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expressed for H ~ ,  6. This express ion takes  the  form of a 
po lynomia l  wi th  powers  of H f  and is of the  n + 1st order  
when  n is the  num ber  of classes of b ind ing  sites. The value 
of the  concen t ra t ion  of the  free l igand Hs  was ob ta ined  by  
f inding the  roots  of th is  polynomial .  The s t ruc ture  of the  
coefficients of th is  po lynomia l  obeys simple p e r m u t a t i o n  
laws, and  the  coefficients can therefore  be ob ta ined  by  
inspect ion  of the  powers  of H~. However ,  the  express ions  
for the  coeff icients  rap id ly  become very  cumbersome  for 
h igher  orders  of t he  polynomial .  An algebraic solut ion 
for t he  roots  of t he  po lynomia l  of h igher  t h a n  the  4 t h  
order  is general ly  no t  possible. Therefore  i t  is necessary  
to  f ind these  roots  w i th  i te ra t ive  me thods  which  is, even  
wi th  the  help  of h igh  speed digi tal  computers ,  a t ime-  
consuming  task.  

Fur the rmore ,  d i f fe rent  p rograms  have  to  be coded for 
every  n u m b e r  of classes of b ind ing  sites, since the  coeffi- 
cients  of the  cor responding  polynomials  are di f ferent  for 
every order  of the  polynomial .  

These d i sadvan tages  can be overcome by  solving the  
b ind ing  equa t ion  impl ic i t ly  as descr ibed above. The 
procedure  L I G A N D  can be used wi thou t  a l te ra t ions  for 
any  possible n u m b e r  of classes of b ind ing  sites and is 
therefore  ve ry  general.  In  addi t ion,  a solut ion of the  
b ind ing  equa t ion  to any  specified possible degree of 
precision is ob ta ined  in m u c h  shor te r  t ime  wi th  the  

procedure  descr ibed t h a n  wi th  those  which  solve the  
b ind ing  equa t ion  by  f inding the  roots  of a polynomial .  

The subrout ine  L I G A N D  is wett sui ted for imp lemen-  
t a t ion  in a scientif ic subrout ine  package and should be a 
va luable  tool  in s tudies  where  the  to ta l  l igand concen- 
t r a t ion  has  to be cor rec ted  for unspecific b inding  16. 

Zusammen/assung.  Es wird  ein einfaches numer isches  
Ver fahren  beschrieben,  mi t  dessen Hilfe die freien Konzen-  
t r a t i onen  eines Liganden,  der  an Blur- und Gewebebe-  
s tandte i le  gebunden  wird, be rechne t  werden kTnnen. 
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Myocardia l  Inact ivi ty  of Therapeut ic  Concentrat ions  of Hydralaz ine  and Diazox ide  

Hydra laz ine  and diazoxide are effective vasodi la tor  
drugs used in the  t r e a t m e n t  of sys temic  hypertension1-5.  
They  lower per iphera l  vascular  res is tance by  a di rect  
re laxing effect  on ar ter iolar  smoo th  muscle bu t  have  
l i t t le ac t ion on capac i tance  vessels~, a,5-v. The hypo-  
tens ive  act ion of hydra laz ine  and  diazoxide is accom- 
pan ied  by  marked  increases in hea r t  rate,  left  ven t r icu la r  
eject ion rate,  and cardiac ou tpu t  1, ~, 4, 5, s, 6. This cardiac 
hype rac t i v i t y  is a t  least  in pa r t  the  resul t  of increased 
s y m p a t h e t i c  s t imula t ion  of the  hea r t  due to ac t iva t ion  
of the  barorecep tor  reflex by  the  vasodi la t ion- induced  
hypotension~,4,5,~~ I t  has  been suggested t h a t  
hydra laz ine  and diazoxide m a y  also exer t  more  p rox ima te  
posi t ive  chronot rop ic  and  inot ropic  effects on the  hea r t  
itselfh, 13, t~. They  migh t  p roduce  such effects by  reIeasing 
norep inephr ine  f rom myocard ia l  s y m p a t h e t i c  nerve  end- 
ings, by  s t imula t ing  cardiac #-adrenergic receptors ,  or by  
a direct  myocard ia l  action.  We  have  recent ly  es tabl ished 

20C 
o.----o Atrial strips / "  

"~ ~ : Papillary muscles r 
~oc 

15C 

50 

C3 

10 -7 10-6 10-5 10 -4 lO-SM 

Hydralazine 

Fig. 1. Effect of hydralazine on isometric tension developed by 12 
kitten papillary muscles and 12 kitten atriai strips. Means 3: S]3M. 

the  serum concen t ra t ions  of hydra laz ine  15 and  diazoxide a 
t h a t  occur dur ing  the  the rapeu t i c  use of these  drugs in 
man.  The presen t  s tudy  was  u n d e r t a k e n  to  de te rmine  if 
hydra laz ine  or d iazoxide exer t  any  direct  myocard ia l  
act ions  in such concentra t ions .  

Materials and methods. R i g h t  vent r icu la r  papi l la ry  
muscles  and  left a t r ia l  s t r ips  f rom k i t t ens  (0.4-0.9 kg) 
and  r ight  a t r ia l  pacemaker  p repa ra t ions  f rom guinea- 
pigs (0.3-0.4 kg) were used. To insure adequa te  oxygena-  
t ion  of the  cent ra l  f ibres of papi l la ry  muscles,  only  
muscles of less t h a n  0.6 m m  ~ cross-sect ional  area were 
chosen 16. The p repara t ions  were f ixed be tween  a smal l  
plast ic  electrode block and  a s tainless-s teel  wire hook 
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e x t e n d i n g  u p w a r d  to  a s t r a in -gauge  t r ansduce r .  L e n g h t -  
t ens ion  curves  were d e t e r m i n e d  for i n d i v i d u a l  pap i l l a ry  
muscles  a n d  a t r i a l  str ips,  a n d  each  was  m a i n t a i n e d  a t  
one-hal f  of t h e  r e s t ing  t ens ion  necessa ry  for m a x i m a l  
t ens ion  deve lopn len t .  Fo r  p a c e m a k e r  p r e p a r a t i o n s  r e s t ing  
t ens ions  j u s t  suf f ic ient  to  record  t en s i on  were used. 
P a p i l l a r y  muscles  a n d  lef t  a t r i a l  s t r ips  were s t i m u l a t e d  
t h r o u g h  2 p u n c t a t e  p l a t i n u m  elec t rodes  c o n t a c t i n g  t h e  
surface of t h e  muscles  j u s t  above  t he  p o i n t  of c lamping .  
The  p r e p a r a t i o n s  were d r iven  60 t imes  per  ra in  b y  
squa re -wave  pulses  of 5 msec du ra t ion .  S t imu lus  i n t e n s i t y  
was j u s t  a b o v e  t h r e s h o l d  in order  to  p r e v e n t  release of 
n o r e p i n e p h r i n e  f rom adrenerg ic  n e r v e  endings .  I somet r i c  
t ens ion  was m e a s u r e d  w i t h  s t r a in -gauge  t r a n s d u c e r s  
and  recorded  on  a d i rec t -wr i t ing  osci l lograph.  W e  h a v e  
p rev ious ly  descr ibed  deta i l s  of t he  s t i m u l a t i o n  and  
record ing  devices ~7, 4s. 

All p r e p a r a t i o n s  were m o u n t e d  in a 50 ml  o rgan  b a t h  
c o n t a i n i n g  a physiologic  sa l t  so lu t ion  lv,~9. T he  b a t h  
so lu t ion  was c o n t i n u o u s l y  o x y g e n a t e d  and  s t i r red  b y  a 
gas m i x t u r e  of 95% O 9 and  5% CO 2. Af te r  equ i l i b ra t ion  
w i t h  t h i s  m i x t u r e  t he  b a t h  p H  was 7.4. T he  t e m p e r a t u r e  
of t he  so lu t ion  was a lways  m a i n t a i n e d  a t  37.5 • 0.1 ~ 
The  v o l u m e  of so lu t ion  of hyd r a l az i ne  hydroch lor ide ,  
sod ium diazoxide,  and  D,L-propranolol  hyd roch lo r ide  
added  n e v e r  exceeded 0.1% of t he  o rgan  b a t h  vo lume.  
Concen t ra t ion -e f fec t  cu rves  were d e t e r m i n e d  b y  cumula -  
t ive  increases  of d rug  c o n c e n t r a t i o n  in s teps  of 1/2 log 
uni t .  The  n e x t  h ighe r  c o n c e n t r a t i o n  was a d d e d  as soon as 
t h e  full effect  of t h e  p rev ious  c o n c e n t r a t i o n  h a d  been  
reached.  P r o p r a n o l o l  used (10 -6 M) h a d  no  ch r ono t rop i c  
or i no t rop ic  effect  on  t he  p r epa ra t i ons ,  b u t  s t rongIy  
an tagon izes  t he  m y o c a r d i a l  ac t ions  of n o r e p i n e p h r i n e  
re leased f rom card iac  stores4v. 

Results. I n  c o n c e n t r a t i o n s  up  to 10 -4 M,  h y d r a l a z i n e  
h a d  no  ino t rop ic  effects on  k i t t e n  pap i l l a ry  muscles  or 
a t r i a l  s t r ips  (Figure  1). C o n c e n t r a t i o n s  of h y d r a l a z i n e  
a b o v e  10 -~ M progress ive ly  increased  t en s i on  develop-  
m e n t  b y  b o t h  a t r i a l  a n d  v e n t r i c u l a r  m y o c a r d i u m .  The  
a lmos t  3 fold increased  in t ens ion  d e v e l o p m e n t  caused  b y  
3 •  .8 M h y d r a l a z i n e  was a c c o m p a n i e d  b y  a 23% 
decrease  in t he  t i m e  to  p e a k  tens ion.  I n  10 pap i l l a ry  
muscles  a n d  8 lef t  a t r i a l  s t r ips  exposed to 10 .9 M pro-  
pranoloI ,  h y d r a l a z i n e  h a d  no  pos i t ive  ino t rop ic  effects  in  
c o n c e n t r a t i o n s  up  to  10 -8 M.  The  increases  in  t ens ion  
d e v e l o p m e n t  p r o d u c e d  b y  3 x 10 -a M hyd r a l az i ne  were 
decreased  f rom 195% a n d  197% to  12% b y  10 .9 M 
propranolo l .  5 p a p i l l a r y  muscles  f rom 3 k i t t e n s  t r e a t e d  
i .p .  24 h p r io r  to  t h e  e x p e r i m e n t  w i t h  reserp ine  1 m g / k g  
showed  no ino t rop ic  response  to  h y d r a l a z i n e  3 • 10 -a M.  
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Fig. 2. Effect of hydraIazine on guinea-pig pacemaker rate. Means ~2 
SEM of 12 preparations. 

No c o n c e n t r a t i o n  of h y d r a l a z i n e  increased  t he  r a t e  of 
impulse  f o r m a t i o n  in guinea-p ig  p a c e m a k e r  p r e p a r a t i o n s  
(Figure 2). Concen t r a t i ons  above  10 -~ M h a d  progress ive  
nega t ive  ch rono t rop i c  effects. 

Diazoxide  in concen t r a t i ons  up  to 10 -4 M h a d  ne i t he r  
pos i t ive  nor  nega t ive  ino t rop ic  or ch rono t rop ic  effetcs on  
8 k i t t e n  pap i l l a ry  muscles ,  10 k i t t e n  left  a t r i a l  s tr ips,  a n d  
10 guinea-pigs  r i g h t  a t r i a l  p a c e m a k e r  p repa ra t ions .  
H i g h e r  c o n c e n t r a t i o n s  could n o t  be  s tud ied  because  of 
t he  re la t ive  inso lub i l i ty  of t he  drug.  

Discussion. Serum c o n c e n t r a t i o n s  of h y d r a l a z i n e  
du r ing  a n t i h y p e r t e n s i v e  t h e r a p y  range  f rom 0.1 to 2.0 
rag/1 ~5. I n  t h e r a p e u t i c  c o n c e n t r a t i o n s  h y d r a l a z i n e  is 
a p p r o x i m a t e l y  80% b o u n d  to h u m a n  se rum p ro t e ins  19 
Thus,  t he  free se rum c o n c e n t r a t i o n  of hydra laz ine ,  wh ich  
is in  equ i l i b r ium w i t h  t he  ex t race l lu la r  fluid, r anges  
below 0.4 mg/1 or 2 • 10 -s M. This  c o n c e n t r a t i o n  is two  
orders  of m a g n i t u d e  below t t l a t  wh ich  p roduces  a posi- 
t i ve  ino t rop ic  effect. I t  is clear t h a t  t h e r a p e u t i c  concen t ra -  
t ions  of h y d r a l a z i n e  h a v e  no  d i rec t  ch rono t rop i c  or 
ino t rop ic  effects. 

The  s ign i f ican t  pos i t ive  ino t rop ic  ac t ions  of g rea t ly  
s u p r a t h e r a p e u t i c  concen t r a t i ons  of h y d r a l a z i n e  are 
assoc ia ted  w i t h  cons iderab le  s h o r t e n i n g  in t he  t i m e  to 
m a x i m u m  t ens ion  deve lopmen t ,  as is seen d u r i n g  t he  
ac t ion  of no rep ineph r ine  s0. T h e y  are s t rong ly  a n t a g o n i z e d  
b y  p rop rano lo l  and  are a b s e n t  in  m y o c a r d i m n  f rom wh ich  
no rep ineph r ine  has  been  deple ted  b y  reserpine.  Thus ,  
t h e y  are  a l m o s t  ce r t a in ly  due  to t he  release of norepi -  
n e p h r i n e  f rom adrenerg ic  ne rve  end ings  in t h e  myocar -  
d ium.  The  ab i l i ty  of h y d r a l a z i n e  to  release n o r e p i n e p h r i n e  
has  been  p rev ious ly  sugges ted  b y  s tud ies  on t he  con t r ac t i l e  
force of guinea-p ig  a t r i a  ~4. Pos i t ive  ch rono t rop i c  effects 
due  to n o r e p i n e p h r i n e  release in p a c e m a k e r  p r e p a r a t i o n s  
are p r o b a b l y  p r e v e n t e d  b y  a d i rec t  nega t ive  ch rono t rop i e  
effect  of h igh  concen t r a t i ons  of hydra laz ine .  

Se rum concen t r a t i ons  of d iazoxide  a f te r  single t h e r a p e u -  
t ic  in jec t ions  of 300 m g  are  a b o u t  20 mg/1, b u t  t h e y  can  
rise as h igh  as 100 mg/1 a f t e r  r epea t ed  in jec t ions  8. 
Diazox ide  is a p p r o x i m a t e l y  90% b o u n d  to  s e rum al- 
b u m i n  3, so t h a t  a t o t a l  se rum c o n c e n t r a t i o n  of 100 mg/1 
cor responds  to  10 mg/1 of t he  free d rug  ( 4 •  -5 M).  
Tilts c o n c e n t r a t i o n  is less t h a n  hal f  t he  h ighes t  concen-  
t r a t i o n  s tud ied  in  these  expe r imen t s .  Accordingly ,  
t h e r a p e u t i c  c o n c e n t r a t i o n s  of d iazoxide  h a v e  ne i t he r  
ch rono t rop i c  nor  ino t rop ic  ac t ions  on  t h e  m y o c a r d i u m .  

Zusammen/assung. T h e r a p e u t i s c h e  K o n z e n t r a t i o n e n  
yon  H y d r a l a z i n  (10 -7 - -2  • 10 -* M) u n d  yon  Diazoxid  
(5 • 10 -6 - -4  • 10 -s M)  h a b e n  ke ine  i n o t r o p i s c h e n  oder  
c h r o n o t r o p i s c h e n  W i r k u n g e n  auf  isol ierte H e r z m u s k e l n  
v o n  K a t z e n  und  Meerschweinchen .  H y d r a l a z i n  Konzen-  
t r a t i o n e n  fiber 10 -4 M e rh6hen  die S p a n n u n g s e n t w i c k -  
lung  d u r c h  F re i se t zung  von  e n d o g e n e m  N o r a d r e n a l i n  
abe r  v e r m i n d e r n  die S c h r i t t m a c h e r f u n k t i o n .  
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