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Zusammen]assung 

N a c h  V e r a b r e i e h u n g  yon  V i n c a m i n  s i n k t  bei  a k u t e n  
V e r s u c h e n  a n  R a t t e n  de r  Blu tzuckersp iege l .  Die  n a c h  
D e x t r o s e v e r f i i t t e r u n g  v e r u r s a c h t e  H y p e r g l y k A m i e  wi rd  
d u t c h  V i n c a m i n  v e r h i n d e r t ,  d e r  B l u t z u c k e r a n s t i e g  j e d o c h  
b l e i b t  n a c h  A d r e n a l i n  unbee in f luss t .  

Yolic Acid Degradation 
by the Peroxidase from Cicer ar ie t inum 

I n  c o n t r a s t  to  m o s t  o t h e r  m e m b e r s  of t h e  v i t a m i n  B- 

complex ,  folic acid c o n t e n t  of seeds  h a s  been  f o u n d  to  
decrease  d u r i n g  g e r m i n a t i o n  1,2 

I n v e s t i g a t i o n s  on  Cicer arietinum, des igned  to  exp lore  
t he  m e c h a n i s m s  b y  w h i c h  folic ac id  m a y  be  i n a c t i v a t e d  in  
seeds, h a v e  d e m o n s t r a t e d  t h e  p resence  of a pe rox idase  
w h i c h  c o n v e r t s  folic acid to  2 - a m i n o - 4 - h y d r o x y - 6 - f o r m y l -  
p t e r i d i n e  a n d  p - a m i n o - b e n z o y l - g l u t a m i c  acid.  

Methods. Seeds of C. arietinum were  sown on  s ter i le  
c o t t o n  soaked  in  w a t e r  a n d  were  a l lowed to  g e r m i n a t e  in  
t h e  d a r k  for  96 h.  

Enzyme extracts. 15 g of seedl ing  were e x t r a c t e d  w i t h  
100 ml  of 0.1 M p h o s p h a t e  bu f f e r  p H  5.5. A f t e r  1 h t h e  
e x t r a c t  was  cen t r i fuged  for  10 ra in  a t  10,000 × g  a n d  t h e  
s u p e r n a t a n t  t h u s  o b t a i n e d  was  employed .  

Heated extract. 20% c r u d e  e x t r a c t  p r e p a r e d  f rom seeds  
g e r m i n a t e d  for 96 h was  h e a t e d  a t  90°C for  20 rain,  t h e  
c o a g u l a t e d  p ro t e in s  were  r e m o v e d  b y  c e n t r i f u g a t i o n  a n d  
t h e  s u p e r n a t a n t  was  t h e  source  of  a c t i v e  e x t r a c t .  

Enzyme assay. A c t i v i t y  was  m e a s u r e d  b y  e s t i m a t i n g  t h e  
d i azo t i s ab l e  . a m i n e  . l iberated f r o m  folic ac id  b y  t h e  
:BRATTON a n d  MARSHALL t e s t  a as  desc r ibed  p r e v i o u s l y  4. 

Results. Crude  e n z y m e  e x t r a c t s  p r e p a r e d  f r o m  C. arie- 
t inum h a v e  b e e n  f o u n d  ac t i ve ly  t o  l i be r a t e  t h e  a r o m a t i c  
a m i n e  f rom folic acid.  T h e  a c t i v i t y  d e v e l o p e d  p rogres -  
s ively  d u r i n g  g e r m i n a t i o n .  I n  96 h of g e r m i n a t i b n  in  t h e  
dark ,  t he  seedl ing  e x t r a c t s  could  b r e a k  d o w n  50% of t h e  
a d d e d  folic ac id  (300 ~g) in  60 rain.  D r y  seeds were  in-  
ac t ive .  

A t t e m p t s  to  s t u d y  t h e  co fac to r  r e q u i r e m e n t s  showed  
t h a t  e x t e n s i v e  dia lys is  a g a i n s t  w a t e r  was  n o t  a d e q u a t e  to  
r e m o v e  t h e  cofactors .  R e s o r t  to  ve r s ene  dialysis,  fol lowed 
b y  r e m o v a l  of v e r s e n e  b y  f u r t h e r  d ia lys is  a g a i n s t  wa te r ,  
p r o v e d  effect ive.  S u c h  p r e p a r a t i o n s  cou ld  be  a c t i v a t e d  b y  
t h e  a d d i t i o n  of h e a t e d  e x t r a c t .  These  o b s e r v a t i o n s  
i nd ica t e  t h a t  m e t a l  ions m a y  be r equ i r ed  for  t h e  o p t i m u m  
a c t i v i t y  of t h e  e n z y m e  sys tem.  I n  p resence  of h e a t e d  
ex t r ac t ,  a c t i v i t y  cou ld  be  o b s e r v e d  on ly  in p resence  of air .  
T h e  s y s t e m  was  i n a c t i v e  u n d e r  a n a e r o b i c  cond i t ions .  
H e a t e d  e x t r a c t s  p r e p a r e d  as desc r ibed  in  t h e  sec t ion  o n  
m e t h o d s  cou ld  b e  i n a c t i v a t e d  b y  f u r t h e r  h e a t i n g  a n d  
r e a c t i v a t e d  b y  t h e  a d d i t i o n  of HaO v As p r e v i o u s  ob-  
s e r v a t i o n s  h a v e  d e m o n s t r a t e d  t h a t  folic ac id  m a y  b e  in-  
a c t i v a t e d  b y  t h e  pe rox ida t i c  a c t i o n  of  m e t h e m o g l o b i n  5, 
e x p e r i m e n t s  were ca r r ied  o u t  to  d e t e r m i n e  if  a s imi l a r  
m e c h a n i s m  was  i n v o l v e d  in t h e  p r e s e n t  sys tern .  T h e  
r e su l t s  s h o w e d  t h a t  in  p resence  of  e n z y m e  e x t r a c t s  con-  
r a i n i n g  100 tLg of p ro t e in ,  fotic acid cou ld  be  d e g r a d e d  on ly  
if  t h e  i n a c t i v a t e d  h e a t e d  e x t r a c t  was  en r i ched  w i t h  H~O~. 
T h e  s y s t e m  was  n o t  ac t ive  in absence  of air .  I n  p re sence  of 
h i g h e r  c o n c e n t r a t i o n s  of e n z y m e  (700 ~g), folic ac id  
d e g r a d a t i o n  could  be  d e m o n s t r a t e d  w i t h  H~O~ a lone  w i t h -  
o u t  t h e  a d d i t i o n  of t h e  h e a t e d  e x t r a c t  I t  was  also ob-  
s e r v e d  t h a t  s y s t e m s  in  w h i c h  t h e  h e a t e d  e x t r a c t  cou ld  be  
d i spensed  wi th ,  were  ac t ive  b o t h  u n d e r  aerobic  a n d  an -  
ae rob ic  cond i t ions .  I n  p resence  of oxygen ,  t h e  e x t e n t  of 
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Fig. 1. Effect of varying concentrations of H20 ~ on folic acid de- 
gradation by enzyme extract. 

Reaction mixture consisted of FA 300/~g, PO9-. BuHer 0.025 M. 
pH 5.5, V. W. E. (700 Fg protein) and varying amounts of H~Oa. 
Total volume --~ 3.0 ml. Incubation *time --~ 60 min. Temp. ~ 37°C. 
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Fig. 2. Identification of earbony] derivative as 2-amino-4-hydroxy- 
6-formyl pteridine. 

Curve I. Acetic acid eluate containing enzymic degradation pro- 
ducts of folic acid. Curve II. 2-amino-4-hydroxy-6-formyl pteridine 

in acetic acid. 
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folic acid cleaved far exceeded the concentration of added 
H~O~ on molar basis. Under anaerobic conditions, the 
folic acid degraded was related to the amount  of H~O~ 
added in the ratio of 1 : 1 within the range of 1 to 5 ~g of 
H20 ~ (Fig. 1). These observations suggest that,  in absence 
of air, the cleavage of folic acid is purely due to the act ivi ty  
of the peroxidase. Addition of small quantit ies of catalase 
completely inhibited the system, indicating tha t  H,O~ 
per se is essential for the enzyme system degrading folic 
acid. 

A study of the products of reaction formed from folic 
acid by the peroxidase from C. arietinum showed tha t  
liberation of the aromatic amine was accompanied by a 
simultaneous increase in the carbonyl derivative. This was 
extracted by methods described previously ~ and identified 
as 2-amino-4-hydroxy-6-formyl-pteridine by the charac- 
teristic absorption spectrum (Fig. 2). The aromatic amine 
was identified asp-aminobenzoylglutamic acid by the ether 
extract ion procedure described by STOKSTAD et al. ~. I t  is 
thus clear tha t  the peroxidase of C. arietinum brings about  
a cleavage of folic acid at  C~-N~0 linkage. 

Discussion. I t  is welt known tha t  peroxidases can 
function also as oxidases ~,s and in many instances the 
requirements for trace amounts of H~O~ in the oxidase 
reaction have been clearly demonstrated. The results 
described here strongly suggest tha t  tolic acid is oxidised 
under aerobic conditions in presence of small quantit ies 
of H~O~ in a manner so as to generate more H~O2. Such 
a mechanism could account for the greater degradation of 
folic acid observed under aerobic conditions than expected 
on stoichiometric basis from the quant i ty  of H~O~ added. 
Since the oxidase reaction cannot  operate in absence of 
air, the  breakdown of folic acid is then dependent on 
added H~O~. As o n l y  the peroxidase is effective under 
anaerobiosis, the ratio of folic acid degraded to H~O~ added 
is 1, as experimentally found. A possible reason for the 
lack of ac t iv i ty  under anaerobic conditions when heated 
extracts were employed, could be tha t  small quantit ies of 
added H~Oz were removed from the field of action by 
other peroxidase substrates present in the heated extract.  
Such an interference would be absent in the system con- 
taining only dialysed enzyme but  no heated extract. 
Although the dialysed enzyme extracts  are impure in so 
far as they  contain adhering co/actors, i t  is clear from the 
results of the anaerobic experiments t ha t  they do not  
contain competing substrates for the peroxidase. Thus 
even I ~g of H20 a could degrade an equivalent  quant i ty  of 
folic acid. 

The results reported are of interest  in relation to the 
decrease in total  folic acid content  found to occur during 
the growth of seedlings of C. arietinum ~. 

Since these seeds contain low catalase activity, i t  is 
conceivable tha t  the peroxidatic breakdown operates in 
vivo and may play a role in the destruction of total  folic 
acid observed during the germination of these and many 
other seeds. 

D. S. GHANEKAR and B. M. BRAGANCA 

Enzyme ChemistryDepartment, Indian Cancer Research 
Centre, Bombay (India), June 17, 7960. 

Rdsumd 

La peroxidase des plantules de Cicer arietinum catalyse 
la t ransformation de l 'acide folique dans 2-amino-4- 
hydroxy-6-formyl-pteridine et  l 'acide p-amino-benzoyl- 
glutamique. C'est peut-~tre le m6canisme responsable de 
la diminution de l 'acide fotique observ~e pendant  la 
germination. 

Wirkung von A4-Cholesten-3 ,6-dion auf die Aus-  
l i isung und Entwicklung von Tu mo r e n  

Aus zahlreichen tierexperimentellen Untersuchungen 
ist die Bedeutung yon Steroidhormonen flit die Ausl6sung 
and F6rderung des Tumorwachstums unter best immten 
]3edingungen erwiesen 1. Die Angaben fiber die Wirkung 
des Cholesterins und einiger Derivate  sind nach bisherigen 
Versuchsergebnissen nicht tibereinstimmend2-L Beson- 
deres Interesse ha t  das Auftreten ungeslittigter Steroide 
mit  UV-Absorption im Stoffwechsel Krebskranker erregtL 
Bei dem yon FIESER fiir Cancerogenese-Versuche synthe- 
tisierten, aber in seiner Wirkung umstri t tenen A4-Chole - 
sten-3,6-dion (Cholesten-dion) handelt  es sich um ein 
stark elektronenaktives ungesitttigtes Sterin mit  ausge- 
pr~gter UV-Absorption. Die zusiitzliche Sauerstoff- 
Funktion in 6-Stellung ist zudem in bemerkenswerter 
Parallele bei speziellen Stoffwechsel-Reaktionen von Ste- 
roidhormonen zu linden. 

Bei experimentetlen, fiber viele Jahre an einer grossen 
Zahl von M~usen durchgeffihrten Untersuchungen yon 
HIEGER 8, 2,3 sind nach subkutaner Injektion von Choleste- 
rin lokal sarkomat6se Geschwtilste aufgetreten, deren Fre- 
quenz bei verschiedenen Versuchen bemerkenswerte 
Schwankungen zwischen 0 und 14% aufweist. HIEGER 
n immt  an, dass diese unterschiedlichen Ergebnisse yon 
individuellen Besonderheiten der Reaktionsf~higkeit der 
Tiere abh~ngig sind. Er  ver t r i t t  jedoch die Meinung, dass 
dem Cholesterin eine schwache cancerogene Wirkung zu- 
kommt,  wenngleich bisher nicht endgtiltig gekl~.rt ist, ob 
das Cholesterin selbst oder endogen entstehende Oxyda- 
tionsprodukte wirksam sind. BISCHOFF 6,6 hat  nach sub- 
kutaner  Verabreichung versehiedener von FIESER et al. 4 
synthetisierter Oxydationsprodukte des Cholesterins bei 
einem bestimmten M~usestamm (Marsh-Buffalo) in einem 
hohen Prozentsatz die Entwicklung lokaler sarkomat6ser 
Geschwtilste beobachtet,  zum Beispiel nach Applikation 
yon Cholesten-dion bei 33 Marsh-Buffalo-M~usen in 34% 
Fibrosarkome. Diese Ergebnisse sind yon HIEGER bei der 
0berpri ifung an einem anderen M~usestamm nicht be- 
sti~tigt worden a. 

In eigenen Versuchen mit  Cholesten-dion bei weissen 
M~usen des Inzuchts tammes ~ Riems,~, einem Unte rs tamm 
des ~ Agnes-Bluhm ~)- Stammes, sowie bei schwarzen M~usen 
des C57-black-Stammes ist nicht allein die lokale Wirkung 
nach subkutaner Injektion der Substanz in SesamS1, son- 
dern die allgemeine Reaktion der Versuchstiere dutch die 
histologische Untersuchung vieler Organe geprtift worden. 
Da auf Grund der Erfahrungen yon HIEGER nut  mit  einer 
schwachen cancerogenen Wirkung zu rechnen war, ist 
2 Gruppen yon M~usen zus~tzlich Cortisonazetat in An- 
lehnung an Versuch e von SCHNITZER 9 verabreicht  worden. 
Pro Versuchsgruppe sind 30 M~use verwendet  worden, 
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