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Influence of pronethalol on the cffeet of various hypotensive agents in the renal hypertensive rat 

Trea tment  n Control 
mg]kg,  day value 

m m  Hg 

Mean blood pressure values (mm Hg) on 
3rd and 4th day of t reatment  

Acute effect Prolonged effect 
measured 2 h measured 24 h 
after last injection after last injection 

Saline control 4 195 2. 5 186 ~ 4 187 2_ 2 

Pronethalol 10 s.c. 8 193 2_ 2 186 2_ 4 173 :~ 4 
Hydralazine 6 p.o. 7 198 =L= 7 133 2_ 8 152 xL 9 
Hydralazine 6 p.o. 8 195 2_ 6 186 2_ 5 160 4- 7 
+ Pronethalol 10 s.c. 
Hydralazine 15 p.o. 7 192 :L 6 113 2_ 10 151 :J= 11 
Hydralazine 15 p.o. 7 194 J_ 6 154 i 11 148 ~= l0 
+ Pronethalol 10 s.c. 

Guanethidine 6 s.c. 7 198 2_ 6 122 2_ 5 133 J= 7 
Guanethidinc 6 s.c. 6 195 -t= 7 167 ~= 5 132 2_ 4 
+ Pronethalol 10 s.c. 

~-Methyl-DOPA 300 p.o 13 188 -t_ 5 143 -~ 3 152 J= 3 
~,-Methyl-DOPA 300 p.o. 7 191 ~ 7 146 ~ 7 148 ~ 7 
+ Pronethalol 10 s.c. 

Treatment  daily for 4 days. Blood pressure measurement  twice daily, immediately before and 2 h after t reatment,  by tail plethysmography.  
Values given are means ~ SE. 

a c t i o n  w a s  f o u n d .  T h i s  m a y  b e  d u e  t o  t h e  r e l a t i v e l y  s h o r t  
d u r a t i o n  of  a c t i o n  o f  p r o n e t h a l o l .  I t  is p o s s i b l e  t h a t  p r o -  
n e t h a l o l ,  g i v e n  in  h i g h e r  d o s e s  a n d  a t  s h o r t e r  i n t e r v a l s ,  
c o u l d  i n h i b i t  t h e  p r o l o n g e d  as  wel l  a s  t h e  a c u t e  h y p o -  
t e n s i v e  e f f ec t s .  

H y d r a l a z i n e  a n d  g u a n e t h i d i n e  p r o d u c e  - as  f a r  a s  is  
k n o w n  - a r e d u c t i o n  in  p e r i p h e r a l  r e s i s t a n c e  a n d  a fa l l  i n  
b l o o d  p r e s s u r e  b y  d i f f e r e n t  m e c h a n i s m s  4-~. T h e  i n h i b i t i o n  
o f  t h e i r  h y p o t e n s i v e  e f f e c t s  b y  p r o n e t h a l o l  i n d i c a t e s ,  
h o w e v e r ,  t h a t  t h e y  p r o b a b l y  h a v e  s o m e  c o m m o n  pe r i -  
p h e r a l  o r  c e n t r a l  m e c h a n i s m  o f  a c t i o n .  I t  is, a s  y e t ,  n o t  
p o s s i b l e  t o  d e c i d e  b e t w e e n  t h e s e  t w o  p o s s i b i l i t i e s .  

A l t h o u g h  p r e l i m i n a r y  e x p e r i m e n t s  w i t h  o t h e r  f l - recep-  
t o r  b l o c k i n g  a g e n t s  s h o w  t h e  s a m e  r e s u l t s ,  t h e  i n h i b i t i o n  
o f  t h e  e f f e c t s  of  h y p o t e n s i v e  d r u g s  b y  p r o n e t h a l o l  m a y  
n o t  b e  r e l a t e d  to  i t s  f l - r e c e p t o r  b l o c k i n g  a c t i v i t y .  

Zusammen]assung. D i e  h y p o t e n s i v e n  - W i r k u n g e n  v o n  
H y d r a l a z i n  u n d  G u a n e t h i d i n  a n  r e n a l  h y p e r t o n i s c h e n  

R a t t e n  k o n n t e n  f i ir  k u r z e  Ze i t  d u r c h  P r o n e t h a l o l  a n t a g o -  
n i s i e r t  w e r d e n .  D ie  \ V i r k u n g  y o n  ~ - M e t h y l - D O P A  w u r d e  
n i c h t  b e e i n f l u s s t .  
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P R O  E X P E R I M E N T I S  

A R a p i d  T e c h n i q u e  f o r  C h a r a c t e r i z i n g  M e t a l -  
P r o t e i n  C o m p l e x e s  b y  p H - M e t r y  

T h e  p H - m e t r i c  m e t h o d  h a s  b e e n  s u c c e s s f u l l y  u s e d  to  
s t u d y  t h e  h y d r o g e n  i o n  b i n d i n g  c a p a c i t i e s  o f  v a r i o u s  p r o -  
t e i n s .  T h e  t e c h n i q u e  h a s ,  h o w e v e r ,  n o t  b e e n  e m p l o y e d  so  
f a r  t o  i n v e s t i g a t e  m e t a l - p r o t e i n  i n t e r a c t i o n .  I n  t h i s  c o m -  
m u n i c a t i o n  t h e  r e s u l t s  of  s u c h  s t u d i e s  o n  c o b a l t  a n d  n i c k e l  
c o m p l e x e s  o f  t r a n s f u s i o n  g e l a t i n  a r e  r e p o r t e d .  

MALIK e t  al .  1 h a v e  f o u n d  t h a t  t h e  e q u a t i o n 3 :  

p H  - log  vi - -  (pK/ , a ) i  - 0 .868  Z W 
T$ i -- v i 

w h i c h  r e p r e s e n t s  a t i t r a t i o n  c u r v e  i n  a b s e n c e  of  m e t a l  i o n  
for  g l o b u l a r  p r o t e i n  m a y  a l so  b e  a p p l i e d  t o  c o l l a g e n  t y p e  

of  p r o t e i n .  S ince ,  i n  t h e  p r e s e n c e  o f  m e t a l  i ons ,  a f r a c t i o n  
o f  t h e  a c i d i c  g r o u p s  wil l  be  r e m o v e d  f r o m  p a r t i c i p a t i o n  in  
h y d r o g e n  i o n  e q u i l i b r i a  b y  m e t a l  b i n d i n g ,  i t  is p o s s i b l e  t o  
c a l c u l a t e  t h e  b i n d i n g  d a t a  d i r e c t l y  f r o m  t h e  d i f f e r e n c e  in  
h y d r o g e n  i o n  t i t r a t i o n  c u r v e s  in  t i l e  p r e s e n c e  a n d  a b s e n c e  
"~f m e t a l  ion ,  j u s t  a s  i n  t h e  c a s e  o f  ]~JERRUM'S 3 m e t h o d .  

S o l u t i o n s  o f  c o b a l t  a n d  n i c k e l  w e r e  p r e p a r e d  b y  d i s s o l v -  
i n g  c h e m i c a l l y  p u r e  s a m p l e  (A .R . )  o f  t h e  c h l o r i d e  s a l t s  in  
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t r ip ly  dist i l led wa te r ,  and  the i r  con ten t s  were es t imated  
by  the  usual  me thods ,  p H  measu remen t s  of the  mixtures  
of coba l t - t r ans fus ion  gelatin,  nickel- t ransfusion gelatin 
a n d  t r ans fus ion  gela t in  alone wi th  vary ing  amounts  of 
hyd roch lo r id  acid, were  carr ied out  a t  25°C on Beckman 
Model  G p H - m e t e r .  Tota l  ionic s t r eng th  of the  mixtures  
was  a d j u s t e d  to  0.15 by  t h e  addi t ion  of the  requisite 
a m o u n t s  of po t a s s ium chloride solution. Transfusion 
gela t in  4 suppl ied  b y  the  Director,  Nat ional  Chemical 
L a b o r a t o r y ,  Poon~  (India) ,  was  used t h roughou t  these 
inves t iga t ions .  The  Figure  represents  the  t i t ra t ion  curves 
of all th ree  mix tures .  The TANFORD method~ was em- 
p loyed  for t he  cons t ruc t ion  of such plots.  

The  h y d r o g e n  ion t i t r a t i on  curves  of t ransfusion gelatin 
in t h e  p resence  and  absence  of me ta l  ions are str ikingly 
dif ferent .  Assuming  t h a t  t he  meta l  ions compete  wi th  the 
h y d r o g e n  ions for c o m m o n  site, the  following conclusions 
m a y  be  a r r ived  at.  

(1) The  a m o u n t  of h y d r o g e n  ions given out  by  the pro- 
te in  is g rea te r  in t he  presence  of meta l  ions t h a n  wi th  the 
p ro t e in  alone. This  would  be the  case if rep lacement  of 
h y d r o g e n  ions b y  me ta l  is visualized f rom the  site under  
cons idera t ion .  

(2) The  a m o u n t  w i th  which  a par t icu lar  metal  ion dis- 
places  the  h y d r o g e n  ion equi l ibr ia  of gelatin towards  the 
basic side of t he  func t iona l  groups m a y  be taken as a 
measure  of t h e  e x t e n t  of meta l -pro te in  combinat ion.  
F u r t h e r ,  since one- to-one  b ind ing  is favoured in prefer- 
ence to  in t r amolecu la r  cross l inking 6, the  number  of 
h y d r o g e n  ions d isp laced  per  p ro te in  molecule (as read off 
f rom the  t i t r a t i o n  curve) yields d i rec t ly  the  binding data,  
'VM', the  n u m b e r  of ac t ive  si tes covered by  metal  ions, 
Such d a t a  are  g iven  in the  Table.  

Since the  changes  which  occur  dur ing  the  t i t ra t ion  of 
m e t a l - p r o t e i n  m i x t u r e s  are  mos t ly  in the  pH range 3 to 
5.5, where  ca rboxy l  groups  are  expec ted  to lose their  
p r o t o n  ~, i t  m a y  be  conc luded  t h a t  the  carboxyl  groups of 
a s p a r t y l  and  g l u t a m y l  res idues  offer the  principal  site for 
t he  b ind ing  of  b o t h  the  me ta l  ions. The values of log K 
c o m p u t e d  f rom t h e  SEATCItARD equa t ion  s come out  a t  
2.02 and  1.86 for coba l t  and  nickel complexes  respec- 
t ive ly ,  which  are  a lmos t  t he  same as for the  association 
of one molecule  of acet ic  acid w i th  cobal t  7 and nickelS,% 

The free energy  change  of the  combina t ion  a t  25°C comes 
out  a t  --7-.755 and --2.537 Kcal  for coba l t  and  nickel 
complexes  respect ively  to. 

pH H + disso- H+ disso- l)ifference Free metal log 
elated in elated in of VM ions at K 
presence of absence of equilibrium 
metal ions metal ions x lO-SM 

3,0 5 , 0  4 . 0  1 - - 

4 , 0  34,0 30,0 4 - - 
5,0 65.0 60,0 5 
5,5 74,0 ~9.0 5 0.6 2.02 
6,0 78,0 74,0 4 

Concentratio~l of nickel chloride 1.008 × 10-aM 

3,0 4.0 4.0 0 - - 

4 , 0  32.0 30.0 2 - - 

5 . 0  64.0 60.0 4 - - 
5.5 73,0 69.0 4 0.688 1.86 
6.0 78,0 74.0 4 

Concentration of cobalt chloride = 1.0 x lO-3M. 
Concentration of transfusion gelatin = 0.8 x lO-4M. 

Zusammen[assung. Die pH-Mcssmc thode  zur ]3estim- 
mung der  Bindung wm Wasscrs toff ionen an  Eiweiss 
wurdc  f(ir den Bereich der  Metal tkmen erwci ter t .  Die 
l )a ten  fiber die Metal l ioncnbindung w m  Koba l t  und 
Nickel fiir dic Transfusionsgelat ine wurden  aus dcr  Ver-  
schiebung der  pH-Ti t ra t ionskurven  bei A n w e ~ n h e i t  bzw. 
Abwescnhei t  dcr  Metallionen gewonnen.  
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