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Inhibition of Mn++-Gatalyzed Autoxidation of Adrenaline by Ascorbic Acid 

I n  va r ious  t i ssues  a Ca ++ i n w a r d  c u r r e n t  is be l ieved  to 
occur  d u r i n g  t he  ac t ion  p o t e n t i a D  -4, a n d  m a n g a n e s e  
(Mn++) ha s  been  shown  to  reduce  t he  p e r m e a b i l i t y  of t he  
cell m e m b r a n e  to Ca ++*, ~,~. On t he  o t h e r  h a n d ,  t h e  in-  
ward  c u r r e n t  of Ca ++ is increased  in t h e  p resence  of 
ad rena l ine  ~, ~. Recent ly ,  the  effect  of Mn++ on  t he  ac t ion  
of a d r e n a l i n e  ha s  been  t e s t ed  in ca rd iac  a n d  s m o o t h  
muscle  p r e p a r a t i o n s  7-~~ I t  was  found  t h a t  Mn++ inh i -  
b i t ed  t h e  ac t ion  of ad rena l ine  a n d  th i s  i n h i b i t i o n  was ex- 
p l a ined  b y  a n  a n t a g o n i s m  be t w een  Mn++ a n d  ad rena l ine  
on  Ca ++ pe rmeab i l i t y .  However ,  i t  has  to  be  cons idered  
t h a t  Mn++ l ike o the r  h e a v y  me ta l s  1~ m i g h t  h a v e  ac- 
ce le ra ted  t he  a u t o x i d a t i o n  of ad rena l ine  and  the re fore  
ad rena l ine  b e c a m e  less effective.  In  t he  p r e s e n t  s t u d y  we 
h a v e  i n v e s t i g a t e d  q u a n t i t a t i v e l y  the  Mn++-ca ta lyzed  
a u t o x i d a t i o n  of ad rena l ine  and  i ts  i n h i b i t i o n  b y  ascorbic  
acid. 

lVfn++ was used as MnC12. A d r e n a l i n e  was  d e t e r m i n e d  
t luo r ime t r i ca l ly  a f t e r  i t s  ox ida t i on  to a d r e n o c h r o m e  w i t h  
p o t a s s i u m  fe r r i cyan ide  a n d  s u b s e q u e n t  r e a r r a n g e m e n t  
and  s t ab i l i za t ion  w i t h  5 N sod ium h y d r o x i d e  plus  ascorbic  
acid to give ad reno l u t i ne  12. The  recovery  of a d r e n a l i n e  
f rom a sample  was ca lcu la ted  b y  means  of a n  ' i n t e r n a l  
s t a n d a r d ' ,  a ' r eversed  b l a n k '  a n d  a ' r e agen t  b l ank ' .  To t he  
a l i quo t  of the  sample  t a k e n  for t he  ' r eversed  b l a n k '  t he  
p o t a s s i u m  fe r r icyan ide  was added  2 ra in  a f t e r  5 N  N a O H  
plus  ascorbic  acid. The  ' r eagen t  b l a n k '  was p r e p a r e d  us ing  
all t h e  r eagen t s  for the  f luorescence assay  in t h e  r i gh t  o rder  
b u t  o m i t t i n g  the  sample .  U n d e r  our  e x p e r i m e n t a l  condi-  
t ions  t he  f luorescence i n t e n s i t y  of t he  two d i f fe ren t  b l a n k s  
should  be  iden t ica l  as long as t he  ad rena l ine  c o n t a i n e d  in 
the  sample  used for the  ' r eversed  b l a n k '  was  no t  t r a n s -  
fo rmed  to  a f luorescent  p r o d u c t  before  t he  a d d i t i o n  of 5 N 
NaOH.  

Tab le  I shows the  effect  of 0.1 m3/I M n  ++ on the  re- 
covery  of 50 ng  ad rena l ine  added  to 1 ml  of Tyrode  solu- 
t ion  wh ich  was v igorous ly  b u b b l e d  w i th  a m i x t u r e  of 95% 
O2 and  5~ CO 2, or w i t h  N2, for 0-20 min .  -When in t he  
absence  of Mn++ Tyrode  so lu t ion  c o n t a i n i n g  ad rena l ine  
was gassed w i t h  O2/CO 2 for 20 min,  a progress ive  de- 
crease of t he  recover ies  of ad rena l ine  f rom 84.4 to 64% 
was noted .  Th i s  decrease  was m u c h  more  p r o n o u n c e d  in 
t he  p resence  of Mn++: t he  recovery  was 19.4~ a f t e r  
10 m i n  and  15.4% af te r  20 rain  of gassing. W i t h  N=, t he  
recover ies  of ad rena l ine  in t he  presence of Mn++ d id  no t  
differ  g rea t ly  f rom those  o b t a i n e d  in the  absence  of Mn++. 
These  resul t s  ind ica te  t h a t  Mn++ ca ta lyzes  t he  au tox ida -  
t ion  of adrena l ine .  F u r t h e r m o r e ,  i t  was found  t h a t  in the  
a b o v e - m e n t i o n e d  cases of decreased recover ies  t he  ins t ru -  
m e n t a l  va lues  of t he  ' r eversed  b l anks '  were increased.  
Based  on  t he  a s s u m p t i o n  t h a t  a d r e n o c h r o n l e  is t he  
f luorescen t  p r o d u c t  de tec ted  in t he  ' r eve r sed  b l anks ' ,  t he  
a m o u n t  of a d r e n o c h r o m e  in t he  sample  was ca lcu la ted  b y  
us ing  t he  di f ference be t w een  t he  read ings  for the  're- 
ve r sed '  and  the  ' r e agen t  b l ank ' ,  respect ively .  T he  a m o u n t  
of a d r e n o c h r o m e  was expressed as pe rcen t  of t he  ad rena -  
l ine a d d e d  to t he  Tyrode  so lu t ion  ( ' i n t e rna l  s t a n d a r d ' ) .  
I t  was  found  t h a t  the  pe rcen t age  of ad rena l ine  recovered  
(Table  I, A) and  the  a m o u n t  of a d r e n o c h r o m e  (Table  I, B) 
fo rmed  in t he  i n c u b a t i o n  m e d i u m  were inve r se ly  corre- 
l a t ed ;  t he  sums of b o t h  f igures were close to  100% 
(Table  I, C). 

I n  a second series of exper i lnen t s  (Table  II)  the  inh ib i -  
t i on  of Mn++-cata lyzed a u t o x i d a t i o n  of a d r e n a l i n e  b y  as- 
corbic  acid was d e m o n s t r a t e d .  In  order  to  avo id  the  in ter -  
ference of ascorbic  acid, added  to Tyrode  so lu t ion  in some 
expe r imen t s ,  w i th  p o t a s s i u m  fe r r i cvan ide  d u r i n g  t he  oxi- 
d a t i o n  procedure ,  ad rena l ine  was sepa ra t ed  f rom the  o the r  

c o n s t i t u e n t s  of t h e  Tyrode  so lu t ion  b y  adso rp t ion  on, a n d  
e lu t ion  from, a l u m i n a  before t he  f luor imet r i c  e s t i m a t i o n  la. 
Ty rode  so lu t ion  (40 ml) c o n t a i n i n g  ad rena l ine  (10 -7 g/ml)  
was  v igorous ly  b u b b l e d  w i t h  95% O~ plus  5% CO 2 for 
0-20 min .  I m m e d i a t e l y  before  a n d  a f t e r  1, 10, or 20 n l in  of 
gass ing t he  c o n t e n t  of a d r e n a l i n e  was e s t ima ted .  I n  t he  
absence  of Mn++ and  in t he  presence  of ascorbic  ac id  
(10 -5 a n d  5 •  10 -5 g/ml),  t he  recover ies  of a d r e n a l i n e  
r anged  f rom 80.5 to 94.2%.  In  t h e  absence  of ascorbic  
acid t h e  r ecove ry  of a d r e n a l i n e  was  on ly  57.5% a f t e r  
20 m i n  of gassing.  S imi la r  d a t a  h a v e  been  o b t a i n e d  d u r i n g  
t he  f i rs t  series of e x p e r i m e n t s  (Table  I) a l t h o u g h  t h e  
e x p e r i m e n t a l  cond i t ions  dif fered in some po in t s  (concen- 
t r a t i o n  of adrena l ine ,  a d s o r p t i o n  procedure) .  I n  t h e  
absence  of ascorbic  acid,  Mn++ caused  a comple te  de- 
g r a d a t i o n  of a d r e n a l i n e  (Table  I I ) .  I t  was  also found  (not  
l is ted in Tab le  I I )  t h a t  t he  read ings  of t he  ' r eve r sed  
b l a n k s '  were low a n d  i nd i s t i ngu i shab l e  f rom those  ob-  
t a i n e d  in t he  absence  of Mn++. This  ind ica tes  a b reak-  
down  of a d r e n a l i n e  b e y o n d  a d r e n o c h r o m e  or a d r e n o l u t i n e  
to non- f luo rescen t  compounds .  This  s t rong  degrada t ion ,  
wh ich  was no t  obse rved  in t he  f i rs t  series of expe r imen t s ,  

Table  I. Effect  of Mn ++ on the au toxida t ion  of adrenal ine 

No Mn ++ Mn ++ (0.1 mM)  

T ime  of gassing 0 10 20 0 10 20 
(min) 

O2/CO 2 A 84.4 77.0 64.0 70.6 19.4 15.4 
B 7.8 20.2 36.8 27.4 88.8 93.0 
C 92.2 97.2 100.8 98.0 1/)8.2 108.4 

N 2 A - 68.2 64.6 63.8 64.2 
B - 27.4 23.0 39.8 39.6 
C - 95.0 87.6 103.0 103.8 

Da ta  are expressed as ~ of adrenal ine (50 ng) added to 1 nil of 
Tyrode  solution for 20 Inin. During this 20-rain period the solutions 
were ei ther  not bubbled  (0 nlin) or bubbled  with a inixture of 95% Oz 
and 5% COo, or Na, for 10 or 20 lnin. A, recovery  of unchanged  
adrenaline.  B, a m o u n t  of adrenal ine oxidized to an adrenochrome-  
like substance.  C, su m of A and B. Given are results of single experi-  
ments .  For  details see text .  
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Table II. Effect of ascorbie acid in protecting adrenaline from autoxi- 
dation in the presence, or absence, of Mn++ 

No Mn ++ Mn ++ (0.1 raM) 

Time of gassing 0 20 0 1 10 20 
(min) 

No ascorbic acid 76.0 57.5 1.4 0.0 2.0 0.0 
Aseorbie acid 85.0 81.0 67.5 35.8 13.7 7.3 
(10 -5 g/ml) 

Ascorbic acid 94.2 80.5 97.0 87.0 99.2 90.5 
(5 X 10 -5 g/ml) 

Data are recoveries (%) of adrenaline (4 ~xg[40 ml Tyrode solution). 
For details see legend of Table I and text. 

Table III. Increase of isometric tension development of electrically 
driven left atria of guinea-pigs by adrenaline 

A B 

Increase of isometric 378.5 ~ 76.4 188.4 ~ 47.7 
tension (n = 10) (n = 10) 

The Tyrode solutions containing adrenaline (10 .6 g/ml) were gassed 
with a mixture of 95 % 02 and 5 % CO 2 for 20 min before their applica- 
tion to the atria. Tension development was nleasured 5 rain after 
application of the test solutions. A, adrenaline in the presence of 
ascorbie acid (5 • 10 .5 g/ml). B, adrenaline in the presence of Mn ++ 
(0.1 mM) and in the absence of aseorbie acid. Data are expressed as 
percent increase above control (mean J= S.E. of mean) ; n -- number 
of preparations. 

lO0 

ag/g ow 

N 
5O 

0 
-10 

~ A 

B 

r i p 

10 -8 10 -7 30 -~ 30 -s g/mL 
C0ncenrrati0n of adrenaline 

Effect of adrenaline on isometric tension development of electrically 
driven left atria of guinea-pigs. Ordinate, inerease of tension in g/g 
dry weight (dw) above eontrol (control = tension before addition of 
adrenaline: 22.8=t=4.95 g/g dw (A) and 7.1+1.41 g/g dw (B)). 
Abscissa, concentration of adrenaline (g/ml). Tension development 
was measured 5 rain after addition of adrenaline. Stinmlation fre- 
queney: 180/min. A, adrenaline in the presence of aseorbic acid 
(5 • 10 .5 g]ml). B, adrenaline in the presence of Mn ++ (0.1 raM) and 
in the absence of aseorbie acid. Cumulative application of adrenaline. 
The figures (n - 12) are expressed as mean • S.E. of mean. In these 
experiments the Tyrode solutions containing adrenaline were not 
gassed before their application to the atria. 

is p e r h a p s  caused  b y  t h e  e x p e r i m e n t a l  cond i t ions  pre-  
va i l ing  d u r i n g  t h e  a d s o r p t i o n  p rocedure  (pH 8.8; h e a v y  
s t i r r ing  for 5 min)  w h i c h  m a y  fac i l i ta te  t he  Mn ++- 
ca t a lyzed  o x id a t i o n  process .  Add i t i on  of ascorbic  acid 
(10 -5 g/ml)  to  t h e  T y r o d e  so lu t ion  before  gas s ing  w i th  
O~/CO~ pa r t i a l l y  abo l i shed  t he  r ap id  b r e a k d o w n  of 
ad rena l ine  in t h e  p resence  of Mn  ++. D u r i n g  20 m i n  of 
gas s ing  t h e  recover ies  dec l ined  g r a d u a l l y  f r om 67.5 to  
7 .3%.  However ,  5 •  10 .5 g / m l  ascorbic  acid p ro t e c t e d  

a d re na l i ne  c o m p l e t e l y  f rom i ts  Mn++-ca ta lyzed  a u t o x i d a -  
t ion.  

I n  a t h i r d  series of e x p e r i m e n t s  t he  pos i t ive  ino t rop ic  
effect  of ad rena l ine  p lus  ascorbic  acid a n d  of ad rena l ine  
p lus  Mn ++ w i t h o u t  ascorbic  acid ha s  been  s t ud i e d  in isola- 
ted  left  gu inea -p ig  a t r i a  (Figure).  I n  t he  p resence  of Mn++ 
the  pos i t ive  ino t rop ic  ac t ion  of ad rena l ine  was  on ly  par t i -  
a l ly  inh ib i t ed .  As  s h o w n  in Tab le  I I I ,  adrena l ine ,  too, h a d  
lost  on ly  a b o u t  50% of i ts  pos i t ive  ino t rop ic  a c t i v i t y  
w h e n  t he  a d re na l i ne  c o n t a i n i n g  T y r o d e  so lu t ion  before 
app l i ca t i on  w a s  gassed  for 20 rain  w i t h  O2/CO~ in t he  
p resence  of 0.1 m M  Mn++. I n  th i s  so lu t ion  no ad rena l ine  
could  be de t ec t ed  f luor imet r ica l ly ,  however ,  93% of 
ad rena l ine  h a d  been  c onve r t e d  to  a n  a d re noc h rome - l i ke  
c o m p o u n d  (ca lcula ted  f rom t h e  ' r eve r sed  b lank ' ) .  U n d e r  
our  condi t ions ,  t h e  lower l im i t  of t he  f luor imet r i c  e s t ima-  
t ion  of ad rena l ine  was  5 • 10 -s  g /ml .  Since th i s  concen t r a -  
t i on  h a d  on ly  a s l igh t  pos i t ive  ino t rop ic  effect,  if a n y  
(Figure),  one c a n  a s s u m e  t h a t  th i s  o x i d a t i o n  p r o d u c t  it- 
self h a s  some  pos i t ive  inot ropic  ac t iv i ty .  In  conclus ion,  
t he  p r e se n t  r e su l t s  d e m o n s t r a t e  t h a t  t he  Mn++-fac i l i ta ted  
a u t o x i d a t i o n  of ad rena l ine  h a s  to be cons idered ,  w h e n  
ac t ions  of a d r e na l i ne  are i n v e s t i g a t e d  in the  p resence  of 
Mn ++. However ,  d e g r a d a t i o n  of ad rena l ine  ca t a lyzed  by  
Mn ++ (0.1 m M )  can  be abol i shed  b y  ascorbic  acid (5 • 
10-5 g/ml)  w h i c h  i tself  does  no t  in f luence  t he  con t r ac t i l i t y  
of i so la ted  gu inea -p ig  a t r i a  8. 

Zusammen/assung. Die A u t o x y d a t i o n  von  Adrena l in  
in A n w e s e n h e i t  y o n  Mn++ w u r d e  q u a n t i t a t i v  u n t e r s u c h t .  
Es  e rgab  sich, dass  die d u r c h  0,1 m M  Mn++ bewi rk te  voll- 
s t gnd ige  O x i d a t i o n  y o n  A d r e n a l i n  d u r c h  5 • 10 -5 g /ml  
A sc o rb in sgu re  v e r h i n d e r t  werden  konn te .  

I42. LOFFELHOLZ a nd  H.  SCHOLZ 

l~harmakologisches Institut der Universitiit, 
D/6500 M a i m  (Germany), 12 December 7969. 

Morphological  Changes in the Pineal Gland of the Albino Rat by Hypophysectomy and Ovariectomy 

Li t t l e  i n f o r m a t i o n  is ava i l ab le  on t he  r e l a t ionsh ip  of t he  
o v a r y  or t h e  p i t u i t a r y  to  t he  pineal ,  a l t h o u g h  a t t e n t i o n  
h a s  been  pa id  to t h e  f u n c t i o n  of t he  p inea l  g l and  b y  
d e m o n s t r a t i o n  of h ighe r  c o n c e n t r a t i o n  of cha rac te r i s t i c  
b iogenic  a m i n e s  in  t h i s  o r g a n  1,3. Th i s  p a p e r  descr ibes  mor -  
phologica l  c h a n g e s  in t he  p inea l  g l and  of h y p o p h y s e c t o -  
m ized  or o v a r i e c to mized  ra t s .  

Material and methods. 15 female  r a t s  of t h e  W i s t a r  
s t r a i n  aged 9-12  weeks  were d iv ided  in to  3 g roups  and  
ke p t  for 14 h in l igh t  a n d  10 h ill d a r k n e s s  a t  24 h per iods  
t h r o u g h o u t  t he  e x p e r i m e n t s .  One  week  later,  8 r a t s  were 
h y p o p h y s e c t o m i z e d  ~ a n d  3 r a t s  were ovar iec tomized .  T h e  
p inea l s  were r e m o v e d  u n d e r  e the r  a n e s t h e s i a  3-6  weeks  
a f te r  t he  ope ra t i on  a n d  were f ixed in g u l t a r a l d e h y d e  solu- 


