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K B g iZ A8 (Z 5 (T B Nicotine REIE T ICfES L &Y
EBAKEM Ca? Fv > XIVOBEBEZT{LICOWT

EAN 2

MR N DIEIRE nicotine REAEE (0.1 1M, 7285R) ICKAEMKHFEMH Ca? F v
> xJV (VDCC) # KU hE4 nicotinic acetylcholine (nnACh) 2R{ADEEET(LIZDOW
THREE~Y ) AKBREHEME (EHR) BV THREL A

30 mM KCIHRLICFF 5 MIZMRRAAND [®Ca?] KA, MO nicotine DU
BEMESSCRBREREMICHEMUE. £/, 0O [ Ca?] FARIL nicotine BERI1L24
BRI ICRAEMERL, ZOH728FE T THEKEL 7.

0.1 uM nicotine D72BFFRE (C & 2 WFEMBEBAAND [© Ca?] FAEMIE, nnACh 2
BHFBEEFETH % mecamylamine DEFTFTICHEVTRLICHHEI S RH#IC, LE
VDCC [HEZ T & % nifedipine DHFETTHIFI S hp, NEES LU P/QE VDCC
ERTIIMEIch&h >/ O nicotine LIF(CLV) [PH] verapamil & (2#ML, L
76 OFEEHEMIE Bmax fE ([PH] verapamil &%) OEMICERATZHDTH
W, —7, Kdff ([*H] verapamil (Zxf9 2 EF0E) (CIEZZILH & H > F=. Western blot
$ & U Nothern blot ;% T3 L 2 VDCC a1C, alD, olF & & 02/81 subunit ()FEIE 5 1
mLzd, ThEhP/QEELCNE VDCC, alA LU olB subunit (CDWTIFE(E
PREHShE P>, £/ LE VDCCB4mRNA OEREBELT(LEEDHShish - f-.

2SR O nicotine BRFE(C LV [*H] nicotine A DMMAEL, ZDHMIF [(PH]
nicotine 55 M Bmax fEOADEMICLZHDTHY, KdEICIIEEFABHOhEH -
7=. & 5 (Z Western blot 3%(C & 24545 5 Z O nnACh 2 &k subunit TH 3 04 5LV
B2 subunit DML FE & h /-,

nnACh 2REDZELIZ DL TIE, Western blot 355UV T, od 35 LT B2 subunit DF
BAEMU 724%, o3 subunit (COWTERELIBHShEH - /-

UEDERDS, HEMHREAOEIRE nicotine KHABRE (C LY nnACh ZRED up-
regulation & &£ % (C L & VDCC @ up-regulation A4 L, Zhick Y @BHBEARAD
[*Ca?] RABMHPERZZEEZSN 3. CPB4% 2 26 H %2 8)

Long-term Exposure to Nicotine Induces Up-regulation of L-type Voltage-
dependent Calcium Channels in Mouse Cerebrocortical Neurons.
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on various types of voltage-dependent Ca? channels (VDCCs) and neuronal nicotinic ace-
tylcholine receptors (nnAChRs) were examined using primary cultures of mouse cerebral cortical
neurons. Thirty milimolar KCI stimulated [*® Ca?] influx into the neurons increased with
increase in the duration of nicotine exposure and its concentrations. The maximal increase of KCI-
stimulated [% Ca?*] influx was observed 24 hours after the initiation of exposure and thereafter
was maintained up to 72 hours, at which time it was completely suppressed by mecamylamine, an
inhibitor for nnAChRs. The KCl-induced [*° Ca?'] influx observed after long-term exposure to
nicotine, which was sensitive to nifedipine, an inhibitor of L-type VDCCs, was facilitated while the
[ Ca?] influx through P/Q-and N-type VDCCs showed no changes. Moreover, enhanced
immunoreactivity against antibodies for «1C, a1D and o2/81, subunits of L-type VDCCs was
recognized, whereas no changes in immunoreactivity against antibodies for a:1A and 1B subunits
of other types of VDCCs were noted. In addition, the expression of mRNA for L-type VDCC
subunit, 0.1F, was also enhanced, although B4 mRNA expression did not change. Up-regulation of
o4 and B2 subunits, but not a3 subunit of nnAChRs, was also noted after the nicotine exposure.
Taken together, these results indicate that long-term exposure of the neurons to a low concentration
of nicotine induces both increased [** Ca?'] influx through up-regulated L-type VDCCs and
nnAChR up-regulation. (Accepted on February 26, 2002) Kawasaki Igakkaishi 28(1) & 43-258, 2002
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TEHEVE 3 4 OB Ca® F v ¥ RV
* = (VDCOBHEFEANC I D HH SN DL Z L2 b,

Fp A% B nicotinic acetylcholine (nnACh) %%
R PR MR AR EY E T dH 5 acetylcholine
(Ach) % nicotine 72 &IZ X B iGMEALIC PRV, FE
% DA F v EHIBNNRASE S Z DML
nTwa?2 F7:, mACh ZHEMEKIE S DD
subunit THERL SN TH VY, ShEaREL %B
T 5%, AHAEERIC 3 T nicotine

XA BB E AL, Ca® &l
HOTLHEIZ X ) MN~D Ca? i ADE S
napYY, ZoMBEMIICE TS Ca? ElE
DTLHEAS, nicotine DKM & L TRLE
TR B, B, ZRIMMEET, &
WIET, BERAALEREZFRTHLEEZLN
Tw39 7, F72, mmACh ZHEKOEELIL,
ACh, dopamine, y-aminobutyric acid (GABA),
serotonin 7z & O MR EW B L D
fRHE % A L 7o AR i A R RE D ZALIC B S5 L T
BV, O nnACh ZEEKOMREIREY H

glutamate,

VDCC %% nnACh ZFARDIEMEALIC X 5 Wit
EWEHHOIRECEERREEET DAL
5F, MRMBEEORSBICEIVFREIND
VDCC B I 1% nnACh o i 3 4 i 1% 5E > 15 £ 12
LEETH L REIRESNLZY. BEOW
B D W T, {KIEEE O nicotine 12 & % K
] ® nnACh Z ARG, RLRFRIEH
S %N R EE M peptide TdH 5 dizapam
binding inhibitor (DBI)Y D3sH M % FHHT %
S LAY AKBEE B L ORI 7 A KB
BB TRDO LN, Lard IOt
ALBVDCC 2 A L72EfLTH B0 L) H
ENPSIEFRHINLIDDLEZZOLNS.
nnACh 754K % HE K 3 % subunit o FEH G
2} 133 nicotine @ &AMk R X OVEMAEH 23,
nicotine ¥£ i 12 & S 1L 5 nicotine i ¥, KAF B
FUBEIEERORBUCHESG LTWwDH EER LN
5112 I~ ORI EE nicotine O 1l
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nnACh % 4K D a4/B2 subunit ¢> up-regulation
BHETEELHPY . ZKIKO nicotine |25t
TAHARBBIET TSI EFHFEIATY
%19~18) = ¢ nnACh % %8 & up-regulation |3
nnACh 5 1K agonist |2 & 5 Z 5RO BIKAEIC
ity HREEEEEZ SN, Zhbn
F— 795, K nicotine DEMBEZEOOL
I2A 5N 5 nnACh ZER ORI TIZF 1
nnACh 5 1K 04/B2 subunit O & FEZ LI KK
LCWABWMREENE W LSS,

FTTICEE LI, BEMEERA~ORHH O
nicotine BEFE 2 X 1) 30 mM KC1 Hll#ctd [4° Ca 2]
WMADEME#HRE L TBYY, ZOEBRBEEH
5 RMICH 722 nnACh ZEMKEMHALIC X 5%
BHROIEZILIZ, nnACh ZZE & BRI
B9 % VDCC #RREASREME LTI T 3 5 ] Rk
EREZOND, LHALEDS, EdRoLHT
\2B1F % VDCC DHEREAI AR IIE L COME
EtaicirbhTwiv, RKifge T, RigeE
nicotine % R L 72 AKE~ 7 A KM
B e 2 B v, nnACh 3 24K 0 Rk 19 15
AL ICHERE S 5 VDCC D¥EEEZE L o 3540 % B
LT A E R RAM.

KRG ES JUERMH

1) KW BRI O Bl B X ORIt R
KR B AR O BBl 3 & VDA RS 281X B
HRICE LTI 22, ThbbIEkISHB®
ddY R ABE»OHBEEL ML, fHEz
Bk U722k, B5JJICCHILI L, trypsin ALER
TS b N7 MR RR A WS & O R E (900 xg, 4
C, 24) ZMzkExB. BELMRE
poly-L-lysine % R /L& L 7= 85 &I C, 15%
Vg R &4 Dulbecco’s modified Eagle’s me-
dium (DMEM) & & 12, 37T, air 95%/CO,
5%D&MHTT3HMERZLA., DV TlouM
cytosine arabinoside 3 & U'10% 7 < iliE * & &

3 %5 DMEM HC24REEE T2 2 & 12L D,
A DR 2 P L 7=, 208, 100%™
< [iiE &4 DMEM HIZ T ERE D4t & Al —4

T CREE R MR L, BRI 4 HEBICHEE S
10% ™ < fli% &4 DMEM (25 # L7-. & B,
TIEMR ARG 22 & 5, RIS W74
RaDI5S% LA LS MIfaTH 5 2 L SRR S
Twa%,

2) Nicotine D EHjIR &

FAEMI L~ D nicotine FHBEFE I L 5 VDCC
BEREEILIZ DWW T DOMEHZ, Hank’s solution T
% L 72 nicotine % EIERFEMIIFMT 5 2 &
TATo 72, REZMETDH % nicotine D51 %
\} % 72, nicotine {f§ 1 % nicotine & & b o #
R OB P IZBEE TV, nicotine &
AREWIIEH2CH L2, ABFZETid nicotine
FEUR TR & R RAE & LT L7, Me-
camylamine (1 uM) DML, nicotine FEHN D
5 7 RiIZAT o 72,

ARAFZE TH V72 EB 54 T T, nicotine
(0.1 uM) D AEM B ~ D720 I O ME T 1%, Hi
AL A S O lactic dehydrogenase (LDH) i H
H%E L trypan blue 12 & A EEHEMRERIC L 5
a2 o, MBEEEEZRE LW EAMHRER
nz:.

Nicotine #KfF~ 7 A D/EBLIE, 4 E30g D
ddY R~ 7 A (Japan SLC., Hamamatu, Japan)
Z 1 E SR L KIZ X ) #FH, nicotine
(1mg/kg) # 1 H 3 M, 7 HMETEST S
ZEWCX D EB L /2. B # nicotine X 5 4 B
BRI A2 WE L CRMEE2HH L,
[® H]nicotine 35 & 1 [®H] vepapamil % & FE&
DML T 2ERES 2 ERL Y. 2E,
nicotine A G L 0, <7 RITIFKERD,
PEitsghn, EBEEML EFRO LN &2
5, AAFZETHT - 72 nicotine D EHIX 512 L b,
~ 7 A2 nicotine IKEDTEH I N TWVHH D
LTINS,

3) [®Ca?] MARDHE

M~ [*Ca?] HABDWZEHEIZ
BHICHE LTI 722, $hbb, fikikz
20 mM Hepes % &4 3 4 Ca *—free Krebs-Ringer
bicarbonate Buffer (KRB-Hepes : 137 mM NaCl,
4.8 mM KCl, 1. 2 mM KH,PO,, 1.2 mM MgSO, *
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6 H,0, 25 mM NaHCO;, 10 mM glucose, pH 7. 4)
T37C, 104 8 @ incubation % 1T - 72 f&,
P 72 Ca 2*-free KRB-Hepes [Z3¢#t L, 2.7 mM
CaCl, - H,O (1.0 puCiof [* Ca] Cly/dish) % 55
MR L CRIBZ R L7z, 37CT240H
@ incubation % 17 o 721%, [*Ca?] #&H T
RIS ERTIBEL, & 5I12keLk2.7
mM CaCl ,& % KRB-Hepes THi#EHIlE % 5 H¥%
# L, 0.5MNaOH |2 & ) 5522 M2 & i
FHEEL 7. FELVOREETHAIL, Mk
WIZHEA L7z [ Ca?] Rt abisth & itk s >~
FlL—varvhvry—THlELZL.

30 mMKCI, nicotine B & U' Bayk 8644 (X
[5Ca] Cl,& [ BFIZ M L, VDCC fH & 313
(% Ca] Cl,0 158 FZAM L 72,

4) [3H] Nicotine 3 & U [3H] vepapamil #
e

[3H] Nicotine 3 X O [*H] vepapamil %

WA ERIZ, <~ AR E MRS
VRS L 7- BRI 43 % Fl W CTAT o 72 e %
JK#5 L7z phosphate buffered saline (PBS : 137
mM NaCl, 2.7 mMKCl, 10 mM Na,HPO,, 1.8
mM KH,PO,, pH7.4) T 3 M L, KimlL
7250 mM Tris-HCl buffer (pH 7.4) & & ®IT8%
FM A O MREMZ #HEL, > T Polytron
homogenizer T {E # L 7z homogenate % & /[~

(48000 xg, 4 C, 204%) L7=. o.M
AEREDEST LK, MEERICHENT
LR S EER L2, 50 B
-80C FIC24BFHI DL LERE L, BB GER
BICE L, ERRo®.0IC X 3 3iEEREZ 3 [
7w, EBRIZHE L 72, Nicotine JKfE~ 7 A DK
xRz B & WA A ERR D MR 0% E & [
o B cBR S 2 ER L 2. PH]
Nicotine #% 492813 Zhang and Nordberg 5 D)
PNV OMIE R INZ TIT - 72,

R 42 iV 72 [ H] nicotine # & FEEIZ
PR TiT o7z, $4bH, 5nM [PH]
nicotine % & A 3 450 mM Tris-HCl buffer (pH
8.0) H1T60% 8 @ incubation % 4T - 728, K
% L 72 Tris-HCI buffer 2 ml % JUS R AR

(%528% 175 2002

HI LX) S EEILSE, ZORRHEE T
¥0.3 % polyethylenimine solution T 5 I [ %
18 X 47> Whatman GF/C glass filter T8 L 7.
DT glass filter % 7k L 72 Tris-HCI buffer T
3EPEE LD, glass filter 125 3 % Bgt
WEEEWEY v FL—varhy vy —TlllE
L7z, 2B, HEEBRRIIBIT S USHEEZ
1ml & L7z, F72, [*H] nicotine o % FMHH4
A1, 1uM cystine fFE FICBWTH LN
R VRS &8 % cystine JFHFEAE T TH O
BEAEMPOELFICIEICIVERLZ.
Scatchard f##T 13 4 @ [®H] nicotine ¥ (0.2
~20nM) @ [3*H] nicotine D FELE T IZ Lk &
FROBEEREITH) LIV RONIZT—
¥ ERWTITo 7.

[*H] Vepapamil #& & E BT B IC# LT
7o 7-. BRE45 % 5nM [®H] verapamil % &
A3 % 2ml ®50 mM Tris-HCI buffer (pH 8.0)
L Hi22 T, 604/ @ incubation %475 7= D
%, JK#% L7 2ml @ Tris-HCl buffer T It %
fZ1k s, RIS % 7 0. 3% polyethylenimine
solution T 5 W [ 2 {# X 4 7z Whatman GF/B
glass filter T L7z, S 51T, glass filter 2K
% L 72 Tris-HCl buffer T 3 [ ##& L 72D H 12
glass filter # ¥ ¥ F L —2 3 YN TIVIZEL,
Wk v FL—3a vy vy —Tfilter II5%
3 oM eESEr e L PH
Vepapamil DFFSR KA & 1%, 10 UM verapamil
FHOTE S M-I REA A& % verapamil
FGAETTHONTBREEGEIOELIIVWTH
W L 7=, F 72, Scatchard f##7 (3 4 © iR
(0.01~8 nM) @ [3H] verapamil fF1E T {Z[Fl
EBFETHELNT—7 2V TiTo 7.

5) Immunoblot |2 & % nnACh Z&kE L O
VDCC il

Immunoblot #: {2 FH v 5 2% F1- L Rl B e
LU T O ETHIH Uz, Bl % ok
L7:0.15 MNaCl 8T 5 BE# L, S 5124
C D %M T T 6 % trichloroacetic acid % & 9
%0.15 M NaCl TREE L7z D bREE L 5 # 8
L7z, ZoiEE&E L (10000xg, 4T, 5%°)
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L Cpellet #E® L7, Z o pellet k& L7
50 mM Tris-HCl (pH 7.5) Ti## L, sample
buffer (4 % sodium lauryl sulfate, 12% B-mer-
captoethanol, 20% glycerol & 4100 mM Tris-
HCI, pH 6.8) Z &M L &K AEEH0.2 ml &
AHE)TELI-OLBREL, BEMEBRE, 3
S OE WL, EOEE (10000xg, 4 T,
6057) ZMEKRATV, 35Nz B ZERICftd
% FT-80CCHRAEL .

5/20% gradient gel (100 X 100 X 0.5 mm) %
A>T SDS-PAGE 7" VB & k& (20 mA, 90
3 %47 o 721, semi-dry B! transblotter (160
mA, 60%°) T#z 5 X 4 72 nitrocellulose f&

(NitroPure, Osnimics Inc,, Westborough, U.S.
A) ZPBS CI#L, 1%V YMET VT3
> %A Tris buffered saline (TBS ; 0.15 M NaCl
& 420 mM Tris-HCl, pH 7.4) TRE®%E L 7.
Z O nitrocellulose f&1Z nnACh 224K 04 - o3 -
B2 subunit 3 X L - N - P/Q # VDCC a1 su-
bunit, L% VDCC 02/81 subunit {Z%F3 % §ifk
4 CT—MRIS &7, 0.05% Tween 20
TEHTAHTBS T4 REBEHFL, X5ITHTY
¥ IgG $ifk (nnACh % 21K © 1/2000 85 75 )
LHY F IgG Hifk (VDCC @ 1/25001% % )
ZRISSE, KBEh-EBABRO ML
prestained buffer (ethanol : acetic acid : H,0 = 4

11:5) TH#E L, coomassie brilliant blue T
ol 7.

f# 5 M7z nnACh Z&F K B L OF VDCC @
subunit > immunoreactive band @ %t & & BF i3
ImageMaster 1D Elite software (Amersham Bio-
techs, Buckinghamshire, England) |2 CT#gHr L
72

6) L#! VDCC olF 3 X UF B4 subunit cDNA
DR

L & VDCC olF B X U B4 subunit cDNA (&
ZNZ N subunit ¢ oligonucleotide (alF, TT
CGACTCTTGTTGGGTCTTG and TCAAAGCGG
GAAAGAATAGA : B4, CTATAAACTCTCATC
ATTTCAC and TCATAACGGGTTGCACATAC)
% vy, polymerase chain reaction (PCR) 12

&) <7 22 cDNA 20 5 B % 17122927,
3 5 M7 PCR EEW I EcoRl 7 ¥ 7 ¥ — % i #%
&4, pUC18® EcoRI 4 M IZHF A L CrER
L7z,
7) Northern blot {3:{Z & 5 mRNA Ol &

FREAI N % K L 72 PBS (pH 7.4) T#i
LZDOBH I #ILA S #) 8 L, FASTTrack™
isolation kit % F V> C poly (A) *RNA % 48 L
7210, K B VT ALl % oligo (dT) -
cellulose affinity chromatograpy (Z:& i L C poly
(A)* RNA 2458 L 7-.

RNA blot hybridization & Bf # (2 # U T
fTo79 F4bb, %% poly(A)* RNA %
formaldehyde & 74 1.1% agarose gel % JH\7- &
RUkBTH ML DB, gl % ethidium
bromide THefs L, UV B4 T T RNA o band
ZHEFE L 72, DWW T RNA #% nitrocellulose i |2
20 x standard saline citrate (SCC) % i\ capillary
blotting {EIZ X W B X ¥, BRENT45Thbh
72 Z & % ethidium fluorescence THEZE L /2. <
7 A KB B 7 & i E L 72 cDNA O IFF D%
#% 12 1X[0-*2P] dCTP, random primer 3 X OF
Klenow W v # H \» TAT o 72, F 72, PB-actin
mRNA |2 2 W T &, Biosystems £t #! ¢> DNA
synthesizer {2 & O & % L 7z B-actin @ antisense
oligomer (AGGTCTCAAACATGATCTGGGTC
A) % terminal deoxynucleotidyl transferase %
A v [0-%P] dCTP THE#H L 2. K T
baking L 7 nitrocellulose & %50 mM sodium
phosphate buffer (pH 7.0), 5X standard saline
citrate (SSC), 50 mg/ml salmon sperm DNA,
1 X Denhardt’s solution, 30% formamide, 10%
dextran sulfate 33 X O [*2P] labeled probe & &
$12427C, 24K O hybridization 175720,
0.2x SSC £0.1% sodium lauryl sulfate "C50C,
2 BRI L7z, 8 5 N7z band O SR E
{Z Fujix BAS 2000 System (Fuji Film, Tokyo,
Japan) % F\WVCHllE L7-.
8) EHEDER

MM E EFNABEHEIZ Lowry 507
ER R, vVIMET VT I v e EEY Y b



48 Ny

LTl L7z,
) At

B 5N HIZ T T mean =+ SEM. T/RL,
VRt A BEEOBEE, TN ZFhoBIRE#EL
TREHEIC L DT 7.
10) #¥E

[ Ca] Cly (0.3511 GBq/mg), [®H] nico-
tine (3.02 TBq/mmol), [3H] verapamil (2.81
TBq/mmol) % New England Nuclear (Boston,
USA) X0EEAL7Z. $innACh ZHK 03 -
o4 + B2 subunit FLA B X P Y F 1gG Hifk iz
Santa Cruz Biotechnology Inc. (Santa Cruz,
US.A) OBE AL 7. HVDCC Hifkix
Almone Labs Ltd. (Jerusalem, Israel) 75 AF
L7z, T/, Mo F ks L0
picoBlueTM immunoscreenig kit {% Stratagene Clo-
ning Systems (La Jolla, U.S.A.) X ¥, Nifedi-
pine | Wako Pure Chemical Industries (Osaka,
Japan) X ¥, ®-conotoxin GIVA (0-CTX) B
X 1% w-agatoxin VIA (0-ATX) & Peptide In-
Inc. (Osaka, Japan) X ), Gradient gel
(5/20%) 1% Atto Co. Ltd. (Tokyo, Japan) X 0
BEA L7z, EBRICHER LRI R OB R
- AAVAN

stitude,

X B B R

1) Nicotine £ HABR % 1 X 2 # A L~ D30
mM KCl #F%#W [P Ca?] A

H %A B~ 90. 1 uM nicotine Bg % |2 X 530
mM KCI %M [P Ca?] WADEAIIDOWT
st L7-. 30 mMKCI %M [ Ca?] A
1%, nicotine BFERFICEAE L THMLTED,
Z @ H§ & nicotine BE ¥ BH 1A 224 B ] T
plateau |25 L, 728%R & CRkki L7- (Fig. 1A).
—%, A [®Ca?] ¥ AL nicotine D FEfE
BEICL->THRERZZIT o7,

Figure 1B |Z773 X 9 |Z nicotine 721 ] I &
414 F T i nicotine i BE | Z4KFF L T30 mM KCl
FHRME [(SCa] WADBMAR O S5 1, 0.1
UM TZ Dt AR plateau (ZE L7z, £/, 3

& R (4528% 145 2002)
UM nicotine % 72 B &% L 72356 121330 mM
KCl g5 [©Ca?] ARSI HIZHEMLTY
72hs, TOEBETTCIIMEMESLDERZ
LDH igHiA538% H 7272 (data not shown),
o [P Ca] P AR OB R R L
EadbotHiIns. 4B, 0.1uM ni-
cotine 72 [ W % 424 T T34 E 7% LDH i Hi
RO LN o7 (data not shown). PLt®
WHEENS DT OEBIZBIT S nicotine DBEFEIE
EZ0.1uM & L7,
JKIZ, 0.1uM nicotine D72RFWIRFTEIC X 1 &F
% &N %530 mMKClFZM [P Ca®] HAD
BN A nnACh 52 254K O Fefe NG AL ISR A5
BHBEPICOVTHRE T 572912, mACh %
754K @ 3 4R B antagonist T & % mecamylamine
HAETICBIT 530 mMKCl #FHEMH [ Ca?]
MADEALIZOWTHRE L72E 25, 30 mM
KCl #F5ME [ Ca®] ¥t A DB 5E 22 Hi]
En7 (Fig. 1C). ZoHZ &6, 0.1uMni-
cotine D 72HF [HBE & 12 X 530 mM KCl F 7
[ Ca®] i AN, nnACh ZF KD TE M
LA L2 ZEALTH A LRI N, 72
30 mM KCl 25t il ic B2 F%H T %
T &, EHITAMAETHGZZMFEILIZ BT
1330 mM KCI # # 12 & % VDCC BT HES
[ Ca] WAMMAHEER TR Z & Hh
5, 0.1uM nicotine ® EHEFE 2 X 530 mM
KCl 3% % T [®Ca?] ¥t A 4% VDCC @ up-
regulation |ZHEE L TW AT REEAE Z bh 5.
2) &% nicotine O KR FEIC Xk 530 mM
KCl#F %M [*©Ca?] WA BT 5 VDCC [
RO
0.1 UM nicotine M 72/F IR & Z & 530 mM
KCl#F %M [PCa®] MABMIZ, WFho
VDCC subtype 2S5 L TW 5 DA I DWW TH
L7 RBARMECTH W HEMRIZIZL
W,ON#, PAIB X UQA VDCC 3L T
WB I EDBHERENTVAR, RIFFRTHEEL
72 VDCC fHEFH DR, 30 mM KCl ¥
[ Ca?] AWK LTHRAMENRELRTE
BEThb, SHIERTNEAIE, 30 mM
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17.9 (A)

1s.0f O Basal
30 mM KCI

10.0

-
N
o

[45Ca2+]Influx
(x108 cpm/mg protein/2 min)

bl
0

5.0
0 12 24 48 72
Duration of Nicotine Exposure (hr)
15.0 (C)
O Basal
12.5Z 30 mM KCI

[45Ca2+]Influx
(x103 cpm/mg protein/2 min)

Control

Nicotine (0.1 uM) Nicotine (0.1 yM)
+

Mecamylamine
(0.1 uM)

KCI#FFM [P Ca?] fAIWCH T 50.1uM o
ATX OFHERBIZ 1 uM 0-ATX 12 X 2 HER)
BEDEEIALC?, —F 0-ATX 12200 nM
LT Di##ETIZ P A VDCC O & % &IRM I
FHL, COREIVEVESICIEIPRBIY
QB VDCC % & HICHET L Z LHHMELR
TWBO8 =z b, 1 uMo-ATX 1t
AR THWZ-HEMRBICBWTPRB L
QMVDCC 2 & ICHELTWAZ LIZHA
Th5b.

30 mM KCLfil B & % [ Ca®] # AN
i L &I, N#3s X o P/Q &l VDCC [ # C
& % nifedipine (1 uM), o-CTX (1 uM) 3
X Uo-ATX (1 uM) TH B IZHH S h,
HIHIR I Z N ENH40%, 25%, 35%Tdh o7

(Fig. 2). VDCC [HERFLAET TIX72BH D
0.1 UM nicotine DBREFEIZ X b 4 L 530 mM KCI
FHEME [(PCa?] MAOE LK L, 0-CTX
BE#EME (1717 £158 dpm/mg protein/2 min, n

20—

(B) e
O Basal
30 mM KCI

-
()]

[45Ca2+]Influx
(x103 cpm/mg protein/2 min)

-
o

L

0 0.01 0.1 1 3
Nicotine (UM)

Fig. 1. Effects of 30 mM KCI on [* Ca?!] influx into
cerebral cortical neurons in primary culture following
exposure to nicotine. Each value represents the mean +
S.E.M. obtained from 4 separate experiments run in
triplicate. (A) Time course of changes in 30 mM KCI-
stimulated [* Ca?] influx. *p<0.05 and *p<0. 01,
compared with the control value (without treatment of
nicotine, Dunnett’s test) . (B) Changes in 30 mM KCl
-stimulated [** Ca?'] influx following exposure to va-
rious concentrations of nicotine. *p< 0. 01, compared
with the control value (without treatment of nicotine,
Dunnett’s test) . (C) Effect of mecamylamine on 30
mM KCl-stimulated [* Ca?"] influx. *p<0. 01, Bon-
ferroni’ s test.
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Basal = ne
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Fig. 2. Effects of VDCC inhibitors on 30 mM KCl-stimu-
lated [* Ca?] influx into cerebral cortical neurons in
primary culture following exposure to nicotine. Each
value represents the mean * S.E.M. obtained from 4
separate experiments run in triplicate. ~p <0. 01,
Bonferroni’s test. Drug concentrations : w-agatoxin
VIA (0-ATX), 1 pM ; w-conotoxin GIVA (@w-CT
X), 1 uM; nifedipine, 1 uM.

=4) Tid o-CTX FEFEZEH (1683199 dpm/
mg protein/2 min, n = 4) EHFEEINL L,
[l B 12 0-ATX B & B (1919 =163 dpm/mg
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protein/2 min, n = 4) b 0-ATX JE B & &
(1895= 178 dpm/mg protein/2 min, n = 4)
EBEEMN Do 2. —, nifedipine B &
TiE [P Ca?] MABMAEREIIHH SN TS
» (Fig. 2), nicotine BE#|Z X %30 mM KCl &
M [P Ca®] WAHMIZ L A VDCC O up-
regulation &4 L72Z{LTH B Z LAVRIEI 7.
3) i P nicotine » IR 2 X % Bay k
8644 FME [P Ca®] WAZAL
bk o EBBEE HKBRE (0.1 uM)
nicotine D EWBEFEIZ X - T L A VDCC Dk
TS FRENLAEENZEZONLZ L5,
L % VDCC &/t 3E T & % Bay k 86443 & fi\v»
“C nicotine £ HIBE & (2 X % Bay k8644iFEH M
[ Ca?] ADEALZE#ET L7z, Nicotine JE
W 2% 0% M T i3 Bay k 8644 38 BEAKF 1 12
[ Ca?] WMAMMARDON, 1 UM TR
HESBESNT (Fig. 3). T2 [®Ca?]
e OAHENN1E30 mM KCl 350 [ Ca?] A
B DO #40% T Y, nifedipine 12 L 530 mM
KCl #F%M [ Ca?] MAMBIEL —HLTw
7= (Fig. 2). 0.1 uM nicotine D72 [ IR FH D
» H 21k Bay k8644 F FEME [P Ca?] WAL
FECHEMLTEBY, Zo [%C¥] KA

17.5]

. Control Nicotine (0.1 uM, 72 hr)

c

b 1

Wk

E 15.0 | o l
x £ -
22
"_E % 12.5
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Basal KCI 1 10
BAY K 8644 (uM)

Basal KCI — 0.1 1
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Fig. 3. Effect of nifedipine on Bay k 8644-stimulated
[* Ca?] influx into cerebral cortical neurons in prima-
ry culture following exposure to nicotine. Each value
represents the mean * S.E.M. obtained from 3 sepa-
rate experiments run in triplicate. *p<<0.05 and *p
<0. 01, compared with each basal value (Bonferroni’s
test). *p<0. 01, Bonferroni’s test.

(%528% %515 2002)

BN nifedipine |2 & o Tl BEARAE M (2 HIH] &
. (Fig. 3), = ® & 12 nicotine B FE % D
MM BV TR ® 57230 mM KCl %
% [ Ca®] JAIIK S 5 nifedipine O i &

(Fig. 2) LIZIZFA—THo7z. LR
5 nicotine EMIBREFEIC X 5 [* Ca?] FEABEM
1&, L# VDCC %A L7=Z L TdHh 5 & HIlTL7-.

4) Nicotine E}IBE#% 2 X 5 L # VDCC O %
1t

Nicotine & HiBg % 12 X % nnACh &R D HF
e i 7 G MEARIZAE S L A VDCC DR REZ L D
BHEEH 52235 HMT, [PH] verapamil
% & o Scatchard f# #T % 17 - 7z. [*H]
verapamil #% & 1, nicotine B % # 3 X 0" nico-
tine JEBEHOVT N MfaMEEZRL, 2
R OF= PN e g VAN i i S/ )
& 572, 0.1 UM nicotine DEHBEHEIZL D

[3H] verapamil #% & @ Bmax {5 D A & 7= ¥
HERD BNz KA HICIZELA D S ho
72 (Table 1). 723, AREEXIZBIF 5 nicotine
$ & UF mecamylamine O [7] K5I #& Tt [*H]
verapamil i G E D ELI RO LN h o T2
(Table 1).

Nicotine E B & 1C X 5% 2 L % VDCC up-re-

Table 1. Changes in Bmax and Kd Values of [3H] Ni-
cotine and [*H] Verapamil Bindings to Particulate
Fractions from Cerebral Cortical Neurons in Primary
Culture following Exposure to Nicotine.

Bmax Kd
(fmol/mg protein) (nM)
[3H]nicotine binding
contol 93+03 6.2 0.7
nicotine (72 hr) 13.7 £ 0.7 ** 6.1=0.8
[PH]verapamil binding
contol 95.1 + 6.0 21.0+1.2
nicotine (72 hours) 133.4 + 1.2 ** 21.3+13
nicotine (72 hours) 93.9 = 4.1 21117

+ mechamylamine

Each value represents the mean + S.E.M. obtained from 3

separate experiment run in tripricate. ~p <0. 01, compared
with the control value (without nicotine treatment, Bon-
ferroni’s test) .
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Fig. 4. Effect of nicotine exposure on expression of VDCC subunits in cerebral cortical neurons. (A) Expression of proteins
of VDCC subunits after nicotine exposure for 3 days. Representative immunoblotting analysis was indicated in each Figure.
Each value represents the mean += S.E.M. obtained from 3 separate experiments. *p< (.01, compared with each control
value (without treatment of nicotine, Bonferroni’s test). Cont, control (non-treated neurons) ; Nic, nicotine-treated
neurons. L, N, and P/Q represent L-, N-, and P/Q-type VDCCs, respectively. (B) Expression of mRNA for subunits (o
1F and B4 of L-type VDCCs) after nicotine exposure for 3 days. Each value represents the mean * S.E.M. obtained 3

separate experiments.

*p<0. 01, compared with each control value (without treatment of nicotine, Bonferroni’s test).

Control non-treated neurons ; Nicotine, nicotine-treated neurons. L represents L-type VDCCs.

gulation % f#EZE 3 4 72912, L Al VDCC # #Emk
§ % subunit {22\ T ® Western blot 312 & %
M3t %47 5 72. Nicotine % BE§& L 7> P 55 i i
28175 L& VDCC alC I X OF 1D subunit &
T RO M @ 58 X 13 nicotine FEIRE & #h RS HH Bg
GE L THEICHED» 57225, NEBIOP
/QEI VDCC subunit T3 % 1B, olA subunit
W9 B RIEUSTEICIZEL RO bz b o
72 (Fig. 4A). R A£IC L & VDCC 02/81 sub-
unit D FEFIE N A3 nicotine % 7205 R L 7235
B2y SN/ (Fig. 4A). X 5|2 Northern
blot {12 X 2 MEt D& H, L& VDCC olF sub-
unit mRNA S OF B R BINAERD SN iz75,
B4 mRNA DFEBIIIELBALN Do

(Fig. 4B). L EO# R 5, K nicotine
FEHIBFEIC X 5 L A VDCC @ up-regulation 7%
HoONERS T,

5) Nicotine £ #i B¢ 8 (2 X % nnACh &K D
TR REA AL

HEH X D, nicotine |Z & 5 nnACh KD+

#ot 49 72 TEPEAL I B AE % £ 9 nnACh Z AR5
DA E S TV 2 2393938 0.1 uM
nicotine M 72 B FE % 2B 1T 5 [*H] nico-

tine &% & FEBRIZ X % Scatchard f##7 T 13 Bmax
EDWEMO HAHFRD 51, Kd HOZEI % 5
-7z (Table 1).

Nicotine £ Hi B £ 12 & % nnACh £ &K %
ROEAL ZMETT 5 72812, Western blot 312
& % nnACh 241K 03, a4 X B2 subunit O
FHEL % 72, Figure 5 125R3 L 912 o4
B X U B2 subunit DFEFIEIMABIEE S 7225,
a3 subunit DFEFUNIZALATFRD LN o 7.
NS ZHRAE G EBRB X U Western blot T
BO N2 EEBRBED S, nicotine ERAEHEIC X
D oddB X UF B2 subunit |2k DK SN2
nnACh % 4K @ up-regulation 2SFFH I T w»
LLEEZLNA.

Bk L 72 X 9 |2 nicotine & Hi 1% £ 13 nnACh
ZHERBREEME L2 20b 5T,
mACh ZHEARBEDK T AL 5 2 &
ENTWBB 5T, KEfFFeTid728:
f&] @ nicotine BE & 2 1 3B 1F 5 nicotine F FH:

[®Ca?] WMAILODWTH I ZMA 2. T
EBRIZB VT, 1uM nicotine |3 [ Ca?] WA
Z nicotine JRANEE 3 7 THEAMRAICHIIN S ¢,
¥ 72 nicotine MM 2 43 [ Tl nicotine O & F
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Fig. 5. Effect of nicotine exposure on expression of
nnAChR subunits in cerebral cortical neurons. Repre-
sentative immunoblotting analysis was indicated in each
figure. Each value represents the mean = S.E.M. ob-
tained from 3 separate experiments. **p<<0.01, com-
pared with each control value (without treatment of
nicotine, Bonferroni’s test). Control, non-treated neu-
rons ; Nicotine, nicotine-treated neurons.

l’*k'l

2

O control
Nicotine (0.1 M, 72 hr)

[45Ca2+]Influx
(x103 cpm/mg protein/2 min)
S

w-ATX «o-CTX Nife
Nicotine (1 yM)

s Basal KCI —
(30 mM)

Fig. 6. Effects of VDCC inhibitors on 1 uM nicotine-sti-
mulated [45Ca?'] influx into cerebral cortical neurons
in primary culture following exposure to nicotine. Each
value represents the mean * S.E.M. obtained from 4
separate experiments run in triplicate. ** p<0. 01, Bon-
ferroni’s test. Drug concentrations . ®-agatoxin VIA
(0-ATX), 1 UM ; w-conotoxin GIVA ( 0-CTX), 1
M ; Nife (nifedipine), 1 uM.

WRE L7z [P Ca?] MAOHMAALR, 1~
3UM TRAHEAERDSA LN 2D [¥Ca?]
7 A @3 H0120. 1 uM mechamylamine & 45T
TR 7z, L EORKE H S nicotine
HEC LB [PCa?] HADWEIX, 1uM ni-
cotine T 2 A MFIE T2 2 LIC K DITo 7.

0.1uM nicotine Z#72B: M IE & L 72 &, 1uM
nicotine |2 & D FH I NS [P Ca?] WA,

verapamil to the particulate fractions prepared from the
cerebral cortices of the nicotine-dependent mice. (A)

[3H] nicotine binding. Each value represents the
mean * S.E.M. obtained from 4-6 mice and expressed
as percent of control. *p<0.01, compared with the
control value (Bonferroni’s test). Control, 4,8%0.5
fmol/mg protein. (B) [*H] Verapamil binding. Each
value represents the mean + S.E.M. obtained from 5
mice and expressed as percent of control. *p<C0. 01,
compared with the control value (Bonferroni’s test).
Control, 61. 9+ 3. 5 fmol/mg protein.

30mMKCHIZX D FERENE [PCa?] WAD
B4 (Fig. 2) LRCHEINL 72 (Fig. 6). &
5 &M D VDCC BEIEIZ X % nicotine FAFEM:

[%5Ca?] W ADFI /<% — 1330 mM KCI 7%
&t [ Ca?] WADOHKNY — ¥ LFEARICT
HHIEMERIN (Fig. 6). ThbHDH
25, nicotine EMBEE%IZHB VT nnACh
ZRk0 [P Ca?] AREERIHMHEREINT
WhrEtEZOLND.

6) Nicotine KfE~ 7 A KM EICRT 5 [P H]
nicotine 33 & OF [*H] verapamil & D% AL

Nicotine JKfE~ 7 A 2B W T, nicotine D

RHBRE 1T - WM O%E & FKIC,
mAChs & & B L 8 L & VDCC @ up-
regulation 254 U T W B HH» %2 BET L 7.
Nicotine #&F~ 7 A KIGEZ B A & FEE L 72 kL
B 4> % B v, [3H] nicotine B X U [*H]
verapamil #% & £ 2 T o 72 & T 5, [*H]
nicotine 33 & OF [*H] verapamil & 1348 Z 23
L7 (Fig. 7). TR 5, nicotine K7
< AKRMEEIZB VTS mACh ZHKB X
"L £ VDCC @ up-regulation 34 U T3 2
EHFREEINDG.
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Z £

T TIZEE 5 13 nicotine 5 IR T ASH M0 L
AND Ca FRAB & AR L 22 NIEEMARLFHR
WETHLDBIEBROMMAFRT LI L%
WMELTWAIEHNSY, KHFZETIE nicotine
RIIBERLICH SN L MARMBA~D Ca? i

AZALDBEF 2 B 55129 %72, VDCC B
L UO"mACh ZBHEH T AR BEE T AR
i Kz B AR MR 22 39 % Bl CRRE R N A 72,

AEFERIZRT X HI1Z, BK*Y (30 mM KC)
RIBUZ L D FER S 2 MEME~D [» Ca?]
i A 13 nicotine B} 8&HE ] 3B X 0N nicotine & FE 12
AL THML, Z 930 mMKCl 3 %%

[ Ca?] i ADHENNIZ nicotine 12 X % nnACh
ZEROFEHER IR T 5 2 & 1% nnACh
% %% 1K antagonist C & % mecamylamine |2 X V)
bz s, ISheEZ NS,

R ICAAE T A MR IC 13 &

BL, N, PBXUQHI® 4 fi¥H 7 VDCC sub-
type ASFEAE LAY F 22, B KRB MR
MR OB B 2T Z EAHONT WS, o
T, nicotine EHIMEFEZ & 530 mM KCI %M
[®Ca?] WMADHMIZIE, IR 5 VDCC
subtype D3 XT, b L iFw3hsro VDCC
subtype D BEEETLAE AR 5- L T % W] fE M A% %
25N, D VDCC subtype [HEREAFAE T
ﬁwa%LtDWMﬂﬁA@Em#a
nicotine BB FEIZ L 5 [P Ca?] W ABEIMIZ
nifedipine |2 & o> TOAIH S N5 Z & HARH
ROER, oM E¥NZ 562, LA
VDCC {fitt{b3E T 5 Bay k 864412 & ) HH =

5 [%Ca?] ¥ AL nicotine ERIIEEZIZL D

BICHWEINLZ LWL E RS2, Th
LOEBKED S, ML~ nicotine £}
BEICLDFERINSE [PCa?] MAOHEMIZ
L& VDCC O#RETLHE RN LT EE 2
bbb,

Frft By 7% mACh Z A MAREMELIC X ) L &
VDCC up-regulation 2535 % & 1L % W] #EME 1%

B1F % Nicotine |2 & % L # VDCC #REZ 1L 53

A VDCC @ subunit & FE DB MAT [ H]
verapamil %5 & EER B X UF Western blot 32 L 1
MRIN. &B, AR THW MM
EEBMM D [PH] verapamil ® A ASFELE L
C ORI, BN IZ BRI dihydropyridine
KAWL DARDPFILET 5 &) HERDOBFZEH
O~y —F 3 5, ARFFETIE, nicotine ®
REIBEICL VAT S [PH] verapamil £ 4 D
BENA Bmax fEQOADHMIZLBHDTH D
Kd I BP0 ST LB L7,
¥ 72, Western 3 X 0" Northern blot 312 & 2 f#
b, LA VDCC Z#EHK§ 5 subunit @9 5,
alC, alD, alF, o2/81 subunit @ 3§ EE 023
W 5 N7A%, LA VDCC B4 subunit, P/Q &l
VDCC oA subunit 3 X O° N £ VDCC o1B sub-
unit (ZIZBLARD HNT, TSRS
nicotine BRIIBHEIZ L - TAHL A [P Ca?] HA
Bfmi&, L VDCC ald & U 02/81 subunit #
DEMIEI->TELTWEEEZ NS,
Nicotine IZKAFEEM D —> T, FICEIH
DB 2 X - T nicotine KAV K SN 5.
Nicotine & {7 iE & T 1 nicotine MBI IZ L h A
@, HREE, BERRREE, IRk, R 0B
BREFERIBOLNS 75‘ ethanol, morphine,
benzodiazepine 7 & D MO RGFEMEIEY D B ARIK
FEBIL, LrdbwIFhoBaddzheho
M D BFIZ L 1 nicotine DIFE & FEEDBH
FEREAIBIT 5. EWIRATER S X OBEIE
BRHOBBBFIZOVTII oL@l S h
TWWA, RIEOHTFED S PRIl B
17 % Ca? homeostasis D FEE, 5|2 R0 A
O Ca? it ADFE DS EYARIF \ZH 512 B
BLTwaZ L PHEINTWSY, Ethanol,
morphine 3 X U benzodiazepine 7 7|2 X % 4
AT D W T, L B VDCC up-regulation A%
Ca JRAMEMDIFKTH 5 WM S h
T\ 5 )30~ By sHmEIPL
V. IR OEYIKFICBITANRB L OP/
Q& VDCC DAz oW TIZ—FK L7- R
7% <%, F 7z nicotine KA B LTI AR M N
I2B1T 5 Ca? BIREICBET A HFZE# 12T L A

nicotine {Z
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EhEd3 N TuwRwd, KRIFEHKER?» S
nicotine BB E L ICA SN 5 L A VDCC D
up-regulation 2SO IKLFESE DI G & RIS,
nicotine KAETE K & B\ i3 Z D B EAE & D F B
WCELSHMELTWwEEEZLNS.

Nicotine K FF B1 M 12 B 2o L &
VDCC @ up-regulation (2B L 72 & I1X T & A
Eiuv, AR THOLMC R 72K 912, K
B2 B i #% M B~ @ nicotine E,ﬁﬁ&%a@# L A
VDCC up-regulation % 33 575, Zh &k
DZEALAS nicotine KAF~ 7 APIZBWTHAEL
TWAIEIPZ KIEEE AV TRE L. &K
72 Ti3 L B VDCC B X U° nnACh 4Kk BE
DEALEZRET S0, EhEh PH]
verapamil & [3H] nicotine % fl\ 7-# &£ %
fTv, ChosofaEROMRE PH]
verapamil 33 & OF [*H] nicotine 5 & SPALE M A
AN Z EH 5, LEIVDCC B X UF nnACh
AR D K& BETTHE AT nicotine IRAFEY Y D KB EL
BHTHELTWSZ EAHBLA. Z O nicotine
RAFE RN 2343 5 [PH] nicotine FFAL
¥ o B4 M nicotine KA B % v T [*H]
nicotine & & % Bat L 22 o s %8 & X { —
T B, INHDI L Hh SRR EEME
@ nicotine EHIBEFE 12 X 5 L £ VDCC O up-
regulation %, nicotine KAFENMMHIZ BT DA
LABHRTHL I LIEBEVZVDDEERD
nas.

Nicotine (% nnACh % & & DG AL %2 /v
HMRATEWE TH 5 Ach, dopamine,
GABA 3 X UF glutamate 7 & O 1 #RAz5E W E i
HERETLIHTFTHS. VDCCHERIZTZ
@ nicotine O i % {3 M B R AR AEAE ) % P
35 Z kA5, nicotine O PRz E W H K AR
HeHERE |C VDCC 5B G- L T 2 il REE A R R
XhTwaY, ¥4, NE VDCC & [FHkic L&
VDCC b Mz EW AR ICHEE T 5 2 LA
B opE 9%, F72, LA VDCC 24 L
7= MR A2 S AFL N Ca? FiE A ¥ AL
Rtz L CEAEE L ImERH BT 2 2
EHLMESIRTWBW ™, fE5T,

serotonin,

nicotine

(%28% 175 2002)

E#B & X 5 nnACh 5 %18 @ up-regulation
\ZfHRE L 72 L % VDCC D #ERETLHEAS, #AEA
faiZBi) 5 uﬁ@@ift%ﬂ’]ﬁﬁ%ﬂxﬁfﬁﬁ"é_]'
PAHER S b, FE, nicotine D R;IEFE 1
T AKBEEMEMEICB W T PH]
B XU [PCa¥] HAOWME b
7253 DA% 5 ¥, DBImRNA BB OTTE %
LFRTHIELPHMESNTBY, LArHID
#4540 L7 DBI mRNA 33ii% L # VDCC [HESE
WX IO,
AWFFEIZ BT, nicotine D72 BRI ICH
\¥ % [®H] nicotine #§ & % B T & [*H]
nicotine f& & # AL D WM ASFR D b L7z A,
nnACh 52254k [3 H] nicotine {ZxF3 5 FA4:
I3 EALASERD b N Ao 7z, Nicotine £H$%
5 &) 373957 L i &% Ml B8~ @ nicotine B
#1592 X % [*H] nicotine #§ & EER T
7T b kD nnACh 5 25 f& up-regulation 7%t
HEANTHBY, RFRFBRE—HT 5.
nnACh 52 254K 121358 4 @ subtype 2SFF1E L
2 X D nnACh Z RO BERE % AR A H
Iﬂ?’"% CrRIMmENTVS, FAEMZERIC
BWT, BT 03, od, B2, B4 subunit 3Kk F

nicotine

FE A B TAEEICSA LT 5%, HiE
Fid % I FEMAEMI LI nnACh Z 5K % FE3

X g 7284, nnACh 2 4K @ up-regulation X
a4/B2, 02/B4 3 X UF a7 subunit MM & B
TERMEINTWAINO0 X512, a4/
B2 subunit {Z & V) B X 15 nnACh 2R 1Z
10~100 nM DK i FE nicotine {2 £ » T b &M
1t ¥ 1, nicotine M £ I MEFE I1Z X 5 T up-
regulatxon BFRENLZEFRESI AT
WL S OBHMEBEL T, AR
Tl v 72 nnACh 52 254K @ up-regulaion % #% 5
5 4&MTF To3, 4B XU B2 subunit DFEH
ZALZ BT L2 25, ad/B2 ITX DHER S
% nnACh & 2K @ up-regulation 234 L 5 Z
EABIE XN, B up-regulation 75t |
BGRB8 X O, ABFZETH v 72 nicotine
BEOIMERVIRELZLEEL LTS, 77
1) A2 ATV % fva 7z nnACh ZF RS
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RICBVTHELLZEFHEIN TV S,
HEEH 5, up-regulation % £ U 72 nnACh &
BAROWEEILD 1 DL LT, EXEHPHHK
FdHHViE [¥RbY] HRADHIE R EOKE
5, XBEROBBEIENEL L Z SR Tw
%1W0:19.60 U LAt S, ABFZE T nnACh
ZAAKHY up-regulation # B L TWABHIZH B
A4 53, nicotine H#IZ X V) up-regulation %
B L72LA VDCC % 4 L THFEMRA~D
[P Ca®] WADBEMT ST LAFER SN,
&4 B IR ST T id onACh % 4K up-
regulation DR & L TRHEKROFLEAEDFRD
LNTWAAY, &I 7— 7 % i mat
T5E, ZORBEMEIZHIZ nicotine ~D K iH D
BT THY, 52412 nicotine 253 5 Kb A%
HELTWEDbIFTIERWwY, §#toT, Kk
@ nicotine D FHABEFE IZ X - T nnACh Z 2k
{2 up-regulation 2SFFRE SN TV LB AT ni-
cotine FI F (12 & 1) nnACh 3 75 1A A5 4 il B i
% B S L &l VDCC % B % & % B gk
BRI TV DEEZONS.

# =

MR~ 7 A KRB E M % v, K
L nicotine (0.1uM) BEFEIZ X % L &l VDCC
B L VO mnACh ZEAKDOBEFEZLIZ D W THIRE
bR 22, T OREEE.

1) &% B2 ~ @ nicotine B & 1 X - T,
nicotine B FE R B X OB E KA MEI230 mM
KCl 5P [P Ca?] FADEML 7=,

2) KB FE nicotine O EHIBEFEIC X 530 mM
KCIF5M [ Ca?] #iABEMIZ, LA VDCC
FHE 3 T3 5 nifedipine (2 X ) HEICHHI S h
7278, N#3EB X0 P/Q Al VDCC RHEH (AT 5
DEBELL X ol &5IZLE VDCC
EALEE CTH 5 Bay k 8644DF < X 5 Bay k
8644FH M [ Ca®] Wi A b K& @ nicotine
DRAEZEICL VNI 20088 I N,

3) K & BZ nicotine @ £ B M % 1k [*H]
verapamil #% & % B & &, Z O AWM

Scatchad f #7 2 X », Bmax fi ([3H] ve-
rapamil #& & #HAE) OWIMNTER T 20T
HHZEPHLNE R o725 KdfE ([PH]
verapamil |25 % BUAITE) (I3 LA e o 72,

4) Western blot 35 X UF Northern blot =2 X %
gt 5, L A VDCC subunit @ 9 % alC, ol
D, alF, 02/81 subunit ®FEHEIEINASEED 5 R
7243, L% VDCC B4 subunit, P/Q #! VDCC a1
A subunit 3 X O N #! VDCC a1B subunit (21325
LB DOENL o7z, THELDERNDS,
nicotine RIBFEICL > THEL S [PCa?] ik
AMEHNE, L& VDCC alC, alD, alF, 02/8
1 subunit D FEFIEINAEE G- L T 5 W g A
RRENG. ‘

5) fE#R% FE nicotine RIBEFE 125155 [PH]
nicotine #5§ & D ¥EhNIL, [*H] nicotine 5 & £k
12X % Scatchad f##TIZ X V), Bmax fHD A DB
ML 250THY, —75, KdEIZIZELH
BHOONLE o7z, & 5T Western blot #3: 12 &
LA 5 2 [PH] nicotine #5 & DB L
nnACh 5% %5 1 subunit T3 % od B L UF B2 sub-
unit DN X 5 Z L ARBE N,

6) Nicotine A7~ 7 2 KB % w7z [PH]
nicotine 3 X OF [*H] verapamil #& EE T3,
WO ligand 1209 A EE DB =2
MUTHBY, MAEERE~ Y AWML % Hv7:
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