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[57] - ABSTRACT 

Test composition and method for assaying 
dehydrogenase enzymes in test ?uids which comprises 
contacting the ?uid with a test reagent comprising a 
coenzyme, a substrate for the dehydrogenase enzyme, 
a terminal acceptor dye and Meldola’s Blue as an in 
termediary hydrogen carrier. A preferable embodi 
ment of the present invention comprises incorporating 
the test composition with a solid carrier therefor and 
using the same as a dip and read test device. 

8 Claims, N0 Drawings 
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COLORIMETRIC DETERMINATION OF 
DEHYDROGENASES 

BACKGROUND OF THE INVENTION 

The determination of certain dehydrogenases linked 
to the coenzymes nicotinamide adenine dinucleotide 
(NAD) and its phosphate (NADP) is of medical im 
portance in the diagnosis of several diseases. For exam- > 
ple, an elevated value of lactic dehydrogenase (LDH) 
can be indicative of myocardial infarction, convulsive 
disorder, carcinoma of the prostate gland or hepatic 
disease. A rise in 6-phosphogluconate dehydrogenase 
(6-PGD) in vaginal ?uid can be indicative of 
trichomonas vaginitis or gynecologic cancer. A de? 
ciency of glucose-6-phosphate dehydrogenase 
(G6-PD) can indicate hereditary as well as drug in 
duced haemolytic anaemia. 

DESCRIPTION OF THE PRIOR ART 

The coenzyme-linked dehydrogenases referred to 
above are known to transfer hydrogen atoms from their 
substrates to the coenzymes NAD and NADP. The 
reduction of the coenzyme is usually followed by a 
change in optical density of 340 millimicrons. How 
ever, this wavelength is in the ultra-violet region so that 
complex and expensive apparatus is required to mea 
sure such changes. A colorimetric method uses smaller 
concentrations of coenzymes but adds a terminal ac 
ceptor system which will be reduced by the reduced 
.coenzyme. Thus, the coenzyme is ‘restored to its 
original oxidized state, ready to accept more hydrogen 
from the substrate, and the terminal acceptor system is 
so chosen that its reduction produces a color change 
which is proportional to the enzyme activity. 
No single substance is known which will both couple 

with reduced coenzyme and give a good color change 
on reduction. In the past, both a terminal acceptor dye 
which gives the color change and an intermediary carri 
er have been used in 
dehydrogenases. In such methods, the carrier is 
reduced by the reduced coenzyme, and in turn reduces 
the terminal acceptor. Typical acceptors include 2-(p 
iodophenyl)- 3-(p-nitrophenyl)-5-phenyl tetrazolium 
chloride, (hereinafter referred to as tetrazolium salt) 
and the corresponding bromide and iodide and 2,6 
dichloroindophenol. Only phenazine methosulfate has 
previously been found suitable as an intermediary 
hydrogen carrier, but it is unstable and cannot beused 
for prepackaged reagent kits. 

SUMMARY OF THE INVENTION 

We have now found that Meldola’s Blue, which is 
sufficiently stable to be used in prepackaged kits, is a 
suitable intermediary hydrogen carrier for this purpose. 
‘More particularly we have found that the enzymes 
LDH, 6~PGD and G6_PD can be assayed colorimetri 
cally using a buffered aqueous mixture consisting of 
Meldola’s Blue, tetrazolium salt (as de?ned above) as a 
terminal acceptor dye, a substrate for the enzyme, and 
NAD or NADP as coenzyme, or by use of test material 

comprising a carrier member such as a bibulous paper 
strip containing or carrying such a solution. When such 
a composition or material comes into contact with one 
of said enzymes, a color change occurs which can be 
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followed visually or by means of a spectrophotometer, 
and which, when compared with standards containing 
known amounts of the enzyme to be determined, serves 
as a measure of the enzyme concentration. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The reactions which occur in the present invention 
can be illustrated as follows: 

1. é-phospho-d-gluconate + NAPD 2 6-phospho-2 
keto-d-gluconate + NADPI-l2 + C02 

2. d-glucose-?-phosphate + NADP <1’ d-glucono-S 
lactone-6-phosphate + NADPHz 

3. lactic acid + NAD 2 pyruvic acid + NADl-l2 
Meldola’s Blue is an oxazine dye known chemically 

as 9-dimethylaminobenzo-oz-phenazoxonium chloride, 
?rst discovered in l879 by Meldola, and having the for 
mula 

In one aspect therefore the invention comprises a 
composition for use in the colorimetric assay of a 
dehydrogenase enzyme, which comprises a substrate 
for the said enzyme, as coenzyme NAD or NADP, a 

terminal acceptor dye, and Meldola’s Blue as an inter 
mediary hydrogen carrier. 
The composition may be in the form of a buffered 

aqueous solution. Preferably however the composition 
is deposited on or incorporated in a carrier, and the 
product is used as a dip and read test device. Such a test 
device can be readily made by impregnating a bibulous 
material with a solution of the test composition, and 
subsequently drying it, or by impregnating the bibulous 
material successively with the various ingredients of the 
test composition, either singly or two or more at a time, 
and drying it after each such impregnation. Alterna 
tively, a ?nely divided, dry, intimate mixture of the in 
gredients can be adhesively attached to the surface of 
the carrier. Another embodiment involves incorporat 
ing the test composition with a polymeric semi-permea 
ble membrane and either using this membrane as such 
or attaching the membrane to a carrier. The carrier 
material may for example be filter paper, wood strip, 
synthetic plastic or non-woven or woven fabric, ?lter 
paper having a thickness of from 0.01 inch to 0.02 inch 
being generally preferred. Such test devices constitute 
a further aspect of the invention. 

While the preferred terminal acceptor dye is a 
tetrazolium salt, other compounds can be used, includ 
ing other tetrazolium dyes, and 2,6-dichloroin~ 
dophenol. The substrate will of course correspond to 
the particular dehydrogenase to be determined; thus 
for determining LDH, lactic acid will be used; for 
determining 6-PGD, o-phosphogluconate; and for 
determining G6-PD, glucose-6-phosphate. The coen 
zyme is NAD or NADP, depending on the coenzyme 
speci?city of the enzyme to be measured. 
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Another aspect the invention consists in a method 
for the assay of a dehydrogenase enzyme, which com 
prises contacting a composition comprising the said en 
zyme with a predetermined quantity of a composition 
as described above in the form of a buffered aqueous 
solution, or preferably with a test material comprising a 
carrier impregnated with or carrying on its surface such 
a composition, and comparing the color developed in 
the solution, or on the test material after it has been 
removed from contact with the composition containing 
the enzyme, with a standard color chart. 
The following examples illustrate the invention. 

EXAMPLE 1 

A mixture for use in the colorimetric assay of G6-PD 
was prepared from the following ingredients: 

0.3 ml of 0.1 molar aqueous sodium phosphate solu 
tion (pH 7.5) 

0.2 ml. of 0.1 molar aqueous magnesium chloride 
solution 

0.1 ml. of an aqueous solution containing 1.4 mil 
limoles of NADP 

0.1 ml. of an aqueous solution containing 0.3 percent 
gelatin 

0.2 ml. ofa aqueous solution containing 3 mg. of dis 
odium glucose-o-phosphate per ml. of water 

0.3 ml. of an aqueous solution containing 5 mg. of 
tetrazolium salt per ml. of water 

0.05 ml. of an aqueous solution containing 1 mg. of 
Meldola’s Blue per ml. of water 

1.7 ml. ofwater 
To this mixture was added 0.05 ml. of an aqueous 

solution containing 0.03 mg. of G6~PD per ml. of 
water. 

The resulting mixture was placed in a cuvette and the 
change in optical density at 500 millimicrons was fol 
lowed with a spectrophotometer or colorimeter at 
25°C. The rate of change in optical density was linear 
for 5 minutes and was taken as a measure of the en 
zyme activity. 

EXAMPLE 2 

A mixture was prepared having the same composi 
tion as that described in Example 1 except that 6 
phosphogluconate replaced the glucose-6-phosphate as 
a substrate. 6-PGD was determined colorimetrically by 
observing the rate of change in optical density with a 
spectrophotometer or colorimeter at 500 millimicrons 
and comparing the results with a standard obtained by 
carrying out the test procedure with solutions contain 
ing known amounts of 6-PGD. As in Example 1, the 
rate of change in optical density was linear for about 5 
minutes. 

EXAMPLE 3 

A composition for use in the colorimetric assay of 
LDH was prepared by mixing the following com 
ponents: 

1.10 ml. of an aqueous borate buffer solution con 
taining 3.10 g. boric and 1.67 g. borax per 100 ml. 
water (pH8.6) 

0.25 ml. of 0.5 molar aqueous sodium lactate solu 
tion 

0.10 ml. of an aqueous solution containing 0.3 per 
cent gelatin 
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0.50 ml. of an aqueous solution containing 1 mg. of 
NAD per ml. of water 

0.30 ml. of aqueous solution containing 5 mg. of 
tetrazolium salt per ml. of water 

0.05 ml. of an aqueous solution containing 1 mg. of 
Meldola’s Blue per ml. of water 

0.50 ml. ofwater 
To this mixture was added 0.20 ml. of human serum. 
When the resulting composition was placed in a 

spectrophotometer, a linear change of optical density 
was observed for a period of 10 minutes at a rate of 

0.183 optical density units per minute at a wavelength 
of 500 millimicrons. 

EXAMPLE 4 

A strip of Whatman No. 120 ?lter paper about 1 cen 
timeter wide and 14 centimeters long was impregnated 
successively with the following solutions and dried in a 
stream of warm air between each application: 

1. 0.05 molar sodium phosphate in 50 percent aque 
ous methanol buffered to a pH of 7.5 

2. 0.05 molar magnesium chloride in 50 percent 
aqueous methanol 

3. an aqueous solution containing 3 mg. of disodium 
glucose-é-phosphate per ml. of water. 

4. an aqueous solution containing 1.4 millimoles of 
NADP 

5. a methanol solution containing 0.04 mg. of Mel 
dola's Blue and 5 mg. of tetrazolium salt per ml. of 
methanol. 

When 0.05 ml. of aqueous solutions containing 
respectively 0.005 — 0.10 mg. of G6-PD per ml. of 
water were applied to the strip thus prepared, the 
original pale blue color of the strip changed to a color 
ranging from a pinkish red to a deep reddish purple de 
pendent upon the G6-PD enzyme concentration. The 
strips can be stored for up to 18 months in the dark in 
the presence of silica gel without loss of activity. 

EXAMPLE 5 

A strip of ?lter paper was impregnated with the same 
solutions as in Example 4 except that 6-phosphoglu 
conate replaced the glucose-6-phosphate. When the 
strip was contacted with an aqueous solution of 
6-PGD, a color change occurred which was indicative 
of the amount of 6-PGD enzyme present. 

EXAMPLE 6 

A paper was impregnated as described in Example 4 
with the following solutions and used to assay LDH: 

l. 1.5 molar aqueous sodium borate solution 
(pH8.8) 

2. 1.5 molar aqueous sodium lactate solution 
3. an aqueous solution containing 2 mg. of NAD per 

ml. of water 

4. a methanol solution containing 0.04 mg. of Mel 
dola's Blue and 5 mg. of tetrazolium salt per ml. of 
methanol. 

When a paper strip so prepared was contacted with a 
preparation of beef heart lactic dehydrogenase, the 
colors produced by solutions containing 0, 80, 160, 
240, 800 and 3,200 international units of LDH activity 
could be readily distinguished. 
What is claimed is: 
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1. A composition for the determination of a 
dehydrogenase enzyme in a test ?uid which comprises 
a coenzyme selected from the group consisting of 
nicotinamide adenine dinucleotide and nicotinamide 
adenine dinucleotide phosphate, a corresponding sub 
strate for said enzyme, a terminal acceptor dye and 
Meldola’s Blue as an intermediary hydrogen carrier. 

2. A composition according to claim 1 wherein the 
terminal acceptor dye is selected from the group con 
sisting of Z-(p-iodophenyl)-3(p-nitrophenyl)-5-phenyl 
tetrazolium chloride 2-(p-iodophenyl)-3(p-nitrophen 
yl)-5-phenyl tetrazolium bromide and 2-(p-iodophen 
yl)-3(p-nitrophenyl)-5-phenyl tetrazolium iodide. 

3. A composition according to claim 1 wherein the 
enzyme beingvdetermined is lactic dehydrogenase and 
the substrate is lactic acid. 

4. A composition according to claim 1 wherein the 
enzyme being determined is glucose-6-phosphate 
dehydrogenase and the substrate is glucose-6 
phosphate. 
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5. A composition according to claim 1 wherein the 

enzyme being determined is 6-phosphogluconate 
dehydrogenase and the substrate is 6-phosphoglu 
conate. 

6. A test device for the determination of a 
dehydrogenase enzyme comprising a carrier with which 
is incorporated the composition of claim 1. 

7. A test device according to claim 6 wherein the car 
rier is a bibulous paper. ‘ 

8. A method for the determination of a 
dehydrogenase enzyme, which comprises contacting 
the ?uid containing the enzyme with a predetermined 
proportion of a composition comprising a coenzyme 
selected from the group consisting of dinucleotide and 
nicotinamide adenine dinucleotide phosphate, a cor 
responding substrate for said enzyme, a terminal accep 
tor dye and Meldola’s Blue as an intermediary 
hydrogen carrier. 


