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T h e  D e t e r m i n a t i o n  of Oro t i c  Ac id  in the  Blood'  S e r u m  by  M e a n s  of the  S p e c t r o p h o t o m e t r i c  M e t h o d  

Bes ides  po l a rog raph i c  d e t e c t i o n  1, t he  e n z y m a t i c  spec- 
t r o p h o t o m e t r i c  m e t h o d  is used  ~, w h i c h  needs  a v e r y  
pa r t i c f i l a r  p r e p a r a t i o n  of r e a g e n t s  u s e d  for  t h e  t r a n s -  
f o r m a t i o n  of o ro t ic  acid to  u r idy l ic  acid.  Oro t ic  ac id  c a n  
b e  f u r t h e r  i so la ted  f rom o t h e r  c o m p o u n d s  b y  p a p e r  chro-  
m a t o g r a p h y  ~, ac t ive  coal  4, i o n - e x c h a n g e r  Dowex  1-X105, 
a n d  can  also be  e s t ab l i shed  on  t h e  basis  of i t s  s t r o n g  
a b s o r p t i o n  of UV-l igh t .  BANCHI a n d  LOMUTO" desc r ibed  
severa l  unspeci f ic  r eac t i ons  for t h e  d e t e c t i o n  of t he  p u r e  
subs t ance .  Bes ides  t h e  r eac t i on  w i t h  ferric chlor ide,  wh ich  
is r a t h e r  insens i t ive ,  t h e y  p e r f o r m  t h e  e s t i m a t i o n  of 
o x i d a t i o n  p r o d u c t s  of oro t ic  acid.  

I n  1961 T s u j I  ~ p u b l i s h e d  a new  m e t h o d  w h i c h  is ba sed  
o n  t h e  b r o m i n a t i o n  of oro t ic  acid,  r e m o v a l  of t h e  a b u n -  
d a n t  b r o m i d e  b y  s o d i u m  th iog lyco la te ,  a n d  co lour  reac-  
t i on  w i t h  p - d i m e t h y l a m i n o b e n z a l d e h y d e .  T h e  co loured  
p r o d u c t  w h i c h  a p p e a r e d  was  s h a k e n  i n to  n - b u t y l  ace ta t e .  

ADACHI e t  al. 8 used  t h e  desc r ibed  p r o c e d u r e  in  t h e i r  
own  mod i f i c a t i on  for t h e  d e t e c t i o n  of oro t ic  acid in  
m u l t i v i t a m i n  p r e p a r a t i o n s .  T h e y  also d e t e c t e d  t h e  o p t i m a l  
cond i t ions  for t h e  d e t e r m i n a t i o n .  I n s t e a d  of s o d i u m  th io-  
glycolate ,  L-ascorbic  acid was used for t h e  d e b r o m i n a t i o n  
a n d  thus ,  t h e  u n f a v o u r a b l e  in f luence  of d i f fe ren t  concen-  
t r a t i o n s  of t h e  r e d u c t i o n  a g e n t  o n  a b s o r b a n c e  a n d  
s e n s i t i v i t y  of t h e  desc r ibed  m e t h o d  was  e l imina t ed .  

Th i s  s h o r t  s u r v e y  shows  t h a t  t he  desc r ibed  p rocedure s  
for  t h e  e s t a b l i s h m e n t  of oro t ic  ac id  a re  v e r y  p r e t e n t i o u s  
in  r ega rd s  to  t i m e  a n d  ma te r i a l ,  a n d  are  also unspec i f ic  
a n d  l i t t l e  sensi t ive .  T h a t  is w h y  we t r i ed  to  use ADACHI'S 
m e t h o d  s w i t h  our  own  mod i f i ca t i on  for  t h e  d e t e r m i n a t i o n  
of oro t ic  acid in  t h e  b lood  serum.  

3lethods. R e a g e n t s :  (1) 0 . 4 M  buf fe red  so lu t ion  of 
s o d i u m  c i t r a t e  w i t h  hyd roch lo r i c  acid - p H  2.5. (2) Sa tu -  
r a t e d  so lu t ion  of b r o m i n e  in water .  (3) 5% so lu t ion  of 
L-ascorbic acid in t h e  dis t i l led wate r .  (4) 2 .5% so lu t ion  
of p - d i m e t h y l a m i n o b e n z a l d e h y d e  p.a.  in n -p ropano l .  
(5) D e p r o t e i n a t i n g  a g e n t :  1.65 g u r a n y l  a c c t a t e  p.a.  
(UO2(OCOCH3) , - 2 H , O )  is d isso lved  in  100 ml  of d is t i l led  
wa te r .  (6) n - b u t y l  a c e t a t e  p.a,  (7) T h e  s t a n d a r d  so lu t ion  
of oro t ic  acid - 2 r a g % .  

T h e  s t a n d a r d  p r o c e d u r e :  3.0 ml  of d is t i l led  w a t e r  a re  
a d d e d  i n to  cen t r i fuge  t u b e s  w i t h  1.0 m l  of t h e  b lood  se rum 
or 1.0 ml  of t h e  s t a n d a r d  solut ion.  Fo r  t h e  b lank . t e s t .  4. 0 ml  
of d is t i l led  w a t e r  are  p u t  in to  a t e s t  t ube .  1.0 m l  of a so lu t i on  
of  u r a n y l  a c e t a t e  is g iven  in d rops  to all  t e s t  t ubes  d u r i n g  
t h e  f inal  shakir/g.  Af te r  10 ra in  t he  c o a g u l a t e d  p ro t e in s  
are  r e m o v e d  b y  cen t r i fuga t ion .  T h e n  to  2.5 ml  of super -  
n a t a n t ,  2.0 m l  of 0 . 4 M  buf fe r  a n d  0.5 m l  of s a t u r a t e d  
b r o m i n e  w a t e r  a re  added ,  fol lowed b y  1.0 ml  of a so lu t ion  
of ascorb ic  ac id  a f t e r  60 sec. T h e  pe r iod  of 60 sec is n o t  
cr i t ica l ,  as s imi la r  resu l t s  e v e n  a f t e r  a n  i n t e r v a l  of 20 sec 
u p  to  5 m i n  a re  ob t a ined .  Af t e r  s u b s e q u e n t  shak ing ,  t h e  
t e s t  t u b e s  a re  lef t  for  5 m i n  in  w a t e r  b a t h  of 40 °C. A f t e r  
t h e  d e b r o m i n a t i o n  2.0 m l  of p - d i m e t h y l a m i n o b e n z a l d e -  
h y d e  so lu t ion  are  p i p e t t e d  a n d  t h e  co lour ing  deve lops  for  
10 m i n  in a w a t e r  b a t h  of 40 °C. Af t e r  cooling, 4.0 ml  of 
b u t y l  a c e t a t e  are  a d d e d  for  t h e  e x t r a c t i o n  of t he  5-(p-di- 
m e t h y l a m i n o b e n z y l i d e n e ) - b a r b i t u r i c  acid formed.  Meas- 
u r ing  is p e r f o r m e d  w i t h  a w a v e - l e n g t h  of 458 n m  b y  
s p e c t r o p h o t o m e t e r  U n i c a m  S P  800. I f  t h e  l ayer  of b u t y l  
a c e t a t e  is t u rb id ,  c e n t r i f u g a t i o n  for 2 -3  ra in  is adv i s ed  
w i t h  s u b s e q u e n t  m e a s u r i n g  of t h e  c lear  so lu t ion .  T h e  
r e su l t i ng  co lour  is s t a b l e  for  severa l  hours .  

Ca lcu la t ion :  

E of t he  s ample  
E of t he  s t a n d a r d  x 20 = /~g of oro t ic  acid in  1.0 ml  of 

serum.  

E of  t h e  s a m p l e  
x 2 = m g %  of o ro t ic  acid in  t h e  

E of  t h e  s t a n d a r d  b lood  se rum.  E r r o r  i n  t h e  
m e t h o d ,  a f t e r  a carefu l  p e r f o r m a n c e  of t h e  anMysis ,  does  
n o t  exceed  ~ 3 .0% w h e n  10.0 t~g of oro t ic  ac id  in  t h e  
s a m p l e  is e s t ab l i shed .  

Results and discussion. Specia l  a t t e n t i o n  m u s t  b e  
d e v o t e d  to  t h e  buf fe red  so lu t ion  t h e  p H  v a l u e  of w h i c h  
m u s t  be  exac t l y  2.5. A t  t h i s  va lue ,  t h e  s e n s i t i v i t y  of t h e  
m e t h o d  is a t  i ts  m a x i m u m .  ADACHI e t  al. ~ m a d e  t h e  p H  
of t he  s a m p l e  2-3 a t  t h e  b e g i n n i n g  of t h e  p r o c e d u r e  a n d  
t h e n  a d d e d  0.2 M ci t r ic  a c i d - p o t a s s i u m  c i t r a t e  b u f f e r  ( pH  
2.5). To avo id  t ed ious  m a n i p u l a t i o n s  a n d  e v e n t u a l  mis-  
t akes  d u r i n g  t h e  f i rs t  a d j u s t m e n t  of t h e  p H  of t h e  r e a c t i n g  
m i x t u r e ,  we t r i ed  to  use  t h e  desc r ibed  buf fe r  a t  a h i g h e r  
mo la r i t y .  Howeve r ,  we o b s e r v e d  t h a t  t h e  s ens i t i v i t y  of 
t h e  m e t h o d  was  t h e r e b y  decreased,  Af t e r  m a n y  tes ts ,  t h e  
0 . 4 M  buf fe red  so lu t ion  of sod ium c i t r a t e - h y d r o c h l o r i c  
acid a t  p H  2.5 was f o u n d  to  be  t h e  m o s t  su i table .  

As t h e  r e su l t i ng  co lour  is d e p e n d e n t  on  t h e  p H  va lues  
of t h e  mix tu re ,  t h e  g r ea t e s t  p r o b l e m  was  t he  dep ro t e ina -  
t ion.  Af te r  unsuccess fu l  e x p e r i m e n t s  w i t h  t r i ch loroace t ic ,  
perchlor ic ,  m e t a p h o s p h o r i c  acids,  p rocedures  a f t e r  FOLIN- 
WIJ or  SOMOGY, t h e  m o s t  su i t ab l e  c o m p o u n d  was  found  
to  be u r a n y l  ace ta t e .  The  essen t i a l  a d v a n t a g e  of th i s  k ind  
of d e p r o t e i n a t i o n  is t h a t  t h e  p H  v a l u e  of t h e  r e a c t i o n  

Table I. Comparison of values of extinctions in the determination of 
sodium orotate using uranyl acetate 

/~g of sodium Extinction 
orotate 

with without 
UO2(OCOCH~) ~ UO2(OCOCH3)2 

2.5, 0.08 0.075 0.08 0.07 
5.0 0.16 0.17 0.16 0.16 

10.0 0.31 0.32 0.32 0.315 
20.0 0.62 0.635 0.62 0.64 

Table II. Determination of various amounts of sodium orotate added 
to the blood serum. Values expressed in/~g 

Added ammmt of 
sodium orotate 
to the serum 

Determined Recovery % 

2;5 2.6 ( 2.5- 2.64) 104 
5.0 4.8 ( 4.75- 4.9) 96 

10.0 10.0 (9.85-10.15) 100 
20.0 19.5 (19.4 -19.7) 97.5 
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2 F. M. ROSENBLOOM and J. E. SE~GmLLER, J. Lab. clin. Ned. 63, 
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4 G. BA~cm and E. LOMtJTO, Farmaeo, Ed. prafica ld, 175 (1959). 
s H. J.  FALLEN, E. FREI, J. BLOCK and J. E. SEEGMILLER, J. olin. 
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6 G. BANCm and E. Lo•uTo, Farmaco, Ed. pratica 15, 606 (1960). 
7 K. TsuJL J. pharm. Soe. Japan 81, 1655 (1961). 
s T. ADACm, A. TANZatURA and M. ASAHll'~A, J. Vitam. 9, 217 (1963). 



mixture is not generally influenced and therefore the 
preliminary adjustation of the sample need not be per- 
formed. 

The question of whether or not  uranyl acetate influences 
the course of the reaction, was answered by the determina- 
tion of various amounts of orotic acid (Na salt) in the 
presence or absence of uranyl acetate. Table I shows tha t  
uranyl acetate does not  influence the course of the reac- 
tion. 

The dependence of the extinction on the amount  is 
linear only up to the 20 ltg concentration of orotic acid 
(Figure). If  we suppose tha t  the amount  of orotic acid 
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Dependence of extinct/on on the amount of the determined orotie 
acid. 

will be higher, we can use less supernatant  after the de- 
proteination, or even dilute the serum to a certain degree 
with water. Table I I  presents a good agreement between 
the doses of orotic acid (Na salt) added to the blood serum 
and the observed values. 

The method described is also very successful for the 
following of orotic acid in the blood serum and in some 
organs of rats, which was proved in several of our model 
experiments. 

The usefulness of this method was proved also in 
heal thy persons as well as in patients with higher levels 
of bilirubin, biliary acids, lipidic substances, uric acid 
etc. No falsely increased values were observed in any cases. 

In experiments performed in vi t ro  it  was found out tha t  
other substances, namely 4-aminoantipyrine, antipyrine, 
amidopyrine, indoI derivates, ~-naphtyl-amine as well as 
barbituric acid, thiobarbituric acid and t ryptophan react 
under the same experimental  conditions. 

Zusammen]assung. Das Prinzip des Orotsiiurenach- 
weises beruht auf der Deproteination des Serums mittels 
Uranylessigester und der Verwandlung der OrotsAure 
dutch Bromation in 5, 5-Dibrombarbiturs~iure und nach- 
folgende Debromation in Barbitursiiure. Letztere ergibt 
mit  p-Dimethylaminobenzaldehyd ein intensiv gef~rbtes 
Produkt,  5- (p-dimethylaminobenzyliden)-Barbiturs/iure. 

A. STAJNER, J. SOvA 
and F. MuslL 

Department o/Pharmacology, Medical Faculty 
Charles University, Plzen (Czechoslovakia), 
lO July 1967. 

A m y l a s e  and P o l y p h e n o l  Ox idase  P r o d u c t i o n  by G e r m i n a t i n g  Conidia  of C o l l e t o t r i c h u m f a l c a t u m  Went  

In  an earlier publication SI~rGH x has reported the 
secretion and location of sucrase during germination of 
conidia of Colletotrichum [alcatum Went, the red rot  
organism of sugarcane. The present investigations deal 
with the production of amylase and polyphenol oxidase 
by the germinating conidia of a light type highly sporing 
virulent isolate and a dark type sparsely sporing less 
virulent one. The presence of amylase is presumed in 
view of the utilization of starch by different isolates of 
C. falcatum during germination (SINGH2). However, the 
existence of polyphenol oxidase is presumed on the basis 
of the reddening of canes infected with the red rot fungus 
and which is apparently comparable to the reddening or 
darkening of several mushrooms (Agarics and Polypores, 
etc.), apples, potatoes and other iron- or copper-containing 
plant  parts on injury. This sort of reddening is known to 
be due to the oxidation of mono- and O-di-hydric phenols. 

Actively growing (12-16 days old), single-conidium 
cultures of 2 C. ]alcatum isolates (Nos. 3 78 and 244, the 
dark and the light type, respectively) were used in the 
present investigations. Amylase: Secretion of amylase by 
germinating conidia has been detected both quali tat ively 
and quant i ta t ively by the following 2 methods (BERN- 
FELD 4) : (1) Change of the Iodine-staining properties of the 
substrate. (2) Increase in the reducing power of soluble 
starch. Both these methods are characteristic for the 
action of ~-amylases. However, the second method can 
only be used for the assay of fl-amylase. 

(1) Change of iodine-staining property of the substrate: 
Qualitative detection of amylase was achieved by ger- 
minating conidia, in suspension drops, on oat-meal agar 
pIates containing 1.0% soluble starch (B.D.H.) at 27 °C 5. 
After 18 h 6, the plates were flooded with 0.5% iodine 
solution. A central unstained area became evident in the 
deep violet agar plates in both the isolates. The unstained 
area marked a zone of amylase act ivi ty as a result of the 
germination of the conidia and utilization of starch in the 
medium. This area was slightly bigger in the light type 
isolate (Figure I I, 2) than in the dark type one (Figure 
I 3, 4), thereby indicating greater enzyme act ivi ty  of the 
former. 

(2) Increase in the reducing power of soluble starch: 
This method of assaying the amylase act ivi ty  is based on 
the increase in the reducing power of soluble starch, and 
is applicable to both ~- and/?-amylases. The act ivi ty  was 
measured through an enzyme extraction, obtained by 
crushing to fineness 0.2 g of germinated conidia of each 

1 p. SISCH, Phytopath. Z. 5d, 79 (1965). 
2 p. SINGH, Indian Phytopath. 19, 30 (1966). 
3 Indian Type Culture Collections, I.A.R.I., New Dclhi, India. 
4 p. BERNFELD, in Metkods in l£nzymology (Eds S. P. COLOWICK 

and N. O. KAPLAN Academic Press Inc., New York 1955), vol. 1, 
p. 149. 

s Optimum temperature and incubation period (Sxucna). 


