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Functional Relationship between [ -adrenergic Receptor Up-regulation and
Adenylate Cyclase Expression in Mouse Cerebral Cortical Neurons

Chihaya TARUMI

The functional relationship between f# -adrenergic receptors ( f-AR) and adenylate cyclase
(AC)expression following long-term exposure to nadolol, a non-selective [ -AR antagonist, was
examined using primary cultures of mouse cerebral cortical neurons. Increase in [* H]CGP12177
binding to particulate fractions from the neurons was dependent on the concentration of nadolol and
the duration of exposure to it. Scatchard analysis revealed that the increase in [* H]CGP12177
binding following the exposure to 10® M nadolol for five days was due to a significant increase in
the Bmax value. In addition, under the above conditions, both f§,-and f,-AR were found to
have been up-regulated when examined by the [ HJCGP12177 binding assay and Northern blot
analysis, indicating that the up-regulation of f-AR is a consequence of f -AR protein synthesis.
Cyclic AMP (cAMP) formation stimulated by isoproterenol and forskolin was enhanced after
exposure to 10 M nadolol for more than 72 and 24 hr, respectively. After exposure to 107% M
nadolol, Northern and Western blot analyses for AC showed increased expression of AC type I
whereas, other types of AC ; i.e.) types I, VIII, and IX, were unchanged in. These results indicate
that continuous exposure to nadolol up-regulated f -AR with increase its mRNA expression and

¢AMP formation activity due to increase in AC type I expression. (Accepted on March 7, 2001)
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-7 F L+ A& (B -adrenergic
receptors | f-AR) FEPUIE L ERAR A IS
NTLBR, TOHBEMNMRIZEMTE, EIR
LGEOQLEBIIBWTHEHETHY, THOE
H D VIL LR O T ZE L O FRIZISHE
ENTwA. 2517, [-ARFEHE W
FFBIZBNTS, AR ML ARERATO
HH, REROFHREICGHESRTEY, —
RTINS LTI F O RERRIFCH BT &
BH S TWBY,

B-AR I EDOEEIHEIT L 1 desensitization %
AT, 0, EHECRRS IS SHEED
HAE Y 2 WS & D up-regulation, §4db % f-
ARBOMMAFERSNDL L IREICABAT
Wh, ZOLHHEFROBRELIELEY
WESEL 0T AR D—2E LTE LT
%2, JEEIRN 5 -AR IEHUIE T A 5 propranolol
DRI EREHEE, OEYY, BB L) o
PRERH O BT, f-AR @ up-regulation 7%
HEREESNDHZEPREERTS. S5IZB-
AR % & & 72 iR O W5 1 B 2 B KA up-
regulation & 4 U 7235651218, CheZihe
PREEAY (R 5 B AR P T 252 R O B REND %
b LB Z eI ICIRE SN TS, §
hh, I OWBERMEE T a2A-7 FL
F1) S FAR up-regulation |ZfFEE L T Gai &H
DWMBEL B EYHRRERDENT VWA, T
YL 2 TH A imipramine D RHMAULEIZ L D
f-AR B LU D, K783 Z %KD up-regulation
AEESE B 2 IREE T X cyclic AMP (cAMP) 4
EEEDIEM GRS SN A LG E TV B9,
FOFMEBF IOV TRIEFZShTwE
WO X 502 muscarinic acetylcholine recepter
(mAChR) -phospholipase C $:f% R % ¢ 2 B2 &

mAChR DFERAIFHE TH % atropine D EHIR
DOUEFE % 1T > 72 8E12, mAChR 3 X TF mAChR
& 4% 4 % phosphatidyl inositol £t 635 2L
PELABZERHOMIERTWAEY, Zhb
DEBEEE T BET D L, MREEYESAE
@ up-regulation 13 F D ZFHMAEIZEE T 2 M1
PTERIZEROBEEELE L 2 oW RENIE
VEHEN AN B, o0 LD LR
BtazshTuin,

AT TIE, F-AR B LT h & HREmIC
KT 5 cAMP AR AR H T2 0AF#R~ Y
A KRB BEUAREAIIE S % vy, Z ofilfa~adE
EIREY [ -AR F5H0ETH % nadolol DR % 17
I EIED, B-AR OFH, B X 1N adenylate
cyclase 7 B D 22 4L o #6819 A0 PO % 15 & 7>
2T B EBEM.

REBHEL SUERME

1) RNz B A o Bl s & O LRy 2
X7 AR B AR O B 3 X DN RE
L, BRICELTIT-2Y, $4bb, ddy
F~ 7 A (Japan SLC : Hamamatsu, Japan} @
FEEGISH HONRE X 0 Bz B &Rl L, Mg

Br L7ztk, Ca™ —free Puck’s it/ CHILI L,
37C, 54 M®0.1% trypsin (2 % BHLE % 4T »
2. RWTHRAV—=VERy MCEOBEL:
RLRR A 2 BRAY I ZRERE L 2. S MR
Wz ORI (900g, 4T, 240 BA, 4
BT 15% 7 ¥ ke BIiE, 10 mM N-tris
(hydroxymethyl) methyl-2-aminoethane—sulfonic acid
(TES), 3 &£ TF 10 mM N-2-hydroxyethylpiperazine-
N’-2 cthanesulfonic acid (HEPES) # &8 1 5

Dulbecco’s modified Eagle's medium (DMEM)
2R D MILAT 3x 10ME/ml & B X ST L
TiFEsd, ZOMBRBERD 3Im 2, A
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T 24 5 7] F & poly-L-lysine “C4LEH L 7 Falcon
“Primaria” ®T B{#E ML (A : 60 mm) (ZHRFEL
7o SOMBEAE3TC, EE100%, air 95%/CO,
5%DE&EMHTTIHEEELLZDL, 10uM
cylosine arabinoside 8 £ OF10% v < & % &4
¥ % DMEM T4 iRE T 5 R I2 LD,
ML OB OWIH Z T o 7. £k, 10
%7 = L& &4 DMEM i TR 3 % ke L 7.
BREBT4LHBICHERI0% Y < MES
DMEM (2284 L, Br#Ef&14H B o MM %
ERMERA L7, &k, RIEMRMRAENRET R E
A 5 AR FEERIZ H v 72 I 9 95% LA B ATH A
THHI LR INTHEY,

2) HH g
£ -AR DI EIRAIFEHIE Td % nadolol D Hj
TEMRE~DOBEREIL, RHREENFI0MEL5
& 92 Hank’s solution "Tiif# L 7z & & & EHE:
FEICwmn L7,

3) B-AR K EEER

Nadolol % B 2% L 7= il #F#1 M = okw L 72
phosphate buffer saline (PBS : pH 7.4, 137 mM
NaCl, 2.6 mMKCI, 10 mM Na,HPO; * 12 H,O,
1.8 mM KH;PO, ) i2C 3 [#EHL, RWT30
mM Tris-HCI buffer {pH7.4) #%#0Z, rubber
policeman # BV TERZEIL & O Mk % RUgE L 72,
FIBE L 7-#0 B2 % Polytron homogenizer % i\ T
Wi L (setting 6, 30sec), 48,000xg, 4 T,
20 W oRLTHEIT o7z, BONIZIEIC
50 mM Tris-HCI buffer %Il 2 TH UEEH 34,
FRREFA—&FCTHEROCOEETo /2. O
nooRfEoos, BHhiitiEL -80C T2
REMILL ERAF L7, f-AR & EBOBEER I
COBREHHE L, Wbk FROEREY 2
BT Z &2k Dk L7oma (EREG) %
HeEEROBEMRE LTHHALZ.

B-AR #: G EERIZIE, B-AR N T AR
MG T A [P HICGP12177 % Wit ) #
YEELTHWEY. ol ) ic i X
0 A L 7o BB 4 % 50 mM Tris-HCl buffer

CRESE, HEERRORERE 1ml L L,
0.4~0.5mgEHTEH L HIZFHE L, 0.20M
[*HICGP12177 O fF1E F1225T, 604 [ @
incubation % T 7-. Incubation #& 7 #, WE T
T Whatman GF/B filter |2 & 1 BSOS % W5 |3
#\L, 362K L7 50mM Tris-HCl buffer
T filter % 3 MRS H Z L2k ) RS % =11
S 7z, KT filter % 10 ml @ Triton-xylene
scintillator [Trion X-100 : xylene (1L {2 2 g
PPO, 2g POPOPZ &) =1: 2] % &H
4 % scintillation vial {2 & U filter 25775 5
[*H]CGP12177 @ J 4% i 4 % liquid scintillation
spectrometer THlE L 7z, 7% 8 [FHICGP12177
OEFRNHAZ, FEREHE alprenolol @ JEFEAE
T a7 PHICGPI2177 OSSR S 10
uM alprenolol £ 4% F T3 & N7z LG RIS &
BEELFILZEICEINER LA

f1-8 XU f:-AR ~® [PH]CGP12177 #& &
OHEE, FRENIWM D B-BLU § -
AR BRI FE M TH 5 ICI-118551 B L O°
metoprolol DIEFE T TG ERZ 1T - 7=,

4) Cyclic AMP (cAMP) #pfDllE

cAMP O HIEIZBERY % — U E L T 72,

Nadolol {25548 8 H 75 5 H skl L7
MR % 4 C @ Krebs Ringer bicarbonate buffer
(KRB : pH7.4, 137 mM NaCl, 4.8 mM KCl,
1.2 mM KH,POy, 2.7 mM CaCl,, 1. 2 mM MgSOy,,
6H;0, 25 mM NaHCO;, 10 mM glucose) (2T 3
[A#RiF L, 1 mM isobutylmethylxanthine (IBMX)
EU37C O KRBIml ML, 2040 o
preincubation % 4T~ 7z, FOfF, G = HkE
% 1 mM IBMX % & €37 CIZii L 72 KRB (2
4L, BB I isoproterenol 2R A 2 L
IO RIBE G L 72, RIS 105 7212 BOG K
D |kds L, 2K L7z 6 % trichloroacetic acid
(TCA) % 500Ul {RIIT 5 2 &I & ) RIS 2 &
LS E7 RCTHM A S22 L 0 F L
ombh, WEEICIVDMEREL, BN EER
%, 1500xg, 4T, 105 MO G4 FiZE. 50
BEL., Bonz biEZMH 2ml OKEF ether
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TS5 REISEELCTHAICTCA 2B L2b o
ZeAMP I HFEA L LT, WEFT-20T
THRAFE L 72, cAMP Ol % i3 cAMP enzyme
immunoassay (EIA) system % W ToT- 7.
Forskolin il # 12 £ 9 cAMP £ 5 & o il 42 1%
LT I o7z, § b, Rk
% L7z PBS (2T 3 [El#H L, KRB %R K%
L4 0 2T rubber policeman % H v 4 HL % ks
FMAH 5 FEE LA KT, #Az% Polytron
THER: (setting 6, 30sec) L,
48,000 xg, 2047, 4 COFEMT THEL 78 %
1oz, foNzitit (R TE) *FRBOH
fEC2M#k¥ L, 1mMINBX &% KRB TH
MEHL, Zo—#% USH (50 mM Tris-HC,
1mM EGTA, 5mM MgSO; -« TH:O, 0.5mM
ATP, 6mM creatine phosphate, 50 u/ml creatine
pH7.4) ERALZ K
I 13 forskolin @M AT S Z LI X DAL
7=. 37°C, 104 o incubation @3 #, 100T,
2HMOEREZITCRIGEELELZ 2512
8000xg 4 T, 107D ELEEEME, 1§65
M7z L% cAMP enzyme immunoassay (EIA)
system & TR BNz cAMP R AIE L 7.

homogenizer {2

phosphokinase & 47 :

5) B -AR, adenylate cyclase (AC)

Ny P2

2001)

(5274 2y

% T4 kinase TV YE{ELA-b 0% Mw 7z
cDNA IR I Ray 72 2@ﬁ®7747—
EfEE L7 (Table 1). Zhb®75 43—
< 7 AN E O cDNA % v T 57 PCR &
W%, pVCI8RZ ¥ — |2/ 00— ¥ & fT-72
®iZ, ZORERVNOWEET-7ECS, &
cDNA OIRFERLT & 7 — DR ERTIEE L T
HIEDMERE I B, F-BLU B
AR, AC type 1B LU XI OEHERFILF2Z
NEEHROTF—F 2B L2172, £/, AC
type 115 L OF VIII |22 W Tid # R ## NIH
AFEENTVAL® (No. AA238604,
oy UAvAR

gene bank {2
MMUS85021)

DE, BHNIPCREW R 72 ) —
HMBLFZY J— LI X D8 L, EcoRI
TYTY— RS, X5 CKEY T L
LT pUCI8 @ EcoRI H 4 FIZHFALZ., 29
LTH5M7: DNA 2 KBS ICEA L THEL,
TZAIFDNA £ X DR L 2%
EcoRI THIKTL, 7H o — AETKENC L 0 %
cDNA # J§8l |7z,

JU AL

6) Northern blot 542 X & B-AR, AC B L OF
B —actin mRNA @il 5

B LT f-actin cDNA D4l Table 1. PCR Ampliflcation of Mouse f -AR, AC and f -actin cDNA
f#-AR, AC BXTF § -actin cDNA cDNA probe  Forward/Reverse Primer or Antisense Oligomer cDNA Sizes
@ probe DYERUI BE#H & — T B-AR1 B-AR1F (5-GACGACGACGACGATGACG-3) 144 bp
) . B-AR1R (5-GCCCTCATCACCTTGGACTC-3'
LTHERLE®, $hbb, v : )
A &l & 9 FASTTrack™ mRNA B-AR2 B-AR2F (5-TGCCTTCAATCCTCTTATCT-3) 352 bp
B-AR2R (5-GTCTGGTTAGTGTCCTGTCA-3'
isolation kit % H v T Poly(A} " 2R )
RNA #4583 L, first strand cDNA Ac! AC1F (5-GGTCACCAATGTCCGATCCCTGC-3) 478 bp
) AC1R {§-TCTTACTCTTCGTCCTTGCCAAC-3)
synthesing kit rH:]w, oligo d(T)
r T4 LT —FHD ACH AC2F (5'-GACATGAGCCCTTCCCCTTCG-3) 574 bp
. AC2R (5'-CACAACTACGGTAAACAGAAAAC-3'
¢cDNA % &M L72. = cDNA % : )
Fry7L—FELTPCREIZE AC Vil ACEF (5-GGTCTGGCAGGCCCAATGGACTC-3) 806 bp
: - ACBR (5-GATACTGAACTGGACACCCCCGG-2")
D % cDNA QIR % 1T 5 72, 7
B, RFETHW -AR, AC ACIX ACYF {5-CATCTCCCCAGACATCCGAGTCC-3) 592 bp
AC9R (5-AGTCCCAGACCGGAACGCAGACC-3)
B X f-nactin [ ZHFRA S — f(f
7:. FAv— i DNA H 51(. ;i' B-actin Antisense oligomer for B-actin

HwwCTH L (Table 1), 5 ﬁwm

{5'-AGGTCTCAAACATGATCTGGGTCA-3")
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RNA blot hybridization {3 J719
77,

mRNA IR 14 B oMMz L b RRL
7z, R L7z PBS (2 THEMBL 2 3 mIPEEL,
rubber policeman % F W TR I % 55 % 101 2>
5 #1872, FASTTracktm mRNA isolation kit
% T Poly (A) *RNA % 582 L 7=, 254 Poly
(A)" RNA (%, formaldehyde 33 X UF formamide
wErte 1. 1% agarose gel & Fl WV 7-BARENC &
DarEL7. BRIKERTH, gl %
bromide THsft L, UV B4} F T RNA @ band
FREFE L 72, R T RNA # nitrocellulose filter
(NitroPlus 2000, MSI) (Zf47 & 4, baking %
TV S &7, ML L
7z B-AR B X TF AC @ cDNA Wi O FE#RIZ I,
[ @ -* P]dCTP, random-primer #3 J O Klenow ¥}
FaHwTir-7z. £72, f-actinmRNA {22

‘Tlt, PE Biosystems #L84¢> DNA synthesizer
(2 & b &HE L7 B -actin @) antisense oligomer 2V
% terminal deoxynucleotidyltransferase % B v»
[a-?PldCTP THE#& L 7=, JR\»T baking L7z
nitrocellulose filter | 50 mM  sodium phosphate
bufter (pH 7.0), 5 x S§SC, 50 mg/ml salmon sperm
DNA, 1x Denhardt’s solution, 30% formamide,
10% formamide, 10% dextran sulfate 33 X OF
[** P]labeled probe & & & (2427T, 240l @
hybridization % 47 - 7= #, 0.2 x SSC, 0.1%
sodium lauryl sulfate 2 & 1 50C T 2 Bk L
7= 1% B 7z band @ K8 9% E 12 Fujix BAS
2000 System (Fuji Film, Tokyo, Japan) # Ffjv»
TlsE L7z,

LT

ethidium

7) Westernblot £ 12 L A ACERADERE
ACEHOERIZHMHONIBIIEL T
722 b1, nadolol (ZHEFE L AR AT
ZIKis L7z PBS T 3 M¥EE L, 10% TCA %1
R 7:1%, 8,000 xg, 1057, 4 CTRLOBEMEEIT-
7z, SRR IZ 50 mM Tris-HCI (pH 6. 8)

Iml&h2, bik&E—0&45CHEROE
VERIZ 72, 35 7200 2 50 mM Tris-HC]

100 ul & 2 x sample buffer (0.5M Tris-HCI, 4

9 cAMP AR RO 1L 101

% (W/V) SDS, 12% (V/V) [ -mercaptocthanol,
20% grycerol, 1% bromophenol bule & 4) 100 ul
EMMA -t BERBEL, 100C, 398
BHUHZITI CEICE DV BADOTBEILLET-
7z, EOH%, 8,000xg, 607, 4T OELIRME
WED, Behi i riE AR L LCllE
FT-80CICREL 2.

LR EZLDRELRKEE 25 mM
Tris-HCI, 192 mM glycine, 0.1% SDS % & 4
95 kBN = v T, 5/20% gradient SDS
polyacrilamide gel \Z & § 20 mA, 609 D&t T
THBEL RBDEIN-EAOZENYF
BRSO 2 2k vy, nitrocellulose filter |2
fTad/. BHMETARHAYEOREIZFNF
LD A B & — K PLIR & Picobule
immunoscreening kit & H W - BIERAEIZL Y
A5 L7z,

8 HEHHEDER

MM CEENL2EAE L Lowry 5D K
EHERG, v MBT VT I v R
LTl L 7.

) BUEFEROREAT

o/ fEIX TN T mean S EM. Tk L,
WA E BEORER, FREFhOHBHp
NEGE Ry e ) B Sl A

10) fERIZEY)

[*HICGP12177 (FLi& Pk : 884.3 GBg/mmol)
B LU [a-*PIdCTP (i © 370 MBg/mmol)
& New England Nuclear (Boston, MA, U.S.A.)
& D EEA L7, Nadolol if Sigma Chemicals (St.
Louis, MO, U.S.A.) OB & MK L7-. Terminal
deoxtnucletidyl transferase (£ TOYOBO (Osaka,
Japan) X 0 A F L /2. F 72, FASTTracktm
mRNA isolation kit |& Invitrogen (San Diego, CA,
USA) &£h,
iZ Roche Diagnotics (Mannheim, Germany) X 0,
first strand c¢DNA synthesing kit 33 X OF cAMP
EIA

randam primed DNA labeling kit

system |3 Amersham Pharmacia Biotech



102 NG B a gk

England) X b, picobule
Immunosreening kit | Strategene (CA, U.S.A.)
I AT L7z, AC %P3 % k1% Santa Cruz
Biotechnology Inc. (CA, US.A.) Lo @5 %
R L7z, FEBCAER L7220t 38 i3 ik
DEFHGALE T H 7z,

(Buchinghamshire,

X B B R

1) Nadolol BRMEE (Z1E 5 [P HICGP12177 4%
E&DEAL
AL A AEEAIAZ L2 107 M nadolol % E Y
WCHEFE L, S-AR M3 4R ARSHEY 7
¥ FTHAH [HICGPL12177 & Wiz ik & EE
2k, ToORRMNELEBRLAZLEZA,
nadolol 1 82 #% 6 I T [P HICGP12177 # & @
AHEREEMD A SR, 12082 5 24IFf T2 0
HORIIRARMISEL, FhLIReRHICES
FCRBENHEEL/RLL (Fig 1A). ¥/,
FHHEEE O nadolol % 5 HMERE L 72, [PH]
CGPI21ITT R EE*RF LA Z A, 10YM T
I BhEoENsR s, BRERIEMICES
BRBAL, W0'MTHAREEIRKE RS
(Fig. 1B). Th oD RICEDE, LEOE
ER1Z &1t % nadolol OBEFZIRE B L MR ERER
MBI AME L. 862, 2O
nadolol B 8% (20 9 [P HICGP12177 ¥ & o1 hn

60 (A)

501

[BH]CGP-12177 Binding
(fmol/mg protein)

400 1 2 3 4 5
Duration (Day)

Fig. 1.

neurons. (A) Time course of changes in [* HICGP12177 binding following exposure to 10™ M nadolol.

(278 24 2000)
A B-AR ~OFREEHINC X BB R R T
A7z, EEERE F-AR OJEERA I
#TH D alprenolol IfFFTIToA2 LA, #
FEHF 35 & UF nadolol Wik 3% 2% o> f AR AN X 0 $REX
L 7= AV I 2+~ [P HICGP12177 & &L, v
ThoBELHERFHICHE SN, ICx
ST 1.2£0.1x10%M (N = 4), nadolol
IREEMETIE 1.4+ 0.2%X10%M (N=4) THhbh,
WMAEMICEES IO oW edh o/, ZThbo
D5, nadolol D RMBFEIZLD f-ARD
up-regulation 2YEEIE I N5 2 L HERR I R
FRCARERIZIZ f-ARS 7T ¥ L 7D b,
Br-BLYBARDPEL L THEELTHAEZ
& A6, nadolol EHIIEHEEFEIZA LGNS f-AR
~® [PH]CGP12177 # & DK, wiho
ZEFENOFEEFITER L Tw L0022 TiR
F%&MA 7. 108N @ nadolol % 5 H HME# X
7o ARM L L D SRS L A SR 5~ o [P H]
CGP12177 #& %, [ AR EHIETH 5 ICI1L
8551 B & UF B -AR $EHL%E T #H % metoprolol ¢
TETTHH LAEZA, FRENLITEEOH
BRI L THEERBSE0NNTR
Wohh/ (Fig 2). L7zd-T, f-AR JE#
AP TH B nadolol 13 § -3 X OF f-AR
DOME D up-regulaton #FRTLEEZ HNE,
B-AR ~ o [*HICGP12177 &M ZH KD

BAEOEIZL 28D, HEVIEHEED
70

e

£

E%eo- L

0 o

~ o

N g

&%50_

of or

L

r i N " " "

L I 10 9 8 7

Nadolol Concentration (- log M)

Effect of nadolol exposure on [* HICGP12177 binding to particulate fractions obtained from mouse cerebral cortical

** p<0.01,

compared with the control (Dunnett’s test, N = 4 ). (B} Effect of exposure to various concentrations of nadolol for five
days on [* H]CGP12177 binding. ** p<0.01, compared with the control (Dunnett’s test, N = 4 ).
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75
O Control

o *% Nadolol (105 M)

= -

T

£3

b._ E

~ o
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NE

]

% =]

of

I

o,

None ICI Met ICl +Met

Fig. 2. Effect of exposure to 10™* M nadolol for five days
on [*H]CGP12177 binding to j ;—and £ s-AR in mouse
cerebral cortical neurons,  *p<0.05 and * *p<0.01,
compared with each control (Bonferroni’s test, N= 4 ).

FIZL D200 EMATTL2HMT, &
iR o [P HICGP12177 ®FF4E FC [FH]CGP12
17858 EMA LA L 25, [PHICGP12177 #
ATEEAESA SN, & 52 Scatchard fEAT
B otz 2 A, nadolol JEMEHEEL X R E
HouwTholed PHICGP12177 ¢ 4 %4l
HEBRIZ B 28I, B o i amiEanin
PHeAH I EAHERL. /2, mEO K E
EBmax fEZ L L7 2 A, Kd fili 13 B M
I &=L 4 {, — nadolo] Bt &% B> Bmax
HITHHEREOZFNIC L CABICBEE R L
(Fig. 3),

2) Nadolol EHIBE TR IZPES f-AR mRNA D3
B2k
Nadolol ~®REMBEZEIZ L 4 L5 [PHICGP
12177 f5 oML, BEEMEOEINIZER
L Tw % Z & 4% Scatchard fEHT A &0 & i &
27l kdb, F-AREBEHOEHRMFTEL T
VBN REMEAEZ bha, 22T, KiZ BB
X TF B.-AR mRNA BEHE{Liz oW THRE L
7z. Figure 4 |Z/57 & 512, nadolol @ 3 H 4
DRFBHRIZBCTOARICHEEIELTEY
ZEAGED LN, ZOEBREE,S, Edo
£ -AR @ up-regulation (X HFEHRE O G
JEIZIDELThBEDEEZLNE. B,
bl & E— SR TICBIT A B -actin mRNA 23

600
Kd Bmax
(pM {fmolimg protein) |
.E P Control 109.8= 4.6 409 +1.9
% aoot . Nadolol 110.4 = 5.1 5§5.1 = 2.2 j* ]
&
o C Control |
g @ Nadolol (10 M, 96 hr)
5]
£ 2001
=
L
m
u = cr - . [ ]
0 10 20 30 40 50 60 70

Bound (nhM)

Fig. 3. Scatchard plot of specific binding of [*H]CGP
12177 to particulate fractions obtained from mouse
cerebral cortical neurons following exposure to 107% M
nadolol for five days. **p<C0.(1, compared with each
control (Bonferroni’s test, N = 4 ).

BB o,

3) Nadolol FiEEE#EIZ X A cyclic AMP (cAMP)
R RED AL

Nadolol JEUEFEFE L E&EHE (10°® M nadolol :
5 H M) 23+ 5 isoproterenol Hll #5112 X 5
CAMP AR E A RRET LA 2 A, MFHIBnT
isoproterenol (& B R ARAF M 12 cAMP 42 il % ST
S/ (Fig. 5). LA, nadolol MESEEEIZ BT
% isoproterenol FH7E1E cAMP 4R E, HITIZ
FEFEHOTNIZI L THEVW LS SR
(Fig. 5). 72, 10™ M nadolol % isoproterenol
HEE cAMP 2 B O BN ELOME 2 5,
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Fig. 4. Northern blot analysis for 4 ,-and £ ,-AR mRNA expression in mouse cerebral cortical neurons following exposure to

107* M nadolol for five days
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Fig. 5. Effect of exposure to 107* M nadolol for five days
on isoproterenol-stimulated cAMP formation. **p<C
0.01, compared with each control value (Bonferroni's
test, N =4 ).

Redh 2, AC {G1EAT nadolol @ EHAMEHTEIZ LD
TLEL TV AL RRT L EEL LML,

4) Nadolol EHIBEE M5 AC IO EE
Nadolol @ 5 J] Mg 58 o 12 AC (&% o JoAE A3 4
LTwa I tib, F9 AC mRNA FFH O
2RI DWW T &2 72, Figure 8 1 X
OIRT L HIT, AREFIE TR L 2 982
~ 7 AR E MR ACT I, VD
I FIX mRNA DR AEH S, 8512

-1—[31'

(427% #2% 2001)

B32-AR mRNA

900

%;E”SOO’ / /
sl |
£ %% .
J— %

Time (Day)

Fig. 6. Changes in isoproterenol-stimulated ¢AMP forma-
tion cerebral cortical neurons following exposure to 107
M nadolal. *p<{0.05 and **p<0.01, compared with
the value before nadolol exposure (Bonferroni’s test,
N=4).
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