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2.2. Neuronal effects of dihydrexidine TABLE 1 

Basal renal blood flow and response to dihydrexidine (188 nmol) 
D o p a m i n e  D 2 r ecep to r  activity of  d ihydrex id ine  was before and after antagonist administration. 

d e t e r m i n e d  by its effect  on the  pos tgangl ion ic  sympa-  Antagonist N Untreated After antagonist 
the t ic  ca rd iac  nerve in the  dog (for deta i ls ,  see H o r n  et 

RBF ~ Response b RBF Response 
al., 1982). F r e q u e n c y - h e a r t  ra te  r e sponse  curves were  
g e n e r a t e d  be fo re  and  af te r  the  admin i s t r a t ion  of  dihy- Atropine 3 119_+ 8 58_+ 7 117_+12 61_+ 6 

Propranolol 5 116+ 7 70+ 14 103_+ 13 66+10 
drex id ine  up to 5 / z g / k g  pe r  min i.v. infusion for up to Domperidone 4 127+12 61 _+ 5 117_+19 58_+ 7 
a total  of  50 /~g /kg .  SCH23390 7 105_+10 64_+ 3 100_+ 8 2_+ 1 

" Basal renal Nood flow in ml/min, b Increase in blood flow (ml/min) 
2.3. Drugs produced by a bolus injection of 188 nmol dihydrexidine into the 

renal artery. 
The  fol lowing drugs  were  used  in this study: at- 

rop ine  sulfate ,  h e x a m e t h o n i u m  b r o m i d e ,  d , l - p r o -  Compar i sons  of  the  responses  to a given dose of  a d rug  
pranolo~ hydroch lo r ide ,  1 - i sop ro t e reno l -d -b i t a r t r a t e ,  be fo re  and af ter  t r e a t m e n t  with an an tagonis t  were  
1 - n o r e p i n e p h r i n e - d - b i t a r t r a t e  (Sigma Chemica l  Com- m a d e  using the Wilcoxon s igned rank  test.  Di f fe rences  
pany);  d o p a m i n e  hydroch lo r ide  (3-hydroxy- tyramine  were  cons ide red  s tat is t ical ly signif icant  when the P 
hydroch lo r ide  (Calb iochem) .  D ihydrex id ine  hydrochlo-  value  was < 0.05. 
r ide  was synthes ized  at Pu rdue  Universi ty ,  Wes t  
Lafaye t te ,  IN. The  au thors  t hank  the fol lowing compa-  
nies  for  gene rous  gifts of  drugs:  Janssen  Pha rmace u t i -  3. Resul ts  
cals for d o m p e r i d o n e ;  Scher ing  C o r p o r a t i o n  for S C H  
23390; Smith,  Kl ine  and F r e n c h  Labora to r i e s  for phe-  3.1. Renal t~ascular effects 
noxybenzamine ;  and  Sandoz  Ltd.  for b romocryp t ine  

mesyla te .  Given  i.a. into the  renal  ar tery  d ihydrex id ine  pro-  
duced  dose - r e l a t e d  increases  in renal  b lood  flow which 

2.4. Statistical methods were  not  a c c o m p a n i e d  by changes  in systemic b lood  
pressure ,  indica t ing  a select ive dec rease  in renal  vascu- 

R e p o r t e d  values  a re  the  means  _+ S.E.M. Blood  far res is tance.  Rena l  vasodi la t ion  by d ihydrex id ine  was 
p ressu re  is r e p o r t e d  as the  m e a n  ar te r ia l  p ressure ,  not  an t agon ized  by ace ty lchol ine  r e c e p t o r  ( a t rop ine  1 
ca lcu la t ed  as d ias to l ic  p re s su re  plus  one  th i rd  of  the  m g / k g  i . v . ) , / 3 -ad renocep to r  (p rop rano lo l  2 m g / k g  i.v.) 
pulse  p ressure .  W h e n  compar ing  the responses  pro-  or  d o p a m i n e  D 2 r e c e p t o r  ( d o m p e r i d o n e  1 0 / ~ g / k g  i.v.) 
duced  by d i f fe ren t  drugs,  S tuden t ' s  t - test  was used.  an tagonis t s  bu t  was comple te ly  b locked  by S C H  23390 
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]Fig. ]. Dose-response curves of increase in renal blood flow produced by injection of dihydrexidine (o) and dopamine (©) into the arterial blood 
supply of the right kidney (n = 6). The animals had been treated with phenoxybenzamine (15 p~g/kg i.v.) and propranolol (2 /zg/kg i.v.) to 
produce a-adrenoceptor and /3-adrenoceptor blockade, respectively. The resting blood flow in these animals before and after adrenoceptor 

blockade was 152_+ 21, and 136 + 24 ml/min, respectively. 
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~i~. 2. Effect o[ i.~. i~[usio~s o[ dibyd~exidi~e (squares) a~d dopa~i~e (circles) o~ ~e.al vascular resistance iu peutobarbital-anesthetized do~s 
(~ = 4). ~il led symbols represent the response pf io[ to a~d ope~ symbols ~ep~eseul the response [o l l ow i~  ~- and ~-adrenoceptor blockade. In 

these a~i~als ~e~al blood flow was ~24 ~ 20 ~ l / ~ i ,  before and ~ ]~ ~ ~4 ~ l / ~ i ,  fo l lowi,~ adre~oceptor blockade. 

(10 ~ g / k g  i.v.), a selective dopamine D~ receptor 3.2. Dopamine D 2 receptor actfl, ity 
antagonist (table 1). Dose-response cu~es  for in- 
creases in renal blood flow produced by dopamine and Frequency-heart  rate response cu~es  are shown in 
dihydrexidine are shown in fig. 1 (n = 6). The ECs0 fig. 3. There  was a frequency related increase in heart 
(dose causing a 50% increase over the predrug basal rate at n e ~ e  stimulation frequencies of 0.25 to 4 Hz. 
flow) of dihydrexidine was 17 ~ 3 and that of dopamine Bromoc~pt ine ,  infused at 1 ~ g / k g  per min i.v. (10 
was 89 ~ 17 nmol. Based on these experiments dihy- ~ g / k g  total dose), produced inhibition of n e ~ e  stimu- 
drexidine appears  to be a full agonist at dopamine D~ lation. This action of b romoc~pt ine  is known to be 
receptors, approximately 5-fold more potent than mediated by neuronal dopamine D 2 receptors (Lok- 
dopamine, handwala, 1979). However, even at a 5 ~ higher dose 

Dihydre~dine was compared with dopamine by the (50 ~ g / k g  total dose), dihydrexidine had no effect in 
i.v. route, again using renal vascular resistance as the 
index (n = 4). Results are shown in fig. 2. Mean arterial 
pressure in these dogs was 135 ~ 4 mm Hg. Infusion of ~ ~00 ~ 
dopamine at 10 ~ g / k g  per min increased mean arte- ~ ~ ~ *  
rial pressure by 42 + 5 mm Hg while dihydre~dine (5 ~ + 

~ ~ 8 ~  

~ g / k g  per  min) reduced it by 39 + 7 mm Hg. M t e r  the ~ ~ ~ 

administration of pheno~benzamine  and propranolol ~ 
the mean arterial pressure was 127 ~ 5 mm Hg. Infu- ~ 60 . /  ~ 
sions of dopamine or dihydrexidine at the rates used ~ / /  
above reduced mean arterial pressure by 34 + 8 or 4 

_ 

43 ~ 5 mm Hg, respectively. At these infusion rates ~ 
neither dopamine nor dihydrexidine significantly al- ~ ~ / 

tered heart rate which was 137 ~ 12 b e a t s / m i n  prior o 
to, and 111 ~ 14 b e a t s / m i n  following ~- and ~-adren-  ~ 
oceptor blockade. Note that dopamine had little effect ~ I I 

on renal vascular resistance before adrenoceptor  block- 0.2~ 0.~0 ~.00 2.00 4.00 
ade, but produced dose-related vasodilation after the STIMULATION FREQUENCY (Hz )  

b l o c k a d e .  W i t h  d i h y d r e x i d i n e  h o w e v e r ,  t h e r e  was  a Fig. 3. Increases in heart rate produced by electrical sti~ulation of 
s i m i l a r  d e c r e a s e  in  r e n a l  v a s c u l a r  r es i s tance  b e f o r e  o r  the postganglionic sympathetic cardiac ne~e (n = 6). In these ani- 
a f t e r  a d r e n o c e p t o r  b l o c k a d e ,  sugges t i ng  dihydrexidine mals the resting heart rate was 116 ~ 8 beats/rain and was increased 
was  d e v o i d  o f  a -  o r  ~ - a d r e n o c e p t o r  ac t i v i t y .  F u r t h e r ,  by 98~19 beats/rain by electrical stimulation a 4.0 Hz (100%). 

Control response (o) ;  during dihydrexidine infusion at 5 ~ g / k g  per 
as with i.a. administration, dihydrexidine was also rain i.v. (~) and during bromocffptine infusion at 1.0 ~ g / k g  per min 
somewhat more potent than dopamine by the i.v. route, i.v. (v). 
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this model, indicating lack of dopamine D 2 receptor ~ 
agonist activity at the doses used. .. ~ 

H O ~ ~ - - H  HO H, --H 

HO ~ L ~ .  ~ "H HO ~ . ~ . ~  "H 
4. Discussion 

Benzo{f]quino~ine Oihydrexidine 
The present results show that dihydrexidine is a DA2-Active DA2-Inactive 

po ten t  rena l  vasod i la to r  by bo th  the i.a. and i.v. routes.  DA1-Inactive DA1-Potent full agonist 

Pharmacological analysis further demonstrated that this 
effect was mediated by peripheral D l dopamine recep- j . R  ~ . .  
tors. The dose-response curve of dihydrexidine is paral- H. i~ "1 H. 

lel and to the left of the dopamine curve throughout . N ~ ~ ' "  N--CH3 ~ ! - C H a  
the dose-range studied, indicating relatively higher full 
range potency. In this respect our results are similar to N--~ 
those reported in the CNS; dihydrexidine being 80 × H W' H" 
more potent than dopamine in rat striatal membranes 

IErgolines CY 208-243 
(Lovenberg et al., 1989). It is interesting to note that at DA2-Active DA2-~nactive 
the infusion rate (5 /xg /kg  per min) at which dihydrexi- DA1- A~ve 
dine showed near maximal dopamine O 1 receptor ac- Fig. 4. Structural formulas of some compounds with agonist proper- 
tivity, it had no dopamine D 2 receptor activity. Higher ties at peripheral dopamine receptors. 
doses of dihydrexidine could not be studied without 
profound reduction of systemic blood pressure pro- formers, which had been shown to be the active confor- 
duced by i.v. administration, mation required for D~ activity, had no renal vasodilat- 

Contradictions in the structure-activity relationships ing activity. 
of dopamine receptor agonists continue to hamper It is, therefore, very interesting to note that the 
rationalization of the structural determinants of ago- addition of a phenyl ring to an octahydrobenze 
nist activity at the two subtypes ot peripheral dopamine [f]quinoline, a D~-inactive molecule, resulted in a po- 
receptors, D~ and D 2. For example, it first appeared tent and preferential D 1 agonist. By the same token it 
that the /3- and not a-rotameric conformation of is to be noted that the addition of a phenyl ring to the 
dopamine was required for D 1 agonist activity (Volk- ergoline moiety (a Dz-active and Dl-inactive molecule) 
man et al., 1977). But finding potent renal vasodilator resulted in a similar transformation from a D2-selective 
activity (D~) in the N,N-di-n-propyl analog of the a- to a D~-selective molecule (vide supra). This finding 
rotamer of the 2-aminotetralin (A-5,6-DTN) appeared adds a new dimension to the considerations for molec- 
to make rotameric conformation all but insignificant as ular determinants of dopamine receptor activities and 
a factor for D~ agonist activity (Kohli et al., 1982). emphasizes the importance of a phenyl ring accessory 
Further,  just when it appeared that two OH groups binding region on the peripheral dopamine D1 recep- 
analogous to the 3,4-hydroxyls of dopamine were es- tor, not possessed by the peripheral dopamine D 2 
sential for D~ agonist activity (for references see Kohli receptor, which parallels that of the CNS D~ and D 2 
and Goldberg, 1987), along came a benzergoline receptors (Brewster et al., 1990). The addition of this 
molecule with no phenolic or catechol group (CY 208- phenyl ring evidently also excludes the molecule from 
243) showing marked D~ agonist activity in this benzer- the D 2 receptor. 
goline molecule (Kohli et al., 1989, see fig. 4). Even In summary dihydrexidine appears to be a poten- 
more remarkable was the lack of O 2 agonist activity in tially useful agonist at peripheral dopamine D 1 recep- 
this compound (Kohli and Horn, 1991). CY 208-243 is tors without a- or /3-adrenoceptor activity and only 
an ergoline molecule similar to several O 2 receptor weak, if any, peripheral O 2 activity. Its chemical struc- 
agonists, and which contains a pyrrolethylamine within ture introduces a new factor for consideration in deter- 
its structure believed to be the pharmacophore for D 2 mining structural requirements for dopamine receptor 
activity, and yet it showed little D 2 activity,  activities. 

Of the octahydrobenzo[f]quinolines, only the trans- 
fused BC ring isomers are active; the cis-fused isomers 
are inactive. Both a- and /3-rotameric analogs of the References 
trans-fused systems have been synthesized and studied 
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dihydroxy-5,6,6a,7,8,12b-hexahydrobenzo[a]phenant hridine: A 

tameric conformers exhibited potent D 2 agonist activ- highly potent selective dopamine D~ full agonist, J. Med. Chem. 
ity. More interestingly, it was reported that the /3-con- 33, 1756. 
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