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01 (N : ' SPECI FI CATI ON TITLE OF THE INVENWIéiL)A _
Reagerft for Anal yzi ng Leucocytes BACKGROUND OF THE Ig&?NTICN. 1. Field

bf the Invention. The present invention relates t aﬁﬁgfde t fo '
analyz- ing |leucocytes, especially for classifying and cobnti'ng <£2>f?fj

| eucocytes using a classifying apparatus for |eucocytes in the field of’a

clinical test. 2. Description of the Prior Art. In the field of a
clinical test, it is inportant for the diagnosis of various diseases to
classify and count |eucocytes using the whol e(Jof ood of patients. For
such a purpose, many apparatuses and net hods have been reported.

' SPECIFICATION _

TITLE OF THE INVENTION -

A Reagent for Analyzing Leucocytes

BACKGROUND OF THE INVENTION.
1. Field of the Invention.

The present invention relates to a reagent for analyz-
ing leucocytes, especially for classifying and counting
leucocytes using a classifying apparatus for leucocytes in
the field of a clinical test.

2. Description of the Prior Art.

In the field of a clinical test, it is }mportant for
the diagno;is of various diseases to classify and count
leucocytes ;sing the whole blood of patients.

For such a purpose, many apparatuses and methods have

- been reported.

In those apparatuses, leucocytes are classified into
their subgroups klymphocytes, mbnocytes, neutrophils, eosin—
ophils and basophils) by the difference of RF signal inten-
sity (changes in electric impedances at high-frequency), DC
signal intensity (changes in direct éurrent caused by the
difference in the electroconductivity between the suspended
particles and the liquid medium in which the particles are

suspended), intensity of fluorescence, intensity of scat-—
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In those apparatuses, |eucocytes are classified into their subgroups
(l'ymphocyt es, nonocytes, neutrophils, eosin- ophils and basophils) by the
difference of RF signal inten- sity (changes in electric inpedances at

hi gh-f.requency), DC signal intensity (changes in direct current caused by
the difference in the electroconductivity between the suspended particles
énq the liquid nediumin which the partbgées are suspended), intensity of
fl uorescence, intensity of scat- 02

tered |ight, absorbance, depolarization of scattered light or the like. In
the classification and counting of |euco- <cytes, it is necessary to
pretreat thetlelredd 1dptht,y sddddamie/t eyl €rsizot idwtof hecdt téreanteghbong
each subgroup of the |eucocytes according to the above-nentioned
paranmeters oanthe ddtkect edn the clegs siicde i qnirgnd ecotint ivgaopl teuco-
| eucocytes are shrunk to a suitable size using a |ysing agent or specific
cells cytes, it is necessary to pretreat the blood and lyse the
erythrocytes so that the difference among each subgroup of
the leucocytes according to the above—mentioned parameters
can be detected.
For such a purpose, for example, leucocytes are shrunk
to a suitable size using a lysing agent or specific cells
are stained. The lysing agent as used in shrinking leuco-
cytes is an organic carboxylic acid, organic sulfonic acid
or phenol (WO88/07187), or two kinds of cationic surfactants
(WO 84/03771 and WO 84/02777). Examples of methods for
lysing erythrocytes and staining specific cells are -a method
in which the blood is treated with a reagent comprising the
combination - of an erythrocyte lysing agent (saponin and/or
sodium dodecylsulfate), a tertiary or quaternary ammonium
salt, an alcohol, a polyoxyethylene sorbitan ester, gluta-
raldehyde ér formaldehyde, alkylene glycol, a physiological
salt and Chlorazol Black (Japanese Laid—-Open Patent Publica-—
tion Hei—03/266999 (correspohding to: FR8915166)) and a
method in which blood is treated with a reagent comprising
the combination of sodium dodecylsulfate, formaldehyde,
sugar (or sugar alcohol) and a buffer, followed by subject—
ing to a peroxidase staining (Japanese Laid-Open Patent

Publication Sho-62/071857 (corresponding to: U.S. Patent

Nos. 4,801,549 and 4,978,624)).



are stained. The |lysing agent as used in shrinking | euco- cytes is an
organi ¢ carboxylic acid, organic sulfonic acid or phenol (W88/07187), or
two kinds of cationic surfactants (WD 84/03771 and WD 84/02777). Exanpl es
of 'methods for |ysing erythrocytes and staining specific cells are a
method in which the blood is treated with a reagent conprising the

conbi nati on-of an erythrocyte |ysing agent (saponin and/or sodium
dodecyl sul fate), a tertiary or quaternary amonium salt, an al cohol, a
polyoxyethylene sorbitan ester, gluta- ra(Qdg¢hyde or fornaldehyde, al kyl ene
gl ycol, a physiological salt and Chlorazol Black (Japanese Lai d-Open

Pat ent Publica- tion Hei-03/266999 (corresponding to: FR8915166)). and a
met hod in whi ch blbodthe Qb@aeelueXAFthnadrE@g&woé@ﬁﬁr aodnYO BUe 023 1TiTi.n4thieon
of sodi um dodecyl sul fate, fornal dehyde, sugar (or sugar alcohol) and a
buffer, fol | GAaEifieatien_and gouptingepsxlausecytasnpsg esé:ﬁaﬁéseut by
Lai d- Cpen Pat ent Publlcatlon Sho- 62/0718%7 Scorresp ndl % uU. S, P tent
Nos. 4,801, 5ALaRf Ql 9t713e @hﬁference in t C s1gna. nt ns1ty, whic

convenient but shows a disadvantage that leucocytes can be
only classified into three subgroups.

Methods according to Japanese Laid—Opeﬁ PatePt_Publica—
tion Sho-62/071857 and Hei-03/266999 can classify leucocifes
into four or more subgroups, but require a treatment at a
high temperature and an fixation using a.toxic aldehyde.

Further, in the method of WO88/07187, leucocytes are
detected by means of RF signal, DC signal or the intensity
df scattered light which however is a drawback that the
detectors are complicate, large in size and ;xpensive.
SUMMARY OF &HE INVENTION

An object of the present invention is to offer a re-
agent which can classify leucocytes at least into four
subgroups using an inexpensive and simple appﬁratus, and
without using such toxic agent as aldehydes.

The present invention provides a reagent for analyzing
leucocytes comprising (a) at least one ionic sgrfactant in
an amouﬁt sufficient for lysing erythrocytes and causing
damage to a part of cell membranes of leucocytes; (b) at
least one organic compound having an anionic group in an

amount sufficient for making a morphological difference



03 In the above-nmenti oned WO 84/ 03771 and WO 84/02777, the
classification and counting of |eucocytes are carried out by neans of the
difference in the DC signal intensity, which is convenient but shows a

di sadvant age that |eucocytes can be only classified into three subgroups.
Met hods according to Japanese Lai d-Open Patent Publica- tion Sho-62/071857
and Hei - 03/ 266999 can classify l'eucocytes into four or nore subgroups, but
require a treatnment at a high tenperatur nd an fixation using a toxic

al dehyde. Further, in the nethod of 8/ 07187, |eucocytes are
detected by neans of RF signal, DC signal or the intensity of scattered

| i ght whi ch evnerlqucocxtesbexkcomkininmg vitheatoptiandcceppppognd, ingr ge
in size and expensive. SUMVARY OF THE | NVENTI ON An object of the
present inveﬂﬁQﬁPQX$Q§ﬁ(ﬁQXHaeP?%#°nb@eﬁ?rﬁh?ﬁﬁnﬁéna69a§§Sf? LH&@SEyF€§ at

| east into four, subgroups using an inexpensive and sinple apparatus, and
Wi t hout usi ngj"‘%l}%t’t’?ﬁ(iggagent as al dehydes.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a scattergram showing the intensity of for-
ward low—angle scattered light and  the intensity of forward
high-angle scattered light measured with the reagent for
analyzing leucocytes of the present invention which uses
decyltrimethylammonium bromide as an ionic surfactant.

Fig. 2 is a scattergram showing the intensity of for-
ward low4ang1e scattered light and the intensity of forward
high—-angle scattered light mgasured with the. reagent for
analyzing leucocytes of the present invention which uses
lauryltrimethylammonium chloride as an ionic surfactant.

Fig. 3 is a scattergram showing the intensity of for-
ward low—angle scattered light andlthe intensity of forward
high—-angle scattered light measured with the reagent for |
analyzing the leucocytes of the present invention which
uses myristyltrimethylammonium bromide as an ionic surfact-—
ant.

Fig. 4 is a scattergram showing the intensity of for-
ward low—angle scattered light and the iﬁtensity of forward
high—angle scattered light measured with the reagent for
analyzing the leucocytes of the éresent invention which usés

cetyltrimethylammonium chloride as an ionic surfactant.



The present invention provides a reagent for analyzing |eucocytes
conprising (a) at least one ionic surfactant in an anount sufficient for
I'ysing erythrocytes and causing danage to a part of cell nmenbranes of

| eucocytes; (b) at |east one organic conpound having an anionic group in
an anount sufficient for making a norphol ogi cal difference

04 anong | eucocytes by conbining with a cationic conponent in |eucocytes;
(c) a nonionic surfactant; and (d) a buf for adjusting pH. BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig. 1 a scattergram show ng the

intensity of for- ward |owangle scattered |ight and the intensity of
forward high-angle scattered |ight nmeasured with the reagent for
anal yzi ng | eucocyt®sgof5t he presemterﬂm@mﬂ&h¢MMﬂa:thséytensitY of for-
decyltrlnethylannnnlun1bron1de as an ionic surfactant.
ward low—angle scattered light and the intensity of forward
high-angle scattered light measured with the reagent for
analyzing the leucocytes of the present invention which uses
Allzar1n Violet 3R as an organic compound.

Fig. 6 is a scattergram showing the 1ntensity of for-
ward low—angle scattered light and the 1ntens1ty of forward‘
high-angle scattered light measured with the reagent for
analyzing the leucocytes of the present invention which
uses Alphazurine A as an organic compound.

Fig. 7 is a scattergram showing the intensity of for-
ward low-angle scattered light and the intensity of forward

high—angle scattered light measured with the reagent for

-

analyzing the leucocytes of the present invention which uses
Guinea Greéﬁ B as an organic compound.

Fig. 8 is a scattergram showing the intensity of for-
ward low—angle scattered light and the intensity of forward
high—angle scattered light measured with the reagent for
analyzing the leucocytes of the present invention which uses
Alizarin Yellow—R as an organic'cOmpound.

Fig. 9 is a scattergram showing the intensity of for-
ward low—angle scattered light and the intensity of forward
high—-angle scattered light measufed with the reagent for
analyzing the leucocytes of the pfesent invention which uses

methyl alcohol as an alcohol.



Fig. 2 is a scattergramshowing the intensity of for- ward |ow angle
scattered light and the intensity of forward high-angle scattered |ight
measured with the reagent for analyzing leucocytes of the present

i nvention which uses lauryltrimethylamoniumchloride as an ionic
surfactant. - Fig. 3 1s a scattergramshowing the intensity of for-
ward | owangle scattered light and the intensity of forward high-angle
scattered |ight neasured with the reag ﬁt for analyzing the | eucocytes of
the present invention which uses nyris Jstrlnethylannnniunlbronide as an

lonic surfact- ant. Fig. 4 is a scattergramshowing the intensity of
for- ward | ow andf€ scHl tis el s¢ghtengnamhahpwingsthe éntppsidydof
hi gh-angl e scattered |ight neasured with the reagent for analyzing the

| eucocyt es of Q?ﬁﬂﬁ#e%ﬁ#ﬁaﬂgﬁﬁwﬁGGMt%ﬁPGh1&§B§ apdt yher ipEeRPAZNMOA um

chloride as ap ionic¢ surfactant. 0
orwarg high~angle scattered light measured with the reagent

for analyzing the leucocytes of the present invention which
uses ethyl alcohol as an alcohol.

Fig. 11 is a scattergram showing fhe intensity of
forward low—angle scattered light and the intensitf.of
forward high-angle scattered light measured with the reagent
for analyziqg.the leucocytes of the present invention which
uses 2-propanol as an alcohol.

Fig. 12 is a scattergram showing the intensity of
forward low—angle scattered light and the intensity of
forward high—-angle scattered ligﬁt measured with the reagent
for analyzing the leucocytes of the present invention which
uses 2-phenoxyethanol as an alcohol.

Fig. 13 is a scattergram showing the intensity of
forward low-angle scattered light and the intensity of
forw;rd high—~angle scattered light measured with the reagent
for analyzing the leucocytes of the present invention which
uses MES as a buffer.

Fig. 14 is a scattergram.showing the intensity of
forward low—angle scattered light and the intensity of
forward high—angle scattered light measured with the reagent
for analyzing the leucocytes of the present invention which

uses HEPES as a buffer.



Fig. 5is a scattergramshowing the intensity of for- ward | ow angle
scattered light and the intensity of forward +high-angle scattered |ight
easured with the reagent for analyzing the |eucocytes of the present

i nvention which uses Alizarin Violet 3R as an organi c compound. Fi g.
6 is a scattergram show ng the intensity of for- ward |ow angle scattered
light and the intensity of forward high-angle scattered |ight neasured
with the reagent for analyzing the (iepcocytes of the present invention
whi ch uses Al phazurine A as an organit¢ fconpound. Fig. 7is a
scattergram showing the intensity of for- ward |low angle scattered |ight
and the intensity of forward high-angle scattered |ight neasured with the
reagent for analfzgnglﬁhesl@u@@@ﬁﬁﬁ?&ﬁamkﬁh?ﬁb@én§h$nV@ﬁ?FéhchPﬁh uses
“Quinea Geen B as an organic conpound IS a scattergram
showi ng t he iﬁ?&ﬁ§ﬂt}°&r%ﬂﬁlﬁ ﬁ&ﬂQPQ%ﬁﬁahhﬁ%ﬁs%%?t%?%d1FF§ﬁ§1Eﬁd°fhe

t t f f d_ . hi t t h
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o e £ e Baly% Ay A dleucocytes be %he Srasaht cLabaM $RATCh"e

uses TRIS as a buffer.

Fig. 16 is a scattergram showing the intensi}xhof
forward low-angle scattered light and the intensity of
forward high-~angle scattered light measured with the reagent
for analyzing fhe leucocytes of the present invention which
uses BC-25TX as a nonionic surfactant.

Fig. 17 is.a scattergram showing the intenéity of
forward low-angle scattered light and the intensity of
forward high—angle scattered iight measured %iﬁh the reagent
for analyzi&g the leucocytes of the present invention which
uses BC—25Tk and HCO-80 are jointly used as a nonionic
surfactant.

Fig. 18 is a scattergram'showing the intensity of
forward low-—angle scattered light and the intensity of
forward high-angle scattered light measured with the reagent
for analyzing the leucocytes éf the present invention.

Fig. 19 is a scattergram showing the volume on the
principle of measuring electric resistance and the intensity
of side scattered light measured with the reagent for ana-

lyzing the leucocytes of the present invention.

Fig. 20 is a scattergram showing the intensity of



ward | owangl e scattered light and the intensity of forward high-angle
scattered light nmeasured with the reagent for analyzing the |eucocytes of
the present invention which uses nethyl alcohol as an al cohol.

06 : Fig. 10 is a scattergram showing the intensity of forward

| ow- angl e scattered light and the intensity of forward high-angle
scattered |ight nmeasured with the reagent for analyzing the |eucocytes of
t he priesent invention which uses ethylygl cohol as an al cohol. Fig.
11 is a scattergram show ng the intensﬁl of forward | ow angle scattered
light and the intensity of forward high-angle scattered |ight neasured

wi th the readernwardrloansngliegddttéred obygbt andt bhepintensitmveifiti on
whi ch uses 2-propanol as an al cohol . Fig. 12 is a scattergram

showi ng t he ifipregid \high~anglmrardbvered| bighht mepsurpigwithnghenhezeagent
I ntensity of

for analyzing the leucocytes of the present invention.
Fig. 21 is dn outline chart of an apparatus for measur-—

ing the samples treated with the reagent for analyzing the

leucocytes of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The ionic surfactant in the reagent for analyzing
leucocytes in accordance with the present invention com-
prises at least one cationic surfactant or amphoteric sur-
factant.

Preferred cationic surfactants are quaternary ammonium
salt type or pyridinium salt type. The quaternary amménium
salt type and pyridinium salt type surfactants can be repre-—

sented by the formula;

R2 N* —R, X-

. _
RI—N —R4 .X and

l

Rg

~\

(Rl is a Cg_1g alkyl or'alkenyl group; Ry and Rz are a Ci—4
alkyl or alkényl group; Ry is a Cy_4 alkyl or alkenyl group,
or benzyl group; and X is a halogen atom). The total number
of carbon atoms in the above formula is preferably in the
range of 9-30.

Examples of the Cg-18 alkyl or alkenyl group for R, are



forward high-angle scattered |ight neasured wwth the reagent for analyzing
the | eucocytes of the present invention which uses 2-phenoxyethanol as an
al cohol . Fig. 13-is a scattergramshowing the intensity of forward

| ow- angl e scattered light and the intensity of forward high-angle
scattered |light nmeasured with the reagent for analyzing the | eucocytes of
the present invention which uses MES as a buffer. Fig. 14 is a

scattergram showi ng the intensity of égiward | ow- angl e scattered |ight and
the intensity of forward high-angle s tered |ight neasured with the
reagent for analyzing the | eucocytes of the present invention which uses
HEPES as a bhek¥d, octyl, decyl, dodecyl or tetradecyl, Ofr hexen¥ig. 15 is

a scattergramshowing the intensity of forward |ow angle scattered |ight
and the inteheptengll or octenyl, preferably, a linear alkyl such as
octyl, decyl or dodecyl. Examples of the Cy_4 alkyl or
' alkenyl groups for Ry and Rg are methyl, ethyl, propyl or
butyl, or propenyl, preferably, a Cy_g alkyl such as methyl,
ethyl or propyl. Examples of the C;_, alkyl and alkenyl
groups for Ry are methyl, ethyl, propyl or butyl,’o} prope-—
nyl, preferably, methyl, ethyl or propyl.
The amphoteric surfactant can be represented by the

following formula;
Ry

Ry-N*-CH,Cc00™
R3
(Ri, Ry and R3 are thé same asldefined abovei.

The ta;al number of carbon atoms in the above three
formula is ;referably in the range of 9-30.

The above—ﬁentioned ionic surfactant is used in a
sufficient amount to lyse erythrocytes and cause damage to a
part of cell membranes of leucocytes. Specifically, it is
suitable to use about 30-5,000 mg/liter to the total volume
of the regent, preferably about 50-3,000 mg/liter or, more
preferably about 100-2,000 mg/liter,lthough it can be suit-
ably modified depending upon the type 0f surfactant used or
the like. Suitable amounts (concentrations) for each of the

ionic surfactants in the reagent are given in Table 1. The

ionic surfactant may be used singly or in a combination of



forward hi gh-angle scattered |ight neasured wwth the reagent for analyzing
the | eucocytes of the present invention which uses TRIS as a buffer.

Fig. 16 is a scattergramshowing the intensity of forward | ow angle
scattered light and the intensity of forward high-angle scattered |ight
nmeasured with the reagent for analyzing the |eucocytes of the present
i'nvention which uses BC 25TX as a nonionic surfactant. Fig. 17 is a
scattergram showi ng the intensity of 'i ward | ow angl e scattered |ight and
the intensity of forward high-angle s i?tered | ight measured with the
reagent for analyzing the | eucocytes of the present invention which uses
BC- 25TX and bWo @@ alord @uiiflactetk as a nonionic surfactant. Fig.
18 is a scattergramshowing the intensity of forward | ow angle scattered
light and the intensity of forward hi @abdregl d.scattered |ight neasured
with the reagent for analyzing the |eucocytes of the present invention.
Fig. 19 is aSurdtalcdtaptam showing the volune on th i i

e__pLAEQH?LeimELkéésﬂﬁJn
electric respghmik?kmﬂthkaNMRnﬁﬁmt roﬁidglﬂ@TéE&ttered I ?ﬂp A898ur ed ?

with the reafeeyltaringtdylanmg ?@H@Bc&??éB f the pre gﬂr Pﬂgention.
: auryltr1methy1ammon1um ‘chloride (LTAC) 0-200
Myristyltrimethylammonium bromide (MTAB) 100-1500
Cetyltrimethylammonium chloride (CTAC) 50-1000
Stearyltrimethylammonium bromide : 50— 500
Cetyldimethylethylammonium bromide 50— 500
Laurylpyridinium chloride . 50—~ 500
Lauryldimethylaminoacetic. acid betaine 500-3000
Stearyldimethylaminoacetic acid betaine 500~-3000

The ionic surfactant is required to possess a hemolytic
activity of such an extent that makes pores in cell membrane
of leucocytes which can pass an organic compound as dis-—
cussed later but is not potent to make the cell nuclei
naked. As the ionic surfactants, conventional cationic
surfactants‘(e.g.,.LTAC, MTAB and CTAC) are usable but are
used in far smaller amount than an amount for making the
cell nuclei naked, so as to inhibiting their own homolytic
activities. Ionic surfactants possessing low hemolytic
activity also are usable because it is sufficient to pull a
part of membrane out. The hemolytic activity of the ionic
surfactant is in proportion to the carbon numbers of the
hydrophobic group and, the more the carbon numbers, the more
the hemolytic activity, therefore cationic surfactants
having a low hemolytic activity such as DTAB and OTAB or
amphoteric suffactant are preferably used.

In addition to the ionic surfactant, the reagent in



Fig. 20 is a scattergram showi ng the intensity of

08 forward |lowangle scattered light and the intensity of forward

hi gh-angl e scattered |ight nmeasured with the reagent for analyzing the

| eucocytes of the present invention. Fig. 21 is an outline chart of an
apparatus for neasur- ing the sanples treated with the reagent for

analyzing the |eucocytes of the present invention. DETAI LED DESCRI PTI ON
OF THE PREFERRED ENMBQODI MENTS The ionic surfactant in the reagent for

anal yzing |eucocytes in accordance mﬁ nbthe present invention com prises
at | east one cationic surfactant or teric sur- factant.

Preferred cationic surfactants are quaternary ammoni um salt type or
pyri di ni um sadcdngmEnce Thithubbher pnegeatmbnivent igal congpd ngn@npPIEANiicum

salt type surfactants can be repre-
compound having an anionic group which makes a morphological
difference among leucocytes by combining with a cationic
component in leucocytes. Specifically, the organic com-
pounds have a hydrophobié group and an acidic group (anionic
"group such as carboxyl group; sulfonic acid group, etc.)
which has a negative charge in an ;queous solution, contain
at least six carbon atoms and can combine with leucocytes,
thereby modifying the shape of leucocytes. They are not
particularly limited but nearly all kinds of acidic dyes can
be used. Further, because there is no necessity of measur-
ing the absorbency and the fludrescence intensity other
organic compounds other than dyes are appllcable as well.
Examples of the acidic dyes are Amido Black [Colour Index
No. 20470],-A112ar1n Cyanine Green F [CI No. 61570], Acid
Green 27 [CI No. 61580], Acid Blue 62 [CI No. 62045], Direct
Red 31 [CI No. 29100], Brilliant Sulphaflavine [CI No.
56205], Alizarin Yellow R [CI No. 14030], Acid Blue 129 [CI
No. 62058];ﬁAbid Green 25 [CI No. 61570], Chromotrope 2R [CI
No. 165%0], Coomassie Brilliant Blue R-250 [CI No; 42660],
Carmine Acid [CI No. 75470], Coomassie Brilliant Blue G-250
{CI No. 42655], Carmoisine B [CI No. 14720], Direct Blue 86
[CI No. 74180], Ethyl Red [2—(4—diethylaminophenylazo)benzo¥
ic acid], Para Rosaniline [CI No. 42500], Violamine R [CI

No. 451901, Acid Yellow 34 [CI No. 18890], Acid Orange 51



sented by the fornmula; [err] (Rlerr] is a CJerr] alkyl or alkenyl
group; R err] and Rlerr] are a (Jerr] alkyl or alkenyl group; Rerr] is a
¢ err] alkyl or alkenyl group, or benzyl group; and X is a hal ogen aton).
The total nunber of carbon atons in the above fornula is preferably in the
range of 9-30. Exanpl es of the C[err] al kyl or alkenyl group for
Rlerr] are 09 hexyl, octyl, decyl,
dpdecyl or tetradecyl, or hexenyl, ﬁfg%enyl or octenyl, preferably, a
| i near al kyl such as octyl, decyl or decyl. Exanples of the (Jerr]
al kyl or al kenyl groups for Rerr] and R err] are nethyl, ethyl, propyl or
butyl, or propehyNo. p2&3%0hbl BrihlChetr Craklejin 306h (8 MNet.hyp7290], Guinea
Green B [CI No. 42085], Acid Blue 29 [CI No. 20460], Rhoda-
mine B [CI No. 45170], Sulforhodamine B [CI No. 45100},
Lissamine Green B [CI No. 44090], Acid Blue 9 [CI No.
42090], Fast Green FCF [CI No. 42053], Azocarmine B [CI No.
50090}, Aniline Blue [CI No. 42780], Alphazurine A [CI No.
42080], Alizaline Violet 3R [CI No. 61710], Acid Blue 41 [CI
No. 62130], Bieblich Scarlet [CI No. 26905}, Erythrosin B
[CI No. 45430], Methyl Red [CI No. 13020], Methyl Orange [CI
No. 13025], Orange I [CI No. 14600], etc. Examples of the
organic compodnds other than dyes are aromatic organic acids
having hydrophobic group and acidic funétional group or
acids-having hydrocarbon of at least six carbon atoms‘or
having heterocylic ring. More specifically, their ekamples
are 8-anilino-l-naphthalenesulfonic acid, 6-(p~tolui-
dino)—-2-naphthalenesulfonic acid, chromotropic acid, phthal-
ic acid or naphthalenesulfonic acid, or its corresponding
salt. The amount of such organic compound may be suitably
chosen, depending upon the type of surfactant used or the
like and is, preferably, about 50-5,000 mg/iiter to the
total volume.of the regent or, more preferably about 100-
3,000_mg/1iter.
The reagent in accordance with the present invention
further contains a nonionic surfactant. There is no partic-—

ular limitation for the nonionic surfactant and nearly all

kinds of nonionic surfactants usually used as solubilizer



ethyl or propyl. Exanples of the (Jerr] al kyl and al kenyl groups for R4
are nethyl, ethyl, propyl or butyl, or prope- nyl, preferably, nethyl,

éthyl or propyl. The amphoteric surfactant can be represented by the
foll owi ng formnul a; [err] (Rl, R2 and R3 are the sane as
defi ned above). The total nunmber of carbon atons in the above three
formula is preferably in the range of 9-30. The above-nentioned ionic

surfactant is used in a sufficient amount to |yse erythrocytes and cause
damage to a part of cell nenbranes of 4lg@ucocytes. Specifically, it is
suitable to use about 30-5, 000 ng/lite;;¥o the total volume of the regent,
preferably about 50-3,000 ng/liter or, nore preferably about 100-2, 000
my/liter, thaaghbe usadbe kis texamplgs narie fnendionpengnrfagpantenbavyps of
surfactant used or the like. Suitable amounts (concentrationsé for _each of
the ionic sRFFaxrthyiennElwebn(PREL, (POLRPFAPYABRE ElVeRd (POR)cor

surfactant may be used singl or _in a conbjpation o
g/block copolé%g; of polyoxyetﬁyiene g&ycol—polypropylene

glycol (POE-POP) as a hydrophilic component. When only one
kind of nonionic surfactént is used, it may cause such side
.effgct of lysing 1eucoc§tes in addition to the dggired lysis
of an insoluble substance formed between the ionic.surfact—
ant with a celi;constituting componént {n erythrocytes. In
such case, it is preferable to use a combination of two or
more nonionic surfactants such as those wherein the addi-
tional mole number of the hydrophilic gfoup are different.
Alternatively, the combined use of nonionic surfactants
wherein the structures of the lipophilic'grohps are differ-
ent can inﬁibit the side effect. The amount of the nonionic
surfactant ;hich is necessary for dissolving the insoluble
substance varies depending upon the type of ionic surfactant
used or the like and is generally in the range of about
0.5-10 g/liter to the total volume of the regent, preferably
about 1f8 g/liter.

The reagené in accordance with thé present invention
further contdins a buffer for adjusting pH. Usually, there
is no particular limitation for the buffef so far as it is
used for keeping pH constant and any buffer having a pKa of
"a desired pH * 2.0" may be used. The examples are MES,

TRIS, HEPES, succinic acid, phthalic acid or citric acid



10 two or npre surfactants. Tabl e 1.

Sur f act ant i Amount (ng/liter)

Cetyl tri met hyl ammoni um broni de ( OTAB) 1000- 5000

Decyl tri met hyl anmmoni um br om de ( DTAB) 200- 3000

Lauryl tri met hyl ammoni um chl ori de (LTAC) 150- 2000

Myri styl trimethyl anmoni um brom de ( MTAB) 100- 1500

Cetyl tri met hyl ammoni um chl ori de ( CTAC) 50- 1000

Stearyl trinmethyl ammoni um br om de 14 50- 500

Cet yl di met hyl et hyl anmoni um br om de 50- 500 Lauryl pyridinium
chl ori de buffers. In the pihdsed®Oiheenyidnpeibylianpredeenbd eadiod
bet ai ne 500- 3000 Stearyl di met hyl am noacetic acid betai ne

500- 3000 adjustheoH oof cthirfeagemt te abquir 8dllowhesebys thehemoluniti c
activity of such an extent that nakes pores in cell nenbrane of |eucocytes
whi ch can passesh igr garound dphonMsfor sthecpeagentater but is not potent
to make the cell nuclei naked. As the ionic surfactants, conventional
cationic surfactdHt fkeokpl negpcbe \fupthas uged) inr Ehasgprgeplt witdoulsed
o S e Rl Do e Erte. | O CBeha818 S 10880 Lo M kA S

easily available at low cost in an industrial scale; such as
alkanols (e.g. methyl alcohol and ethyl alcohol) aﬁd alco—
hols having an aromatic ring (e.g. phénethyl alcohol and 2-
phenoxyethanol). With respect to itg amount,  about 5-20% to
the entire amount of the reagent is preferable in the case
of methanol and a very rough yardstick is that, when there
is an increase of one carbon, the émount is preferably
halved. In the case of 2-phenoxyethan01, the preferred
amount is ¢.05-1%.

A metal salt may be added in the reagent. Preferred
examples thepeof are alkali metal salts such as ;odium
chloride, potassiﬁm chloride and lithium chloride. psually,
it is not necessary to use the alkali metal salt but, in the
case of the apparatué wherein the measurement is conducted
using a signal of electric resistance as mentioned later,
the alkali metal is needed to adjust the electroconductivity
of the sample to the value which is suitable for the meas-
urement. The preferred amount in such a case is in the
extent that the electroconductivity of the solution is about
5—20 mS/cm.

The reagent for analyzing leucocytes in accordance with



activities. lonic surfactants possessing |ow henolytic activity also are
usabl e because it is sufficient to pull a part of menbrane out. The
hermol ytic activity of the ionic surfactant is in proportion to the carbon
nurbers of the hydrophobic group and, the nore the carbon nunbers, the
nore the hemolytic activity, therefore cationic surfactants having a |ow
henol ytic activity such as DTAB and OTAB or anphoteric surfactant are
preferably used. In addition to the ionic surfactant, the reagent in
accordance with the present invention'g tains an organic conpound having
an ani oni ¢ group whi ch nekes a nor phol g?cal di fference anong | eucocytes
by conbining with a cationic conponent in |eucocytes. Specifically, the
organi c com pyeeews irventiondnaphbbi compeggdand AMoadiigivd dfr SARRTISINEG c
group such as carboxyl group, sulfonic acid group, etcf).-- . .
a first liquid and a second liquid. The first liquid con-
tains at least one organic compound in a sufficient amount
to make a morphological difference among leucocytes by
combining with a cationic component in leucocytes. The
second liquid contains at least one ionic surfactant in a
sufficient amount to be able to lyse erythrocytes and cause
damage to a part of the cell membrane of leucocytes. The
first and second liquid contain a nonionic surfactant and a
buffer for adjusting pH. Like a single liquid type. the
liquid may contain the alcohol and the metal salt. Concen-—
tration of each of the components is made in such an extent
that, when the first and the second liquids are mixed, the
above-mentioned concentration for each of the components is
resulted. The reagent composed of the two liquids may be
improved on its stability in storage.
The reagent may be used by mixing with the whole blood.
In that case, the mixing ratio of the reagent to the whole
blood is in the range from 1 : 2 to 1 : 100 by volume.
Incidentally, the blood sample diluted with a suitable
diluent is also available.
Using the reagent for analyzing leucocytes in accord-—
ance with the present invention, the classification and

counting of leucocytes can be suitably carried out especial-

ly with a small analyzing apparatus using a semiconductor



whi ch has a negative charge in an aqueous solution, contain at |east siXx

carbon atons and can conbine with | eucocytes, thereby nodifying the shape

of leucocytes. They are not particularly limted but nearly all kinds of
acidic. dyes can be used. Further, because there is no necessity of neasur-

i ng the absorbency and the fluorescence intensity other organic conpounds

other than dyes are applicable as well. Exanples of the acidic dyes are

Ami do Bl ack [Col our Index No. 20470], Alizarin Cyanine Geen F [C No.

61570], Acid Geen 27 [Cl No. 61580], Acbd Blue 62 [Cl No. 62045], Direct

Red 31 [Cl No. 29100], Brilliant Sul phaflavine [CI No. 56205], Alizarin

Yel low R [Cl Nosed403DhatAtsg Bheerédgeh€l calobe63®38jab lAciused doh MERIT

No. 61570], Chronotrope 2R [Cl  No. 16570], Coomassie Brilliant Blue R-250

[Cl No. 426609f aasppaeabusdwherefio. 128400yt eGocmms Hee clagsiifindgqunted

G250 [Cl No. 42655], Carmoisine B [Cl No. 14720], Direct Blue 86%0 No.

74180], Ethylomky bP-reaceivingl Ahenspredpransteas; &L forwandjloy:angle

Rosaniline [Cl No. 42500 Violamne R_[.ClL . No. 45190 [

No. 18890],[A@$g Q;ghggngle scattered lgght. There gé K%NAL;§¥46¥$§4 [C
limitation for the analyzing apparatus and, for example, an
apparatus equipped with a simple detecting part as shown in
Fig. 21 may be used. The apparatus of Fig. 21 is équipped

~ with a device which detects a two-angle forward scattered

light. That is, in the apparatus of Fig. 21, there is a
semiconductor laser LD before the flow cell CELL via a
contender lens L2 and a collimater lens L1. Further, there
is a photodiode PD after the flow cell CELL via a collector
lens L3 equipped with a beam stopper BS. In.the apparatus,
the intensity of the scattered ligﬁt of low angles (about
1-5°) and high angles (about 6-20°) among the forward scat-
tered light is measured, and by means of the difference
among thé intensity of the scattered light, leucocytes can
be classified at least into four subgroups and counted.

By the reagent of the present invention, leucocytes can
be conveniently claésified/counted using a flow cytometer.

In accordance with the reagent of the invention:

(1) the ionic surfactant may lyse erythrocytes in whole
blood, damage the cell membrane of leucocytes and accelerate
the permeability of the organic compound through the cell

membrane;

(2) the organic compound may adjust the morphological



12 [CA No. 26550], Brilliant Crocein MO [Cl No. 27290], Guinea Geen B
[Cl No. 42085], Acid Blue 29 [Cl No. 20460], Rhoda- mne B[C No. 45170],
Sul forhodamine B [Cl No. 45100], Lissamine Geen B[CI No. 44090], Acid
Blue 9 [CI No. 42090], Fast G een FCF [Cl No. 42053], Azocarmne B [Cl No.
50090], Aniline Blue [Cl No. 42780], Al phazurine A[C No. 42080],
Alizaline Violet 3BR[ClI No. 61710], Acid Blue 41 [Cl No. 62130], Bieblich
Scarlet [Cl No. 26905], Erythrosin B [Cl No. 45430], Methyl Red [CI No.
13020], Methyl Orange [CI  No. 13025], Orange | [Cl No. 14600], etc.
Exanmpl es of the organic conpounds {qt'per than dyes are aromatic organic

aci ds havi ng hydrophobi c .group and acidic functional group or acids
havi ng hydr oéafbomagfiocat oifeddie disucnmttas atnsuch a hmanmer hthat ot§lic
ring. Mre specifically, their exanples are

8- ani | i no- 1- rRapNeraestedoirt gliodsddning- k%qwmess

di no) - 2- naphthale? iulfonlc acid, chropotr |c acid, phthal- ic acid_or
naphthalenesulfonlé akbg, QBPHQH§9xﬁW¥£ﬂﬁ) dma%afqluhhéléﬂnﬁh? b?sgbﬂﬁ

gL??QLfaﬁ?nﬁgga g %ﬁggc%u¥%¥%éﬁ é¥K§§h ini gqg%nghUpggniges&¥Pacgant
with the organic compound; and

(4) the buffer may keep pH of the reagent to_a certain
value.

Ionic surfaétants usuélly hemolyze erythrocytes and
dissolve the cell membfane'of leucocytes to make its nuclei
naked; therefore, the methdd of classifying leucocytes into
threé subgroups by determining the volume information of

' them has already been used widely as a simple and convenient
means for classifying leucocytes. However, in this method,
the hemolygic action is so strong that most of leucocytes
are made naked whereby it is not possible to morphologically
classify leucocytes into subtypes. On the other hand, the
reagent of the present invention utilizes fundamentally the
same principle of the action of the ionic surfactant as in
the above mentioned method, i.e., the ionic surfactant lyses
erythrocytes and damages the membrane of leucocytes. Howev-—
er, the homolylic action required in the reagent of the
present invention is to draw out a part of cell membrane
(possibly a part of the lipid components, resulting in
forming pores in erythrocytes which can pass hemoglobin and

small pores in leucocytes which can pass through the organic



like and is, preferably, about 50-5,000 ng/liter to the total volune of

the regent or, nore preferably about 100- 3,000 ng/liter. The

reagent in accordance with the present invention further contains a

noni oni ¢ surfactant. There is no partic- wular limtation for the nonionic

surfactant and nearly all kinds of nonionic surfactants usually used as

sol ubi l'i zer o 13 may be used. Its

exanpl es are nonionic surfactants having .pol yoxyethylene glycol (POCE)

pol ypropyl ene glycol (POP) or a blockJcgpol yner of polyoxyethyl ene

gl ycol - pol ypropyl ene gl ycol (POE-POP) as a hydrophilic conponent. WWen

only one ki edmpounai oiiid e WHeaaturkeus alebeucocyhys chsismot unhkedde As

effect of lysing I eucocytes in addition to the desired lysis of an

i nsol ubl e suhswwmuaﬂxnhumbgknh&nnisriﬂdwnn@utumfaerythanGYhPShWhereby

cell-constituting conmponent in erythrocytes. In
the erythrocytes hardly scatter the light whereupon they can
be discriminated from leucocytes by optical information. As
a result of a partial flowing—out of cell membrane and the
liquid in the leucocytes, the partly—damaged leucocytes
significantly reduce the scattered light on the céli surface
whereby the information in the cells can be obtained in more
detail.

It has been well known that the ionic surfactant in-—
creases its solubilizing ability, depending upon the concen—
tration at the concentration higher than the CMC of the
surfactant. In the conventional method, leueocytes are
made neked ‘using the above—mentioned solubilizing ability of
the surfactant, while, in the present invention, the ionic
surfactant is used in a low concentration and, therefore,
the solubilizing ability of the ionic surfactant is low
whereby, quite unexpectedly, the positive charge in the
ionic surfactant neutralizes the negative qharge of anionic
components (nuclei, granules, RNA, etc.) in the cells to
make them insoluble. As a result, even when leucocytes are
treated with the ionic surfactant, the shape of the cells
hardly changes whereby the effect of keeping the cell shape
which is similar to that achieved by fixing the cell by an

aldehyde can be resulted. Consequently, the reagent of the

present invention does not give an influence on analytical



such case, it is preferable to use a conbination of two or nore nonionic
surfactants such as those wherein the addi- tional nole nunber of the
hydrophilic group are different. Alternatively, the conbined use of

noni oni ¢ surfactants wherein the structures of the lipophilic groups are
differ- ent can inhibit the side effect. The ampunt of the nonionic
surfactant which is necessary for dissolving the insoluble substance

vari es dependi ng upon the type of ionic surfactant wused or the like and is
generally in the range of about O.S-ig;glliter to the total volune of the
regent, preferably about 1-8 g/liter- The reagent in accordance with
the present invention further contains a buffer for adjusting pH Usually,
there is noreaulitc WyarcHdngd aif otréatitpeconditioss darpesied asd bGewd for
keepi ng pH constant and any buffer having a pKa of "a desired pH 2.0" may
be used. The peratpires, atif iESnt IR SromEPES, knows| nethadi forppipasiévaned

or citric acid ) :
leucocytes into three subgroups by use of the ionic surfact-
ant. The sample treated with the reagent of the present
invention is stable for a long period.

Furthermore, the organic comppund acts to insolubilize
the cationic component in leucocyte cells (e.g. granules
[eosinophilic granules], protein, etc.) whereby the similar
effect as the fixing with an aldehyde is obtained and,
probably, the morphological difference (e.g. a difference in
the scattered light) is made among leucocytes depending upon
fhe amount of the cationic component. In éther words, it is
likely thay, as a result of a neutralization'of the positive
charge of tpe catiqnic comﬁonent in the cells to make them
insoluble, their flowing—out to outside of the cells can be
inhibited, the morphological information of
leucocytes is maintained and the shape of leucocytes can
be changed so as to be convenient for the classification.

In the present invention, the nonionic surfactant is
used to solubilize fhe insoluble substance which is produced
by a combination of the ionic surfactant with the organic
compound.

Furthermore, in the present invention, the presence of

the ionic surfactant in a small amount inhibits an excessive

solubilization.



14 buffers. In the present invention, it is preferable to adjust pH of
the reagent to about 5-11 whereby the anmobunt wused is around 5-100 nmM for
t'he reagent. An al cohol may be further used in the reagent without
particularly limtation. Preferable alcohols are those easily avail able at
| ow cost in an industrial scale, such as alkanols (e.g. nethyl alcohol and
ethyl alcohol) and alco- hols having an aromatic ring (e.g. phenethyl

al cohol and 2- phenoxyethanol). Wth respect to its anount, about 5-20%to
the entire anobunt of the reagent is pEHierable in the case of nethanol and
a very rough yardstick is that, when there 1is an increase of one carbon,
the anount is prefEmabhy phebesndl. ihwenltd ongsd¢ hofugh girenadcathandls rdie

preferred anount is 0.05-1% A netal salt nay be added in the
reagent. Prefalways reoepsasy;héfeofldgds ditkdls efdffeqtivg tin tietmampHohem
chloride, potassiumchloride and lithiumchloride. Usually, it is not

necessary to f@blowing| rappefifal Ihet ajgohgl, hag an fct igm e RYEAN I AL
wherei n the nepasurenment is conducted _using a signal of electric resistance
as mentioned 1B8ecthe gREignraf; apedpics sygdastand 4ffirativaly whereby

el ect roconduc}j vi . . .
_ ' £ﬁe }Xn1c,surfactant even in a low concentration can cause

damage to the céll membrane. In addition, it is likely that
the alcohol denatures the protein ¢ontained in the Eell.to
make it insoluble. Accordingly, when the alcohol is used,
it is possible that the damage of the cell such as the loss
of the cell membrane and granule is kept minimum and. conse-
quently that the deéired damage of the cell membrane is
caused. Therefore, it has an effect of maintaihing the
.optical difference by the scattered light, etc. Moreover,
it exhibits an action of aecelerating the lysis of erythro-
cytes. Therefore, even though the membrane of erythrocytes
may be hardly lysed in some diseases such as cirrhosis, the
additional of the alcohol is effective in such a case, in
turn, erythrocytes are lysed and the damage of leucocytes is
inhibited. It is probable that the alcohol hurts the cell
membrane of erythrocytes by a mechanism different from that

of the ionic surfactant.

Preferred reagents of the reagent for analyzing the
leucocytes in accordance with the present invention will be

given as hereunder.



of the sanple to the value which is suitable for the nmeas- urenent. The
preferred anmount in such a case is in the extent that the

él ectroconductivity of the solution is about 5-20 nS/cm The reagent
for anal yzing | eucocytes in accordance with

15 present invention may be conposed of two liquids conprising a first
liquid and a second liquid. The first liquid con- tains at |east one
organi ¢ conpound in a sufficient anount otf0o make a nor phol ogi cal difference
anong | eucocytes by conbining with a cé%' ni ¢ conponent in |eucocytes. The
second liquid contains at |least one ionic surfactant in a sufficient
anount to be abl e Exampyse Brythrocytes and cause danmage to a part of the
cell nmenbrane of |eucocytes. The first and second liquid contain a

noni oni ¢ surfact ankomiel surpaeétantfor adjusting pH. L&QQ“&OQiﬂgle liquid

type, the
Magnesium 8-anilino-l-naphthalenesulfonate
(an organic compound) 2 g

BC30TX (a nonionic surfactant: polyoxyethylene

(30) cetyl ether; Nikko Chemicals) 18
HEPES ' ~10 mM
Methanol | , 100 ml
NaOH : sufficient for pH 7.0
Distilled water q. s. to 1000 ml

.The reégent (1 ml) of the above—-mentioned composition
in which various kinds of surfactants in various concentra-—
tions were used as an ionic surfactant was mExed with 30
microliteré of blood and, after 30 seconds, the forward
low—angle écattered light and thé forward high—anglé scat-—
tered light were measured using a flow cytometer.

. - Figs. 1-4 show the results wherein 750 mg/liter of
decyltrimethylammonium bromide (DTAB), 500 mg/liter of
lauryltrimefhiiammonium chloride, 500 mg/liter of myristyl-
trimethylammonium bromide and 100 mg/liter of cetyltrimethy-
lammonium chloride were used as the ionic surfactant, re-
spectively. In the drawings, L is lymphocyte, M is mono-
cyte, N is neutrophil and basophil and E is eosinophil. 1In

all of the ionic surfactants, nearly the same scattergrams

were resulted whereby leucocytes were able to be classi-



liquid may contain the al cohol and the netal salt. Concen- tration of each
of the conponents is made in such an extent that, when the first and the
Second liquids are m xed, the above-nentioned concentration for each of
thé conponents is resulted. The reagent conposed of the two |iquids may be
I nproved on its stability in storage. The reagent may be used by

m xing with the whole blood. |In that case, the mxing ratio of the reagent
to the whole blood is in the range from1292 to 1 : 100 by vol une.

I ncidental ly, the blood sanple diluted with a suitable diluent is also

avai |l abl e. ) Usi ng the reagent for analyzing | eucocytes in accord-
ance with thdigdesmst douwnded.on, the classification and counting of
| eucocytes can be suitably carried out especial- |y with a small anal yzi ng
apparatus using a _sem conduct or 16
| aser. That is, tHeamRlferk- can be suitably used by neans
DTAB (a cationic surfactant) - 1.5 g
An organic compound 0.3-3 g

BC30TX (a nonionic surfactant; Nikko Chemicals)

1z
Citric acid 50 mM
Methanol ' 100 ml
NaOH : sufficient for pH 7.5
Distilled water g. s. to 1000 ml

The reagent (1 ml) of the above-mentioned composition
in which various kinds of organic compounds in various
concentrations were used as the organic compoun& was mixed
with 30 microliters of b{ood and, after 30 seconds, the
forward low-angle scattered light and the forward high—angie
scattered light were measured using a flow cytometer.

Figs. 5-8 show the results where 3 g/liter of Alizaline
Violet 3R, 0.3 g/liter of Alphazurine A, 0.3 g/liter of
Guinea Green B and 3 g/liter of Alizarin Yellow R were used,
respectively. In all of the organic compounds used, nearly
the same scattergrams were obtained whereby the leucocytes

were able to be classified and counted.



of an apparatus wherein | eucocytes can be classified/ counted only by
receiving the two paraneters of forward | ow angle and high-angle scattered
ight. There is no particular linmtation for the analyzing apparatus and,
for exanple, an apparatus equipped with a sinple detecting part. as shown
i.n Fig. 21 may be used. The apparatus of Fig. 21 is equipped with a

devi ce which detects a two-angle forward scattered |ight. That is, in the
apparatus of Fig. 21, there is a sem ¢d@luct or | aser LD before the flow
cell CELL via a contender lens L2 and a collimter lens L1. Further, there
is a photodiode PD after the flow cell CELL via a collector lens L3

equi pped with a b&¥amRlpHper BS. In the apparatus, the intensity of the
scattered |light of |ow angles (about 1-5[err]) and hi gh angl es_(about

6-20) anong the f AWM d scat- tered light is measured, and by fedn& of the

difference anong the jntensjty of t scattered |ight, |eugocytes can be
classified at |ea r’i%’o""f%&"éﬁ%{ﬂo’gﬁg 7 eHEARLS. °°h‘p°“n§3 t e Br eagent

of the presentiluﬁﬁgéin, | eucocytes can be conveniently 10

cl assified/ counted using a flow cytoneter. I n accordance mntHMthe

reagent of the | MRISENs nontohd bBEEhOBRAESUPbITbATLLRPYhES 50

erythrocytes in whole bﬁ%dﬁ?nd%nage ﬁe ce%ﬁ fre rgnegofﬁpeﬁcocgteg and

accel erate hydrogenated castor oil; Nikko Chemicals) 4 g
Alcohol : “q.s.
NaCH sufficient for pH 7.0
Distilled water q. s. to 1000 ml

The reagent (1 ml) of the above—mentionea composition
in which various kinds of alcohols in various concentrations
were used as the alcohol was mixed with 30 microliters of
blood and, éfter 30 seconds, the forward lowLangle scattered
light and éhe forward high—angle scattered light were meas-
ured using ; flow cytometer.

Figs. 9-12 show the results when 100 ml/liter of methyl
alcohol, 50 ml/liter of ethyl alcohol, 25 ml/liter of 2-
propanol and 2.5 ml/liter of 2~phenoxyethanol were used as
the a;cohol, respectively. The erythrocytes were well con-—
tracted in case any of the alcohols was used whereby the
leucocytes were able to be counted giving nearly the same
scattergrams. Thus, the leucocytes were able to be classi-

fied and counted.



the perneability of the organic conpound through the cell nenbrane;

(2) the organic conpound may adjust the norphol ogi cal

17 information of the | eucocytes in such a manner that is convenient for
cl assifying | eucocytes; (3) the nonionic surfactant may sol ubilize
the insolu- ble substance forned by conbining of the ionic surfactant
with the organic conpound; and (4) the buffer may keep pH of the
reagent to a certain val ue. loni c surfactants usually henolyze
erythrocytes and dissolve the cell nenbr@de of |eucocytes to nmeke its
nucl ei naked; therefore, the nmethod of classifying | eucocytes into three
subgr oups by det eEfamRAP the vol une information of them has al ready been
used widely as a %Trm?!e and conveni ent 1.5 g

Magnesium 8-anilino-l-naphthalenesulfonate
(an organic compound) 2 g

HCO50 (a nonionic surfactant; Nikko Chemicals)

48
Buffer : 10 mM
2-Phenoxyethanol _ 2.5 ml
NaOH _ | q.s.
Distilled water gq. s. to 1000 ml

The reagent (1 ml) of the above-mentioned composition
in which various kinds of buffers in various concentration
were used for changing pH was mixéd with 30 ﬁicroliters of
blood and, ;fter 30 seconds, the forward low-angle scattered
light and tLe forward high—angle scattered 1light were meas-—
ured using a flow cytometer.

Figs. 13-15 show the results where MES (pH: 5.5), HEPES -
buffer (pH: 7.0) and TRIS buffer (pH: 8.5) were used, re-—
spectively. Though there was a tendency that the intensity
of the scattered 1light of the leucoéytes decreased as pH of
the reagent goes up, it was still possible to classify and

count the leucocytes.



means for classifying | eucocytes. However, in this nethod, the henolytic
action is so strong that nost of |eucocytes are nade naked whereby it is
not possible to norphologically classify |leucocytes into subtypes. On the
ot her hand, the reagent of .the present invention utilizes fundanentally
the sanme principle of the action of the ionic surfactant as in the above
mentioned nethod, i.e., the ionic surfactant |yses erythrocytes and
darmages the nenbrane of |eucocytes. Howeld-O er, the honol yl i c action
required in the reagent of the present invention is to draw out a part of
cell menbrane (possibly a part of the lipid conponents, resulting in
formi ng pores in &tammalscyiies which can pass henpgl obin and snall pores in
| eucocytes which can pass through the organic

18 conmpound, whiﬂgﬁéiarnmleus of | eurcocytes is not naked. Asl-Q Besult,

henogl obin is flown out of erythrocytes whe the erythrocytes hardl,
scat?er t he |ightMﬁﬁgﬁﬁhﬂﬂ]4%&gg¥é3b—f—napﬁggX1enesu?f%nate %an organfé

compound) 1.5¢

-~

BC~-25TX (a nonionic surfactant; polyoxyethylene (25)

cetyl ether; Nikko Chemicals) 4 g
HEPES : ' “10 mM
Methanol 100 ml
NaCH sufficient for pH 7.0
Distilled water gq. s. to 1000 ml

The reagent (1 ml) of the above—mentioned composition
was mixed with 30 microliters of blood and, after 30 sec-
onds, the forward low—angle scattered light ;nd the forward
high—ang1e~;cattered light were measured using a flow cytom-
eter. .- )

Fig. 16 shows the result where 3.0 g/liter of BC-25TX
was added as a nonionic surfactant for solubilizing the
precipitate formed by a combination of the components for
constituting erythrocytes With the ionic surfactant. In
Fig. 16, not onlﬁ the effect for solubilizing the precipi-
tate but also the influence on the leucocytes were noted.
Thus, among the leucocytes, those W which were other than
the eosinophils were contracted wﬁereby it was not possible
to classify into four groups.

Now, the nonionic surfactant used (i.e. BC-25TX) was



be discrimnated froml eucocytes by optical information. As a result of a
partial flow ng-out of cell nenbrane and the |liquid in the |eucocytes, the
partly-danaged | eucocytes significantly reduce the scattered |ight on the
cell surface whereby the information in the cells can be obtained in nore
detail . It has been well known that the ionic surfactant in- creases
its solubilizing ability, depending upon the concen- tration at the
concentration higher than the CMC of th urfactant. In the conventi onal
nmet hod, | eusocytes are nade naked usingggﬁe above-nenti oned sol ubilizing
ability of the surfactant, while, in the present invention, the ionic
surfactant ipedeeddi boazl onwggzongent bald an cang,1 ittear &ffoHTO-athe( Nk | i zi ng
ability of the ionic surfactant is | ow whereby, quite unexpectedly, the
posi tive chatgemicalie addbtionalfl avtlennumber af 2ed ydxyatdgetene wEmré®) of
anionic conponents (nuclei, granules, RNA etc.) in the cells to make

t hem i nsol ubwkichswasrastype ofepoliyoxyedivimne hydnegenadad cagdtar thil
ionic surfactant, the shape of the cells hardly changes whereby the effect
of keepi ng tWescefidedhbperefpi whereby filteyrrasslith ftasdhiade 25H\SHWA nP t he

cell by an a[dehxde can be resulted. Cbnseqyently, t he re%Pent of the
Fig. 17, no precipitate was produced ‘and a good scattergram

classifying the leucocytes into four groups was achieved.

Example 6.

DTAB 1.5 g
Magnesium B—aniliﬁo—l—naphthalenesulfonate (an organic
compound) 2 g

HCO 50 (a nonionic surfactant; polyoxyethylene (50)
hydrogenated castor oil; Nikko Chemicals) 4 g

PEN 46?0 {(a nonionic surfactant; polyoxéethylené (30)

polyoxypropylene (6) 2-decyl tetradecyl ether; Nikko

Chemicals) . 4 g
Phthalic acid 50 mM
2~Phenoxyethanol 2.5 ml
NaOH sufficient for pH 5.5
NaCl 30 mM
Distilled water q. s. to 1000 ml

3

One ml of the reagent of the above composition and 30
microliters of blood were mixed and, after 30 seconds, a
measurement was conducted using a flow cytometer.

Fig. 18 shows the result of the measurement of forward

low—angle scattered light for determining the size informa-



present invention does not give an influence on anal ytical

19 result by change of treating conditions as period and tem perature,
differently fromthe known nethod for classifying |eucocytes into three
subgroups by use of the ionic surfact- ant. The sanple treated with the
reagent of the present invention is stable for a |ong period.

Furt hernore, the organic conpound acts to insolubilize the cationic
conponent in |leucocyte cells (e.g. granules [eosinophilic granules],
protein, etc.) whereby the simlar giect as the fixing with an al dehyde

I s obtained and, probably, the nnr&% | ogical difference (e.g. a difference
in the scattered |ight) is made anong | eucocytes dependi ng upon the ;
amount of théieat podi elesembdgemesulith aft Hdre igpasurenent ogiﬁervar%at, as a
result of a neutralization of the positive charge of the cationic .
conponent i nhigb-apgle ssatdereddight for determining the morphological

information. Furthermore, Fig. 19 shows the results of
measuring the lateral scattered light for determining the
morphological information and of measuring the volume by a
principle of measurement by means of an electric gegistance
for determining the size informatién using a flow cytometer
whereby the electric resistance signals wére able to be
measured as disclosed in the Japanese Laid-Open Patent
Pub;ication Hei-05/034,251.

In the above-mentioned reagent composition the electro-—
conductivity of the sample to be measured was adjusted to a
suitable value by adding sodium chloride the;eto for meas-
urement on.ihe principle of electric resistance.

The leucocytes were able to be clearly classified and

counted by any of the measuring parameters.

Example 7.

A first liquid
Ammonium 8-amilino-l-nathphalenesulfonate (an organic
compound) 3.0 g
HCO 50 (a nonionic surfactaﬁt; polyoxyethylene (50)
hydrogenated castor oil; Nikko Chemicals) 5 g
PEN 4630 (a nonionic surfactant; polyoxyethylene (30)
polyoxypropylene (6) 2-decyl tetradecyl ether; Nikko

Chemicals) 1.3 g



i nsoluble, their flow ng-out to outside of the cells can be inhibited, the
nmor phol ogi cal information of |eucocytes is maintained and the shape of

1 eucocytes can be changed so as to be convenient for the classification.
In the present invention, the nonionic surfactant is used to solubilize

t he insol ubl e substance which is produced by a conbination of the ionic
surfactant with the organic conpound. Furthernore, in the present

i nvention, the presence of the ionic su2f810t ant in a small anount inhibits
an excessive solubilization. 20

In the present invention, though the alcohol is not always necessary, “if
added, it is effective in terns of the follow ng respects. The al cohol has

an action of poteRhtdeliq mgitche action of an ionic surfacZabt8sel ectively
wher eby

Succinic acid 2Na 6H50 . 13.5 mg
2-Phenoxyethanol 4.7 ml
NaOH sufficient for the pH 5.3
NaCl : 2.9 g
Distilled water ‘q. 8. to 1000'ml

A second liqdid

The second liquid had the same-cohposition and concen-—
tration as the first liquid except that DTAB 6.9 g/liter was
used in place of ammonium 8—5;11ino—l—nathphalene—sulfonate.

One ml of the first liquid of the above composition and
33 pnl of blood were mixed, then 0.2 ml of the second liquid
was added, and a mixture was'feacted for 20 ;econd at 35°C,
followed bymmeasuring the forward low—angle scattered light
and the for&ard hjgh—angle scattered light with a flow
cytometer.

Fig. 20 shows the result. When the reagent consisted
of the first and second liquids,-a good scattergram was
obtained whereby the leucocytes were able to countered into
four groups.

As illﬁstrated hereinabove, it is now possible with the
present invention to provide a reagent composition which
substantially comprises one aqueous solution.and is capable
of classifying and counting leucocytes by a simple procedure

of just mixing the reagent of the present invention with a



the ionic surfactant even in a | ow concentration can cause danmage to the
cell menbrane. In addition, it is likely that the alcohol denatures the
protein contained in the cell to nmake it insoluble. Accordingly, when the
al cohol is used, it is possible that the damage of the cell such as the
l.oss of the cell nenbrane and granule is kept mninmmand conse- quently
that the desired damage of the cell nenbrane is caused. Therefore, it has
an effect of maintaining the optical difference by the scattered Iight,
etc. Moreover, it exhibits an action of celerating the lysis of erythro-
cytes. Therefore, even though the nenbrane of erythrocytes nay be hardly

| ysed in sombldicckasapkrich Ascerdimgty s, classiéddationabfoflleukecyiteshelan s
effective in such a case, in turn, erythrocytes are |ysed and the danage
of |eucocyt e sondurntnd canly tby sngpspnbng that twhesghtbdhoednddightt he cel
menbr ane of erythrocytes by a mechanismdifferent fromthat of the ianic
surfactant. SignalsoanidanEPRARRES of ehaimplgeftrustuzrakcyni he apc

| eucocytes in _accordance with the present invention will be given as
hereunder. Plied.

In addition, there is no need of using dangerous chemi-
cals such as an aldehyde and, therefore, it is now possible

to classify and count blood samples safely.



21 Exampl e 1. | onic surfactant - 100- 500 ngy
Magnesi um 8- ani | i no- 1- napht hal enesul f onat e (an organi ¢ conpound)
2 g BC30TX (a nonionic surfactant: pol yoxyethyl ene (30) cetyl
et her; N kko Chem cal s) lg HEPES
- 10 nM Met hanol 100 m NaCH
sufficient for pH 7.0 Distilled water g. s. to 1000 m
The reagent (1 m) of the above-nentioned d@ﬁp05|t|on i n which various
kinds of surfactants in various concentra- tions were used as an ionic
surfactant was m xed wth 30 mcroliters of blood and, after 30 seconds,
the forward Yevkkade scattered |ight- and the forward hi gh-angl e scat-
tered light were neasured using a flow cytoneter. Figs. 1-4 show the
results wherein 75% |¢Q%$e5€ for analyz1ng leucocytes comprising
(a) at least one ionic surfactant in an amount suffi-
cient for lysing erythrocytes and cause damage to a part of
cell membranes of leucocytes;
(b) at least one organic compound having an anionic
~ group in an amount sufficient for making a morpholdgical
difference among leucocytes by combining with a cationic
component in leucocytes;
(c) a nonionic surfactant; and
(d) a buffer for adjusting pH.
2. A reagent according to claim 1 in which the reagent

[
further contains an alcohol.

-

3. A reagent according to claim 2 in which the alcohol

is methanol, ethanol, propanol or 2-phenoxy ethanol.

4. A reagent according to claim 1 or 2 in which the

reagent further contains a metal salt.

5. A reagent accordiﬁg to claim 4 in which the metal
salt is sodium chloride, potassium chloride or lithium

chloride.



decyl tri met hyl ammoni um brom de (DTAB), 500 ng/liter of

| auryl tri nmet hyl ammoni um chl ori de, 500 ng/liter of nyristyl-

tri met hyl anmoni um broni de and 100 ng/liter of cetyltrinmethy- |ammoni um
chloride were used as the ionic surfactant, re- spectively. In the

drawings, L is lynphocyte, Mis nono- cyte, N is neutrophil and basophi
and E is eosinophil. In all of the ionic surfactants, nearly the sane
scattergrans were resulted whereby Ieucgfites were able to be classi-

22 fied and counted. Exanpl e 2. DTAB (a cationic surfactant)
1.5 ¢ An organi ¢ conpound . . . 0.3-3.9 . .
BC30TX (a noni oni @ st fERAGEAT aFkREIENBteafipim 1 in which the ioniec

%08 n Otéﬁé%é%%é%t is at least one cationic surfac%gngwgepresegggganm

by the formula;
R2
Ry-Nt-R,.X~ or N* -R, X-
R3

(Ry is a Cg_3g alkyl or alkenyl group; Ry and Rg are a Cy_4
alkyl or alkenyl group; Ry is a Cy_4 alkyl or alkenyl group

or benzyl group; and X is a halogen atom).

7. A reagéﬁt according to claim 1 in which the ionic
surface active égeﬁt is at least one amphoteric surfactant
represented- by the formula; - |

- Rg
Ry-Nt-CH,C00™
L
(R;, Ry and Rg are the same as those defined in claim 6)

8. A reagent according to claim 1 in which the organic
compound is a substance which has at least six carbon atoms
and has bpth hydrophobic group and anionic functional group,
is charged in negative in an aqueous solution and is able to

modify the shape of leucocytes by combining with them.



NaCOH sufficient for pH 7.5 Distilled water
g. s. to 1000 mi The reagent (1 ml) of the above-nentioned
conposition in which various kinds of organic compounds in various
concentrations were used as the organic conmpound was mxed wth 30
mcroliters of blood and, after 30 seconds, the forward | owangle -
scattered light and the forward high-angle scattered |ight were neasured
using a flow cytoneter. Figs. 5-8 @v the results where 3 g/liter of
Alizaline Violet 3R, 0.3 g/liter of Al phazurine A, 0.3 g/liter of Cuinea
G een B and 3 g/l

Lter, of Alizarin Yellow R were, used respectjvely. In al
of the organic co%po&n&?aéf . ageonding ko s%iﬁl. lrgciti('ér@h%é %Ab?eo g28iRed
yhereby the LeppBahteTs ¥R' 9633 dd Wkl AiRdd ' §h 806§ FPER % ne group
23 Exanp . :

consisting of 8-anilino—l1-naphthlenesulfonic acid or salts
thereof, 6-(p-toluidino)-2-naphthalenesulfonic acid or salts
thereof, chromotropic acid, phthalic acid, naphthalenesul-

fonic acid and acidic dyes.

10. A reagent according to claim 9 in which the acid
dye is Brilliant Crocein MOO, Alizaline Violet 3R, Alphazu-"

rine A, Guinea Green B, Alizarin Yellow R.

11. A reagent according to claim 1 in which a hydro-
philic éroup of the nonionic surfactant is selected from the
group consisting of polyoxyethylene glycol, polypropylene
glycol and polyoxyethylene glycol—-polyoxypropylene glycol

block copolymer.

12. A reagent according to claim 1 in which two or more

nonionic surfactants are used.

13.'A reagent according to claim 1 in which the nonion-
ic surfactant contains about 30-5,000 mg per liter'of the

reagent.

14, A reagent according to claim 1 in which the organic
compound used contains about 50-5,000 mg per liter of the

reagent.



DTAB 1.5 ¢ Brilliant Crocein
MDO (an organic conpound) 1 g HEPES

10 v HCOBO (a nonionic surfactant; polyoxyethyl ene (50)

hydr ogenat ed castor oil; N kko Chem cal s) 4 g Al cohol

- Q.S. NaCOH : sufficient for pH 7.0

Distilled water g. s. to 1000 mi The reagent (1 m) of
t he above-nenti oned conposition in which various kinds of alcohols in

vari ous concentrations were used as th83l cohol was m xed with 30
mcroliters of blood and, after 30 seconds, the forward | ow an

scattered I|ight aRd Ph&eP&aRdr ¢ Qﬁ@kﬂﬁﬂﬁ?sﬁ%ﬁ{%r%lelﬁhfcﬂeF en§3§gent
d o 12 sh h |
T ter s e APRBORRE R thso tio B R anpetat g b Ei5eE {1
2- | t h
" coﬁgfpapgspgggférﬁn@ At s, i MR ol eSS 88 ahlling

of the al cohglg MRS et HekDhd N m Jﬁ?ﬁ6¥a%f§?feé?f99¥§n88 Bfo g”@ﬁ@d

giving nearly the sane 'scattergrans. eucocytes were a
cl assi - leucocytes by combining with the cationic charging compo-

nents in the leucocytes and a second liquid containing at
least one ionic surfaétant in an amount sufficient for being
able to lyse erythrocytes and cause damage to a part of the
cell membranes of the leucocytes, the first and the second
liquid contain a nonionic surfactant and a buffer for ad-

justing pH.

16. A reagent according to claim 1 in which the reagent
is mixed with blood in the range from 1 : 2 to 1 : 100 by

volume.



fied and counted. 24 Exanpl e

4. - DTAB 1.5 ¢

Magnesi um 8- ani | i no- 1- napht hal enesul f onat e (an organi ¢ conpound)
2 9. HCO60 (a noni oni c surfactant ;3I>l' kko Chem cal s)

4 ¢ Buf f er 10 mM

2- Phenoxyet hanol ) 2.5 nm NaCH

q.s. A Reagent|fer dpalyping Leucocytes .- o {4 1000 nf The

réagent (lAB%)I‘ of the above-nentioned conposition in which various kinds
of buffers B4FTous concentration were used for changi ng pH was m xed
with 30 mcroliters_of _blood and, after, 30 seconds the.for\A/a'Fd)Iowangle

scattered ligh ERREERS £OFnARE izglﬁl-%nlgefuec%%ﬁser%%fnll’fbﬁ?sme s as-

least one ionic surfactant in an amount sufficient for
lysing erythrocytes and cause damage to a part of cell
membranes of leucocytes; (b) at least one organic compound
having an anionic group in an amount_sufficienﬁ for making a
morphological difference among leucocytes by combiqing with
a cationic component in leucocQtes;.(c) a nonionic surfact-—

ant; and (d) a buffer for adjusting pH.



ured using a flow cytoneter. Figs. 13-15 show the results where MES
HEPES buffer (pH: 7.0) and TRI S buffer (pH 8.5) were used, re-
spectively. Though there was a tendency that the intensity of the

(pH: 5.5)

it was still

25

possible to classify and count tife]

ExanpldFSs&hi DTAB

scattered light of the |eucocytes decreased as pk;Pf t he reagent goes up,
Ife

LT%Cyt o 1.0

g Magnesi um ino-1-naphthaanesuIfonate (an organic

conpound) / 1. 5¢g BC- 25TX (a noni onic
surfactant; polyoxyetgylﬁg6;t25) cetyt—ettrer] N kko Chemi cal s)

4 9 HEPES o e . . 10 mv Met hano
100 m '

8
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500mgla
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NaCOH sufficient for pH 7.0 Distilled water
g. s. to 1000 mi The reagent (1 m) of the above-nentioned
conposition was mxed with 30 m'croliters of blood and, after 30 sec-
onds, the forward | ow angl e scattered ght and the forward hi gh-angl e
scattered |ight were nmeasured usi n I ytom eter. Fig. 16
shows t he resu‘_. (3e 3.0 g/Iiter X was added as a nonionic
surfactant for lizing the preC| p|tate formed by a conbi nation of the
conponents for constltutiegg erythrocytes with the ionic surfactant. In
Fig. 16, not only the dff for solublilizing the pfecipi- tate but also
the influence on the | eficocytles ver e .npted‘ .Thus, pRnong the | eucocytes,
those Wwhich were othe? bhg Qs nophul-s::wgre contracted whereby it
was not possible to s § , N Now, the nonionic

Intensity of the forward _
- high-angle scattered light

Myristyltrimethylammonium bromide
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result was that,
good scattergram classifying the
Exanpl e 6.
Magnesi um 8- ani |

29

hydr ogenat ed castor d&l; Ni

surfactant; pol yoxyetfiyl ene (3 X

' 200 Chen;j c'q.l ¥, wozt
JR. AR L

tetradecyl ether; 0
4 g Pht hal i ¢ gad
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sufficient for pH 585%
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One m of the reagent of the above conposition and 30 mcroliters of bl ood
were m xed and, after 30 seconds, a neasurenent was conducted using a flow
cytoneter. Fig. 18 shows the result of the neasurenment of forward

| ow-angl e scattered light for determ ning the size informa-

27 tion and also the result of the ,32223 nt of forward high-angle
scattered |ight fF?gfeFVrnining t he h ggical i nformati on.

Furthernore, Fig. Shows the resuN s of neasuling the lateral scattered
light for determining the norpholodycal inf o,:/r_ruat i on and of measuring the

volume by a principle surene ap electric resistance
for determning the si z@ i nf roatig yt oneter whereby the
el ectric resistance shgﬁbbg re, g bd as disclosed in the
Japanese Lai d- Open Pat ybl i b1.
s
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In the above-nentioned reagent conposition the electro- conductivity of
the sanple to be neasured was adjusted to a suitable value by adding
sodiumchloride thereto for meas- wurenent on the principle of electric

resi st ance. The | eucocytes were able to be clearly classified and
counted by any of the measuring paraneters Exanple 7. A first
liquid Ammoni um 8-am | i no- nathphalenesulfonate (an organic
conpound) HCO 50 (a nonionic
surfactant; pol yoxyethyl ene (50) hyﬁ} nluéd castor oil; Nikko
Chem cal s) 50 PEN 4630 (a nonioni d surfactant; polyoxyethyl ene
(30) pol yoxypropyl ene (6) 2-decyl tetradecyl ether Ni kko

Chem cal s) 1.3 ¢ _
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.Phthalic acid 2.5 ¢ Succinic acid 2Na

6H err] 0 13.5 ng 2- Phenoxyet hanol

4.7 m NaCOH sufficient for the pH 5.3 NaCl
2.9 ¢ Distilled water g. s. to 1000 mM A second
liquid The sEgqad :!igui d had the sanme conposition and concen-

tration as the first ®fqdid except that AB 6.9 g/liter was wused in place
of anmoni um 8- ani | i no- 1- nat hphal ene- gul f© fle? . One m of the first

liquid of the above conmppsijion and 33 [err] of blood were m xed, then 0.2
m of the second |iquids $ ' reacted for 20 second

at 35 C, followed by rTgasuri scattered light and
yt onet er . Fig.

the forward hi gh-angl g §cat
20 shows the result. \GhEh t he first and second
ucocytes were able

ei nabove, it is now

to countered into foutrogrd
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substantially conpri ses one aqueous solution and is capable of classifying
and counting | eucocytes by a sinple procedure of just m xing the reagent
of the present invention with a 29

bl ood sanple. Accordingly, classificatjgn of |eucocytes can be conducted
only by neasuring the two scatterdﬂ?ﬁ'gﬁbf signals and an apparatus of a
sinpl e structutg Caﬂl%i ap- plied. In addition, there is no need of

usi ng dangerou |!}€ cal s such as' an al dehyde and, therefore, it is now

possible to classify..and : S-ahp 3 Y.
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We daim
“at | east one ionic surfactant

eryt hrocytes and cause danage to a part of
| east one organi ¢ conpound having an ani oni c
meki ng a nDrphoIoglca(}
conponent i
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sufficient for
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31 6. A reagent according to claim1l in which the ionic surfactant
Is at | east-one cationic surfactant represented by the formula;

[err] (Rlerr] is a CJerr] alkyl or alkenyl group; Rerr] and R err]
are a (Jerr] alkyl or alkenyl group; Rerr] is a (Jerr] alkyl or al kenyl
group or benzyl group; and X is a hal ogen atom. 7. A reagent

according to claim1l in which the iongp%ééq%ﬁyce active agent is at | east
one anphoteric Filg-ac] @t represented- the fornula; [err]

w E
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(Rlerr], Rerr] and Rerr] are the same as those defined in claim®6)

8. A reagent according to claiml in which the organic conpound is a
subst ance which has at |east six carbon atonms and has both hydrophobic
group. and anionic functional group, 1is cha.g%qnin negative in an aqueous
solution and is able to modi fy the shapg Ledcocytes by combining with
t hem ‘9. A reagent
according to cl ﬂgs i'n vvhi ch thg,organic conpound is at |east one

subst ance selected fromthe grou consi sti ng of

8- ani | i no- 1- napht hl enesul £BAk sal ts.- t hef gof
6- (p-tol uidino)-2- naphtiaJen 4 thereof, chronotropic
acid, phthalic acid, ndhbhg ené.qlf aci di c dyes.

10. A reagent accord| t o cljai By ey

Crocein MOO, Alizaling &ioletf -
_ 4 150
a &
o 1001 E
- 3

@ o
5:} 501_
59 L~ i
¥ | :
aa 50 100 150 200 250
- Intensity of the forward
%; high-angle scattered light
ct .

Fig. 19

250 -

OTII0OTT oy3y yo L3Tsuojur

50 100 150 200 250
Intensity of the lateral
scattered light

eouwysTEOX



rine A, GQuinea Geen B, Alizarin Yellow R 11. A reagent according

toclaiml in which a hydro- philic group of the nonionic surfactant is

selected fromthe group consisting of polyoxyethylene glycol,

pol ypropyl ene gl ycol and pol yoxyet hyl ene gl ycol - pol yoxypr opyl ene gl ycol

bl ock copol yner. 12. A reagent according to claim1 in which two or
A reagent according to

nore nonionic surfactants are used. - 4A
i c surfactaft]fonlans about 30-5,000 ng per

claiml in which the nonjon-
liter of the reagent. 14. A reagent faccording to claim1 in which
the organic conpound used contains about 50-5,000 ng per liter of the

33

reagent .
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15. A reagent according to claiml in which the reagent is conmposed of the
two liquids conprising a first liquid containing at | east one organic

conpound anong an ampunt sufficient for

maki ng a nor phol ogi cal difference..

among the |eucocytes by combining with the cationic charging compo- nents™

in the | eucocytes and a second liquid contai
surfactant in an anount sufficient for bein

cause damage to a part of the cell nenﬁgg e
and the second Iliquid contain a nonion u
justing pH 16. A reagent according t

is mxed with blood in the range from1 2

Fig. 21
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able to |l yse erythrocytes and
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rfaet ant and a buffer for ad-
oclaiml in which the reagent

to 1 100 by vol une.
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