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ABSTRACT OF THE DISCLOSURE 
Improved method and device for the semi-quantitative 

determination of glucose in aqueous fluids such as urine 
comprising glucose oxidase, a water soluble iodide salt, 
and a substance having peroxidative activity. The com 
position is incorporated with a carrier member therefor 
and/or a semi-permeable membrane such as ethylcellu 
lose. A preferable embodiment of the present invention 
comprises the inclusion of a background coloring mate 
rial such as brilliant blue FCF in the test composition. 

BACKGROUND OF THE PRESENT INVENTION 
The detection of gucose in urine as well as the deter 

mination of its concentration therein is of great im 
portance for diabetic patients who must control their diets 
so as to regulate their sugar intake and who must fre 
quently be guided in this regard by a regular check on 
urine glucose. But beyond its usefulness in regular uring 
testing on known diabetics by both patients and physicians, 
this glucose indicator may also be used efficiently in 
routine urinalysis in hospitals and physicians' offices, in 
diabetes detection and screening programs, in the differ 
entiation of glucosuria from other meliturias, and the 
like. 

Because early diagnosis and continued control-are so 
important in diabetes, a urine sugar test, to be of the 
greatest value, must be conveniently rapid, simple, enough 
for any patient to use with ease, accurate enough to serve 
the clinician, and sensitive enough to reflect variations in 
the patient's condition. Morever, the test device must be 
sufficiently quantitative to accurately measure increments 
of glucose concentration and thus differentiate various 
medical conditions, ' . . . . " 

Procedures for the detection and estimation of sugar 
in urine are well known in clinical chemistry. One such 
procedure utilizes Benedict's copper reduction test, an 
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other employs a self heating alkaline copper reduction test . 
in table form, still another involves a test which de 
pends solely on the action of enzymes. This latter; enzy 
matic glucose test, comprises the presence of glucose oxi 
dase, a peroxidative material, and a chromogen which 55 
responds when the test composition is contacted with a . 
body fluid containing glucose. Such indicator materials are 
generally oxidation-reduction indicators, 
The enzymatic glucose test systems described herein 

above, have usually been incorporated with a carrier 
means therefor. Such carrier means usually comprise 
bibulous celluolse strips into or unto which the test com 
position is incorporated. It has been found, however, that 
such enzymatic glucose test devices are not sufficiently 
quantitative, that is, they are not capable of differentiating 
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small incremcnts of glucose in body fluids such as urine. 
Therefore, a primary object of the present invention is 

to provide an improved. semi-quantitative glucose test 
capable of differentiating small increments of glucose in 
body fluids such as urine. It is another object to provide 
an improved glucose test device having excellent stability 
characteristics. It is yet another object of the present in 
vention to provide a dip and read glucose test device hav 
ing controlled sample retention properties. 

SUMMARY OF THE INVENTION 
It has now been found that the above and other objects 

may be achieved by employing a glucose test formulation 
comprising glucose oxidase, a peroxidative active sub 
stance, and a water soluble iodide salt incorporated with 
a carrier member and/or coated with a semi-permeable 
membrane such as with ethyl cellulose, thus achieving a 
controlled pick up and retention of sample liquid when 
immersed therein. A preferable embodiment of the pres 
ent invention comprises incorporating a background color 
ing material such as a blue dye in the test composition so 
as to achieve an unusually broad color gradient response. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As noted hereinabove, it has now been found that the 
superior semi-quantitative glucose test can be achieved 
by the utilization of a water soluble iodide as a chromogen 
in an enzymatic glucose test system. However, the mere 
utilization of such an iodide is not sufficient to achieve 
the desired results. It has been found that if a test device 
comprising simply glucose oxidase, peroxidase, and an 
iodide salt is immersed into a urine sample containing 
glucose and immediately withdrawn the refrom, the reten 
tion of excess sample liquid on the test device prevents 
the atmospheric oxygen from reaching the test reaction 
with the result that the reaction is said to cycle. That is, it 
is believed that when oxygen is excluded from reaching 
the test reaction by a layer of liquid over the device, a 
portion of the free iodine acts as an oxidizing agent for 
the reduced glucose oxidase formed in the reaction. Thus, 
the iodide does not function as efficiently as an indicator 
material but participates in the glucose oxidase-glucose 
reaction. 

It has now been found that if a means is provided to 
prevent the retention of excess liquid sample on the test 
device, the iodide rather than participating in the glucose 
oxidase-glucose reaction, functions as an indicator matc 
rial, thus giving excellent semi-quantitative results. 
Thus, it has been found that if a semi-permeable mem 

brane is applied to the surface of an enzymatic glucose 
test device, or an enzymatic test composition incorporated 
with a semi-permeable membrane or film forming poly 
meric substance, the membrane acts as a means for pre 
venting excess liquid from adhering to the test device 
allowing atmospheric oxygen to reach the test reaction and 
consequently permitting the iodide to go to free iodine 
and functioning effectively as an indicator material, 
The iodide salts contemplated for use in the system of 

the present invention are those which readily ionize in an 
aqueous media to form the characteristic iodide ion. Ex 
emplary of the iodide salts which may be used as indica 
tor materials are potassium iodide, sodium iodide, and 
ammonium iodide. In addition to the requirement that 
the salt be ionizable, it should also be noted that the 
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cationic portion of the molecule must not interfere with 
the enzymatic catalysis of the glucose oxidation. Of the 
suitable iodide salt, economic considerations and avail 
ability suggest that potassium iodide is the preferable salt 
of the present invention. 
The principles underlying the basic reactions of enzyme 

tests for glucose are well known. Glucose oxidase cata 
lyzes the aerobic oxidation of gucose to produce gluconic 
acid and hydrogen peroxide. In this reaction hydrogen re 
moved from the glucose combines with atmospheric oxy 
gen to form the hydrogen peroxide. This reaction may bc 
represented by the following schematic equation: 

glucose oxidase 
Glucose - O --- gluconic acid -- O 

In addition to the use of the enzyme glucose oxidase, the 
system as noted above must include a material having 
peroxidative activity. Among the materials having this ac 
tivity, a preferable compound is horseradish peroxidase or 
potato peroxidase. However in addition to these naturally 
occurring peroxidase materials, other organic materials 
having similar activity may also be utilized. Exemplary of 
these other materials are normal whole blood, red blood 
cells alone, lyophilzcd whole blood, urohemin, metal 
oporphyrins and similar compounds. 
In order to produce a test having the desired stability, 

reactivity and sensitivity, the aforcmentioned ingredients 
when contacted with thc fluid being testcd should be 
buffered at a hydrogen ion concentration of about from 
pH 3.4 to 7.2 with a preferable range of about from pH 
5.0 to pH 6.0. Of the numerous buffers which may be 
utilized to maintain the pH of the ingredients in the de 
sired range, it has been found that a citric acid-sodium 
citrate buffer achieves the desired results with a minimum 
of interferences with the enzymatic reactions involved 
in the test system. Other means may however be used 
to maintain an isohydric pH condition such as phosphate, 
tartrate and glutamate buffer systems. 

In addition to the utilization of an iodide salt as a 
chromogen in the present test system, it is preferable 
that a second indicator substance be included in the test 
composition. In this regard, it has been found that the in 
clusion of a blue dyestuff in the test formulation results in 
a gradient response to the presence of various concentra 
tions of glucose which ranges from blue through various 
shades of green to brown as the concentration of glucose 
increases. Of such blue dyestuffs, it has also been found 
prefcrable to utilize a chromogen which goes from blue to 
colorless when being oxidized by the hydrogen peroxide 
produced in the test reaction system. In this regard dye 
stuffs such as indigo-carmine and brilliant blue FCF are 
ideally suitcd as chromogens. Other dyestuff materials 
which may be utilized in the present invention are aniline 
blue, cyanol blue, patent blue, xylene blue V and Comas 
sic brilliant blue. 

In addition to the above test composition constituents 
which actively participate in the test reaction, other ad 
juvants may be utilized. Such adjuvants include thickening 
agents which also function as enzyme stabilizers. In this 
regard it has been found that a preferable test composition 
includes the utiliaztion of such materials as polyvinylpyrs 
rolidone, sodium alginate, gelatin, bovine serum albumin, 
polyvinyl alcohol and an interpolymer of methyvinyl 
ether and malcic anhydride such as that described in 
U.S. Pat, No. 3,453,180 and known commercially as 
Grantrez AN. The preparation of a test composition come 
prising the active ingredients above noted and including 
Grantrez and PVP had been found to be exceptionally 
stable. In regard to the use of polyvinylpyrrolidone, it 
has been found that the use of this material results in 
the formation of a color complex with the free iodide 
which results in an improved indicator system. Such use is 
preferred in the prcsent composition. 
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4. 
As noted hereinabove, when utilizing an iodide Salt as 

an indicator material in an enzymatic glucose test, it has 
been found necessary to include in such composition a 
means for retarding or preventing the adherence of excess 
liquid sample to the test device. In this regard a semi 
permeable membrane such as ethylcellulose has been 
found to prevent such a water retention. Other cellulosic 
compounds and film forming substances which achieve 
the same effect may also be utilized. Such compounds in 
clude the cellulose ethers and esters as well as various 
other hydrophobic film forming polymeric materials. 
Ethylcellulose has been found especially advantageous 
for use in the present invention. 
As far as actual proportions of active ingredients is 

concerned, it has been found that a reasonably wide range 
of concentrations may be used. As a general guide, the 
following ranges of concentrations may be employed. 
These figures are based on the solution used to incorporate 
the test system constituents with the carrier member there 
for. 

Quantity per 100 ml. 
Ingredient: 58"St. 

Glucose oxidase -----------units. - 16,000-33,000 
Peroxidative active substance ------ mg-- 40-60 
Iodide salt ------------------------ -- 1-2 
Second chromogen (blue dyestuff) ---mg-- 1-20 
Film forming polymer -------------- g-- 0.5-1 

Based on an assay of 8000 Worthington Units (WU)/mcg. 
Dissolved in an organic colvent such as benzine. 
As noted at the beginning of this disclosure, it is pref 

crable in the present invention to incorporate the test com 
position on or with a carrier member and to utilize this 
combination as a dip and read test device. This may be 
achieved by various methods, which include, impregnating 
a bibulous material with a solution of the test composi 
tion and thereafter drying the impregnated test device, 
adhesively fixing to the surface of the carrier, a finely 
divided, dry, intimate mixture of the ingredients, and 
the like. The preferable mode of preparation is the in 
pregnation of a bibulous carrier with a solution or solu 
tions of the test composition, followed by drying. When a 
bibulous carrier is employed, the carrier material may be 
any of the variety of substances. For example, filter paper, 
wood strips, synthetic plastic fiberous materials, non 
woven or, woven fabrics and so on may be utilized in this 
embodiment. The preferable bibulous material is filter 
paper having a thickness of about 0.01 inch to about 0.02 
inch. Once the carrier member has been impregnated with 
the basic test composition and dried, and semi-permeable 
membrane may be then applied by utilizing same in an 
organic solvent and effecting a second dip of the test 
device in the polymeric film former followed by a second 
drying. Another mode of preparation of the present test 
device simply comprises mixing the test composition with a 
film forming polymeric substance and attaching such 
mixture to a carrier or handle means therefor. 
The mode of use of the test device of the present inven 

tion will now be described. In conducting the test for glu 
cose, the device is immersed into the fluid being tested 
which usually is a urine sample and immediately with 
drawn. This is done since the pH of the moistened device 
must usually be dominated by the buffer in the test com 
position. If the test device were allowed to remain in the 
fluid for any length of time, there would be a danger that 
the test composition ingredients would be leached from the 
carrier into the fluid. However such leaching effect is sub 
stantially retarded by the utilization of the semi-permeable 
membrane described hereinabove. The color developed 
due to the presence of gulcose in the test liquid is then 
read by visual comparison with a previously prepared 
color chart. Various instrumental metrods may also be 
employed to determine the quality of the color developed, 
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this increasing the accuracy of the test by removing the 
subjective determination of color by the human eye. 
However as also noted hereinabove, the excellent gradient 
color responsc due to the novel inclusion of two chrono 
genic substances into the present test composition sub 
stantially alleviatics such subjective human error. 
The actual compounding of the test composition of 

thc present invention will be illustrated by the follow 
ing examplc which is included for illustrative purposes 
only and is not to be construed as placing any limitation 
upon the inventive concept as disclosed herein. 

EXAMPLE 
The following components were mixed, stepwise for 

the preparation of 100 ml. of mix. 
Cornponent: Quantity 

(1) Potassium iodide ---------------- g-- 1.0 
(2) Brilliant blue FCF (FD and C blue No. 

1) ----------------------------- ng-... 10.4 
(3) Distilled water ----------------- ml.-- 53 
(4) Citric acid, anhydrous ------------ g-- 0.595 
(5) Sodium citrate 2HO -------------- g-- 5.23 
(6) Gantrez AN 139 (10% aqueous solu 

tion) --------------------------- ml.-- 10 
(7) Polyvinylpyrrollidone (10% aqueous 

solution) ------------------------ ml.-- S 
(8) Peroxidase -------------------- mg-- 50 
(9) Glucose oxidase ---------------- mill 233 

3000 Worthington units/mcg. 
1000 units/ill. 

Whatman 3 MM paper was impregnated with the above 
solution, allowed to drain and dried in a tunnel dryer 
set at 85 C. for 7 minutes. After removal from the dry 
ing tunnel, the impregnated paper was dipped into a solu 
tion of 0.85 grams of ethyl cellulose in 100 ml. of ben 
zene. After removal from this second impregnating solu 
tion the paper was again dried, cut into small squares 
approximatcly 5 mm. by 5 mm. and attached to and end 
of a strip of fluid impervious plastic film 5 mm. wide and 
approximately 6 cm. long. 
The above prepared test devices were contacted with 

various urines containing increments of glucose of from 
0 to 2% by weight. The results were as follows: 
Glucose concentration Color developed 

(S. percent): in one minute 
0 ------------------------ Blue. 
0.10 ---------------------- Light green. 
0-2. ---------------------- Green. 
0.50 ---------------------- Brown-green. 
100 ---------------------- Dark brown-green. 
2.00 ---------------------- Dark brown. 

As can be noted from the above results, excellent glu 
cosc quantitation was achieved employing a formulation 
prepared according to the teachings of the present inven 
tion. A commercial product utilizing ortho-tolidine as 
an indicator material rather than an iodide salt, was some 
what capable of quantitating the above noted glucose 
concentration up to but not more than 0.50 gram per 
ccini glucose. 

What is claimed is: 
i. In a test device for the semi-quantitative determina 

tion of glucose in urine comprising a bibulous, fibrous 
carrier member incorporating, in combination, glucose 
oxidase, a substance having peroxidative activity, and a 
water soluble iodide salt, the improvement which coin 
prises a hydrophobic coating encompassing the fibers of 
the bibulous carrier member, said hydrophobic coating 
being the dry residue deposited through the saturation of 
the bibulous carrier member with an organic solvent 
solution of from 0.5 to .0 grams per 100 ml of a 
{1lin forming material selected from the group con 
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6 
sisting of hydrophobic cellulose ethers and esters, 

2. A test device as in claim wherein the test device 
additionally includes the presence of a blue dyestuff. 

3. A test device as in claim 2 wherein the said dye 
stuff is selected from the group consisting of brilliant 
blue FCF, indigo carmine, aniline blue, patent blue, 
xylene blue V and Comassie blue. 

4. A test device as in claim i wherein the test device 
further includes a buffer for maintaining the system in a 
pH range of from about pH 3.4 to pH 7.2. 

5. A test device as in claim 1 wherein the film forming 
material is ethyl cellulose. 

6, A test device as in claim where the water soluble 
iodide salt is selected from the group consisting of po 
tassium iodide, sodium iodide and ammonium iodide. 

7. A test device as in claim 6 wherein the iodide Salt 
is potassium iodide. 

8. A test device as in claim 1 wherein the material 
having peroxidative activity is peroxidase. 

9. A test device for the semi-quantitative detection of 
glucose in urine comprising a bibulous, fibrous paper 
carrier impregnated with the dry residue of an aqueous 
solution having the following proportions of ingredients 
per 100 ml. of solution: 

Glucose oxidase --------------- units 16,000-33,000 
Peroxidative active substance ----- 8.-- 40-60 
Water soluble iodide salt ----------- 2- - l-2 

and thereafter coated with the dry residue of a saturating 
solution of about from 0.5 to 1.0 grams of ethyl cellulose 
per 100 ml. of benzene. 

10. A test device as in claim 9 wherein the solution 
additionally contains 1 to 20 mg. of a blue dyestuff. 

11. A test device as in claim 10 wherein the blue dye 
stuff is brilliant blue FCF. 

12. A test device as in claim 1 wherein the carrier 
member is bibulous paper. 

13. A process for the semi-quantitative determination 
of glucose in urine comprising contacting the urine with 
a test device consisting essentially of a bibulous, fibrous 
carrier member incorporating the dry residue of a soiu 
tion of glucose oxidase, a substance having peroxidative 
activity, and a water soluble iodide salt, the fibers of said 
carrier member being encompassed by a hydrophobic 
coating, said hydrophobic coating being the dry residuc 
deposited through the saturation of the bibulous carrier 
with an organic solvent solution of from 0.5 to 1.0 
grams per 100 ml. of a film forming material selected 
from the group consisting of hydrophobic cellulose 
ethers and esters, immediately removing the test 
device fron contact with said urine and within 
about one minute comparing the color developed 
hereon with a previously prepared standard color 
chart. 

14. A process as in claim 13 wherein the residue addi 
tionally contains a blue dyestuff. 

15. A process as in claim 13 wherein the water solu 
ble iodide salt is selected from the group consisting of 
potassium iodide, sodium iodide and ammonium iodide. 

16. In a process for the preparation of a test device for 
the Semi-quantitative determination of glucose in urinc 
comprising the preparation of a solution of glucose oxi 
dase, a substance having peroxidative activity, and a water 
soluble iodide salt, incorporating said solution with a 
bibulous, fibrous carrier member therefor, drying said 
solution and carrier member, the improvement which 
comprises thereafter saturating said carrier member with 
an organic solvent solution of from 0.5 to 1.0 
grams per 100 ml. of a film-forming material 
selected from the group consisting of hydro 
phobic cellulose ethers and esters resulting in 
the deposition of a dry, hydrophobic residue coating 
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of the film forming material encompassing the fibers of OTHER REFERENCES 
the carricr member. Wilson et al., "Comprehensive Anal. Chem...," vol. Ic 

(1962), p. 362. 
References Cited Welcher, "Organic Analytical Reagents," vol. IV 

UNITED STATES PATENTS 5 (1948), p. 505. 
3.092,465 6/1963 Adams et al. -- 195-103.5 C X 
3,001,915 9/196l Fonner --------- 19s. 103.5 c. ALVIN E, TANENHOLTZ, Primary Examiner 
3. 0-4,209 9/1963 Scott ----------- 95-103.5 C M. D, HENSLEY, Assistant Examiner 
2,981,606 4/1961 Kcston ----------- 23-25T 
3,418,083 l2/1968 Rey et al. ------- 95-103.5 C U.S. C. X.R. 
3,461,036 8/1969 Harvill ct al. ...-- 19S-103S R 195-99; 23-253 TP 


