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Renal Effects of Chronic Treatment of Adenosine Analogues. Tack Hee Kim, Suhn Hee Kim, Jong

Huh, and Kyung Woo Cho Department of Physiology, Jeonbug National University Medical School, Jeonju 560 — 180,
Korea

Evidence for the existance of at least two subclasses of renal adenosine receptors has been presented. N-6-
cyclohexyladenosine (CHA) is a relatively selective A; adenosine agonists, whereas 5°-N-ethylcarboxamidoadeno-
sine (NECA) acts as a preferential agonist of A, adenoisne receptor. N6-(L-2-phenylisopropyl)-adenosine (PIA)
almost unselectively activates both A; and A, adenosine receptors at micromolar concentrations. During the char-
acterization of adenosine receptor in the kidney, we have discovered a novel phenomenon, that is, an intramuscular
administration of CHA for 3 days caused a diuresis and a suppression of urinary concentrating ability. To further
characterize this novel phenomenon, an intramuscular administration of adenosine and other adenosine angonists,
PIA and NECA, and prior treatment of adenosine antagonists, caffeine, theophylline and 1,3-diethyl-8-phenyl-
xanthine (DPX) were performed.

Systemic administration of CHA, PIA, and NECA for 3 days caused a suppression in heart rate, blood pressure
and general motor activity without change in rectal temperature.

Systemic administration of CHA, 0.5, 1 and 2 mg/kg/day, for 3 days caused a dose-dependent increase in
urine volume and decrease in urinary osmolarity and free water reabsorption. This phenomenon was reversible
and repeatable. Administration of adenosine (40 mg/kg/day) produced no apparent effect on the renal function,
whereas PIA (2 mg/kg/day) produced an similar effect to CHA on the renal function.

Systemic adminstration of NECA, 0.025, 0.05 and 0.25 mg/kg/day, for 3 days caused a dose-dependent increase
in urine volume and dose-dependent increases in excreted amount of creatinine, urinary osmolarity and free
water reabsorption. These renal effects of adenosine agonist were maximum at second day during the drug
administration. In terms of increase in urine volume and the suppression of urinary concentrating ability, NECA
was potent than CHA.

Prior treatment of caffeine (50 mg/kg/day) or theophylhne (50 mg/kg/day) abolished the diuretic effect of
CHA, whereas DPX (50 mg/kg/day) did not affect the CHA effect. CHA, 0.5 mg/kg/day, produced no change
in plasma renin activity and plasma levels of aldosterone, epinephrine, and norepinephrine.

These results suggest that this novel phenomenon produced by an activation of renal adenosine receptors plays
an important role in urinary concentrating mechanism. ’
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rate, Temperature
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th(Murray & Churchill, 1984; 1985; Churchill & Bidani,
1987; Holz & Steinhausen, 1987, Hackenthal & Munter,
1987; Churchill et al, 1987). Adenosine X% 2-chloro-
adenosine(CA)®} N6-(L-2-phenylisopropyl) adenosine(PIA)
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= A1 ¥ A; adenosine g0l vl A gF o g 2gshn],
N-6-cyclohexyladenosine(CHA)= A; adenosine 4~8]ol],
5 ‘-N-ethylcarboxamidoadenosine(NECA)+= A, adenosine <
Aol B} Adel o2 2-g3ho] & 5] vh(Londos et al,
1980; Day, 1982).
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&5} Az adenosine Aol QA& SrtEE B
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mixtureo]] SO ul®} WAL 74sbed 37 CollA 1A]7J%°&
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mM, borate buffer(80 mM, Na-EDTAS}F Z+7t 4 mM9)
metanephrine, normetanephrine E3HE #H2-S A A1F
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ul(0.1 M)E- 7}3ll acidic phase2 &3}l 222 ace-
tone-dry ice bathol]4] #¥&}3ic}. Methylation®l HF-SE-L
silica gel platel] spotting ¥+ % chloroform/methanol/ ethy-
lamine 70%(80 ml/15 ml/10 mlollA] 2087+ A At}
UV lamp(254 nm) 3}l 4] metanephrine 7} noﬁnetapephdne
5-$1& scrapingslo] 5 mle] Aquasol(New England -Nu-
clear)o]] o] scintillation counter 2 beta activity 2 &3] a}
St} Intemal standard= 37 C incubation 7)1 2E] reac-
tion mixtureol] Z+7t 250 pg2] epinephrine} norepinephrine
= Yo recovery rate S AhZ&sleich. olw] A-£3F COMT
o Al£% Axelrod 5(1958) Hussain £(1985)9] ub o]
4*}314 A aldosterone?] %)L
ol g3ty FAgslct

SHHE|

radioimmunoassay

AR A 9] EAX el Student paired t-test$} unpaired
t-testol] 2]3}%} 2. (Snedecor & Cochran, 1967), p-value
7} 005 oJs}el ZEE Bol A K94k Rolo BA|x
Aokek AR E3L mean+SER 3lgith

24 8 Z 1
Adenosine TrALAIS] AR 07} Aetgs ot XAbxe
Y g2Edo| alxle &}

CHA, 0.5 mg/kg/day, ZAlFo] 290)], A7) At
TE 21247 beatsmino ® 2T Auls 385+5
beats/minol] vl A stA] ZLaelgot d=Fo £27)
"k 12343 mmHg?l 6] HI%H CHA Fo{F9] dgte
7544 mmHg®E @A LA 7Has1% ek PIA, 2 mg/kg/day,
A4 FolA] 2o WEE HolA gt

CHA(0.5~2 mg/kg/day), PIA(2 mg/kg/day) T2+ NECA
(0.025~0.25 mg/kg/day) o] Fol=F Hlol|A] HZ A o]
&85t (Table 1, Fig. 1).
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Table 1. Effects of N6-cyclohexyladenosine (CHA) and Né6-
(L-2-phenylisopropyl)-adenosine (PIA) on the heart rate, sys-
tolic blood pressure, and rectal temperature at the second day
after drug administration in the rat ‘

Control CHA PIA
(0.5 mg/kg/day) (2 mg/kg/day)

(n=13) (n=12) (n=9)
Heart rate 385+5 2127+ 133x7*
(beat/min)
Systolic blood 12343 75+4* 83+4*
pressure(mmHg)
Rectal 37.3+0.2 37.240.2 -
temperature(C) '

Values are the mean+ SEM. *: Significantly different from
control group, p<0.05
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Fig. 1. Effects of cyclohexyladenosine(CHA, 0.5 mg/kg/day)
on the heart rate(HR), systolic blood pressure(BP), rectal tem-
perature(RT), hematocrit(HcT), plasma osmolarity(POsm), plas-
ma renin activity(PRA) plasma levels of aldosterone, epi-
nephrine(PEpi) and norepinephrine(PNE) in the rat.
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Fig. 2. Effects of CHA, 0.5, 1, and 2 mg/kg/day, on the renal
function and water intake in the rat. UV, Urine volume; UCrV,
urinary excreted amount of creatinine; UNaV, UKV, urinary
excreted amount of sodium and potassium, respectively; U
Osm, urinary osmolality; TCH20, free water reabsorption.
C1-2, Control period; E1-3, experimental period. *, Signifi-
cantly different from control period, p<0.05
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Fig. 3. Reversible and repeatable effect of CHA(Q.5 mg/
kg/day, for 3 days) on urine volume and urinary osmolality.
Other legends are the same as in Fig. 2.
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Fig. 4. -Effect of adenosine(40 mg/kg/day for 2 days) on the
renal function and water intake. Other legends are the same
as in Fig. 2.
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Fig. 5. Effects of PIA(2 mg/kg/day for 3 days) on the renal
function and water intake in the rat. Other legends are the
same as in Fig. 2.
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Fig. 6. Effects of NECA, 0.025, 0.05, and 0.25 mg/kg/day,
on the renal function and water intake in the rat. Other legends
are the same as in Fig. 2.
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Fig. 7. Dose-response curves in urine volume (UV), urinary
osmolality (UOsm), and free water reabsorption (TCH;0) by
systemic administration of CHA and NECA.
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Fig. 8. Effects of prior treatment with adenosine antagonist,
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DPX (4 mg/kg/day) on the diuretic effect of CHA(0.5 mg/
kg/day) in the rat. Other legends are the same as in Fig. 2.
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1987; Snyder et al, 1981; Maragos & Boulenger, 1985;
Spealman & Coffin, 1981) & FAZL F=1]|7]+= A4
A2 o] ) 5 249 o A|(Ribeiro & Sebastiao, 1986)
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Fig. 9. Effect of caffeine(50 mg/kg/day) on the increase of
urine volume and urinary osmolality by systemic administra-
tion of CHA(0.5 mg/kg/day). Caffeine was administered previ-
ously. *, Significantly different from control group, p<0.05.
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nosine ko] FIH(Miller et al, 1978 ; Lin et al, 1988) &
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