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Development of hypertension in spontaneously 
hypertensive rats fed L-tyrosine-supplemented diets 

J. B o s s y ,  R. G u i d o u x ,  H. Mi lon ,  and  H. P. W/irzner 

N e s t l ~  R e s e a r c h  D e p a r t m e n t ,  C H - 1 8 1 4  L a  T o u r - d e - P e i l z  ( S w i t z e r l a n d )  

Summary 

T h e  b l o o d  p r e s s u r e  of s p o n t a n e o u s l y  h y p e r t e n s i v e  r a t s  (SHR) was  m e a s u r e d  b y  
t a i l - p l e t h y s m o g r a p h y .  F e e d i n g  S H R  a d ie t  s u p p l e m e n t e d  w i t h  0.6 g% L-tyrosine,  for  
15 w e e k s  a f te r  w e a n i n g ,  r e s u l t e d  in  a s l o w e r  i n c r e a s e  of  b l o o d  p r e s s u r e  t h a n  in ra t s  
fed t h e  c o n t r o l  d i e t  (no  t y r o s i n e  added) .  T h e  b l o o d  p r e s s u r e  s tab i l ized ,  a f t e r  a b o u t  8 
weeks ,  a t  v a l u e s  l o w e r  b y  a b o u t  10 m m H g  t h a n  in  t h e  con t ro l  S H R  g roup .  Die t s  
w i t h  a h i g h e r  c o n t e n t  of f ree  L- tyros ine  (1.2 or  2.4 g%) p r o d u c e d  n o  g r e a t e r  h y p o t e n -  
s ive  effects ,  de sp i t e  t h e  fac t  t h a t  t h e  p l a s m a  leve l  of t h e  a m i n o  acid,  a t  t h e  t i m e  of 
b l o o d  p r e s s u r e  m e a s u r e m e n t s ,  w a s  r e l a t ed  to t h e  t y r o s i n e  c o n t e n t  of t h e  diet .  I n  
add i t ion ,  p r o v i d i n g  2.4 g% free  L- tyros ine  to t h e  d ie t  of S H R  w i t h  e s t a b l i s h e d  
h y p e r t e n s i o n ,  p r o d u c e d  w i t h i n  a few d a y s  a d e c r e a s e  of b l o o d  p r e s s u r e  s im i l a r  to 
t h e  one  r e c o r d e d  in  ra t s  f ed  t h e  t y r o s i n e - s u p p l e m e n t e d  d ie t  d u r i n g  t h e  w h o l e  p e r i o d  
of d e v e l o p m e n t  of h y p e r t e n s i o n .  A m a x i m a l  e f fec t  of L-tyrosine,  in  d e c r e a s i n g  t he  
b l o o d  p r e s s u r e  of SHR,  is t h u s  o b t a i n e d  a t  r e la t ive ly  low c o n c e n t r a t i o n s  of t h e  
a m i n o  ac id  in  t h e  die t ,  a n d  a f te r  a s h o r t  p e r i o d  of c o n s u m p t i o n .  H o w e v e r ,  t h i s  e f fec t  
is r a t h e r  smal l ,  a n d  r ap i d l y  r e v e r s e d  u p o n  r e m o v i n g  free  L- tyros ine  f r o m  t h e  diet .  

Zusammenfassung 

Der  B l u t d r u c k  y o n  s p o n t a n e n  H o c h d r u c k - R a t t e n  (SHR) w u r d e  d u r c h  P l e t h y s m o -  
g r a p h i e  a m  S c h w a n z  g e m e s s e n .  Die  F f i t t e r u n g  e i n e r  m i t  0,6 g% L-Tyros in  supp le -  
m e n t i e r t e n  F u t t e r r a t i o n  a n  S H R  for  15 W o c h e n  n a c h  d e m  A b s e t z e n  e r g a b  e ine  
l a n g s a m e r e  Z u n a h r n e  des  B l u t d r u c k e s  i m  V e r g l e i c h  zu  K o n t r o l l r a t t e n  ( o h n e  zuge-  
se tz tes  L-Tyrosin).  D e r  B l u t d r u c k  s t ab i l i s i e r t e  s i ch  n a c h  u n g e f ~ h r  8 W o c h e n  m i t  
MefSwerten,  w e l c h e  e t w a  10 m m  H g  t ie fer  l a g e n  als  in  d e n  Kon t ro l l en .  Fu t t e r r a t i o -  
h e n  m i t  h 6 h e r e n  G e h a l t e n  a n  L-Tyros in  (+1,2 u n d  +2,4 g%) e r z e u g t e n  k e i n e  we i t e r e  
B l u t d r u c k e r n i e d r i g u n g ,  o b w o h l  da s  P l a s m a n i v e a u  d i e se r  A_minos~ure zu r  Ze i t  d e r  
B l u t d r u c k m e s s u n g  d e m  T y r o s i n g e h a l t  de s  F u t t e r s  e n t s p r a c h .  I n  S H R  m i t  ausgeb i l -  
d e t e m  H o c h d r u c k  e r n i e d r i g t e  e i n e  F u t t e r r a t i o n  m i t  2,4 g% f r e i e m  L-Tyros in  i rmer-  
h a l b  w e n i g e r  Tage  d e n  B l u t d r u c k  au f  e i n  ~ h n l i e h e s  N i v e a u  wie  in  Ra t t en ,  w e l c h e n  
w ~ h r e n d  d e r  g a n z e n  V e r s u c h s p e r i o d e  T y r o s i n  v e r a b r e i c h t  wurde .  E in  m a x i m a l e r  
Ef fek t  i s t  so s c h o n  m i t  r e l a t iv  n i e d r i g e n  K o n z e n t r a t i o n e n  y o n  L-Tyrosin  n a c h  k u r z e r  
Ze i t  d e r  V e r a b r e i c h u n g  i m  F u t t e r  e r re ich t .  D i e s e r  E f fek t  i s t  j e d o c h  z i eml i ch  k l e i n  
u n d  v e r s c h w i n d e t  n a c h  E i n s t e l l u n g  d e r  L - T y r o s i n - V e r a b r e i c h u n g  rasch .  

Key words: d ie t a ry  L- tyrosine ,  b l o o d  p re s su re ,  S H R  

I n t r o d u c t i o n  

H y p e r t e n s i o n  i s  a s e r i o u s  h e a l t h  p r o b l e m  i n  m a n y  c o u n t r i e s  a n d  i s  
r e c o g n i z e d  a s  a s u b s t a n t i a l  r i s k  f a c t o r  i n  t h e  d e v e l o p m e n t  o f  i s c h e m i e  
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h e a r t  d i s e a s e  a n d  o t h e r  c a r d i o - v a s c u l a r  d i s o r d e r s .  D e s p i t e  c o n s i d e r a b l e  
s u c c e s s  in  t h e  t r e a t m e n t  of  h y p e r t e n s i o n  w i t h  d rugs ,  d i e t a r y  t h e r a p y  has  
f o u n d  c o n t i n u o u s  i n t e r e s t  a n d  a p p l i c a t i o n .  

T y r o s i n e  w a s  r e c e n t l y  f o u n d  to  e x e r t  an  a c u t e  a n d  t r a n s i e n t  d e c r e a s e  of  
b l o o d  p r e s s u r e  in  a n i m a l s  w i t h  d i f f e r e n t  t y p e s  of e x p e r i m e n t a l  h y p e r t e n -  
s i o n  (1, 7). I n  t h e s e  s tud ie s ,  s i n g l e  d o s e s  of L - ty ro s ine  w e r e  a d m i n i s t e r e d  
p a r e n t e r a l l y .  In  a n o t h e r  s t u d y  (5), a d i e t  s u p p l e m e n t e d  w i t h  1 g% of  L- 
t y r o s i n e ,  f ed  to  " s p o n t a n e o u s l y  h y p e r t e n s i v e  r a t s "  (SHR) ,  w a s  f o u n d  to  
p r o d u c e  a s l i g h t  d e c r e a s e  of  b l o o d  p r e s s u r e  (by a b o u t  10 m m H g )  w i t h i n  
5 days .  T h i s  e f f e c t  r e m a i n e d  s t a b l e  d u r i n g  a t w o - w e e k  f e e d i n g  trial .  

T h e  p r e s e n t  i n v e s t i g a t i o n s  w e r e  d e s i g n e d  to  s t u d y  t h e  d e p e n d e n c e  of  
t h e  h y p o t e n s i v e  a c t i o n  of  L- tyros ine ,  in  S H R ,  on  t h e  t y r o s i n e  c o n t e n t  of  t h e  
d i e t  a n d  o n  t h e  d u r a t i o n  of  i ts  c o n s u m p t i o n .  T h e  d i e t  w a s  g i v e n  ad1161tum 
to  y o u n g  rats ,  fo r  15 w e e k s  a f t e r  w e a n i n g ,  so t h a t  i ts  i n f l u e n c e  on  t h e  
d e v e l o p m e n t  of  t h e  h y p e r t e n s i o n  c o u l d  be  a s se s sed .  

M a t e r i a l  a n d  m e t h o d s  

21-day-old male SHR were received from Iffa Credo, St-Germain-sur-l 'Arbresle 
(France). The animals were specific pathogen-free (SPF) and were housed individu- 
ally in type-III Macrolon cages with dust-free, autoclaved wood shaving Laborex 
(from Scierie "Les Eplatures",  La Chaux-de-Fonds, Switzerland) in a barrier-sus- 
tained animal unit. Light  was provided on a 12-hour day/night cycle (7 a.m. to 
7 p.m.). The temperature  was set at 23 ~ _ 1 ~ and humidi ty  was kept  at 55 % _ 5 %. 

The basal control diet was laboratory chow Nafag 850 (Gossau, Switzerland), 
which contained 0.85 g% L-tyrosine (no free tyrosine), as determined by amino acid 
analysis (Durrum D 500) after acid hydrolysis. 4 groups of rats (15 rats in each group) 
were given diets supplemented with different amounts  of L-tyrosine (0; 0.6; 1.2; and 
2.4 g %). The diets were given from the 6th day after weaning, for a period of 
15 weeks. The animals were given free access to food and sterilized drinking water. 
Food consumption and body weight  were measured weekly. 

Using a pneumatic  pulse transducer, applied to the tail of the animal (Narco bio- 
systems Inc.), the systolic arterial pressure was measured in 10 rats of each group. 
The measurements  were done in the morning, each rat being measured at 3-week 
intervals. 

To avoid bias due to blood-pressure variations between and within days and to 
equalize t ime lapses between the last tyrosine consumption and measurements  in 
each group, rats were selected for blood-pressure recording according to a preset 
alternating schedule. 

The plasma level of L-tyrosine was measured in the remaining 5 rats of each 
t reatment  group at weeks 5, 11, 13, and 15. Blood sampling was done in the morning 
from the retro-orbital venous plexus, under  slight CO2/O2 anesthesia. Plasma 
tyrosine was determined by UV absorption (280 rum) after separation by HLPC from 
protein-free plasma samples. 

After 15 weeks, the diets were exchanged: the animals previously fed L-tyrosine- 
supplemented diets received the control diet, and those previously fed the control 
diet received the high-tyrosine diet (+ 2.4 g%). The study continued for a further 
9-week period after crossing the diets. 

R e s u l t s  

N o  s ide  e f f e c t  of  L - ty ros ine  w a s  o b s e r v e d ,  at  a n y  t i m e  a n d  at  a n y  dose ,  
a n d  no  d i f f e r e n c e  i n  f o o d  c o n s u m p t i o n  or  b o d y  w e i g h t  b e t w e e n  ra ts  fed  
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Fig. 1. Blood-pressure measurements  in SHR fed diets supplemented with different 
amounts  of L-tyrosine, from the first week after weaning, a ,  O: control diet (no 
tyrosine added). T, V: + 0.6g% L-tyrosine. A, A: + 1.2g% L-tyrosine. I ,  rq: + 2.4g% 
L-tyrosine. Full  marks show values obtained before adding L-tyrosine to the diet. 
Data are mean values from measurements  in I0 rats. 

t h e  c o n t r o l  d i e t  a n d  t h e  e x p e r i m e n t a l  t y r o s i n e - f e d  ra t s  w a s  n o t e d  d u r i n g  
t h e  s t u d y  (no t  shown) .  W h e n  r e l a t e d  to  t h e  w e i g h t  of  t h e  an im a l ,  t h e  
a m o u n t  of  f o o d  (g /kg  b.w.  �9 day)  a n d  L- ty ros ine  i n g e s t e d  w a s  a b o u t  3 t i m e s  
g r e a t e r  a t  t h e  s t a r t  t h a n  a t  t h e  e n d  ( b e y o n d  t h e  12th w e e k )  of t h e  s tudy .  
D u r i n g  t h e  f i r s t  w e e k ,  t h e  m e a n  i n t a k e  of  f r ee  t y r o s i n e  ( a d d e d  to  t h e  d ie t )  
r a n g e d  f r o m  0.8 g / k g  b . w . - d a y  w i t h  t h e  l o w - t y r o s i n e  d i e t  (0.6 g%) to  
3.6 g / k g  b.w.  �9 d a y  w i t h  t h e  h i g h - t y r o s i n e  d i e t  (2.4 g%). 

F r o m  an  e a r l y  s t a g e  in  t h e  d e v e l o p m e n t  of  h y p e r t e n s i o n  in  t h e  S H R ,  t h e  
b l o o d  p r e s s u r e  w a s  l o w e r  in  ra t s  fed  d i e t s  s u p p l e m e n t e d  w i t h  L - ty ros ine  
t h a n  in  ra t s  f e d  t h e  c o n t r o l  d i e t  (fig. 1). T y r o s i n e  w a s  as e f f e c t i v e  a t  t h e  l o w  
d o s e  l e v e l  (+ 0.6 g %  in  t h e  diet)  as  a t  t h e  h i g h  d o s e  l e v e l  (+ 2.4 g% in  t h e  

Table 1. Plasma concentrations of L-tyrosine in SHR fed diets supplemented with 
different levels of the amino acid. Measurements were done in rats fed the different 
diets for 7-15 weeks (8-16 weeks after weaning). Data are mean values (• 1 SEM) 
measured in 5 rats. 

g% L-tyrosine 
added to 
the diet 

Plasma L-tyrosine concentration (retool/l) after 

7 weeks 9 weeks 11 weeks 13 weeks 15 weeks 

0 (Nafag 
only) 0.08 _ 0.006 0.10 • 0.005 0.09 • 0.005 

0.6 0.11 +_ 0.009 0.16 • 0.006 0.13 4- 0.012 
1.2 0.15 • 0.011 0.19 _+ 0.006 0.14 • 0.017 
2.4 0.25 • 0.022 0.29 • 0.007 0.17 • 0.010 

0.10 + 0.010 0.07 + 0.005 
0.13 + 0.006 0.10 _____ 0.007 
0.15 _____ 0.012 0.12 • 0.007 
0.21 • 0.022 0.19 • 0.024 
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Table 2. Effect of exchanging the tyrosine-supplemented and -unsupplemented 
diets, given to the SHR, on blood pressure. The diets given to the rats were 
exchanged 16 weeks after weaning: rats previously fed the control diet, for 15 
weeks, received the high tyrosine diet (+ 2.4 g%), while rats previously fed tyrosine- 
supplemented diets, for 15 weeks, received the control diet. All data are mean 
values (_+ 1 SEM) obtained from 10 rats. 

Diet exchange (g% 
L-tyrosine added) 

Blood pressure (mmHg) 
before after exchange 
exchange 1-3 weeks 4-9 weeks 

0 --~ 2.4 178 _+ 0.7 169 _+ 1.6 168 +_ 0.8 
0.6 ~ 0 168 _ 0.9 174 +_ 2.4 176 __- 1.2 
1.2 --, 0 168 _+ 0.9 175 _+ 1.9 176 _+ 0.8 
2.4 ~ 0 169 _+ 0.8 176 +_ 1.3 177 +_ 1.5 

diet)  i n  d e c r e a s i n g  the  b l o o d  p r e s s u r e ,  w h i c h  s t ab i l i zed  a f te r  8 w e e k s  a t  
v a l u e s  l ower  b y  9-11 m m  Hg  t h a n  i n  t he  c o n t r o l  rats .  

A t  the  d o s e  l eve l s  s t ud i ed ,  t he  h y p o t e n s i v e  e f fec t  of L - ty ros ine  w a s  
u n r e l a t e d  to t he  p l a s m a  c o n c e n t r a t i o n  of t he  a m i n o  acid,  w h i c h  v a r i e d  
a c c o r d i n g  to t he  t y r o s i n e  c o n t e n t  of t he  d ie t  ( tab le  1). 

P r o v i d i n g  t he  h i g h - t y r o s i n e  d ie t  (+ 2.4 g%) to c o n t r o l  g r o u p  a n i m a l s ,  a t  a 
s tage  of e s t a b l i s h e d  h y p e r t e n s i o n  (16th week) ,  r e s u l t e d  in  a r a p i d  d e c r e a s e  
of b l o o d  p r e s s u r e .  B l o o d  p r e s s u r e  fel l  to  v a l u e s  s i m i l a r  to  t h e  ones  
r e c o r d e d  i n  t h e  g r o u p s  of ra ts  fed t y r o s i n e - s u p p l e m e n t e d  d ie t s  f r o m  t he  
2 n d  w e e k  a f te r  w e a n i n g .  Conve r se ly ,  r e m o v i n g  free L- ty ros ine  f r o m  t he  
d ie t  of t he  l a t t e r  g r o u p s  of a n i m a l s  r e s u l t e d  in  a n  i n c r e a s e  of b l o o d  
p r e s s u r e  to c o n t r o l  v a l u e s  ( tab le  2). 

D i s c u s s i o n  

T h e  b l o o d  p r e s s u r e  of S H R  fed d ie t s  s u p p l e m e n t e d  w i t h  0.6-2.4 g% 
L- tyros ine ,  f r o m  the  2 n d  w e e k  af ter  w e a n i n g ,  rose  to l o w e r  v a l u e s  t h a n  i n  
ra ts  fed  t he  c o n t r o l  diet .  However. ,  t he  h y p o t e n s i v e  effect  w a s  s l ight ,  n o t  
l a rge r  t h a n  t he  o n e  o b t a i n e d  b y  f e e d i n g  o lde r  rats ,  w i t h  e s t a b l i s h e d  h y p e r -  
t e n s i o n ,  d i e t s  s u p p l e m e n t e d  w i t h  1 g% (5) or 2.4 g% L- ty ros ine  i n  o u r  
e x p e r i m e n t s .  O n  t he  o t h e r  h a n d ,  t h e  ef fec t  of L - ty ros ine  o n  t he  b l o o d  
p r e s s u r e  v a n i s h e d  r a p i d l y  u p o n  r e m o v i n g  t he  a m i n o  ac id  f r o m  t he  diet ,  
e v e n  i n  ra ts  fed  t he  h i g h - t y r o s i n e  d ie t  for 15 weeks .  

T h e  fact  t h a t  t he  h y p o t e n s i v e  effect  was  i n d e p e n d e n t  of t he  a m o u n t  of L- 
t y r o s i n e  a d d e d  to t he  diet ,  a b o v e  0.6 g%, c a n n o t  b e  e x p l a i n e d  b y  a 
l i m i t a t i o n  of t he  ra te  of a b s o r p t i o n  of t he  a m i n o  ac id  f r o m  t h e  gut ,  s i n c e  
t he  p l a s m a  c o n c e n t r a t i o n s  of L- tyros ine ,  a t  t he  t i m e  of t he  b l o o d  p r e s s u r e  
m e a s u r e m e n t s ,  w e r e  f o u n d  to  v a r y  a c c o r d i n g  to t he  t y r o s i n e  c o n t e n t  of t he  
diet .  T h e  p l a s m a  c o n c e n t r a t i o n  of L- ty ros ine  rose  f r o m  a b o u t  0.1 m M  
u n d e r  the  l o w - t y r o s i n e  d ie t  to  0.2-0.3 m M  u n d e r  t he  h i g h - t y r o s i n e  diet .  

A c c o r d i n g  to seve ra l  a u t h o r s  (2, 3, 8, 9), L- ty ros ine  has  to c ross  t he  b lood-  
b r a i n  b a r r i e r  i n  o rde r  to exe r t  i ts  h y p o t e n s i v e  ac t ion ,  w h i c h  is m e d i a t e d  b y  
a fas te r  s y n t h e s i s  a n d  re l ease  of c a t e c h o l a m i n e s  i n  s o m e  b r a i n  areas .  
H o w e v e r ,  t he  l i m i t a t i o n  of t he  h y p o t e n s i v e  a c t i o n  of L- tyros ine ,  i n  o u r  
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e x p e r i m e n t s ,  c o u l d  n o t  b e  e x p l a i n e d  b y  s a t u r a t i o n  of  t h e  t r a n s p o r t  s y s t e m  
for  t h e  a m i n o  a c i d  a t  t h e  b l o o d  b r a i n  b a r r i e r .  A s  a m a t t e r  of  fact ,  i n c r e a s i n g  
t h e  s e r u m  l e v e l  of  t h e  a m i n o  a c i d  f r o m  0.1 to  0.4 raM,  b y  d i e t a r y  m a n i p u l a -  
t i o n s  in  t h e  ra t ,  w a s  f o u n d  to  p r o d u c e  r e l a t e d  i n c r e a s e s  of b o t h  t h e  r a t e  of  
L - t y r o s i n e  i n f l u x  i n to  t h e  b r a i n  a n d  t h e  b r a i n  l eve l  of  t h e  a m i n o  a c i d  (2). A 
K m  v a l u e  fo r  t h e  t r a n s p o r t  of  L - t y r o s i n e  a c r o s s  t h e  b l o o d - b r a i n  b a r r i e r  w a s  
e v a l u a t e d  to  0.6 m M  (6) in  n o r m a l  ra t s ,  a n d  is n o t  e x p e c t e d  to  b e  l o w e r  in  
S H R ,  s i n c e  h i g h  b l o o d  p r e s s u r e s  a p p e a r  to  f a v o u r  t h e  t r a n s f e r  of  L- 
t y r o s i n e  f r o m  b l o o d  to  b r a i n  (4). O u r  d a t a  s u g g e s t  t h a t  t h e  s l i g h t  i n c r e m e n t  
of  t h e  p l a s m a  l e v e l  of  t h e  a m i n o  a c i d  b r o u g h t  a b o u t  b y  t h e  l o w - t y r o s i n e  
d i e t  (+ 0.6 g%)  w a s  s u f f i c i e n t  to  m a k e  t h e  b r a i n  l e v e l  of  L - t y r o s i n e  u n l i m i t -  
ing,  fo r  t h e  r e a c t i o n  c a t a l y s e d  b y  t y r o s i n e  h y d r o x y l a s e ,  o r  h i g h  e n o u g h  to 
e n s u r e  a n  a m p l e  s u p p l y  of  b r a i n  a d r e n e r g i c  t r a n s m i t t e r s  m e d i a t i n g  t h e  
h y p o t e n s i v e  r e s p o n s e .  S i n c e  t h e  t y r o s i n e  c o n t e n t  of t h e  c o n t r o l  N a f a g  d i e t  
w a s  e v a l u a t e d  to  0.85 g%,  t h e  d i e t  c o n t e n t  of  L - t y r o s i n e  r e q u i r e d  to  
p r o d u c e  a m a x i m a l  h y p o t e n s i v e  e f fec t ,  in  S H R ,  s h o u l d  b e  c o m p r i s e d  
b e t w e e n  0.85 a n d  1.45 g%.  
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