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SUMMARY 

Ribottavin and the enolate form of barbituric acid form a complex at pH 7.80 
as demonstrated by the appearance of two new absorption bands at 4oo and 49o nm. 
The association constant for the complex determined from a Benesi-Hildebrand 
analysis of absorbances at 49 ° n m  is 3o M -1. The K evaluated from fluorescence 
quenching at various barbiturate: riboflavin ratios is 33 M-1. The complexing of 
the barbiturate and riboflavin is accompanied by an inhibition of the photo-oxidation 
of sarcosine to fornlaldehyde. Under the same conditions, the barbiturate enhances 
the rate of photo-oxidation of NADH. The 5,5-disubstituted barbiturates do not 
give a new absorption band with riboflavin and do not inhibit the photo-oxidation 
of sarcosine, indicating that an enolate configuration of the fi-diketone system is 
involved in conlplexing with riboflavin. 

Previous studies in our laboratory had demonstrated that sarcosiue is photo- 
oxidized in the presence of catalytic amounts of riboflavin, FMN, or FAD1: 

H ~  § H ~ § 
H 3 C - N - C H / - C O O H  + Oz + HzO -~ H3C-NH + H C H O  + CO2 + H202 

It has been found subsequently that sodium barbiturate inlfibits the reaction and 
forms a complex with riboflavin. 

In the experiments described below, the difference absorption spectra were 
determined in I-cm cells with a Cary 17 spectrophotometer and the fluorescence 
measurements were made with a Hitachi spectrophotofluorimeter. The photo-oxida- 
tion of sarcosine with riboflavin was carried out in quartz cuvettes placed I I  cm from 
a long-wave ultraviolet lamp (Model X 3o, Ultra-Violet Products, Inc.). Formaldehyde 
was determined by the chromotropie acid procedure "~. All reagents were of the highest 
quality available commercially. The amytal was a generous gift of Dr. Otto K. Behrens 
of the Lilly Research Laboratories. 

The difference spectra of mixtures of sodium barbiturate and riboflavin, 
nteasured against riboflavin as the reference, are presented in Fig. I. Two new 
absorption bands were observed at 4oo and 49 ° rim. However, only tlte absorption 
at 49 ° nnl could be analyzed by the BENEsI--HILDEBRANI) plot a. It should be noted 
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t ha t  sodium ba rb i t u r a t e  itself has no absorpt ion  at  this  wavelength.  Under  the same 
condit ions,  no new absorp t ion  was observed with  the  5 ,5-disubs t i tu ted  der ivat ives ,  
ba rb i t a l  and  amyta l .  
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Fig. I. Difference spectra of riboflavin plus sodium barbiturate versus riboflavin. The concentra- 
tions of the reactants ill O.075 M potassium phosphate, pH 7.80, were: riboflavin, 1.5' Io -~ M, 
and barbiturate, (a) C?; (b) 3.75.io -2M; (c) 5.o2.1o 2M; (d) 7.5-1o --0 M. 

The associat ion cons tant  for the  complex,  de te rmined  b y  the d a t a  shown in 
Fig. 2, was found to be 3 ° M -1. The equi l ibr ium cons tant  was also eva lua ted  by  
measur ing  the degree of fluorescence quenching at  various concentra t ions  of ba rb i t -  
u ra te  4 (Fig. 3). The value of K ob ta ined  by  this me thod  was 33 M-1. 

Complexing of the  ba rb i t u r a t e  and  r iboflavin is accompanied  b y  an inhibi t ion 
of the  pho to-ox ida t ion  of sarcosine to formaldehyde ,  as demons t ra t ed  b y  the d a t a  
in Fig. 4. Ba rb i t a l  and  a m y t a l  do not  inhibi t .  I t  m a y  be added  t ha t  under  the  condi- 
t ions of our react ions,  barb i tu r ic  acid enhances the ra te  of ox ida t ion  of N A D H  5 
as first observed b y  GIUDITTA AND VITALE--NEUGEBAUER 6. 

In  the  same molar  ra t ios  of flavin to  ba rb i t u r a t e  used for the  analyses  descr ibed 
in Figs. i and  2, new absorp t ion  bands  were also de tec ted  wi th  r iboflavin and  
5 ,5-d imethyl - I ,3 -cyc lohexanedione  ( "d imedon")  (49o nm), resorcinol  (49 o nm), 
ace ty lace tone  (488 nm), and  phenol  (488 nm).  These results,  together  with the  inab i l i ty  
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Fig .  2. T h e  BENESI-HILDEBRAND p l o t  a f o r  t h e  c o m p l e x  of  r i b o f l a v i n  a n d  b a r b i t u r a t e .  T h e  c o n c e n -  
t r a t i o n  of  r i b o f l a v i n  [ R f  I w a s  1 .2 .  ~o ¢ M a n d  t h a t  of  t h e  b a r b i t u r a t e  EBAJ w a s  v a r i e d  f r o m  
1 .85 .  i o  2 t o  7 . 5 '  i o  2 M. A p p r o p r i a t e  a m o u n t s  of  s o d i u m  a c e t a t e  w e r e  a d d e d  t o  t h e  r e t e r e n c c  
s o l u t i o n  t o  c o m p e n s a t e  f o r  t h e  b a r b i t u r a t e .  

F i g .  3. Q u e n c h i n g  of  f l u o r e s c e n c e  of r i b o f l a v i n  b y  b a r b i t u r a t e .  T h e  c o n c e n t r a t i o n  of r i b o f l a v i n  w a s  
5 . O - l O  -6 M a n d  t h a t  of  t h e  b a r b i t u r a t e  EBA] w a s  v a r i e d  f r o m  o . 5 '  l o  2 t o  4 - 5 '  i o  2M. lo/I is t h e  
r a t i o  of f l u o r e s c e n c e  i n t e n s i t i e s  b e f o r e  a n d  a f t e r  a d d i t i o n  of q u e n c h e r .  S o d i u m  a c e t a t e  w a s  a d d e d  
t o  t h e  r e f e r e n c e  s o l u t i o n  in  a m o u n t s  e q u i v a l e n t  t o  t h e  b a r b i t u r a t e .  
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F ig .  4. E f f e c t  of b a r b i t u r a t e ,  b a r b i t a l ,  a n d  a m y t a l  o n  t h e  p h o t o - o x i d a t i o n  of s a r c o s i n e  w i t h  r i b o -  
f l av in .  T h e  c o n c e n t r a t i o n s  of  r e a c t a n t s ,  a l l  in  o . o 7 5  M p o t a s s i u m  p h o s p h a t e ,  p H  7 .80 ,  w e r e  ( Q )  
r i b o f l a v i n ,  i . o .  i o  -~ M a n d  s a r c o s i n e ,  2 .o .  i o  -a  M ; ( • ) s a m e ,  p l u s  b a r b i t u r a t e  ; ( + )  b a r b i t a l  ; ( V )  
A m y t a l ;  ( © )  s o d i u m  a c e t a t e ,  e a c h  i . o .  IO -a  M. 
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of t he  5 ,5-dia lkyl  b a r b i t u r a t e s  to  react ,  i nd ica t e  t h a t  an  eno la te  conf igura t ion  ot 

t h e / 5 - d i k e t o n e  s y s t e m  is p r o b a b l y  i n v o l v e d  in c o m p l e x i n g  wi th  r ibof lavin .  

R i b o f l a v i n  and  i ts  d e r i v a t i v e s  can  c o m p l e x  w i t h  a v a r i e t y  of N-he te rocyc l i c  

compounds ,  i nc lud ing  indoles  a n d  pur ines  4,~-1°. Ea r l i e r  s tudies  in our  l abo ra to ry  

had  d e m o n s t r a t e d  also t h a t  aden ine  d e r i v a t i v e s  inh ib i t  t he  p h o t o - o x i d a t i o n  of sar-  

cosine b y  r ibof lav ink  The  r eac t i on  of b a r b i t u r a t e  r e p o r t e d  in this  pape r  p rov ides  

an  add i t i ona l  e x a m p l e  of the  d i v e r s i t y  of he te rocyc l i c  c o m p o u n d s  capab le  of com-  

p lex ing  w i t h  flavins.  
This  work  was s u p p o r t e d  in p a r t  b y  a G r a n t  f rom t h e  U.S.  Pub l i c  H e a l t h  

Serv ice  (AM-oo969-I6) .  
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p a r a l l e l  t o  t h e  o v e r a l l  B B A  s c h e m e  : fo r  t h e  BmENERCETICS s e c t i o n  t h e  c o r r e s p o n d e n c e  is i n d i c a t e d  
in t h e  T a b l e  b e l o w .  T h i s  i s sue  is t h e r e f o r e  m O C m M m A  ET mOPHYSlCA ACTa, Vol. 256/2 or  B B A  
aIOEN~RGETlCS B I 6 / 2 .  
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