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Description

Background of the Invention

[0001] This invention relates to a method for assaying an antigen, an antibody or a nucleic acid at a high sensitivity
using polyacridinium.

[0002] Luciferase catalyzes a luminescent reaction and this enzyme has been used in the immuno-diagnosis. How-
ever, the luciferase adheres to an instrument such as the tube wall, and it is difficult to perform the accurate analysis.
[0003] Incontrast, when an acridinium compound, which is a chemical luminescent substance, is used in the immuno-
diagnosis, the acridinium compound does not adhere to an instrument. Therefore, it can be easily applied to labeling,
and has a good luminous efficiency [EP103469A (USA 4761382), EP263657A (USA 4745181, USA 4918192, USA
5110932), Japanese Laid-Open Patent Application H05-255263].

[0004] However, when an acridinium compound is used as a marker in the immuno-diagnosis, only one molecule of
the acridinium compound can be bound to one amino group of an antibody or an antigen. Thus, the amount of the
acridinium compound bound to the antibody or the antigen is not enough, it is impossible to obtain a sufficient amount
of luminescence. EP 0 534 380 discloses a quaternary phosphate salt useful as an agent for enhancing chemilumi-
nescence which is generated through oxidation of an acridinium ester in various assays.

[0005] The present invention is based on our new finding that, when the polyacridinium compound can be bound to
the antibody or the antigen, it can be used as a marker in the immunoassay, and a large number of acridinium residues
in the polyacridinium compound can be bound to one molecule of the antibody or the antigen, and consequently, one
molecule of the antibody or the antigen binds to a marker having a very strong luminescent intensity.

[0006] The present invention provides a method for assaying an antigen, an antibody or a nucleic acid at an ultra-
high sensitivity using a polyacridinium compound.

Summary of the Invention

[0007] This invention relates to a method for assaying a substance which comprises the steps of (a) reacting an
antigen, an antibody or a nucleic acid which is a substance to be measured with an antibody, an antigen or a nucleic
acid to which a polyacridinium compound is bound and which can be bound to the substance to be measured, (b)
carrying out a luminescence treatment, and (c) measuring a luminescent intensity of the reaction solution.

Detailed Description of the Invention

[0008] The polyacridinium compound used in this invention may be any polyacridinium compound which is obtained
from a homopolymer of an acridine derivative having an olefin in the terminal or from a copolymer of the acridine
derivative with maleic anhydride or a maleic acid derivative. Preferably, the polyacridinium compound used in this
invention is a compound represented by formula (I):

- N

[wherein:



10

15

20

25

30

35

40

45

50

55

EP 0 676 641 B9

m is an optionally changeable positive integer of 1 to 10,000,

n is an optionally changeable positive integer of 0 to 10,000,

q is a positive integer of 1 to 20000,

X denotes hydrogen or a lower alkyl,

Y denotes hydrogen, a lower alkyl or a metal,

R4, Ry and Ry, are the same or different and each denotes hydrogen, a lower alkyl, a lower alkanoyl, a substituted
or unsubstituted aroyl, carboxyl or cyano,

R3 denotes a group represented by the formula -[COO];-W-[OCO],-, -[COO]5-W-N(Rg)CO-, -COO-W-W,-[N(Ro)
CO]p-, or -CON(RQ)-W-[N(Rga)CO]p- (in which W and W, are different and each denotes alkylene, methylene, a
substituted or unsubstituted phenylene, or a substituted or unsubstituted naphthylene, Rq and Rg, are the same
or different and each denotes hydrogen, a lower alkylsulfonyl, or a substituted or unsubstituted arylsulfonyl, and
s and p are the same or different and each denotes an integer of 0 or 1),

R, and R are the same or different and each denotes hydrogen, a lower alkyl, a lower alkoxy, carboxy! or sulfo,
Rg denotes a substituted or unsubstituted lower alkyl,

R denotes carboxyl, lower alkoxycarbonyl,

0
i
o

C=0 0O

0~
-
o

nr C_—_O

N
O o)
r I

(in which R4g denotes alkylene, a substituted or unsubstituted phenylene, or a substituted or unsubstituted naph-
thylene), and

Rg denotes carboxyl, lower alkoxycarbonyl, a substituted or unsubstituted alkyl, or a substituted or unsubstituted
aryl, or R; and Rg together form a group represented by the formula

| l

C C
4 AR
o Mg Yo .

and
Z denotes halogen, methanesulfonyloxy or trifluoromethanesulfonyloxy].

[0009] In the definitions of the groups of formula (1), the optional integer indicated by mis 1 to 10,000, preferably 1
to 1,000. The optional integer indicated by n is 0 to 10,000, preferably 1 to 10,000, especially preferably 0 to 1,000,
more preferably 1 to 1,000. q is 1 to 20,000, preferably 1 to 2,000.

[0010] Examples of lower alkyl and the alkyl group in lower alkanoyl, lower alkoxy and lower alkylsulfonyl are linear
or branched alkyl groups having 1 to 6 carbon atoms such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl,
pentyl and hexyl. Substituents of the substituted lower alkyl are the same or different, and the number of the substituents
per nucleus is from 1 to 3. Examples of the substituents of the lower alkyl include sulfo, carboxyl and hydroxyl.
[0011] Examples of alkylene are alkylene groups having 1 to 10 carbon atoms such as methylene, ethylene, trimeth-
ylene, propylene, tetramethylene, ethylethylene, pentamethylene, hexamethylene and octamethylene.

[0012] Examples of aryl and the aryl group in arylsulfonyl and aroyl include phenyl and naphthyl. Substituents in the
aromatic ring of the substituted aryl, substituted arylsulfonyl, substituted phenylene and substituted naphthylene are
the same or different, and the number of the substituents per nucleus is from 1 to 3. Examples of the substituents of
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these group include lower alkyl, hydroxy, halogen, lower alkoxy, sulfo and carboxyl. Examples of halogen include chlo-
rine, bromine, iodine and fluorine. Examples of lower alkyl and the alkyl group in lower alkoxy are the same as defined
above. Examples of the metal include lithium, sodium, potassium and aluminum.

[0013] The compound represented by formula (I) is hereinafter referred to as Compound (l). This is the same as
other compounds.

[0014] A process for producing Compound (I) used in this invention is described below.

[0015] Compound (I) can be obtained by the following process based on "Jikken Kagaku Koza (Course of Experi-
mental Chemistry)", 4th edition, compiled by Chemical Society of Japan, No. 22, Organic Synthesis IV, p. 120, published
by Maruzen, 1992, and - ibid - No. 22, Synthesis of Polymers, p. 116, published by Maruzen, 1992.

COOtH R COCL

n
@g(/\ SOCl, l\ A
10 - 0
N Mg N

an W, (nn
> H-W, =)
(Compox::r;i %CC (Compound1 A)

(p=1)
lﬂ1
H-W,-C=CR,Rat=)
Rg (Compound C)
Ry (1v)
I (p=0)
@ H—WZ-C=CH2H23
(Compound C) Ry
(p=0) DCC |{= HOOC-C=CR,R,a
(Compound B) DCC

'
R;-C=CR,Msa
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[wherein:

W, denotes O-W-OH, O-W-N(Rg)H, O-W-W_-N(Rg)H or N(Rg)-W-N(Rg,)H,
W, denotes HO-W, HO-W-W, or HN(Rg)-W, and
W, W,, m, n, s, g, Ry, Ry, Ry,, Rs, Ry, Rs, R, Ry, Rg, Rg, X, Y and Z are the same as defined above].

[0016] Compound (l) can be obtained by copolymerizing the acridine derivative (V) with a lactic acid derivative (VI).
[0017] Compound (V) in which p of R; is 1 can be obtained by the following method.

[0018] Compound (IV) can be obtained by reacting Compound (ll) with Compound (A) in the presence of dicyclohex-
ylcarbodiimide (DCC). The reaction is carried out at 4 to 110°C for 1 to 12 hours.

[0019] Examples of a solvent used in the reaction include dioxane, tetrahydrofuran, benzene, toluene, acetonitrile,
chloroform, 1,2-dichloroethane and N,N-dimethylformamide.

[0020] Compound (Ill) can be obtained by reacting Compound (ll) with thionyl chloride. The reaction is carried out
at 0 to 110°C for 1 to 6 hours.

[0021] Examples of a solvent used in the reaction include dioxane, tetrahydrofuran, benzene, toluene, acetonitrile,
chloroform and 1,2-dichloroethane.

[0022] Compound (IV) can be obtained by reacting Compound (l1l) with Compound (A). The reaction is carried out
at 0 to 110°C for 1 to 6 hours.

[0023] Examples of the solvent used in the reaction are the same as mentioned above. The reaction may be carried
out in the presence of a base such as pyridine, triethylamine, N-methylmorpholine and dimethylaminopyridine.
[0024] Compound (V) can be obtained by reacting Compound (IV) with Compound (B) in the presence of DCC. The
reaction can be carried out under the above-mentioned reaction conditions.

[0025] Compound (V) in which p is 0 [Compound (V)p,] can be obtained by reacting Compound (II) with Compound
(C) inthe presence of DCC. Alternatively, Compound (V)p, can be obtained by reacting Compound (Ill) with Compound
(C) under the above-mentioned reaction conditions. Compound (V) in which Rg and Rg, are alkylsulfonyl or arylsulfonyl
can be obtained by reacting a compound corresponding to Compound (V) in which Rg and Rg, are hydrogens with an
alkylsulfonyl halide or an arylsulfonyl halide. The reaction is carried out at 0 to 110°C for 1 to 24 hours.

[0026] Examples of the solvent used in the reaction include tetrahydrofuran, dioxane, benzene, toluene, acetonitrile,
chloroform, 1,2-dichloroethane and N,N'-dimethylformamide. The reaction may be carried out in the presence of a
base, if required, as mentioned above.

[0027] Compound (VIl) can be obtained from Compound (V) alone or by reacting Compound (V) with Compound
(VI) in the presence of a polymerization initiator such as Compound (D) and azobisisobutyronitrile (AIBN) and in the
presence or absence of a solvent. The reaction is terminated with the addition of a reaction terminator such as isopro-
panol.

[0028] Examples of the solvent include cyclohexane, heptane, hexane, toluene and benzene. These solvents may
be used either singly or in combination. The reaction is carried out at -80 to 20°C for 0.1 to 6 hours.

[0029] When maleic anhydride is used as Compound (VI), a maleic acid ester compound can be obtained by reacting
the obtained Compound (VII) with Compound (F) or Compound (G) represented by the following formula:

0 o)
‘ i
N—OH N—O—C—R,p-OH
or
@) O
Compound F Compound G

(wherein Ry is the same as defined above).
[0030] Compound (VII) is reacted with Compound (F) or Compound (G) in the presence or absence of a solvent to
obtain the maleic acid ester compound. The reaction is carried out at 0 to 60°C for 1 to 24 hours. Examples of the
solvent include dioxane, tetrahydrofuran, benzene, toluene, acetonitrile, chloroform and 1,2-dichloroethane.
[0031] The copolymerization reaction can be carried out using Compound (VIIl) instead of Compound (VI). The
Compound (VIII) [Compound (Vllla) or Compound (VIIIb)] is obtained from maleic anhydride and Compound (F) or
Compound (G).
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O

N—OH

o
0]

— (Compound F) ﬁ
[xo - N=-0O~C—CH=CH-COOH
0™ ™o
o
(Vila)
(@)
v
(:3 N"‘"O"“C'—'Hw‘OH

0 (Compound G)

)
1 ]
N—O—C—R -0~ C—CH=CH-COOH

o)
(VIilb)

(wherein Ry is the same as defined above).
[0032] Compound (VIIl) can be obtained by reacting Compound (VII) with Compound (F) or Compound (G) under
the above-mentioned reaction conditions.
[0033] Compound (I) can be obtained by reacting Compound (VII) with Compound (E) in the presence or absence
of a solvent. The reaction is carried out at 0 to 60°C for 1 to 24 hours.
[0034] Examples of a solvent used in the reaction include dioxane, tetrahydrofuran, benzene and toluene.
[0035] The intermediate and the desired compound obtained in the above-mentioned method can be isolated and
purified by a purification method conventionally used in organic synthesis chemistry such as filtration, extraction, wash-
ing, drying, concentration, recrystallization, various types of chromatography. It is also possible to subject the interme-
diate to the subsequent reaction without purification.
[0036] Specific examples of the polyacridinium compound used in this invention are shown in Table 1.
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Table 1-1
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Table 1-2
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Table 1-3
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Table 1-4
- N
H H
(CH3),CHCH, ——{-C-C CH-CH > Li
Co Lo
- m\ C CR n
0]
. y
Compound 6
O
C=0

CH, osozc:Fg,@

r N
H ON
(CH3),CHCH, —<——C-C CH-CH S Li
CN ms G C\\ n
o’ \/0 q
0]
. J
Compound 7
0
C=0

CH3 osozca.@



10

15

20

25

30

35

40

45

50

55

EP 0 676 641 B9

Table 1-5
~ N

O-I

H
(CH3),CHCH, -C CH—CH —Lj
H

m (L n
lO
0O

CH,

S

CH;3 C=0
0
O N_.O

N-SO,CHj,4 U
/ | Compound 8
N

NECO)
CHj 03020|=§9

[0037] The method for assaying the substance in this invention is described below.

[0038] In the method for assaying the substance according to this invention, the antigen is generically a substance
that can induce immune response. The antibody is generically a protein that is specifically bound to the antigen. The
nucleic acid is, for example, DNA or RNA.

[0039] A sandwich method is preferably used in immunoassay of this invention. The basis of the sandwich method
is as follows. (1) A substance to be measured in a sample is bound to an antigen, an antibody or a nucleic acid which
is bound to a carrier (immobilized phase) and which can be bound to the substance to be measured. (2) Then, the
reaction mixture is bound to an antigen, an antibody or a nucleic acid having a polyacridinium compound, preferably
Compound (I) [labeling compound]. (3) The reaction mixture of step (2) is subjected to the luminescence treatment.
(4) The luminescent intensity of the labeling compound bound to the substance is measured in the immobilized layer.
The carrier in the sandwich method is, for example, a carrier conventionally used in the immunoassay such as beads,
a 96-well plate and magnetic particles.

[0040] The antigen, the antibody or the nucleic acid having the labeling compound (hereinafter referred to as a
"labeled substance") can be obtained by uniformly mixing the antigen, the antibody or the nucleic acid, which can be
bound to the substance to be measured, with the polyacridinium compound, preferably Compound (1), in a buffer
solution (pH 6 to 11) such as a phosphate buffer solution and a tris-hydrochloride buffer solution. The reaction is carried
out at 4 to 50°C for 10 minutes to 72 hours.

[0041] The labeled substance, which is a reaction product, can be isolated by an isolation means such as gel chro-
matography, ion exchange chromatography, affinity chromatography and a high-performance liquid chromatography.
[0042] Accordingtothe known method, the sample solution containing the substance to be measured is put in contact
with the carrier having the antigen, the antibody or the nucleic acid which can be bound to the substance to be measured,
in a buffer solution (pH of 5 to 9) such as a phosphate buffer solution, a Good's buffer solution, and a tris-hydrochloride
buffer solution. The reaction is carried out at 4 to 40°C for 1 minute to 72 hours. As the carrier, a carrier conventionally
used in immunoassay such as beads, a 96-well plate and magnetic particles is preferable. The obtained reaction
mixture is washed with a buffer solution such as a phosphate buffer solution, a Good's buffer solution and a tris-
hydrochloride buffer solution. After the completion of the washing, the reaction mixture is put in contact with the above-
mentioned labeled substance in a buffer solution such as a phosphate buffer solution, a Good's buffer solution and a
tris-hydrochloride buffer solution at 4 to 40°C for 1 minute to 72 hours. The resulting reaction mixture is washed with
a buffer solution such as a phosphate buffer solution, a Good's buffer solution and a tris-hydrochloride buffer solution.
[0043] The procedure for the luminescence treatment is as follows. A buffer solution having a pH of 9 or less such

12
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as an acetate buffer solution and a phosphate buffer solution containing hydrogen peroxide is added to the reaction
mixture for reaction, and the reaction solution is then adjusted to a pH of 7 or more, preferably a pH of 9.0 to 12 with
a base such as sodium hydroxide and potassium hydroxide. Then luminescence is generated.

[0044] A luminescence intensity of the extracted free acridinium compound is measured by a spectrophotometer at
awave length of 190 to 750 nm, preferably 400 to 600 nm. Thus, it is possible to measure the substance to be measured
in the sample. The buffer solution used in the following measurement method may contain a compound conventionally
used in the immunoassay such as albumin, NaN; and a surface-active agent.

[0045] This invention will be illustrated by referring to the following Examples.

Examples

Example 1:

Measurement of a carcinoembryonic antigen (CEA):

(1) Labeling of an antibody

[0046] An anti-CEA mouse monoclonal antibody was labeled in accordance with a method described in Clinical
Chemistry, vol. 29, No. 8, p. 1474 (1983). To 30 u¢ of a solution of Compound 1 obtained in Reference Example 1 was
added 300 u¢ of a 0.1-M phosphate buffer solution (pH 8.0) containing 50 ug of the anti-CEA mouse monoclonal
antibody. After the labeling reaction was carried out for 10 minutes, 100 p€ of a 10 g/¢-lysine hydrochloride solution
was added to terminate the reaction. The unreacted antibody and polyacridinium compound were removed via column
chromatography using Sephadex G-50™ (80 X 6 mm, made by Pharmacia) to obtain a polyacridinium compound-
labeled anti-CEA antibody (hereinafter abbreviated as a "poly-labeled antibody").

(2) Labeling of the anti-CEA antibody with an acridinium ester

[0047] For comparison, the anti-CEA mouse monoclonal antibody was labeled with an acridinium derivative-1 rep-
resented by the formula:

@
© CHa OSO.CF;

N\
U2

C=0

(made by Dojin Kagaku Kenkyusho) as a typical example of the conventional acridinium compound (this antibody is
hereinafter abbreviated as a "mono-labeled antibody").

(3) Preparation of a polystyrene tube on which an anti-CEA antibody is immobilized

[0048] An anti-CEA monoclonal antibody which is different in reactivity from the antibody used for labeling was im-

13
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mobilized on a polystyrene test tube (75 X 12 mm). To the test tube was added 200 € of a 10 pg/ml anti-CEA antibody
solution dissolved in a 10 mM phosphate buffer solution (pH 8.0), and allowed to stand overnight. After the supernatant
solution was removed by suction, 500 u€ of a 10 mM phosphate buffer solution (pH 8.0) containing 1% bovine serum
albumin (BSA) and 0.1% NaN5 was added to the residue, and the mixture was preserved.

(4) Measurement of CEA

[0049] To the polystyrene tube on which the anti-CEA antibody was immobilized were added 50 € of standard CEA
adjusted to 0 to 10.0 ng/ml and 100 u€ of the poly-labeled anti-CEA antibody or 100 u€ of the mono-labeled anti-CEA
antibody, and incubated at room temperature for 1 hour. The reaction solution was taken off through suction, and 1 ml
of a 10 mM phosphate buffer solution (pH 8.0) containing 0.05% Tween 20 (made by Wako Pure Chemical Industries
Ltd.) was then added to the residue as a wash liquid. The supernatant was taken off through suction. This process
was repeated three times. A 10-mM acetate buffer containing 0.3% hydrogen peroxide and having a pH of 3 was added
to the tube, and 200 € of an aqueous solution containing 0.1M sodium hydroxide was then added thereto. The lumi-
nescence of the resulting reaction solution was measured by Biolumat LB9500T (manufactured by Berthold). The
results are shown in Table 2.

[0050] According to the above method, CEA concentration in the sample was determined by the immunoassay using
the polyacridinium compound(Compound 6 in Reference Example 3, Compound 7 in Reference Example 4 or Com-
pound 8 in Reference Example 5)-labeled antibody. In comparison with mono-labeled antibody, these poly-labeled
antibody exhibit high luminescence. The counts of luminescence using Compound 6, 7 and 8 are 12.5, 7.8 and 24.6
times as much as that of luminescence using mono-acridinium compound, respectively.

Table 2
CEA concentration (ng/ml) | Mono-labeled antibody (count) | Poly-labeled antibody (count)
0 2751 5481
1.0 9547 265478
2.0 16328 531491
5.0 36759 1326174
10.0 70899 2652604

Example 2:

[0051] The sera of three persons were used as test samples, and the concentration of CEA in the sera was measured
in the same manner as in Example 1. For reference, the concentration of CEA in the same test samples was measured
by enzyme immunoassay [CEA-EIA one-step kit (made by Abbott Laboratories)]. The results are shown in Table 3.

Table 3
Enzyme immunoassay (ng/ml) | Present method (ng/ml)
Specimen 1 1.3 1.32
Specimen 2 5.7 5.71
Specimen 3 12.8 13.0

Example 3:

[0052] The measurement limit in the lower concentration when CEA was assayed by the method of this invention or
the method using the mono-labeled antibody was measured by the following method. The sera of healthy persons
whose CEA concentrations had been already known were diluted stepwise in a 10-fold dilution series. The samples
containing the diluted CEA and containing the diluent alone (control) were measured five times by the method described
in Example 1. When there is a significant difference (level of significance 1% or less) between the count of the lumi-
nescent intensity of the diluted sample and that of the control, the concentration was deemed as "detectable", and the
minimum concentration having a significant difference was determined as a limit concentration in the measurement.
The results are shown in Table 4.

14
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Table 4
CEA concentration Present method Mono-labeled antibody
(ng/ml)
Average value Standard deviation Average value Standard deviation
(count) (count) (count) (count)
1.7 448719 37291.1* 15927 1682.8*
0.17 50988 4733.7* 5408 552.3
0.017 11267 651.9* 5197 690.2
0.0017 7320 428.4 5310 584.9
0.00017 6739 411.6 5269 538.1
0 6774 453.4 5342 622.5
*p<0.01

[0053] Table 4 shows that the measurement limit of CEA with the poly-labeled substance of this invention is 0.017
ng/ml, which is by far lower than the limit of 1.7 ng/ml in the measurement of CEA with the mono-labeled substance.

Example 4:
Measurement of carcinoembryonic antigen (CEA):
(1) Labeling of an antibody

[0054] A labeled anti-CEA antibody was obtained in the same manner as in Example 1 except that Compound 2
obtained in Reference Example 2 was used instead of Compound 1.

(2) Production of magnetic particles on which an anti-CEA antibody is immobilized

[0055] In 1 mlof a 10 mM phosphate buffer solution (pH 8.0) were dissolved 1 ml of ferrisphere 100A™ (made by
Nippon Paint Co., Ltd.) and 125 umol of glutaraldehyde, and 100 p€ of a 1 mg/ml anti-CEA antibody solution was
further added thereto. The mixture was stirred well, and then allowed to stand overnight. The reaction mixture was
centrifuged at 3,000 rpm, and the supernatant liquid was taken off through suction. The residue was washed three
times with a 10 mM phosphate buffer solution. Subsequently, 500 pu€ of a 10 mM phosphate buffer solution (pH 8.0)
containing 1% BSA and 0.1% NaN5; was added thereto, and the mixture was preserved.

(3) Measurement of CEA

[0056] To a polystyrene tube was added 0.5 ml of the solution of magnetic particles on which the anti-CEA antibody
was immobilized as produced in (2). Further, 50 u€ of standard CEA which was adjusted to 0 to 20.0 ng/ml and 100
u€ of the labeled anti-CEA antibody produced in (1) were added thereto. The mixture was incubated at room temperature
for 1 hour. The reaction solution was centrifuged at 3,000 rpm, and the supernatant solution was removed by suction.
Thereafter, 1 ml of a 10 mM phosphate buffer solution (pH 8.0) containing 0.05% Tween 20™ (made by Wako Pure
Chemical Industries Ltd.) was added to the residue as a wash liquid. The mixture was centrifuged, and the supernatant
solution was removed by suction. This procedure was repeated three times. A 10 mM acetate buffer solution containing
0.3% hydrogen peroxide and having a pH of 3 was added to the tube, and 200 u€ of an aqueous solution containing
0.1M sodium hydroxide was added thereto. Luminescence of the resulting reaction solution was measured by Biolumat
LB9500T (manufactured by Berthold). The results are shown in Table 5.

Table 5
CEA concentration (ng/ml) | Present method (count)
0 4276
1.0 506719
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Table 5 (continued)

CEA concentration (ng/ml) | Present method (count)

2.0 1009193
5.0 2518382
10.0 5018936

Reference Example 1:
(1) Synthesis of an acrylic acid ester having an acridine group

[0057] Acridine carboxylic acid hydrate (4.6 g, made by Aldrich Chemical Company) was dissolved in 200 ml of
dioxane (made by Kanto Kagaku), and 2.4 g of thionyl chloride (made by Kanto Kagaku) was added thereto dropwise.
The reaction was carried out at 60°C for 1 hour. To this was further added 4.4 g of p-hydroquinone (made by Wako
Pure Chemical Industries Ltd.). The reaction was carried out at 60°C for 5 hours. The reaction solution was concentrated
to dryness under reduced pressure, crystallized in toluene (made by Kanto Kagaku), separated by filtration and dried
to obtain 5.6 g of hydroquinone ester of acridine carboxylic acid. This ester (3.15 g) and 0.72 g of acrylic acid were
dissolved in 200 ml of dioxane, and 2.5 g of dicyclohexylcarbodiimide was dissolved therein. The mixture was reacted
at 50°C for 4 hours. The resulting precipitate was separated by filtration, and the filtrate was concentrated to dryness.
The product was then recrystallized from toluene to obtain 2.4 g of acrylic acid ester.
Property value: m.p. 112.6 - 113.9°C

(2) Copolymerization with maleic anhydride

[0058] One gram of the acrylic acid ester obtained in (1) and 0.2 g of maleic anhydride (made by Aldrich Chemical
Company) were dissolved in 100 ml of tetrahydrofuran which was dehydrated well. Nitrogen was introduced into the
solution for about 1 hour. As a polymerization initiator, 0.1 ml of a cyclohexane/heptane solution of sec-butyllithium
(made by Aldrich Chemical Company) was added dropwise, and the polymerization was started at room temperature.
When the viscosity was raised to 0,2 Pa.s (200 centipoises), 0.05 ml of isopropanol was added to terminate the po-
lymerization, and Compound (a) was obtained.

(3) Formation of a maleic anhydride block into an N-hydroxysuccinimide ester

[0059] N-hydroxysuccinimide (0.3 g, made by Kanto Kagaku) was added to a copolymerization solution of Compound
(a) obtained in (2), and the mixture was heated as such at 60°C for 5 hours to obtain Compound (b).

(4) Conversion of an acridine group into an acridinium group.

[0060] One ml of methyl trifluoromethanesulfonate (made by Aldrich Chemical Company) was added to a copolym-
erization solution of Compound (b) obtained in (3). The mixture was stirred and then allowed to stand at room temper-
ature for 24 hours to obtain Compound 1. The obtained polymer was yellow.

Properties; IR, v (cm-1): 2997, 1703, 1500

Reference Example 2:
(1) Synthesis of acrylic acid amide having an acridine group

[0061] Acridine carboxylic acid hydrate (4.6 g, made by Aldrich Chemical Company) was dissolved in 200 ml of
dioxane ; (made by Kanto Kagaku), and 4.2 g of dicyclohexylcarbodiimide (made by Kanto Kagaku) was added thereto.
The reaction was carried out at 50°C for 1 hour. To this was further added 2.4 g of hexamethylenediamine (made by
Wako Pure Chemical Industries Ltd.). The reaction was carried out at 50°C for 3 hours. When the liquid became clear,
0.72 g of acrylic acid and 2.5 g of dicyclohexylcarbodiimide were additionally dissolved therein. The reaction was carried
out at 50°C for 4 hours. The resulting precipitate was separated by filtration, and the filtrate was concentrated to
dryness. Subsequently, the product was recrystallized from toluene to obtain 3.6 g of acrylic amide.
Properties: m.p. 127 - 130°C
[0062] The obtained acrylic amide (2.1 g) was dissolved in 100 ml of dehydrated tetrahydrofuran, and 2 ml of meth-
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ylsulfonyl chloride (made by Tokyo Kasei) was added thereto. The mixture was heat-refluxed for 2 hours. The reaction
solution was concentrated to dryness under reduced pressure, and the product was recrystallized from toluene to
obtain 1.56 g of a methylsulfonyl compound.

(2) Copolymerization with maleic anhydride

[0063] One gram of the methylsulfonyl compound obtained in the above (1) and 0.2 g of maleic anhydride were
dissolved in 100 ml of tetrahydrofuran which is dehydrated well, and nitrogen was introduced into the solution for about
1 hour. As a polymerization initiator, 0.1 ml of a cyclohexane/heptane solution of sec-butyllithium was added thereto
dropwise, and the polymerization was started at room temperature. When the viscosity was raised to 250 centipoises,
0.05 ml of isopropanol was added to terminate the polymerization, and Compound (c) was obtained.

(3) Conversion of an acridine group into an acridinium group

[0064] One mlof methyltrifluoromethanesulfonate was added to Compound (c) obtained in the above (2). The mixture
was stirred, and then allowed to stand overnight to obtain Compound 2. The obtained polymer was yellow, and had a
molecular weight of 540,000, as measured by a method for measuring a viscosity via dilution.

Reference Example 3:

[0065] Acridine carboxylic acid hydrate (4.6 g, made by Aldrich Chemical Company) was dissolved in 200 ml of
dioxane, and 2.4 g of thionyl chloride (made by Kanto Kagaku K.K.) was added thereto dropwise. The reaction was
carried out at 60°C for 1 hour. To this was further added 1.7 g of 4-hydroxybenzylidenemalononitrile (made by Lancaster
Co., Ltd.) The reaction was carried out at 60°C for 5 hours. The solution was concentrated under reduced pressure to
50 ml, crystallized by ice cooling, and separated by filtration to obtain 1.2 g of benzylidenemalononitrile ester of acridine
carboxylic acid.

[0066] Copolymerization of 1.7 g of this ester with maleic anhydride was carried out in the same manner as described
in (2) of Reference Example 1. Then, an acridine group was converted into an acridinium group in the same manner
as described in (4) of Reference Example 1 to obtain Compound 6. The obtained polymer had an average weight of
23,000.

Reference Example 4:

[0067] The same procedure as described in Reference Example 3 was carried out except for using 1.6 g of 4-hy-
droxybenzylideneacetone (made by Lancaster Co., Ltd.) instead of 4-hydroxybenzylidenemalononitrile to obtain Com-
pound 7. The obtained polymer had an average weight of 26,000.

Reference Example 5:

[0068] Acridine carboxylic acid hydrate (4.6 g, made by Aldrich Chemical Company) was dissolved in 200 ml of
dioxane, and 2.4 g of thionyl chloride (made by Kanto Kagaku K.K.) was added thereto dropwise. The reaction was
carried out at 60°C for 1 hour. To this was further added 1.15 g of allylamine and heated at 60°C for 2 hours. The
solution was concentrated under reduced pressure to 50 ml, crystallized by ice cooling, and separated by filtration to
obtain 2.2 g of allylamine amide of acridine carboxylic acid.

[0069] One gram of allylamine amide of acridine carboxylic acid was suspended in 200 ml of dioxane, and 2ml of
phenylsulfonylchloride was added thereto dropwise until the liquid became clear to synthesize sulfonamide. The so-
lution was concentrated under reduced pressure to 50 ml, crystallized by ice cooling, and separated by filtration. The
obtained crystal was copolymerized with maleic anhydride in the same manner as described in (2) of Reference Ex-
ample 1, and 0.3 g of N-hydroxysuccinimide was added thereto and reacted in the same manner as described in (3)
of Reference Example 1. Then, acridine group was converted into an acridinium group in the same manner as described
in (4) of Reference Example 1 to obtain Compound 8. The obtained polymer had an average molecular weight of 38,000.

Claims
1. A method for assaying a substance which comprises the steps of (a) reacting an antigen, an antibody or a nucleic

acid which is a substance to be measured with an antibody, an antigen or a nucleic acid to which a polyacridinium
compound is bound and which can be bound to the substance to be measured, (b) carrying out a luminescence
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treatment, and (c) measuring a luminescent intensity of the reaction solution.

2. The method of claim 1 wherein the polyacridinium compound is a polyacridinium compound represented by formula

(h):
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wherein:

m is an optionally changeable positive integer of 1 to 10,000,

n is an optionally changeable positive integer of 0 to 10,000,

g is a positive integer of 1 to 20000,

X denotes hydrogen or a C4-Cg alkyl,

Y denotes hydrogen, a C4-Cg alkyl or a metal and in the latter case, Y forms a ionic bond with the acridinium
moiety,

R4, R, and R,, are the same or different and each denotes hydrogen, a C4-Cg alkyl, a C4-Cg alkanoyl, a
substituted or unsubstituted aroyl, carboxyl or cyano,

R3 denotes a group represented by the formula

-[COQ]s-W-[OCO],-, -[COO] -W-N(Rg)CO-,

-COO-W-W4-[N(Rg)CO],-, or -CON(Rg)-W-[N(Rg,)COl,-

in which W and W,, are different and each denotes alkylene, methylene, a substituted or unsubstituted phe-
nylene, or a substituted or unsubstituted naphthylene, Rqg and Rq, are the same or different and each denotes
hydrogen, a C4-Cg alkylsulfonyl, or a substituted or unsubstituted arylsulfonyl, and s and p are the same or
different and each denotes an integer of 0 or 1,

R, and R are the same or different and each denotes hydrogen, a C4-Cg alkyl, a C4-Cg alkoxy, carboxyl or sulfo,
Re denotes a substituted or unsubstituted alkyl,

R denotes carboxyl, C4-Cg alkoxycarbonyl,

18



10

15

20

25

30

35

40

45

50

55

-o—0~—

QZ

EP 0 676 641 B9

or

in which R4q denotes alkylene, a substituted or unsubstituted phenylene, or a substituted or unsubsituted

naphthylene, and

Rg denotes carboxyl, C4-Cg alkoxycarbonyl, a substituted or unsubstituted alkyl, or a substituted or unsubsti-
tuted aryl, or R; and Rg together form a group represented by the formula

and

| |

cC ,C -
/4 7\
o Mg

O 14

Z denotes halogen, methanesulfonyloxy or trifluoromethanesulfonyloxyl.

Patentanspriiche

1. Verfahren zur Bestimmung einer Substanz, umfassend die Schritte

(a) Umsetzen eines Antigens, eines Antikérpers oder einer Nukleinsdure, die zu bestimmende Substanzen
sind, mit einem Antikérper, einem Antigen oder einer Nukleinsdure, an die eine Polyacridiniumverbindung
gebunden ist, und die an die zu bestimmende Verbindung gebunden werden kdnnen,

(b) Durchfiihren einer Lumineszenzbehandlung und
(c) Messen einer Lumineszenzintensitat der Reaktionslésung.

2. \Verfahren nach Anspruch 1, wobei die Polyacridiniumverbindung eine Polyacridiniumverbindung der Formel (1) ist:
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in der

m eine frei veranderbare positive ganze Zahl von 1 bis 10000 ist,

n eine frei veranderbare positive ganze Zahl von 0 bis 10000 ist,

q eine positive ganze Zahl von 1 bis 20000 ist,

X ein Wasserstoffatom oder einen C,-Cg-Alkylrest bedeutet,

Y ein Wasserstoffatom oder einen C4-Cg-Alkylrest oder ein Metallatom bedeutet, in letzterem Fall bildet Y eine
ionische Bindung mit der Acridiniumgruppierung aus,

R4, R, und Ry, gleich oder verschieden sind und jeweils ein Wasserstoffatom, einen C,-Cg-Alkyl-, einen C,-
Cg-Alkanoyl-, einen substituierten oder unsubstituierten Aroyl-, Carboxyl- oder Cyanorest bedeuten,

R3 eine Gruppe der Formel

-[COQJs-W-[OCO],-, -[COO]; -W-N(Rg)CO-,

-COO-W-W,-[N(Rg)CO],-, oder -CON(Rg)-W-[N(Rg,)COl,-

bedeutetin der W und W, unterschiedlich sind und jeweils einen Alkylen-, Methylen-, einen substituierten oder
unsubstituierten Phenylen- oder einen substituierten oder unsubstituierten Naphthylenrest bedeuten,

Rg und Rg, gleich oder verschieden sind und jeweils ein Wasserstoffatom, einen C4-Cg-Alkylsulfonyl- oder
einen substituierten oder unsubstituierten Arylsulfonylrest bedeuten, und s und p gleich oder verschieden sind
und jeweils eine ganze Zahl von 0 oder 1 bedeuten,

R, und Rj gleich oder verschieden sind und jeweils ein Wasserstoffatom, einen C,-Cg-Alkyl-, einen C4-Cg-
Alkoxy-, Carboxyl- oder Sulforest bedeuten,

Re einen substituierten oder unsubstituierten Alkylrest bedeutet,

R5 einen Carboxyl- oder C,-Cg-Alkoxycarbonylrest,

~o0—o—

oder C=0

O
¢
o
-o0—
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bedeutet,

wobei Ryq einen Alkylen-, einen substituierten oder unsubstituierten Phenylen- oder einen substituierten oder
unsubstituierten Naphthylenrest bedeutet und

Rg einen Carboxyl-, C4-Cg-Alkoxycarbonyl-, einen substituierten oder unsubstituierten Alkyl- oder einen sub-
stituierten oder unsubstituierten Arylrest bedeutet oder R; und Rg zusammen eine Gruppe der Formel

| l
c .C
74 7\
o o Yo

bilden und
Z ein Halogenatom oder einen Methansulfonyloxy- oder Trifluormethansulfonyloxylrest bedeutet.

Revendications

1. Procédé de dosage d'une substance, qui comporte les étapes suivantes :
a) faire réagir un antigéne, un anticorps ou un acide nucléique, constituant la substance a doser, avec un
anticorps, un antigéne ou un acide nucléique auquel est lié un composé de polyacridinium et auquel la subs-
tance a doser peut se lier;
b) effectuer un traitement provoquant une luminescence ;

et ¢) mesurer l'intensité de la luminescence émise par la solution réactionnelle.

2. Procédé conforme a la revendication 1, dans lequel ledit composé de polyacridinium est un composé de polya-
cridinium représenté par la formule (1):

- N

dans laquelle :

m représente un nombre entier positif, qui peut varier a volonté et vaut de 1 a 10 000 ;

n représente un nombre entier positif, qui peut varier a volonté et vaut de 0 a 10 000 ;

q représente un nombre entier positif qui vaut de 1 a 20 000 ;

X représente un atome d'hydrogéne ou un groupe alkyle en C4-Cg;

Y représente un atome d'hydrogéne, un groupe alkyle en C4-Cg ou un atome de métal, Y formant, dans ce
dernier cas, une liaison ionique avec le fragment acridinium ;

R, R, et Ry, sont identiques ou différents et représentent chacun un atome d'hydrogéne ou un groupe alkyle
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en C4-Cg, alcanoyle en C4-Cg, aroyle portant ou non un substituant, carboxyle ou cyano;

R3 représente un groupe de formule -[COO]-W-[OCO],-, -[COO0]s-W-N(Rg)CO-, -COO-W-W;-[N(Rg)CO],,- ou
-CON(Rg)-W-[N(Rga)CO]p-,

ou

W et W, sont différents et représentent chacun un groupe méthyléne, alkyléne, phényléne portant ou non
un substituant ou naphtyléne portant ou non un substituant,

Rg et Rg, sont identiques ou différents et représentent chacun un atome d'hydrogéne, un groupe alkyl-
sulfonyle en C4-Cg, ou un groupe arylsulfonyle portant ou non un substituant,

et s et p sont identiques ou différents et représentent chacun un nombre entier valant 0 ou 1,

R, et Rg sont identiques ou différents et représentent chacun un atome d’hydrogéne ou un groupe alkyle en
C4-Cg, alcoxy en C4-Cg, carboxyle ou sulfo,

Re représente un groupe alkyle portant ou non un substituant,

R représente un groupe carboxyle ou (alcoxy en C4-Cg)-carbonyle, ou encore un groupe de formule

] 'C:O
C=0 e

t
| R1o
| i

ou C=0

ou Ry représente un groupe alkylene, phényléne portant ou non un substituant ou naphtyléne portant
ou non un substituant,
Rg représente un groupe carboxyle, (alcoxy en C4-Cg)-carbonyle, alkyle portant ou non un substituant ou aryle
portant ou non un substituant,
ou R; et Rg forment ensemble un groupe représenté par la formule

| |

cC .C -
V4 /
o g Do

et Z représente un atome d'halogéne ou un groupe méthanesulfonyloxy ou trifluorométhanesulfonyloxy.
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