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(57) Abrége/Abstract:

A reagent for enabling leukocytes to be classified and measured by lyzing erythrocytes and acting on leukocytes, which has a
pH of 1.5 - 5.0, and an osmolarity of 10 - 120 mOsm/kg and contains a polyoxyethylene based nonionic surfactant represented

e

T N §.
.l.!.\‘\-c.c..--.
. T

3 '_{,-.T'l'.
o~

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 2027452 C 2002/06/11

aneny 2 027 452
13) C

(57) Abréege(suite)/Abstract(continued):

by the general formula: R,-R,-(CH,CH,O) -H (where R, Is an alkyl, alkenyl or alkynyl group having 12 - 22 carbon atoms; R, Is
-O-, (see formula |) or -COO-; and n Is an integer of 20 - 100) or a reagent for the same purpose, which comprises a first solution
which Is the reagent described above and a second solution to be added to the first solution, andis a pH of 5.0 - 12.0 and has an
osmolarity of 150 - 2000 mOsm/kg after addition of the second solution to the first solution; and methods for classifying

leukocytes into at least three types; that is, lymphocytes, monocytes and granulocytes and for detecting abnormal cells by using
a reagent described and particulate analysis methods consisting of RF method and DC method are disclosed.
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A METHOD FOR CLASSIFYING LEUKOCYTES AND
A REAGENT USED THEREFOR

ABSTRACT OF THE DISCLOSURE:

A reagent for enabling leukocytes to be classified

and measured by lyzing erythrocytes and acting on leuko-
cytes, which has a pH of 1.5 -~ 5.0, and an osmolarity of

10 - 120 mOsm/kg and contains a polyoxyethylene based
nonionic surfactant represented by the general formula:
R1~R2—(CHZCH20)H~H (where Ry is an alkyl, alkenyl or alkynyl
eroup having 12 - 22 carbon atoms; Rz 1s -0-, O-— or
-C00-: and n is an integer of 20 - 100) or a reagent for the
same purpose, which comprises a first solution which is the
reagent described above and a second solution to be added

to the first solution, and is a pH of 5.0 - 12.0 and has

an osmolarity of 150 - 2000 mOsm/kg after addition of the
second solution to the first solution; and methods for
classifying leukocytes Into at least three types; that 1s,
lymphocytes, monocytes and granulocytes and for detecting
abnormal cells by using a reagent described and particulate
analysis methods consisting of RF method and DC method are

~disclosed.
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A METHOD FOR CLASSIFYING LEUKOCYTES AND
A REAGENT USED THEREFOR

The present invention relates to methods for classi-
fying blood cells in the practice of clinical testing and,
more particularly, to methods for classifving, discriminat-
ing and counting leukocytes in a blood sample and reagents
used in the methods.

LLeukocytes in the peripheral blood of normal subjects
can be classified as being of five types consisting of
lymphocytes, monocytes, neutrophils, eosinophils, and baso-
phils. Different leukocyte types have different functions
and counting of leukocytes in the blood according to their
type will provide valuable information for diagnostic '
purposes. For instance, an increase in the number of
neutrophils is associated with such diseases as inflamma-
tions, myocardial infraction and leukemia, and a decrease in
their number ls assoclated with viral diseases, hypoplastic
anemia, agranﬁlocytosis, etc. On the other hand, an
increase in the number of eosinophils is found in such

 diseases as parasitosis, Hodgkin s dlsease and allergosis

An increased number of monocyte OCCUrsS elther during the

.convelescence period of patients sufferlng from 1nfectlous
- diseases or 'in such diseases as monocytlc leukemia.

Lymphocytes, monocytes neutrophils eosinophils and
basophils are normal cells present in blood. In certaln
blood diseases, however, cells other than these cells, that

'is, abnormal cells appear in the perlpheral blood. For

example, blast cell appear in the peripheral blood of a

'.patlent with leukemia.
30

Since abnormal cells 1nclude various different klndS-

of cells it is cllnlcally lmportant to cla851fy them and to
'count cells belonging to each ebnormal cell group.

Clas31flcation and countlng of leukocytes have been

~made most. ‘commonly by the differential countlng method which

1s also referred to as ‘the v1sual countlng method Wthh 1s

also referred to as the visual. countlng method or simply as

the manual method In this method a blood sample is spread
on a glass slide and the blood cells in the smear are fixed
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and stained for examination by microscopy. The technicilan
identifies the type of individual leukocytes according to
their morphological features (e.g., their size, the morphol-
ogy of their nucleus and cytoplasm, and the presence or
5 absence of granules) or the degree of dye uptake and

performs classification and counting of them. Under
ordinary circumstances, 100 - 200 leukocytes are usually
counted for each sample and the percentage of the total
leukocyte count occupied by each type of cell 1s recorded as

10 a measured value.

The differential counting method has several disad-
vantages. First, microscopic observation must be preceded
by cumbersome procedures for preparing a specimen that
involve such steps as smearing a blood sample on a glass

15 slide, fixing the cells and staining them. Secondly, 1t is
difficult for the technician to identify subtle differences
between cells by microscopic classification and counting.
Thirdly, it is difficult even for a skilled technician to

‘ vield consistent counts by the manual methods since aside

20 from the small number of leukocytes computed, the smeared
sample often has an uneven distribution of blood cells.

- Various methods have been proposed for eliminating 
these disadvantages'of thefmanual method of leukocyte
classification by developing automated techniques and such

25 automated techniques may be roughly divided into two types.
The first method ConsiSts of recording the images of cells
with a video camera or some other suitable imaging device
and classifying the leukocytes by means of image-proceSSing
on a computer. .The'operating principle of this method 1is

30: similar to that of the conventional visual counting method
but primarily due to the eXistenCe of many cells that'defy
‘classification by processing with a computer, this method
has not yet become an idealialternative to the manual method.'
Furthermore, this method'is not economically feasible since

35 it requires sbphisticatéd gquipment which is large and
costly. |

The other approach toward automatic classification
and counting of leukocytes is based on a flow system. In
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this method, a blood sample having cells suspended in a
diluent is permitted to flow in such a way that the cells
will individually (one by one) pass through a constricted
detector and leukocyvte classification is done by analyzing
the signal generated by the detector. This second method
of leukocyte counting which makes use of a flow system 1S
further subdivided into two categories.

Tn a method of the first category, all red cells
present in an electrolyte are destroved with a lyzing agent
so that only suspended leukocytes are permitted to flow
through an orifice and the change 1in electrical impedance
that occurs at the orifice when each cell passes through it
is detected, with the magnitude of the detected signal being
used as a basis for classification of leukocytes. 

The fist category includes a method comprising apply-
ing a high-frequency current to the orifice and detecting
the change in permittivity brought about at the orifice when
the blood cells pass through it. This method is referred to
as the "RF method" and its basic principle is disclosed in

Jjapanese Patent No. 508789 and U.S. Patent No. 3,390,326.
According to the RF method, structures of blood cells and

properties of substances constructing the cells in addltlon
to 31Aes of blood cells can be determined. |

| Moreover, in the first category including a method
comprlsing applying a direct current to the orifice and
detecting the change in permlttivity caused when the blood
cells pass through 1t. This method is referred to as the

"DC method" and is disclosed in Japanese Patent No. 217947
‘and U.S. Patent No. 2,656,508, In the DC method magnitudes

~ of detected signals are almost relatlve,to volume of blood

cells.
An apparatus is disclosed in Japanese Patent.

-No 785859 and U.S. Patent'No '3'502 974 for classifying

_populations of different kinds of particulates in a suspen-
sion by u81ng the RF method in combination with the DC.

method. However, in these patent specifications, no sugges-
tion is given for the possibility of classifying and count-

ing populations of different kinds of leukocytes.
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A method of the second category is characterized by
the use of a flow cytometer that comprises a light source,
a flow cell that permits the blood cells in a sample to flow
one by one through a constricted channel, a photometric unit
that detects light issuing from each blood cell, and an
analyzer for analyzing the detected signals. In this method,
the cells in the sample which are stained are illuminated
under a light and the fluorescence emitted from the irradi-
ated cells is detected, optionally together with scattered
light with leukocyte classification being made in accordance
with the intensity of the detected signals. '

Methods belonging to the second category require
complicated staining procedures and include many practical
problems such as use of a oOmplex and expensive apparatus
including an optical'system.'_ ' '

" On the other hand, cytolytic agents used in a method
of the first category include known saponins or quaternary
ammonium salts. Since, however, saponins do not exhiblt
stable hemolytlc actlvity and quaternary ammonium salts

‘exhibit strong hemolytic activity which cause significant

damage to leukocytes, there has been a problem that leuko-
cytes could be classified into at most three types by us1ng

these hemolytic agents.

According to the appllcant s invention of

fPCT/JP88/00514 nelther saponin nor quaternary ammonium
salts is used as a cytolytlo agent however, a method for

cla851fy1ng normal leukocytes into flve types and o1a381fy~'

- ing abnormal cells comprising using polyoxyethylene nonionic
or anionic surfactant to hemolyze erythrocytes and to appro-

' 30: pr1ately injure leukocytes in a short time and analyzing

~ the results by combining the RF and DC methods of the first

35

category ls provided with. _ _ _
On the other hand Japanese Patent Public Dlsclosure

"No; 134957/88 (EP Patent Publioatlon No. 259833) discloses
,fa process for ola991fying leukocytes (a method of the second
‘loategory) compris1ng hemolyzxng erythrocytes in the first
fsolutlon Wthh 1s a01d10 and hyposmotlc,'neutra1121ng the
“a01dity of the flrst soiutlon and adjusting the osmolarity
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by using the second solution, and measuring leukocytes by a tlow cytometer

to classify them. Moreover, WO 88/07187 (published on September 22, 1988)
discloses a process (a method of the first category) for classifying leukocytes
comprising lyzing erythrocytes in the first solution which is acidic and hyposmotic,
neutralizing the acidity of the first solution and adjusting the osmolarity by using
the second solution, and classifying and counting leukocytes by using the RF and

DC methods in combination.
However, ghosts due to erythrocytes (hereinafter

referred to as "erythrocyte ghosts") cannot be sufficiently
reduced only by hemolyzing erythrocytes in an acidic and
hyposmotic solution as conducted 1n the above two methods.
Therefore, when measuring leukocytes by using RF and DC
methods, said ghosts and the intensity of the detected slgns
partially overlap and as a result, cannot be definltely
distinguished. Since either of these two methods requires

a reagent consisting of two solutlons, an automatic blood

analyzer wherein such methods are practised necessarily

becomes complicated.
Incidentally, although 1t 1s described in a reference

(Clinical Analysis (Rinsho Kensa) Book, Additional Volume 1,
"Pretreatment for Examination of Samples”, page 3, published
by Kanahara Shuppan] that smear must be prepared within 4
hours after blood gathering, smears are of ten prepared many
hours after blood gathering in a big institution such as

2 clinical examination center. In such cases, injury of
leukocytes increases at time passes and particularly neutro-
phils and monocytes are remarkably injured. Therefore,
results of the classification of leukocytes obtained from

blood gathered 24 hours previously are largely different
from those of leukocytes obtained immedlately after blood
gathering.

Therefore, there hgs heen a need for a method for

accurately classifying leukocytes in blood gathered many

hours ago.
The object of this invention 1s to provide a process

wherein neither saponin nor quaternary ammonium is used as
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a cytolytic agent but another cytolytic agent exhibiting
stable hemolytic activities is used to hemolyze erythrocytes
and to stabilize leukocytes in a short time, wherein
erythrocyte ghosts can be distinguished with lymphocytes
5 and normal leukocytes are classified into five types and
abnormal cells are classified, and wherein accurate values
of the classified leukocytes can be obtained for blood
gather many hours ago; and a reagent used therein.
The problems mentioned above can be solved by using
10 the reagent of this invention and the process for classify-

ing leukocytes of this invention wherein said reagent is

used.
The reagent and the process are as shown in the
 following:
15 (1) A reagent for enabling leukocytes to be classified

and measured by lyzing erythrocytes and acting on leuko-
cytes, which has a pH of 1.5 - 5.0, and an osmolarity of
10 - 120 mOsm/kg and contains a polyoxyethylene based
nonionlic surfactant represented by the general formula:

20 R1-Ra - (CHQCHQO) -H (where R; 1is an alkyl, alkenyl or

alkynyl ocroup haV1ng 12 -~ 22 carbon atoms; R, is -O—
{:}O~ or -C00-; and n is an integer of 20 - 100)

(2) A reagent for enabling leukocytes to Dbe cla551f1ed
and measured by lyz1ng erythrocytes and acting on leuko-

25 cytes, which comprises a first solution which is the

reagent claimed in (l)-and a second solution to be added
to the'firSt,solution,'and-is a pH of 5.0 —'12.0 and has
an'osmolarity.of 150 - 2000 mOsm/kg after addition of the

I seCOhd solution to the first solution.

30 (3) The reagent according to (2) Whereln the second solu-
_ tlon contains a polyoxyethylene based nonlonlc surfactant
"'represented by the general formula Ri-Ra- (CHchQO)
~ (where R, is an alkyl, alkenyl or alkynyl group haVJng
12 - 22 carbon atoms,-Rg is ~-0-, *C)*O“ or -CO0-; and n

35  '15 an integer of 20 - 100) , '

' - (4) The reagent accordlng to (2) whereilin the second

solution contalns at least one solub11121ng agent selected
from the group con51st1ng of the following five subgroups:
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Subgroup 1 (ureas):
urea

thiourea

l,1-dimethylurea

ethyleneurea

methylurethane

l,3-dimethylurea

urethane (H,NCOOC2,Hs)

Subgroup 2:

N-octyl B-D-glucoside

CHAPS(3-[ (3-cholamidopropyl)dimethylammonio]-1-
propanesulfonate)

CHAPSO(3-[(3-cholamidopropyl)dimethylammonio]-2-
hydroxy-l-propanesulfonate)

‘MEGAS8,9,10(octanoyl-, nonanoyl- or decanoyl-N-

20

25

30

35

methylglucamide)

sucrose monocaprate

N-formylmethylleucylalanine

Subgroup 3 (guanidines):
guanidine thiocyanate

guanylguanidine

guanidine hydrochloride .

guanidine rhodanate

guanidine nitrate
1,1,3,3-tetraguanidine

guanidine carbonate

guanidine phosphate

guanidine sulfate

Subgroup 4 (cholic acids):

sodium

deoxycholate

taurocholic acid

cholic

Subgroup 5 (halogen substituted acetic acids):

sodium
sodium
sodium
sodium

sodium

acid

trichloroacetate
tribromoaceté;é
dichloroacetate -
dibromoacetate

monochloroacetate
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sodium monobromoacetate.

(5) A method for classifying leukocytes into at least
three types; that is, lymphocytes, monocytes and granulo-
cytes by using a reagent described in any one of (1) - (4)

and particulate analysis methods consisting of RF method
and DC method.

(6) A method for detecting abnormal cells by using a
reagent described in any one of (1) - (4) and particulate
analysis methods which are consisting of RF method and DC
method.

In another aspect, the prevent invention provides a

Kit for enabling leukocytes to be classified and counted

by lyzing erythrocytes and acting on leukocytes, which
comprises:

(1) a first solution having a pH of 1.5-5.0, and an
osmolarity of 10-120 mmol/kg (10-20 mOsm/kg) and

containing a polyoxyethylene based nonionic surfactant
represented by the general formula:

R,-R,~-(CH,CH,0) -H

wherein R, is an alkyl, alkenyl or alkynyl group having
12-22 carbon atoms; R, is -0O-,

B-e-

or -CO0-; and n 1s an integer of 20-100; or by the
formula

CsHlQ*CD%O-(CH2CH20)3o~sofH;

and

(11) a second solution containing a buffer and an
osmolarity adjusting agent, which after addition to the
first solution, results in a mixture having a pH of 5.0-

12.0 and an osmolarity of 150-2000 mmol/kg (150-2000
mOsm/kqg) .
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In yet another aspect, the present invention
provides a reagent for enabling leukocytes to be

classified into at least lymphocytes, monocytes and
granulocytes and measured by lyzing erythrocytes and
acting on leukocytes, which has a pH of 1.5 - 5.0, and an
osmolarity of 10 - 120 mOsm/kg and contailns a
polyoxyethylene based nonionic surfactant represented by
the general formula:

RI"RZ“(CHZCHzo)n“H
(where R, is an alkyl, alkenyl or alkynyl group having g9 -
22 carbon atoms; R, is -0-, 4{3%0— or -C00-; and n 1s an
integer of 20 - 100).

It 1is well known that erythrocytes are hemolyzed in
a hyposmotic solution but the process of this invention is
characterized in that erythrocytes can be hemolyzed under
hyposmotic (10 - 120 mOsm/kg) and acidic conditions in a
solution containing a nonionic surfactant.

If the solution 1s neutralized, damage to leukocytes
becomes severer and erythrocyte ghosts do not sufficiently
decrease. On the other hand, if the solution is made alka-
line, damage to leukocytes becomes very severe. Therefore,
1t 1s essential to hemolyze erythrocytes under acidic condi-
tion. Erythrocyte ghosts cannot be decreased only when the
acidic and hyposmotic conditions are combined.

Fig. 1 is a chart showing distribution of results
obtained by measuring leukocytes immediately after blood
gathering in the working examples concerning the reagent
consisting of one solution.

Fig. 2 is a chart showing distribution of results
obtained by measuring leukocytes 24 hours after blood
gathering in the working examples concerning the reagent
consisting of one solution.

Fig. 3 is a chart showing distribution of results
obtained by measuring leukocytes immediately after blood
gathering in the working examples concerning the reagent
consisting of two solutions.

Fig. 4 1is a chart gﬁowing distribution of results
obtained by measuring leukocytes 24 hours after blood

gathering in the working examples concerning the reagent

consisting of two solutions.
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Fig. 5 is a chart indicating distribution of results
obtained by measuring blood of a subject suffering from
acute myelocytic 1eukemia in the working examples whereiln
the reagent consisting of two solutions.

Figs. 6 and 7 are charts showing distributions of
results obtained by measuring blood merely hemolyzed in an
acidic and hyposmotic solution in the reference example.
Fig. 6 is a chart relating TO measurement immediately after
blood gathering and Fig. 7 is one relating to measurement
24 hours after blood gatherlng

Fig. 8 is a chart as a reference indicating dlstribu—
tion wherein the addition number (n) of polyethylene 1is less
than that defined in this invention (n=10).

This invention is illustrated in the following
examples but it should not be intended to be limited to

them.
Reference Example
Erythrocytes in a blood sample were hemolyzed and
leukocytes in the sample were determined by using a reagent 
solution Wherein the pH was kept'et 2.0 and the osmolarity
was,&djﬁSted to 80 mOsm/kg.y'The results'are.indiceted in

"Fig. 6. The transversal axis. of the two dimensional distri-
'bution shown in Fig. 6 1ndioates relative signsl strength

determined by the DC method and the 1ongitud1na1 axis of

‘gaid distribution indicates relative signal strength deter-
mined by the RF method. Each spot given in Fig. 6 corre-

sponds to each cell which showed each DC signal strength and

-each RE s1gna1 strength.

The signs a - d in Fig. 6 have the following means:

ar granulocytes, b: monoeytes, c: lymphocytes;
'=d;f erythrocyte ghosts

In01dentally, the longitudinal and transversal axes

- and the signs given in the_other-flgures have the same

meanlngs as in Flg 6. |
| Fig. 6 shows the results obtalned from blood immedi-

ately after gathering. In this figure, distribution of
erythrocyte chosts d and that of lymphocytes C are over-
lapped in part and distributions of granulocytes a,
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monocytes b and lymphocytes ¢ are not good in separation
(are poorly separated).

Fig. 7 indicates the results obtained by determina-
tion of blood 24 hours after gathering but by using the same
reagent as Fig. 6. Distributions of the three kinds of
leukocytes are more poorly separated from each other.
Example 1

The'results obtained when determining blood immedi-
ately after gathering by using the reagent claimed in Claim
1 are indicated in Fig. 1. The pH of the solution was 2.0
and the osmolarity thereof was 80 mOsm/kg. As a POlyoxy-
ethvlene based nonionic surfactant 1.5 /08 of Emulsit 9 '
[CoHie~<O)-0-(CHaCH20)z0~s0-H; manufactured by Daiichi
Kogyo Seiyaku Kabushiki Kalsha] was used. Distribution of
erythrocyte ghosts d and that of lymphocytes ¢ are clearly
separated without overlapping and distributions of granulo-
cytes a, monocytes ¢ are well separated,

Example 2 |

Fig. 2 indicates the results obtained when determin-

ing blood 24 hours after gathering by u31ng the same reagent

kinds of leukocytes and dlstributlon of erythrocyte ghosts

. lare Well separated Thus, use of the reagent claimed 1n
~ Claim 1 can make erythrocyte ghosts well minimize and can

25

accomplish a stable counting and cla551flcat10n of leuko-

cytes in a blood sample gathered a 1ong time ago

. Fig. 8 1ndicates the results obtained by

.determlning the same blood as 1n Fig. 1 by using as a
o  -gipolyoxyethylene based nonionic surfactant Actinol L10
1fa30;
:"d.=Se1yaku Kabushik1 Kalsha] in place of Emu181t 9. Accordlng

[Clegs O (CHgCH20)10~H manufactured by Matsumoto Yush1

~to Fig. '8, ‘classification and countlng of leukocytes became

1mpossible because not only erythrocytes but also leukocytes

- __jdestroyed or remarkably contracted As is already known,
.1'35
i the stronger the hemolytlc act1v1ty thereof is.. Actlnol .10

the smaller the addltlon mole number of polyoxyethylene is,

-wherein n is 10 destroyed or contracted not only eryvthro-

cytes but also leukocytes.
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On the contrary, the larger the addition mole number
(n) of polyoxyethylene of the surfactant is, the weaker or
zero its hemolytic activity becomes. The surfactant wherein
n is large has so weak hemolytic activity that damage To
leukocytes is remarkably reduced. Therefore, use of such
a surfactant makes possible classification and counting of
leukocytes even in blood which was gathered a long time ago.
On the other hand, if hemolytic activity of the surtfactant
is too weak, erythrocyte ghosts cannot be sufficiently
reduced so that the ghosts cannot be well distinguished
with lymphocytes.

However, surprisingly the inventors found that the
erythrocyte ghosts can be sufficiently reduced witheut
causing undesirable leukocytes damage Dy using the nonionic
surfactant wherein the addition mole number Of pOolyoxy-
ethylene is 20 - 100.

Moreover, the inventors also found that the surfac-
tant protects leukocyte membranes and can provide definite
separation into three groups of.leukocytes:' granulocytes a;
monocytes:b; and lymphocyteS‘c on a two dimensional distri-
bution chart. ' ' ' '

An example of said protecting effects is given.below:

When hemolyzation was conducted in an acidic and '
hyposmotic solution, leukocytes are damaged and contracted
in about 5 minutes. But when a nonionic surfactant wherein
the addition mole number of polyoxyethylene is 20 - 100 1is
added to the solution, leukocytes do not contract even after
20 minutes has . passed. | ' .

' As 1ndlcated above, the invention of Claim 1 can be

 practised in ‘the form of one solution. One-solution type

eagent in u31ng 1n an automatlc blood analyzer because the

constructlon of the apparatus can be 31mp11f1ed and then
'COSt thereof can be reduced |

This 1nvention however, is not limited only to a
one- solutlon type reagent n Reagents of the two-solution
type are claimed in Claims 2 - 4 and described as follows:

The first solution included 1in the two- soLutlon type
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reagent is identical to the reagent clalmed 1in Claim 1 and
igs reacted with blood to make erythrocytes hemolyze under

an acidic and hyposmotic condition with leukocytes being
injured. The second solution is added to the reaction solu-
tion containing the first solution and the blood, whereby

pH and osmolarity of the resulting mixture are adjusted to
neutral (pH 5.0 - 12.0) and equivalent to high osmolarity
(150 - 2000 mOsm/kg). Thus, the second solution has effects
of adjustment of pH and osmolarity of the reaction solution.

By adding the second solution, separation of groups of
lymphocytes, monocytes and granulocytes 1s more improved,
whereby analysis of a two-dimensional distribution by a
computer to fractionate the distribution into each group
is made easy. '
Incidentally, separation of said groups can be still
more improved by incorporating a polyoxyethylene based non-
ionic surfactant claimed in Claim 3 and a solubilizing agent
claimed in Claim 4.

Example 3
Reactlon of the two- solutlon 18 1llustrat1vely

described below

'Preparation of the first solutlon

"To 1 & of a solution kept at pH 2.0 and adjusted

" to 80 mOsm/kg with a potassium chloride, hydrochloric acid

buffer 1.5 g of Emulsit 9 was added.

-Pregwratlon of the second solution

9 0 of a sodium primary phosphate/sodium secondary
phosphate buffer was added to 100 g of formalin. After the
resulting solutlon was adjusted to pH 7.5 and 1100 mOsm/kg,
2.5 g of B-phenetyl alcohol as a preservatlon 10 g of

'triethanolamlne as an antlox1dant and 0.025 g of Emulgen 420
'{CHg(CH2)70H=CH(CH2)8~0~(CH2CH20)13H; a polyoxyethylene
based nonionic surfactant‘mahufactured by Kao Kabushiki
‘Kaishal]l] as an agent for construCting erythrocyte ghosts were

added to said solution.
Reaction Condltlon

To 5 mQ of the Tirst so]utlon 60 pR of blood was
added and the mixture was reacted at 33°C for 30 seconds.
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Thereafter. the second solution was added to the mixture and
the resulting mixture was reacted at 33°C for 30 seconds.
The two dimensional distribution obtained by subject-
ing blood to the above Two step reaction immediately after
blood gathering are indicated in Fig. 3. As shown in
Fig. 3, erythrocyte ghosts d were sufficiently contracted
and granulocytes a, monocytes D and lymphocytes ¢ were well
separated. The sign g represents a platelet aggregation.
Fig. 4 indicates the results obtained by determining
in the same manner as in Fig. 3 the same blood as in Fig. 3
except that 24 hours passed after blood gathering. AS
clearly shown in Fig. 4, even if determination was carried
out 24 hours after blood gathering, substantially the same
two dimensional distribution as in Fig. 3 was obtained.
This proVes that the reagent of this invention could realize
o gtable determination of blood a long time after gathering.

This depends on stabilization of leukocytes with the reagent

of this invention.
Leukocytes were classified into three fractions and,

as described in the specification of PCT/JP88/00514 a
sample for determination of eos1nophlls and a sample for
determinatlon of basophils were prepared to measure number
of eosinophils and that of basophils. By the procedures,
the leukocytes could be class1fied into five types, that 1s,
lymphocytes, monocytes, neutrophils, eosinophils and baso-

'phils and cells of each type could be counted to obtain

total number of cells of each type of leukocytes and ratios
thereof. Coefficients of correlation for ratios of five

| 'types of 1eukocytes obtained by comparing the results from

determinatlon of 20 blood samples according to the above

;method with the obtained by measuring 200 cells per each

of said samples by V1sual counting method are indicated in
Table 1. ' ' |
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Table 1
lymphocytes 0.987
monocytes 0.900
neutrophils 0.985
eosinophils 0.979
basophlls 0.525

Tn the same manner, blood of a patient with acute
myelocytic leukemia (AML) was determined and the results are
indicated as a two-dimensional distribution given in Fig. 5.

Siens e and T mean 1eukem1a cells and nucleate
erythrocytes respectively. In Fig 5, abnormal cells such
as leukemia cells appear at the locations at which no cell
is present in Figs. 3 and 4. 'Thus, according to this inven-
tion, not only normal cells but also abnormal cells can be
detected.

- In accordance wlth the reagent and process of this
invention, erythrocytes can be hemolyaed by using a cyto-

;lytic agent hav1ng a stable hemolytic activity; leukocytes
.’can be stabilized in a short time, and erythrocyte ghosts_
- and 1ymphocytes can be distinguished clearly, and comb1na~_

15

tion of the DC method and the RF method can realize Cla881“_

' ' ficati0n of 1eukocytes blood into five types of mormal
- leukocytes and abnormal cells, and accurate classification 7

'S values can be obtained even for blood tested a 1ong time
after being gathered | | ' o

20
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The embodiment of the invention in which an exclusive
property or privilege are claimed are defined as follows:

1. A reagent for enabling leukocytes to be
classified into at least lymphocytes, monocytes and
granulocytes and measured by lyzing erythrocytes and
acting on leukocytes, which has a pH of 1.5 - 5.0, and an
osmolarity of 10 - 120 mOsm/kg and contains a
polyoxyethylene based nonionic surfactant represented by
the general formula:

R1~R2*(CH2CH20)H—H
(where R; is an alkyl, alkenyl or alkynyl group having 9 -
22 carbon atoms; Rz 1s -0-, 4@2%0— or -CO0-; and n 1s an
integer of 20 - 100).
2 . A reagent for enabling leukocytes to be classified
and measured by lyzing erythrocytes and acting on leuko-
cytes, which comprises a first solution which 1s the reagent
claimed in Claim 1 and a second solution to be added to
the first solution, and phags @ pH of 5.0 - 12.0 and has an
osmolarity of 150 - 2000 mOsm/kg after addition of the
second solution to the first solution.
3. The reagent according to Claim 2 wherein the second
solution contains a polyoxyethylene based nonionlc surfac-
tant represented by the general formula:

RL“RZ“(CHQCHQO)H"H
(where R; is an alkyl, alkenyl or alkynyl group having 12 -

22 carbon atoms; R, 1is -0-, (? O- or -CO0-:; and n is an
integer of 20 - 100).
4 . The reagent according to Claim 2 wherein the second

solution contains at least one solubilizing agent selected
from the group consisting of the following five subgroups:

Subgroup 1 (ureas):

urea
thiourea
1,l-dimethylurea
ethyleneurea
methylurethane
1,3-dimethylurea
urethane (H,NCOOC,Hs)
‘Subgroup 2:

N-octyl B-D-glucoside
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CHAPS(3-[(3-cholamidopropyl)dimethylammonio]-1-
propanesulfonate)

CHAPSO(3-[(3-cholamidopropyl)dimethylammonio]-2-
hydroxy-l-propanesulfonate)

MEGAS8,9,10(octanoyl-, nonanoyl- or decanoyl-N-
methylglucamide)

sucrose monocaprate

N-formylmethylleucylalanine

Subgroup 3 (guanidines):

guanidine thiocyanate

guanylguanidine

guanidine hydrochloride

gcuanidine rhodanate

guanidine nitrate

1,1,3,3-tetraguanidine

guanidine carbonate

guanidine phosphate

guanidine sulfate

Subgroup 4 (cholic acids):

sodium deoxycholate
taurocholic acid

cholic acid

Subgroup 5 (halogen substituted acetic acids):

sodium trichloroacetate
sodium tribromoacetate
sodium dichloroacetate
sodium dibromoacetate
sodium monochloroacetate

sodium monobromoacetate.

5. A method for classifying leukocytes 1nto at least three
types; that 1s, lymphocytes, monocytes and granulocytes by
using a reagent described 1in any one of Claim 1 -4 and
particulate analysis methods selected from the group

—

consisting of Radio Frequency (RF) method and Direct Current
(DC) method.

o . A method for detecting abnormal cells by using a
reagent described 1n any one of Claims 1 - 4 and particulate
analysis methods selected from the group consisting of Radio

Frequency (RF) method and Direct Current (DC) method.
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7. The reagent according to any one of Claims 1 to 4,
wherein said R, is an alkyl, alkenyl or alkynyl group

having 12 - 22 carbon atoms.

8. The method according to Claim 5 or 6, wherein said R,

is an alkyl, alkenyl or alkynyl group having 12 - 22

carbon atoms.

9. A kit for enabling leukocytes to be classified and
counted by lyzing erythrocytes and acting on leukocytes,

which comprises:
(1) a first solution having a pH of 1.5-5.0, and an

osmolarity of 10-120 mmol/kg (10-20 mOsm/kg) and
containing a polyoxyethylene based nonionic surfactant

represented by the general formula:
R,-R,- (CH,CH,0) -H

wherein R, is an alkyl, alkenyl or alkynyl group having

12-22 carbon atoms; R, 1s -0-,

G-

or -CO0O-; and n 1s an integer of 20-100; or by the

formula

C9H19*C3*O-(CH2CHZO)30~SO“H ‘

and
(1i) a second solution containing a buffer and an

osmolarity adjusting agent, which after addition to the
first solution, results 1n a mixture having a pH of 5.0-
12.0 and an osmolarity of 150-2000 mmol/kg (150-2000

mOosm/Kqg) .

10. A kit according to Claim 9, wherein the second
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solution additionally contains a polyoxyethylene based

nonionic surfactant represented by the general formula:
R,-R,- (CH,CH,0) -H

wherein R, 1s an alkyl, alkenyl or alkynyl group having 12

- 22 carbon atoms; R, 1s =0-,

<O)-0-
or -CO0O-; and n 1s an 1nteger of 20 - 100.

11. A kit according to Claim 9, wherein the second
solution contains at least one solubilizing agent
selected from the group consisting of the following five

subgroups:

-Subgroup 1 (ureas):

urea

thiourea
1,1-dimethylurea
ethyleneurea
methylurethane
1,3-dimethylurea
urethane (H,NCOOC,H;)

Subgroup 2:

N-octyl (B-D-glucoside

CHAPS (3-[ (3-cholamidopropyl)dimethylammonio]—-1-
propanesulfonate)
CHAPSO (3~[ (3-cholamidopropyl)dimethylammonio]-2-hydroxy-
l-propanesulfonate)

MEGAS8,9,10(octanoyl-, nonanoyl- or decanoyl-N-
methylglucamide)
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sucrose mohocaprate
N-formylmethylleucylalanine

Subgroup 3 (gquanidines) :

guanidine thiocyanate
guanylguanidine
guanidine hydrochloride
guanidine rhodanate
guanidine nitrate
1,1,3,3-tetraguanidine
guanidine carbonate
guanidine phosphate

guanidine sulfate

Subgroup 4 (cholic acids):

sodium deoxycholate

taurochollic acid

chollic acid

Subgroup 5 (halogen substituted acetic acids):

sodlum trichloroacetate
sodium tribromoacetate
sodium dichloroacetate
sodium dibromoacetate
sodium monochloroacetate

sodium monobromoacetate.

"ving leukocytes 1nto at least three
monocytes and granulocytes by

12. A method for classi:

types; that is, lymphocytes,
using a kit according to any of Claims 9 to 1l and

from the group
and Direct Current

particulate analysis methods selected
consisting of Radio Frequency (REF) method

(DC) method.
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13. A method for detecting abnormal cells by using a kit
according to any of Claims 9 to 11 and particulate
analysis methods selected from the group conslisting oOf
Radio Frequency (RF) method and Direct Current (DC)

method.

14. A method for classifying leukocytes 1nto at least
three types; that is, lymphocytes, monocytes and
granulocytes, which comprises the steps of:

(a) classifying leukocytes into the at least three types
of leukocyvtes by using a reagent described 1n any one
of Claims 1 - 4, and

(b) counting each type of the leukocytes by particulate
analysis methods selected from the group consisting
of Radio Frequency (RF) method and Direct Current

(DC) method.

15. A method for detecting abnormal cells, which

comprises the steps of:

(a) treating a blood sample witn a reagent described 1in
any one of Claims 1 - 4, and

(b) detecting populations of abnormal cells by
particulate analysis methods selected from the group
consisting of Radio Frequency (RF) method and Direct
Current (DC) method.

1l6. A method for classifyving leukccytes 1nto at least
three types; tnat 1is, lymphocytes, meonocytes and
granulocytes, which comprises the steps of:

(a) classifying leukocytes 1nto the at least three types
of leukocytes by using a kit described 1n any one of
Claims 9 - 11, and

(b) counting each type of the leukocytes by particulate
analysis methods selected from the group consisting
of Radio Frequency (RF) method and Direct Current
(DC) method.

17. A method for detecting abnormal cells, which

comprises the steps of:
(a) treating & blood sample with a reagent included 1in a

kit described in any one of Claims 9 - 11, and
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(b) detected populations of abnormal cells by particulate
analysis methods selected from the group consisting of
Radio Frequency (RF) method and Direct Current (DC)

method.
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