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(57) Abrége/Abstract:

The present invention concerns a method for hemoglobin determination which comprises the steps of introducing a sample of
undiluted whole blood by capillary action into a disposable microcuvette having at least one cavity for recelving the sample. The
cavity includes a dry essentially non-hygroscopic hemolysing agent, which Is dissolved by the blood, hemolyses the red blood
cells and releases the haemoglobin contained in the blood cells. A first absorption measurement at a wavelength range
490-520 nm Is then performed directly on the sample in the microcuvette, and a second absorption measurement Is performed
to compensate for background interference.
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(57) Abstract: The present invention concerns a method for hemoglobin determination which comprises the steps of introducing
a sample of undiluted whole blood by capillary action into a disposable microcuvette having at least one cavity for receiving the
sample. The cavity includes a dry essentially non-hygroscopic hemolysing agent, which is dissolved by the blood, hemolyses the
red blood cells and releases the haemoglobin contained in the blood cells. A first absorption measurement at a wavelength range
490-520 nm 1is then performed directly on the sample in the microcuvette, and a second absorption measurement is performed to

compensate for background interference.



CA 02414316 2002-12-23

wO 02/01195 A1 NMFARRR A 00K A0 0 AN AT A R

patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European ZA, ZW, ARIPO patent (GH, GM, KE, LS, MW, MZ, SD, SL,
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, SZ, TZ, UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, MD, RU, TJ, TM), European patent (A1, BE, CH, CY, DE,
CGQG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, TR),
OAPI patent (BE, BJ, CF, CG, CI, CM, GA, GN, GW, ML,

Declaration under Rule 4.17; MR, NE, SN, TD, TG)

— as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii)) for the following designations AE, .
AG, AL, AM, AT AU, AZ, BA, BB, BG, BR, BY, BZ, C4, Tublished: |
CH CN. CO. CR. CU CZ DE. DK. DM. D7 EC. EE. ES. with international search report
FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KF,
KG, KP. KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, For two-letter codes and other abbreviations, refer to the "Guid-
MK, MN, MW, MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, ance Notes on Codes and Abbreviations" appearing at the begin-
SG, SI, SK, SL, TJ, TM, TR, T1, TZ, UA, UG, UZ, VN, YU, ning of each regular issue of the PCT Gazette.



CA 02414316 2002-12-23
WO 02/01195 PCT/SE01/01442

ANATLYSIS METHOD AND CUVETTE THEREFOR

Field of invention

The present invention concerns an analysis method

and a cuvette for performing this analysis. Specifically

5 the invention concerns a method for determination of hae-
moglobin in undiluted whole blood and a disposable cu-

vette which can be used in this determination.

Background art

10 A disposable cuvette for sampling a fluid, mixing
the sample with a reagent and directly making optical
analyses of the sample mixed with the reagent is previ-
ously known from U.S. Pat. No.4,088,448. This known cu-
vette has several advantages as it i.a. simplifies the

15 sampling procedure, reduces the number of utensils and

considerably improves the accuracy of analysis by making

the analysing procedure independent of the operating

technique of the operator making the analysis. A cuvette

construction based on the same principle and with 1im-
20 proved flow characteristics is disclosed 1n the US patent
5 674 457.

A disposable cuvette developed according to these

patents is currently widely used for haemoglobln measure-

ment (Hb determination) of undiluted whole blood. To this

25 end the cuvette cavity has been pre-treated with a rea-

gent, such that when a blood sample is drawn into the cu-
vette, the walls of the red blood cells are disintegrated
and a chemical reaction is initilated. The result of the
reaction allows Hb determination by absorption measure-

30 ment directly through the transparent walls of the cu-

vette which, in the measuring zone, also called the opti-

cal window, has a predetermined and accurately defined

distance between the inner surfaces of the opposing pla-

nar walls. The measurement method is based on a modified
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azidmethemoglobin method according to Vanzetti, G., Am.d.
Lab.& Clin. Med. 67, 116 (1966).
The spectophotometric measurements are made at 570

and 880 nm. This quantitative measurement method based on
dry chemistry has met with considerable success as can be
seen in e.g. the article by von Schenck et al in Clinical
Chemistry, vol 32, No 3, 1986 as the method gives equal
or even superior results in comparison with the results
obtained with standardised wet methods for the determina-
tion of Hb. The reagent used 1s comprised of sodium

deoxycholate which hemolyses the red blood cells, sodium

azide and sodium nitrite, which converts haemoglobin to
azidmethemoglobin.

Due to the hygroscopic propertilies of the reagents
used, the shelf life is limited and the storage of the

cuvettes in sealed packages including a drying agent 1is

required. Even more troublesome is the fact that, in cli-

mates with high humidity, the cuvette has to be used

within a few minutesgs after the removal from the package,

as otherwise the reagents will be destroyed and the meas-

urement will be i1naccurate and thug useless.

Objects of the invention

An object of the present invention is to provide a
rapid, quantitative method for the determination of

hemoglobin in whole blood.

A second object is to provide a method for the
determination of hemoglobin in whole blood, which may be
performed in a disposable microcuvette.

A third object is to provide a microcuvette for the
determination of hemoglobin in undiluted, whole blood in
which method the problems originating from the hygro-
scopic properties of the reagents are eliminated.

Other objects will be apparent from the following

description and the accompanying claims.
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Summary of the invention
In accordance with the present invention a method

for providing such a hemoglobin determination comprises

the steps of introducing a sample of undiluted whole

blood by capillary action into a disposable microcuvette
having at least one cavity for receiving the sample. The
cavity includes a dry essentially non-hygroscopic hemo-
lysing agent, which is digsolved by the blood, hemolyses
the red blood cells and releases the haemoglobin con-
tained in the blood cells. A first absorption measurement
at a wavelength range 490-520 nm 1s then performed
directly on the sample in the microcuvette, and a second
absorption measurement 1s performed to compensate for
background interference.

It has thus unexpectedly been found that quanti-

phu—

tative determinations of haemoglobin can be performed

without the chemical reagents sodium azide and sodium

nitrite mentioned above. More specifically, it has been
found that quantitative determinations may be performed
directly on the hemolysed blood provided that an appro-
priate hemolysing agent or a mixture thereof i1s selected.
In accordance with the present invention 1t has thus
been found that the hygroscopic reagents can be elimi-
nated. Furthermore, it has been found that the time for

obtaining the analytical determination may be reduced. As

the analyses are performed in large amounts 1in e.g. hos-

pitals and blood banks, the time aspect 1s important.

Detailed description of the invention
The disposable microcuvette used according to the

present invention may be of the type disclosed in the US
patents 4 088 448 or preferably in the US patent

5 674 457 which are hereby incorporated by reference. It

may be defined as a unitary body member including at

least one cavity with an optical window (measuring zone)
wherein two, plane or curved, surfaces facing the cavity

are placed at a predetermined distance from one another
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and thus define a predetermined optical path length. This
distance between the surfaces defining the measuring zone
is a critical parameter in providing the proper optical

path length for the haemoglobin measurement and 1n a pre-

ferred embodiment this distance i1s between 0.05 and

0,2 mm. The distance between the 1nner surfaces of the
rest of the cavity is preferably in the order of 0.1-2 mm
which is effective to permit the sample to enter the cav-

ity by capillary force through the cavity inlet, which 1is
communicating with the exterior of the body member. Fur-
thermore, the cavity has a predetermined fixed volume of
less than about 25 ul. A dried hemolysing agent 1s coated
on the cavity surface. The hemolysing agent is preferably

present in excess of the amount required for the hemo-

lysing reaction. No other additives are necessary for the
determination according to the inventive method.

The cuvettes according to the present 1lnventlion may

be formed by any suitable material, which allows the for-
mation of the necessary tight tolerance levels. Prefera-
bly the cuvette is manufactured by injection moulding of
a transparent polymeric material.

A critical feature of the present invention is the
hemolysing agent. Specifically, this agent should be es-
sentially non hygroscopic and easily soluble in water or
more exactly undiluted whole blood. Furthermore, as it 1is
important that the method gives reproducible results,

this agent should preferably have a well defined chemical

structure. As the hemolysing agent is preferably intro-

duced into the cuvette cavity as a solution, which is
subsequently carefully dried preferably by using heat, 1t
is also suitable that the hemolysing agent 1s easily

soluble 1n organic solvents which does not destroy the
hemolysing agent and which can easily be evaporated at
low temperatures. It is therefore preferred that the he-
molysing agent should be easily soluble in alcohols, such

as methanol.
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Another important aspect when selecting the hemo-
lysing agent is that this agent in the dried form, which
is present in the ready-to-use microcuvette, permits a
rapid and uniform introduction of whole blood into the

5 cuvette. Particularly, the time period for the intro-

duction of the whole blood into the microcuvette should
be shorter than the time period required by this blood
for dissolving the hemolysing agent in the microcuvette.

A particularly preferred group of hemolysing agents

10 are ionic and non-ionic, surface active substances with
hemolysing properties. Examples of such substances are
quaternary ammonium salts selected from the group of
alkyl triethylammonium salts, alkyldimethylbenzylammonium
salts and alkylpyridium salts consisting of: tetrade-

15 cyltrimethyl ammonium bromide (TTAB), dodecyltrimethyl
ammonium chloride, cetyltrimethyl ammonium bromide,
hexadecyltrimethyl ammonium bromide, benzalkonium
chloride, cetylpyridium chloride and other quaternary
ammonium salts, sodium lauryl sulphate, and salts of

20 deoxycholic acid. Particularly suitable hemolysing agents

to be used according to the invention are sodium deoxy-

cholate, potassium deoxycholate, calcium deoxycholate,
morfolin deoxycholate, cyclohexylammonium deoxycholate
and ammonium deoxycholate or combinations thereof. The

25 presently most preferred hemolysing agent which fulfils

the requirement of providing a quantitative and rapid

determination of hemoglobin is a combination of sodium

g
—

deoxycholate and ammonium deoxycholate. The amount OTL

o

ammonium deoxycholate is preferably 20-80 % by weight of
30 this combination.
During the experiments resulting in the present in-

vention it was found that the maybe most commonly used

group of agents for hemolysing blood, i.e. the saponins

which are natural products widely distributed in plants

35 and which are mixtures of different chemical structures,

do not give reproducible results in the inventive method.
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The saponins are powerful hemolysing agents even at very
low concentrations.
A critical feature of the inventive method and an

important difference in comparison with the known and

presently commercially used method for determination of
Hb in microcuvettes is also that the absorption measure-
ment has to be performed at another wavelength. Thus 1it
has been found that the absorption determination should
be carried out in a range of 490 - 520 preferably 500-
510 nm. The secondary compensatory adsorption measurement
is preferably performed in the range 850 - 910, prefer-
ably 860 - S00 nm.

Measurements for the determination of blood at these

wavelengths are disclosed in the US patent 5 064 282.
According to this patent the measurement is made in a
reusable cuvette, which contains blood which has pre-
viously been hemolysed with saponin. Particularly this
method involves placing a drop of blood on a glass slide,
stirring the blood with a stick having saponin thereon
until translucent and introducing the hemolysed blood
into the cuvette.

As regards the potential disturbance of the determi-
nation due to the presence of methaemoglobin according to

the present invention 1t 1s appreciated that such a

disturbance will occur in patients having a very rare

congenital enzyme abnormality, in some rare variants of

normal haemoglobin and after exposure of certain drugs

and chemicals, such as phenacetin, nitrates, quinones,

chlorate. Perhaps as much as 10-20 % methaemoglobin will

be present in the blood in these cases, but when they

occur it will be sufficiently obvious clinically to

indicate the need for using the azide method, 1.e. the
method currently used in microcuvettes, or the haemo-
globincyanide method (a reference ICSH method) instead.
In this context it should be added that this problem, if

any, is also present with the traditional and universally

accepted oxyhaemoglobin method. Also high concentrations



CA 02414316 2002-12-23

WO 02/01195 PCT/SE01/01442

10

15

20

25

30

35

7

of carboxvhaemoglobin in heavy smokers and sulfhaemo-
globin may cause disturbances.

Photometers suitable for performing these measure-
ments may be obtained by modifying existing photometers
with suitable filters and light emitting diodes. Accor-
ding to a preferred embodiment of the invention a photo-
meter measures the absorbance at the two wavelengths and
a built-in micro processor calculates, according to a
programmed algorithm, the total concentration of hemo-
globin in blood.

The following non limiting example i1illustrates the
inventive method.

A hemolysing agent consisting of equal parts of so-
dium and ammonium deoxycholate was dissolved in methanol

and introduced into a disposable microcuvette having the

above construction. The methanol was then evaporated.

In a comparison between the inventive method per-
formed in microcuvettes containing only the dried mixture
of sodium and ammonium deoxycholate and the method for
determination of hemoglobin in the known, currently used
HemoCue microcuvettes containing the sodium
nitrite/sodium azide reagent as well as sodium deoxycho-
late, it was found that the time period for hemolysing
the blood was about 15 seconds shorter with the preferred
hemolysing agent according to present invention. Partil-

cularly the period for hemolysing the dried hemolysing

agent present in the microcuvette should be less than 40

seconds. This permits a further reduction up to 25% ot

the total time of the hemoglobin determination which may
be advantageous in busy hospitals and in other situations
where may determinations are made.

In a corresponding comparison concerning the stabil-
ity with regard to humidity it was found the stability of
the microcuvettes including the deoxycholate mixture

mentioned above was 24 hours 1n alir of 45°C and 80 %

relative humidity which should be compared with about 2
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minutes for the commercially available HemoCue microcu-
vettes under the same conditions.
An evaluation of the new method with this hemolysing
mixture (and without any other chemicalsg) in comparison
5 with the standard ICSH method is disclosed in figure 1.
The evaluation was made under laboratory conditions. As
can be seen the agreement between the methods is very
good.
The spectophotmetric absorption measurements were
10 made at about 570 nm for the known method and about 505
nm for the new method. For both methods compensatory
measurements were made at 880 nm.
The foregoing has been a description of a certain
preferred embodiment of the present invention, but it 1is
15 not intended to limit the invention in any way. Rather,
many modifications, variations, and changes in details

may be made within the scope of the present invention.
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CLAIMS

1. A method for guantitative haemoglobin determina-

tion in undiluted whole blood comprising the steps of:

introducing a sample of undiluted whole blood by

capillary action into a disposable microcuvette having at
least one cavity for receiving the sample, the cavity
including an essentially non-hygroscopic hemolysing agent

in a dry form, whereby the hemolysing agent 1s dissolved,

T——

hemolyses the red blood cells and releases the haemc
globin contained in the blood cells;
performing a first absorption measurement at a wave-

length range 490-520 nm directly on the hemolysed sample

in the cuvette, and
further conducting a second absorption measurement

to compensate for background interference.

2. The method according to claim 1 wherein the he-
molysing agent is soluble 1n organic solvents.

3. The method according to claim 2 wherein the or-
ganic solvent is an alcohol such as methanol.

4. The method according to any one of the preceding

claims wherein the hemolysing agent is selected in such a

way that this agent in the dry form present in the ready-
to-use microcuvette, permits a rapid introduction of
whole blood into the cuvette.

5.The method according to claim 4 wherein the time
for the introduction of whole blood into the microcuvette
is shorter than the time required for dissolving the
hemolysing agent.

6. The method according to any one of the claims 1-

5 wherein the hemolysing agent 1s selected from the group
consisting of ionic and nonionic, surface active sub-
stances.

7. The method according to any one of the claims 1 -

6 wherein the hemolysing agent is selected from the group

consisting of salts of deoxycholic acid and quaternary

ammonium salts.
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8. The method according to claim any one of the pre-
ceding claims wherein the hemolysing agent 1s selected
from the group consisting of sodium deoxycholate, potas-

sium deoxycholate, calcium deoxycholate, morfolin deoxy-
cholate, cyclohexylammonium deoxycholate, and ammonium
deoxycholate or mixtures thereof.

9. The method according to claim any one of the pre-

ceding claims wherein the hemolysing agent essentially

consists of a mixture of sodium deoxycholate and ammonium

deoxycholate.
10. The method according to claim 9 wherein the

amount of ammonium deoxycholate is between 20 and 80
percent by weight.

11. The method according to any of the preceding
claims wherein the first absorption measurement is

performed in the range 490 - 520, preferably 500 - 510

nm.
12. The method according to any of the preceding
claims wherein the second absorption measurement 1s
performed in the range 850 - 910 nm, preferably in the
range 860 - 900 nm.
13. Disposable microcuvette for spectrophotometeric

determination of haemoglobin in undiluted whole blood,

characterised in that the cavity includes a dried, non
hygroscopic hemolysing agent or a combination thereof

provided that the cavity is essentially free from azide

and nitrite.
14 . Microcuvette according to claim 13 characterised

in that the hemolysing agent is as defined in any of the

claims 2 - 10.
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