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Abstract-VasudiI;~tor atitil~ypcrtc~isive agents are defined and 
clnssifictl accorrling to tlieir r~leclla~iist~l and site of action. Tlie e l ~ i c t s  of 
~~l i~ loxid i l ,  in co~nbination wit11 propranolol arid a diuretic, on  renal 
hlovd llow and renal ru~~ct ior i  were studied followi~ig acule and clironic 
therapy. Altllougl~ renal blood [low is reduced aner  two weeks on 
tni~ioxidil, relial blood flow arid renal furiclion are  not conlproniised 
afier otle year. 'The I~aenlodynan~ic emects and pharriiacokitietic profile 
or acute dosir~g with tul~iiesoxide, a riew vasodilator antihypertensive 
iigent are described. Results suggest Illat tile long-lerm ef icacy and 
sal'cty of tliis drug are worth sludyitlg. 

Vasodilator antihypertensive agents niay be defiried as drugs wliicli act on 
t l~e arteriole lo lower blood pressure. I'liese drugs are currently of considerable 
rcse:~rcli anti tl~erapeutic interest. l'llere are tliree reasons for tliis. Firstly, the 
olilcr vasotlilalors are being used i n  new ways. Secondly, a nunlber of new 
vasodilator antillypcrtensive agents liave becotlie available, the cliaracteristics 
of wliicli liave broadened llie potential application of this group of drugs in 
Ilyperletision. 'I'liirdly, their mecllanisnl and site of action are difierent from 
oll~er groups of antil~ypertensive drugs arid therefore they can be used efiec- 
lively in cotnbination wit11 tllese. 

Vasvrlilatvr a~~tillyperlensive agents tilay be classified as shown in Table 1. 
'l'lie vasodilalor elTcct of the specific t~~et i~bers  of this group depends on tlieir 
interaction with receptors. These include phetioxybenza~nine and phen- 
lolan~inc wllicli block both pre- arid post-synaptic alplia-adreooceptors and 
~ ) rnzos i~~  wllicli selectively blocks post-synaptic receptors (Cambridge el al., 
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(1-ADIIENOCEPTOR BLOCKING AGEN'I'S 

post-synaptic - prazosi~i 
pre + post-synaptic - pltenoxybenzan~i~ie, phentolatnine 

ANGIOI'ENSIN BLOCKING AGENTS 

PROSTAGLANDINS 

selective - I~ydralnzine, minoxidil, diazoxide 
noti-selective - nitroprusside, tolmesoxide 

15177). Saralasin also falls withi11 the definition of a vasodilator and acts as a 
conipetilive blocker of angiotensin 11. However; this drug is usually the tool of 
investigators interested in the renin-agiotensin system and will not be con- 
sidered furtller here. In contrast, a definitive n l echa~~ i s~~ l  of action has not been 
described for the non-specific group, altliougll an effect on calcium flux i n  
vascular smooth muscle has been suggested for some (Chidsey and Gottlieb, 
19743. 

The non-specific group of vasodilators can be divided into those that are 
selective for resistance blood vessels and non-selective agents which in addi- 
tion dilate capacitance vessels. Tlle term selective is a relative one and in the 
present context refers to' clinically significant effects occurring on arterioles 
and/or veins. While diazoxide can be shown to possess vasodilatory action on 
veins using nonadrenaline-vasoconstricted vessels, the absence of a postural 
effect wit11 this drug excludes a clinically iniportant action on the venous side. 
Nitroprusside on the other hand has been shown to possess both arteriolar and 
venous dilatory action. 

The Iiaernodytian~ic consequences of selectivity are considerable (Table 11). 
Whereas the selective dilators such as hydralazine increase cardiac output 
(Freis et al., 1953; Crun~pton et al., 1953) the non-selective vasodilators may 
decrease or have o~ily a minor effect on cardiac output (Schlant et al., 1962). 
The elTect of nitroprusside in uncomplicated hypertension should not be con- 
fused with its effect- on cardiac output and cardiac fu~lction in conggestive 
heart failure. In the latter cardiac output is increased by reductiorl of after-load 
(Franciosa and Cohn, 1977). 



I l l ~ ~ o ~ l  I'rcssr~rc I lent-1 I l i l l e  Cardiac Uu(11ut 
- -  .. .~ - -. .... ... . .. . ~ . .- 

'I'llis I)ill)cr is ~ l i n i n l y  co~ lccr~ ier l  wit11 svlile e i ~ r l y  work o i l  tlie asscsslllelit o f  
t ~ ~ i ~ ~ o x i i l i l - - - a  l l igl i lp cll'cctivc i~ l l t i l~y l )c r lc~ is ive  drug, lire e~~ ip l las is  being on  tile 
rctlitl c i rcu l i~ tury  cl'fects o f  o r o l o ~ ~ g e d  use o f  t l ~ i ~ l o x i i l i l  ils part o f  an elTectivc 
i111ti II~~)C~ICIIS~VC: rcg i~ l l c~ i .  \Vork wit11 ;I IICW vasodilator a~ i l i l i ype r te~~s i vc  
i ~ g c ~ l l .  tol~~lcscrxitlc w i l l  bc briel ly iliscussed. 

h l inoxi i l i l  Ir;ls beet1 i~ t lder  i ~ l l c~ l s i ve  i~ ivcsl igal iu l i  ill tlie U ~ i i t c t l  States s i~ ice 
l l lc ci11 l y  1970's a ~ i d  i t 1  Euro1)c I\)r a so~~~cwh ; \ t  shorter period. 11 was relei~sed 
ill .lurlc I979 ill tllc U ~ l i t c i l  States Tor restrictcil use i t1  Ilypertcnsion. T l ie  drug 
I l i ~ s  :III o~ lsc l  o r  noti011 o f4 -6  Iiours i ~ ~ i r l  the dur:~tion o f  oction i n  t~ ios t  cases is 

le i~st  24 Iiours nflcr :I si~lp lc ilosc n ~ l d  i n  some cases the Ilypotensive activity 
call be t l c ~ ~ ~ o l i s t r i ~ t c t l  for up  l o  l ive days (Siren el ill., 1975). The dose response 
~c l i i t io~ ls l l i l )  (Fig. I )  is sucli IIii1t il is rel:~tivcly easy to adjust the dose and to  
cvnlro l  blood pressure rapidly i n  scvcre Ilyl)crte~lsion. 

'I'llc clfcct o f  a~~t i l l yper lc l~s ive  tlrirgs on  r e ~ i n l  f u ~ i c l i o t ~  is v f l e ~ i  a matter o f  
c o l i c e ~ ~ ~  both ill tllc acute and c l l ro~ l ic  situation. 111 111ost studies to date 
~ ) i ~ l i c ~ ~ t s  recciv i l~g ~ ~ l i ~ i o x i d i l  llavc severe hy1)ertcnsioo and rllally have severe 
~ lc l~ l~rosc lc ros is .  I t  is tllercfure i l l ipottal l t  t o  exa~i i i l le  but11 tile acute atid 
cllrotlio cl'l'ects o f  tlierapy 011 r e ~ ~ n l  bloorl Ilow. We carried out  tile present 
sturly ill ~ x ~ t i e l ~ l s  rcs is l :~~i l  to co~iveti t ior~:\ l  a l l t i l~yper le~~s ive  drugs. 

I<ct~al  blood I low was t~icirsurcil us i~ lg  the ~)lastl la c l c a r a ~ ~ c e  o r  bolus i.v. 
:ul111i11istr;itiu11 o r  I '" PA1 I (I'earsoll. 1979). I'low ~neasurerne~~ts were n ~ a d c  
pr ior  to l t c n l ~ l ~ c ~ l l .  i ~ f l c r  seven dilys o11 ~ l ~ i l i o x i d i l  1)lus propranolol and afler 
onc ycilr on  ~ l i i ~ l ox id i l .  ~ ) ro l ) rn~ lo lo l  ;111rl r ruse~ l~ ide  (Tilblc 111). There was a 
t l r i ~ t l ~ i \ l i c  45 ~ i ~ ~ l i l l g  fal l  i n  rileall arterial pressure arter seven days lrealrllcrlt 
i11liI it frrttlicr Fall o f  8 1illll1 l g  after otle year. Alt l iougll  renal b lood f low was 
s ig l~ i l i car~ t ly  reiluceil fro111 505 It 56 n11/11iin t o  393 f 44 ~ i l l /o l in  after sever1 
i l i ~ y s  o f  treatlllellt, re11i1l l l ow  was ~ i o t  cuo~pru~n ised i n  the long-term, w i th  
v i ~ l i ~ c s  silrlil;~r to Oi~scl i~ ie V~IIUCS ~OCIIIIICI~~C~ ;lStcr 12 ~ l i v ~ l t l ~ s  treatlnent. Renal 
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Dose-response relationship of minoxidil. 

conductance, which relates the renal blood flow to the mean arterial pressure, 
was unchanged after seven days but was significantly increased after one year 
from 3.6 to 5.3 n~l.min-' tnmHg-' ( P  < 0.01). There was a slight but non 
sigiiificant increase in serum creatinine after seven days and no cliange was 
observed over the remainder of tlie study. 

Tliis study confirms tlie value of mitloxidil in severe hypertension with a fall 
of 34 '96 in the mean arterial pressure and documents the elTect of minoxidil o n  
renal function and renal blood flow. The disparity between renal blood flow o r  
conductance after short-term a r~d  long-term treatment is important for two 
reasons. Firstly, it demonstrates that severely l~yperte~lsive patients may be 
treated wit11 vasodilators on a long-tern~ basis witliout unduly compromising 
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rc l la l  b lood  Ilow or ru l ic t iu~ i -n c l i l i i ca l ly  i l l lpor tant  cor~s iderat io t i  i n  d r u g  
sclectioli for Ilypcrlensivcs, w h o  11iny I iave s ig r l i l i cn~ i t  renal  i ~ i l p a i r m e l i t  p r i o r  
t o  Ircall l ictlt. Secondly, i t  u~iclerlir lcs tl lc i lnpor tance of repealed rev iew o f  
I~:ICIII(I~~II:II~~~C niensurenicnts ill lo~ig-ter111 assesslilclil of d r u g  elrccls. 

Since t l ie  advent o r  beta adre~loceptur  b lock ing  a g e ~ i l s  l l l e  use of 
vnsurli lators Tor the trent l l le l l t  of I lyperlensiun lias beco~r ie  widespread. 
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A~l t i l~ypcr lc t is ive  ellccts of tollnesoxide. 

Altl~ougl~ Ijcla adrenoceptor blockiilg agents and diuretics tllay nlinitnise the 
rellcx eKccts associ;~lcd wit11 vasodilators, tllarly of tllcse drugs have 
sl~orlco~i~iiigs. Co~isclluct~tly newer vasodilators are being assessed in tllc hope 
uf Gilding a tlrug wllicl~ is elTective and safe i l l  tile long tcrin. 

~l'ol~~icsoxicle (Fig. 2) is a ticw vasodilator and is a mcn~ber of a class of sul- 
~)lloxitlcs cllc~llically dissill~ilar fl-o~l~ existing vasodilators. l'he relcval~t car- 
tliov:tscular propcrtics of tol~llcstlxidc llavc bee11 dcnlo~lstratcd i l l  a variety of 



i~l~i~~i; i l  1iiot1cIs ;11rd ill ~)rel i l i i i l i ;~ry IILIIII;II~ studies. I<csults suggest tliat 
tol~i icsoxidc acl~ievcs its enbets by  acting rlirectly o11 tlie vascular st~loot l l  
~iiuscle. 1)rob:tbly by  i l i l l u c ~ ~ c i n g  t l ~ e  co~i t ract i le process tlirougli al l  action on 
ciilcirll l i ( l luxey.  1978). 

HOURS 
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l ' l ; ~ s l i i ; ~  le\.cls of lo l~ l icsox i t lc  nlid ~llcl;~bolile (IZX 7 1 1 12) lollowing ~dlllillistrntioll o l  100 111g 

o r i ~ l l y  lo n I l ) . (~cr le~ ls ivc  ~)nlictit. 

'I'lie i ~~~ t i l i y~ )e r te r i s i vc  clrect see11 i n  tlormal volunteers (Uuylla el ul., 1979) 
Iras beeti c o ~ i f i r ~ ~ i c d  i n  severe l iyl lcrtc~isivc patiet~ts fol lowing acute oral dosing. 
A typic;~l vasodil:~tor rcspolise is observed wi th a sigrlifical~t fal l  i n  systolic 
i111tI tliastolic blood pressure and a co i r~c id i r~g  reflex tacliycardia (Fig. 3) atid 
rise i t1  plitstlia ellill. I 'he onset o r  :ttitiliyperterisive en'ect is rapid, oncn within 
olio Iiuur, and the dur i~t ior i  o f  ell'cct o f  siligle doses studied lasl up l o  12 Ilrs. A 
vi~ri:\ble postural cl'fcct supgcsts tliat tolliicsoxicle is a tiot~-selective vasodilator 
iilitl cl i t l ici i l ly cot i l i r~ i is  previous fbre:u~iii f low studies itirlicatirig a bala~iced 



: I C I ~ ~ I I  ot i  i i t  t c ~  i o l i ~ r  :111cl V ~ I ~ O I I S  s t i ~ o u l l ~  tiiuscle 101ic (Collier ( J I . ,  19 78). 
11iili:lI ICSIIIIS ill u11r I:II)OI~:I~OIJ~ :IISO S I I K ~ C S ~  l l ~ i ~ t  b y  1c1111ei11g l ) ~~ - l u i~ t l  i111d 

i ~ l t c ~  lo;l(l t o l ~ ~ ~ c s o x i d c  III;I~ Ilc I jc l ic l ic i i~ l  ill refractory c:rrdii~c failure. 

~ l ' c ~ l ~ ~ i c s o x i ~ l c  i s  r i~piel ly i111iI ~01111) lct~ly i~\)surbccI, l ' i ~s l i ~~g  1)c:ik ~ u ~ ~ ~ ~ ~ ~ t ~ i ~ -  
l i o l ~ s  ;II c o l l c l ~  i \ c l ~ i c v ~ J  ill less IIIRII VIIC IIOU~ iil'lcr ural  dus i~ lg  (Fig. 3). 'l'llcrc 

is :I good c o r r c l i ~ l i o ~ ~  I ) c l \ vcc~~  closc nl id 11c:lk concc~ i l r i ~ l i o~ l s .  A s l lvr l  It:11f-lire, 
I~III~~IIK I.t.tl111 l \vv l e t  l ive l tot~rs, is s i ~ ~ i i l i ~ r  t v  t11i1t ur u l l ~ c r  111c111bcrs o r  ~IIC 
\ ' : ~ ~ ~ ~ c l i I i ~ l ~ r  CI,OIIII :11icI l~ ig l i l ig l i l s  Il lc (Jis11ii1 i l y  II~~\VCCII l~:~lr - l i le  a ~ i d  duri11io11 uf 
cl lccl \ v l ~ i c l ~  is so cli:l~.:~clcris(ic o r  t l ~ i s  I:roul) (11' Jrltgs. I lowcvcr tllc I ~ i ~ l r - l i k  ill 
cotigcstivc II~;II~ I :~ i l r t~c  III~I~ OC ~ u t ~ s i c l c r n l ~ l y  i ~ ~ c r c i ~ s e d  (grc:~tcr tl1i111 c i g l ~ t  
IIO~IIS) :III~ \Itis t11:1y be 1cIi11ccl l o  poor 11c11i1lic pcrf11sio11 ~ V I I S ~ ~ I I ~ I ~ ~  011 :I IVIV 
C:II cli:~c OIIIII~II. 

I t t i l i : ~ l  ~ c s ~ ~ l l s .  n.liicIi c I i :~ r :~c te t i~c  ~OI I I I~SOX~~C US ;I t y ~ ) i e t ~ I  v ~ ~ s v d i l i ~ t u r  
; I I I ~ ~ I ~ ~ ~ I ~ ~ I ~ I I S ~ V ~  i ~ g c ~ ~ l .  i11c c ~ ~ c o t t r : ~ g i ~ ~ g  :IIICI i ~ ~ i l i c : ~ t c  a s ig~~ i I i c :u~ t  : ~ ~ i l i l ~ y l ) c r -  
rct~sivc cl l 'cc~ i t 1  i~cr t lc  t losi~ig. 1 Iowcvcr. f~ t r l l l c r  c ~ i ~ l u i ~ t i u ~ ~  will1 c l i ro r~ ic  dosillg 
wil l  11c ttcccss:~ry 11cI'orc 111c \,:iI~tc o l ' t l ~ i s  IICIV t~~ le l i t i v t i  tc) t l lc vt~svdil :~tur gruup 
o l  c l t  l ~gs i is  csl:tl~lisl~ctl. 

Vi~sc~i l i l :~ lor  n ~ ~ t i l ~ y l ~ c ~ ~ c ~ ~ s i v c s  :IIC b c c o l ~ ~ i l ~ g  i ~ ~ c r c i ~ s i ~ ~ p l y  i1111)u11:111l ill l l le 

II~~I~III~II~ o f  I ~ y l ) c ~  tc l~sio l i  i~iiJ :I c l ; ~ s s i l i c : ~ ~ i u ~ ~  bilscd UII l l lc i r  III~C~I~III~~III illid 
silc o r  i ~c l i u t i  is ~ i v i \ ~  ~)vssil)lc. I ~ i l c t cs l  i t 1  lllcsc i l ~ u g s  is rcllcclerl ill l l lc tlcvclup- 
tlicttt o f  ~ l c w  IIICIIII)~~~ or ~IIC g1u111). ' I 'u l~~~csun idc  is being I I S S ~ S S C ~  rur i l s  Ivtlg- 
r c l ~ l l  c l l i c i ~cy  i111d snlcly wlii lc ~ i ~ i ~ l o x i d i l  i s  csr i~bl is l~ed ill l l lc  II~~III~I~CIIICII~ 01' 

scvclc ~csisl:l l l l c:lscs. \vc ~I:IVC SII~WII ~II:I( ill c ~ l l l ~ ) i l l : \ ~ i u l l  ~ i t l l  ~ ) l ~ l ) l i l l l ~ I V ~  

:111d :I J iu~c l ic .  ~ ~ ~ i l l o x i d i l  I v w c ~ s  I~ lu r j t l  I)I~SSIIIC cll'cclivcly but  ICII~II blued IIu\v 
:111cl rci i :~l l'1111ctit111 :IIC ~ i ~ : ~ i ~ i l : ~ i ~ i c t l .  
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