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The present invention relates to new and im 
proved diagnostic compositions useful for the 
qualitative detection and quantitative estimation 
of ketone bodies in body fluids, particularly ace 
tOne bodies in the urine. 
More Specifically, the invention relates to di 

agnostic compositions in Solid dry form, prefer 
ably tableted in suitable sized tablets, which 
Composition can readily be used, even by un 
skilled persons, rapidly to detect the presence of 
acetone in urine without evolvement of am 
monia, with ready distinction between positive 
and negative tests, and without the use of equip 
ment or apparatus other than some means of 
obtaining a drop of test fluid. 

In the metabolism of fat, acetone bodies or 
ketone bodies are regarded as normal interme 
diate compounds which are subsequently oxidized 
to carbon dioxide and water. The ketone bodies 
include acetone, acetoacetic acid (beta-ketobu 
tyric acid or diacetic acid) and beta-hydroxy 
butyric acid. Under normal circumstances, no 
Significant duantity of these ketone substances 
appears in the urine. However, if there is an ex 
CeSSive metabolism of fat, the intermediate ace 
tone bodies accumulate in the blood and are 
excreted in the urine in variable amounts. In 
diabetes mellitus Such an excessive fat metab 
olism occurs and many of the symptoms of this 
disease can be ascribed to the toxic effects of the 
acetone bodies. The medical profession is well 
aware of the usefulness in diagnosis of tests for 
acetone bodies in the urine in diabetes mellitus 
cases. Acetone bodies also occur in the urine in 
other well recognized disturbances of the metab 
olism, and in Such cases it is also important to 
carry out tests for detection of these substances. 
A variety of reagents and techniques have been 

used or proposed in the past for the detection of 
acetOne bodies in urine. A number of such re 
agentS and technicues have involved the use of 
a Water Soluble nitroprusside as a reactive in 
gredient or agent. In one particular reagent 
formulation, the nitroprusside reaction is car 
ried out in the presence of ammonia, in order to 
develop particular colorations (see United States 
Patent No. 2,186.902 to Fortune). An improve 
ment over the Fortune twpe formulation is dis 
closed in copending application Serial No. 12.699. 
filed March 2, 1948, now Patent No. 2,509,140 
issued on May 23, 1950, by Alfred H. Free, as 
signed to the assignee of the present application. 
Application Seria No. 2.699 discloses formula 
tions for detection nf acetone bodies in the urine 
which contain water soluble nitroprusside, an 
aliphatic amino acid and an alkaline material. 
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It was found, according to application Serial No. 
12,699, that when the Soluble nitroprusside is 
present in alkaline Solution with an aliphatic 
amino acid (e. g. glycine), a diagnostic composi 
tion is provided which is particularly adapted 
for the detection of acetOne bodies in urine With 
out evolvement of ammonia. 
According to the present invention, it has been 

discovered that the addition of lactose to the 
diagnostic formulation Set forth in application 
Serial No. 2,699 greatly enhances the useful 
ness and reliability of that type of diagnostic 
formulation. 
The object of the present invention, generally 

stated, is the provision of improved diagnostic 
compositions in stable dry form, preferably as 
tablets, which can be used even by an unskilled 
person conveniently to give an accurate quali 
tative test for, and a quantitative estimation of, 
the presence of acetone bodies in urine, which 
test clearly distinguishes between positive and 
negative specimens, even when the quantity of 
acetOne is Small, So as to give only what is known 
as a “trace positive.' 
An important object of the invention is the 

provision of a stable dry diagnostic composition 
for the detection of acetone bodies in urine Which 
contains a Water-Soluble nitroprusside, an ali 
phatic amino acid, and an alkaline material, as 
active ingredients, and in addition contains lac 
tose which serves to prevent color change in the 
case of acetone-negatives and to keep the colors 
in the whole range of positives very truly and 
characteristically lavender, so that there Will be 
no chance for confusion between positive and 
negative specimens, even where there are only 
trace amounts of acetone bodies in the positives. 
Other obiects of the invention will in part be 

obvious and will in part appear hereinafter. 
The following example discloses a presently 

preferred embodiment of the invention. 
Eacample I 

The following formulation is uniformly com 
posed by known blending and mixing techniques, 
and is then tableted in known manner: 

Parts by Weight 
Glycine -------------------------------- 4.5 
Sodium nitroprusside-------------------- 0.5 
Disodium phosphate (anhydrous)------ 4.0 
Sodium borate-------------------------- 36.5 
Lactose -------------------------------- 10.0 
Corn starch ---------------------------- 1.25 
Magnesium stearate----------------w ... wer 0.25 

100.00 
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In use, a drop of the urine specimen to be 
tested is dropped onto a tablet made from the 
above formulation. If the specimen contains 
acetone bodies, a characteristic and definite 
laVender coloration is quickly produced which is 
highly characteristic and specific to acetone 
positive specimens. Trace positives (i. e. posi 
tive Specimens with only a trace amount of ace 
tone bodies), will also give this characteristic 
lavender coloration. 
The depth of the shade or hue of the lavender 

coloration can be used as a basis for estimating 
quantitatively the amount of acetone bodies 
present in the specimen. Thus, a color chart 
may be Supplied which is graduated into different 
shades or hues of lavender corresponding to 
known concentrations of acetone bodies. By 
using Such a chart in connection with the test 
ing of a specimen, not only can a determination 
be made as to whether or not a specimen is 
negative or positive, but further, positive speci 
mens can be compared with the standard color 
chart to obtain a fairly accurate estimation of 
the duantity of acetone bodies present. 
The application of a negative specimen to a 

lactose-free test tablet or composition causes the 
tablet, or composition, to take on a gold colora 
tion which progressively changes a brown shade 
as time passes. A positive specimen applied to 
a lactose-free test tablet produces a lavender 
coloration which, with the passage of time be 
connes muddied with brown. 

Not only do the lactose containing tablets 
result in the production of a stable cream color 
when negative specimens are applied thereto, 
but in the case of positive reactions a true laven 
der color is obtained which remains constant 
for 15 to 30 minutes or more, after the maximum 
color intensity is reached. Thus an important 
advantage of a lactose-containing composition, 
as hereinbefore described, lies in the fact that 
the time within which a test must be read is sub 
stantially extended. Furthermore, since the hue 
of the final color is stable, the use of a color 
chart is made much less difficult and more ac 
curate than heretobefore. 
The fact that no color changes are obtained 

with negative specimens when the formulations 
of the present invention are used is an important 
feature of particular significance in litigation 
cases where the reliability of an acetone test is 
brought under close scrutiny. Obviously, the 
reliability and probative value of any test proce 
dure is greatly enhanced if it can be un 
equivocally testified that no coloration is ob 
tained with a negative specimen on the one hand, 
whereas all positive specimens give a character 
istic lavender coloration on the other hand. 
Such testimony is much more forceful and in 
fluential than testimony in which it would be 
necessary to State that coloration is obtained 
even with negative specimens, but such colora 
tion is different from that obtained with positive 
Specimens. 

Eacample 2 
By omitting the sodium borate, corn starch 

and magnesium Stearate from the formulation in 
Example 1, a dry powder formulation may be 
prepared Which, as such, is suitable for use in 
the detection of acetone bodies in urine. How 
ever, it is not adapted to be tableted. 
Although the formulation set forth in Ex 

ample 1 is the presently preferred one for the 
preparation of reaction test tablets, and the 
formulation set forth in Example 2 is the pre 
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4. 
ferred one for reaction test powder, it will be 
understood that those skilled in the art will be 
able to prepare a large number of other specific 
formulations embodying our present invention, 
but which may be somewhat different in respect 
to specific proportions than the formulations 
set forth in Examples 1 and 2. 

In our formulations, the reactive ingredients 
may be considered to be the water-soluble ni 
troprusside, and the aliphatic amino acid. For 
practical purposes and availability, sodium ni 
troprusside is the preferred soluble nitroprus 
side and glycine is the preferred aliphatic amino 
acid. However, all of the alkali metal nitroprus 
sides are water soluble, and any one of them 
may be used such, for example, as the potassium 
nitroprusside. Thus, potassium nitroprusside in 
a molecularly equivalent amount may be sub 
stituted for the sodium nitroprusside in Examples 
1 and 2. The glycine may be replaced with an 
other aliphatic amino acid such as alanine, 
glutamic acid, arginine, aspartic acid and lysine. 
In addition to the amino acid and the Water 

soluble nitroprusside, two other ingredients are 
essential in our formulations. One is an alkaline 
material which is necessary in order to have the 
test reaction carried out under alkaline condi 
tions. Generally, any alkaline material which 
will produce this result may be used, it of course 
being necessary that the alkaline material be 
one that permits the preparation and Storage of 
a stable diagnositic composition, which does not 
interfere with the test reaction, and which is 
not reactive with either the glycine or the Solu 
ble nitroprusside. Although anhydrous disodium 
phosphate is the preferred alkaline material for 
use in our reagent test compositions, other dry 
alkaline solids which may be used include, the 
alkalimetal carbonates and hydroxides, trisodium. 
phosphate, dipotassium phosphate, and the like. 
Instead of using a single alkaline ingredient, it is 
possible to use a mixture of the ingredientS, Ol' 
the alkaline material may be provided in con 
bination with the aliphatic amino acid. For ex 
ample, the alkali metal salts of the amino acids, 
such as potassium or sodium glycinate, may be 
used both for providing the amino acid and for 
providing the alkalinity. 
The other essential ingredient for our preferred 

test reagent composition is lactose. Other sta 
bilizing materials such as sucrose or dextrose 
may be used; however, we have found that gen 
erally they are not as desirable as lactose be 
cause they appear to have an inhibiting effect 
on color formation. That is to say, while these 
less desirable materials may prevent the nega 
tives from turning gold and the positives from 
turning brown, the intensity of the lavender is 
reduced. 
In addition to the four essential ingredients. 

diluents may be added as desired, in order to ob 
tain better tableting properties, improved color 
(i. e. whiteness), improved free-flowing proper 
ties, etc. 
The exact proportions of the amino acid, Solu 

ble nitroprusside, alkaline material and lactose, 
are not particularly critical within broad limits, 
and the ingredients may be employed in a rather 
wide range of proportions. However, as the pro 
portions of the ingredients in the diagnostic for 
mulations are varied, it has been noted that the 
properties of the formulations are altered in one 
or more of the following respects: 

1. The speed of reaction of the reagent com 
position with acetone positive urines. 
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2. The sensitivity of the reagent detecting small 
quantities of ace.One bodies. 

3. The stability of the reagent formulations 
when stored under adverse environmental condi 
tions. 
When Sodium nitroprusside is used as the water 

Soluble nitroprusside in our diagnostic composi 
tions, this ingredient should not comprise Over ap 
proximately 5% of the total bulk of the mixture 
and should represent at least 0.04% by Weight of 
the total bulk. The preferred range of concentra 
tion for this ingredient is from 0.5 to 1%. Other 
soluble nitroprussides are preferably used in 
molecularly equivalent concentration. 
The relative proporticins of disodium phoS 

phates and glycine or their equivalents as indicat 
ed above, in the reagent compositions can Vary 
quite widely and still the reagent compositions 
Will give satisfactory results with both acetOne 
positive and acetone neg::tive specimens. For in 
stance, mixtures where the amount of glycine was 
about half that of the disodium phosphate gave 
clear cut tests. On the other hand, good tests 
were also obtained when the amount of glycine 
was only 1% of that of the disodium phosphate. 
The concentration of the lactose is not particu 

larly critical. Enough of the lactose should be 
used so that the beneficial results contributed by 
it are fully obtained. On the other hand, if too 
much lactose is employed, there will be a tend 
ency to slow the reaction somewhat. Desirably, 
enough lactose is used in any particular formula 
tion to obtain the advantages contributed by it 
while not using enough appreciably to slow the 
test reaction. 

In general the optimum ranges of concentration 
of the four preferred ingredients are as follows: 

Percent by Weight 
Sodium nitropruSSide --------------- 0.04- 5.0 
Glycine ---------------------------- 1.00-20.0 
Disodium phosphate --------------- 20.00-80.0 
Lactose ---------------------------- 5 -25 

When diluents or other inactive ingredients are 
employed, they do not serve to affect the above 
preferred concentrations of the required com 
ponents except that the sodium nitropruSSide or 
its equivalent should represent at least 0.04% by 
weight of the total bulk. It Will of course be un 
derstood that in any formulation equivalent Con 
ponents or ingredients may be substituted in 
equivalent concentrations, as pointed out above. 
Having thus fully described our invention and 

Set forth formulations representing the preferred 
embodiments thereof, what is claimed as new is: 

1. A diagnostic composition in Solid dry form 
for detecting acetone bodies in urine, comprising 
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from 0.04 to 5.0% of an alkali metal nitroprus 
side, an alkali metal glycinate and lactose. 

2. A diagnostic composition for detecting ace 
tone bodies in urine, comprising from 0.04 to 5.0% 
of a water-soluble nitroprusside, an aliphatic 
amino acid, an alkaline material, and a Sugar. 

60 

6 
3. A diagnostic composition for detecting ace 

tone bodies in urine, comprising from 0.04 to 5.0% 
of a Water-soluble nitropruSSide, an aliphatic 
amino acid, an alkaline material, and a sugar ser 
lected from the group consisting of lactose, dex 
trose and sucrose. 

4. A diagnostic composition in Solid dry form 
for detecting acetone bodies in urine, comprising 
by weight, from 0.04-5.0% of Sodium nitroprus 
side, from 1-20% of glycine, from 20-80% of di 
sodium phosphate, and from 5 to 25% of lactose. 

5. A diagnostic composition in solid dry form 
for detecting acetone bodies in urine, comprising 
by Weight, approximately 4.5 parts of glycine, 
approximately 0.5 part of Sodium nitroprusside, 
approxiinately 47 parts of anhydrous disodium 
phosphate, and approximately 10 parts of lac 
tOSe. 

6. The composition of claim 5 containing in ad 
dition, approximately 365 parts of sodium borate, 
approximately 1.25 parts of corn starch, and ap 
proximately 0.25 parts of magnesium stearate. 

7. Diagnostic tablets tableted from the com 
position called for in claim 4. 

8. A diagnostic composition for detecting ace 
tone bodies in urine, comprising from 0.04 to 5.0% 
of a Water-soluble nitroprusside, lactose and a 
Component Selected from the group consisting of 
(c) a mixture of an alkaline material and an ali 
phatic amino acid and (b) an alkaline alkali 
metal Salt of an aliphatic amino acid. 

9. A diagnostic composition for detecting ace 
tone bodies in urine comprising from 0.04 to 5.0% 
of a water-soluble nitroprusside, a member of the 
group consisting of (a) an alkaline material plus 
an aliphatic amino acid and (b) an alkaline alka 
i metal Salt, of an aliphatic amino acid, and a 
Sugar in quantity Sufficient to enhance the Sta 
bility of color developed by said composition in the 
presence of acetone bodies. 

RICHARD S. NICHOLLS. 
DALE E. E.ONNER. 
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