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T h e  B i o g e n e s i s  of  the  Tabernanthe lboga 
A l k a l o i d s  * 

I n  r e c e n t  yea r s  m u c h  progress  h a s  b e e n  m a d e  o n  t h e  
p a r t  of c h e m i s t s  to  d e v e l o p  a se t  of w o r k i n g  h y p o t h e s i s  
b y  w h i c h  t h e  b i o s y n t h e s i s  of indole  a lka lo ids  m i g h t  be  
e x p l a i n e d  in  b r o a d  o u t l i n e L  I n  t h i s  w a y  t h e  s t r u c t u r e s  
of such  a p p a r e n t l y  u n r e l a t e d  c o m p o u n d s  as  s t r y c h n i n e ,  
y o h i m b i n e ,  a j m a l i n e  a n d  c i n c h o n i n e  h a v e  b e e n  r a t i o n -  
al ized.  Since t h e  r i ng  s y s t e m  of t h e  m a j o r  Tabernanthe 
iboga alkalo ids ,  iboga ine ,  i b o g a m i n e  a n d  t a b e r n a n t h i n e ,  
h a s  n o w  been  s h o w n  to  be  t h a t  in  (vi i i )  ~, i t  s e e m e d  ap-  
p r o p r i a t e  to  cons ide r  h o w  i t  m i g h t  be  poss ib le  to  a c c o u n t  
for  i t s  f o r m a t i o n  b a s e d  on  t h e  ex i s t i ng  theor ies .  
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d i f f i cu l tyL  One  is l ead  to  s p e c u l a t e  on  t h e  poss ible  oc- 
c u r r e n c e  of a lka lo ids  s imi l a r  to  (VI) w h i c h  would  con- 
t a i n  a h y d r o x y l  in  t h e  pos i t i on  shown .  T h e  h i g h  mole- 
cu la r  w e i g h t  V o a c a n g a  a lka lo ids ,  e .g. ,  v o a c a m i n e  4 and 
v o a c o r i n e  s m a y  well  ar ise  f rom i n t e r m e d i a t e s  in  such  a 
b iogene t i c  s c h e m e  as sugges t ed  a b o v e .  

W.  I. TAYLOR 

C I B A  Pharmaceutical  Products Inc. ,  Summi t ,  N.  J., 
U S A . ,  J u l y  23, 1957. 

Zusammen/assung  

Die vo r l i egende  A r b e i t  schlAgt  e ine  Biogenese  der  
T a b e r n a n t h e - A l k a l o i d e  vor ,  die v o n  e i n e m  ~-Kondensa -  
t i o n s p r o d u k t  y o n  T r y p t o p h a n  m i t  3 , 4 -D ioxypheny l -  
a l a n i n  a u s g e h t .  De r  s i ebeng l iedr ige  R i n g  C dieser 
A lka lo ide  e n t s t e h t  d u r c h  R i n g 6 f f n u n g  u n d  e rneu te  
R i n g s c h l i e s s u n g  e ines  O x y d a t i o n s p r o d u k t e s .  Wei te re  
S t u f e n  u m f a s s e n  eine M a n n i c h - K o n d e n s a t i o n ,  eine 
R e d u k t i o n  u n d  e i n e n  R i n g s c h l u s s  zu e ine r  H y d r o x y -  
c a r b o x y v e r b i n d u n g ,  aus  de r  d u r c h  e in f ache  R e a k t i o n e n  
V o a c a n g i n  u n d  I b o g a i n  a b g e l e i t e t  w e r d e n  k 6 n n e n .  

3 It  is already known that voacangic acid suffers decarboxylation 
in acidic media to furnish ibogaine [M.-M. JANET and R. GOUTAR~L, 
C. R. Acad. Sci. Paris Z41, 986 (1955)]. Compare the analogous de- 
carboxylation of 2-substituted 2-carboxy-fl-carbolines [G. HAHN, L. 
I~.~R~VALD, O. SCHALES, and M. WERNER, Ann. 550, 107 (1935)]. 

4 R. GOUTAREL, F. PERCHERON, and M.-M. JANet, C. R. Acad. 
Sci. Paris 243, 1670 (1956). 

5 R. GOUTAREL and M.-M. JANET, C. R. Acad. Sci. Paris 242, 2981 
(1956). 
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A plaus ib le  rou t e  s t a r t s  f r o m  t h e  a - t y p e  c o n d e n s a t i o n  
p r o d u c t  (I) de r ived  f rom t r y p t o p h a n  a n d  3 : 4 - d i h y d r o x y -  
p h e n y l a l a n i n e .  R i n g  C can  b e c o m e  s e v e n  m e m b e r e d  as a 
consequence  of a n  e l i m i n a t i o n  fol lowed b y  r e a d d i t i o n  of 
t h e  basic  n i t rogen ,  a c t i v a t i o n  for  t h e  f i r s t  s t ep  b e i n g  
p r o v i d e d  b y  a c a r b o n y l  g r o u p  e i t h e r  in  a n  o -qu inone  
[ such  as (II)] or in  t he  W o o d w a r d  f ission p r o d u c t  ( [ I I ) .  
T h e  Michae l  t y p e  r ing  c losure  of (IV) in  t h e  s econd  s t ep  
to  f ina l ly  yield (V) requi res  l i t t l e  c o m m e n t .  M a n n i c h  con-  
d e n s a t i o n  w i t h  f o r m a l d e h y d e  a n d  r ing  c losure  c o m p l e t e s  
t h e  e l a b o r a t i o n  of t h e  ske le ton  (VI),  whose  c o n v e r s i o n  
i n t o  v o a c a n g i n e  2 (VII)  or iboga ine  ( V I I I )  offers  no  

H y d r o x y p r o l i n e  P r o d u c t i o n  in Chick  Fibroblast  
Cu l tures  

Introduction.--  W h i l e  i t  is well  k n o w n  t h a t  a rgyrophi l  
f ibres  deve lop  in  f i b r o b l a s t  cu l tu re s ,  h i s to log ica l  me thods  
p r o v i d e  a t  b e s t  a n  i n a d e q u a t e  q u a n t i t a t i v e  assessment  
of t h e i r  p r o d u c t i o n .  H y d r o x y p r o l i n e  is a n  imino  acid 
f o u n d  in  col lagen,  r e t i cu l i n  a n d  in  c e r t a i n  soluble 
s u b s t a n c e s  w h i c h  a re  p r o b a b l y  t h e i r  p r e c u r s o r s  (HARK- 
NESS et al. 1, OREKHOVITCH et al.2). W e  t h o u g h t  i t  of 
i n t e r e s t  to  m e a s u r e  q u a n t i t a t i v e l y  t h e  p r o d u c t i o n  of 
h y d r o x y p r o l i n e  in ch i ck  a o r t a  c u l t u r e s  as a n  i ndex  of 
t h e i r  f o r m a t i o n  of e x t r a c e l l u l a r  f ibre  m a t e r i a l .  18-day 
e m b r y o s  were  used  w i t h  c u l t u r e  per iods  of 10, 21 and 
28 days .  

I t  h a s  b e e n  sugges t ed  (STETTEN3) t h a t  p ro l ine  is a 
p r e c u r s o r  of h y d r o x y p r o l i n e ,  a n d  we h a v e  f u r t h e r  as- 
sessed t h e  e f fec t  of p ro l ine  e n r i c h m e n t  on  h y d r o x y p r o -  
l ine  f o r m a t i o n .  

Materials and Methods 

Cul tures . - -Whi te  L e g h o r n  eggs were  used  a n d  incuba t -  
ed  a t  38°C for 18 days .  E m b r y o s  were  r e m o v e d  unde r  
a sep t i c  cond i t i ons ,  t h~  t h o r a x  opened ,  a n d  t h e  h e a r t  and 
p r o x i m a l  p a r t s  of t h e  g r e a t  vessels  r e m o v e d .  The  l a t t e r  
were c u t  i n t o  sma l l  pieces  of a b o u t  1 m m  a for  cul ture .  
Cu l tu re s  were  c o n t i n u e d  to  10, 21 a n d  28 days .  

* The Alkaloids of Tabernantke Iboga, Part V. 
1 For a recent summary see R. ROBINSON, The Structural Rela- 

tions of Natural Products (Oxford at the Clarendon Press, 1955), 
p. 1o0. 

2 ~V. I. TAYLOR, J. Amcr. chem. Soc. 79, 329S (1957). 

1 R. D. HARKNESS, A. M. MARKO, H. M. MUIR, and A. NEUBZR- 
GER, Biochem. J. 56, 558 (1954). 

2 ~. N. OREKHOVITCH~ K. D. TUSTANOVSKY, K. D. OREKHOVITCH~ 
and N. E. PLOTNIKOVA, Biochimia 13, 55 (1948). 

3 M. R. STETTEN, J. biol. Chem. 181, 31 (1949). 
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I~'or 10-day  c u l t u r e s  2 eggs were  used  a t  a t i m e  to  
p r o v i d e  a pool  of 40 -80  inocula .  H a l f  of t he se  were  
we ighed  a n d  e s t i m a t e d  a t  once  for  h y d r o x y p r o l i n e .  T h e  
r e m a i n d e r  were  c u l t u r e d  in ho l low sl ides  in  g r o u p s  of 
10 w i t h  a d r o p  of 50% fowl p l a s m a  a n d  t h e  s a m e  v o l u m e  
of 3 3 %  ch ick  e m b r y o  e x t r a c t  c o n t a i n i n g  50 /zg/ml of 
a d d e d  ascorb ic  acid.  A t  10 days ,  c u l t u r e - b e a r i n g  a r ea s  
were  exc i sed  f r o m  t h e  p l a s m a  clot ,  we ighed ,  a n d  est i -  
m a t e d  for  h y d r o x y p r o l i n e ,  as was  t h e  r e m a i n i n g  p l a s m a .  

21 -and  28 -day  c u l t u r e s  were m a d e  f r o m  pools  of a b o u t  
150 i n n o c u l a  o b t a i n e d  f rom four  e m b r y o s .  B y  t h e  use of 
a t a b l e  of r a n d o m  n u m b e r s  30 of t h e s e  i n n o c u l a  were  
se lec ted  for  i m m e d i a t e  d e t e r m i n a t i o n  of h y d r o x y p r o l i n e ,  
a n d  were  we ighed  t o g e t h e r  in  a sea led  bo t t l e .  60 of t he  
r e m a i n i n g  pieces were  c u l t u r e d  in  g r o u p s  of 10 in Carre l  
f lasks  in  a m e d i u m  cons i s t i ng  of 5 0 %  fowl p l a s m a  a n d  
50% b y  v o l u m e  of 10 % c h i c k  e m b r y o  e x t r a c t .  Asco rb i c  
ac id  was  a d d e d  to  t h e  m e d i u m  to  p r o d u c e  a f ina l  con-  
c e n t r a t i o n  of 50 /~g/ml. T h e  r e m a i n i n g  60 pieces  were  
t r e a t e d  in a s imi l a r  w a y  w i t h  t h e  e x c e p t i o n  t h a t  t h e  
m e d i u m  in e a c h  f lask  c o n t a i n e d  5 /xg of a d d e d  p ro l ine .  

A f t e r  5 or  6 d a y s  0.5 ml  of 10% e m b r y o  e x t r a c t  con-  
t a i n i n g  2 5 / , g  ascorb ic  acid,  was  a d d e d  to  e a c h  flask.  T h e  
e x t r a c t  for  t h o s e  in w h i c h  t h e  e f fec t  of p ro l ine  was  t e s t e d  
c o n t a i n e d  in a d d i t i o n  a f u r t h e r  5 / , g  of a d d e d  prol ine .  A t  
1 0 - 1 2 - d a y s  a n d  s u b s e q u e n t l y  a t  5 - 6 - d a y  i n t e r v a l s ,  t h e  
e x t r a c t  was  r enewed .  T h e  s u p e r n a t a n t  f lu id  p h a s e  was  
r e m o v e d  f rom t h e  f lasks  tor  h y d r o x y p r o l i n e  e s t i m a t i o n  
before  a d d i t i o n  of new  ex t r ac t .  A t  21 or  28 days ,  supe r -  
n a t a n t  f luid was  a g a i n  r e m o v e d  for  h y d r o x y p r o l i n e  
ana lys i s ,  a n d  cu l t u r e  c o n t a i n i n g  a r ea s  were  c u t  f r o m  t h e  
p l a s m a  clot .  T h e i r  h y d r o x y p r o l i n e  c o n t e n t  was  d e t e r m i n -  
ed, as was  t h a t  of t h e  p l a s m a  c lo t  r e m a i n i n g  a f t e r  t h e i r  
excis ion.  T h u s  e a c h  pool  of a b o u t  150 i n o c u l a  p r o v i d e d  
cu l t u r e s  a n a l y s e d  a t  21 a n d  28 days ,  h a l f  of w h i c h  were  
e n r i c h e d  w i t h  pro l ine .  

I n i t i a l  d e t e r m i n a t i o n s  of t h e  h y d r o x y p r o l i n e  c o n t e n t  
of e m b r y o  e x t r a c t  a n d  p l a s m a  were  m a d e  for  all  exper i -  
m e n t s .  F o u r  or  s ix Carre l  f lasks  were  a lso i n c u b a t e d  as 
con t ro l s  for  e a c h  2 1 - 2 8 - d a y  e x p e r i m e n t ,  ha l f  w i t h  a n d  
ha l f  w i t h o u t  a d d e d  prol ine ,  b u t  c o n t a i n i n g  no  cu l tu res .  
E m b r y o  e x t r a c t  was  a d d e d  t o  t h e s e  con t ro l s  a n d  super -  
n a t a n t  r e m o v e d  for  ana ly s i s  as a l r e a d y  descr ibed .  

Chemical Method.-After  co lou r  d e v e l o p m e n t  b y  t h e  
m e t h o d  of ~-N-EUMAN a n d  LOGAN 4 h y d r o x y p r o l i n e  c o n t e n t  
was d e t e r m i n e d  b y  a b s o r p t i o n  m e a s u r e m e n t s  in  a Zeiss 
s p e c t r o p h o t o m e t e r  o v e r  t h e  540-640  m/~ range .  Maxi -  
m u m  a b s o r p t i o n  was  a t  560 m/~ a n d  r e a d i n g s  were  cor-  
r e c t e d  for  genera l  d e n s i t y  of t h e  s a m p l e  fo l lowing  
LOTHIAN 5. The  v a l i d i t y  of t h i s  p r o c e d u r e  was  c h e c k e d  b y  
r e c o v e r y  e x p e r i m e n t s  in  w h i c h  k n o w n  a m o u n t s  of 
s t a n d a r d s  were  a d d e d  to  e m b r y o n i c  e x t r a c t .  

P r o l i n e  was  o b t a i n e d  f r o m  H o f f m a n n - L a  Roche .  A 
so lu t i on  c o n t a i n i n g  50 /~g /ml  was  p r e p a r e d  a n d  s te r i l i sed  
b y  f i l t r a t ion ,  a n d  e s t i m a t e d  for  c o n t a m i n a t i o n  b y  
h y d r o x y p r o l i n e .  

Calculation o/Results.--For 10-day  cu l tu res ,  inc reases  
in  h y d r o x y p r o l i n e  were  f o u n d  in b o t h  t h e  exc i sed  c u l t u r e  
b e a r i n g  a reas  a n d  in t h e  r e m a i n i n g  p l a s m a .  I n  a d d i t i o n ,  
for  21 -and  28-day  cu l tu res ,  h y d r o x y p r 0 1 i n e  was  f o u n d  in  
t h e  s u p e r n a t a n t .  

T o t a l  h y d r o x y p r o l i n e  p r o d u c t i o n  a sc r ibed  to  t h e  
cu l t u r e s  was  o b t a i n e d  b y  s u m m a t i o n  of va lues  f r o m  
these  sources ,  w i t h  t h e  n e c e s s a r y  d e d u c t i o n  of a n y  
c o n t r i b u t i o n  due  to  t h e  in i t i a l  p l a s m a .  

T h e  p r o p o r t i o n a t e  we ig h t s  of cells a n d  p l a s m a  excised  
were u n k n o w n .  A t  w o r s t  p l a s m a  cou ld  h a v e  c o n s t i t u t e d  

4 R.D. NEIJ~ANN and M. A. LO6AN, J. biol. Chem. 186,549 (1950). 
5 G. F. LOTHIAN, Absorption Spectrophotometry (Hilger and 

Watts, London 1949). 

t h e  whole  w e i g h t  of excised  c u l t u r e  area ,  a n d  we h a v e  
c o n s e q u e n t l y ,  in  t h e  cases whe re  h y d r o x y p r o l i n e  was  
d e t e c t e d  in t h e  i n i t i a l  p l a s m a ,  d e d u c t e d  f r o m  t h e  t o t a l  
t h e  a m o u n t  of h y d r o x y p r o l i n e  c o n t a i n e d  in  a w e i g h t  of 
such  p l a s m a  e q u a l  to  t h a t  of t h e  exc i sed  areas .  

Results 
As was to  b e  e x p e c t e d ,  no  h y d r o x y p r o l i n e  was  p r o d u c -  

ed as a c o n s e q u e n c e  of i n c u b a t i o n  of p l a s m a  a n d  e m b r y o  
e x t r a c t .  T h e  p ro l i ne  used  was  f o u n d  to  c o n t a i n  a b o u t  2 %  
h y d r o x y p r o l i n e  as a n  i m p u r i t y ,  a n d  re su l t s  h a v e  b e e n  
c o r r e c t e d  acco rd ing ly .  M e a n  r e c o v e r y  of k n o w n  a m o u n t s  
of h y d r o x y p r o l i n e  a d d e d  to  e m b r y o  e x t r a c t  to  assess t h e  
r e l i ab i l i t y  of t h e  c h e m i c a l  m e t h o d  was  97.5 4- 5 .0% for 
27 e s t i m a t i o n s .  

70-Day Cultures.--lO e x p e r i m e n t s  were  done  in all.  
T h e  n u m b e r s  of c u l t u r e s  m a d e  in  e a c h  of t h e s e  r a n g e d  
f rom 40 to  150, a n d  for  s i m p l i c i t y  of p r e s e n t a t i o n  all 
r e su l t s  g i v e n  s u b s e q u e n t l y  in  t h e  t e x t  are  exp re s sed  in 
t e r m s  of 10 cu l tu res .  

O n  th i s  basis ,  i nocu l a  i n v e s t i g a t e d  be fo re  c u l t u r e  as 
con t ro l s  h a d  a m e a n  we t  w e i g h t  of 10.5 4- 0.7 mg. a n d  a 
h y d r o x y p r o l i n e  c o n t e n t  2.54 + 0.35 /~g. C u l t u r e - b e a r i n g  
a reas  exc i sed  f r o m  t h e  p l a s m a  c lo t  a f t e r  10 d a y s  cu l t i -  
v a t i o n  h a d  a m e a n  w e t  w e i g h t  of 92.9 4- 4.2 rag, a n d  a 
h y d r o x y p r o l i n e  c o n t e n t  of 4.76 4- 0-5 #g.  

Of t h e  f ive b a t c h e s  of p l a s m a  used  to  m a k e  u p  t h e  
med ia ,  o n l y  one  c o n t a i n e d  d e t e c t a b l e  a m o u n t s  of 
h y d r o x y p r o l i n e ,  b u t  a t  10 d a y s  t h e  p l a s m a  r e m a i n i n g  
a f t e r  exc is ion  of t h e  c u l t u r e  a r ea s  c o n t a i n e d  a p p r e c i a b l e  
a m o u n t s  (3-13 4- 0-73/~g). 

A f t e r  a p p r o p r i a t e  d e d u c t i o n  for  i n i t i a l  p l a s m a  
h y d r o x y p r o l i n e  as d e s c r i b e d  in  Methods m e a n  h y d r o x y -  
p ro l ine  inc rease  in t h e  c u l t u r e  a reas  was  2.27 4- 0.56 /~g 
a n d  in  t h e  r e m a i n i n g  p l a s m a  2.57 4- 0 .56 / , g .  T h u s  of t h e  
t o t a l  h y d r o x y p r o l i n e  inc rease  of 4.84 4- 1.26 /~g, some  
53% was  f o u n d  in  t h e  p l a s m a  r e m a i n i n g  a f t e r  t h e  c u l t u r e -  
b e a r i n g  p o r t i o n s  h a d  b e e n  excised.  

21-and 28-Day Cultures.--Six e x p e r i m e n t s  were  done ,  
a n d  in all  635 c u l t u r e s  were  made .  I n  t h e  t e x t  r e su l t s  a re  
a g a i n  p r e s e n t e d  in t e r m s  of 10 cu l tu re s ,  a n d  o n  t h i s  bas i s  
t h e  m e a n  w e t  w e i g h t  of c o n t r o l  i n o c u l a  was  12.87 4- 0.67 
mg, a n d  t h e i r  h y d r o x y p r o l i n e  c o n t e n t  5.07 4- 0.55 ~g. 

I n  t h o s e  c u l t u r e s  c o n t i n u e d  to  21 days ,  c u l t u r e - b e a r i n g  
a reas  exc ised  f r o m  t h e  p l a s m a  c lo t  h a d  m e a n  we t  
we igh t s  of 147.72 4- 22.67 a n d  119.35 4- 26.89 m g  re- 
s p e c t i v e l y  for  m a t e r i a l  w i t h  a n d  w i t h o u t  p ro l ine  en-  
r i c h m e n t .  C o r r e s p o n d i n g  h y d r o x y p r o l i n e  m e a n s  were  
10.63 4- 1.77 a n d  9.47 -{- 0 -90 / ,g ,  a n d  in n e i t h e r  case  d o  
t he se  m e a n s  d i f fe r  s i gn i f i c an t l y .  

I n  ha l f  t h e  e x p e r i m e n t s  t h e  p l a s m a  used  c o n t a i n e d  
m e a s u r a b l e  a m o u n t s  of h y d r o x y p r o l i n e ,  b u t  t h a t  re- 
m a i n i n g  a f t e r  exc is ion  of t h e  c u l t u r e - b e a r i n g  a r ea s  
s h o w e d  no c o n s i s t e n t  p a t t e r n  of h y d r o x y p r o l i n e  in-  
crease.  I n d e e d ,  in  t he  t w o  cases t h e  p l a s m a  h y d r o x y -  
p ro l ine  c o n t e n t  d i m i n u i s h e d  s l igh t ly .  Th i s  was  n o t  t rue ,  
h o w e v e r ,  of t h e  s u p e r n a t a n t  f luid,  w h i c h  in all  cases  
c o n t a i n e d  a p p r e c i a b l e  h y d r o x y p r o l i n e  w h e n  r e m o v e d  
f r o m  t h e  c u l t u r e s  whe rea s  i t  c o n t a i n e d  n o n e  w h e n  pre-  
p a r e d  as e m b r y o n i c  e x t r a c t .  T h e  m e a n  h y d r o x y p r o l i n e  
c o n t e n t  of s u p e r n a t a n t  r e m o v e d  f rom p r o l i n e - e n r i c h e d  
c u l t u r e s  was  7.5 4- 1.3 /~g a n d  f r o m  n o n - e n r i c h e d  cul-  
t u r e s  6.2 4- 0.7 pg. The  m e a n  t o t a l  i nc rease  for  c u l t u r e s  
w i t h  a d d e d  pro l ine ,  co r r ec t ed  for i n i t i a l  p l a s m a  h y d r o x y -  
p ro l ine  (see Methods) was 15.13 4- 1.96, a n d  for  t h e  re-  
ma in f l e r  11.93 4- 2.35 /~g. 

T h e  r e su l t s  f r o m  c o m p a r a b l e  28 -day  c u l t u r e s  fol low 
a s imi l a r  p a t t e r n .  M e a n  we t  w e i g h t  of exc i sed  m a t e r i a l  
was  126.06 4- 23.2 m g  for p r o l i n e - e n r i c h e d  cu l tu res ,  a n d  
t h e i r  h y d r o x y p r o l i n e  c o n t e n t  was  11.30 4- 0.85 pg. Cul-  
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tu re  areas w i thou t  added  prol ine had a m e a n  we igh t  a t  
excision of 156-80 rag, and a h y d r o x y p r o l i n e  c o n t e n t  of 
8.33 :t: 0,46 pg. As in the  21-day cul tures ,  the  p la sma  in- 
crease was s l ight  bu t  the  s u p e r n a t a n t  r e m o v e d  dur ing  
cul ture  had  7,32 :k 0.68 #g of h y d r o x y p r o l i n e  in prol ine-  
enr iched  cul tures  and  7-78 4- 0-61 in t he  r ema inde r .  The  
overal l  increase in h y d r o x y p r o l i n e  a t t r i b u t a b l e  to  t he  
cul tures  was 14,7 :t: 1.11 / ,g w i th  added  prol ine,  and  
13-1 -i- 1.21 w i t h o u t  addi t ion .  

Thus for bo th  21- and  28-day cul tures ,  a l t h o u g h  cor-  
rected h y d r o x y p r o l i n e  r e c o v e r y  was s l igh t ly  h igher  when  
proline was added  to the  med ium,  t he  increase was n o t  
significant ,  and ne i the r  does i t  become  so if 21- and 28- 
day  cul tures  are g rouped  t o g e t h e r  for compar i son ,  

Of the  to t a l  h y d r o x y p r o l i n e  increase,  a b o u t  50% was 
found in t he  s u p e r n a t a n t  f luid phase  in b o t h  21-and 28- 
day  cul tures ,  a d i s t r ibu t ion  closely resembl ing  t h a t  
found in 10-day mater ia l .  

Discussion 
The  app l i ca t ion  of NEUMAN and  LOGAN'S ~ t e c h n i q u e  

to p l a sma  c o n t a i n i n g  m i n i m a l  a m o u n t s  of h y d r o x y -  
prol ine  m a y  be mis lead ing  if abso rp t ion  m e a s u r e m e n t s  
are made ,  as t h e y  suggest ,  on ly  a t  560 m/~. A l t h o u g h  
there  appea r s  to be no reference to th is  p r o b l e m  in t he  
l i te ra ture ,  we found on occasions non-specif ic  absorp t ion  
a t  560 m/~, shown by  the  fac t  t h a t  there  was no peak  a t  
this  w a v e l e n g t h  if m e a s u r e m e n t s  were  m a d e  ove r  the  
range f rom 540-640 m#.  Consequen t l y  in our  exper i -  
ments  h y d r o x y p r o l i n e  es t imat ions ,  as well  as being 
dupl ica ted ,  were  de r ived  f rom absorp t ion  cu rves  ove r  
t he  540-640 m]~ range.  (At these  l imi t s  s t a n d a r d  hy-  
d roxypro l ine  solu t ions  show zero absorpt ion . )  I t  was 
t h e n  possible to  cor rec t  abso rp t ion  peaks  a t  560 m),, for  
non-specif ic  absorp t ion  in t he  c u s t o m a r y  manne r .  

I t  is p robab le  t h a t  our  f igures  for  t o t a l  h y d r o x y -  
prol ine p r o d u c t i o n  by  cu l tu res  are  s l igh t ly  under -  
es t imated ,  since we h a v e  sub t r ac t ed  f rom our  to t a l s  the  
a m o u n t  of h y d r o x y p r o l i n e  con ta ined  in a we igh t  of 
ini t ial  p l a sma  equa l  to  t h a t  of the  excised cu l tu re  areas  
(see 'Ca lcu la t ion '  of Results). Clear ly  t he  we igh t  of the  
excised  a reas  was in pa r t  a t t r i b u t a b l e  to t he  ceils t h e y  
conta ined,  a l though  it  was impossible  to  de t e rmine  the  
re la t ive  p ropor t ion  of cells and  plasma.  Our  correct ion,  
however ,  a l t hough  excessive,  exc luded  the  poss ibi l i ty  
of overes t imat ion .  

Again,  r e cove ry  e x p e r i m e n t s  showed  our  m e t h o d  to 
give s l ight ly  reduced  va lues  for h y d r o x y p r o l i n e  (97.5 %).  

I t  is by  now well es tab l i shed  b y  o rd ina ry  his to logical  
means  (e.g. MAXlMOV~), by  e lec t ron  mic roscopy  (e.g. 
PORTER and VANAMEE 7) and  b y  chemica l  t echn iques  
(GERARDE and JONESo) t h a t  col lagen is a p r o d u c t  of t h e  
metabol ic  a c t i v i t y  of f ibroblasts ,  and consequen t l y  some 
increase in hydroxypro l ine  in cu l tu re  was to be expec ted .  
I n  our  exper iments ,  however ,  some 50% of the  to t a l  
hydroxypro l ine  was found in t he  s u p e r n a t a n t  e m b r y o  
ex t r ac t  r emoved  from 21- and 28- daycu l tu res ,  while mos t  
of the  remainder  was present  in t he  excised cu l ture-  
bea r ing  areas, Thus,  a t  least  50% of the  h y d r o x y p r o l i n e  
p r o d u c e d  was in a freely diffusible form.  I t  is possible 
t h a t  th is  f inding indica ted  the  presence  of soluble forms, 
or  e v e n  precursors,  of col lagen (HARKNESS 1, OREKHO- 
VlTCH ~, JAMES*). The  fu r ther  possibi l i ty,  t h a t  col lagen 
f ibres shou ld  be deposi ted a t  some d i s tance  f r o m  t h e  

6 A. MAXtMOV, Zbl. allg. Path. path. Anat. g3, 145 (1928). 
7 K. R. PORTER and P. VASAMEE, Proc. Soc. exp. Biol. N. Y. 71, 

513 (1949). 
8 H.W. GI~RARDI~ and M. Jo~Es, J. biol. Chem. Z01, 553 (1953}. 
9 D. W. JAMES, J. Path. Bact. 69, 83 (1955). 

cells v ia  a soluble in t e rmed ia ry ,  receives some support  
f r o m  the  l i t e ra tu re  (DOLJANSKI and I~OULET10), and it  is 
known  t h a t  col lagen can  be p rec ip i t a t ed  f rom solution 
(VANAMEE and  PORTER11), a l t hough  e lec t ron  micro- 
scopic s tudies  sugges t  f ibril  f o r m a t i o n  b o t h  within,  and 
in the  i m m e d i a t e  v i c in i t y  of, t he  cel l  (JAcKSONX~). 

I n  t h e  absence  of ev idence  to  t h e  con t ra ry ,  i t  seems 
l ike ly  t h a t  ou r  m e a s u r e m e n t s  of h y d r o x y p r o l i n e  in the 
excised cu l tu re  areas  p rov ide  m a i n l y  an  index  of fibril 
and  f ibre f o r m a t i o n  so f r equen t l y  r epo r t ed  histologically.  
T h e y  in fac t  p rov ide  no guide as to the  fo rm of the dif- 
fused h y d r o x y p r o l i n e  mater ia l ,  and  fu r the r  exper iments  
are necessary  to solve this problem.  

Ano the r  po in t  of in t e res t  lies in t he  t im ing  of hydroxy-  
prol ine  produc t ion .  Whi le  a twofo ld  increase occurred 
by  the  10th day,  this was no t  compa rab l e  wi th  the 
e ight fo ld  increase recorded  b y  GERADE and  JONES 8 by 
the  12th day .  They ,  however ,  were work ing  wi th  adult  
f ibroblas ts  in rol ler  t u b e  cul ture .  B y  21 and  28 days  there 
was in our  e x p e r i m e n t s  a s ignif icant  increase ove r  the 10- 
d a y  figures, a l t hough  no such di f ference ex is ted  between 
the  21- and 28-day resul ts  themse lves .  These  findings 
agree  well  w i th  those  of HASS and MACDONALD 1~ whose 
h is to logica l  s tudies  of fibrobl~/st cu l tures  showed collagen 
depos i t s  a t  6-8  days,  increas ing in a m o u n t  unt i l  14-16 
days.  T h e y  suggested,  however ,  t h a t  a f te r  this t ime col- 
lagen began  to be reabsorbed,  and our  expe r imen t s  offer 
no con f i rma t ion  of this  possibi l i ty.  

Compar i son  can be m a d e  be tween  hydroxyprol ine  
fo rma t ion  in cu l ture  and col lagen depos i t ion  in repairing 
w o u n d s .  ABERCROMBIE, FLINT, and JAMES 14 studied 
col lagen f o r m a t i o n  in r a t  skin  repairs  up to 25 days  after 
wounding .  T h e y  found  a s igni f icant  di f ference between 
10- and  25-day col lagen levels,  bu t  a l t h o u g h  the  mean 
col lagen  c o n t e n t  of t he  wounded  areas  was greater  at 
25 t h a n  a t  15 days ,  these  means  did n o t  differ  signifi- 
can t ly .  Whi l e  i t  is ce r ta in  (ABERCROMBIE and  JA~aEs Is) 
t h a t  col lagen f o r m a t i o n  in wounds  con t inues  long beyond 
25 days,  t he  para l le l  w i th  our  p re sen t  resul ts  is striking 
up to this  t ime.  I n  cu l ture  to t a l  h y d r o x y p r o l i n e  produc- 
t ion  a t  10 days  was s ign i f ican t ly  less t h a n  t h a t  at  either 
21 or  28 days,  and  while  the  28-day m e a n  exceeded that  
a f te r  21 days  cul ture ,  these  means  did no t  diffei" signi- 
f icant ly .  
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Zusammen[assung 
K u l t u r e n  yon  Hf ihne rhe rz f ib rob la s t en  wurden  nach 

10, 21 und  28Tagen  in vitro auf  ihren  Geha l t  an  Hydroxy-  
prol in  - e iner  wich t igen  AminosAure des Kol lagens  - un- 
t e r sueht .  E a c h  10, bzw. 21 T a g e n  is t  eine signifikante, 
d u t c h  P ro l inzugaben  n ich t  bee inf lussbare  Vermehrung 
des zu 50% 15slichen H y d r o x y p r o l i n s  feststel lbar.  
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