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sible d iminu t ion ,  i t  was of special  i n t e r e s t  to  e x a m i n e  t h e  
in t r ins ic  ac t iv i t i es  of t he  two  s y m p a t h o m i m e t i c s  u n d e r  
our  e x p e r i m e n t a l  condi t ions .  A t  25~ b o t h  amines  
re laxed  t he  p r e p a r a t i o n  comple te ly ,  t h a t  m e a n s  t h e  
in t r ins ic  a c t i v i t y  a m o u n t e d  to  1.0. T r o u g h o u t  t h e  
e x p e r i m e n t a l  procedure ,  no change  of t he  in t r ins i c  
a c t i v i t y  for T h  1165a occured (Table).  The  in t r ins i c  
a c t i v i t y  for IPN,  on  t he  o the r  h a n d ,  decreased  to  0.55 a t  
42~ a n d  was on ly  p a r t l y  r e s to red  to  0.71 a f t e r  recooIing. 

Discussion. Our  resu l t s  showed  t h a t  t he  sh i f t  to  t he  
r i gh t  of t he  dose-response  curves  for  I P N  a n d  T h  1165a 
caused  b y  a n  e l eva t ion  of t e m p e r a t u r e  f rom 25 ~ to  42~ 
could n o t  be  comple t e ly  reversed,  i.e. a n  i r revers ib le  
sh i f t  of t he  dose-response  curves  for t h e  f i - sympatho-  
mime t i c s  r e m a i n e d  a f te r  recool ing to 25~ Th i s  could 
be  due to a d e n a t u r a t i o n  of t h e  con t r ac t i l e  a p p a r a t u s  or 
to  a n  ac tua l  c o n f o r m a t i o n a l  change  of t he  fl-receptors on  
r a b b i t  i leum. The  d e n a t u r a t i o n  can  be  exc luded  since 
p a p a v e r i n e  showed  n e i t h e r  a d i m i n u t i o n  of a f f in i ty  nor  
a n y  a l t e r a t i on  of t h e  in t r ins ic  a c t i v i t y  a t  h i g h  t e m p e r a t u r e  
on  r a b b i t  i l eum (unpub l i shed  results) .  W e  would  like to  
suggest ,  therefore ,  t h a t  f l-receptor s i tes  undergo  irre- 
vers ib le  c o n f o r m a t i o n a l  changes .  T h a t  accoun t s  no t  on ly  
for adrenerg ic  fl-receptors b u t  also for recep tors  m e d i a t i n g  
t he  responses  for ang io tens in ,  vasopress in  1~ and  sero- 
toninl0,1~ since on  r a t  f u n d u s  str ip,  recool ing f rom 47 ~ 
to 37.5~ showed all i r revers ib le  sh i f t  of t h e i r  dose- 
response  curves  to  t h e  r i g h t  a n d  also a decrease  of t he  
in t r ins ic  act iv i t ies .  On t he  o the r  hand ,  h e a t i n g  is w i t h o u t  
a n y  inf luence  on  t he  dose-response  curves  for ace ty l -  
choline,  KC1 a n d  b r a d y k i n i n  ~~ These  resul t s  are in  
f avour  of t he  ex is tence  of hea t - l ab i l e  and  - s tab le  recep tors  
on s m o o t h  muscle  of t he  d iges t ive  t rac t .  

Accord ing  to our  results ,  t h e  i r revers ib le  p a r t  of t he  
d i m i n u t i o n  of t h e  s y m p a t h o m i m e t i c  a f f in i ty  is nea r ly  
equa l  for b o t h  amines .  This  impl ies  t h a t  t he  p o p u l a t i o n  
of t he  /?-receptors wh ich  undergo  a n  a l t e r a t i o n  of t h e i r  
ac t ive  si tes b y  our  p rocedure  is of t h e  same  order  of 
m a g n i t u d e .  

On t h e  o the r  h a n d ,  t he  e x t e n t  of t he  revers ib le  d imi-  
n u t i o n  of a f f in i ty  showed g rea t  dif ferences  for  b o t h  
amines .  Th i s  p a r t  is g rea te r  for  T h  1165a t h a n  for isopre- 
nal ine.  T h a t  was no t  su rp r i s ing  since t he  decrease  of 
a f f in i ty  for T h  1165a 12 evoked  b y  h i g h  t e m p e r a t u r e s  was 
m u c h  more  p r o n o u n c e d  t h a n  for  I P N .  These  resul t s  are 
in accordance  w i t h  t h e  o b s e r v a t i o n  t h a t  p r e i n c u b a t i o n  
w i t h  t h e  m e t a b o l i c  inh ib i to r ,  iodoacet ic  acid, increased  
t he  a f f in i ty  of T h  1165a to  a h ighe r  degree t h a n  for 
i soprena l ine  ~. 

F r o m  the  p r e sen t  s t u d y  t h e  conc lus ion  can  be  d r a w n  
t h a t  in  r a b b i t  i l eum the  decrease  of a f f in i ty  induced  by  
a l t e r a t i o n  of t e m p e r a t u r e  is no t  on ly  d e p e n d e n t  upon  an  
increase  of t h e  m e t a b o l i c  ra te ,  as for i n s t ance  in t he  
gu inea-p ig  a t r i u m  s , b u t  in  a d d i t i o n  b y  a n  i r revers ib le  
i m p a i r m e n t  of t h e  f i-receptor sites. 

The  a l t e r a t i on  of t he  in t r ins i c  a c t i v i t y  obse rved  for 
i soprena l ine  c a n n o t  be  exp la ined  so far  and  needs  f u r t h e r  
e luc ida t ion  b y  expe r imen t s .  

Zusammen~assung. A m  K a n i n c h e n - I l e u m  b e s t e h t  die 
d u r c h  T e m p e r a t u r e r h 6 h u n g  bed ing t e  Rech t sve r sch ie -  
b u n g  de r  D o s i s - W i r k u n g s - K u r v e n  yon  I sop rena l i n  u n d  
T h  1165a aus  e inem reve r s ib len  und  e inem i r revers ib len  
Antei l .  
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Ascorbic  Acid: Effect of High D o s e s  on Brain and Heart  Catecholamine  Levels  
in Guinea -P igs  and Rats  

The  growing  in t e r e s t  in  m e g a v i t a m i n  t h e r a p y  for 
m e n t a l  i l lness 1-~ ha s  p r o m p t e d  us to  s t u d y  t h e  effect  of 
r e l a t ive ly  h i g h  doses of ascorbic  acid on  ca t echo l amine  
levels  in t h e  h e a r t  a n d  b r a i n  of t h e  guinea-pig,  a species 
wh ich  l ike man ,  c a n n o t  syn thes ize  i ts  own  ascorbic  acid. 
THOA et  al. ~ h a v e  shown  t h a t  h e a r t  n o r e p i n e p h r i n e  is 
decreased  in t he  scorbut ic  gu inea-p ig  whi le  more  r ecen t l y  
LOKOSHKO a n d  LESNYKn 6 h a v e  r epo r t ed  t h a t  in  guinea-  
pigs w i t h  h y p o v i t a m i n o s i s  C, h e a r t  ep inephr ine  is no 
d i f fe ren t  f rom n o r m a l  h e a l t h y  animals .  I n  t he  p r e sen t  
c o m m u n i c a t i o n  we r e p o r t  t h e  effect  of a r e l a t ive ly  h igh  
d i e t a r y  i n t a k e  of v i t a m i n  C on h e a r t  and  b r a i n  levels  of 
c a t echo l amines  in  t h e  guinea-pig.  B y  w ay  of compar i son ,  
we also r e p o r t  t he  effect  of a h i g h  d i e t a r y  i n t a k e  of 
ascorbic  acid in t h e  ra t ,  a species wh ich  is capab le  of 
syn thes i z ing  i t s  own  ascorbic  acid. 

Materials and methods. Ascorb ic  acid-free powdered  
Re id-Br iggs  diet ,  p u r c h a s e d  f rom Genera l  Biochemicals ,  
Chagr in  Falls ,  Ohio, was  s u p p l e m e n t e d  w i t h  v i t a m i n  C 
suff ic ient  to  supp ly  guinea-pigs  w i t h  150 or 1000 m g / k g /  
day  of ascorbic  acid. Fo r  t h e  r a t  s tudies ,  powdered  
P u r i n a  R a t  Chow was  s u p p l e m e n t e d  w i t h  ascorbic  acid 
so as to  supp ly  t h e  a n i m a l s  w i t h  1000 m g / k g / d a y .  The  
d ie ts  were p r e p a r e d  b y  m i x i n g  in  a r o t a r y  m i x e r  for 3 h ;  
f resh d ie t  was  p r e p a r e d  eve ry  4 days.  T he  an i m a l s  were 

al lowed food a n d  w a t e r  ad  l i b i t um.  I n  these  s tudies  
guinea-pigs  a n d  ra t s  consumed  20-25 a n d  18-20 g of food 
pe r  a n i m a l  per  day,  respect ive ly .  

Male, Sp rague -Dawley  r a t s  (200-250 g) or male,  
H a r t l e y  s t r a in  guinea-pigs  (300-400 g) were used in our  
s tudies .  W h e n  t he  guinea-pigs  were rece ived  f rom t h e  
suppl ier ,  t h e y  were acc l ima ted  to  our  a n i m a l  room for 10 
days  on  a s c o r b u t a g e n i c  d ie t  wh ich  was  s u p p l e m e n t e d  
w i t h  ascorbic  acid so as to  supp ly  t h e  an ima l s  w i t h  
150 m g / k g / d a y  of t h e  v i t a m i n .  Th i s  a m o u n t  of ascorbic  
acid is a p p r o x i m a t e l y  e q u i v a l e n t  to  t he  a m o u n t  of 
v i t a m i n  C wh ich  guinea-pigs  inges t  w h e n  t h e y  are fed 
n o r m a l  gu inea-p ig  lab  chow s u p p l e m e n t e d  w i t h  a da i ly  
r a t i o n  of le t tuce .  R a t s  were acc l ima ted  on  s t a n d a r d  
P u r i n a  l ab  chow. The  an ima l s  were t h e n  p laced  on  t h e  
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Diet (mg Organ Rat Guinea-Pig 
ascorbate/ 
kg/day) Ascorbate Norepinephrine Dopamine Aseorbate Norepinephrine Dopamine 

(mg/100 g) (b~g/g) (b~g/g) (mg/100 g) (btg/g) (b~g/g) 

0 Heart  10.2 -t- 1.1 (9) 0.4 -c 0.11 (6) . . . .  
Brain 30.8 -b 6.5 (6) 0.23 • 0.02 (6) 0.42 • 0.06 (6) --  --  --  

150 b Heart  " - -  - -  --  12.4 zt= 0.8 (6) 2.10 -b 0.11 (6) - -  
Brain --  --  --  19.3 -4- 1.1 (6) 0.24 :~ 0.01 (6) 0.53 ~_ 0.03 (6) 

1000 Heart  13.6 ~ 1.1 (9) 0.50 -4- 0.04 (6) --  13.9 • 0.6 (6) 1.50 -t= 0.11 (6) o - -  
Brain 31.4 • 1.8 (6) 0.25 =L 0.01 (6) 0.32 • 0.02 (6) 18i6 =k: 1.6 (6) 0.24 ~ 0.02 (6) 0.50 -c 0.05 '(6) 

Figures in the table are the means + S.E.M. Ior the number  of animals indicated in parentheses, b In our laboratory, guinea-pigs maintained 
on standard laboratory chow, supplemented with lettuce, receive approximately this amount  of aseorbate daily. Therefore, the animals are 
considered to be normal controls with respect to ascorbate intake, o Statistically different from the heart  level observed in animals ingesting 
150 mg/kg/day of ascorbate; P % 0.005. 

v a r i o u s  t e s t  d i e t s  for  14 d a y s ;  c o n t r o l  a n i m a l s  w e r e  
m a i n t a i n e d  o n  t h e  d i e t s  u s e d  for  a c c l i m a t i z a t i o n .  O n  t h e  
1 4 t h  d a y  t h e  a n i m a l s  w e r e  k i l l ed  a n d  t h e  h e a r t s  a n d  
b r a i n s  w e r e  r e m o v e d  a n d  f r e e d  of  f a t  a n d  c o n n e c t i v e  
t i s s u e .  T h e  h e a r t s  a n d  b r a i n s  w e r e  h o m o g e n i z e d  in  20 
a n d  4 v o l u m e s  of  1 0 %  t r i c h l o r a c e t i c  ac id ,  r e s p e c t i v e l y .  
C a t e c h o l a m i n e s  in  t h e  c l ea r  p r o t e i n - f r e e  s u p e r n a t a n t  we re  
s e p a r a t e d  o n  a l u m i n a  a n d  D o w e x  c o l u m n s  as  d e s c r i b e d  
p r e v i o u s l y  T, a n d  t h e  a m i n e s  w e r e  q u a n t i f i e d  f l u o r o m e t -  
r i c a l l y  as  d e s c r i b e d  b y  LAVBRTY a n d  SI~At~MA~ s. 
S e p a r a t e  a l i q u o t s  of  p r o t e i n  f ree  s u p e r n a t a n t  we re  
a n a l y z e d  for  a s c o r b i c  a c i d  b y  t h e  me~dhod of  R o E  a n d  
I4~V]gTH E R 9 . 

Results. T h e  r e s u l t s  of  t h e  e x p e r i m e n t s  a r e  p r e s e n t e d  
in  t h e  T a b l e .  N o r e p i n e p h r i n e  a n d  d o p a m i n e  l eve l s  in  t h e  
b r a i n s  of  g u i n e a - p i g s  f ed  1000 m g  a s c o r b a t e / k g / d a y  for  
13 d a y s  we re  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e  l eve l s  
o b s e r v e d  in  a n i m a l s  w h i c h  h a d  r e c e i v e d  a b a s a l  s u p p l e -  
m e n t  of  150 m g  a s c o r b a t e / k g / d a y  fo r  t h e  s a m e  a m o u n t  
oi  t i m e .  O n  t h e  o t h e r  h a n d ,  g u i n e a - p i g s  w h i c h  h a d  b e e n  
g i v e n  t h e  h i g h  d o s e  of  v i t a m i n  C c o n t a i n e d  h e a r t  l eve l s  
of  n o r e p i n e p h r i n e  w h i c h  w e r e  a b o u t  3 0 %  less  ( P  < 0.005) 
t h a n  o b s e r v e d  in  a n i m a l s  o n  a b a s a l  d i e t a r y  i n t a k e  of  
a s c o r b a t e .  I n  c o n t r a s t  t o  t h e s e  f i n d i n g s  in  t h e  g u i n e a -  
p ig ,  t h e  c a t e c h o l a m i n e  l eve l s  in  t h e  h e a r t s  a n d  b r a i n s  
of  r a t s  r e m a i n e d  u n a l t e r e d  r e g a r d l e s s  of  t h e i r  d i e t a r y  
i n t a k e  of a s c o r b i e  ac id .  I t  s h o u l d  be  n o t e d  t h a t  t h e  
d e c r e a s e  in  h e a r t  n o r e p i n e p h r i n e  o b s e r v e d  i n  g u i n e a - p i g s  
on  a h i g h  d i e t a r y  i n t a k e  of  a s c o r b i c  a c i d  w a s  n o t  ac -  
c o m p a n i e d  b y  a n y  a l t e r a t i o n  in  t h e  l eve l  of  h e a r t  a s c o r -  
b a t e .  

Discussion. W h e n  g u i n e a - p i g s  a r e  a d m i n i s t e r e d  1000 
m g / k g / d a y  of  a s c o r b i c  ac id ,  o n e  o b s e r v e s  a 3 0 %  d e c r e a s e  
in  h e a r t  n o r e p i n e p h r i n e ,  w h e r e a s  t h e  b r a i n  l eve l  of  t h e  
a m i n e  r e m a i n s  u n c h a n g e d .  A n  e f f ec t  of  v i t a m i n  C s t a t u s  
o n  h e a r t  n o r e p i n e p h r i n e  h a s  b e e n  r e p o r t e d  b y  o t h e r s .  
T~OA e t  al. ~ s h o w e d  t h a t  s c o r b u t i c  g u i n e a - p i g s  h a v e  a 
r e d u c e d  l eve l  of  e n d o g e n o u s  h e a r t  n o r e p i n e p h r i n e  as  wel l  
a s  a r e d u c e d  a b i l i t y  of  t h e  h e a r t  t o  t a k e  u p  a n d  b i n d  t h e  
c a t e c h o l a m i n e .  I n  g u i n e a - p i g s  w i t h  h y p o v i t a m i n o s i s  C, 
n o r e p i n e p h r i n e  l eve l s  a r e  t h e  s a m e  as  i n  n o r m a l  a n i m a l s * .  

T h e  m e c h a n i s m  b y  w h i c h  a h i g h  d i e t a r y  i n t a k e  o f  
a s c o r b i c  a c i d  l o w e r s  h e a r t  n o r e p i n e p h r i n e  is  n o t  c lear .  I t  
w o u l d  a p p e a r  t h a t  t h e  l eve l  of  n o r e p i n e p h r i n e  in  t h e  
h e a r t  is n o t  a s s o c i a t e d  w i t h  t h e  c o n c e n t r a t i o n  of  a s c o r b a t e  
in  t h a t  o r g a n  s i n c e  we  h a v e  o b s e r v e d  n o  d i f f e r e n c e s  in  
h e a r t  a s c o r b a t e  c o n c e n t r a t i o n  r e g a r d l e s s  of  t h e  d i e t a r y  
i n t a k e  o f  t h e  v i t a m i n ,  a n d  o t h e r s  h a v e  o b s e r v e d  s i m i l a r  
d e c r e a s e s  i n  n o r e p i n e p h r i n e  in  s c o r b u t i c  a n i m a l s  w h i c h  
p r e s u m a b l y  h a v e  less  h e a r t  a s c o r b a t e  t h a n  n o r m a l s ~ .  

U n d e r  c o n d i t i o n s  in  w h i c h  o n e  m i g h t  e x p e c t  to  see  a r i s e  
in  h e a r t  a s c o r b a t e  (10 r a in  f o l l o w i n g  a s i ng l e  500 m g / k g  
dose  of a s c o r b i c  ac id ,  i .p.) ,  IZQUIERDO a n d  J o s R B  1~ c o u l d  
o b s e r v e  n o  e f f ec t  o n  h e a r t  n o r e p i n e p h r i n e  c o n c e n t r a t i o n .  
I t  is  p o s s i b l e  t h a t  t h e  l eve l s  of  v i t a m i n  C in  v a r i o u s  
a n a t o m i c a l  r e g i o n s  of  t h e  h e a r t  w e r e  a l t e r e d  b y  o u r  a s -  
c o r b a t e  d o s i n g  r e g i m e n  b u t  w e r e  n o t  r e f l e c t e d  b y  a n  
a l t e r a t i o n  in  t h e  w h o l e  h e a r t  l eve l  of  a s c o r b i c  ac id .  T h e  
m e c h a n i s m s  for  t h e  s t o r a g e  a n d  u p t a k e  of  n o r e p i n e p h r i n e  
b y  t h e  h e a r t  a r e  k n o w n  to  be  i n f l u e n c e d  b y  s o d i u m ,  
p o t a s s i u m  a n d  c a l c i u m  11, a n d  ASKARI e t  al.  1~ h a v e  
s u g g e s t e d  t h a t  v i t a m i n  C m a y  h a v e  a ro le  in  t h e  a c t i v e  
t r a n s p o r t  of  s o d i u m  a n d  p o t a s s i u m  in  c e r t a i n  t i s s u e s .  
T h u s  i t  is p o s s i b l e  t h a t  in  g u i n e a - p i g s  f ed  r e l a t i v e l y  h i g h  
l eve l s  of  a s c o r b i c  ac id ,  t h e  v i t a m i n  m a y  a f f e c t  h e a r t  
n o r e p i n e p h r i n e  l eve l s  i n d i r e c t l y  as  a r e s u l t  of  i t s  e f f ec t  o n  
t h e  s o d i u m - p o t a s s i u m  p u m p .  

T h e s e  f i n d i n g s  s u g g e s t  t h a t  t h e  e f f ec t  of  a h i g h  d i e t a r y  
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