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The purpose of the present experiment was to determine the functional subclassification of renal

adenosine receptor for the hemdynamic, excretory and secretory functions in unanesthetized rabbits.

Adenosine antagonist, 8-phenyltheophylline (8-PT) or theophylline, was infused into the left renal

artery followed by an infusion of adenosine agonist, cyclohexyladenosine (CHA) or 5-N-

ethylcarboxamidoadenosine (NECA). Intrarenal arterial infusion of CHA or NECA caused decreases

in urine volume, glomerular filtration rate, renal plasma flow and excreted amount of electrolytes and

renin release in a dose-dependent manner. Dose-response curves in renal function by CHA or NECA

was similar and shifted to the right with pretreatment of 8-PT or theophylline. No significant

differences in renal response to CHA and NECA in antagonist-treated rabbits were observed. However,

the decrease in renin secretion rate was not affected by the adminstration of adenosine antagonists.

These results suggest that the renal effect of adenosine receptor agonists appears by way of specific

adenosine receptor, but which is not functionally subclassified in the rabbit.

A 1=

AlAALe] g o2 P45 AN adenosined
el PAdoA] o]eld 7} (Hashimoto & Kuma-
kure, 1965; Haddy & Scott. 1968) & H o]+t uls}
o A1Ae] HPL 4 Z(Spielman & Thompson,
1982) A| A A}l 24-8-2] 7}4 (Arena et al, 1984;
Osswald, 1986; Tagawa & Vander, 1970; Osswald,
1978; Spielman et al, 1986) 2} Al & F8ke] U A F
Zta ¥ Frlshe biphasic 4E deoqltn
(Arena et al, 1984; Osswald, 1986; Tagawa & Van-
der, 1970; Spielman et al, 1986; Osswald et al, 1978)

od#jz glc}, =3 adenosine A A v =37

Aol YelNE 22 AT 2AUAE 83
9 ZHeolztn B 1E Y}, Osswald 5-(1980) 3}
Spielman 5 (1982) & Al 4| =332} Na A &<4-71 F7}
%S o] ATP #38joj =} adenosine®] AJAd o]
Z7}3sln], o] adenosined “tubuloglomerular feed-
back” ZA71Me] 3] ATAAAEE BLE
o 71ty stgth, =¥ adenosined renin H-0]E
Agel delA Yom, 1 LA oby 4
8}z] 9tor}, adenosinee] A=Al 24 (Skott &
Baumbach, 1985; Itoh et al, 1985), angiotensin II
ol ¢]3} “negative feedback” =7 (Keeton & Camp-
bell, 1980) 3 2 7}A A A 7] 5 A (Deray et al,
1987) 5ol o &= F &5 Yot

HZ AEol= F FF/ adenosine L]}
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ZA) g }= AL (Londos et al, 1980; Daly, 1982) o]
gazie, o] &A1Y 542 F2 AR B
AW, =, AHEZEY TAFAZAA A3t
A, AEEry 2 ofejahn Aguel o8 544
2AZ o}, Al adenosine 4~-2-4]+ adenosineo] ¥] 13
=L ALY S 7FX 3 gl o], adenylate cyclase &
AEE JAAIFe] odeizler, agonist H3}EF
poteney A & = N6-cyclohexyladenosine (CHA) >
2-chloroadenosine (2-CLA) = adenosine > 5
-N-ethylcarboxamidoadenosine (NECA) 5 2] < 4]
o] R a1z ¢ir}(Daly, 1982), 3§13 A2 adenosine
4&-A| £ adenosineo]] & A 3AE ¥olr, aden-
ylate cyclase &4 5 & Z7}4]7]+ ©| potency A =
NECA > 2-CLA = adenosine > CHA 5-9] £ 4
2ha B uE et

Adenosine] A1¥§F953H3 7]F 3 renin Yy
2ol 4T dee AT HAAA ARelx o
#7159} vl£57 5 Z52) adenosine S-§417H
2] (Murray & Churchill, 1984, 1985; Churchill &
Bidani, 1986; Pawlwska et al, 1987) 3}o] 23]z o},
A& 45723 (Murray & Churchill, 1984, 1985;
Churchill & Bidani, 1986), #A=iu] Fof ¥}l (Chur-
chill & Bidani, 1986) =) Al&te] == 71A AU Fof
8l (Pawlowska et al, 1987) =) AlE=u] #x <
2-Eojuld (Rhee et al, 1989) 5of o]35}ed, v|E 2
AFH7t A2 dH3IL QA= o, AR7ER
renin 24| ZAof| Al %l A2 adenosine &7} =
HHo g AL glgol EuEHde AERAE
32 g3}l gle]A] Al adenosine AR = 49 A
UL oA FEAETHS 75 =2 oA
A ATAABEE ZAAAHE B2 (Murray &
Churchill, 1984, 1985) = it} =&t Al 4] w2bol A
Al adenosine A1) = Nagol AEF42 2717+
ub A2 adenosine -F-A}#l = Na9] A F45 714
AAAG 2 2ol wlobE ¥ 3 (Muray &
Churchill, 1984, 1985) 3194t} Renin 2u]§& Al
adenosine §- Al o] ¢} 8] 7+4 5] o] A2 adenosine
fAbAlol o8 FrlE b X3 (Arena et al, 1984;
Osswald, 1986; Tagawa & Vander, 1970; Osswald et
al, 1978, 1980; Spielman et al, 1986; Skott & Baum-
bach, 1985; Itoh et al, 1985; Keeton & Campbell,

o B

1980; Deray et al, 1987; Londos et al, 1980; Daly,
1982; Murray & Churchill, 1984, 1985; Hackenthal &
Munter, 1987; Churchill et al, 1987)7} 9| = 4t =
Al 7} A2 adenosine f-A}A] 23] 24X 7ok B
i (Barchowsky et al, 1987) = glc}, =2y}, 7IE
SNAle) AFe] Aok Foubiol olsjod A
adenosine f-AHA| ol g Al A7 5 % renin £u]§
9] ¥l 3} Al 3] A2 adenosine 4~&A] Alo]ol] 3)o]
APl Aol & Yot AAHL Aolb Yeg
3.(Rhee et al, 1989) 3}, 7}E9] AlAol|A &= ade-
nosine 48317+ ¥3k5]o} QA Bg Aol 9T
<+ AR, olM& tEelA Al 3 A2 ade-
nosine Al S RIS EAA Hol7t @
% 7] adenosine 4-§]9] 23}l Hale] 9t A
Q75 odolxr] 93, Al adenosine 4~£-A] ant-
agonistq] 8-phenyltheophyllinez} adenosine 4=-£-|
o w]Eo|A o2 2823} antagonistql theophyl-
lineg A}-§-3le CHAS} NECAe] &3 Al A7 5 %
renin 0] g0 WE AHYPH oz wlaw F4319]

e},

dEdz o Wy
L 48 &=

AP FEL AF 1.8kg e New Zealand#)
WA 7L EE g T glo] AlEsigled, AgA 1
FU7E 7 AR E FH38 Fof HHA AT

2. & MHY cannula §¢| Y AUSYY o}
2o F¢l

Renin £u]8-2 22317 9)3l, Cho % (1987)9)
WS o] &3t Al -5 AkQlsleh AY 1
~2900] BAAZ 72 Aol 20 mg/kge]
thiopental sodium& %o dled mlH )71 ] & 9
23t} mAe] RAANE H2o] 5~6cms)
paramedian incisiong 7}stg e}l A A A Al
4ol 2e Aoz BAyel Fez Uol & A
HUg 2 LA 22472, 1,000 U/ml s}
glog x}9 2 23G Neoflon needle tubing{Viggo,
Sweden)& Aol A 1.5cm @olzl A& Aol
Adstel B2gol mAAZom, PERS Wz
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L AARAE B8 gtez =2AFAY AER
AR dele] FuslA gh=F ol 74
heparinized saline ¢ 2 #-FA|F v, o]z =z}
e 2FHoz etk AYFY 30me/kg thio-
pental sodium © 2 v} A])7] 2 Al vl & HE=E
3t} A A, o] AW 24G Neoflon needle
tubingg 53t A A &A& 15ml/kg/bre| £5
2 Fgsigen, ofwl AE¢ Foio 242
glucose 3%, NaCl 0,3% 2] creatinine 0.3% %,
o}, ZA4le]E Yol polyethylene (PE) 32 43l s}
Baol wet AQsta, AAFTHEE FAolETHel
A+e] 5] PEX}o]l Statham pressure transducer® 37
3} of physiograph(MK IV, Narco Bio-system,
Houston, Texas, U. S. A)¢ol] 7| &35t A+ 3}
B3] ZHAANE sl LBE x 272 silicon
FE AYstd 4F 8.5 A7 Eefsie] AHES
o}, 34]7b%-qt hydration A|71 % & AlEHW A
A FEFo} & Cho 5-(1987) 9] wWhijel =} A4 3}
Ach, FolE 59 A 9ol 23G PERS
13.5em A5 Aoz Ao 2HHE ¥ A
S 7Aool cannulas] AR Eol BEo2
AA e =E 3lich Cannula 9] HA= FF 4l
A0 para-amimo-hippurc acid (PAH) s} A k2] u]
¢ vaslzzA FAsigles, PAH i 4d e
] g2 ohg-3} Zo] Al4tstgict,

Ratio of PAH extraction

=L(U PAH V)/R(U PAH V)

U PAH V: 83 PAH wjA g

LR: 7, $&41%

AW LA} cannula B AN E B3
.

3. MWy o MY

PE o] 2=A15™ x| o AA3=E 23
3 & PAH 8mg/kgd 7] o3} PAH 0.04%
2 343 A LN o2 hydration A F e}, L
ol dAs| Aol ute} 104 7tA L2 YZuE 3~43]
Axdted 22 AHEEFor, 1087 S
Bl AEste 5~63] Ax3Fch ¥# renin
A= W3tE ] AT AL 2T 2084
3 FEFe] 8EF, FEFA FE 0FF eth

ylenediaminetetraacetic acid (EDTA, &dof 1ml} 1
mg) 7} Eo} L& polypropylene A| 3 2ol 3} 1,
ARzt FAlo] Tl FAlol dgict €A
creatinine?} PAH &3-2 913t x]3-& A o] Eyl
% hSHol 4909 PERE Foho] AAstsen
AYF 24 37, QA2 3ieh,
s 4B

Al adenosine antagonist3] 8-phenyltheophylline
< 30 nmol/min&. 5o 3]} adenosine 4~-& A o]
| A ¥)= o g 283} antagonistq] theophylline-g-
300 nmole/min 57| 2087} £osldA] avlz|9} 10
Huo] Al adenosine § A A gl CHAWL A2 ade-
nosine §-A4#12] NECA® 4] Solsgich 25
o= 5] 59 cannulag Harvard infusion pump
o @Ase] 0.1m/ming] 452 Fofsiglon,
4713 FFe YA ¥ E2 inulino] FolglE £
ol =el F Foistel AA UZ AFANZ Tl
4 3¢ £F H4SE inulin FE S0k} 423}
${cH(Cho et al, 1987), k2ol A7 FTE &
e A4 D+E AN A

5. spstx| 24

AW 29 YAe] Sebd L4 PAHE Smith
5 (1945) 9] vbl g o]-&-3lo] WA G, ARFA o
#F¢¢ ¥7 ¢l 243l creatinine2 Phillips
(1964) 2] wkwj & o] &3}e] WA A A spectropho-
tometer (Beckman, US.A) 2 &A 3} .o, inulin
Vurek 5 (1966) &  u}lo]] w2
spectrophotometry (FarrandA}l, U.S.A)o) &13}3
c}, Na*e} K*e] & # & flamephotometer (Beck-
man, Fullerton, CA, US.A)ol] 9dlg o, CI &
digital chloridometer (Buchler Inc, FortLee, NJ, U.S.
A)VE A4393, osmolality Z3.& WA S o
83} osmometer (Advanced Instruments, Needham
Heights, MA, U.S.A) & A}-£351 ¢t}

&0 fluoro-

6. Renin M SHS 8 WAlHASHY
Angiotensin 13}#]+= Goodfriend 5-(1964) 8] car-
bodiimide ¥} & 23}l Cho 5 (1987, 1988)2] )}
el wzl zk5-9lom 1-125 angiotensin 12 chlo-
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ramine-T ¥ of] o] 3}gic,

A renin 4] X (plasma renin activity, PRA)
% A7 renin 82 43ke] K] 8ol g2 renin
713% AH8-3le] A" angiotensin & FH 3=
plasma renin concentration (PRC)E. & 3 3} ¢ o},
Renin 7142 Cho5(1979)9] el whah 259}
o, renin A 59 28 93] angiotensin [ &
%L Sealey 5(1973)9] uhg& W& Cho§
(1987) 2} ulHlof 2]3}git}, Converting enzyme %
angiotensinases 2] A 4] & EDTA, phenylmeth-
ylsulfonylfluoride % 8-hydroxyquinoline$- A}-£35}
At

Angiotensin [ o] WAl &2 BSAE 23}
3l Trisacetate buffer (pH 7.4, 0. 1M)& A}-&-3} =
AubAE Ql ol 2f3ldel, 4°C3toll A 18~30 A7k
ulx] ¥. charcoal suspension © 2 bound form} free
formg ¥]3}e, gamma counter A}-&3}e] ra-
diocactivity-g £ 511},

7. AlR2tE

AH8-3L ok EF 71E % ¥ A albumin, EDTA, 8
~-hydroxyquinoline, NaCl, angiotensin I, phenyl-
methylsulfonyfluroride, neomycin, Trizma, phenyl-
mercuric acetate, maleic acid, creatinine, para-
aminohippuric acid, inulin, trypsin, SBTI, car-
bodiimide, heparin, charcoal, theophylline-2- Sigma
A}, 8-PT, NECA, CHA+ RBIA}, Dextran T-703}
Sephadex+= Pharmacia’}, glucoset= Flukar}, 12
2 Na I-125+= Amersham A& A}-&3519]c},

8. &8AIH 2|

AdAFAe] EAZA 2= ANOVA2}t Dunnett
test, Student’s t-testo]] 2|3} 0., P-valuer} FA
0.059 2 Holx AF oA Aol FAZ 4
ket A X2 YL mean+SER 33l

4 8 2 3

1. 8-Phenyltheophylline §0o{of] 2|#f CHAZ9]
MolsE e My

Al adenosine 4~ -& A| agonist Q1 CHA & 0.03,

0.1, 0.3 nmole/min FoA] g 22 0.18+0.020] 4
0.154+0.02&, 0.2040.020]4], 0.10+0.028 =
g 0.17+0.030]4 0.04+0.01 ml/kg/minZ. 7}
7 g yenon @8 Basach Al ade
nosine antagonist] 8-PTE 30 nmole/min $¢3}
=4 CHAE 0.033} 0.1 nmole/min 5 &) 8 8k&
T A4LE Bolx ¥%ed CHAE F7h3le
0.37} 1.0nmole/min FojRjeofl= 0.47+0.040] 4
0.39+0.032 2 0.49+0.030) 4] 0.27+0.04 ml/
kg/min2 #A 3] 7t43}gen CHA Fodo o3
QYL EASL 8-PT Sclo] o8] 83 7heps)
91 o} (Fig. 1),

CHAE 0.03, 0.1, 0.3 nmole/min ol 4] A8 &
2k 7.7140.490) 4] 6.8010.492, 8.25+0.459]
Al 5.1140.628 7.46+0.800 4 2.05+0.39ml/
kg/ming 7t7t §-2F o| &4 0 2 ZhA 315 o, 8-PT
2 Eo3ld4 CHAE 0.03,0.1,0.3, 1.0nmole/
min Foj Aol 8.69+0.7604] 8.27+0.792,
8.80+0.800]4 7.76+0/982. 9.26+1.280]| 4] 7.
745+0952, 22]3 11.80+147014 8.06+1.03
ml/kg/minZ 747 S EH 02 sy
CHA F-oio) o3 Al Fahe] ZA4ax+ 8-PT &
ofoll o) 3 HA 3] JA = Y H(Fig. 1),

CHA 53] Al shge SafojEzoe 7t
43gler 8-PTE Fo3lwA CHAE F4o F
oAl £l A& Frolq H3HE BolA] Ygkovt o
o] CHA FoAl R EA oz Frasigd.
CHA Sofo] &3 AFAcizgs 2ausE 8
_PT Sofof <f3f @8 2okslo] Ui} (Fig. 1),

8% Nat w482 CHA 0.03,0.1, 0.3 nmole/
min S04 A8 BIA 2T WA 8 2o
ov] 8-PT9} CHAS %4 o4 0.03, 0.10
nmole/minol| A& 83 NatujAdake& 30.75+5.95
o 4] 41.60+6.2322, 26.88+6.560]4] 33,34+
6.23 uEq/kg/min 2 & 7} 3} 9 o« CHA 0.3
nmole/min F-o A& 30.84 + 4.350]|4] 28.54+
3.20 yEq/kg/min2 74 shelct, 25 Cl- |4 o
Al 0|9} §Ae pabo2 WB}elel CHA Folo o
3t 8% Na* g Cl- wjAdgke] 3} Al adenosine
antagonistq] 8-PT K-ofol o] #A3d] <k3}= o]
CHAS] $334¢ $522 o 54 Ack(Fig. ).
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DOSE OF CYCLOHEXYLADENOSINE (nmol/min)
0.03 0.10 0.30 1.00 0.03 0.10 0.30 1.00 0.03 0.10 0.30 1.00 0.63 0.10 0.30 1.00
1.20 7 T T 1 U T T — 1 T T ] rr T T 1
» : *
o0 FITN ., - . Lo~ ¢+ . 0t
N g‘\\\B : OG
0.80 ¥ 2 - ™9  ® ~o
0.60 - b u bg -0.05 |
¢ ?
0.40 | + L - L
°
0.20 | o L " e ook
0o L L L L.
U C PAH Ccr & CH20
1.50 'é T T 1 -
*
N
E 3
*
1.00 | \\\\\* L
9\
Q
0.50 |- -
. L i

Una V

Ug v

uc1 v FE Na

Fig. 1. Dose response curve of changes in renal function caused by CHA in 8-phenyltheophylline-treated (0O)

and-untreated (®) rabbit. UV, Uirne volume; CPAH, CCr, clearance of para-aminohippuric acid and
creatinine, respectively; CH20, free water clearance; UNaV, UKV, UCIV, urinary excretion of sodium,
potassium and chloride; FENa, fractional excretion of sodium. The values for each parameter but not CH20

indicate the ratio of value for CHA infusion period to that for control period. Data are mean+SE of 7~9
animals. *, **, compared to control group untreated with antagonist, p<0.05, p<0.01, respectively.

82 K* A gL CHA0.03,0.1, 0.3 nmole/
min FoA] 1.4740.26014] 1.30+40.23 xEq/kg/
ming, 1.59+0.220]] 4 0.96+0.22.2, 2.03+0.22
oll4] 0.48+0.07 yEq/kg/ming. #A3] 745
glom, 8-PTe} 4] EojA] Lo AL Z7}5te
7382 ¥oltir} 0.37} 1.0 nmole/min F-of Aol &
4.04+0.34 0l 4] 3.42+0.21 2, 3.42+0.21 &,
3.0140.320 4] 1.98+0.19 yEq/kg/minZ. 743}
%tk CHAOl 9l 8% K wjAdz 4 av=8
-PT F-ofol] ojs] A 3] zhek=lo] U=+ (Fig. 1),

Na*e] Z3wj4da2 CHA 003, 0.1, 03
nmole/min F&JA] 2.10+0,120]4] 1.84+0.122,

1.824 0.420514] 1.40 +0.412, 2.82-+ 0.400]|4]
2.22+037% % ZaE o &FEH A &
gkt} 8-PTE %3124 CHA 0.03, 0.1 nmole/
min £oJA] Na*te BaujAdake 7.77+1. 81604
10.25+1.882, 6.47+1.46004 9.22+1.68%2
A5 Z71ekglern 1.0nmole/min FoJA|ol&
6.61+ 1.9101 4 591+ 1.58% A4 ZH&de Hee
23}, o]x 3 CHAoj| 9| g Na* -yujdafe] 7t
4% 8-PT FA|F Aol 23] dA3] F3ts]eo] gl
et (Fig. 1),

CHA Folo) o3 fejaul s Z4sige
U gl EAolxw gkt 8-PTE FofshaiA
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DOSE  OF 5'-N-ETHYLCARBOXYAMIDOADENOSINE (nmol/min)
0.03 0.10 0.30 1.00 0.03 0.10 0.30 1.00 ©0.03 0.10 0.30 1.00 0.03 0.10 0.30 1.00
1.20 ~ f T T | F T T 1 r T T 1 - r T T 1
* g . 9
100 | n " : 5 \
9\9\ . : ?\é : g
0.80 | 5 = - ?  -0.05-
he
0.60 [ — ¢ o 0 = Y
0.40 o I ? - -0.10
* 1
0.20 | — - L l
o & UV = C pAH - Cer S0 A ko
1.50 1 T T 1 T T T 1 rr T T ] [ T T !
** — P
* %
%\5 - . R \8 T ?*\9
* * g * * . *x \g
*
1.00 [ F6—3& ¢ - _;\
) ~3$
0.50 | B \ (]; B ? B ‘
3 \‘
o L Una v L Ug v L ucy v = FE Na
Fig. 2. Dose response curve of changes in renal function caused by NECA in 8-phenyltheophylline-treated () and

untreated (@) rabbits. Legends are the same as in Fig. 1.

CHAS $o{¢ o] £ fels-3uld e sl
o1} CHA b5 Fo4)o} 217 ol ol

(Fig. 1).

2. 8-Phenyltheophylline §£0{0]| 2| NECA
o] MolsE o] ¥

‘A2 adenosine agonistq] NECAE- 0.03,0.1,0.3
nmole/min §-of &} 882 0.224+0.0404] 0.17+
0.030.8 0.22+0.030]4] 0.114+0.0322, 0.18+
0.040) 4] 0.06+0.02 ml/kg/ming 77} Q. 8ko]&
#Ho g 7+Ai3lg o} Al adenosine antagonistq] 8
-PTE Fo3sldA NECAE Foj3dd gke
0.47+0.050] 4] '0.4940.06°.2, 0.46+0.060]4]
0.44+0.05 ml/kg/minZ f-2| 3 W32 nolx &
gkew], NECAE 0.3, 1.0nmole/minZ g4
0.46-£0.400]4 0.37+0.032.2, 0.4140.040]4]

0.17+0.05 nmole/min & 2] §] 7+ 3t} ol g
NECA9| &-#ul-3-FA1-& 8-PT Helo| o3 3
© 2 o]F3le] NECAS] & 37} A 3] of3ts|of gl
+% % T A= (Fig. 2),

NECAE 0.03, 0.1, 0.3 nmole/min Fo] &ua] Al
W53y AT ol g e A7 gelEEoE 7
£85.00, 8-PTS} NECAE SAI5oiahad 4}
g 7H4F B9l ovh NECA wh5Fo A ot @A 3
of5}=| 3l ot (Fig. 2),

NECAE F#A| 7o) el 85 Na* w2 &
BolEAoz dAH 24sigon, 8-PT)
NECA 0,03, 0.1 nmole/min §-o A] &= 22.49+7.13
ol A 27.41+9.500. 2, 23.53+6.960]4] 27.95+
7.97 yBq/kg/mine Z7}5gch, e} 8-PTS
2.3l 4] NECA 0.3 nmole/minE- 4] Fof Ao
X §og ¥FE ¥o|x %9k3 1.0nmole/min F

— 274 —



—g-od9) 9] 39] : Adenosine F-AFA] 9] A1# & 7ol ] x|+ Adenosine A} ghAl 9] o 3F—

oj Aol 20 44+3 47014 12.67+4.24 uEq/kg/
minZ #A 3 ZAdgch 2% ClI wjidz o4
Na vjAdzpe] Wiste}l §AME Aoz Zasige
o], 8-PT Aol oaja 2 gtaxst FA3 o
A =le] A} (Fig. 2),

NECA 0.03, 0.1, 0.3 nmole/min 4] 85 K
cujdae 747 §3EHos Zasges 8
-PT #|2]& NECA 0.03, 0.1 nmole/min FdA]-&=
£-2]3F #3}E ¥olx] ¢rist 0.3, 1.0 nmole/min
2 ZeA7lel web 3.97+0.29004 3.50+0.36
2, 3.37+0.350)4] 1.62+0.36 uEq/kg/minZ &
A3 7r43tqich NECAo| o)@ 83 K+ wjdke)
7aE 3} @) 8-PT Sojol o) dA3] zhaslgl
o} (Fig. 2),

Na‘s] $3ujAlae NECAS Z3474 5ol
o wel R &R o Pasgon, 8-PT 5

AFAAels £golAE 288 Frlagin W
o4t 718 W5HE olx| W3keh(Fig 2), NECA
SoiA felepiae Axs Rasgen &
el &l P& o3t th(Fig. 2),

3. Theophylline F0{of| 2|8t CHAS] AlJ|&s
aafe| wst

Adenosine 4-8-H|of] vl &Aooz 223
antagonistq] theophyllineg »]2] Fo3slH 4] CHA
< 0.1,0.3, 1.0 nmole/min o] 882 0. 46+
0.036]4] 0.40+0.0302 0.46+0.030]4] 0.24+
0.032.2, 0.39+0.040]4] 0.0640.01 ml/kg/min
2 ZEoEA o R FHAFIgl o ARtA| Foiof] ¢
sted @A 2 & 3ok F5hslo] YgieH(Fig 3),

Theophylline-& Fo &=+ CHA0.1,0.3,1.0
nmole/min §oJA] 8 Nat v Ad 2L 33,61+3.87

DOSE OF CYCLOHEXYLADENOSINE (nmol/min)
0.03 0.10 0.30 1.00 0.03 0.10 0.30 1.00 0.03 0.10 0.30 1.00 ©0.03 0.10 0.30 1.00
1.20 T T 1 ~ T T (I T T R T 1
:
1.00 [ i - » B B
¢ O . 5. - NN
0.80 = \ N\ - \ -0.05}
\ *x I 6 I 6
0.60 - +— n
5 A
0.40 L - = -0.10F i
¢ ¢
0.20 | ® 5 — — -
U uv — C paAH - Ccr -  AaC w20
1.20 1 T T 1 [ I Ll T 1 rr T T 1 1 T 1
1.00 | 2 u by _ 5 i x
- . ) .
M
0.80 -7 - \** L . L )
. N\ % N
0.60 \ 3 = L \ 5 L
'Y
0.40 \ = L !\ L
0.20 & o 3 + s =5
0 =y, Uk v ugy v FE ya
Fig. 3. Dose response curve of changes in renal function caused by CHA in theophylline-treated (O) and untreated

(@) rabbits. Legends are the same as in Fig. 1.

— 275 —



—dl gt 2] atal A Al249 A 2 5 1990—

ol Al 34.584+3 312, 34.5643.8004 21.42+
3 412, 27.64+2.470]A 5.64+1.11 uEq/kg/min
2 747 $ggEH oz 74sldoen ol CHA
e Fof Aol vlE) #A 3] ZHefso et 8F
Cl- sj 43 4] Na* v %] Wate} fAbe1A ¥
3} ot (Fig. 3),

8% K* v A 22 theophyllines} CHA FA| 5o
Aol & &FfEA o2 743819 e CHA gh55
of Alofl w3l |A3 zhekElo] Uik Natel 3
v A gk-& theophylline F-oof] 2|3l CHA2] &3}
7} 2A 3 %E PA = Wkt (Fig. 3),

4. Theophylline §0{0f 2|3t NECA2| 47|
Sane|

Theophyllineg- E-o&w+x] NECAE 0.1,0.3,
1.0 nmole/ming A& o] X 882 0,46+0,050]

2] 0.42+0.052 0.46+0.060]4 0.35+0.042,
0.4140.050] 4 0.1640.02 ml/kg/minZ. & = 3]
A4l on o]z gake] 74 g = NECA o5
Fol Alof| wlsl &38| 7=} (Fig. 4),

Theophylline?} NECA-E FAol] 4] A¥F
%5 AT 4 Yol ot Sl 2A
©2 74sger NECA G55l Aol vla) 24

£ B8] elAlslof 93ieh (Fig. 4),

2% Na*, K* 9 CI- w4 -2 theophyllined F
eisieiAl 43ke] NECAE ol @afol & /% 4
5H2 Mo|x) egkor] chake] NECA Sof Aol & @
28] 7tekx]o] NECA9] £-8ku1-23 2 & antagonist
31 theophylline Fofo] ojs) $30.2 ol 55 ic
(Fig. 4),

Na*s] $Eul4ae theophyllined Sof shel A
NECA 0.1 nmole/min £o0] ] 8.74+0.99¢]4] 10.
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Fig. 4. Dose response curve of changes in renal function caused by NECA in theophylline-treated (0) and untreated
(@) rabbits. Legends are the same as in Fig. 1.
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. Adenosine -F-AL4 9] Al A F 7)ol n]x) = Adenosine 2}uhAo] of g —

Table 1. Effect of adenosine receptor antagonists on the renin secretion rate caused by adminstration of adnosine

receptor agonists

Dose of C H A (nmol/min)

Dose of NECA (nmol/min)

Group 0.03 0.1 0.3 0.03 0.1 0.3
Cont 19.15+ 6.49 30.61+29.29 41.77+42.07 14.00+10.29 6.44+ 3.31 8.94+ 4.19
I Expt 10.70+ 7.53 6.02+10.25* 3.27+ 3.04* 0.59+ 3.84* 0.14+ 1.04* 1.86+ 2.66*
Recovery 12,16+ 9.10 4,51+ 7.57 19.07+14.57 8.30+ 5.24 4.274+ 1.8¢4 0.58+ 6.17
Cont 14.00£10.29 17.80+10.00 —0.39+14.98 22.35+11.26 28.43+ 5.18 3 ,58+14.99
I Expt 1 108.10+21.64 74,92+24 .52 56.23+ 1.22 125,49+57.08 106.01+55.20 30.53+19,32
Expt 2 69.28+26.07 20,83+ 6.46* 19,10+ 9.33* 60.03+14.21 54.08+30.73 37.59+17.44
Recovey 14,92+ 7.50 16.27+ 9.02 4,02+ 6.48 1.54+12.65 19.01+ 7.17 23,75+ 9.40
Cont 14.48+10.48 6.02+ 7.71 19.66+10.75 7.78+17.59
o Expt 1 49.09+16.87 60.16+18.97 60.21+21.72 15.724+28.06
Expt 2 21.64+13.38* 6.78+ 3.02* 29.90+11,56* 29.59+ 6.71
Recovey 28.58+ 7.85 14.82+ 6.98 31.37+15.38 34,214+ 9.53

Values are the mean+SEM. Cont, 20 min before drug administration as control period; Expt 1, 8 min after start of

infusion of adenosine antagonist; Expt 2, 8 min after start of infusion of adenosine agonist; Recovery, 20 min after

cessation of agonist infusion. Group ] rats received adenosine agonist and group II rats received both 8-phenyltheo-

phylline and adenosine agonist. Group [II rats received both theophylline and adenosine agonist. *, Significantly

different from control value, p<0.01. *, Significantly different from Expt 1 value, p<0,05.

59+1.618 718193 0.3 nmole/ming- F-o Ao
+ 8.82+0.83004 6.27+0.74% =% 743t}
"r’ral* A g2 theophyllineg F-o{3}=4 NE-

CAS FHFAA &FgTHoz2 ZFasgeov
NECA ©hE Sois|sh §21d ol ohgich(Fig,
4.

5. Adenosine agonist?] renin £ H| x| & 0}
ol CH#t antagoniste| & o}

Adenosine antagonistgl 8-PT ¢} theophylline-$-
F4 4] renin ¥¥|&2 F718kiwt7} CHAY NE-

CAE &A]ol| Fof¥w renin Fu]-&2 Zrasldct
(Table 1),
I ot
Adenosine Al 3} A2 2.4 w]mA Eo]s}A

%431+ CHAV NECAE 7129 93 A5
T gl Ehbs 447159 W5 ol 49
Hom renin 91 44 FAY Ao s

i}, Al adenosine 4~£-]+= adenosineol| u]i A
< R34S 7}A] 3. adenylate cyclase activity &
AR +AAFAY 522 o5t ATA
AFES Fard defA glch(Daly, 1982),
=3 A4 Nag] A)§F4-5 £ A]7) 1 renin
Bl g8 7+4 A7k dc}h, A2 adenosine 48]
+ ©|2} 4|2 adenylate cyclase activity & &3 4]
2 £AAEAE ol A7le] S2ATYL +3
ARozH AFAAsgo] FrsT Aol
Na A4S A5 renin $u]§2 Z74470ch
2 3icH(Daly, 1982), 2ejit AYE Aot 1S
she Fol e} 2 Ao AR @ 9o,
Churchill 3} Bidani(1986)% =} 3} ) A] ol A]
NECAL} CHAS Aulo] So1¢ wlo] 1pehii
7159 WEHe FA v R renin B4R of
At dHe Adn Luagch 2o
Murray9} Churchill (1984) & A 2318 uf 1] &] Ao
A1 Al7]% ol v NECA9} CHAZ] of ko] Au}
Wb wustelsh 3 SongZ(1987)& sEe]
A A5 Alal A2 adenocsine agonistE &
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uflol] A47]%5  renin gl vl FFo]
S absicha slgom, adenosine antagonist®] ARg
Aol 5 8] 4312 o} (Rhee et al, 1989), 7}E.9] Al
2 A 5o A= A2 adenosine agonistq] NECAe] 2}
& renin 28] 7} QA E i ¥ 2 (Barchowsky et al,
1987) 5 itk Arend 5 (Arend et al, 1987)-& 7} %
o Asel e A% FTRAZAAN ABEe
adenosine agonist= C-AMP 3415 oAtz =
potency=- CHA > N6-(L-2-phenylisopropyl) -ade-
nosine (PIA) > NECA $o]u], ¥ oA = C-
AMP 3t A & % ] ] 7] v potency = NECA >
PIA > CHA %Fo|gtx B 138}5 ),

7}Eo) 4] Al 3} A2 adenosine agonistol] &] 3+ Al
7% o renin 34| o] ¥ 3} 7} adenosine +8-A| &
Asste] Yehde Sl AAE T 4
), Al adenosine antagonisty] 8-PT$} v &}z o
2 #43tE theophyllined CHAY} NECAS} FA4]
o %ojdul] CHA9} NECA ¢h5Foi4] vehie
A7 st @3 oFstslo] YAt £ A
% 72 7} adenosine f-Abdlol]l 2& Al7]l5e WS
7} aminophylline(Churchill, 1982) o]} theophyiline
(Spielman, 1984)0) o]} zgizlglchE B ool A
3} ¢l .2 ] adenosine antagonist §ojol] 2|4 &
2, 8% Na* wjAdgke] X3 F7F¢ 22 Rhee
(1988) 9] ®.mo} Adxse}, o|2A 7t AIA
@} CHAY NECA FojA] vehe Al7]5-9] W
3} adenosine 5§45 73l detde A4
= %5 AN

Al adenosine 4£L o] Eold oz 2L
antagonistql 8-PT2] A ]of 23] Al adenosine
agonistq] CHA®| A17]% 2t & 79} A2 adenosine
agoniste]l NECAS] Al71% ARE37} -9 $AHs
gk, o] g At 7LE 2] AlAol|A] adenosine 4~
23074 A2 subtypez. H sl F23]o] 9
Bee FAAUS, 2e A8 e I
1,0008 ooz Z7 mi aA o AL
adenosine antagonistg] 8-PT+ A1 &7| 5o &
u] %] &= potency7} theophylline ¥t} 10u] o] A+ 27|
w] Fof] (Rhee, 1988) theophyllines)] 2]3} CHAS2}
NECAS] A17]% A%E7HE 8-PT SofAlsh Aok
Aoz vla@ 47 flod, woh deHo)s 7]

3} A2 adenosine antagonist7} o}# g¢l7] wl-Eol 7}
£9o] AlAolA adenosine &A1& TE3t] ZE
A 7)ol & ol el F EAI7} o}4 do} 3leth, Al adeno-
sine antagonistol] ] g} agonist 2}-&-2] 2}%}F ol
S}k %3 (Arend et al, 1987: Churchill, 1982) ] o
HHo] §7}x]2] adenosine antagonistd A-8-3H5
71} o] antagonisto] ¢]%} agonist 5] 2H&autA
=% Aoz vla FA3A 3k7] diiol Al
adenosine antagonistol] ¢]3} Al E 3} vl &
o]3}4] Al adenosine 4§ Z&3=xE o4 4
7 18 Foldh,

Murray £ (1985) -7} Churchill 5 (1985)-2 4]
o] Al M ojlA] Al adenosine agonistql NECA+
renin 28]8 74| 7 tha 51g o1} SongE-(1987)
2 JlEolA %} 25 renin u]E BAA Ik
23n3sgich, ¥ AgelA CHA9L NECAe| g
renin $-u]-§¢] 7}4 & 8-PTy} theophylline 3] 2] o]
gsiME A dg 3k Hstel. Churchill &
(1985)& WA A9} A Aol 4 CHAoll £]3} renin
%u]9] W87} theophyllines] o3} ek3hzigichz 2
3.3t o n] Spielman(1984)& adenosineol] ¢] &t
renin 3-8} 2} 7}4 7] theophylline A 2]ol] o3&} 3
o W) ggten Al75e M3k BA 3 okshslg)
thx 3tglc}, Spielman(1984)2 oj2jdt Az ¥
€| adenosine?] A1# & )7} renin o] v]X & &
sho} RelHe WAL o] renin Fu] Aol o
&} adenosine agonist®] 4-&| X13H4 o] P of
& Ase Aol dusgich £ AdolA A
2.3} antagonist®] }S F7}A]7]| A E£ agonist
Fg A AN Fol 3 renin $u &) A& E
of = ot 2 A#}E xR ZEH

ol ate] Ate stE 9 AlFHUNE T4 CHASYL
NECA¢| 2|3l A1 7]%-2] ¥ 8+ adenosine &3]
& ARt dehbe AYdE & ARl =R
Al3} A2 adenosine agonistol] &]3l A17]%5-9] W3}
7} §-A}3} 3 antagonisto] ¢ & Alx} A2 adenosine
agonist®] AIAE 9] At HE7 FAY ALE v
2o slE9| AR oAl adenosine 4-S-AH| 9] -3t
7} o] FoiA)A] ¢ o F AeH,
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2) Theophylline F-ofol] 2|3d] 45 CHA9} NECA
o] A7l A §A9] s,

3) 8-PT 1} theophylline & of of] ¢] 3} CHA ¢}
NECAd] &3} renin £u]¢9 zZ4ExE 159
oJg ) Rk,

o] 4o A3E 7t o] A5 NECAS} CHAS
Fosto] Ehbe A7 Wk
EAE At dehde, stES ARedAE
adenosine -§-A| o] H&dA] YIS G

ot

Hydoz

adenosine

ACKNOWEDGEMENTS

A At =55 F4A $AE, A
FASEANA HL ZAAHE =3 Y

REFERENCES

Arena L], Haramati A, Thompson CI & Spielman WS
(1984). Adenosine-induced devrease in renin release:
dissociation from hemodynamic effects. Am J Physiol
247, F447-F452

Arend L], Sonnenberg WK, Smith WL & Spielman WS
(1987). Al and A2 adenosine receptors in rabbit
cortical collecting tubule cells: modulation of
hormone-stimlated cAMP. J Clin Invest 79, 710-714

Barchowsky A, Data JL. & Whorton AR (1987). Inhibi-
tion of renin release by analogues of adenocsine in
rabbit renal cortical slices. Hypertension 9, 619-623

. Adenosine §-ALA| &) Al A& bol] v] 2+ Adenosine x}p&FA]| 2] °f TF—

Cho KW & Malvin RL (1979). Renin inactivation during
in vitro experiment. Am J Physiol 236, F501-F504

Cho KW, Kim SH & Koh GY (1987). Radioimmunoas-
say and characterization of renin-angiotensin system
in the fresh-water turtle. J Exp ool 242, 255-263

Cho KW, Koh GY, Kim SH & Seul KH (1987). Unilat-
eral renal arterial infusion and renal vein catheter-
ization in rabbits: Study of renal function and renin
release. Renal Physiol Basel 10, 93-101

Cho KW, Seul KH, Ryu H, Kim SH & Koh GY (1988).
Characteristics of distension-induced release ofim-
munoreactive atrial natriuretic peptide in isolated
perfused rabbit atria. Regul Peptides 22, 333-345

Churchill PC (1982). Renal effects of 2-chloroadenosine
and their antagonism by aminophylline in anesthet-
ized rats. J Pharmacol Exp Ther 222, 319-323

Churchill PC & Churchill MC (1985). Al and A2
adenosine receptor activation inhibits and stimulates
renin secretion of ratrenal cortical slices. J Pharmaco!
Exp Ther 232, 589-594

Churchill PC & Bidani A (1986). Neural effects of selec-
tive adenosine receptor agonists in anesthetized rats.
Am J Physiol 252, F299-F303

Churchill PC, Jacobson KA & Churchill MC (1987).
XAC, a functionalized congenger of 1, 3-dialkylx-
anthine, antagonizes Al adenosine receptor-
mediated inhibition of renin secretion in vitro. Arch
Int Pharmacodyn 290, 293-301

Daly JW (1982). Adenosine receptors: targets for future
drugs. J Med Chem 25, 197-207

Ceray G, Branch RA, Herzer WA,, Ohnishi A & Jack-
shon EK (1987). Adenosine inhibits beea-adre-

noceptor but not DRcAMP-induced renin release.
Am J Physiol 252, F46-F52

Goodfriend TL, Levine L & Fasman (1964). Antibodies
to bradylinin and angiotensin: A use of car-
bodiimides in immunology. Science 144, 1344-1346

Hackenthal E & Menter K (1987). Effects of adenosine
receptor agonists and antagonists in the perfused rat
kidney. J Hypertens 5 (Suppl 5), s393-s395

Hashimoto K & Kumakura K (1965). The phar-
macological features of the coronary, renal,
mesenteric and femoral arteries. Jpn J Physiol 15,
540-551

Haddy FJ & Scott JB (1968). Metabolically linked

vasoactive chemicals in local regulation of blood

— 279 —



—oizidej sl Al | Aj24d A 2 5 1990—

flow. Physiol Rev 48, 688-707

Itoh S, Carretero OA & Murray RD (1985). Possible role
of adenosine in the macula densa mechanism of
renin release in rabbits. J Clin Invest 76, 1412-1417

Keeton TK & Campbell WB (1980). The pharmacologic
alterations of renin release. Pharmacol Rev 31, 81-227

Londos C, Cooper DMF & Wolif J (1980). Subclasses of
external adenosine receptors. Proc Natl Acad Sci U.S.
A. 77, 2552-2554

Murray RD & Churchill PC (1984). Effects of adenosine
receptor agonists in the isolated, perfused rat kidney.
Am J Physiol 247, H343-H348

Murray RD & Churchill PC (1985). Concentration de-
pendency of the renal vascular and renin secretory
responses to adenosine receptors agonists. J
Phamacol Exp Thera 232, 189-193

Osswald H, Spielman S & Knox FG (1978). Mechanisms
of adenocsine-mediated devreases in glomerular fil-
tration ratd in dogs. Circ Res 43, 465-469

Osswald H, Hermes H & Nabakowski G (1980).
Adenosine as a possible mediator of metabolic con-
trol of glomerualr filtration rate. J Biochem 12, 263
-267

Osswald H (1986). Renal effects of adenosine and their
inhibition by theophylline. Naunyn-Schmiedebergs Arch
Pharmakal 288, 79-86

Pawlawska D, Granger JP & Knox FG (1987). Effects of
adenosine infusion into renal interstitium on renal
hemodynamics. Am J Phylsiol 252, F678-F682

Phillips RA (1967). Quantitative clinical chemistry. Vol. 2:
Methods, Williams and Wilkins, Baltimore, 1964

Rhee KS, Kim Y], Kim SH & Cho KW (1989). Effcet of

adenosine receptor antagonists on the renal function
and renin release in unanesthetized rabbits. Kor J
Physiol 23, 377-391 (in Korean)

Sealey JE & Laragh IH (1973). Searching out low renin
patients: Limitations of some commonly used meth-
ods. Am | Med 55, 303-314

Skott O & Baumbach L (1985). Effects of adenosine on
renin release from isolated rat glomeruli and kidney
slices. Pflugers Arch 404, 232-237

Smith HW, Finkelstein N, Alminosa A, Crawford B &
Graber M (1943). The renal clearance of substituted
hippuric acid derivatives and other aromatic acids in
dogs and man. J Clin Invest 24, 388-404

Song YS, Choi BS, Kim SH & Cho KW (1988). Effect of
adenosine analogues on the renal runction and renin
release. Kor J Physiol 22, 319-332 (in Korean)

Spielman WS & Thompson CI (1982). A proposed role
for adenosine in the regulation of renal
hemodynamics and renin release. Am J Physiol 242:
F423-F435

Spielman WS (1984). Antagonistic effect of theophylline
on the adenosine-induced decrease in renin release.
Am J Physiol 247, F246-F251

Spielman WS, Britton SL & Fiksen-Olsen M] (1986).
Effect of adenosine on the distribution of renal blood
flow in dogs. Circ Res 46, 449-456

Tagawa H & Vand AJ (1970). Effects of adenosine
compounds on renal function and renin secretion in
dogs. Circ Res 26, 327-338

Vurek GG & Pegram SE (1966). Fluorometric method for
the determination of nanogram quantities of inulin.
Analyt Biochem 16, 409-419 .

— 280 —



