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Desensitization of A, Adenosine Receptors in Rat Cerebral Cortex

Kyung Sun Park’', Wan Suk Yang' and Kyung Hwan Kim’
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Medicine and Department of Pharmacology, College of Medicine

Following the subcutaneous administration  of R{— )N®(2-phenylisopropyl)adenosine(600 nmol/
kg/hr) to rats for 1 week using Alzet® mini-osmotic pumps, A, adenosine receptor functions
were determined using [*H]DPCPX binding, [35S]GTP75 binding, and adenylyl cyclase assays.
A, adenosine receptor binding and the inhibition of adenylyl cyclase activity by PIA was not
altered in cerebrocortical membranes prepared from PIA-treated rats. However, there was a sig-
nificant decrease in the A, adenosine receptor-mediated stimulation of [3SS]GTP78 binding to
cerebrocortical membranes prepared from PlA-treated rats(22.0% decrease in basal activity; 19.
7% decrease in maximal activity). These results suggest that the desensitization of A, adenosine
receptors following chronic administration involves agonistinduced uncoupling of the receptors
from G proteins rather than alteration of A, adenosine receptor molecules. It 1s also suggested
that the determination of stimulation of [3SS]GTP),S binding to G proteins is a suitable tool in
studying the receptor regulation including desensitization
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Abbreviations: RPIA, R(-)N’(2-Phenylisopropyl)adenosine;

DPCPX, 8-Cyclopentyl- 1,3

dipropylxanthine; [®SJGTPyS, [*S ]Guanosine-5-(y-thio)triphosphate

M =

Nucleoside®] ¥ZEQl ol =AlL& Al¥7t AEH
28 AU diAMEA0) dold A AMEYE #
glgo] JUTHFE FTVIAY Al F#E F

*H =R 1995dE w&R SedTRAN(I]2

gshel elste] ATFH UL

2AA NEY A FFEE FASES vlA
T AL ded odd 4 A9 e AXE
A ol dti(Collis®t Hourani, 1993). i A
+ ischemia, hypoxia, hypogly-
cemia®} 72 metabolic insults Fof o}dl=4l¢]
et woldues FEAY AfEo] HiuHo
elA o}dix=4lo] natural anticonvulsant® =
&3le Aoz A4 9ok (Dragunow, 198634
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1988). Alg9] ischemic braino| M= old Al &
=7t 3788k T TEAAY fARE AHE B
ischemia, seizured] W& cell loss®} neurologic
deficitE& A &3}7] Sl otvll=4 F=A7
3Hoz 2 $49 & U¢ A= A

oAl FEA A o3 dojdt). o=

A A, A A2 Yutd oz ERED 9
Hoxef AARS AL F2 A, ofd=l &
AE AfsA doldch(Dragunow, 1988). o}y
= FeAe G 9leg ARdd
cyclase €9 =, phospholipase A,, phospholipase

adenylyl

C, guanylyl cyclase, potassium channels, calci-
um channels®} & o7 effectorsE w75}
Alxy AEAGE doivta delA ok (Olsson
3} Pearson, 1990).

G dilg d49 FEAE TEAIE 284

€ A717 FodaE dwryoz FEA9 #
(number)7} Zt2¥ ® ofvzyt G w¥e F

(number)$} & ¥ (distribution) = #3}= Ho] ¢
HA Ut (Milligan, 1993). wa}d A, old =4l
TEH &HAE epilepsy, cerebral ischemiag
g3y 3 A7 BE3e Ao enge
Agd F8% 9L AL Aot o|AAXA
obtl:Al F&AY M B ATE caffeine
= theophylline3 9] Z3AZ 7|7t Fo31y
HAAIF A (Murray, 1982; Fredholm 1982;
Green3} Stiles, 1986). £ dF= A, oldxAl
F&A AFAR PIAE 157 A3l g@73to)
signal transductiond] W)X G dolr ] ¢
3} A o ofrl £84, G @, agn
effector¢l adenylyl cylased] Vel )= WaE
Btz &k,

Mz WUy
1) AlefF R "z

[*HIDPCPX (120 Ci/mmol), [*S]GTP, S(1000
~1500 Ci/mmol)& New England Nuclear(Bos-

ton, MA, USA)JA Fdslgz, [PPJATP
(2mCi/ml)¥ Amersham International plc(EN-
GLAND)ol X 79]3}% 3, Alzet® mini-osmotic
pumps+ Alza corp(Palo Alto, CA, USA)dj|A
T-¢9]8}993, adenosine deaminase(calf intestine
A4 F2%; 200 units/mg), GDP, GDP, S, GTP, S,
bovine serum albumin, dithiothreitol, forskolin&-
Sigma Chemical Co.(St. Louis, MO, USA)djA
43 93, RPIA 9 DPCPX &=
Biochemicals Inc.(Natick, MA, USA)olA F+¢
&gt 718} A|ek& analytical grade AEL Al
&3t

Research

2) MESE

AIFERE 4FY o) & Wizt TEH &7
o AgA17) BEA 200~250 gl 57 AF (Spra-
gueDawley) & AH4891, FEAE A 640
go] Bolom oF 6A9] o] ke light
cycleg {A 34Tl

3) A, ofeli=dl +~EMo| S FY

A, oldl =M g 2] desensitization2 Alzet
mini-osmotic pumpsE A}-&3la] PIAE 39
600 nmoles/kg/hr9] infusion rate® F3ld o
© At} (Parsons$} Stiles, 1987).

4) Crude cerebrocortical membranes
9| Fd|

3 # = circadian rhythme] 7}5AS 283ty
AZAZH( LA 1049 decapitation®. 2 3] A]
HAH(VirusE, 1984). 8 =4] whole braing
A2sled 0.32M sucrose(9ml/g tissue)7} &

Potter-Elvehjem type homogenizer] ¥ i homo-

o

genizationd}93t}. Crude homogenate& 1,000xg
A 168 Fot AR A L, FFHE 20,000
xg(18,000 rpm) el 4 303 thAl 94%esAch
ol]f A AFNL AABIL pellet& 1mM
EDTAE 383 50mM Tris-HCl buffer(25°C9
A pH 7.4)2 23] MHaYx, HF pellets
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1mM EDTAE &-#3t= 50 mM Tris-HCl buffer
(25°CejlA] pH 7.4)2 @4 Fxrl ¢F 5mg/ml
7t HEE AFFAIA ~70°C freezero] H#3S
o},

5) Adenylyl cyclase activityo] &4

Adenylyl cyclase activity™ Salomon%(1974)
o] wHow =A3Ycrt Reaction mixtured)
volume& 100 glojgj e, 0.1 mM ATP, 0.1 mM
cAMP, 5mM MgCl,, 0.1mM GTP, 100mM
NaCl, 5 mM creatine phosphate, 25 U/ml crea-
tine phosphokinase, 0.1 mg/ml BSA, 0.5 unit/ml
adenosine deaminase, 1 mM DTT, 50 mM Tris-
HCl(pH 7.4)E -3ttt ¥F-2-& reaction mix-
tureo]] crude membrane {ractions{2} 5~10 ug
o] Maur dld ftube) g vhe] AlRbald i 30°C
oAl 1587 incubation3tHtt. ¥hg-o] B A
Y [®P]cAMP% alumina column® Dowex
50 columng X3 2 ALEsle] Eejstgen, [¥P)
cAMPo| ¢]3t radioactivityt Beckman liquid
scintillation counter& A}&-3le] =43¢t}

6) [*S]GTP,S bindingo| &3

g EAE
FHol HF&HL 20024 50mM Tris-HCI
(pH 7.4), 1mM EDTA, 5mM MgCl, 100 M
GDP, 1 mM dithiothreitol, 100 mM NaCl, 0.2
0.3 ~0.5nM
[3SS]GTP7,S(91k 50,000 cpm), 2& i 0.1 mg/ml
BSAE &89t (Lorenzens, 1993). ¥e&
ME9 fractions(9F 2 ugo] AxEet ol & /tube)
& 71etA A Al&EEL 30°Co|l A 458 ¢k yhe-
AlZth. Brandel cell A3l
50 mM Tris-HCI, 5 mM MgCl,(pH 7.4) &%o 2
78] AA F glass fiber filters(Whatmann GF/
B)dl Alg 24 tubes& FAlol ogfAA ¥HE&
EU, ALsiA 99 28 bufferse 5ml¥ 23]
M 334 c). Radioligand ] nonspecific binding-&
10 uM unlabeled GTP7 S& reaction mixtureo]|

[35S]GTPYS binding& F3A3dl7] 93¥ S

units / ml adenosine deaminase,

harvester&

@7 gol 2R

7) FHIDPCPX bindinge| &%

[*HIDPCPX saturation binding studyZ $j3%t
assay mixtured] HELBTL 1mlEA 50 mM
Tris-HCIL, pH 7.4, 5mM MgCl, 0.5 units/ml
adenosine deaminase, 0.1 nM [*H]DPCPX, &}
I 05mg/ml BSAZ £33 tH(Brunss,
1987). 9F 40 ug/tubeo] MET fractiong A7}
ShEA kg AlFEEaL 30°Col Al 905t A4
gl old] 2 tubesE & 22 3lETh. Nonspe-
cific binding& 100 uM R-PIAZ 4 Yol AA
&t4gdct.  Brandel cell A3
50 mM Tris-HClI(pH 7.4), 5mM MgCL& w]g]
AM F glass fiber filters(Whatmann GF/B) <)
A& 24 tubesE FAlO AAIA REEE B,
5ml¥ 23] 919} o bufferz A Hstdch. 18
31 thA] filter® Aol 10mle] cocktalle] &
scintillation viald) ¥ 3085 <9t AlA shaked

S 3087 AL HX3% & Beckman counter

1} 5
2 radioactivity o] %& &A%}

harvester&

8) B sE9| &Y

gl 4 e = Bradforde] Wyel wel 43}
% th(Bradford, 1976).

9) X2 24

[*H]DPCPX binding nonlinear least-square
curve fitting program¢l LIGAND(Munsen$}
Rodbard, 1980)& A+&3tgch. [¥S]GTP,S
binding data@HE EC;e] AA+S Prism 2.0
(GraphPad, USA)& A}8-3te] &4t 7]Et
Az o] B4 BAE unpaired groupsol] thd Stu-
dent’s f-test® AFL3l1 RE Z#E meant

standard error2 AU

! T}

A
5

ot

Az ¥ 2oz Yol @ Z(PIA 4
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T)oll= Alzet mini-osmotic pumpsE A}l
otdl:=Al &4 AU PIAE 1533 A3
desensitization& §IA7)1, J& & T PR
o2 AR89t} (Parsons®} Stiles, 1987). PIA
E 1F4Y AAE F F &9 FHNA cerebro-
cortical membraneg Y& 3714 APL &l

23 e ARsE 9.
1) ezixtoz olgt [*HIDPCPX binding

o M3l
A, ofdlAl &AM MHYHom AgE
A3A¢el [PHIDPCPXE A}&3}o] saturation

binding studiesE A A8} t}. Table 1A B <
A5ol PIAXXZH WzxTe K,(dissociation
constant)} B, (total receptor site)d| ] & <3
ql pol7h BREA @kt

?) gzsoz oig ["SIGTP,S binding
o s}

Brainol A o}l w&A 2| adenylyl
cyclased] ZAd #F A= vE 2AIHE ¢
27 signald] ¥]3] noiseZt AAl Aol o & g0l
Bokoh 23y 32 AzAge] xrvree wT
A2 02 monitor@ §* U= WHEC] AL
braindl]A49] A7} R ol R} B T

Table 1. Characteristics of A, adenosine receptor bind-
ing in cerebrocortical membranes from PIA-
treated and control rats*

Treatment PIAtreated Control -
Ki(nM) 7.0+0.2 8.1+0.3
Bra(fmol/mg protein)  950.0+37.1 987.7+485

* The total number of receptor sites(B...) and the
dissociation constant(K;) of [*H]DPCPX binding to
A, adenosine receptors were determined from the
saturation binding experiments using the computer
program LIGAND. Data are presented as means+
standard errors; n = five rats per group. No signifi-
cant differences between PlA-treated and control
groups were observed.

A& brain®] cerebral cortexo]A A, ojglx
F&A AgAA 3 G @¥o] BA3HE A
G: 293 [*S]GTP,Se| bindingg 733}
23} ot (Lorenzen, 1993).

Fig. 12 PIAXXZ3 thZ2oA L& cere-
brocortical membranes?] R-PIAo] 2J3% [¥S]
GTP, S binding?| stimulationg Uetd 2o 2
RPIAA 7oA BAH2z oA 7439
}(p<0.05). R-PIA A x| 79| A] basal [3SS]GTPJ,S
binding2 <F 22.0% 74591, R-PIAY 23
[3SS]GTP),S binding®] maximal activation® ¢f
19.7%7} 7284, w3 PIAX X))o EC50%
Qo) s 258 lelglAl st

Fig. 2& Mghel ¥x=d w& [*SIGTP,S
binding 9] stimulation J=E uv|wE Aotl. »
£ Mgs HxoA PIARAT [“SIGTP,S
bindingo] ZAe&e ¢ F AT Faz,
datay= EAISHA AT ofuli=al &A@
22U ed, G @38 F8A 9 binding &4}
o mx]= NaCl#t GDPe] H¥& PIAXX

M go >

_ 200+ - —s— Control
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3
£
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Fig. 1. Concentrationresponse curves for the stimula-
tion of [“S]GTPYS bindings by R-PIA in
cerebrocortical membranes . prepared from
PlA-treated and control rats. Crude mem-
branes were incubated with indicated concen-
trations of PIA in the assay mixture under
the “[”S]GTPJ,S binding assay” conditions
for 45 min. Data are presented as means+t
standard errors; n=five rats per group.
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Fig. 2. Effect of magnesium concentration on PIA-

stimulated [3° S]GTP7 S bindings in
cerebrocortical membranes prepared from
PIA-treated and control rats. Crude mem-
branes were incubated with 10*M PIA and
indicated concentrations of magnesium chlo-
ride in the assay mixture under the “[®S]
GTPYS binding assay” conditions for 45 min.
Data are presented as means+standard er-
rors; n=five rats per group.

ol A wlashgl et £33 Hsksh il

3) eizt=to 2 QI PIA-inhibited adenyl-
yl eyclase activitye| H3}

Loz HASL A, adenosine receptorse)
effectorq] adenylyl cylclased] tf3t 3= A
3t Fig. 394 £ 5 %o 153t PIAA
X+ basal adenylyl cyclase activitydll= o}5-&
wals #4 9ot 9Rten J¥ WsE 2
A 8] characterized}”] £t guanine nucleotide
binding proteine]|v} catalytic unit®] 7}%& 724
stdh. e 1%kl PIAX A= NaFu
forskolinel] ©}%+ adenylyl cyclase®] activationof
T olF3 ¥W3E A ¥ Aoz Yyt

Fig. 4= o8] 717 GTP:%=o|4 10-* M PIA
o] ZA s} A adenylyl cyclase activityE Bl

g 2do|th. RE GTPs =AM PIAX X3 o
ZF9 adenylyl cyclase activity:s 10'Me]
GTPolA #H19 activity® Ul biphasic

1

1

Adenylyl cyclase activity
{pmol/min/mg. protein)

Fig. 3.

Adenylyl cyclase activity
(pmol/min/mg protein)

400
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5001
3 Control
i PlA-treated
oooﬂ
500
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Treatment

Basal Forskolin

Stimulation of adenylyl cyclase actvity by
NaF and forskolin in cerebrocortical mem-
branes prepared from PIA-treated and control
rats. Crude membranes were incubated with
10mM NaF or 10™*M forskolin in the assay
mixture under the “adenylyl cyclase assay”
conditions for 15min. Data are presented as
meanststandard errors; n=five rats per
group. No significant differences between
PIA-treated and control groups were ob-
served.
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Fig. 4. Effect of GTP concentration on PIA-inhibited

— 155 —

adenylyl cyclase actvity in cerebrocortical
membranes prepared from PlA-treated and
control rats. Crude membranes were incubat-
ed with 10*M PIA and indicated concentra-
tions of GTP in the assay mixture under the
“adenylyl cyclase assay” conditions for
15min. Data are presented as meanszstan-
dard errors; n=five rats per group. No sig-
nificant differences between PIA-treated and
control groups were observed.



curvesZ UERY oM, & groupsZtills EAZ S
2 #9449 o)zt gl

] =

B AFqAE 1537 PIAZ A% & #F <
cerebral cortexo) A A, oHl=i] FEA
o] tjgt [*H]DPCPX bindinge] #3iz& #FE
%7 ¢lgith. ©lgo], PIAY 2§ adenylyl
cyclase activity®] HJAIAEE WIA LUt
(Porters, 1988). 13ju} EA@A AMEE G
glol] gk [“S]GTP,S bindingg &A% IS
w, PIA#|x]F#o]A] basal
activity =5 2ol W fAUA #ArEe
& 4 i

oA 7R obel=Al FEAY Hel dE Fgd
#E AT F2 caffeineTd 2 ZFAE 7}
A A srgch(JacobsonE, 1996; Green}
Stiles, 1986). &3] Caffeine® 7|7y 4% F
Z2N7AA9 AT A otdlxA FEA Y Sy
N%d HXs G B3 ATE o AFA
A o 7}A] dose regimenso. 2 AT EQIrh HE
Beo] AFdM A, F&AE up regulation® &
3 A, 839 mRNAY levels® W3R &%k
t}. o]AL post-transcriptional mechanism® 2
A, $24E down regulation A|7)18E WA &
Ao Z&Le ZFAA vehtes Aoz Fz4d
t}. olgtE= xHoz tRE A, FEAAA
= receptor bindingoltt mBRNA7E ®Wabz] ¢k

actvity®} maximal

£

2 A % otHxAl FEA Y ZA-A B
e dAFEL 3 AWAES adenylyl
cyclases] 9Ae} AR A, oidlxAl &9
3}3kz 4 (downregulation) AAEL F&A] olF
oJHuk(Milligan, 1993). A, ojulxal F£A49
38z 2 Néphenylisopropyladenosine(PIA, tf
A7 HA g oAl £¥ANE HPFE
AR A&Heg FUAsAY, WFT ALA
¥ A3 Fosto doAdt. & AS EF &

A9l density’} #Adgoed, G @9 o subu-
nit®! 40~41 kDa polypeptide®] pertussis toxin
o] 2%t [¥PJADP-ribosylationo] ®3s|A 7
HUck &AL G G 2% dFzdo] dojut
= Ao yol, 49 G @] Ayt dn
(coupled) 5] dolv}= Aoz AZdE.

Adenylyl cyclase® 9A 3= F ©& YA
E74¢l prostaglandin E& AR A&FHo
2 A 31'Y pertussis toxin-sensitive G B 9] ¢
subunite] PIA R A8k 4AFSHA Zragrh. olg
= &3 o & nicotinic acid(o}Z] 43
A ge F8AS 43AAH GTP-dependent
manner 2 AMA £ adenylyl cyclaseE A3}
E EAE G 99 &g ¥HIAIA FUH
(McKenzieZ, 1991). PIAY} prostaglandin E, &
A2 AX A, o] F EA Bt ojyz}
nicotinic acide] g AEZE2] antilipolytic #+-2
o] 7Z+4%th. 18y nicotinic acid A X Fof &=,
nicotinic acid®] W&t A E¢ antilipolytic §F-3
Wol A1}, PIAY prostaglandin E 9] #+-3-& ®#3}
&2 2okt (McKenzies, 1991). wabA o2&k
PIAL} prostaglandin Eo 2@ G; subtype®]
down-regulation& heterologous desensitization .
2 AZE, ¥ nicotinic acid X&) 799
G dule] 2AHX &= receptor desensitization
€ homologous FE| 2 F&A FEAMT doluh
= A 2t} G; subtype® downregulation®] 7]
Ae oy 9as WA 94 @k Whole ani
malsg ASE AP E PlAC % G T
down-regulation® mRNAs9] <o) 7hAstA ¢
= Aoz Hol, G 9 {Ax9] expressiong
WAl A dolub Aol ol A A=
G g¥eo Eart FAHO dojue R Eo
(Milligan, 1993).

A, obd:=Al F&4 ZHAY ol =AE Mo
Mo AARFFEo) & LA 1ol cerebral is-
chemia$} seizureo] & cell loss?} neurologic
deficitE & X83l7] 98] 2zt dazeg Ab
£33 Auto|r}(Dragunow, 19863 1988; Rudol-
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phi%, 1992). o}d|:=Al& &A supraventricular
arrythmiaol] 94402 AMEHI Yok FH A
olg| =4l =8A ZFFAEE cognitive disorder,
sleep apnea, renal diseases, ischemic brad-
ol oz 83 Aot (Collis
9} Hourani, 1993). &g et #doA &2 of
A, O}Eﬂiﬂ FEA ZAHAE VI FoisiA 2
A gAY el oFE ave) 2t
ojglst A= ofgied
|t ?@517‘] %‘2‘11, RE ?%ﬂl ad8A Y

yarrythmia

7t agHe énaow & el aﬂr-e R

a3 1 AgHE
A, g g% AnaRel Fa5 tg &
e e ARssd sldshe e Az,

Z =

PIAZ 157t AXx3td 839 cerebral cortex
o Yet= A oldxAl FEAe gge &
EA AA ] dojub= Wslol] y|dE | EoE, ¢
£39 G el uncouplingd] &% Ao = Al®
"o} dutzlo g o) A1 4%+ functional assay

At wHow
+ signalell W3] noiser} Bl A AA gzizto)
A% W3lE AFIU7L FEdh g B o
ToME Gadd dg [*S]GTP,S binding&
ZAske e AMgstged, dxFd s
PIAM A& basal activityZ} 22.0%, maxiaml
activityZ} 19.7% A RSE A3k o]
[¥*S1GTP,S binding&
zti 2o
toole] & <

¢l adenyly cyclase activity &

£4s assaysy &
FE&A 2dAAHE dAFsE F
Kot A,

flo o

A o

o

HAEL  curveditting computer program®l
LIGANDE A48 ¢ J=Z wigjs] FA nF
NIH¢] Dr. P.J. Munson# Dr. D. Rodbardef A
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