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Effects of long-term application of dopamine HCI on
dopamine agonist-induced cAMP production in rat renal cortex’

ZHAO Rong-Rui*, NN Xiao-Hong, ZHU Lin, WANG Wen-Ze
{ Department of Physiology, Shanxi Medical Universitv, Taivuan Q3051 , China )

KEY WORD  dopamine receptors; kidney cortex;
dopamine; cyclic AMP; dopamine agents: adenyl
cyclase; Sch-23390; domperidone

AIM: To study the effects of long-term application of
dopamine HCl (DA} on the functional changes of
dopamine receptor subtypes coupled to ademyl cyclase
in rat renal cortex. METHODS: cAMP levels were
measured by radioimmunoassay as an  index of
dopamine receptor function. RESULTS: Injection of
DA (30 mg-kg™'-d”', ip, 30 d) reduced the
fenoldopam ( Fen ) { 100 pmol ¢« L' )-induced
increments of cAMP production from the control group
of +1.26+0.04 to the DA-treated group of +0.63
0.22 nmol-min~'/g tissue and the propyl-butyl-
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dopamine ( PBDA ) ( 100 umol *+ L' )-induced
decrements of cAMP production in the presence of
Sch-23390 { Sch) from the control group of — 0.38
+0.18 w the DA-treated group of — 0.11 + 0.08
nmol-min~'/g tissue with, however, comparable
percentile changes for the 2 groups. Sch blocked both
Fen- and PBDA-induced increase in cAMP production,
while domperidone { Dom ) blocked the decreasing
effects of PBDA on cAMP accumulation in the
presence of Sch., CONCLUSION: Long-temm
applicaion of DA produced a marked * down
regulation” of both DA; and DA, receptors in rat renal
cortex with, however, the responsiveness of the

remaining recepiors unchanged.

Dopamine HCl ( DA ) agonists been
extensively used In the wreatment of cardiovascular and
Kidney disease!'*'.  Bur, long-term application of the
drugs may result in the decrease of drug effects in
patients and animals, indicating the occurrence of some

have
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changes in receptor response-™*'.  Although the shor-
term exposure of tissue cells w© DA agonists induced
desensitization of dopamine-] reoeptom-‘_’"'] , ho
evidence is avaitable regarding the dopamine-1 receptor
desensitization induced by long-term treatment with DA
agonists in tntact bodies which is more close to the
clinical situation. So, in this study we examined the
eftects of long-term application of DA on the function
of kidney DA and DA receptor subtypes by measuring
cAMP production as an index of DA receptor function.

MATERIALS AND METHODS

Tissue preparation Wistar rats (27 7, weighing 150
*+ 5 5 g) were randomly divided into 2 groups: DA group (n =
15) was medicated with DA HCl ¢330 mg-kg™'-d~' x 30 d ip)
and control group ( = 12) was injecled with saline  Rats were
decapitated and the whole kidney was transferred to ice-cold
Krebs-bicarbonate solution passed with 95 % O +5 % OOy,
A strip of renal comex (0.1 g) was suspended in organ bath
chambers comaining modified Krebs-bicarbonate solution : NaCl
18, KCi4.7, CaCly 2.5, KH;PO, 1.2, MgS80, 1.2, NaHCO,
25. and glucose 11 {mmol-L™"). Propranoiol {10 pmol-L71)
was added to block B-adrenoceptor effects.  Bath solution was
maintained at 37 T, pH 7.4. Tissues were allowed Io
equilibrate for 1 b and the solution was changed every 20 min.
DA agonists (0.1 — 100 panol- L™'} were added and incubated
for 20 min. The selective DA subtype antagonist { Sch-23390 or
domperidone, 10 zmol- L~} were added at 20 min before DA
agonists.  The reaction was terminated by trichloroacetic acid (1
mol L~ ' 500 2L). The Hissue homogenates were spun at 15 x
g» 4 C for 15 min, The supematants were neutralized by
KOH!(2 mol" L™ ') and spun at 7 x g tor 10 min. The
supernatanl 50 L was used for cAMP radioimmunoassay .

CAMP assay To increase the sensitivity of cAMP
radioimmunoassay, samples were acelylated before assa)"”.
cAMP was determined by a radioimmunoassay kit made by
Shanghai Second Medical University.  Acetc buffer 100 pL.

acetylued reagents -l pL. [*H cAMP 9 GBy-L~'. and ant-
CAMP serum {1 2000 A0 el were added sequentially.
After incubation al 1 T over mghl, the reaction was lenminaied
by { mbL ice-cold phosphae buffer 20 numol* L', pH 6.4)
fullowed by vacuum fillration through Millipore  membrane,
which was then stoven al 0 T tor 30 min and assayed for
<AMP using liguid scintillation counter © LS-3801. Beckman ),
Measured cAMP was expressed as nmol of ¢cAMP accumulation
Per E per min.

Chemicals Fenoldopam ( Fen, SKE&F 82526, SmilbKiine
Beecham. USA 1. Propyl-butyl-dopamine ( FBDA,  Sinan-
Kettering Cacer Center. USA ). Sch-23390 ( Sch, Schering-
Ploagh, USA T, dompendone [ Janssen Pharmaceulica  inc,
USA). dopasmine HCL and  proprunclel  HCI
Pharmaceutical Factory ' All other chemivals were AR

Statistical analysis  The values are presepted as v+ 4.
Student’s paired or non-parred 7 esls were used as appropriate.

[ Beijing

RESULTS

Basal cAMP accumulation Under the same
expenimental condition. in DA-treated group the basal
cAMP accumulation was 1.4 + (.22 nmol - min~'/g
tissue , which was much lower than that of 2.31 £0.12
nmel* min ~!/g tissue in control group with P < 0.01
(Tab 1).

Effects of Fen Various concentrations of Fen
(0.1 - 100 pmol - L™, a selective DA; subtype
agonist, stimulated the cAMP production in a dose-
dependent manner in both DA-treated and controi
groups { Fig 1}. At a dose of 10 pmot- L7, Fen
increased the cAMP level from the basal value of 1.44
+0.22 10 2.07 £0. 14 nmol* min~'“g tissue in DA-
ireated group, while in comrol group it increased the
cAMP level from the basal value of 2.31 £ (.12 1o
3.58 + 0.07 nmol * wmin~'/g tissue ( Tab 1)},
Although the increase extent in terms of absolute value

Tab 1. Eifects of long-term application of DA on dopamine agonist induced ¢cAMP accumulation in rat renal cortex

{pmol-min-'/g tissue) . n =3 experiments in duplicate.

x5, "P>0.05, "P<0.05, ‘P<0.01 vs basal.

Stmulators/” Comtrol DA-tremed for 30 d

10 maol-L~! Values Changes Vulues Changes
Basal 231012 La4+0.22

Fen 3581007 +1 26007 2.07x0.14° +0.6320.47
Fen+ Sch 2.3410.05 + 0,05+ 0.05° 1.48 £0.20° +0.09 0.4
PBEDA 2 89+ 0.07" +0.63+0.03 1.88 2 0.08° +0.15+0.30
Dom + PEDA 312003 +0.81+£0.14 .99 (.02 +~U0 3530 21
PBDA + Sch 1.97 +0.31° T -0.38x0.31 1 27+ (.20 -0.11x0.13
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Fig 1. Effects of Fen and Fen + Sch-23390 on cAMP
accumulation in rat renal cortex. Rats were
administered with ( DA-treated) or without (control)
DA for 30 d. Fen: fenoldopam, Sch: Sch-23390.

n =3 experiments in duplicate. x = s.

was much smaller in DA-treated group than in control
group, the percent increases were comparable for the

two groups (Tab 2},
Tab Z, Effects of long-term application of DA on
dopamine agonist-induced 9% changes in cAMP
acaumlation in rat remal cortex. Stirmulators = 0.1
pmol* L~'. n =3 experiments in duplicate. x # s.
%P >0.05 vs control for both Fenoldopam and PBDA +
Sch.

Fen PBDA + Sch
Control’ %  DA-treated/ %  Control’ %  DA-treated” %

3.02£0.6 1.9+2 2 -1.6+0.5 ~1.8+2.4%
7.9%3.1 10.0+1.8 8113 ~g0x2.1°
5.0+1.3 48.1+6.7 -17.9+2.3 -19.0+0.5°
3.020.7  33.7x21*F -14.9x16 -—140=x2.4°

Effects of PBDA At the same dose range of
0.1-100 gmol-L~", PBDA, a selective DA, subtype
agonist, also induced a dose-related increase in cAMP
production in both DA-treated and control group albeit
to a lesser degree (Fig 2). At the dose of 10
pmol'L~', PBDA induced the cAMP accumulation
from the basal value of 1.44 £ 0.22 10 1.88 + 0.08
nmol *min~'/g tissue in DA-treated group and from the
basal 2.31 +£0.12 102.89+0.07 nmol-min~'/g tisspe
in control group (Tab 1).  Again the increasing extent
in terms of absolute value was smaller in DA-treated
group than that in control group with, however, the
value of percent increases being in proximity to each
other for the two groups.

Effects of antagonists The effecis of the

Propyl-butyl-dopamine; — ig mol-L’

Fig 2. Effects of PBDA, PBDA + Sch aoxd PBDA +
Dom on cAMP accumulation in rat renal cortex.
PBDA: propyl-butyl-dopamine, Dom: domperidone,
Sch: Sch-23390.

selective DA, -receptor antagonist, Sch, and the
selective DAy-receplor antagonist, domperidone, on
fenoldopam- and PBDA-induced cAMP accumulation
were summarized in Tab I. It is evident that Sch
blocked both fenoldopam- and PBDA-induced cAMP
increase in both control and DA-treated groups, while
domperidone slightly increased the PBDA-induced
cAMP production, It is noteworthy that in the
presence of Sch, PBDA induced a dose-related
decrease, but not increase, in cAMP accumulation in
both groups {Tab 1. 2).

DISCUSSION

Our results showed that after long-term application
of DA (a combined DA, and DA, receptor agonist),
the exient of changes in cAMP accumulation in rat renal
cortex including the increasing extent induced by Fen
and the decreasing extent induced by PBDA in the
presence of Sch were markedly attenuated suggesting
that the DA receptors (both DA, and DA, subtypes) are
readily desensitized in that tissue. These results were
supported by the observations of Bates er /"%’ and
Kinoshita et i showing that the DA, - receptor
binding sites were reduced by pretreatment with
dopamine or dopamine-3-hydroxylase inhibitor,

DA, receptors are linked to the stimulation of
adenyl cyclase (AC) activity, while DA, receptors are
associated with inhibition of cAMP generating
system'”*_  In this study, fenoldopam. a seleciive DA,
receptor agonist. increased the cAMP accumulation in
both groups. PBDA is nominally considered as a
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selective DA, agonist, however. it also has some
sumulatory action on DA, receptors”':']. Thereforz,
PBDA, when used alone, also increased the cAMP
production slightly and its inhibitory effects on cAMP
production via DA, receptors could only be revealed in
the presence of selective DA, receptor antagonist, Sch.
The stumulatory effects of both fenoldopam and PBDA
on cAMP production were completely blocked by Sch,
while the inhibitory effects of PBDA on cAMP
production were abolished by the selective DA, receptor
antagonist, domperidone. Thus, our results
demonstrated the existence of both DA, and DA,
receptors in the rat renal cortex.

In this study, the extent of increase in cAMP
production induced by Fen and decrease in cAMP
accumulation induced by PBDA in the presence of Sch
were considerably attenuated in terms of absolute value
in the DA-treated group after long-term application of
DA as compared with the control group. However,
the extent of percent changes were basically identical
for the two groups. This suggested that the number of
receptor sites was down-regulated by prolonged
exposure 10 receptor agonists with, however, the
remaining receptors kept functionally unchanged. This
is in agreement with the findings of Balmforth et af!'!)
who have done similar experiments on human

astrocytoma cells,
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