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This invention relates toa new and improved diagnostic ‘ 
composition and is particularly concerned with $1‘ diag 
nostic test which is useful for the qualitative detection 
and quantitative determination of glucose in biological 
?uids, such as urine, and wherein the reagent composition 
is incorporated’ upon a bibulous carrier. 

Therdetection of glucose in urine as well as the determi 
nation of its concentration therein is of great importance 
for diabetic patients who must control their diets so as 
to regulate their sugar intake and who must frequently be 
'guided in this regard by a regular check on urine glucose. 
But beyond its usefulnesspin regular urine’ testing on 
'known diabetics by both patients and physicians, this glu 
cose indicator may also be used ef?ciently inroutine urin 
alyses in hospitals and physicians’ of?ces, in diabetes de 
tection screening programs, in the dilferentiation of glu 
cosuria from other meliturias, and the like.v _ ' 

Because early diagnosis and continued control are so 
important in diabetes, a urine-sugar test, to be of greatest 
value, must be conveniently rapid, simple enough for any 
patient to learn with ease, accurate enough to servev the 
clinician, and sensitive enough to re?ect variations in the 
patient’s condition. 7 i 

must be adequately stable. - 
Procedures for the detection of sugar in urine are. well 

known in clinical chemistry. “One such procedure ‘utilizes 
Benedict’s copper reduction ‘test, another ,employs'a self 
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i The degree‘of blue color formation is- mediately but 
accurately indicative of the" glucose content-of~ the ?uid 
being tested. . _ I 

The principle underlying the "function of th'ejiodid'eand 
molybdate salts as well‘as their co‘acti'on or ‘interaction is 
not yet fully understood. However, it appears that, ana-' 
lytically, it is their‘role to serve as electron-transfer agents. 
We have found that'due to‘their collective presence-with 
one intensifying the effect of the other-the reaction'pro 
ceeds at "a'faste'r rate and lesser ‘concentrations of hydro 

‘ gen‘peroxide and, ‘accordingly, glucose may be deter 
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mined. These salts may therefore be referred to as'ac 
celerators and promoters which hasten and enhance the 
oxidation of the indicator substance by hydrogen peroxide. 
The incorporation and use in this new glucose diag-. 

nostic' of potassium iodide and sodium molybdate, 'both 
of which are commercially available, represents a sub 
stantial and signi?cant advance in the artpertaining to 
glucose diagnostics." Glucose indicators in “stick” form 
present-ly'ron the market depend for the detection of hy 
drogen peroxide on the action of enzymes,-s_uch asper 
oxidases. The ‘glucose indicator of the present invention, 
on the contrary, makes use of a non~enzymatic agent 
whichlpermits a more accurately controllable and more 
de?nite composition. A very sensitive test for hydrogen 

‘ peroxide and,faccordingly, glucose is'thus made possible. 
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Moreover, the reagent composition , 

heating alkaline copper reduction test in tablctfdrmiUzS. » ~ 
Patent No. 2,387,244), still another involves 'a‘test which 
depends solely on the action of enzymes (U.S.>application 
Ser. No. 514,395, ?led June 9, 1955, by Alfredhlfl. Free ' 
and assigned to the assigneeof the‘ present invention); 
These'and other procedures have greatly contributed to 
the art of diagnosing for urine glucose. ' v 
We have now found a novel and highly. useful glucose 

detecting means which represents an important improve 
ment and a freshapproaeh to the problem of determining 
glucose in various materials including body ?uids, such 
as urine, by a technique that utilizes a diagnostic composi 
tion which rivals even the latest and most commonly used 
glucose tests. , . . 

Speci?cally, we have now‘ found that a unique combina 
tion of a glucose oxidase'system for determining glucose 
with a novel indicator system using an iodide-molybdate 
accelerator for detecting hydrogen peroxide offers a su 
perior means for testing biological ?uids for their glucose 
content. ' p 

A diagnostic composition according to the present'im 
vention comprises as essential constituents glucose oxi 
dase, an iodide salt, such as potassium iodide, a molybdate 
salt, such as sodium molybdate, and a color-forming sub 
stance or indicator, such as 2,7-diaminofluorene. 
The glucose oxidase (glucose aerodehydrogenase), as is 

well known, catalyzes the aerobic oxidation of glucose to 
produce gluconic acid (gluconolactone) and hydrogen 
peroxide. The iodide and molybdate salts, in’ turn, are 
capable of inducing the oxidation of indicators by hydro 
gen peroxide formed in the oxidation of glucose. The 
latter reaction may be represented by the following sche 
matic equation: - a . 

K1’ 
HiOg+diaminotluorene (eolorless)-‘--——> 

NazMo O l 

Oxidized diar'nino?uorene (blue color) 
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In place of: the potassium iodide and sodium molybdate 
it isalso possible, and therefore contemplated, to employ 
other equivalent iodideland molybdatelsalts. For ex 
ample, other iodides, such as sodium and ammonium 
iodides and other molybdates, such as potassium 'andvam 
moniumvmolybdates may also be used. In lieu of the 
i2,7-diamino?uorene, o-tolidine, o-dianisidine, leucoindo 
phenols, etc. would be satisfactory indicators. 
From the detailed examples below it is evident that 

such additives are incorporated in the reagent composi 
tion as suitable protective, thickening, wetting, suspending 
agents and the like as well as inert dyes to impart thereto 
a uniformrcolor background. 

' Furthermore, it'i's important to include an appropriate 
7 ‘ buffer system to maintain a'desired pH range in the 
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presence of urine. Although the pH range may vary be 
tween 4 to 7 .5, an especially preferred pH is 6.7. . _ 

Although the test device ‘itself may comprise the re 
agent composition in the form of ‘a'tablet, powder or 
other embodiment, we prefer to a?ix the reagent composi 
tion on bibulous base materials or carriers, such as strips 
or sticks of ?lter paper, by dissolving the components in 
a suitable solvent,"impregnating the bibulous strips with 
‘the resulting" solution, and drying the impregnated test 
strips. Embodyin‘g the diagnostic composition in 'the 
form of test sticks insures ease and simplicity. of test pro 
cedure. ‘ ' _‘ 

The invention will now be illustrated in greater detail, 
but not limited, by the following examples: 

EXAMPLE I 

Formulation of the impregnating solution 
Polyvinyl'alcohol (PVA) _______________ __gm__ 1 
95% ethanol ' ml 15 
Glycine gm 3 
KI gm_.. 1 
Na2MoO4.2H2O gm 0.5 
Gelatin, gm 0.4 
FD & C Red #3 cm 0.015 
Glucose oxidase___e___; _______ _~_ _____ __gm__ 0.5 
,2,7-diamino?uorene.2HCl ______ _..‘_____>__._gm__ V0.3 

‘ I Phosphate buffer-pH 6.5 __________ _._____ml__ 20 

Water ____ml_'_ . 50 

Total ml 85 
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Preparation of impregnating solution 
(1) 1 gm. of PVA is dissolved in 10 ml. of water by 

heating.- To this- is added 15. ml. of 95% ethanol and 
10 ml. of- a gelatin-dye solution prepared by dissolv 
ing 4 gm. of gelatin and‘ 0.15‘ gm. of FD & C Red #3 in 
100 ml. of boiling water. 

(2) 3‘ gm. of glycine and 1 gm. of KI are dissolved 
in’ 10 ml. ofyboiling water and added to solution No. v1 
and cooled. . _ . 

(3) 0.5 gm. of glucose oxidase (16,000 units per 
gram). are dissolved in.10 ml. of water and added to 
solution No. 2. - 

(4) 0.3 gm. of 2,7-diamino?uorene dihydrochloride 
are‘ dissolved in 5 ml. of Water and added to solution 
No. 3. 

(5) 20 m1. of phosphate butter of pH'6.5 (prepared 
by dissolving 43.55 gm. of‘ dibasic potassium phosphate 
(K2HPO4) and 39.0 gm. of’ monoba‘sic sodium phos 
phate (NaH2PO;.H2O) in water and‘ bringing. to a vol 
ume of 500 ml.) are added to solution No. 4 with con 
stant stirring. 

(6) Finally, 0.5 gm.~of Na2MoO4.2H2O are vdissolved 
in 5 ml. of 'water and added slowly to solution No. 5 
with constant stirring. The impregnating, solution or 
mix is now ready for use. 

Preparation of reag'ent'stripsv 
Bibulous strips, such as ?lter paper‘ cut‘ into narrow 

strips, are dipped into the impregnating solution so that 
through the process of‘ submersion and capillary attrac-' 
tion about one-half inch of the strip at one end is com 
pletely impregnated. These stripsrare then dried in a. 
drying tunnel or in aforc‘ed draft oven. The test por 
tion of these strips is of a red color. It will be under’ 
stood that other porous or absorbing‘ materials, 'such as 
small sticks of wood, etc. and other methods of apply 
ing the impregnating solution and of drying the impreg 
nated sticks may likewise be employed. . 

EXAMPLE II 

Formulation of the‘ impregnating solution! 

I No. 5. 
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solving 4 gm. of gelatin and 0.15 gm. of PD & C Red 
#3 in 100 ml. of boiling Water) are added to solution 

(7) 0.5 gm. of Na2MoO4.2H2O are dissolved in 5 ml. 
of water and added to solution No. 6. The impregnat~ ' 
ing solution or mix is now ready ,for use. _ 

Test strips are then prepared in accordance with the 
procedure recited in Example I. 

EXAMPLE 
Formulation of the impregnating solution 

' Algin ..'_ gnL- o.-s 
KI ' _.._gm__ 1 

Na2MoO4.2H2O ______________________ __gm__ 0.5 
Glycine ________ _'__ ___________________ __gm__ 3 

Gelatin ' __'_gm__ 0.4 

FD & C Red #3 ______________________ __gm__. 0.015 
Glucose oxidase _________________ _.. ____ __gm__ 7 0.5 

Cellex-p (DAF treated) ________________ __gm__ 4 
Water _ _____ ml ' 80 

Preparation of the impregnating solution 

(1) 0.5 gm. of algin are dissolved in 30 ml. of water. 25 

30 
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Algin gm...v 0.3 ' 

Polyvinyl alcohol (PVA) ______________ __gm__. 1. 
Glycine __gm__ 3 
KI _gm_._ 1 
Buffer ml 110 
Glucose oxidase - _ am 0.5 

2,7-diamino?uorene.2HCl ______________ __gm__ 0.3 
95% ethanol __________________________ __ml__ 15 
Gelatin __ gm 0.4 ' 

FD & C Red #3 ________________ _.. ____ __gm__ 0.015 

Na2MoO4.2H2O __________________ __-___Y_gm__ 0.5 
Water . ___ml__ 65 

Total volume ___________________ __ml__ 100 

Preparation of the impregnatingsolutio'n 

( 1) 0.3 gm. of algin are dissolved in 20 ml. of water. 
(2) 1 gm. of PVA is dissolved in 10 ml. of water by 

heating and added to solution No- 1. 
(3) 3 gm. of glycine and 1 gm. of KI are dissolved in 

10 ml. of boiling water. 10 ml. of butter (prepared by 
dissolving 436 gm. of dibasic potassium phosphate 
(K2HPO4) in 1000 ml. of water and adding thereto 290v 
ml. of 2.5 M phosphoric acid) are added-to the glycine 
KI solution which is then added to solution No. 2., 

(4) 0.5 gm. of glucose oxidase (16,000 u./grn.) are 
dissolved in 5 ml. ‘of Water and added to solution No. 3. 

(5) 0.3 gm. of ‘2,7-diamino?uorene dihydrochloride 
are dissolved in 5 ml. of water and 15 ml. of 95%‘ 
ethanol. This is added ‘to solution No. 4 with constant 
stirring‘. " 

(6) -10 ml. of gelatin-dye solution (prepared by dis 
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‘(2) 1 gm. of KI, 3 gm. of glycine and 0.5 gm. of 
Na2MoO4.2H2O are dissolved in 20 ml. of hot water. 
10 ml. of 4% gelatin-dye solution is added to this solu 
tion. The gelatin-dye solution is prepared as described 
in Example I. v 

(3) Solution. No. 2 is now added to solution No.’ 1 
to give solution No. 3. ' i 

(4) 0.5 gm. of glucose oxidase (16,000 units per 
gram) is dissolved in 10 ml. of water and added to 
solution No. 3. Y 

(5) Finally, there is added to theimpregnating mix~ 
ture v4 gm. of Cellex-p, treated with 2,7-diamino?uorene 
in accordance with the following procedure: 
Two grams of 2,7-diamino?uorene dihydrochloride 

are dissolved in 100 ml. of water. Twenty grams of 
cation exchange cellulose (Cellex-p, Bio-Rad Labora 
tories), are mixed with this solution and left standing 
for 30 minutes. The mix is vperiodically agitated during 
this time. The cellulose is ?ltered through a Biichner 
tunnel .and washed four times by resuspending‘ .it in 
100 ml. portions of water. The cellulose is then dried 
before use. 
The use in this embodiment of cation exchange cellu 

lose has a two-fold purpose: it maintains the indicator 
in suspension so as to prevent it from precipitating, and 
it serves as a buffer for the reagent composition. These 
functions in the embodiments of Examples I and II 
are performed, respectively, by polyvinyl alcohol and 
the buffer system. 

Procedure of testing 
In use, an impregnated strip, made as described in the 

above examples, is dipped into the liquid specimen to be 
tested. When contacted with urine containing glucose, 
a test strip will give a positive reaction in about 5 to 30 
seconds evidenced by various shades of blue color as. 
follows: > I 

With urine containing ‘1% or 2% glucose an intense 
deep blue color develops, while with urine containing: 
as little as 0.1% or even less of glucose, the red color 
of the impregnated strip changes to a distinctly light blue 
color. With urine‘s containing from 0.1 to 1% of glu 
cose the blue colors which develop are of intermediate 
intensities: the urine having the higher glycose content 
produces the deeper color. When dipped in urine ‘con— 
taining no glucose, the strips undergo no color change. 
A simple color chart based on this phenomenon may be 
conveniently prepared for use in testing for urine glucose. 

In addition to the compositions described in the above 
examples illustrating optimum contents variations in 
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amounts of components are permissible as shown by the 
following chart: ' . 

Glucose oxidase ________________ __ 4000-16000 units. 
Potassium iodide ___________ __-_____ 0.25-1.5 gm. 

, Sodium molybdate ______ __' ______ __ 0.1-1.5 gm. 

2,7-diamino?uorene.2HC1 _________ _. 0.2-1.0 gm. 
Buffer--- ____________________ -_-_‘. 0.1—0.3 molar 

' (pH 4.0-7.5); 
Polyvinyl alcohol _______________ .._ 0-3 gm. 
Algin ____ -; 0-0.5 gm. 
Glycine :0-12 gm. 
Gelatin‘ ____._ ..... 0-1.0 gm. 

FD & C Red #3 _______________ .._ 0-.015 gm. 

The impregnated solutions prepared in accordance with 
any of the above examples as well as test strips impreg 
nated with any of these solutions were found to be very 
stable. However, it is recommended that the strips be 
stored in brown bottles containing desiccant packs. 

In summary, this invention pertains to a diagnostic test 
for the detection of glucose in body ?uids, especially in 

, urine, consisting of a bibulous strip or stick that has been 
impregnated with a composition comprising glucose ox1-_ 
dase, potassium iodide, sodium molybdate and 2,7-diami 
no?uorene which is oxidizable by hydrogen peroxide 
formed in the glucose oxidase-catalyzed decomposition of 
glucose in the presence of said iodide and molybdate salts. 
What is claimed is: ' _ 
1. A diagnostic composition for detecting glucose which 

comprises glucoseoxidase, an iodide salt selected from 
the group consisting of potassium iodide, sodium iodide, 
and ammonium iodide, a molybdate salt for intensifying 
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the action of the iodide and selected from the group con- ' 
sisting of sodium molybdate, potassium molybdate, and 
ammonium molybdate and a color-forming substance ox 
idizable by hydrogen peroxide in the presence of said 
iodide and molybdate salts. 

2. A diagnostic composition for detecting glucose which 
comprises glucose oxidase, an iodide salt selected from 
the group consisting of potassium iodide, sodium iodide, 

35 

lected from the group consisting of 2,7-diamino?uorene, 
o-tolidine, and dianisidine. 

3. A diagnostic composition for detecting glucose which 
comprises glucose oxidase, potassium iodide, sodium 
molybdate and 2,7-diamino?uorene. - ‘ 

4. A diagnostic composition for detecting glucose which 
comprises: > 

Parts 
Glucose oxidase ___ 5 
Potassium iodide ____________________________ __ ‘ 10 

Sodium molybdate __________________________ __ 5 
v 2,7-diamino?uorene dihydrochloride ____________ __ 3 

Potassium phosphate (dibasic) _______________ __ 33.8 
Phosphoric acid 5.5 
Algin ____ __ 0-3 

Glycine 30 
Gelatin 4 
Polyvinyl alcohol 10 
'FD & C Red #3 0.15 

5. A test ‘indicator for detecting glucose which com 
prises a bi-bulous material which contains therein the dried 
residue resulting from deposition on said material, fol 
lowed by drying, of a liquid comprising glucose oxidase, 
potassium iodide,‘ sodium molybdate and 2,7-diamino~' 
?uorene. ‘ ' ' 

'6. A test indicator for detecting glucose which com-v 
prises a bibulous strip of paper which contains therein the 
diagnostic composition of claim 4. ' 

References Cited in the ?le of this patent 

UNITED STATES PATENTS 
2,848,308 'Free _______________ __ Aug. 19, 1958 
2,881,213 Idol et a1. ..__._;. ________ __ Apr. 7, 1959 

FOREIGN PATENTS 
203,451 Australia ___________ __ Sept. 27, 1956 40 

6 
and ammonium iodide, a molybdate salt for intensifyingv 
the action of the iodide and selected from the group con-' 
sisting of sodium molybdate, potassium molybdate, and ‘ 
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