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[57] ABSTRACT 
A process for quantitively determining uric acid in 
blood with uricase characterized by making microbe 
originated uricase act on uric acid in blood in the 
presence of a catalase inhibitor and a buffer effective 
to maintain the pH at 5.5 to 7.0 and measuring the 
quantity of the generated hydrogen peroxide under a 
condition of a pH of 4.0 to 7.0 in the presence of an 
anionic surface active agent, a chromogen developing 
a color with hydrogen peroxide and a substance hav 
ing a function of separating free oxygen from hydro 
gen peroxide and catalysing the oxidation of the chro 
mogen. ' 

14 Claims, N0 Drawings 



3,862,885 
1 

DETERMINATION OF URIC ACID IN BLOOD 
WITH URICASE 

This invention relates to a process for the quantita 
tive determination of uric acid in blood by using uri 
case. This invention comprises making uricase act on 
uric acid at a pH range of 5.5 to 7.0 so the blood may 
be converted into allantoin and at the same time, gen 
erate hydrogen peroxide thus bringing free oxygen de 
composed from hydrogen peroxide catalyzed by the 
peroxidase into contact with a chromogen whereby a 
color is developed. 
The method of enzymatic determination of a sub 

stance in which the substance is converted into an in 
termediate substance by reacting the substance with an 
enzyme and then the quantity of the intermediate sub 
stance is measured by using another enzyme is already 
known. For example, in the process for the quantitative 
determination of glucose in blood with glucose oxidase, 
glucose oxidase is used for the oxidation of glucose as 
an auxiliary enzyme and hydrogen‘ peroxide produced 
by the oxidation of glucose is quantitatively determined 
by its color development by the oxidation of a chromo 
gen using oxygen liberated by the acid of peroxidase. 
A process for the enzymatic determination of uric acid 
in blood using animal-originated uricase is already 
known in Japanese Patent Publication No. 4440/1966 
and U.S. Patent Spec. No. 3,349,006. This process is a 
method of the quantitative determination of hydrogen 
peroxide generated by making animal uricase act on 
uric acid under a condition of a pH of 8.5 to 10. How 
ever, at this pH range, the generated hydrogen perox 
ide is so unstable and particularly in blood, is so readily 
in?uenced by catalase or reducing substance in the 
blood serum that it is impossible to make a high preci 
sion measurement of uric acid in the blood. 
The present inventors developed an accurate, quick 

and easy process for the quantitative determination of 
uric acid in blood by applying the principle of such en 
zymatic analyzing process. Thus, the present invention 
is as to a process which is characterized by the meas 
urement of hydrogen peroxide generated by making 
uricase act on uric acid in blood under a condition of 
a pH of 5.5 to 7.0, and particularly perferable to make 
microbe-produced uricase act on uric acid under a con 
dition of a pH of 5.7 to 6.5. Usually, in a pH range of 
below 5.5, the uricase action on uric acid will remark 
ably decrease. On the other hand in a pH range of 
above 7.0, a bad in?uence of reducing substance such 
as catalase and vitamin C etc. in blood are observed. In 
the practical use of the present invention, it is prefera 
ble to use microbe uricase, particularly preferable 
yeast-originated uricase, because the optimum pH of 
the microbe uricase reaction shifts to the relatively‘ 
acidic side as compared with the animal-originated uri 
case, therefore the decomposition of hydrogen perox 
ide by catalase in blood or autodegradation of hydro 
gen peroxide seems to be surpressed and hydrogen per 
oxide can be quantitatively caught by the hydrogen 
peroxide detecting system. Further explanation of the 
present invention is as follows. 
Microbe-produced uricase obtained from yeast is 

such that its reaction pH is deviated to the acidic side 
about 1 more than that of animal originated uricase. 
Additionally it has sufficient activity even at a pH of 5 
or 6 at which animal-originated uricase does not act 
and under this condition. Therefore the quantitative 
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2 
determination of uric acid in blood which was not pos 
sible by a known enzymatic process is now made possi 
ble. Surprisingly, a signi?cant improvement in accu 
racy was observed by the process of the'present inven 
tion compared to that of known process, particularly in 
the following point; when uricase is made to act on uric 
acid near the pH of 8.0 to 9.0 hydrogen peroxide pro 
duced thereby will be so quickly decomposed by the 
catalase present in the blood serum, or so readily au 
todegradated by hydroxy. ions and will be so likely to be 
in?uenced by reducing substance (such as vitamin C. 
glutathion, cysteine and SH protein) in the blood serum 
that the quantitatively determined value of uric acid is 
lower than its true value and, thus, it will not be able 
to be utilized pratically. 
The above mentioned defects have been all elimi 

nated by the process of the present invention. As shown 
in the table, when compared with the value measured 
by a standard quantitative determination method of 
uric acid (uricametric UV method) wherein the de 
crease of the absorption of 293 mu or uric acid is mea 
sured by using uricase, a measured value of uric acid by 
using a hydrogen peroxide generating system‘ under the 
pH range used in the conventional process even if a cat 
alase inhibiting agent (for example, sodium azide) is 
used to prevent the decomposition of hydrogen perox 
ide, there is a greater loss of hydrogen peroxide than 
the value obtained by using the hydrogen peroxide 'gen 
erating system of the present invention. 

Comparison of the‘ process of the present invention and another known 
process wherein the value obtained by uricametric UV method was set 

as I00 %. 

Fresh blood serum 
(within 24 hours 
after the blood , 

was taken) ‘7r 

Preserved blood 
serum (in 3 weeks 
after the blood was 
taken) % 

Uricametric UV 
process (293 mp. 
absorption mea 
surement) 

100 I00 

Known process 
(Hydrogen per 
oxide generating 
system at a pH of 
8.2 to 9.2) 

90 55 

Process of the 
present invention 
(Hydrogen per 
oxide generating 
system at a pH 
of 6.0) 

l03 97 

Particularly with fresh blood serum, in the system of 
known process (shown by Japanese Patent Publication 
No. 4440/1966 or U.S. Pat. No. 3,349,006), the mea 
sured value was 55 % compared with the value, 100 %, 
obtained by the uricametric UV process, and it evi 
dently shows us how large the loss of hydrogen perox 
ide is and also shows that the practical use of the known 
process is thought to be impossible, whereas. in the 
process of the present invention, the measured value is 
97 % and the practical use of the process is possible. In 
fresh blood serum, the effects of reducing substance 
such as vitamin C, glutathion, cystein and SH protein, 
and catalase which consume hydrogen peroxide are 
strong, whereas, in preserved blood serum, its in?uence 
is little. 
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The present inventors have clari?ed how important 
the effect of pH regulation is for eliminating these in?u 
ences. 

It is absolutely necessary to know the true value of 
uric acid in blood. By the process of the present inven 
tion, which is useful, quick and easy for the quantitative 
measurement of uric acid in blood with uricase in a 
clinical diagnosis, it becomes possible to practice a di 
agnostic testing method. As the buffer to be used to 
keep the pH under a speci?c condition for making uri 
case act on uric acid in blood in the process of the pres 
ent invention, any buffer which works at a pH range of 
5.5 to 7.0 can be used. Generally, a phosphate buffer. 
citrate buffer and acetate buffer are used in the present 
invention. 

In the process of the present invention, the generated 
hydrogen peroxide can be measured by any method. 
Howover, usually it is measured by developing a color 
of a chromogen with hydrogen peroxide in the pres 
ence of a substance, for example peroxidase, which cat 
'alyzed the reaction of chromogen with free oxygen pro 
duced by decomposition of hydrogen peroxide and 
then colorimetrically determining it. For the above 
mentioned chromogen, one can list o-tolidine, 2,7 
diamino?uorene, dimethyl-p-phenylenediamine, dieth 
yl-p-phenylenediamine, o-dianisidine and o 
aminophenol. It is preferable to develop a color by con 
tacting hydrogen peroxide with said chromogen in a 
buffer solution ofa pH of 4 to 7, most preferably a pH 
of 4 to 5.5. 

In quantitatively determining uric acid in blood by 
the process of the present invention, as a hydrogen per 
oxide decomposing enzyme, catalase, is contained in 
the blood, it is preferable to add a catalase inhibitor in 
order to prevent the decomposition of the produced 
hydrogen peroxide. As such catalase inhibitor, for ex 
ample, sodium azide, potassium cyanide and sodium 
cyanide can be enumerated. Sodium azide among them 
is particularly preferable. However, in case such cata 
lase inhibitor as sodium azide is present, when a color 
is developed in a chromogen with hydrogen peroxide at 
a pH of 4 to 7 and colorimetrically determined, the fad 
ing of the developed chromogen color will be so re 
markable that it will be difficult to judge the color de 
velopment and substantially no color will be developed 
in the chromogen at a pH of about 7 or higher. In order 
to prevent such fading, in the process of the present in 
vention, it is preferable to carry out the detection of hy 
drogen peroxide with chromogen in the presence of an 
anionic surface active agent. When an anionic surface 
active agent is added, the color development of said 
chromogen will become stable, no fading will occur for 
more than 10 minutes after the color development and 
it will be possible to accurately measure uric acid. The 
kind of such anionic surface active agent is not particu 
larly limited and any kind of anionic surface active 
agent can be used. However, it is particularly prefera 
ble to use salts of higher alcohol, sulfates, alkylben 
zenesulfonates, alkylnaphthalenesulfonates, alkyl phos 
phates and dialkyl sulfosuccinates. In case the chromo 
gen is made to develop a color in a solution, it will be 
preferable to make the concentration of said added ani 
onic'surface active agent more than 0.001 %. In case 
the anionic surface active agent is added to a chromo 
gen-containing reagent solution for preparing testing 
paper for detecting hydrogen peroxide, it will be pref 
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4 
erable to add it so that is concentration may be more 
than 0.01 %. 

Further, in case an anionic surface active agent is 
added to a chromogen as mentioned above, the chro 
mogen oxidated by the produced hydrogen peroxide 
will become insoluble, cohere and precipitate. In order 
to prevent such cohesion and precipitation. it is prefer 
able to add such dispersing agent as a polyethylene gly 
col. polyvinyl alcohol or polyvinyl pyrrolidone. Such 
dispersing agent has an effect as of a color increasing 
agent simultaneously with an effect as of a pigment dis 
persing agent. 

In case hydrogen peroxide testing paper is to be used 
to detect produced hydrogen peroxide in the process of 
the present invention (see Example 3). the chromogen 
color can be made easy to judge with the naked eye by 
adding some pigment such as erythrosin or auramine, 
etc. so that the tone may be varied. 
The process of the present invention can be worked 

in the presence of not only ethylenediaminetetracetate 
as a stabilizer for uricase but also any other suitable sta 
bilizers. 
The process of the present invention can be applied 

to blood in general and is particularly useful to the 
quantitative determination of uric acid in blood serum. 
However, in the case of measuring uric acid in blood 
serum containing a high concentration of vitamin C, in 
order to eliminate the in?uence on the measured value 
of uric acid, it is desirable to add a proper amount of 
copper ions, for example, a small amount of copper sul 
fate into the blood srum in the process of the present 
invention. No bad in?uence of the coexistence of cop 
per ions on the process of the present invention has 
been recognized. 
The process of the present invention practically com 

prises making a hydrogen peroxide generating system 
containing uricase, a catalase inhibitor and a buffer ef 
fective to maintain the pH at 5.5 to 7.0, act on uric 
acid, and then detecting the hydrogen peroxide gener 
ated with a hydrogen peroxide detecting system con 
taining a chromogen, a substance having a function of 
catalyzing the oxidation of the chromogen and an ani 
onic surface active agent. However, the generation and 
detection of hydrogen peroxide can be carried out si 
multaneously in one system in the present invention. 
The present invention shall be explained more partic 

ularly with the following examples in which one unit of 
the uricase activity is defined to be the quantity of the 
enzyme to catalyze uric acid so as to be converted to 
allantoin at a rate of one micromol per minute at a tem 
perature of 25°C. and one unit of the peroxidase activ 
ity is defined to be the quantity of the enzyme having 
a capacity of forming 1 mg. of purpurogallin per 20 sec 
onds at a pH of 6.0 at 20°C. 

EXAMPLE 1 

The following formulation was mixed to obtain a hy 
drogen peroxide generating system composition: 

lM-sodium phosphate buffer solution 
(pH 6.0) 1 ml. 

SOmM-sodium azide 1 ml. 
Uricase (yeast-originated) 

(l unit/ml.) l ml. 

This composition with the addition of 0.2 ml. of 
blood serum containing 10.5 mg./dl. of uric acid was 
made to react at the room temperature for 5 minutes. 
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After the completion of the reaction, the following for 
mulation was added thereto as a hydrogen peroxide de 
tecting system: 

Peroxidase (l unit/ml.) l 
O-dianisidine (l mg./ml.) 0. 

They were made to react at the room temperature for 
5 minutes. The reaction system was colorimetrically 
quantitatively determined with a standard uric acid 
sample solution (of 10.0 mg./dl. of uric acid) having re 
acted to develop a color under the same condition and 
obtained a favorable result in which the quantity of uric 
acid in blood was 10.2 mg./dl. 

EXAMPLE 2 

Filter paper was impregnated with a solution pre 
pared to be of a total amount of 100 ml by adding 

Peroxidase ( 190 purpurogallin 
units/mg.) 0. 

O-tolidine hydrochloride 0 
Citric anhydride 1. 
Sodium citrate 6 
Polyvinyl pyrrolidone 2. 
Sodium laurylbenzene sulfonate 0. 
Erythrosine 0 
Alcohol 30 

to distilled water and was dried at the room tempera 
ture to prepare hydrogen peroxide testing paper. When 
the thus obtained hydrogen peroxide testing paper was 
dipped in a solution containing hydrogen peroxide in a 
concentration range of 2 to 40 ppm., with the increase 
of the concentration of hydrogen peroxide, a clear 
color was developed in a range of blue through purple 
from reddish purple. This color did not change for 
more than 10 minutes and was stable. 
Then 0.1 ml. of lM-phosphate buffer solution (pH 

6.0, 0.1 ml. of 0.05M-sodium azide and 0.1 ml. of uri~ 
case solution (10 units/ml.) was added to 0.2 ml. of 
blood serum of each of different concentrations of uric 
acid, and left at room temperature for 5 minutes and 
was tested with the above mentioned hydrogen perox 
ide testing paper. As a result, there were developed 
reddish purple at a concentration or uric acid of 2 to 
5 mg./dl., purple near 10 mg./dl. and clear blue at 15 
to 20 mg./dl. These colors did not fade or change for 
more than 10 minutes. A quantitative determination of 
high precision was made possible by the use of a stan 
dard testing paper color chart. On the other hand, 
when the tests were made under the same conditions as 
are mentioned above except using a lM-borate buffer 
solution (pH 8.5) instead of the lM-phosphate buffer 
solution (pH 6.0) in the above mentioned serum/uri 
case solution, reddish purple was shown at a uric acid 
concentration in a wide range of 2 to 15 mg./dl., the de 
veloped shade changed little with the uric acid concen~ 
tration and it was difficult to judge the concentration 
high in the precision. When uric acid in blood serum 
was measured in a borate buffer solution of a pH of 8.5 
by using testing paper prepared by impregnating ?lter 
paper with a solution of exactly the same composition 
as is mentioned above except containing no sodium 
laurylbenzenesulfonate in the preparation of the above 
mentioned hydrogen peroxide testing paper, the color 
development was so weak and the fading was so severe 
that it was impossible to judge the concentration of uric 
acid. 
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EXAMPLE 3 

lM-sodium citrate buffer solution 
(pH 5.8) 0.1 ml. 

Sodium azide (50 mM) 0.1 ml. 
Uricase (Yeast-originated) 0.05 ml. 
Ethylenediaminetetracetic acid 

(1 mM) 0.05 ml. 

were mixed together and this composition with the ad 
dition of 0.2 ml. of blood serum was made to react at 
the room temperature for 5 minutes. After the comple 
tion of the reaction, when the hydrogen peroxide pro 
duced in the reaction solution was tested with the hy 
drogen peroxide testing paper prepared in Example 2. 
said testing paper showed a clear reddish purple color 
development and, when it was compared with a stan 
dard testing paper color chart prepared with uric acid 
of a standard concentration, there was obtained a result 
that the content of uric acid was 7.0 mg./dl. This value 
well coincided with the value of7.3 mg./dl. obtained by 
measuring uric acid. in the same serum sample by an 
uricametric ultraviolet ray absorption method. _ 

EXAMPLE 4 

0.2 ml. of blood serum containing vitamin C of a high 
concentration with the addition of 0.1 ml. of 10‘3 M 
copper sulfate was left at the room temperature for 10 
minutes and was then made to react at the room for 10 
minutes with the addition of a mixed solution of the 
below mentioned composition: 

1 M-sodium phosphate buffer 
(pH 6.8) 0.1 ml. 

Sodium azide (100 mM) 0.05 ml. 
Uricase (yeast-originated) 

(12 units/ml.) 0.05 ml. 

After the completion of the reaction, when the pro 
duced hydrogen peroxide was tested with the hydrogen 
peroxide testing paper prepared in Example 2, there 
was obtained a result that the uric acid content was 12 
mg./dl. This well coincided with the value of 12.5 
mg./dl. measured by an ultraviolet ray absorption 
method. The bad influence by vitamin C had been evi 
dently removed. 
What is claimed is: 
1. A process for quantitatively determining uric acid 

in blood with a yeast originated uricase which com 
prises reacting the uricase with the uric acid in blood 
at a pH of 5.7-6.5 to generate hydrogen peroxide and 
measuring the generated hydrogen peroxide. 

2. The process as recited in claim 1 wherein a buffer 
which maintains a pH range of 57-65 is added to the 
blood. 

3. The process as recited in claim 2 wherein the buf 
fer is a phosphate buffer, a citrate buffer or an acetate 
buffer. 

41. The process as recited in claim 1 wherein the hy 
drogen peroxide is measured by contacting the hydro 
gen peroxide with a chromogen whereby a color is pro 
duced. 

5. The process as recited in claim 4 wherein the chro 
mogen is o-tolidine. 2,7-diaminofluorene. dimethyl-p 
phenylenediamine, diethyl-p-phenylenediamine, o 
dianididine, or o-aminophenol. 
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6. The process as recited in claim 4 wherein the hy- 11. The process as recited in claim 10 wherein the 
drogen peroxide is contacted with the chromogen in a dispersing agent is polyethylene glycol, polyvinyl alco 
buffer solution having a pl'l'of 4-.7. holy of polyvinyl pyrrolidone‘ 
' Tgespl'ocess as melted m clam‘ 6 wherein the PH 5 12. The process as recited in claim 1 wherein copper 
is - . . 

ions are added to the blood. 
13. The process as recited in claim 4 wherein the hy 

9. The process as recited in claim 8 wherein the cata- drogen peroxlde '5 contacted w'th the chromogen m 

lase inhibitor is sodium azide, potassium cyanide, or so- the Presence of a chmm‘fge" 'oxldafion catalyst-_ 
dium cyanide, l0 14. The process as recited in claim 13 wherein the 

10. The process as recited in claim 4 wherein a dis- catalyst iS peroxidase. 
persing agent is added to the chromogen. * * * * * 

8. The process as recited in claim 1 wherein a cata 
lase inhibitor is added to the blood. 
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