
1430 Speeialia 

Table 2. Kinetic investigation of the release of oxygen from haemoglobin 

EXPERIENTIA 33/11 

(A) Haemoglobin (2-8 [zM) (B) Haemoglobin plus speetrin (B)/(A) Haemoglobin plus lysozyme 

pH = 6.2 (unbuffered) 47.9 see -1 
pH 7.15 (0.1 M phosphate) 34.3 see -1 
pH 7.3 (0.1 M Tris/HC1) 31.5 sec i 

37.5 sec -1 0.78 - 
27.2 see -1 0.79 34.7 sec -1 
27.7 sec -1 0.88 31.5 sec -z 

The results are calculated as first-order velocity constants, each value is the average of 5 separate experiments; the standard deviation is close 
to 1 sec -1 in each case. For experimental conditions, see text. The molar ratio of spectrin to haemoglobin was 0.3 at pH 6.2, 1.1 at pH 7.15 
and 0.9 at pH 7.3; the molar ratio of lysozyme to haemoglobin was 0.9. 

va lue  of log (pO2),/, w h e n  spec t r in  was p resen t .  Therefore  
i t  appea r s  t h a t ,  a t  a n y  g iven  oxygen  pressure ,  a s l ight ly  
g r ea t e r  p r o p o r t i o n  of o x y h a e m o g l o b i n  is fo rmed  as a 
r e su l t  of t he  presence  of spect r in .  
]3. K ine t i c  inves t iga t ions .  C o m p a r a t i v e  m e a s u r e m e n t s  
h a v e  been  car r ied  ou t  in  which  h a e m o g l o b i n  was deoxy-  
g e n a t e d  e i the r  alone,  or in the  presence  of spectr in ,  or 
a n o t h e r  p ro te in ,  lysozyme.  The  m e a s u r e m e n t s  were re- 
p e a t e d  a t  d i f fe ren t  p H  va lues  in  the  r ange  6-7.5.  In  our  
e x p e r i m e n t a l  condi t ions ,  t he  k ine t ics  were pseudof i r s t  
order .  (See also S a l h a n y  e t  a1.11.) 
F r o m  inspec t ion  of t a b l e  2, i t  will be  a p p a r e n t  t h a t ,  a t  
a n y  of t he  3 p H  inves t iga t ed ,  t he  presence  of spec t r in  

slows down  the  speed of t he  deoXygena t ion  process of 
h a e m o g l o b i n  (while a n o t h e r  p ro te in ,  lysozyme,  does not) .  
I n  conclusion,  k ine t ic  as well  as equ i l i b r i um s tudies  lead 
one to a d m i t  t h a t  t he  presence  of spec t r in  favours ,  to  a 
m e a s u r a b l e  ex t en t ,  t h e  o x y g e n a t e d  form of haemoglob in .  
These  e x p e r i m e n t a l  resu l t s  sugges t  t h a t  a n  i n t e r ac t i on  
be tween  spec t r in  and  h a e m o g l o b i n  can  be  awai ted .  Such  
an  i n t e r a c t i o n  is now be ing  i n v e s t i g a t e d  in our  l abo ra to ry .  

11 J.M. Salhany, R. S. Eliot and H. Mizukami, Biochem. biophys. 
Res. Commun. 39, 1052 (1970). 
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Summary. P r e v e n t i o n  of h igh  b lood  pressure  in un ineph rec tomized ,  DOCA-sal ine  t r e a t e d  r a t s  was  obse rved  a f t e r  
t r e a t m e n t  w i t h  cen t r a l  t y r a m i n e  precursors .  W e  sugges t  t h a t  the  h i g h  b lood pressure  is e i t he r  due  to re la t ive  lack of 
tyros ine ,  wh ich  m i g h t  be caused  b y  the  h y p e r a c t i v i t y  of ty ros ine  hyd roxy la se ,  or to  h y p o a c t i v i t y  of the  deca rboxy lase  : 
in b o t h  cases t he  resu l t  is d imin i shed  t y r a m i n e  synthes is .  

T h e  r a t e - l im i t i ng  s tep  of c a t e c h o l a m i n e  syn thes i s  is t he  
f o r m a t i o n  of L - D O P A  f rom ty ros ine  b y  ty ros ine  h y d r o x -  
ylase  (TH).  The  be s t  k n o w n  inh ib i to r s  for T H  are a lpha -  
m e t h y l  t y ros ine  3, P y r a t r i o n e  4 a n d  O u d e n o n  5. All these  
agen t s  decrease  or p r e v e n t  h i g h  b lood  pressure .  The  
f o r m a t i o n  of n o r a d r e n a l i n e  f rom d o p a m i n e  is m e d i a t e d  
b y  d o p a m i n e  b e t a  h y d r o x y l a s e  (DBH) .  I n h i b i t o r s  of 
t h i s  enzyme,  such  as Dopas t ineS,  d i s u l f i r a m  (Antabuse )e  
and  fusar ic  acid ~, also decrease  or p r e v e n t  h i g h  b lood  
pressure .  D e s t r u c t i o n  of c en t r a l  adrenerg ic  neu r ons  b y  
i n t r a v e n t r i c u l a r  6 - h y d r o x y d o p a m i n e  p r e v e n t s  t he  in-  
d u c t i o n  of h y p e r t e n s i o n  8. F u r t h e r m o r e ,  N a g a t s u  e t  a12 
found  t h a t  NaC1 a d m i n i s t r a t i o n  to S H  r a t s  caused  a n  
increase  in T H  a c t i v i t y  in severa l  o rgans  in add i t i on  
to  t he  congen i t a l ly  e l eva t ed  h y p o t h a l a m i c  one 10. R y l e t t  
e t  al. n showed  t h a t  t r e a t m e n t  w i t h  DOCA increased  
ty ros ine  h y d r o x y l a s e  a c t i v i t y  and  the re fo re  increased  
t he  a m o u n t  of t y ro s ine  w h i c h  en te r s  t he  p a t h w a y  
of n o r a d r e n a l i n e  syn thes i s .  One m i g h t  the re fo re  conc lude  
t h a t  t he  i n h i b i t i o n  of n o r a d r e n a l i n e  syn thes i s  is re-  
spons ib le  for  t he  a n t i h y p e r t e n s i v e  effect.  Pa radox ica l ly ,  
however ,  L a v o r i t  a n d  V a l e t t e  12 found  t h a t  a d m i n i s t r a t i o n  
of t y ros ine  to  DOCA-sa l ine  t r e a t e d  r a t s  a lso p r e v e n t s  
t he  e l eva t ion  of b lood  pressure  and  specu la t ed  on  t h e  
i m p o r t a n c e  of c en t r a l  no rad rene rg i c  h y p o t e n s i v e  centres .  
To e l imina te  t he  incons is tenc ies  we h y p o t h e s i z e d  t h a t  
p r e v e n t i n g  t he  e l eva t i on  of b lood  pressure  is due  to a 
ty ros ine  metab01i te  n o t  in  t he  p a t h w a y  of c a t echo l amines '  
synthes is ,  s ince excess d i e t a r y  ty ros ine  in r a t s  does n o t  
c h a n g e  t h e  c a t e c h o l a m i n e  c o n c e n t r a t i o n  in t he  b r a i n  la, 
b u t  sti l l  decrease  t he  b lood  pressure .  

Materials and methods. I n  th i s  work,  u n i n e p h r e c t o m i z e d  
male  r a t s  we igh ing  180-200 g were  used. Desoxycor t i -  
cos te rone  ace t a t e  (DOCA) 10 m g / k g  was in jec ted  3 t i m e s  
a week  s.c. Food  a n d  sal ine (0.9% NaC1) were g iven  ad  
l ib i tum.  Blood pressure  was m e a s u r e d  u n d e r  l igh t  e t h e r  
a n a e s t h e s i a  b y  a ta i l  m ic rophon i c  m e t h o d  14. Fo r  s t a t i s t i ca l  
ana lys i s  t he  S t u d e n t  t - t e s t  was  used. 
Results and discussion. F r o m  t a b l e  1 we can  see t h a t  L- 
ty r0s ine  500 m g / k g  t o t a l l y  p r e v e n t s  t h e  e leva t ion  of 
b lood pressure .  The  same  is t r u e  for ~ -me thy l ty ros ine ,  
an  i n h i b i t o r  of ty ros ine  hyd roxy l a se .  Tab le  2 shows t h a t  
L- ty ros ine  is also able  to  d i m i n i s h  ex is t ing  h igh  b lood  
pressure .  The  e x p e r i m e n t a l  d a t a  in  t a b l e  1 p o i n t  to  
t y r a m i n e  as t h e  cen t r a l  h y p o t e n s i v e  agent .  Th i s  is 
sugges ted  b y  t h e  t y r a m i n e  e x p e r i m e n t  as welt  as b y  t h e  
synerg i sm of an  ineffec t ive  dose of ty ros ine  w i t h  Vit .  B e - 
t he  cofac tor  of a m i n o  acid deca rboxy lase ,  a n d  t he  syner -  
gism of t he  same  ineffec t ive  dose w i t h  c a r b i d o p a  - a 
pe r iphe ra l  deca rboxy la se  inh ib i to r .  The  f inal  proof  is, 
however ,  t he  h igh  eff ic iency of D, L - ty ros ine  as c o m p a r e d  
w i t h  L - ty ros ine  2s exp la ined  b y  t he  fac t  t h a t  T H  is specific 
for t he  L form, b u t  d e a m i n a t i o n  shows no  such  specific- 
i ty  16 F ina l ly ,  n e i t h e r  D no r  L p h e n y l a i a n i n e  bad  a n y  ef- 
fect, i n d i c a t i n g  lack of effect  of p h e n y l e t h y l a m i n e .  L- 
t r y p t o p h a n  is also ineffect ive:  
Le t  us  see h o w  o t h e r  o b s e r v a t i o n s  f i t  ou r  hypo thes i s .  
Raese  e t  al. is showed  t h a t  p r e s y n a p t i c  t y ros ine  h y d r o x -  
ylase is a c t i v a t e d  b y  c-AMP.  D o p a m i n e  inh ib i t s  t h a t  
ac t iva t ion ,  the re fo re  e l eva t ion  of d o p a m i n e  level, for 
example ,  b y  g iv ing  a p recurso r  or i n h i b i t i n g  its m e t a b o -  
lism, will  i n h i b i t  t y ros ine  hyd roxy la se .  D O P A  indeed  is 
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Table 1 
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Treatment  Intraperitoneal Starting b.p.* 3 weeks b.p.* 
Daily dose mg/kg 

Control - 104 -t- 3.4 155 -4- 5.4, 149 :[= 3.3 
L-tyrosine 100 104 :t: 2.8 140 =[: 3.5 
L-tyrosine 500 108 i 3.8 122 4- 2.6 
a-methyl-p-tyrosine 50 104 + 2.3 124 • 2.8 
Tyramine 25 106 -t- 2.6 121 -6 1.7 
L-tyrosine 100 103 • 1.6 111 -4- 1.4 
+v i t .  B 6 10 
Vit. B 6 100 105 -t- 1.9 143 4- 1.9 
L-tyrosine 100 110 • 2.2 129 -4- 2.3 
+ earbidopa 50 
Carbidopa 50 104 4- 2.0 140 -t- 2.7 
D,L-tyrosine 50 104 -t- 2.2 124 =L 2.5 
D-phenylalanine 100 108 :t= 2.5 148 4- 5.8 
L-phenylalanine 500 99 4- 3.8 151 • 6.8 
L- t ryptophan 500 102 -t- 2.1 151 -4- 6.1 
p-chlorophenylalanine 50 96 :t= 2.3 129 ~: 3.2 
D,L-dihydroxyphenylalanine 100 105 :t_ 2.8 162 -t- 6.9 

*Mean -1- SE, N ~ 12. 

k n o w n  as  a h y p o t e n s i v e  a g e n t l L  B u c k i n g h a m  e t  al.  is 
d e m o n s t r a t e d  t h a t  p - c h l o r o p h e n y l a l a n i n e  ( g e n e r a l l y  
k n o w n  a s  a n  i n h i b i t o r  of  s e r o t o n i n e  s y n t h e s i s )  d e c r e a s e d  
b l o o d  p r e s s u r e  in  D O C A - s a l i n e  t r e a t e d  h y p e r t e n s i v e  r a t s .  
T h e  s a m e  p h e n o m e n o n  w a s  o b s e r v e d  b y  J a r r o t t  e t  al .  19 
a n d  b y  u s  ( t ab l e  1). I t  s e e m s  t h a t  t h e  d e c r e a s e  in  b lood  
p r e s s u r e  a f t e r  t r e a t m e n t  w i t h  t h i s  a g e n t  is  n o t  d u e  to  t h e  
i n h i b i t i o n  o f  s e r o t o n i n e  s y n t h e s i s  b e c a u s e  5 , 6 - d i h y d r o x y -  
t r y p t a m i n e  d o e s  n o t  g i ve  t h e  s a m e  r e s u l t  is. I n d e e d ,  
p - c h l o r o p h e n y l a l a n i n e i n h i b i t s  t h e  p h e n y l a l a n i n e  ( ty ros ine )  
h y d r o x y l a s e  a s  well2~ 
O u r  g e n e r a l  c o n c l u s i o n ,  t h e r e f o r e ,  is  t h a t  t h e  l a c k  o f  
c e n t r a l  t y r a m i n e  c a u s e s  h i g h  b l o o d  p r e s s u r e  d u e  to  l a c k  
o f  a v a i l a b i l i t y  of  t y r o s i n e ,  i n c r e a s e d  T H  a c t i v i t y  o r  
d e c r e a s e d  d e c a r b o x y l a s e  e f f i c i ency .  T h e  f a c t  t h a t  t y r a m i n e  
p e r i p h e r i c a l l y  is a h y p e r t e n s i v e  a g e n t  d o e s  n o t  d e t r a c t  
f r o m  t h i s  a r g u m e n t ,  s i n c e  b y  a n a l o g y  L - D O P A  a n d  m -  
t y r o s i n e  is p e r i p h e r i c a l l y  h y p e r t e n s i v e ,  b u t  c e n t r a l l y  h y p o -  
t e n s i v e  2~. S ince  c - A M P  i n c r e a s e s  t y r o s i n e  h y d r o x y l a s e  ac -  
t i v i t y  1~, o u r  s c h e m e  is in  l ine  w i t h  t h e  s u p p o s i t i o n  t h a t  in -  
c r e a s e d  c - A M P  leve l  m i g h t  t r i g g e r  h y p e r t e n s i o n .  T h e  de -  
c r e a s e d  v a s c u l a r  c - A M P  lebe ls  a r e  c h a r a c t e r i s t i c  of  a l a t e r  
p h a s e  of  h y p e r t e n s i o n  23. I t  is t e m p t i n g  t o  s p e c u l a t e  t h a t  
t y r a m i n e  i n c r e a s e s  t h e  f ree  i n t r a c e l l u l a r  n o r a d r e n a l i n e  21, 22 
w h i c h  i n  t u r n  b l o c k s  t y r o s i n e  h y d r o x y l a s e  b y  n e g a t i v e  
f e e d b a k  23 o r  d e c r e a s e s  a d e n y l  c y c l a s e  a c t i v i t y .  T h e  o b s e r -  
v a t i o n s  t h a t  in  h u m a n  h y p e r t e n s i v e s  t h e  p l a s m a  c a t e c h o l -  
a m i n e  c o n c e n t r a t i o n  is  l i n e a r l y  r e l a t e d  to  t h e  d i a s t o l i c  
p r e s s u r e  w i t h  i n c r e a s e d  c a p a c i t y  for  n o r a d r e n a l i n e  s y n -  
thes is25 ,  a n d  t h a t  t h e  i n h i b i t i o n  o f  t y r o s i n e  h y d r o x y l a s e  
b y  t h e  f l - r e cep to r  a n t a g o n i s t  p ropranolo126,  s u p p l e m e n t  
o u r  h y p o t h e s i s .  F i n a l l y ,  in  s p i t e  of  t h e  p o s s i b l e  d o p a m i n e -  
t y r a m i n e  c o n v e r s i o n  2v, we  c o u l d  n o t  s h o w  a n y  h y p o -  
t e n s i v e  a c t i o n  for  i .p .  D,  L - D O P A .  

Table 2. Decrease of hypertension by i.p. tyrosine during continuous 
DOCA-saline t reatment  

Trea tment  Starting b.p.* 3 days b.p.* 1 week b.p.* 

Control 140 :t: 4.5 159 • 5.5 165 -4- 5.0 
L-tyrosine 
500 mg/kg d a i l y  148 :[- 5.3 116 • 4.5 118 -6 4.6 
D, L-tyrosine 
100 mg/kg daily 155 =E 5.0 140 =~ 6.6 125 i 3.9 

* Mean 4- SE, N = 12. 
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