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(GDHY); vienu vai vairakas vielas no grupas, kas sastav no diaforazes, fenazina metosulfata, fenazina etosulfata,
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ANALIZES METODE, REAGENTA SASTAVS UN TO
LIETOSANA GLIKOZES NOTEIKSANAI

PATENTA FORMULA

1. Metode kopéjas glikozes kvantitativai noteik3anai neatSkaiditas
asinis,
atskiriga ar to, ka kontakté neat3kaiditu asins paraugu ar reagentu
sausa veida, kas satur :
- glikozes dehidrogenazi (GDH);
- vienu vai vairakas vielas no grupas, kas sastav no diaforazes,
fenazina metosulfata, fenazina etosulfata, fenazina fenosulfata
un Meldola zila; _
- vienu vai vairakas vielas no grupas, kas sastav no NAD,
NADF, tio-NAD, tio-NADF, nikotinamida-purina dinukleotida,
nikotinamida-metilpurina dinukleotida, nikotinamida-2-hlor-
metilpurina dinukleotida;
- vienu vai vairakas hemolizes vielas no grupas, kas sastav no
fosfolipazes, hemolizes saponiniem, un hidrofiliem mono-, di-
vai trisaharidu savienojumiem un alifatiskiem ogltdenraZiem ar
10 - 16 oglekla atomiem;
- redoks indikatora krasu; un
- neobligati mutarotazi; un
méra ar transmisijas spektrofotometru krasas izmainas, kas rodas
reagéjot reagentam ar glikozi neatSkaiditas asinis.

2. Metode, saskand ar 1. punktu,
at3kiriga ar to, ka asins parauga tilpums ir noteikts mazaks ka 20
mikrolitri.

3. Reagenta sastavs kopéjas glikozes kvantitativai noteik$anai
neatkaiditas asinis,
atskirigs ar to, ka tas ir sausa veida un satur :
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- glikozes dehidrogenazi (GDH);

- vienu vai vairakas vielas no grupas, kas sastav no diaforazes,
fenazina metosulfata, fenazina etosulfata, fenazina fenosulfata
un Meldola zilg;

- vienu vai vairakas vielas no grupas, kas sastav no NAD,
NADF, tio-NAD, tio-NADF, nikotinamida-purina dinukleotida,
nikotinamida-metilpurina dinukleotida, nikotinamida-2-hlor-6-
metilpurina dinukleotida;

- vienu vai vairakas hemolizes vielas no grupas, kas sastav no
fosfolipazes, hemolizes saponiniem, un hidrofiliem mono-, di-
vai trisaharidu savienojumiem un alifatiskiem ogludenraziem ar
10 - 16 oglekla atomiem;

- redoks indikatora krasu; un

- varbit mutarotazi.

4. Reagenta sastavs, saskana ar 3. punktu,
atskirigs ar to, ka redoks indikatora krasa ir tetrazola sals.

5. Reagenta sastavs, saskana ar 3. vai 4. punktu,
atskirigs ar to, ka tas satur:

- glikozes dehidrogenazi,

- diaforazi,

- NAD,

- vienu vai vairakus saponinus,

- tetrazola sali, un

- neobligati mutarotazi.

6. Reagenta sastava, kas satur:
- glikozes dehidrogenazi (GDH);
- vienu vai vairakas vielas no grupas, kas sastav no diaforazes,
fenazina metosulfata, fenazina etosulfata, fenazina fenosulfata
un Meldola zil3;
- vienu vai vairakas vielas no grupas, kas sastav no NAD,
NADF, tio-NAD, tio-NADF, nikotinamida-purina dinukleotida,
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nikotinamida-metilpurina dinukleotida, nikotinamida-2-hlor-
metilpurina dinukleotida;
- vienu vai vairakas hemolizes vielas no grupas, kas sastav no
fosfolipazes, hemolizes saponiniem, un hidrofiliem mono-, di-

5 vai trisaharidu savienojumiem un alifatiskiem ogllidenraziem ar
10 - 16 oglekla atomiem; ;
- redoks indikatora krasu; un
- neobligati mutarotazi,

un ir sausa veida, izmanto3ana, lai veiktu kopéjas glikozes kvantitativu
10 noteik8anu neatSkaiditas asinis ar transmisijas spektrofotometriju.
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METHOD OF ANALYSIS, REAGENT COMPOSITION AND USE THEREOF
FOR GLUCOSE DETERMINATION

The invention relates to glucose determination and
more specifically quantitative total glucose determination
in undiluted whole blood. The invention is directed to a
method of analysis, a reagent composition therefor and the
use of this reagent composition.

An important routine analysis in clinical chemistry
is blocd glucose determination. This type of analysis is
used for diagnosis and therapy of diabetes mellitus and
for diagnosing a number of other metabolic disorders.
Several methods for quantitative glucose determination in
whole blood are known. )

One of these known methods is based on enzymatic
glucose determination with glucose dehydrogenase, and a
reagent composition for this method is described in US
4,120,755. This composition comprises a buffer, a pyridine
coenzyme and glucose dehydrogenase. The buffer has a pH
between 7.9 and 9.0. Another known composition for glucose
determination is described in US 3,964,974. This composi-
tion primarily consists of a glucose dehydrogenase, speci-
fied in respect of purity and type, a pyridine coenzyme
such as NAD, a buffer system for maintaining the pH of an
aqueous solution of the composition between 6.5 and 8.5,
and mutarotase. Neither of these two patents discloses a
method or a composition suited for direct quantitative de-
termination of total glucose in undiluted whole blood,
that is without a preceding dilution or precipitation
step. The only information on how glucose in whole blood
can be analysed is given in Example 7 in US 3,964,974,
where wet-chemical glucose determination is effected on a
sample of whole blood. The proteins are however removed
from the whole blood sample before the glucose measure-
ment. By removing the proteins, the red blood cells will
also be removed. Thus, the glucose measurement is not

effected on whole blood. Reference is here made to p 9,
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lines 19-24 of the US publication where the reader is
explicitly directed away from the idea of retaining the
red blood cells in whole blood measurements. After the
undiluted blood has been deproteinised in a pre-dilution
step, it is mixed with an enzyme/buffer solution. The
reaction is then started by adding a coenzyme solution
(NAD), whereupon the glucose content is determined. It is
stated that the glucose content can be measured, inter
alia, by a NADHz—indicating dye or colour reaction, e.g.
by hydrogenating a tetrazolium salt into a corresponding
formazan under the influence of the enzyme diaphorase. The
publication does however not suggest using this NADHZ-
indicating technique for total glucose measurements in a
whole blood hemolysate, but only for glucose measurements
in blood plasma. Furthermore, in the blood glucose
measurements in US 3,964,974, e.g. according to Example 7
thereof, measurements are peérformed throughout on diluted
blood, as opposed to the present invention relying on
measurements directly on undiluted blood samples.

It is evident that a simple and quick test for quan-
titative determination of total glucose in undiluted whole
blood would be an important aid in clinical laboratories.

One object of the present invention therefore is to
provide a method for quantitative determination of total
glucose in undiluted whole blood by transmission spectro-
photometry.

Another object is to provide a dry reagent composi-
tion for such determination.

The invention relates in particular to total glucose
determination in small volumes of undiluted whole blood.
In this context, "small volumes" means volumes between 0.1
and 0.001 ml, preferably between 0.02 and 0.001 ml.

According to the invention, the blood preferably
is not only undiluted but also untreated.

According to a first aspect of the invention, a
method is provided for quantitative determination of total

glucose in undiluted whole blood, which method is charac-
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terised by contacting a sample, preferably less than
20 microlitre, of undiluted whole blood with a reagent
in dry

form comprising:

glucose dehydrogenase (GDH);

one or more substances from the group consisting of
diaphorase, phenazine methosulphate, phenazine
ethosulphate, phenazine phenosulphate and Meldola
blue;

one or more substances from the group consisting of
NAD, NADP, thio-NAD, thio-NADP, nicotinamide-purine
dinucleotide, nicotinamide-methylpurine dinucleo-
tide, nicotinamide-2-chloro-methylpurine dinucleo-
tide; ‘

one or more hemolysing substances from the group
consisting of phospholipase, hemolysing saponins,
and compounds of hydrophilic mono-, di- or tri-
saccharides and aliphatic hydrocarbons having 10-16
carbon atoms; )

a redox indicator dye; and

optionally mutarotase; and

measuring by transmission spectrophotometry a colour
change brought about by the reaction of the reagent with
glucose in the undiluted whole blood.

An aid for carrying out this method is disclosed in

US 4,088,448,

gent
tion
gent
form

According to another aspect of the invention, a rea-
composition is provided for quantitative determina-
of total glucose in undiluted whole blood, which rea-
composition is characterised in that it is in dry

and comprises:

- glucose dehydrogenase (GDH);

one or more substances from the group consisting of
diaphorase, phenazine methosulphate, phenazine

ethosulphate, phenazine phenosulphate and Meldola
blue;
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one or more substances from the group consisting of
NAD, NADP, thio-NAD, thio-NADP, nicotinamide-purine
dinucleotide, nicotinamide-methylpurine dinucleo-
tide, nicotinamide-2-chloro-6-methylpurine dinu-
cleotide;
one or more hemolysing substances from the group.
consisting of phospholipase, hemolysing saponins;
and compounds of hydrophilic mono-, di- or tri-
saccharides and aliphatic hydrocarbons having 10-16
carbon atoms;
a redox indicator dye; and

optionally mutarotase.

According to a third aspect of the invention, use is

provided of a reagent composition comprising:

glucose dehydrogenase (GDH);

one or more substances from the group consisting of
diaphorase, phenazine methosulphate, phenazine
ethosulphate, phenazine phenosulphate and Meldola
blue;

one or more substances from the group consisting of
NAD, NADP, thio-NAD, thio-NADP, nicotinamide-purine
dinucleotide, nicotinamide-methylpurine dinucleo-
tide, nicotinamide-2-chloro-methylpurine dinucleo-
tide;

one or more hemolysing substances from the group
consisting of phospholipase, hemolysing saponins,
and compounds of hydrophilic mono-, di- or tri-
saccharides and aliphatic hydrbcarbons having 10-16
carbon atoms;

a redox indicator dye; and

optionally mutarotase,

and which composition is in' dry form, for carrying out

quantitative determination of total glucose in undiluted

whole blood by transmission spectrophotometry.

The contents of the different components in the in-

ventive dry reagent composition are not critical, but cal-
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culated on a sample of 1 ml undiluted whole blood may
preferably be in the following ranges:

Substance Quantity

Glucose dehydrogenase 5 - 500 U (activity units)
Diaphorase/Analogs 1 -100vU/ 0.1 - 30 mmol
NAD and analogs 1 - 100 mmol
Phospholipase/analogs 1 -1000U / 0.5 - 70 mg
Mutarotase 0.1 - 10U

Redox indicator dye 5 - 100 mmol

To the basic composition may be added components op-
timising the reactive function in different applications.
Mutarotase can be used for rapidly converting alpha-
glucose to beta-glucose which is the form reacting with
glucose dehydrogenase. This is of particular interest when
a sample which is not taken directly from the patient
should be analysed. Glucose dehydrogenase specifically
breaks down beta-glucose. In aqueous solutions, alpha- and
beta-glucose are present in a temperature-dependent
equilibrium which is established relatively slowly. Since
body temperature is relatively constant, mutarotase, which
accelerates the establishment of equilibrium, can be
excluded from the reagent if samples are taken from body-
temperature blood. Besides the cost reduction, the
advantages reside in a shortened reaction time and an
extended analytical range. A disadvantage is that the
calibration solutions and the control solutions should be
brought to proper temperature during at least one hour.

Substances having a pH-adjusting effect to ensure
that the operating pH is within the activity range of the
enzymes can be added to the reagent.

Substances affecting the solubility and durability of
the reagent composition can be added to the reagent for

different demanding applications.
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Glucose dehydrogenase can be obtained from different
species having different molar weights, pH optima etc.
Here, glucose dehydrogenase only encompasses NAD- or NAD-
analog-dependent enzymes, whereas not the types which are
oxygen-dependent and operate with kinoid coenzymes, also
referred to as glycose dehidrogenase.

Diaphorase is also obtainable from different species,
but can be replaced by known substances, such as phenazine
methosulphate, Meldola blue etc. There are also other
known NAD-analogs, such as the best known NADP, which can
be reduced by the glucose/glucose dehydrogenase reaction
and transfer the reduction to a dye or colour system.

Surface-active substances may also be required for
facilitating the wetting of surfaces on an auxiliary
appliance. Surface-tension reducing substances can be
added for facilitating the coating of hydrophobic plastic
surfaces.

To adapt the suspension to different types of coating
equipment, the viscosity can be varied by adding suitable
high-molecular-weight polymers. The choice of high-mole-
cular-weight polymers is not critical but affects the
dissolving rate of the dry reagent. Among usable polymers
may be mentioned polyethylene glycol, polyvinyl pyrroli-
done, dextran and different cellulose derivatives. The
choice of polymers can also be made with a view to stabi-
lising the suspension. On the basis of known preparation
techniques from e.g. the food or cosmetics industry, there
will hardly be any problems in adapting the reagent to
different surfaces.

Surface-tension reducing substances may also have a
hemolysing effect, for instance decanoyl-N-methyl
glucamide. This is a well-known fact and therefore many
substances or combinations of substances can be used.
There are also hemolysing substances which are not par-
ticularly surface-active, e.g. mellitin and phospho-
lipases.
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There are also several known types of colour-changing
substances which are capable of changing colour when af-
fected by NADH and diaphorase. Tetrazolium compounds are
advantageous in that the formazan dye is formed irrevers-
ibly under normal reaction conditions. 3-(4,5-dimethyl-
thiazole-z-l)—z,5-diphenyl-ZH-tetrazolium bromide (MMT)
yields a good result in the composition, but many other
tetrazolium compounds can be used. It should here be noted
that the group from which the hemolysing substance or sub-
stances are selected contains only such substances as do
not give rise to interfering precipitations in combination
with tetrazolium compounds.

The invention will now be described in some Examples
with reference to the accompanying drawings.

Fig. 1 schematically shows a reaction formula for the
reactions concerned.

Fig. 2 is a diagram illustrating the spread and cor-
relation to a reference method for "end-point" determina-
tion.

Fig. 3 is a graph of a reaction process in "end-
point" determination.

Fig. 4 shows spectra in hemoglobin and MTT-formazan,
and indicates measurement and reference wavelengths.

Fig. 5 is a diagram illustrating the correlation to
the reference method in kinetic measurements.

Measurements have been performed on whole blood
samples prepared with glucose to obtain different glucose
levels. The reference method was a glucose dehydrogenase
test system from Merck, Gluc-DH (R) method, type 13886,
13887. For the reference method, spectrophotometry was -
carried out in the UV range, 340 nm according to the
accompanying packing specification. The reference method

is an analytical method of the wet-chemical type.
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Example 1

Reagent composition 1 mi

100 U glucose dehydrogenase (Merck)

20 U diaphorase (Merck)

22 mmmol NAD (Merck)

30 mmmol MTT (Merck)

25 mg White saponin (BDH)

5 mg decanoyl-N-methylglucamide

1 ml water subjected to ion-exchange ,
This provides a solution which is suitable for

freeze-drying in microcuvettes of the injection moulded

type described in US 4,088,448, which is commercially

available (HemoCue AB). Good reproducibility and linearity

were obtained (see Fig. 2). The measurements were con-

ducted at 660 nm with 880 nm as reference wavelength and

exhibit "end-point" measurement.

Example 2

Reagent composition 1 ml
1 XU glucose dehydrogenase (Mefck)
200 U diaphorase (Merck)
220 mmmol NAD (Merck)
0.3 mmol MTT (Merck)
250 mg White saponin (R) (BDH)
50 mg Pluronic P 85 (R) (SERVA)
250 mml water subjected to ion-exchange

The components included can be finely divided into a
suspension suitable for coating surfaces by different
printing techniques, such as silk-screen printing,
cylinder printing etc. This type of suspension is suitable
for coating microcuvettes of the divided type described in
US 4,088, 448.
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Example 3

Microcuvettes according to US 4,088,448 made of
cellulose acetate/butyrate and having a depth of about
0.15 mm were coated with a reagent composition according
to Example 2, by means of a dabber printing machine (4-
print). After drying and assembly, the functions of the
cuvettes with different whole blood samples were studied.
Hemolysis was measured at 660 nm, and the measuring time
varied between 20 and 40 s depending on the amount of
erythrocytes. The colour development was studied at the
same wavelength, and for a whole blood sample having a
glucose concentration of about 12 mmol/L, an end-point,
which was satisfactory from measurement aspects, was
attained after 1.5 min (see Fig. 3). Fig. 4 shows the
spectrum of hemoglobin and the spectrum of the dye
deriving from a whole blood sample with about 12 mmol/L
glucose in a cuvette according to Example 3. It clearly
appears that there are good possibilities of measuring
the formazan dye formed, without any undesired inter-
ference by hemoglobin, and also that there is a pos-
sibility of measuring turbidity for background compensa-
tion outside these spectra. By varying the thickness of
the coating, the reaction times will of course be
affected and, to some extent, also the maximally deter-
minable concentration.

Example 4

Reagent composition 1 ml

25 U glucose dehydrogenase with a maximum amount of poly-
ethylene glycolaldehyde methyl ether 750 linked thereto

5 U diaphorase (Merck)

7 mmol NAD (Merck)

20 mmol MTT (Merck)

25 mg White saponin (R) (Merck)

1 ml water subjected to ion-exchange
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This provides a solution which is suitable for freeze
drying analogously with Example 1. The reagent 1is adapted
for kinetic measurement as épposed to the preceding Exam-
ples relating to end-point measurement. The relatively
large amount of glucose dehydrogenase depends on the ac-
tivity reduction which occurs when linking the polymer
molecules. Linking polymer molecules to the enzyme
increases stability, which is a well-known fact and also
desirable for kinetic measurement tests. The optimal
polymer type has not been tried out, this Example being
merely intended to illustrate the possibility of using
polymers. The polyethylene glycol monomethyl ether was
converted into aldehyde by reacting with dimethyl
sulphoxide and acetic anhydride. After linkage to glucose
dehydrogenase in sodium chloride /carbonate buffer pH 10,
with an excess of polymer, the mixture was dialysed and
concentrated. The enzyme/bolymer complex exhibited better
stability than the pure eniyme. Examples of results from
kinetic measurements with a reagent according to this
Example are shown in Fig. 5. The measurements were carried

out at 660 nm for 3 - 3.75 min against reference wave-
length 880 nm.
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CLAIMS

A method for quantitative determination of total

S glucose in undiluted whole blood, character -
i s ed by contacting a sample of undiluted whole blood
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with a

reagent in dry form comprising:

glucose dehydrogenase (GDH);

One or more substances from the group consisting of
diaphorase, phenazine methosulphate, phenazine
ethosulphate, phenazine phenosulphate and Meldola
blue;

one or more substances from the group consisting of
NAD, NADP, thio-NAD, thio-NADP, nicotinamide-purine
dinucleotide, nicotinamide-methylpurine dinucleo-
tide, nicotinamide—2-chloro-methylpurine dinucleo-
tide; '

One or more hemolysing substances from the group
consisting of phospholipase, hemolysing sapoﬁins,
and compounds of hydrophilic mono-, di- or tri-

saccharides and aliphatic hydrocarbons having 10-16
carbon atoms;

a redox indicator dye; and

optionally mutarotase; and

measuring by transmission spectrophotometry a colour

change

brought about by the Teaction of the reagent with

glucose in the undiluted whole blood.

2.

Method as claimed in claim l, character-

i s ed in that the sample of whole blood is given a vo-
lume of less than 20 microlitre.

3.

Reagent composition for quantitative determination

of total glucose in undiluted whole blood, charac-

terised in that it is in dry form and comprises:

glucose dehydrogenase (GDH);
one or more substances from the group consisting of

diaphorase, phenazine methosulphate, phenazine



10

15

20

25

30

35

4'

12
ethosulphate, phenazine phenosulphate and Meldola
blue;
one or more substances from the group consisting of
NAD, NADP, thio-NAD, thio-NADP, nicotinamide-purine
dinucleotide, nicotinamide-methylpurine dinucleo-
tide, nicotinamide-2-chloro-6-methylpurine dinu-
cleotide;
one or more hemolysing substances from the group
consisting of phospholipase, hemolysing saponins,
and compounds of hydrophilic mono-, di- or tri-
saccharides and aliphatic hydrocarbons having 10-16
carbon atoms;
a redox indicator dye; and
possibly mutarotase.

Reagent composition as claimed in claim 3, cha-

racterised in that the redox indicator dye is a

tetrazolium salt.

5.

Reagent composition as claimed in claim 3 or 4,

characterised in that it comprises:

glucose dehydrogenase,

diaphorase,

NAD,

one Or more saponins,

a tetrazolium salt, and

optionally mutarotase.

The use of a reagent composition comprising:
glucose dehydrogenase (GDH);

one or more substances from the group consisting of
diaphorase, phenazine methosulphate, phenazine etho-
sulphate, phenazine phenosulphate and Meldola blue;
one or more substances from the group consisting of
NAD, NADP, thio-NAD, thio-NADP, nicotinamide-purine
dinucleotide, nicotinamide-methylpurine dinucleo-
tide, nicotinamide—2-éhloro-methylpurine dinucleo-
tide;
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- one or more hemolysing substances from the group
consisting of phospholipase, hemolysing saponins,
and compounds of hydrophilic mono-, di- or tri-
saccharides and aliphatic hydrocarbons having 10-16
5 carbon atoms;
- a redox indicator dye; and
- optionally mutarotase,
and which composition is in dry form, for carrying out
quantitative determination of total glucose in undiluted
10 whole blood by transmission spectrophotometry.
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