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T h e  F o r m a t i o n  of H y d r o g e n  P e r o x i d e  D u r i n g  
the  A u t o x i d a t i o n  of A s c o r b i c  Ac id  

Ascorbic  acid  (Vi tamin  C) is usua l ly  descr ibed as a 
reduc ing  agent ,  b u t  s eve ra l  ins tances  are  k n o w n  where  
i t  appea r s  to  ac t  as an  ox id iz ing  agent .  I t  has  been  
shown t h a t  n a p h t h a l e n e  is ox id ized  in aqueous  ace tone  
solu t ions  of the  v i t a m i n  1, whi ls t  under  s imi lar  condi t ions ,  
an th racene ,  p h e n a n t h r e n e  and  3 : 4 - b e n z p y r e n e  are  con-  
v e r t e d  to  t he  cor respond ing  qu inones  ~. T h e  m e c h a n i s m  
of these  ox ida t ions  appears  to  be  u n k n o w n  b u t  i t  has  
been  sugges ted  t h a t  h y d r o g e n  pe rox ide  f o r m e d  d u r i n g  
a u t o x i d a t i o n  of t he  ascorbic  ac id  is i nvo Ived  in t h e  
process. Since i t  has  now been shown t h a t  3 :4 -benz-  
py rene  can  be d i rec t ly  ox id ized  w i t h  h y d r o g e n  pe rox ide  
to  p roduc t s  wh ich  inc lude  8-0 H b e n z p y r e n e  and  t h e  
5 : 8 -quinone  ~ the  above  e x p l a n a t i o n  wou ld  appea r  m o r e  
feasible.  As there  appears  to be no record  in t he  l i t e r a tu re  
of t he  proof  of pe rox ide  f o r m a t i o n  in t he  course  of reac-  
t ions  i n v o l v i n g  ascorbic  acid  fu r the r  ev idence  on this  
po in t  has  been sought .  

T w o  tes t s  for h y d r o g e n  pe rox ide  h a v e  been  u s e d : - - t h e  
f o r m a t i o n  of ye l low pe r t i t an i c  acid  f rom t i t a n y l  su lphate ,  
and  the  f o r m a t i o n  of blue colour  in t he  presence  of 
e ther ,  p o t a s s i u m  d i ch roma te  and  su lphur ic  acid. B o t h  
tes t s  gave  s t rong ly  pos i t ive  resul ts  a few minu te s  a f t e r  
shak ing  ascorbic  acid  crys ta ls  w i t h  glass dis t i l led  water .  
Cont ro l  tes t s  of t he  w a t e r  were  nega t ive .  The  poss ib i l i ty  
t h a t  t h e  h y d r o g e n  pe rox ide  found  in t h e  above  exper i -  
men t s  was, in a n y  way,  re la ted  to  the  add i t ion  of t he  
t es t  agen ts  was e l im ina t ed  by  a fu r the r  expe r imen t .  
Ascorbic  acid c rys ta l s  were  s t i r red  in to  dis t i l led wa te r  
and  a f t e r  t en  minu te s  the  so lu t ion  was shaken  wi th  
e ther ;  this  be ing  a r e agen t  in which  h y d r o g e n  peroxide ,  
b u t  no t  ascorbic  acid, is soluble.  A f t e r  s epa ra t i on  of the  
t w o  layers  some of t h e  e the r  was  w i t h d r a w n  w i t h  a 
p ipe t t e  and  shaken  wi th  t i t a n y l  su lpha te  solut ion.  The  
d e v e l o p m e n t  of a ye l low eolour  showed  the  presence  of 
h y d r o g e n  peroxide .  T h e  e the r  used in th i s  e x p e r i m e n t  
had  p r ev ious ly  been  tes ted  and found free of c o n t a m -  
i nan t  peroxide .  

I t  is e v i d e n t  f rom the  a b o v e  t h a t  ascorbic  acid  in 
so lu t ion  will  r ead i ly  give rise to  h y d r o g e n  peroxide .  
W h e t h e r  a c a t a ly s t  is essent ia l  for t he  r eac t ion  is un-  
cer ta in .  The  e x p e r i m e n t s  descr ibed were car r ied  o u t  in  
sc rupu lous ly  c lean g lassware  wi th  r eagen t s  of t he  h ighes t  
possible pur i ty ,  b u t  t he  poss ib i l i ty  of c o n t a m i n a t i o n  
w i t h  t races  of m e t a l  or  o the r  agen t  c a n n o t  be  c o m p l e t e l y  
exc luded .  

These  f indings offer  an.  e x p l a n a t i o n  of t he  ab i l i ty  of 
ascorbic  acid  to  ac t  as an  ox id iz ing  agen t  unde r  ce r t a in  
condi t ions  and  add i t i ona l l y  m a y  exp la in  t h e  a n o m a l o u s  
resul ts  wh ich  h a v e  been  ob t a ined  in e lec t rode  p o t e n t i a l  
d e t e r m i n a t i o n s L  G. C~,I.CUTT 
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Z u s a m m e n f a s s u n g  

Es  konn te  gezeig t  werden,  dab  iI~ L6sungen  yon  
Ascorb ins~ure  freies W a s s e r s t o f f s u p e r o x y d  en t s t eh t .  
H i e r m i t  l~iBt sich woh l  erkl~ren,  dab  derar t ige  L6sun- 
gen u n t e r  b e s t i m m t e n  B e d i n g u n g e n  o x y d i e r e n d  wi rken  
kSnnen.  

P h o t o r e a c t i v a t i o n  in the near  U l t r a - v i o l e t  of  
D -  G l y c e r a l d e h y d e - 3 -  P h o s p h a t e  D e h y d r o g e n a s e  

Pa r t i a l  r e a c t i v a t i o n  of a c rys ta l l ine  p r e p a r a t i o n  of 
t r io sephospha te  dehydrogenase  b y  i r r ad i a t i on  in t he  
near  u l t r a -v io l e t  was obse rved  dur ing  t h e  course  of an 
inves t iga t ion  of t he  i n a c t i v a t i o n  of  th is  e n z y m e  by  u l t ra -  
v io le t  l igh t  and  a m e a s u r e m e n t  of t he  q u a n t u m  yie ld  for 
i n a c t i v a t i o n  a t  2537 A.U.  

The  e n z y m e  was p r epa red  accord ing  to t he  m e t h o d  of 
CORI e¢ al. x and  rec rys ta l l i zed  th ree  t imes.  I n  th is  form 
t h e  e n z y m e  has  been shown to  be  f i rmly  combined  w i t h  
a def in i te  q u a n t i t y  of  coenzyme  (DPN) in  t he  ra t io  of 
1 mole  D P N  to 50,000 g t r i o sephospha t e  dehydrogenase  
(TPD) ;  ne i the r  r ec rys ta l l i za t ion  nor  dialysis  aga ins t  
dis t i l led wa te r  r e m o v e  the  D P N  ~. CORI et al. ~ h a v e  
r ecen t ly  shown t h a t  t he  D P N  remains  b o u n d  to  t he  
e n z y m e  even  a f te r  i t  has  been  reduced  e n z y m a t i c a l l y  in 
the  presence  of a r sena te  and  g lyce ra ldehyde  p h o s p h a t e ;  
the m e t h o d  e m p l o y e d  cons is ted  of p r ec ip i t a t i on  of the  
e n z y m e  w i t h  a m m o n i u m  su lpha te  fo l lowing r educ t ion  
of the  D P N .  D u r i n g  an i n d e p e n d e n t  s t u d y  c o n d u c t e d  a t  
t he  s a m e  t i m e  i t  was  found  t h a t  r educed  D P N  ( D P N H )  
could  be read i ly  d ia lyzed  a w a y  aga ins t  dis t i l led water .  
The  fol lowing tes t ,  i n v o l v i n g  no chemica l  a l t e r a t i on  of 
t he  m e d i u m  was the re fore  car r ied  o u t :  Af t e r  r educ t ion  
of t he  D P N  in a 3 m g / c m  a sample  of t he  e n z y m e  in pyro-  
p h o s p h a t e  buf fe r  a t  PH 8.5, 0'7 cm a was cen t r i fuged  for 
2 hours  a t  60,000 r p m  in a Spineo u l t r acen t r i fuge  using 
the  ana ly t i c a l  cell  d iv ided  in to  two  equM c o m p a r t m e n t s  
by  means  of a d i a p h r a g m  pe rpend icu l a r  to  t he  radia l  
axis  of t h e  cell, t h e  purpose  of wh ich  is to  p r e v e n t  mix ing  
a t  t h e  end  of t he  run,  The  two  f rac t ions  were  t h e n  re- 
m o v e d  and  the i r  D P N H  con ten t s  measu red  spec t ro-  
p h o t o m e t r i c a l l y  by  means  of t i le  sy s t em p y r u v a t e - l a c t i c  
dehydrogenase .  The  op t i ca l  densi t ies  a t  3400 A.U.  of 
5- t imes d i lu ted  samples  of t he  inner  and ou t e r  f rac t ions  
and  of a non-cen t r i fuged  sample  were,  respec t ive ly ,  
0-022, 0-050, 0,060. The  fac t  t h a t  n o t  all  t he  D P N H  is 
accoun ted  for  in t h e  two  f rac t ions  was due  to  depos i t ion  
of  some of t he  e n z y m e  a t  t he  b o t t o m  of t he  cell. H o w -  
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ever,  in a couple  of  t r ia ls  i t  was no t  found  possible to  
re la te  the  D P N H  c o n t e n t  of each  f rac t ion  to  its p ro te in  
con ten t  due to mask ing  of t he  absorp t ion  m a x i m u m  of 
the  e n z y m e  a t  2780 ]~.U. by  a r a the r  p ronounced  non- 
select ive band  in t he  same region and due, in some way, 
to the  g lyce ra ldehyde  phospha te .  I t  is, however ,  qu i te  
clcar t h a t  the  D P N H  remains  bound  to some h e a v y  
part icle.  

E n z y m e  a c t i v i t y  is comple t e ly  des t royed  by  the  cen- 
t r i fugat ion .  The  enzyme  also shows one main  c o m p o n e n t  
which crosses t he  middle  of the  cell in abou t  1 ~ hours ;  
and a ve ry  broad c o m p o n e n t  the  peak  of  which, dur ing  
the  same period,  has no t  ye t  d e t a c h e d  itself  f rom the  
meniscus.  Th is  same b e h a v i o u r  has  been no ted  wi th  the  
D P N  oxid ized  or  reduced,  w i t h  t he  e n z y m e  comple te ly  
inac t ive  pr ior  to  the  run,  or  for a m ix tu r e  of these.  The  
na tura l  inference is t h a t  t he  e n z y m e  does no t  consist  
of one componen t .  
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Fig. 1.--Activity (k) of trioscphosphate dehydrogcnase as a function 
of time of irradiation. (a) TPD-DPN; (b) TPD-DPNH, 

A m e a s u r e m e n t  of t he  q u a n t u m  yield for i nac t i va t i on  
of this  e n z y m e  m u s t  t a k e  accoun t  of the  role p layed  by  
the  D P N ,  which  accounts  for abou t  35 % of t he  absorp-  
t ion of t he  T P D - D P N  complex  a t  2537 A.U.  I t  was f irs t  
found t h a t  r educ t ion  of t he  bound  D P N  resul ted  in no 
s ignif icant  difference in the  q u a n t u m  yield.  

Howeve r ,  the  b e h a v i o u r  of the  sys tem is en t i r e ly  
di f ferent  when i t  is i r rad ia ted  wi th  l ight  in the  region 
3100-3800 ~ .U. ,  which  comprises  the  absorp t ion  band  
of D P N H ,  and  where  the  absorp t ion  of the  enzyme  itself 
is negligible.  Fig. 1 shows the  e n z y m e  a c t i v i t y  as a func- 
t ion of the  t ime  of i r rad ia t ion  in t he  presence of (a) 
D P N ,  (b) D P N H .  The l ight  source was an o rd ina ry  
mercu ry  arc  wi th  a glass fil ter.  I t  can be seen t h a t  while 
the  T P D - D P N  complex  is p rac t i ca l ly  unaffected,  t he  
a c t i v i t y  of t h e  T P D - D P N H  increases r a the r  a b r u p t l y  
and  t h e n  reaches  a l imi t ing  value.  

The  fol lowing po in t s  of in t e res t  were  no t ed :  
(a) The  ra te  of r eac t i va t i on  a t  5°C and  25°C did no t  

appear  to  differ  apprec iab ly .  The  to ta l  a m o u n t  of re- 
a c t i v a t i o n  was a p p a r e n t l y  lower  a t  5°C, bu t  i t  is no t  
known whe the r  th is  is s ignif icant .  

(b) The  phenomenon  is one of r eac t iva t ion  and not  of 
ac t iva t ion .  Muscle T P D  is an  SH enzyme  which is 

genera l ly  p a r t i a l l y  ox id ized  and requi res  a r educ ing  
agen t  for ful l  a c t i v i t y .  The  degree of p h o t o r e a c t i v a t i o n  
is cons ide rab ly  less t h a n  t i le  increase in a c t i v i t y  ob t a ined  
in t he  presence  of cys te ine .  F u r t h e r m o r e ,  in a t r ia l  where  
the  e n z y m e  was f irs t  comple t e ly  reduced  wi th  cysteine,  
no p h o t o r e a c t i v a t i o n  was found,  

(c) P a r t i a l  i n a c t i v a t i o n  of t he  e n z y m e  by  i r r ad ia t ion  
below 3000 .~.U. resul t s  in the  appea rance  of non-selec-  
t i ve  abso rp t i on  above  3100 ~ , U .  S u b s e q u e n t  i r r ad ia t ion  
in th is  l a t t e r  region p roduced ,  as was expec ted ,  no pho to -  
r eac t iva t ion .  

(d) Fo l lowing  p h o t o r e a c t i v a t i o n  of  the  enzyme ,  t i le 
D P N H  abso rp t i on  b a n d  a t  3400 A.U. r emains  una l t e r ed  
and al l  t he  D P N H  can be  r eox id ized  w i t h  p y r u v a t e  a n d  
lac t ic  dchydrogcnase .  H o w e v e r ,  a small ,  b u t  v e r y  de- 
f in i te  increase  in abso rp t ion  t akes  p lace  be tween  2400 
and 2800/k .U.  

(e) L i m i t i n g  the  i r r ad i a t i on  to a b a n d  in t he  ncigh-  
b o u r h o o d  of 3650 .~.U. (at  wh ich  t h e  D P N H  abso rp t ion  
is st i l l  a b o u t  50% of t h a t  a t  3400 ~ .U. )  by  means  of a 
W o o d ' s  f i l te r  only  decreases  t h e  ra te ,  b u t  n o t  the  e x t e n t  
of p h o t o r c a c t i v a t i o n .  This  is qu i t e  na tu r a l  since, even  
a t  3550 .~.U., t he  t r ansmiss ion  of a W o o d ' s  f i l ter  is on ly  
abou t  40 %. 

(f) Thc  e n z y m e  was no t  su f f i c ien t ly  i n a c t i v a t e d  to  
show the  p h e n o m e n o n  of h e a t  a c t i v a t i o n  ~. I n  a n y  e v e n t  
in all of the  a b o v e  e x p e r i m e n t s  t he  samples  were  a t  a 
suf f ic ien t  d i s tance  f rom t h e  l igh t  source  to p r e v e n t  a n y  
rise in t e m p e r a t u r e .  

I t  is m o s t  l ike ly  t h a t  t h e  p h e n o m e n o n  is due  to  re-  
duc t ion  of  some  of t h e  e n z y m e  SS g roups  p r o v o k e d  by  
the  a b s o r p t i o n  of  ene rgy  b y  t h e  b o u n d  D P N H  in t h e  
v i c in i ty  of  these  groups  2. The  fac t  t h a t  on ly  pa r t i a l  
r c a c t i v a t i o n  is ob t a ined  m a y  be l inked  to  t h e  two-s i te  
hypothes i s  of CoRI el al.~ if one  assumes  t h a t  t h e  D P N H  
provokes  the  r educ t ion  of on ly  those  g roups  to  wh ich  i t  
is more  t i g h t l y  bound.  The  ex i s t ence  of t w o  types  of 
ac t ive  si tes in T P D  has been  p o s t u l a t e d  as wel l  f rom 
s tudies  of t he  p h e n o m e n o n  of h e a t  a c t i v a t i o n L  

On t h e  basis of some add i t i ona l  resul ts ,  as y e t  in- 
comple te ,  i t  is no t  i m p r o b a b l e  t h a t  p h o t o r e a c t i v a t i o n  
m a y  be p r o v o k e d  a t  w a v e - l e n g t h s  be low 30002~.U. 
There  are  a n u m b e r  of repor t s  in t he  l i t e r a tu r e  of  pur -  
po r t ed  a c t i v a t i o n  of  c rude  e n z y m e  e x t r a c t s  b y  u l t ra -  
v io le t  i r r ad i a t i on  4, I n  genera l  such  b e h a v i o u r  is c o n t r a r y  
to a c c e p t e d  concep ts  of t he  m e c h a n i s m  of u l t r a - v i o l e t  
i nac t i va t i on  and  d e n a t u r a t i o n  of e n z y m e s  a n d  pro te ins ,  
and such f indings h a v e  the re fo re  he re to fo re  been  re-  
garded  wi th  scept ic ism.  If, however ,  one  bears  in m i n d  
the  c rude  n a t u r e  of t he  e x t r a c t s  used and  the  f ac t  t h a t  
the sources  were in genera l  no t  m o n o c h r o m a t i c ,  i t  is n o t  
a t  all  un reasonab le  to exp la in  these  f indings  on t h e  basis 
of ind i rec t  effects  s imi lar  to t h a t  found  for t h e  p h o t o -  
r eac t i va t i on  of T P D .  Such effects  wou ld  also h a v e  to  be 
t aken  in to  cons idera t ion  in t he  i r r a d i a t i o n  of cells and  
tissues. I t  is of in te res t  in th is  c o n n e c t i o n  to  n o t e  t h a t  
the p h o t o r e a c t i v a t i o n  of u l t r a - v i o l e t i n a c t i v a t e d  bac te r io -  
phage  has  been logical ly  e x p l a i n e d  on the  basis  of  an  
indi rec t  m e c h a n i s m  6, 
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A few t r i a l s  were  ca r r i ed  ou t ,  in  c o l l a b o r a t i o n  w i t h  Mlle 
ANNETTE PR~:vo'r oI t h e  t n s t i t u t  de  C h i m i e  P h y s i q u e ,  
to  see if  i t  were  poss ib le  to  r e a c t i v a t e  a n  e n z y m e  pre-  
p a r a t i o n  u n d e r  t h e  i n f l u e n c e  of X - r a y s  w h i c h  could  
c o n c e i v a b l y  cause  r e d u c t i o n  of SS g r o u p s  b y  free r a d -  
icals.  T h e  ove ra l l  e f fec t  of X - i r r a d i a t i o n  on  S H  e n z y m e s  
ha s  b e e n  s h o w n  b y  BARRON et al. 1 to  r e s u l t  i n  i n a c t i v a -  
t i o n  due  to  o x i d a t i o n  of t h e  S H  g r o u p s  b y  free  r ad i ca l s ;  
fo l lowing  i r r a d i a t i o n ,  a c t i v i t y  c a n  be  p a r t i a l l y  r e s t o r e d  
b y  m e a n s  of  a r e d u c i n g  agen t .  T o  e l i m i n a t e  t h e  e f fec t  of 
o x i d a t i o n ,  t e s t s  were  c o n d u c t e d  on  a n  o ld  s p o n t a n e o u s l y  
ox id i zed  s a m p l e  of e n z y m e  w h i c h  s t i l l  r e t a i n e d  a n  ap -  
p r e c i a b l e  n u m b e r  of r educ ib l e  SS g r o u p s  (as s h o w n  b y  
t h e  a p p e a r a n c e  of e n z y m a t i c  a c t i v i t y  in  t h e  p r e sence  of 
cys t e ine ) .  No m e a s u r a b l e  a c t i v i t y  cou ld  be  d e t e c t e d ,  
howeve r ,  fo l lowing  i r r a d i a t i o n  w i t h  i n c r e a s i n g  doses  u p  
to  s eve ra l  t h o u s a n d  roentgens .  T h e  i n f e r e n c e  is, t h e r e -  
fore,  t h a t  r e d u c t i o n  of SS  g r o u p s  b y  free r ad i ca l s  does  
n o t  t a k e  p lace  or, if  i t  does,  t h a t  i t  is i m m e d i a t e l y  
r e v e r s e d  b y  o x i d a t i o n .  T h i s  resul t ,  i n c i d e n t a l l y ,  is in 
a c c o r d  w i t h  t h e  r e c e n t  f i nd ings  of BARRON a n d  FLOOD "° 
in  r e g a r d  to  t h e  X - i r r a d i a t i o n  of t h i o l s ;  a n d  wou ld  
a p p e a r  to  i n d i c a t e  t h a t  o x i d a t i o n ,  r a t h e r  t h a n  r e d u c t i o n ,  
b y  free  r ad i ca l s  is t h e  m o r e  i m p o r t a n t  phys io log ica l  
r e s u l t  of  i r r a d i a t i o n  b y  X - r a y s .  

Full experimental details of the photoreactivation process will be 
presented in a forthcoming publication on the ultra-violet irradiation 
of trios ephosphate dehydrogenase. 

I should like to express my thanks to Mr. B. CUALOPI~ for assist- 
ance with the ultraeentrifugations, to Miss. 13. TCHOUBAR for advice 
and assistance in the preparation of the glyceraldehyde phosphate 
and to Dr. DOROTHY N. NEXDHAM, F.R.S., for a sample of purified 
lactic dehydrogenase. 

Note  a d d e d  D e c e m b e r  12, 1950 : Of  i n t e r e s t  in  r e l a t i on  to  the  above  
results is an experiment reported by Calcutt (G. CALCUrT, Nature, 
166, 443 [1950], following the writing of this report. Cultures of 
Paramecium bursaria, submitted to the action of SH inhibitors, 
were found to be killed more rapidly when exposed to light from a 
mercury arc emitting radiations above 3300 A. The results lead the 
author to the conclusion that  "radiation with wave-lengths greater 
t h a n  3300 A.  causes  a n  i n c r e a s e d  e x p o s u r e  of i n t r a - c e l l u l a r  s u l p h y d r y l  
groups". 

D A V I D  S t I U G A R  

I n s t i t u t e  of P h y s i c a l - c h e m i c a l  Bio logy ,  F a c u l t y  of 
Sciences ,  P a r i s  a, J u n e  ~5, 1950. 

R d s u m d  

O n  a c o n s t a t 6  que  le c o e n z y m e  ( D P N )  li6 ~ ta  t r iose-  
p h o s p h a t e  d 6 s h y d r o g 6 n a s e  r e s t e  Ii6 ap r6s  r6duc t ion .  L ' i r -  
r a d i a t i o n  du  c o m p l e x e  ( e n z y m e ) - ( c o e n z y m e  r6dui t )  d a n s  
l ' u l t r a - v i o l e t  p r o c h e  r6ac t i ve  p a r t i e l l e m e n t  l ' e n z y m e .  Le  
m 6 c a n i s m e  d u  p h d n o m h n e  es t  d i scu t6  e t  les r 4 s u l t a t s  de 
q u e l q u e s  exp6r i ences  d ' i r r a d i a t i o n  p a r  les  r a y o n s  X s o n t  
donn6s .  

1 E. S. G. BARRON ¢~ al., J. Gem Phys io l .  32, 537 (1D49). 
E. S. G. BARRON and V. FLOOD, J. Gen. Physiol. 3G 229 (1950). 

a Present address: Laboratoire de Morphologie animals, Uni- 
vcrsit6 libre de Bruxelles. 

~ b e r  die t u b e r k u l o s t a t i s c h e  W i r k s a m k e i t  
e i n i g e r  D e r i v a t e  der  p a r a - A m i n o s a l i z y l s i i u r e  

Sei t  de r  E i n f i i h r u n g  de r  p a r a - A m i n o s a l i z y l s ~ u r e  
(PAS)  in  die T h e r a p i e  s ind  z a b l r e i c h e  I somere ,  H o m o -  

loge u n d  D e r i v a t e  d ieses  C h e m o t h e r a p e u t i k u m s  syn the -  
t i s i e r t  u n d  a u f  i h r e  t u b e r k u l o s t a t i s c h e  W i r k u n g  ge- 
p r i i f t  worden .  T r o t z  de r  groBen Z a h l  d ieser  Versuche  
w u r d e n  b i s h e r  die m i t  P A S  e r h a l t e n e n  R e s u l t a t e  n ich t  
i i be r t ro f f en ,  w iewoh l  P A S  d e n  N a c h t e i l  aufweis t ,  aus 
d e m  O r g a n i s m u s  s e h r  r a s c h  a u s g e s c h i c d e n  zu werden.  
E s  k a n n  d a h e r  t i n  P r~ ipa ra t  k l i n i s ch  i n t e r e s s a n t  sein, 
w e n n  es z w a r  P A S  in  de r  t u b e r k u t o s t a t i s c h e n  W i r k u n g  
n i c h t  ode r  n u r  wen ig  i ibe r t r i f f t ,  j e d o e h  info tge  gt ins t i -  
ge re r  A u s s c h e i d u n g s v e r h g l t n i s s e  die i m  K 6 r p e r  no t -  
wend ige  131u tkonzen t r a t i on  m i t  k l e i n e r n  M e n g e n  er- 
h a l t e n  wird ,  B e s o n d e r s  a u s s i c h t s r e i c h  s c h i e n e n  P A S -  
D e r i v a t e  zu sein,  bet  d e n e n  P A S  m i t  S u b s t a n z e n  kombi -  
n i e r t  ist ,  die s e lb s t  e ine  t u b e r k u l o s t a t i s c h e  YVirkung auf- 
weisen.  B e k a n n t l i c h  h a b e n  z a h l r e i c h e  A u t o r e n  au f  die 
g i ins t ige  W i r k u n g  e ine r  1Kon tb ina t i ons the r ap i e  h inge-  
wiesen.  Die  A r b e i t e n  v o n  RIST 1, MOscnLIN ~" und  
HEILMEYER 3 h a b e n  gezeigt ,  d a b  bet  g l e i chze i t ige r  Ver-  
a b r e i c h u n g  yon  P A S  u n d  S t r e p t o m y c i n  bez i ehungs -  
weise Su l fonen  oder  T h i o s e m i c a r b a z o n e n  ein ver- 
s t~irkter  t h e r a p e u t i s c h e r  E f f e k t  e rz ie l t  wird .  Es  wurde  
u n t e r s u c h t ,  ob  a u c h  die K o m b i n a t i o n  yon  P A S  m i t  dem 
zu r  T h e r a p i e  dc r  T u b e r k u l o s e  f r i ihe r  v o r g e s c h l a g e n e n  
Chau lmoogra61  bzw.  C h a u l m o o g r a s / i u r e d e r i v a t c n  gi in-  
s t ige re  R e s u l t a t e  e rg ib t ,  wie  dies  s c h o n  y o n  \¥~LD- 
BOLZ 4 fiir  die K o m b i n a t i o n  y o n  S t r e p t o m y c i n  und  
Moogro l  gezeig t  wurde .  E s  w u r d e  fes tges te t l t ,  d a b  s chon  
die h a l b o  Menge  PAS,  u n t e r  Z u s a t z  yon  Chau lmoogra61  
bzw.  C h a u h n o o g r a s i t u r e  ode r  gewissen  S u b s t a n z e n  m i t  
e inem Z y k l o p e n t e n y l r e s t ,  die g le iche  t u b e r k u l o s t a t i s c h e  
G r e n z k o n z e n t r a t i o n  e rg ib t ,  wie  sie fiir das  P A S  be- 
s t i m m t  wurde ,  o b w o h l  die ~Vi rk samke i t  d ieser  Sub-  
s t a n z e n  b e d e u t e n d  ge r inge r  i s t  als  d i e j en ige  y o n  PAS .  

N a c h  WAGNER-JAUREGG B k o m m t  fiir  die W i r k u n g  
de r  ChauhnoograsS .u re  d e m  i m  Moleki i l  e n t h a l t e n e n  
Z y k l o p e n t e n y l k e r n  wesen t l i che  B e d e u t u n g  zu. Es  wur-  
den  d e s h a l b  einige P A S - D e r i v a t e ,  we lche  den  Zyklo-  
p e n t e n y l r e s t  e n t h a l t e n ,  s y n t h e t i s i e r t  u n d  in die Ve r suche  
e inbezogen .  E n t g e g e n  d e n  B e o b a c h t u n g e n  y o n  L ~ t -  
~IAN~ ~s, w o n a c h  die t u b e r k u l o s t a t i s e h e  "Wirkung d u r c h  
A z y l i e r u n g  de r  A m i n o g r u p p e  a b g e s c h w / i c h t  wird, 
wurde  g e f u n d e n ,  d a b  gewisse P A S - D e r i v a t e ,  die e incn  
Z y k l o p e n t e n y l r e s t  e n t h a l t e n ,  bet  i n - v i t r o - V e r s u c h e n  gar  
ke ine  AbschwS~chung de r  t u b e r k u l o s t a t i s c h e n  W i r k u n g  
zeigen.  A u c h  die A u s s c h e i d u n g s v e r h / i l t n i s s e  scheinel l  
ftir e in ige  d ieser  S u b s t a n z e n  g i ins t ige r  zu l iegen,  i n d c m  
z . B .  die Pr /~para te  Nr .  612 u n d  Nr .  622 n a c h  ora le r  
A p p l i k a t i o n  be i rn  K a n i n c h e n  e ine  h 6 h e r e  u n d  l~nger  
d a u e r n d e  B l u t k o n z e n t r a t i o n  e rgeben .  

Die W a c h s t u m s v e r s u c h e  y o n  T u b e r k e l b a z i t l e n  wur-  
den  sowohl  n a c h  d e r  O b e r f l ~ i c h e n w a c h s t u m s - M e t h o d e ,  
wie sie y o n  L E H M A N N  6 u n d  B L O C H  * v e r w e n d e t  wurde ,  
als a u c h  n a c h  de r  T i e f e n w a c h s t u m s - M e t h o d e  n a c h  
SOLOMIDgS 8 v o r g e n o m m e n .  D a b e i  zeigte  sich, d a b  m a n  
i m  SAUToN-Mitieu n a c h  SOLOMIDgS i m  i n - v i t r o - V e r s u c h  
ver l~Bl ichere  R e s u l t a t e  e rh~I t ,  a ls  m i t  d e n  Ober f l t i chen-  
k u l t u r e n .  I n  d e n  T a b e l l e n  h a b e n  w i r  d e n n  a u c h  n u r  die 

1 N . R ; s T ,  Ann .  Ins t .  P a s t e u r  77, 680 (1949);  Schweiz .  Med. 
\Vsehr .  78, 224 (1948). 

2 S .MoEscnLIN u n d  B. DEMIRAL, Sehweiz.  Med. WTschr. 80, 373 
(1950). 

3 L. HEILM~Ynn, Klin.  W s c h r .  27, 717 ( i949) .  
4 E.WILDBOLZ, Kt in i sche  D e m o n s t r a t i o n  v o r  d e m  Bez i rksvc re in  

Bern  (18. N o v e m b e r  1948). 
5 TH.WAGNER-JAUREGG, Z. H y g .  124, 311 (1942). 
a j .  LEttMANN, L a n c e t  260, 14 (1946). 
7 H. BLOCH, G. BRUBACHER~ H. ERLENMEYER und E. SUTER~ Helv 

chim. acta 30, 539, 2058 (1947). 
s j. SOLO~a~D~:S, Ann. inst. Pasteur 76, 371 (t949). 


