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Effect of Adenosine Receptor Antagonists on the Renal
Function and Renin Release in Rabbits

Keon Su Rhee*, Young Jin Kim, Suhn Hee Kim and Kyung Woo Cho

Department of Physiology, Jeonbug National University Medical School
*Department of Pediatrics, Chungnam National University Medical School

Recently it was suggested that the endogenous adenosine might be the mediator for the intercellular
communication in the regulation of tubuloglomerular feedback control and renin release. Even though
the previous data showed more important regulatory roles in the renal hemodynamics and renin release
for the Al adenosine receptor, it has not yet been settled down about the functional subclassification
of renal adenosine receptors. The purpose of the present experiment was to clarify the importance of
the renal adenosine receptors for the regulations of the hemodynamic, excretory and secretory func-
tions. Experiments have been done in unanesthetized rabbits. Intrarenal arterial infusion of Al
adenosine antagonist, 8-phenyltheophylline, 3~30 nmole/min, increased urine flow, renal
hemodynamics and urinary excretion of sodium. Intrarenal arterial infusion of Al antagonist, 1-3-
diethyl-8-phenylxanthine (DPX), 10~100 nmole/min, increased renal hemodynamics and excretory
functions. Non-specific adenosine antagonist, theophylline, 30~300 nmole/min, resulted in dose
dependent increases in renal hemodynamics and excretory function. All of the three adenosine
antagonists for the increases in renal hemodynamics, excretory and secretory functions was 8-
phenyltheophylline > DPX > theophylline. These results suggest that the endogenous adenosine is
important for the intrinsic regulatory roles for the renal functions through the adenosine receptors, and
that the Al adenosine receptor is more important than the A2 receptor in the regulation of renal

hemodynamics, excretory and renin secretory functions.
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Fig. 1. Effect of intrarenal arte-
rial infusion of theophylline for
30 min on renal functions in
unanesthetized rabbits. UV,
Urine flow; CPAH, clearance of
para-amino-hippuric acid;
GFR, glomerular filtration rate;
UNaV, urinary excreted
amount of sodium; UCIV, uri-
nary excreted amount of chlo-
ride; UKV, urinary excreted
amount of potassium; FENa,
fractional excretion of sodium;
CH20, clearance of free water.
Open dots indicate control
right kidney and closed dots
indicate experimental left kid-
ney. %, Significantly different
from control period in experi-
mental kidney, %, p<0.05, *
%, p<0.0l, % % %, p<0.001.
#, Significantly different from
control period in control kid-
ney, #, p<0.05, ##, p<0.01, ##
4, p<0.001.
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(@), Other legends are the same as in Figure 1.
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Table 1. Effect of intrarenal arterial infusion of 8-phenyltheophylline, 1,3-diethyl-8-phenlyxanthine, and theophyl-
line on renin secretion rate in unanesthetized rabbit

Time after Doses of Antagonists (nmole/min)
infusion 3 10 30 100 300
—20 min — 2934650 1714+ 681 1529+ 6.70
?ﬁl;:;ﬂ;/llfine 10 min  10.56+8.10** 74.01+22.09* 109.15+46.62*
30 min  14.3447.27¢ 60.62+1633  77.28+17.03%*
. ~20 min 6494966  —7.80-+17.50 27.87+8.99
Eﬁi‘rﬁ‘;&g;thine 10 min 17.81+1342  29.41+9.16* 84.07+29.17
30 min —254+10.14  —5.55+9.71 140.96 +46.99*
—20 min 19.81+9.14 2363+838  37.56+11.89
Theophylline 10 min 58.98+14.45%  81.32+40.16 88.44+35.29
30 min 47.98+12.59 4798+2464  69.60+97.68

Values are the means+SEM. *, Significantly different from control period, *p<0.05, **p<0.01.

1o - T theophylline®] <41 %,
3. Theophylline, 8-PT % DPXJ} renin FH]|
120 | o] ojx{e= A&
A& 212 theophylline, 8-PT % DPXE- 3}
100 |- 7] 1083 9) dlz7]| 73 Eof 1538 o 25—ruﬂoﬂ ol
P Ehd renin v]¢] #1515 385}1c}(Table 1),
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/ 1}, 30 % 100 nmole/min%-0] X] F7}38} g o k&
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N & CL Lt L)
3 10 30 100 300 Fig. 5% ob&5o] 155 uf¢] renin Fu|g 9] W3}
Doses of drugs infused (amole/min) E =y ] A E 7FE o 23] Lkl o g
Fig. 5. Peak effects of renin secretion rate in response to 83 Ao|th Renin £ Z71E3E JehlE
theophylline (@), 8-phenyltheophylline (0), and LT o L 8PT > DPX > theophyllines
1, 3-diethyl-8-phenylxanthine (@), Other leg- j 4 pOtC“CY'— > > theophylline ]
ends are the same as in Figure 1. FA
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ws] o] ) 3}e] 9l adenosine 4-§42] 2§ 3
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2 Aol 4] A4 theophyllineo] @ 3 @] £
% el e 9 millimolar 357} 8 (7R A1 A
c-AMP PDEE 50% oI A|3teiml 600 uM 8 1) 3}
Q9 £3E el = ol micromolar 5.0 A]
veldo] o]z o} (Fredholm et al, 1978),

Xanthine -f % 2| & phenylxanthine f <. ¢l 8-
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Tt e, AdaAA e FRAAAN A Al
adenosine 484 AHAEL wams) ¥ o 2
potency= DPX > 8-PT > theophylline®] 4 &
H_37 (Snyder et al, 1981; Ukena et al, 1986; Fredholm
et al, 1987) sjgich, wehd B Aol LR
o] 5+ AEWNE calcium F%1} c—AMPo}o]
Mzg Fo ol mar ohe, AAZY
(Arch & Newsholme, 1978) 4 4] Z 7} A o (Trim-
ble & Coulson, 1984)0]] 0.1~20uME Z&zj3s}e] Al
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adenosine2]| A 2|2 gl o3 52| Zgzr-Lol o3 e}
o Azt 4,

e 4719} P AR7SE AR
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adenosineX A 2Fo] Z714 7Zlolr} o] adenosine-
ARE RS FF5AA AbTA A3gS FaAR e
24 Al ol 7153 Nadkg b7l vhe o
214} “tubuloglomerular feedback system”2] 2349l
A2 254 Aol

ol AL FHstnz, AYFE LFEe
salineZ A AlFHu] Fosto] adenosine AJA] Bk
o] F7hek vEol AlpAlei gl 74 EH(Oss-
wald et al, 1980) 5 #A3F v} gleon], AlFWHY
adenosine-g F-of 3fod Fof gl wlef|slo] Alg-A|e]
Bgo| ZFAHo| ¥ 5 g (Tagawa & Vander,
1970; Osswald et al, 1978; Arena et al, 1984; Osswald
et al, 1986; Spielman et al, 1986) o]2{3} HA-L
et B Aol EuxpEof upel ofzk Abel st
H## o 2 adenosine A7-AH| &) 4-JAlFHE 4
247G $EAEUE oA A ATAAHEL
AR S o\ 213 &2 adenosines] A%
£ (Spielman & Thompson, 1982; Arena et al, 1984;
Osswald, 1986) -+ adenosine2 7 f3F AlAWY
angiotensin [] 2}¢] ' A} 3 2H-2- (Spielman & Osswald,
1979; Hall & Granger, 1986) % m7bAl7j o] ¥z
(Hedqvist et al, 1978; Katholi et al, 1983) 5 o &
sof Yehdehn F459le, AS adenosine
SojA] ABFRE YA 02 Pad F S
“biphasic @472 3ol t] o] 4ol hal Al o}
2l a2 7]He] #A3tx] ¢} (Spielman & Thomp-
son, 1982) .

+<¢ adenosineo] g AlEFH 5 A=
PDE &4z o) 33 FA 93 adenosined] 28
51 Aekst kel theophyllines] Sls) 2HEhg ol
5] 9f o} (Bowmer, 1986; Osswald, 1986; Pawlow-
ska et al, 1987), 0|22 AT L Aol Wy
o adenosine 44174 A FAEA 758 =
Agezd AN 2270000 28 422 o
3z gle% BT St

{8758l F3lo] adenosine F-AHAE A&
g 29 ool ¢35l Alz} A2 adenosine 4--&
A7 Sydoz Zasel WA Murrays)
Churchill 5-¢] d8i2] A3 &3 ¥ 3 (Murray &
Churchill, 1984; Murray & Churchill, 1985)¢]] 2]3}
], Al adenosine agonistq] CHA & 4 F(submi-
cromolar) 014 4 A5} Ay F7h, o
(micromolar) Fo14] 7t QoA ApT-Ald g
o 27h 9 B4E LeslE o FEAE YER,
A2 adenosine agonist §) NECA % o] A] & mi-

cromolar o] sjol| 4] -0 ko] B glo] 49 @

e

rl

A
TE

N
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AFHS BT A} ATAAAE FAE A1A
2t} §%it}, PawlowskaSeol ¥ 3(1987)¢}, Song
£(1988)2] £ AGolAl A8 vhe] T 2ol
4] Al adenosine agonist®a} o}li]e} A2 adenosine
agonists. AFUHE S3AA AFAAFEL 7
4 A)Zlt} 3led A2 adenosine 4~&-4) 9] o 3ol 3}
g AHubE A3E 23819 B AdAgeA B
v} theophylline-2- /‘]Eul]\,ﬂ Zoldl wlof] A&
R A e Ao s £ o
Al % A2 adenosine 4~&#o)] A glo] vl Al el
2 Al3 2w o] adenosine 4-3-A|of| 2L Y
Ql adenosine?] x}rl g vloll A ¥|EE Aoz

t}, 8-PT @l DPX £od4] 3 105 wjjof] Al

bt AT Al kg Z7he] Ao EHE wolo] A
IRl s 2T 2 o) 4 F7bh LolupA) e
= 843z gt A¥F95E2 adenosine
Sl gt a]é; E 79 potency= & ATAFH, Al
"2 AL 247749 DPX > 8-PT > theophyl-
linese4] (Snyder et al, 1981; Ukena et al, 1986;
Fredholm et al, 1987)9} = =+a] 8PT > DPX >

r

l

T e [ )
r

O Hm o 1N,
e rkﬂ, ox 10
Y :{m o;

]

o
N

theophyllinese o] Qi et, Fof A& fZFA] Aol A
AldFodE5ate haEs Aoz &8 Fols} YEl
i} 8-PT9} DPX¢| 3% 23tsls A&

GeA) sel,

A A3 3 Na 2§40l 12 e Ah27) o] 2ol =
ischemia (Miller et al, 1978; Arnold et al, 1986) =
= FAAFH B4 Al o] adenosine 4] FF
o] F7ksh, 713t adenosineo] FAJAlF-A LAY
z7]d] #2238 =] (Bowmer et al, 1986; Lin et al,
1986; Lin et al, 1987) 2 2}8-3 4 9120} ¥ 159
ot ol2{dt FAAIYA AP RYelA] adenosines
Ao AgAQl AlR-A S
ulz] 5}, Al E W 2 2] adenosine uptake® T}
o] adenosineg] #-2-8- 7}3}1])7]+ dipyridamole2)
Fol g AlFA WA S obsha] 7l o} Fhof A1 A
o adenosine®] 9} &-& 7z}t 2 Aol AL
43t xanthine =4 S0l ofsf epd AFR/ 3%
AR Z71= FAA kAo 2F-2-3}= adenosine

‘_—‘?—
482 YAY & Urhe A28 A2 e AT

theophylline %03 =

BJ
30 2L

m?L‘

&
boz Az
Theophylline, 8-PT % DPXE

g

o

o 7hE A%
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9] Fo0) 4] Fof kol ulelshol et
Ko Gl dge S474e 47 243 A2F
A Ztsh ool Aldlmo] HAH 3}
of 7lelsle A o, Fxo| HAISZ amino-
phylline 2= 8-PTE Fofslo] AsfAujdafe] Z
7} A3F o7 (Brader et al, 1983; Collins et al,
1986)l4 2 A)AE Aldmzol A7 FEae
adenosines] ARLiet Aeioch £, 4% Wl
A Al A 28 2 & (Murray & Churchill, 1984)o]] 4]
CHA: ¢ % Navj4l2} o FENa9] 7+42, NECA
L 9% Na wjda o FENas 3712 vieldjo)
adenosine 4=-2-#| subtypeol] wa} Alo]3t 288 ¥
olet stient, 2] A7 (Song et al, 1988)of o35}
o CHAS} NECAZ3 2% Na wjAlel o) FENaZ
Z+A-A]7]u] Al adenosine -&A 2] Q&0 Ay 7}
Seheh Shick £ AR Bl A FEEol7| 5
A FA AT g2 B35 95 Na w2k = FENa
¢ F71E Al adcnosmc T Ao A&
adenosine?] &2 21A A A A F-42F = o
AL )5l 9lth, Adenosine?] A& A A &4
2] Z&zFg-of] 343}3l theophylline % phenylxanth-
e SEA BES A ALY AALAS T

2 vla3] E

2% Na,

5

= theophylline, 8- PT ) DPXe] g8srle Ald
FAEUs B AR A5l A8 A
) adenosines] 23 347t T o] ehd g 22

A S,

Aebat wfa]e] Al-f-F-oll 4] arginine vasopressin
(AVP)2] 2831 31ed 5 adenylate cyclase 4] 5o
th & adenosine FAAS] EFHE E 7 (Wood-
cock et al, 1984; Woodcock et al, 1986)of 2] 5},
F2 A2 adenosineg-Hof] o]F
cyclase®4] £ o] Z£71 2 arginine vasopressin®] 2}-&-
o] 7}3kx]n] Z13+A| 2 4= DPXs} 8-PTel w3} 10
s A= 2 potencys} e shet shdet, wikH s
E AlA A3t Az AVP-stimulated adenylate
cyclaseol] o] 3} & F(Arend et al, 1987)¢]] A] Al
adenosine agonist 5 of X o A &

agonist £ojA] 2 §3S P E o,

Z2 o]n] adenylate

A2 adenosine
R EE]
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9} ]l & ) theophylline @ Al adenosine 7 3F
A) £of 4] o] 108wol] Hoj 7S Jepd s
2 wjdekel =590l ojmlx AVP-stimulated
adenylate cyclaser} A4 5lo] et A nkz A2y
o bR BA% dehte EAge foa
B oA el 22 e ofa of & glck,
Submicromolar Fof 8 W 9] W] &} theophylline,
8-PT 3l DPX9] Fofi= Folgo ulzisled renin
a1 88 20, F7E54 potency =
8-PT > DPX > theophylline2] 4] ¢t} Xan-
thine - |9} renin 23] & 973 27] 2 3 (Reid
et al, 1972; John & Singer, 1973)0]] 2 8l = theo-

phylline- 4 oI wlo] ¥ renin Y= 7}

F7hstgem a2 7lA e 2= theophyllines] 24
juxtaglomerular (JG) 4] W] PDE7} oA|5o] A%
W F7Hel cAMPY] o] 3}A Q] renin Hu] Frlatg
olg} Auddledch, zelu), PeartE(1975)8 renini
o S7h5 Aol Az Aol A cAMPS] 715 B3
of &4 71AE & = gie} sk A
2§ o]-23 Skott5(1985)-L adenosineo]
3 d P'—i"“o“ﬂiq] 2H-&-3}o] renin 385 A e}
Itoh 5-(1985)-2- adenosine ©| macula
densa M| 29} Abuk AlZ7ke) 3hshd At 2y
renin F-8]5 A3t} s}l ow], PDE A 5o
q3e F4] 9 5 9 theophylline (10 uM)ol] 2|
sle] o] zgo] JA|ES B m3le] adenosinesd] =
Alabstodet, AlEHu adeno-
A FoiA] renin Fu] g 7hisl dojre
tl o]2] &} renin #u] QA & 2= adenosineo] 2] %}

AlBFo 58 aalot AE e Aol 71 (Arena et
al, 1984) ) 9] 3] v}eh}n] theophylline F-ofo) 2] 3}
o #}E19S BA5o] adenosines] &t renin ]
AAE AN vlxrlx 2 24 E348 Ao
A=t

a5 9] AlS2u theophylline 50 uM/min-g-
30871 FoPS wl A AU cAMP *% o ¥3}gl
o] renin ¥u|go] ¥z 2 wol AFYAR
(Spielman, 1984} 9} 2 A & ofl A} A} & 3} theo-
phylline 3 &} $of 2:¢] 300 nmole/ming} 30271 =
o12) 7 3hs} v as) % wol theophyllines] & 3hi
adenosine?] renin F-v] JA|ztL o] A gaiz A4

Hzgolo A=)

sine2

cA23Y A 25 1989—

e,
W afoll Aol AW 2 2o A (Murray & Chur-
chill, 1984; Churchill & Bidani, 1987)0]] A Al
adenosine 4~-2-4] activationA] renin F-u]o] 7142
el 3 A2 adenosine 4~-& 3| activation 4] renin
+Hle] 7% Yello] adenosine 484 subtype
ofl e} renin 91248 Ao 32 viehi s e,
7}E (Barchowsky et al, 1987; Song et al, 1988)o}] 4]
+ Al % A2 adenosine 4~-§-3] activation?] renini
8lol] ¥ 3}7} g1A Y A2 adenosine 4~8-4) B th= Al
adenosine +-8-AJof] 2]&2 0 ¥ renin Eu]e] o)
E947} vEbge] wasigc
utzt A 2 Ao AL8-3 8-PT9 DPXE Al
adenosine ~gAlol] 3 AYAE 718 XA
WA 5le] renin F¥]5 A5} adenosine?] g
= Aee] renin Fu]9] F71H A4S dosE A
o2 AtgHc}, ojelE @] adenosineo] AlAFHAIA
(Hedqvist et al, 1978; Katholi et al, 1983)o]i}
beta-adrenergic <& |(Barchowsky et al, 1987;
Deray et al, 1987)9] 7]5-8 7] -f-3}+ renin 3u) 2
713 2AFo 24 renin FH| 5 24Y 45 g
= Ealdl 2 Agel AH8-& kg #go] Quhy
|

oj2q 7| Aol FFL X Exlol e Yoz

o5 A7k Y23,
& #
Xanthine - 54 £ Al 3 A2 adenosine 42

A WAL AGA A HEA methyl
xanthine §-X #] 9] theophylline #} phenylxanthine
Fr=# 5 Al adenosine 4=g-2l|ol| A=j= el A A
Ql 8-phenyltheophylline (8-PT)¢} 1, 3-diethyl-8-
phenylxanthine (DPX)& Ful3 7lg A EF=u] =
A Foiste], Aol WAt A147]% 3} renin ¥
dloll @& m|X & adenosinezt-§-o] AgiEzt Bl
o SbgAbAe] A4S FoF SAlo] potency
Bk oz wlagAslaxt g
Theophylline-2- 2z} 7} 30, 100 % 300 nmole/min
FoiA] 882 Fojgol wlasle) Frleiglon,
AR FFI AFA o g2 Fohslodch 85 Al
A wjAd 22} FENad] Z7le obE Foi7)7ka Fof
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A F 30~60-E7kA] e,

8-PTE 77+ 3.0, 10.0 % 30.0 nmol/min o3
Fod 717k Tk Foggol Hlelste] 27, A¥FH
B ALT-Alod Bgo] Frbeigien, Fof 3 10%
of Hlazs Jebidch &5 Add wiAd s
FENa¢| 71 4% Algelr] Folgol ula|ste
vebgton], Fodgx]F 102 ool 3553t
FelgE A Fol 108 ol Frhel HHas
£ vebd 5 st

DPX £ 77+ 10, 30 % 100 nmole/min & of 4]
8-PT It A A1V 52 WsE el
o

Theophylline, 8-PT % DPX¢] submicromolar %
ofg HeuelAl AAldgte] HEL e,
renin 8] §-& 7 oFE Fof gkl uladted Fohet
Qout A 747 Foll B2 F7HA A pattern A
oA ke

sogdos vl & W £ AUFY,
ALTA S 2, 8% A w4 %, FENa % renin
Hu)go FrlE e potencyw 8-PT > DPX >
theophyllined=4] &1 o},

ol 4zt & A A SR Al el WAt Yle
adenosine-> Al %l A2 adenosine 4-8-fjof =83
oz AYRAEE, 85 AMNAA 29 AEFS
% reninulo] Az WA PEH Qe
Zole} 23513

£ ot >
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