtOH
nicotine
nicotine
EtOH
dopamine
EtOH
nicotine dopamine
dopamine
EtOH nicotine
EtOH
L
Cavl.2 Cavl.3
Ca2+

ryanodine receptors (RyRs)
Ca2+ Ca2+
(Ca®* -induced Ca’* release : CICR)

RyRs
nicotine
RyRs
Q) : 6 8 ddy
(Japan SLC, Hamamatsu,
Japan)
(22+1 ) 8:00
20:00 12
( MF; )

( )

(2) EtOH

EtOH: Goldstein
EtOH (10-16 mg/L) 4
6
EtOH
EtOH
pyrazol (68 mg/kg, i.p.) 1
1 EtOH
(3) : EtOH 4 6
3
nicotine
conditioned place preference (CPP)
Pre

nicotine (0.1, 0.3 g/kg, s.c.)
conditioning 2 sessions
neuronal acetylcholine nicotinic
receptors a7 subunit (NnAChRs a7)
methyllycaconitine RyRs
dantrolene conditioning
30

. EtOH
nicotine

(4) Western blot
EtOH 3

SDS-PAGE

anti-RyR-1
anti-RyR-3 12

anti-RyR-2

() :
pentobarbital (50 mg/kg, i.p.)

21G

0.4 % heparin

(Aventis Pharma () )
40 mL
40 %
paraformaldehyde PBS
20
24
50 um

1 % bovine serum
albumin (BSA) 1

1%BSA 1000 nAChRs a7
RyR-2 TH
1 20 °C 2
PBS 10
3 1% BSA 200

cy3 fitc IgG



20 °C 2
PBS 10

(6) : +
(mean £ S.E.M.)
Tukey’s multiple comparison test

Student’s t-test

EtOH 4

EtOH 4
EtOH 4
nicotine
CPP

(A) EtOH IF B ki ERS
180

160
140

Preference for drug-
paired place (s)
- —=
B O @ O N
© o o & o
PR T TR R

[
[=]

0 4
Nicotine Control EtOH inhalation for4 days
(mg/kg, s.c.) 0 01 0.3 0 01 03

(B) EtOH B {fiTiEig
180
160
140

==
(=1, ]
o o
L

80
60
40 4
20
0

Preference for drug-
palred place (s)

. B Control EtOH inhalation foré
Nicotine "™ 93" 03 ™ 01 03
(mglkg, s.¢.)

1 etoH IETIE (25115 nicotine RN OEAZT
EtOH

EtOH
(0.1 and 0.3 mg/kg, s.c.)

nicotine

1A) EtOH 6
EtOH
EtOH
EtOH
nicotine
EtOH

nicotine (0.1 and 0.3 mg/kg, s.c.)

EtOH
nicotine (0.1 and 0.3 mg/kg,
s.c.)
(**p<0.05 vs saline

conditioing) ( 1B) nAChRs a7

methyllycaconitine (0.1, 1, 3 pg/0.2
uL) conditioning 30
EtOH
EtOH

(A) EﬁEBﬂE{ﬂ.ﬂﬁdﬁ?

160 4

Preference for drug-

palred place (s)
R =R
e e o o o o 9

=

EtOH inhalation for & days
Methyllycaconitine &3 3.0 o 0.1 1 3
ABaT:2 o Saline Nicotine

(B) BEBIEMHETT (0.3mgikg, s.c)
180

160
140 A

*k
120 A
100 1
80
60 4
*
40 A
20 4
04

EtOH inhalationfor & days
Methyllycaconitine - 3.0 - 0.1 1 3
(hg/0-2 ) Saline Nicotine
(0.3 mg/kg, 5.c.)
B2 EtOH ST ISR 3R CH11D nicotine ERIERMENFD
808 | " S RIS L TF BRI I SO nAChRs o O {531

Preference for drug-
palred place (s)

nicotine
(A) EtOH Sriki&kiriises (B) #hE&E3IAH
RyR-1 RyR2 RyR3 RyR-1 RyR2 RyR3
=l T s e | e e | 0000
pactin] = ww | w— v [ [ 200 Practin] e | —— | o= |00
200 200
150 150
E E
£ £
3100 2 100
5 5
a2 B
50 50
0

Cont EtOH Cont EtOH Cont EtOH
Withdrawal for 3 days

i3 Cont EtOH Cont EtOH Cont EtOH
EtOH inhalation for 6 days

(C) RAFFRE
RyR-1 RyR-2 RyR3
- < == |_s00k0s
Bractin | e e | w——] — - |s2i0a
200
s 150
a‘é‘ *
3
P
° 100
E
50
0

SAL Nicotine SAL Nicotine_SAL Nicotine
Conditioning
Ed3 eroH BHRIKTPESET, AREFSS LU nicotine SEFEHARITL S
SN ADIRIREETF (85135 RyRs DI

methyllycaconitine

(p<0.05 vs vehicle-nicotine group:  2B)
methyllycaconitine



( 2A)
EtOH
RyRs
EtOH

RyRs (
(A) BirSBER MHEEET
180

160 4
140 4

=
L
=
o
—

=
=]
=]

80 4

paired place (s)

Preference for drug-

EtOH inhalation for 6 days

Dantrolene
(1g/0.2 ul) = 0.3 - 001 01 03
Saline Nicotine
(B) TEEBREAETF (03 malkg, s.c.)
160
140 -
& 120 - |
iz
5 E 100
22 80 -
52
£% 604
a 40 -
20 4
0 A
EtDH |nha|atlon for 6 days
Dantrolene . _ 0.01
(ng/0.2 pl)

Saline Nlcotlne
(0.3 myglkg, s.c.)
B4 EtOH & f£ ik FEIS BB 3B 85115 nicotine s5FEIRENHRD

(A) TH (B) af nAChRs

(C) Merge

15 B 2R 8 MHEETF ) dopamine #HEW B % nAChRs a7 DJFE

3A-B) EtOH
nicotine

RyR-2

type-1 -3 RyRs

( 30)
RyRs dantrolene (0.01, 0.1,
0.3 pg/0.2 plL) conditioning 30
EtOH nicotine
EtOH
nicotine dantrolene
(p<0.05 vs
vehicle-nicotine group: 4B)
dantrolene
( 4A)
dopamine

TH nAChRs o7

TLLE

|6 HEE IR l#=3 0 dopamine il B} % RyR-2 DRAE
RyR-2

dopamine TH (
5A, 6A) nAChRs a7 ( 5B)
RyR-2 ( 6B) (
5C, 6C)
EtOH
nicotine
nAChRs o7
RyR-2



6

Kurokawa K., Mizuno K., Ohkuma
S. Sensitization of ethanol-induced place
preference as result of up-regulation of type
1 inositol 1,4,5-trisphosphate receptors in
mouse nucleus accumbens. J Neurochem.
131: 836-847, 2014 DOI:
10.1111/jnc.12945

Kurokawa K., Mizuno K., Ohkuma
S: Increase of type 2 ryanodine receptors in
mouse nucleus accumbens in the
development and expression of
morphine-induced place preference. J
Pharmacol Sci. 126: 285-290, 2014.
DOI: 10.1254/jphs.14147SC

Kurokawa K., Mizuno K., Ohkuma
S. Dopamine D1 receptor signaling system
regulates ryanodine receptor expression in
ethanol physical dependence. Alcohol Clin
Exp Res, 37: 771-783, 2013. DOI:
10.1111/acer.12036

Kurokawa K., Mizuno K., Shibasaki
M., Higashioka M., Oka M., Hirouchi M.,
Ohkuma S. Acamprosate suppresses
ethanol-induced place preference in mice
with ethanol physical dependence. J
Pharmacol Sci. 122: 289-298, 2013.
DOI: 10.1254/jphs.13056FP

Mizuno K., Kurokawa K., Ohkuma
S. Regulation of type 1 IPs: receptor
expression by dopamine D2-like receptors
via  AP-1 and NFATc4  activation.
Neuropharmacology. 71: 264-272, 2013.

DOI: 10.1016/j.neuropharm

Mizuno K., Kurokawa K., Ohkuma
S. Activation of GABAA receptors
suppresses ethanol-induced up-regulation of
type 1 IP3 receptors. Synapse. 67:51-55.
2013, DOI: 10.1002/syn.21610

6

Kurokawa K., Mizuno K., Ohkuma
S. Implication of calmodulin in nucleus
accumbens in the development of
sensitization to ethanol-induced place
preference after chronic ethanol treatment.
The 88th Annual Meeting of the Japanese
pharmacology society. (Nagoya Congress
Center, Nagoya, 2015.3.18-20)

Nicotine EtOH
L Ca®"
24
44

. ( b
2014.11.20-22)

ca”™ (

).

2014.10.3-4)
nicotine
ryanodine . 23
43
A
, 2013.10.24-26)
ca*
( )
.
, 2013.10.4-5)
nicotine
ryanodine

. 123

( ,2013.7.12)
0
o) 0
o) 0
@
KUROKAWA KAZUHIRO
30454846

@
©)



