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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. 
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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 .  
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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- 
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Fig. 1. Control. Nerve endings are found with mitochondria and many secretory granules, in which the cores are almost always found. 
M, mitoehcmdrion. :< 17,200. 

Fig. 2. Control. Lipid granules arc found more frequently in the clear cells than in the dark ones. Toluidine blue stain. • 1000. 

Fig. 3. Hypophyscctomized. Secretory graimles decrease prominently in the nerve endings. In addition, the cores ahnost disappear. / 20,000, 

Fig. 4. Hypophysectomized. Increase of the swollen dark cells is found. Lipid granules decrease in the clear celia. Toluidine blue stain. 
• 1000. 

Fig. 5. Ovariectomized. Many secretory granules are observed in the nerve endings. The granules with cores are only a few. M, nfito- 
chondrion. • 23,200. 

Fig. 6. Ovariectomized. Decrease of the clear cells and increase of the dark cells arc found. Lipid granules of the clear cells increase in 
number and size. Toluidine blue stain. >: 1000. 

t ion,  i m m e r s e d  in OsO 4 so lu t i on  a n d  t h e n  e m b e d d e d  in 
E p o n  for  e lec t ron  m i c r o s c o p y .  T h e  t h i ck  e p o x y  sec t ions  
were  s t a i ned  w i t h  to lu id ine  b lue  for  l i g h t - m i c r o s c o p y .  
4 i n t a c t  a n i m a l s  were  killed a t  t h e  c o r r e s p o n d i n g  t imes .  

Resu l t s .  Decreases  of t h e  i n t r ace l lu l a r  o rgane l les  a n d  
r i b o s o m e s  were  o b s e r v e d  in t h e  d a r k  a n d  t h e  c lear  cells, 
as well  as  decrease  of  t he  s e c r e t o r y  g r a n u l e s  in t h e  n e r v e  
end ings  in t h e  h y p o p h y s e c t o m i z e d  ra ts ,  as  c o m p a r e d  w i t h  
t h e  i n t a c t  an ima l s .  The  cores  of  t h e  s e c r e t o r y  g ranu les ,  
w h i c h  were  d i s t i nc t i ve ly  o b s e r v e d  in t h e  i n t a c t  an ima l s ,  
were  scan t .  L ip id  g r a n u l e s  decrease  s l igh t ly  in t he  c lear  
ceils. N o  clear  cell w a s  f o u n d  in one of t h e  a n i m a l s  in th i s  
g r o u p  w h i c h  w a s  killed 6 weeks  a f t e r  t h e  h y p o p h y s e c -  
t o m y  - t he  longes t  e x p e r i m e n t a l  per iod .  I n  t h e  p a r e n -  

c h y m a  of th i s  p ineal ,  t h e  m e s h  w o r k  of t h e  d a r k  cells w a s  
f o r m e d  b y  c o n n e c t i o n  of e l o n g a t e d  c y t o p l a s m .  

I n  t h e  o v a r i e c t o m i z e d  an ima l s ,  inc rease  of t h e  d a r k  
cells a n d  inc rease  of l ipid g ranu les ,  w h i c h  were  en la rged ,  
we re  seen  in b o t h  t h e  d a r k  a n d  t h e  c lear  cells. T h e  i n t r a -  

1 A. ]3. LERNER, J. O. CASE, Y. TAKAHASm, T. H. LEE and ~ .  J. 
MORI, J. Anl. chem. Soc. 80, 2587 (1958). 
A. B. LERNER, J. O. CASE and Y. TAKAHASm, J. biol. Chem. 235, 
1992 (1960). 

3 A. TANAKA, Experimental Endocrinology (Eds. M. X. ZARROW, 
J. M. YOCHIM and J. L. MCCARTttY; Academic Press, New York 
1964), p. 310. 
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cel lular  organel les  were no t  r e m a r k a b l y  changed  in the  
d a r k  a n d  clear  cells. M a n y  secre tory  granules  were ob- 
se rved  in t h e  n e r v e  end ings  as well  as in  t he  i n t a c t  ones. 
The  cores in t he  granules  were, however ,  r a re ly  found.  No 
s ign i f ican t  morpholog ica l  a l t e r a t i o n  was obse rved  in the  
p inea ls  of t he  r a t s  a t  d i f fe ren t  pos t -ope ra t i ve  periods.  

Discussion. I n t e r p r e t a t i o n s  of t he  p r e d o m i n a n t  types  
of p inea l  cells of t he  rats ,  ' t h e  clear  cell '  a n d  ' t h e  d a r k  
cell ' ,  wh ich  are ident i f ied  b y  e lec t ron  dens i t y  and  cel lular  
contour ,  are cont rovers ia l .  GUSEK ~ r epo r t ed  t h a t  t he  
clear  cell is in  a n  a c t i v a t e d  cond i t ion  a n d  t he  d a r k  cell in  
a r e s t i ng  or e x h a u s t e d  condi t ion ,  whereas  WOLFE 5 pre-  
s u m e d  t h a t  t he  clear  cell is a p a r e n c h y m a l  cell a n d  t he  
d a r k  cell is a s t r o m a l  one. W e  h a v e  p r e s u m e d  t h a t  m o s t  of 
t he  d a r k  cells are  no t  t he  e x h a u s t e d  cells b u t  t he  reserve  
or r e s t ing  ones, because  of a b u n d a n t  ex is tence  of mi to-  
c h o n d r i a  in  these,  excep t  t he  d a r k  ones in  a hypophysec -  
t omized  r a t  of t he  longes t  per iod  of t he  expe r imen t .  

Inc rease  of t he  d a r k  cell in  b i l a t e ra l  cerv ica l  gangliec-  
t o m y  6, wh ich  abol ishes  m o s t  of t he  gonada l  response  to 
l igh t  b y  in te r fe rence  w i t h  t he  t r an s m i s s i on  of l igh t  in fo rma-  
t i on  to t he  p inea l  g land  ~, a n d  absence  of t he  d a r k  cell in  
t he  p inea l  of a y o u n g  r a t  s, wh ich  is genera l ly  be l ieved to 
be  in t he  s tage of deve l opm en t ,  h a v e  been  found.  

I n  t he  p re sen t  s tudy ,  decrease  of t he  clear cells and  in- 
crease of t he  d a r k  ceils were obse rved  in t he  ovar iec to-  
mized  a n d  h y p o p h y s e c t o m i z e d  ra t s ;  t he  changes  were 
more  r e m a r k a b l e  in t he  la t te r .  F u r t h e r m o r e ,  decrease  of 
t h e  sec re to ry  granules  was obse rved  in t he  hypophysec -  
t omized  rats ,  whereas  i t  was  no t  s ign i f ican t  in ovar iec-  
t o m y  as c o m p a r e d  w i t h  t he  i n t a c t  an imals .  These  f indings  
sugges t  t h a t  t he  func t ion  of t he  p inea l  is depressed  in 
h y p o p h y s e c t o m y ,  a n d  a s imi la r  b u t  lesser change  is in- 
duced  in ova r i ec tomy .  

Our  obse rva t i ons  on  t he  p inea l  l ipid c o n t e n t  were simi- 
lar  to  those  r epo r t ed  b y  ZWEENS 9. As a val id  cor re la t ion  
be tween  l ipid g ranu les  a n d  sec re to ry  a c t i v i t y  seems to  be  
absen t ,  t he  s ignif icance of th i s  increased  l ipid in  t he  p inea l  
is u n k n o w n  a t  p resen t .  

Zusammen/assung.  Die d u n k l e n  Pinea lze l len  w a r e n  n a c h  
H y p o p h y s e k t o m i e  betr /~chtl ich v e r m e h r t ,  w ~ h r e n d  die 
Ves ike ln  in den  s y m p a t h i s c h e n  N e r v e n e n d i g u n g e n  ver -  
m i n d e r t  waren .  Auch  n a c h  O v a r i e k t o m i e  waren  die dun -  
k len  P inea lze l len  in ge r ingerem A u s m a s s  v e r m e h r t ,  ohne  
dass  die Ves ike ln  v e r m i n d e r t  waren .  Die osmiophi le  
G r a n u l a  war  seh r  s p ~ r l i c h .  
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Matura t ion  of H u m a n  Ovar ian  Fo l l i cu lar  O o c y t e s  in v i tro  

I n  r ecen t  years ,  in v i t ro  m a t u r a t i o n  of ova r i an  foll icular  
oocytes  ha s  been  obse rved  in several  m a m m a l i a n  species 
a n d  oocytes  cu l tu red  in v i t ro  a f te r  l i be ra t ion  f rom t h e  
follicles h a v e  been  r epo r t ed  to  m a t u r e  a t  a r a t e  s imi la r  to  
t h a t  obse rved  in t h e  o v a r y  a f t e r  s t i m u l a t i o n  b y  gonado-  
t rop ins l -% However ,  s ince t h e  ear ly  s tud ies  of ROCK and  
MENKIN ~, r e la t ive ly  few repor t s  on  h u m a n  fol l icular  
oocytes  h a v e  a p p e a r e d  ~, ~, s-11. 

I n  t he  p rev ious  s t u d y  of m o n k e y  fol l icular  oocytes  ~2, 
a l t h o u g h  t he  t i m e  requ i red  for m a t u r a t i o n  t h r o u g h  polar  
b o d y  ex t rus ion  was var iab le ,  a f t e r  46-48 h in cul ture ,  
p o s t d i c t y a t e  s tages  of meiosis  were obse rved  in 79.7~o 
a n d  26 of 47 ova  revea led  a po la r  body,  sugges t ing  t h a t  
t he  nuc lea r  s tages  p r e p a r a t o r y  to fe r t i l i za t ion  were com- 
p le t ed  in vi t ro .  The  fe r t i l i zab i l i ty  of such  oocytes  was 
assessed b y  t r an s f e r r i ng  t h e m  in to  t he  fa l lopian  t u b e s  of 
i n s e m i n a t e d  rec ip ien ts  1~. 

T h e  p r e sen t  s t u d y  was des igned to  explore  t h e  mor-  
phologica l  cha rac te r i s t i c s  of h u m a n  o v a r i a n  fol l icular  
oocytes  w h e n  cu l tu red  u n d e r  ce r t a in  in  v i t ro  condi t ions .  

The  whole  o v a r y  or a wedge of o v a r i a n  t i ssue  was ex- 
cised f rom t h e  p a t i e n t s  w ho  were l a p a r o t o m i z e d  for 
e lect ive  gynecological  surgery.  I m m e d i a t e l y  a f t e r  exci- 
sion, t he  ova r i an  t i ssue  was washed  in w a r m e d  t i ssue  
cu l tu re  m e d i u m  and  p laced  in a steri le w a t c h  glass con- 
t a i n i n g  med ium.  T he  c o m p a r a t i v e l y  large follicles were 
d issected  ou t  i n t a c t  a n d  p u n c t u r e d  to l ibe ra te  t he  oocytes  

u n d e r  d issec t ing  microscope (10-30 •  Oocytes  which  
were devoid  of g ranu losa  cells, be l ieved  to  be  recovered  
f rom a t re t i c  follicles, were discarded.  R e p r e s e n t a t i v e  
oocytes  f rom each  ova r i an  t i ssue  were e x a m i n e d  a t  t he  
t i m e  of r ecove ry  as whole  m o u n t s  u n d e r  t h e  phase -  
c o n t r a s t  microscope a n d  s t a ined  for de ta i led  e x a m i n a t i o n  
a f t e r  f ixat ion.  The  remainders ,  in  cumulus ,  were  t r a n s -  
fer red  to depress ion  slides c o n t a i n i n g  m e d i u m  TC 199 
s u p p l e m e n t e d  w i t h  10% feta l  calf  serum.  Af te r  col lect ion 
t he  depress ion  slides were gen t ly  a g i t a t e d  and  t he  m e d i u m  
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