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Effect of Chronic Desipramine Administration on g-adrenoceptor
Adenylate Cyclase Coupling in Rat Cerebral Cortex

Fumiaki TsucCHIYA and Toshikazu SAITO
Department of Newropsychiatry, Sapporo Medical College
(Chief : Prof. N. Takahata)

ABSTRACT The effects of desipramine (DMI) treatment on a rat cortical beta-adrenergic
receptor- coupled adenylate cyclase (AC) system were investigated. Continuous treatment (1-3 days)
of rats with desipramine (10 mg/kg, twice per day) caused a decrease in guanyl-5’ -yl-imidodiphosphate
[Gpp(NH)p]- stimulated AC activity in the cerebral cortical membrane. The decrease in the
[Gpp(NH)p] - stimulated AC activity was more rapid and greater than the decrease in the number of
beta-receptors in the cerebral cortical membrane of desipramine treated rats, indicating that the
decrease in the enzyme activity, occurring at an early stage of the treatment, was not accounted for
solely by the decrease in the receptor number. Although AC activity in the presence of a saturated level
of Gpp(NH)p (Vmax) was not altered, the concentration of Gpp(NH)p required for the half-maximal
activation of AC (EC;, for activation) was shifted from 0.73 #M to 1.62 #M in the membrane of 3 day-
DMI treated rats. However, the concentration of Gpp(NH)p required for the half maximal inhibition
of forskolin-stimulated AC (EC;, for inhibition) was not altered by 3 day-DMI ti'eatment. The time
course of activation of cortical AC activity by Gpp(NH)p was altered and the T,, for activation
increased from 1.3 minutes to 2.0 minutes by the 3 day-DMI treatment. Three day-DMI treatment
caused a decrease in the EC;, value for isoproterenol activation of AC from 30.7 nM to 22.9 nM in the rat
cortical membrane. These results suggest that DMI decreases the affinity of Gs-protein to guanine
nucleotides and consequently inhibits the high-affinity state breakdown process of beta-adrenergic
receptor in the receptor-AC coupling system of the rat cerebral cortex. However, DMI has no or little
effect on Gi protein. (Received November 2, 1988 and accepted December 1, 1988)
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Abbreviations :
AC : adenylate cyclase GiZHE MG BEAE
ATP . adenosine-5 -triphosphate GsEHE : REXEGEHE
cAMP :. cyclic adenosin -3, 5 -monophosphate Gpp(NH)p : guanyl-5 -yl-imidodiphosphate
DMI : desipramine GTP : guanosine triphosphate
EGTA : ethyleneglycol-bis-(S-aminoethylether)-N, ISP : isoproterenol
N’ -tetraacetic acid NE : norepinephrine
GZEHHE : guanine nucleotide B&HHEL Y Tris : Tris (hydroxy methyl) aminomethane
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O DERDIEMFERE, Ty P ANEBEICRTS
A~ adrenaline A8k (8 ZAK) OROWA &, Th
@fE 5 norepinephrine (NE) B35 #: adenylate cyc-
lase (AC) {EHDETHEL BB RE T L 2h
DM R IL T B 12349,

DXL RBEEOBAIEREERRN Y o
DEHFEERPLET IR ABRE OREABETH %
b, IAEERLHEARETCIAEDRVLC &9 2D,
HOOBROEERNIFELE Z bhTE

PO oHin L > TE DT BB 4E—AC OILEE
B3 1970 R e TA LT oL O EREMRA X
hT&ik, ZhETtoffcihd™ $8E—ACHK
BERI=S0EEEI Y VBRI T5. Bb, #
BRERWHORARMTH HZEE, SEGRB M
BT 12 {5 & 7 % guanine nucleotide & & HIEEAE
(GEHE), #LTMg-ATP %% & LT, cyclic
AMP #4ET A TH 5. M, GEAEINEHE
Mo GsBAE LI GiEAER D Y, &« il
AL OIE B IR D B\ THIHI L T B0,

IhETOEL OBETIE, PH>OEIIB BEZE
ho ACEMDETIYL, HOIDERXIYvF v 7 AH
Bz, NEEEOEZ »®&T5Z iz - T agonist
induced-subsensitivity 234 U 3 ZE iR T % & T 58
WENR 1D, $eoTC, ZBELEEN I PIHEROM
DEGHHETH 5 G EEECHEIMELITI ) I ER
FTAHUREMIEDOWTIRZE A EBERLERT
fo. LinListth, o5 LcfeRo Rzl » ik, 3
TR 5 o mianserin DFETLLNBX 5K 8%
BHEDOBA TRl AC EHEDET® o238
TEV. BETIE ThEIToOMFECEWTL |
BHEOFERF ST, ZREEYNLERTS
CEEBE D IELOBELARTLERTWILE 2 5.
L LB BEDOEY, 7-& ziXethanol LBWTIER
HENSTIEE Gs BOECHMBILER T30
MHRTWB2Y, H52E0L S BERETHY,
#£-C ethanol : EIKEDOIEREEF 2T LI ERL
Rhdigbie (e Bbhs. 25 Licunb, &
Mk 4 IXEBERH > D desipramine (DMI) % H
W, DMIDF » + XBEE g RBH—AC RicRIZ
T, BrrofflALERBER L BT, &R
Lo THET 5.

HLIRER 3

2 MHRRUABE

2.1 B X

Tris (hydroxy methyl) aminomethane (Tris),
disodium adenosine-5’ -triphosphate (ATP),
sodium-cyclic adenosine-3’, 5’ -monophosphate
(cAMP), guanyl-5’ ~yl-imidodiphosphate
[Gpp(NH)p], phosphocreatine di-Tris salt,
creatine phosphokinase, ethyleneglycol-bis- (8-
aminoetylether)~-N, N’ -tetraacetic acid (EGTA),
Dowex 50WX4 (200-400 mesh : hydrogen form),
(-)-isoproterenol hydrochloride (ISP), digitonin,
neutral alumina (% Sigma Chemical Company # o 3%
o EAVTe. [a-32P]ATP (10-30 Ci/mmol) X New
England Nuclear #o 4 0% v, FHHTIC Dowex
50WX4 io TS U7, [8-*H]cyclicAMP (10-20 Ci/
mmol) %, Research Products International #o 3
DR FEHAL, Dowex 5S0WX4 iw TR L. vvFr—
v a v i 772 Aquasol-2 (NEN Research Prod-
ucts) AV,

2.2 DMI &

Wistar REEMEZ v + (fAE 180—220 g) = DMI {k
Ekghich 10mg % 1 B 2 E (FRTI R & FH 5D
EEE1—3 BREIEENR S L. EFRRERD. KR
5X b 16 BFREBICHEAL, KBNEREYROIHLE. 2
MFREEX, REEO DMI #EREAKE, BiiE 4 KE
W& 2 BRI 2 @R Ui, R ARARK
& a AR TRS L.

2:3 KRz GRS ERRELE

HESEOFEILRERE LT E»P I 01T
7o AILEABE LI AME E b L, KETKEKE
BEWoH L ABEEZ2mM EGTAY 12mM
Tris-HCI 2% (pH7.4) FTHED X — M, 4T
T600xg e CI0 D EEM LA, DB LAL LB %
48,000 xg T 20 ZEEILL, HESEYE. AEO

FRIEE 2 EHE DR LIRS LR, HIRSE LR 30 55

O _EFRERTrisRER BB X ¥, RAEEH2.3mg/
ml 55 2.5mg/ml Ech kAR, ERCHV
fe.

2.4 ACHIRE &%

AC DRI LIRS Ui FEE21 e -7z B
%, 10mM theophylline, 0.4 mM EGTA, 2.5 mM
MgCl,, 10 mM creatine phosphate, 0.1 mg/m/
creatine phosphokinase, 0.5 mM ATP (¥ 4X10°
cpm @ [32p]-ATP & &) %8 A7 25 mM Tris-HCl
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EEw HT7.4 ProkBRERERES B (120 xg
protein) %ML €, (BE0.5ml JUSEEBIR
fo. 30CTEAMA vFa—a vk RIGZERE
TXoTELEZR, DWTKKFTHHEL, 8mM oD
ATP &, 0.28mM o cAMP, (% 20,000 cpm D
[*H]- cAMP &) RS LK% 0.5 m/ $o&HK
Brinzi. ERIhic [*?P]-cAMP % Salomon ®
FFEEW e - T, Dowex & Alumina O # 5 & THEE
L, 0mloyvFr—ravhrsiawing ¥
ko v v—vavh vy x—CREEEREIELL.
2:5 Gpp(NH)p ORILEER

MM L HiEr L Y B A BERESEY ATP %
&% e\ AC IER Tris-HClI %1, (pHT7.4) FT
1 xMISP, 10 M Gpp(NH)p #¥RIL<T, 10 51
VEFa L= b L A vFa—-va VEEDBIKK
HCEHEIL, 48,000 xg T 20 HREIELL, ER 20
20 EGTA 2 mM %€t 2 mM Tris-HCl {2 &I T
BREL, AL,
2+6 Digitonin (24 3 KHKR EEES B °TA{LLIEE

AR IR E L AR kX W fT-7. B
b, MIBLAFETBLANEERESBE %1%
digitonin & 1 mM EDTA % &% 10 mM Tris-HCl £
& (pH7.4) TERE L%, AokFc 30 5HRE
L7=. HEH 105,000 xg T 60 oM 4CTEiLL, L
EEREbaE & L CEIB AT,
2-7 B BREGHOME

ZREORIET [25]]-iodopindolol V) v F &L
-TO’'Donnell 5 D7D 8L TfT » 7. BlD, 120 mM
NaCl, 2.5mM MgCl,, 0.2mM EGTA, 1mM as-
corbate &% 25 mM Tris-HC 1 B2 & ¥ i #8:(100
ul, 70 peg protein) %N % (#& 0.5m/) 30C ¢ 50 5
B4 vFa~—t Lt ABEalicy vy
WEED Y ¥ Y OLMB-F 5B T2 —_AR—
OHHEBILY D ffote., 742 —%R)zFL YV
BREBRB AR, Fv~—Hh 7 v —CTHREEELZH
FEL7. 7ok, FEBERMNEESIIH LU H250nM O
propranolol ¥R L TRDIz, FHREE R OMETELH
% Scatchard plot'® ZAV-TEH L.
2:8 ERETE CHMFHLIE

BEHBEOEE L Lowry bOFET X Y FliE 7
7 REERR L LT k. MIEER T EE
13 (mean+ SEM) CHR L, HEERE R Student’s
t-test IT X » TET -T2,

F 75 3 v o g adrenaline F84-AC EEEB~OFE 17

3 R

31 DMIiZ& 3 B RBFGEHOE(L

B =434k @ antagonist 'CH % [12°I]-iodopindolol
AV T2 A4 (Bmax) OEIER R L, xR (DMI
BE5FD ¢, 81.2+2.35 fmol/mg protein (n=4) T
Hotc. DMl o@M#E, ROl BRETE, BHRO
ETREDLRh-1A, DMIEESE2HET69.4=
1.25 fmol/mg protein (n=4) &XREICIE~14.5%
BAYL, WD TREOETERLE (p<0.05). &5
3 H B T 1158.0+1.05fmol/mg protein (n=4) &
28.5% DEAL R L. (Fig. D.

Teds, FEEEER (K, *BHFFC178.56+4.20 pM,
DMI 3 A5 176.88+3.25pM THH, FROE
LB RSB Inh - T,

3:2 DMIIZ& 3 ACHEHEDELL

BRI S AC IEHEIEREE GTP 7= 2T
» % Gpp (NH) p3kEff % T ©58.2+2.51pmol/
min/mgprotein (n=12) TH - 7. 1uM Gpp(NH)p
T I ACHE % 12 275.5+8.35 pmol/min/mg
protein (n=12) & EH L. 2oz Lid Gpp(NH)p
X o TEHELE Rt Gs BE AR 2L T
ACTEMD LAY S b LIt ELBZ ENTE S,
Gpp(NHDp BT T ISP 1 M %¥inT5 & AC &k
13 410.7+12.56 pmol/min/mg protein (n=12) & &
Sz ERZR L. &) LicuBEEOMESR 100% & LT

100
Acute

80 %

80
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Fig. 1 The beta-adrenergic receptor number after
desipramine (DMI) administration. Beta-
receptor was assayed as described in the text,
in cerebral cortical membranes of control
Wistar rats or rats treated with desipramine.
The values obtained in the desipramine treated
rats are expressed in percentatge of the control
value. Data represent the means+SEM of
four animals.
* Significantly different from control, p<0.05.



18 TEH - EEEAIR

—
©
S 3

=]
o

( % of control )

Adenylate Cyclase Activity

Time ( days)

Fig. 2 Changes in the activation of adenylate cyclase

due to EC;, level of Gpp(NH)p (1 M) after
desipramine (DMI) administration. Adeny-
late cyclase activity was assayed as described
in the text, in cerebral cortical membranes of
control Wistar rats or rats treated with desi-
pramine. The values obtained in the desi-
pramine treated rats are expressed in percentat-
ge of the control vaue. Data represent the
meansESEM of four animals.
* Significantly different from control, p<0.05.
(o), No additions (in the absence of
Gpp(NH)p) ; (@), 1 uM Gpp(NH)p; (0), 1
uM isoproterenol plus 1 #M Gpp(NH)p.

DMI # 5% B 105 Th T h D&l F oo ACHERO
¥EL LD, Fig2 TH5.

Gpp(NHDp B T T3, DMI#5% D ACEH:
CEEOEILIBE S hich oz, —7, Gpp(NH)p
FETTE, DMIZ#HHE 5 CF ©1r225.9+11.35
pmol/min/mg protein (n=12) & 18%PAHEDIE
TFTERLA(P<0.05). DMIBEZ X v XI5
Fx, 1 A5 174.9+6.85 pmol/min/mg protein
(n=11) 2 B#&5 7 162.5+7.27 pmol/min/mg pro-
tein (n=11), 3 A#5T 158.2+8.34 pmol/min/mg
protein(n=9) & # 3% DEA R L T 7 (p<0.05)
(Fig. 2).

BEEAEE, DMI#E 2 AECRUSTHERIK
PERUIeD~N, Gpp(NHp 2 X » BiE S hic
AC EHRANRE T TRBEEDETLRL, »o
SROAFRICB T HETORESE L.

Gpp(NHDp & ISP # RN LIcEETY, 2k
L4tz 368.31+10.25 pmol/min/mg protein (n=
12) ERRB LW 0B EREORL ERLL (p<
0.05). 1 H# %5 ©327.1+4.45 pmol/min/mg pro-
tein (n=11), 2 B#E-T 305.7+6.66 pmol/min/mg
protein (n=11), 3 B & & T 278.6=%
7.50 pmol/min/mgprotein (n=9) & X HEAD ZR

LR EE

L7(0<0.05). LaLidss, Gpp(NH)p O LT
LB ib~, DMI #5480 AC GO OFl&
iz ot (Fig. 2).
3:3 EBE® guanine nucleotide XU Mg &N
1iIZxd % DMI ME2

Gpp(NHDp kEET T DMI#5i1X - CACHE
e Z Ly e Gpp(INHD)p FE T CDMI #5112k )
ACTEMENEBIBET L 226 DMl 2 Gs BHE
DOERLOBRCIFARAE S > TV BT EHREXH
fo. GEBEWRZOERMICHFETHHEETMGTP »
HIMg BAREETAHI LRI > THERILEh B EE
Z2Bh T35, fE- T, DMI® G EHEOEREIR
IETEHEE L TS bR 5720 Gpp(NH)p &
O Mg extd % Gs BEE DA YBRL .

Gpp(NH)p iz X 5 ACTEMORERIGHE X »,
Vmax, EC;, fi% Hanes Woolf plot'® iz X h BH L
72. GsEHE® Gpp(NH)p i+ a5 HAM %K
B3 LE 2 b b ECy, (ECs, for activation) fEIZ,
KHEBET0.83uMTH b, DMIBE &S CI1X1. 77 M
ERBITEMER LT\ =(p<0.05). EitH, DMI3 H
b5 ick b GsEEED GTP (REBRDOH AL Gpp
NIDp 3 2 BAEAMET L TW 5 EE 2 bhte,
Vmax B§LCTi%, *EHE L DMI3 B 5L oM
ERBDEIH T (Table D).

Mg 53 % ECy fE & Vmax d FEECBIE Licas,
EC;, fE2.DMI 3 A5 THERE L AR OEIFEDLR
Fehs ok (Table 2).

Table 1 Effect of DMI
Gpp(NHp

ECso®

on ECy, and Viyax for

Vmaxb

Control 0.83+0.128 (50 193.4% 5.94 (5)

DMI treated

(3days) 1.77+0.297¢ (5)

203.4+11.71 (5

The assay constituents were membrane protein (about
120 £g), Tris-HCl (25 mM, pH7.4), 100 mM theophyl-
line, 0.4 mM EGTA, 2.5 mM MgCl;, and 0.5 mM ATP.
Gpp(NH)p was added concentration ranging from
0.1 «M to 50 M.

2ECs, was expressed as mean+=SEM of ¢M.

"Vimax Was expressed as mean+=SEM of pmol cAMP
formed/minute/mg protein over the basal activity.
Numbers in parentheses refer to the number of separate
determinations.

Significantly different (p<0.05) when compared with
control.
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Table 2 Effect of DMI on ECy and Viyex for Magne-

stum
ECsoa Vmaxb
Control 2.14£0.159 (4 421.96+16.33 (4
DMI treated c
(3 days) 2.18%0.265 (3) 269.31£37.56° (3)

The assay constituents were membrane protein (about
120 xg), Tris-HCl (25 mM, pH7.4), 10 mM theophyl-
line, 0.4 mM EGTA, 1M Gpp(NH)p and 0.5mM
ATP. MgCl, was added in concentrations ranging from
0.5 mM to 50 mM.

2ECs, was expressed as mean+SEM of mM.

"Vmax Was expressed as mean+SEM of pmol cAMP
formed/minute/mg protein. Numbers in parentheses
refer to the number of separate determinations.
Significantly different (p<0.05) when compared with
control.

3+4 Guanine nucleotide (= & % AC EENBRF~D
DMI &

GEBAED GTP(KEE DH 41X Gpp(NH)p) 1okt
THHEMENE LTV B EThE, PoREELLT
Gs BHEOEHLOEEIME T LT3 & EAHE X
hieDT, Gpp(NH)p iz & % -AC iEH OB ~DEE
e L.

Gpp(NH)p % in vitro TEHINT % &L F8 7 AC EH:
OEENFEDENBZ LFEIB LA, T AC DFF
AL Gpp(NHDp IRinth i id bic e 5 o it <,
Finte— R (R E T AC OEMIEAIENE
WETS, o2 EGpp(NHp itk 5 AC oiFE%AL
CEEREIFETHCEEBRL, ChEToWE
HHZOEEERMG EAE Eickits GDP &£ GTP
(REBROF AT Gpp(NH)D) L OFBRIGTHB EE
ZHh T35, o Gpp(NH)p i X % AC iE#:1L
13, KREHTEE BT &3¢ Frieden® 1 X b
LA ERTW5,

Vt=Vs-(Vs-Vi) et

& Vi ik Gpp(NH)p FEFET O ACHER, Vs i
ACTEH DB AME, VtIXEER DO ACEELRT.
¥, k1L VErD Vs ¢ ACEMEIENT 5EOR
T EDEBTH L. TDORITHE - T AC DRFEIRIG
g s 5 £ 4 Dkinetic parameter# 5+ &E3 2 & kit
RBRETL10.96sec™! TH 70, DML X b6.54sec™t &
BEEORA R LI, ¥, BRERCETLETCO
Koo, BHT,, DMK X »1.274 551,965
~NEHFBRER Lc(p<0.05) (Fig. 3, Table 3).
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Fig. 3 Time course for Gpp(NH)p activation of cyclic
AMP accumulation after desipramine adminis-
tration. Adenylate cyclase activity was as-
sayed as described in the text, in cerebral cor-
tical membranes of control (@) or 3 days desi-
pramine treated rats (©). Results are from a
typical experiments, performed in duplicate.

35 B-Agonist, ISPORBEEEIZKIZT DMI®
e

Antagonist DS AERES S L € DMI #5282
BEZINI L, 341 TRIR Ui, LinL7eath, 342
2B 34 FTTHLMRLLL K, GsEBAEOENE
LoER DMI 3P ELRITL T 5. Gs BHEID
FERLERTA LR > TEBRIEEZERE RS
», G EHEBEOEMLOBREL DMI #51 X b B3
% Z &IT L - T agonist IZ53 5 Z O HFMENZE AL,
LTV BTTEEMEASE 2 bhs. Fig 2 1R Licd 512 ISP
REEINT 5 & DMI ic & % AC IEHDE FOBIEAYE <
o TWABIZ ENLLBFEEDOZ EAHEEE R, 0
AR F BB T 2 BT ISP et % AC iEk
OB ERIGH R % Hanes Woolf plot TEi L T
Vmax, ECs, fE% KD, ISP OFRE~OEFIMS
R4 2% & Bbhs ECs (BT 30.7 nM Ch- 1o,
DMI 3 ARMF SR, 22.9nM & NBEI GBI
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Table 3 Kinetic Constants for the Time-lag in Activation of Cortical Adenylate Cyclase Activity

k(s™Y) Maximal V@ Ty2”
None 10.96+0.89 347.9410.26 1.27+0.096
DMI Treated c + 3
(3 days) 6.54%£0.79 283.11+37.67 1.96%0.25

The assay constituents were membrane protein (about 120 xg), Tris-HCl (25 mM, pH7.4), 5 mM theophyl-
line, 0.4 mM EGTA, 2.5 mM MgCl,, I1mM Gpp(NH)p and 0.5 mM ATP.
2Maximal V is expressed as pmol cyclic AMP formed/minute/mg protein.

bT,,. is expressed as minutes.

Significantly different (p<0.05) when compared with control.

Table 4 Effect of DMI Treatment on ECy, and Viax
for Isoproterenol

EC5Oa Vmaxb
Control 30.7+3.47 (6 111.3+15.08 (6)
DMI treated ¢
(3 days) 22.94+2.17 (6) 72.91+14.46 (5)°

The assay constituents were membrane protein (about
70 xg), Tris-HC1 (25 mM, pH7.4), 10 mM theophyl-
line, 0.4 mM EGTA, 2.5 mM MgCl, and 0.5 mM ATP,
10mM creatine phosphate, and 0.1 mg/m/ creatine
phosphokinase. All assays also contained 1uM
Gpp(NH)p. Isoproterenol was added in concentrations
ranging from 0.01 ¢M to 10 M.

2EC;, was expressed as mean+SEM of nM.

"Vimex was expressed as mean+SEM of pmol cAMP
formed/minutes/mg protein over the basal activity.
Numbers in parentheses refer to the number of separate
determinations.

cSignificantly different (p<0.05) when compared with
control.

BT LT e(p<0.05). Blb, agonist TH% ISP ©
FREA~OFFIM: 2 DML #58C, EHTHZEIVR
wxht (Tabled).
3+6 DMI (C & ZAMERAI~ DR
Fig. 2 iR L= X 5= Gpp(NHDp JEEE TIeBiT3
ACIEHER, SEEL DMIEEHR\C, EEDOE
bt ZoZ &k DMI A RALC e A S a i
Tl ERTRET B A, 0 EY 3 bICEMCRE
FHtobie, KBS E % digitonin & B\ CH]
AR L, RRIBEERGr~ DMI 850 X 5 B8 iest
L7 (Fig.4). b L wBE B 5 ACTHE S,
Gpp(NH)p % in vitro "TEHML Td AC {EHIZELAs
2, ZOZ LG ERAE LB AL O REE
ChBHEERL TS, X, MESTMcEeEL, £0
EN R ERICHEN X 52 MnCl, @ mM)¥RINC X o

ACEMNER L PR YRTZ EMD, ARt
B intact RIREBTH B L Bbohic. TH LGB TT
ACHEMEZBIET 5 & % B © 156.2+11.3 pmol/
min/mg protein C#H -7z, DMIZ X 5FEPHKRE L
7275, DMI3 A EH TH ACTEH11155.6+13.2
pmol/min/mg protein &, EEOEIZEDLNILh -

o (Fig. 4).
37 Gs BREEMELIRETO ACEE~D DMI D
7

Gpp(NH)p fitBE e, 1M © Gpp(NH)p %
2B GEABE OHEBRMIMLEAA TS, 1Mo

160+

-
[<)]
[=]

A
N

Adenylate Cyclase Activity
( pmo! /min /mg protein )

Contorol DMI treatment

The effect of desipramine treatment (3 days)
on digitonin solubilized adenylate cyclase activ-
ity. Cerebral cortical membranes from control
or 3 days desipraniine treated rats were solubil-
ized and adenylate cyclase activity was deter-
mined as described in the text. Effect of
Gpp(NH)p and MnCl, on solubilized adenylate
cyclase activity were determined.

[, no additions; , 1M Gpp(NH)p;
[ZZ], 2mM MnCl,. Results represent of
mean+SEM from three experiments.

Fig. 4
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Fig. 5 The effect of 3 days desipramine treatment on

adenylate cyclase activity in the membranes
preloaded with Gpp(NH)p. Membranes were
preincubated for 10 minutes with Gpp(NH)p
and isoproterenol as described in Materials and
Methods. Adenylate cyclase activity was as-
sayed in the cerebral cortical membranes from
control or desipramine treated rats in the
absence ([___|) or presence of Gpp(NH)p
(P> and isoproterenol ( D,

Results represent of mean+SEM from three
experiments.

* Significantly different from control, p<0.05.

Gpp(NHDp & 1 4M @ ISP &inx Gs BHE0EMAL
EYECERIR¥ L5 ELTh, ACTEMD ERIIZD
bifed - 7=(Fig.5). Blb, Gpp(NH)p HiLERE ¢
FGs EHESARAERICEL TV b hedit, BizGs
EREESHLTIMBREDCTH -7, 25 LGs
EOENEAERZEL TV AEET T ACIEEZH
ETHZ LIy, GsEAEOE LD BELIREI
DMI 2WWER S & - TO B0/ BIRE L. Fig. 51c
AL X 5 AC M, X BEE 306.2422.5 pmol/
min/mg protein T b, DMI 3 HIEEF T, 230.7+
8.7 pmol/min/mg protein &, BEDOETEZRL T
7z (p<0.05).
3-8 HFE G ZEBEICHT S DMI 0F

Forskolin #¥%i0 L CAMEZBEHESE O AC EH:
RRETZ2EACHEEOEHLEEARD bR
(58.2+2.51 vs 793.4+91.43 pmol/min/mg protein ;
p<0.05). Z 5 L 7 Forskolin # ¥ L e & F o
Gpp(NH)p ##ind % & Gpp(NH)p ic k. % AC igH:
DRAERENOHEMBEI SO, oLy AC
EMEHEKHED S0%HET % Gop(NH)p 0 E

F+ 7% 1 VO B adrenaline TEME-AC B EE~DHE 21

Table 5 Effect of DMI on the Concentration of
Gpp (NH ) p Required for Half -maximal Inhi-
bition of Adewnylate Cyclase

EC;® for Inhibition

Control 39.01+7.289 (5)
DMI(grgg;‘;‘g 37.33% 3.80 (5)

The assay constituents were membrane protein (about
120 xg), Tris-HCI (25 mM, pH7.4), 10 mM theophyl-
line, 0.4 mM EGTA, 2.5mM MgCl, and 0.5mM ATP
and 100 uM forskolin. Gpp(NH)p was added concen-

‘tration ranging from 0.1 nM to 50 g M.

2ECs, for inhibition was expressed as men+SEM of nM.

(ECso for inhibition) %3k % &, W ©39.0+
7.290M TH - 7. DMI 3 HEEHTOFI13.37.3:
3.80nM CTH HHEORICEREEZRRD LRS-
(Table5).

4 = =

SEIORBRICE\ TS, FEROBE & Rk DMI #
5l g ZBEOEL & g-adrenalin B ACHE
HoOETHEE L (Fig. 1, Fig. 2).

B EBEOETHDMI #5i12k b+ v 7 ARERD
NE BE S 2 kG BEMicnd, I -F il sHE
BNEEONIREND S L HTHB. Wolfe H?
1, v DML % 75521 HREBEELT, BZA
BBOBARBE L, ACEMDISP X+ 2
ECso BB s o 12F, EEBTir 6-hydroxy
dopamine Z#5 L, NEMERRORELIE L7
Fy MERWTIE, =5 LDMIwL 5 B SREHED
BAVEREIRIh 5122 &06 DML I X 5 8 /G
DIETIL, v+ v 7ABKRO NE LRk 24005807
BLTH B LRSI TS, LrLaend, HHo
EERIZBTE, ECg, v =Ad 300 fEDEED GTP %
HRLTEY, EREGErbs. —7F, C, #laxc
10 xM O DMI % BFET5L 2843, 1 BTy
20%, 12 BFEB T 25%, 5 HEETH 45% DA M
b bh s LI L 3HEL TR, DMI 324K
CEBEFRTAZ EXRBL TS, UM 4, DMI
®in vitro TS v P KINEBE R 5 1 AL k2
b B XBR—ACRICEZEFHALCWBZEEREL
T b, SR« DFERT, BIcEBRIE-C 213,
Gpp(NH)p THRIE/LE i DMI it & 5 AC M D&
THBEBEEROBL X v 3Bk y, FoBE
LE Lol & THA.



22 LECH - BRI

Okada 52913, 5 v + 2 DMI %% 51, ISP iR
Bahic ACTHBMOETH g ZBBROBAL LI LR
ko b, FORELZELWI EEXEEL, DMl
X% BRGEA E ACEROET, ThZthihr
LA TH B R~ 5. iz DMI OfE BRI
DTS, ISP CRE S hi: ACTE#EL DMI # 45
X BB Z T COninZ &b, DML 3ZE4kE
Gs BAB & OFiFEBAPOERBILTVD LR LT
5. SEOFH « DRI, Okada boHE L3RI
v, DMI #-5-5 Gpp(NH)p =535 ECs, ﬁﬁfzi%ﬂ%é
& (Table 1), #2, Gpp(NH)p ic & 5 Gs E#EILD
BRPEE TS &b (Table 3, Fig. 3), DMI3.Gs
EOEERLOBRCIERT S Z LRI hi. &
Dz LXISP x5 EC DML iz X h (L L 7ofh
B (Tabled) b LTI h5, b, GEOHEO OB
BEVL B S R AR B R SRR IE 2. B 12T ikTe <,
SRELEST ST LY - C, agonist T HEHR
FMPEBTHZ DD, ZOBHRFMEZTAEMEIL Gs
BEHEOEMILOBETHEL T, EHIMZTAEC
B3, DMI#45ick b Gs BEED Gpp(NH)p it
THEAEIMET L, Gs BABOEMROEEIE
725 Z i3 ciohit. o0 Gs EREOEREILDE
B, ARcERtSEEoREAR TH D,
HoTGsERED DMI X 281k, TEERAILS
ZniY, BEAESREOREREN DML #5icL)
BLIHERBERL, FORBRLLT, BEMES
BAEDEEH5E < nh Table 4 iR Lick 51T, agonist
R A BAMENE Ien e b B 2 55 (Table 4).

Okada 520 24 o DMI 5 D&rne<L L
Lo bT, RBiro kR T DR, Okada H*0
DEBRIZEVTIREC,DI0ZEE V> BEED
Gpp(NH)p ML TV 52 &, HBWIITCTI &
LVCOHOEBBMOA vEFaN—ravEB L TWAI LA
EFbhs. Bib, 25 LESEHETFTRAVEa X~
va v, Bk GsEAE AFEAERICELTLEY
7o DML iz X % Gs EHEERALOBEROZELIE
VEBERTLE SHREH A D 5.

Okada 52® %3 DMI ofF R & L CF5ES 5 DMI
CIAZREL GsEAE LOBFEFIEAL T, O'Don-
nell 52 % g-agonist "TH 5 clembuterol &#i5 DF
OEEREHD [22]]-iodopindolo] F & x5 ISP
DIEEME 2 L ¢, clembuterol TIZEMAEL G
EHBLORKBEIRZ 5T BH, L5 OEL L -
TIEBZ o TR EHE LT, BB LA L 52
L, Ty P AMEBERT A A%AT, DMI % in vitro

FLBRERRE

<ML, DMI kX % Gs BABEOBEEELEREL
TV 5.

—7%, Table5 Tx L& 51z ECs, for inhibition i
DMI #5118 5 2 Ieh iz, ZOZ L, GsEH
BB Gl BB E o DMI #5285
Es T ERRLTWS EE LR, Gpp(NHDp
LB Tk Gs MAEMNT CIRBEAEERBIEL T
W37 DMI #5112 X 5 Gs BABREMELOBROE
{biECEBIhTLES. A, &5 L@ DMI
BEwr 28 A URuE, FhidGs BEEEER LD
BELEORM, Blb, GeEHELMERM LD
interaction, &%\ IIMEEEEALIZ DMI OfF i S2vEAE
THZEERENRTS. 46 Gpp(NH)p FILER 2 V-
T, DMI iz & 5 AC [E~OFEEXHE L, Fig
5iRLX 5 DMI3 BHE#LIc X v ACEROH
BRETHBAZ I, Gpp(NH)p 3EFE Tt
ACIEMEN DMI I & b Bk mbhied - it & (Fig.
2), ®ILUFHEILLA AC TGS DML 51 X h 28
2T otz & (Fig. 4 X v, DMI A
TER AR B\ ERRBERS. T LITHE
BWTEd s GEBEE & AEMA O interaction 17
DMI BEEdY 52 T3 ERRBLTWE EEbh
t2. DI OWT Menkes 52 4, DMIZAGEAE
& BEEAT & o interaction IR &R 5 2 52 L EHRE
LW 5.

LTt 5, DML, Gs EREoBET
EEFELRELTVWL L ENRERIh28, BED
Lo AFOBFCOWTIEAETHS. L, W<
OrDEKRIECEEND D, BIRE L S ZTEEERED
EEAHEAE S T 5BZ E BTN B8, —TF
DMI i3, & ¥ IEE T » % sphingolipid % phos-
pholipid DB DELEFR 32 L 2L R T H29,
5 LERB O LIIHKNE S HERT 5. -
T, =5 LlRERBEOZE /s DMI ofF i BE
THHRERLE L BN, SR OFEOEEE T
BELVCHENESRS.

5 # B

ABrgei X v, DMI tk g 374k adenylate cyclase
B s ORREOfl, Gs BABREILOERKLT
Gs EHE & fEIRAL & @ interaction CEEFR T2
LML, DX 5 DML ofFO—
WEREENITERBT S &3, RO SELERE
BEroL0LOBROBRERLTETLLDTHSS.
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