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7 T-(3-carboxypropyl)-1,3-
dimethybcanthine ( ) 7-(4-carboxybutyl)-1,3-dimethylxanthine ( )

8 8-(3-carboxypropyl)-1,3 dimethyixanthine ( .)
8-(4-carboxybutyl)-1,3-dimethylxanthine ( ) 16 N
il
logic plot
log
34.18, 30.84
20.04
l il
3 2N
8-(4-carboxybutyl)-1,3-
dimethylxanthine 8-(3-carboxypropyl)-1,3-dimethylxanthine
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SUTHASINEE PITCHAYAWASIN EFFECT OF HETEROLOGOUS COMBINATIONS
BETWEEN ENZYME LABELED THEOPHYLLINE AND IMMUNOGEN O
SENSITIVITY AND SPECIFICITY OF ENZYME IMMUNQASSAY FOR THEOPHYLLINE.
THESIS ADVISOR ASSOC. PROF. PHENSRI THONGNOPNUA, Ph.D.
ICS%KIAD9V7|£?O§37”\EISSST4R%CTOR SUWANNA VANGVERAVONG, Ph.D. 130 pp.

Four derivatives of theophylline were synthesized for labelling with peroxidase enzyme and
preparing immunogens for theophylline. 7-(3-carboxypropyl)-1,3-dimethylxanthine (A) and  7-(4~
carboxybutyl)-1,3-dimethylxanthine (B) contain different carbon chain at the same N-7 position while 8-
(3-carboxypropyl)-1,3-dimethylxanthine (C) and 8-(4- carboxybutyl)-1,3-dimethylxanthine (D) contain
different carbon chain at the N-8 positron of xanthine structure. Sixteen combinations of enzyme-labeled
theophylline and immunogens of all derivatives were utilized in theophylline analysis via compettitive enzyme
immunoassay. It is demonstrated that sensitivity and specificity of the analysis were dependent upon the
combination studied. The logic plot between the percentage binding and log theophylline concentration of each
combination were established to determine the sensitivity of the method in term of slope of the plot under
regression analysis. The sensitivity of the analysis from bridge heterologous combination of enzyme-labelled
derivative D and antiserum from C was better than the homologous combination from D and the site
heterologous combination of enzyme-labelled derivative D and antiserum from B in which the slopes of the
plot were 34.18, 30.84 and 20.04, respectively. The bridge and site heterolgous combinations were the
worst combination studied. The cross reaction of theophylline with caffeine was also compared among these
combinations. The same aforementioned bridge heterologous combination was the only one combination that
specific only to theophylline. Thus the best combination for enzyme immunoassay of theophylline would be the
bridge combination between 8-(4-carboxybutyl)-1,3-dimethylxanthine and antiserum from 8-(3-
carboxypropyl)-1,3-dimethylxanthine
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( frared apsorption)

7-(3-carboxypropyl)-1,3-dimethylxanthine ( ) — 25
() IH-NMR  7-(3-carboxypropyl)
-1 ,3-dimethylxanthine ( ) et —————————, 28
(Infrared apsorption)
7- (4-carboxybutyl)-1,3-dimethylxanthine ( N 31
() IH-NMR  7-(4-carboxybutyi)-1,3-
dimethylxanthine ( ) e —————— 34
(Infrared apsorption)
8- (3-carboxypropyl)-1,3-dimethylxanthine ( [~ 39
() IH-NMR  8-(3-carboxypropyl)
-1 ,3-dimethylxanthine ( S 42
(Infrared apsorption)
8-(4-carboxybutyl)-1,3-dimethylxanthine ( ) P 47
() IH-NMR  8-(4-carboxybutyl)-1,3-
dimethylxanthine ( ) s —————————————————; 50
(Infrared apsorption)
NHS 7-(3-carboxypropyl)-1,3-dimethylxanthine
(NHS ) s —————————————. 55

() IHNMR  NHS
7-(3-carboxypropyl)-1,3 -dimethylxanthine
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(Infrared apsorption)
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(competition)?
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(competition)®
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11

12

13

14

L —— 21

v 7-(3-carboxypropyl)-1,3- dimethylxanthine
( ) 33 D s ————— 23
IR 7-(3-carboxypropyl)-1,3-dimethylxanthine
( )t —————————— 24
1H-NMR 7-(3-carboxypropyl)-1,3-dimethylxanthine
( ) DMSO-0Q oo 26
1H-NMR 7-(3-carboxypropyl)-1,3-dimethylxanthine
( ) DMSO-dg 1.96-8.06 ppm....c... 27
v 7-(4-carboxybutyl)-1,3- dimethylxanthine
( ) 33 ] —————— 29
IR 7-(4-carboxybutyl)-1,3- dimethylxanthine
( ) et 30
1H-NMR 7-(4-carboxybutyl)-1,3-dimethylxanthine
( ) DMSO-00.iisiscvessessssssssssssssessssessssss 32
1H-NMR 7-(4-carboxybutyl)-1,3-dimethylxanthine
( ) DMSO-dg 1.38-8.09 ppm ... 33

8- (3 -carboxypropyl)-1,3-
dimethylxanthine ( ) e ————————. 36
uv 8- (3 -carboxypropyl)-1,3- dimethylxanthine
( ) 33 ] ————— 37
IR 8- (3 -carboxypropyl)-1,3- dimethylxanthine
( e ————————————— 38
1H-NMR 8- (3 -carboxypropyl)-1,3- dimethylxanthine
( ) DMSO-0g.sesssssssiiisisesssssssssssssesssssssss 40
H-NMR 8- (3 -carboxypropyl)-1,3- dimethylxanthine

( ) DMSO-dg 1.86-3.43 ppm 41
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25

26'

21

8-(4-carboxybutyl)-1,3-

dimethylxanthine ( ) e ——————. 44
w 8-(4-carboxybutyl)-1,3-dimethylxanthine
( ) 33 L ——————— 45
IR 8-(4-carboxybutyl)-1,3-dimethylxanthine
( ) e ——————————————————,; 46
1H-NMR 8-(4-carboxybutyl)-1,3- dimethylxanthine
( T 1 s [ 48
1H-NMR 8-(4-carboxybulyl)-1,3- dimethylxanthine
( ) DMSO-dg 1.60-3.42 ppm....... 49
NHS

T . ) e ——————————————. 52
uv NHS 7-(3-carboxypropyl)-1,3-
dimethylxanthine (NHS )

33 L e —————————— 53
IR NHS 7-(3-carboxypropyl)-1,3-
dimethylxanthine (NHS ) . 54
1H-NMR NHS 7-(3-carboxypropyl)-1,3-
dimethylxanthine (NHS ’ ) CDCl_s... 56
1H-NMR NHS 7-(3-cachoxypropyl)-1,3-
dimethylxanthine (NHS ) CDCLg

1.55-T.69 PPM v 57

W (1), ()
BSA(3) 0.500 e 59
w NHS 7-(4-carboxybutyl)-1,3-
dimethylxanthine (NHS )

33 L ——————————————, 62
IR NHS 7-(4-carboxybutyl)-1,3-

dimethylxanthine (NHS ) [ 63



IH-NMR NHS ester

7-(4-carboxybutyl)-1,3-

dimethylxanthine (NHS ester ) CDCL..reen 65
1H-NMR NHS ester 7-(4-carboxybutyl)-1,3-
dimethylxanthine (NHS ester ) CDCLg
L54-T.62 PPM ccvrrrrsssrmssmsssssnssssssnsssssssssses
w (1), ()
BSA(3) 0280 [ i 68
uv (1), ()
BSA(3) 0500 /i 10
w (1), ()
BSA(3) 0500 [ i 13
R 76
v aminated HRP 3.00 ./ s 8
1
B o 1> TS 80
W (1),
(2) 1 (3) 300 81
1Y (1),
(2) (3) 300 83
v (1),
(2) (3) 300 s 85
w (1),
(2) (3) 300 /s 87
11000 e 89
13500 —— 90
13800 —— 91
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A absorbance

a absorptivity

BSA bovine serum albumin

cm centimeter

ELISA Enzyme Linked Immunosorbent Assay
HCI hydrochloric acid

Hz hertz

H2 2 hydrogen peroxide

HRP horseradish peroxidase

IR infrared

J coupling costant

1 litre

M molar

mg milligram

MW molecular weight

N normality

nm nanometer

NMR nuclear magnetic resonance
NSS normal saline solution

OPD O-phenylenediamine

PBS phosphate buffer saline
PBS-T phosphate buffer saline with tween 20
ppm part per million

r correlation coefficient

SC subcutaneous



ultraviolet

wavelength
volume by volume

weight by volume

molar absorptivity



(antigen) (antibody”
(radioimmunoassay)
(enzyme immunoassay)

(specificity)
(Polyclonal antibody)
(cross
reaction)
(monaclonal antibody)
(Ferencik, 1993)
(Sikora and

Smedly, 1984)

(heterologous combination)
(hepten

)

(Homologous combination) (Ishikawa et ., 1981)

(Heterologous combination) (Van Weemen, 1975) (Van
Weemen and Schuurs, 1976)



3
(bridge chain)
(Bridge heterologous

combination) (Van Weemen et al, 1972; 1975; Hosoda et al, 1980; 1981;
1983 , 1983 ; 1985;1986)

(site heterologous combination) (Van Weemen et al.,
1975; Hosoda et ., 1980)

(Bridge and Site heterologous combination)
(Hosoda et ., 1980)

estrogen (Van

Weemen and Schuurs, 1975) 17 estradiol
(¢ 18H2o 2)
estradiol-17-hemisuccinate  (C22H2§( 5) estradiol-17-

hemiglutarate (C23H3005)
17 estradiol-17-hemisuccinate (C22H280 5)

11 11 -a--OH-estradiol-11-
hemisuccinate (C22H3007)

non estrogen steroid
non estrogen steroid



Testosterone (Hosoda et al.,1980)

1 1 4
testosterone 4-0-hemiglutaroyl-4-hydroxytestosterone
(C24H320 6) 4-hemisuccinoyl-4-hydroxytestosterone
(C23H320e) 1 4-(2-carboxymethylthio)testosterone (C21H3004 ) 4-

(carboxylethylthio) testerone (C22H3204S) ' -
4 4 -hemiglutaroyl- 4 -
hydroxytestosterone (C24H320e) 3 3
(O-carboxymethyl)oxime (C2IH2INO4) 17 17-0-
hemisuccinoyltestosterone (C23H320 5) '

testosterone 10

Cortisol (Hosoda et al, 1981) 11-
deoxycortisol (Hosoda et al, 1983)

Nishikawa

(Nishikawa et al., 1984)

(Mcdonal,1978;Sadee et al., 1980)
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Theophylline 2,2-0xybis (ethylamine) Aldrich Chemical Co.
(Milwaukee, WI, USA). Ethyl-4-bromobutyrate, Ethyl-5-bromovalerate, -

hydroxysuccinimide, ~ Sodium  borohydride,  1-Ethyl-3-(3-dimethylaminopropyl)
carbodiimide  hydrochloride, ~ Horseradish  peroxidase, ~ Sodium  metaperiodate,
Trinitrobenzene  sulfonic  acid, Bovine  Serum  Albumin, 4,5-Diamino-1,3-
dimethylpyrimidine-2, -dione, Glutaric anhydride, N,N-dimethylaniline, Adipic acid
monoethyl ester Sigma Chemical Company (Montana, USA) O-phenylenediamine
Zymed Laboratories, INC (SF, USA).  Complete Freund’s adjuvant
Incomplete Freund’s adjuvant Ditco (Detroit, Mich., USA.)  Sodium acetate,
Sodium  bicarbonate, Sodium chloride, Sodium dihydrogenphosphate, Disodium
hydrogen phosphate, Tween 20, Dimethylformamide, Ethanol, Ethyl acetate,
Chloroform, Methanol, Hydrochloric acid, Sulfuric acid, Glacial acetic acid, Hydrogen
peroxide, Tributylamine, Isobutyl chloroformate E. Merck Damstadt, Germany.
Thimerosal Keck’s (San Fransico, USA.)

Newzealand white rabbit 2.0 - 3.0

Ultraviolet Spectrophotometer (Spectronic’3000 Array, Milton Roy Co.)
USA; Infrared Spectrophotometer, (Perkin-Elmer model FT-IR) CT, USA.; Nuclear



Magnetic Resonance Spectrophotometer (Model JNM-500, Jueol limited) Japan; Buchi
Capillary Melting point apparatus (Nach Dr. Tottoli, Buchi) Switzerland; Analytical
Balance (Satorious type, WRC 6001, Satorious-Werke GMBH) Germany; pH-meter
(Consort pH meter electrochemical multimeter) Germany; Vortex mixer (Vortex Genei,
Scientific Industries Inc.) New York, USA.; Centrifuge (Hetlich zentrifugen, EBA12)
Germany; Micropipet (Socorex) USA; Microplate reader (ELISA plate reader, Bio-Rad
Model 3550, Bio-Rad Laboratories) USA.; Freezed dryer (Dura-Dry) New York, USA.

1.

2l 1

3.

4,

B.

6. . (competition)
1.

1

(amino group)
! 4 (site

chain) (bridge chain )



(', 3-dimethylxanthine)

7-(3-carboxypropyl)-1,3-dimethylxanthine

7-(4-carboxybutyl)~ ,3-dimethylxanthine



8-(3-carboxypropyl)-1,3-dimethylxanthine

8-(4-carboxybutyl)-1,3-dimethylxanthine

1.1 7-(3-carboxypropyl)-1,3-dImethylxanthine
( ) (Hu and Singh, 1980)

Theophylling 18.0 (0.1 ), sodium carbonate
21.5 02 ) ethyl- 4 -bromobutyrate  39.0 02 )
dimethylformamide (DMF) 20 18

(rotary evaporator)
10% HCI 80-90° 45
) B
™ 7-(3-carboxypropyl)-1,3-dimethylxanthine ( ) 15.2
57% 176-177°
IR NMR



2 7-(4-carboxybutyl)-1,3-dimethylxanthine
( ) (Hu and Singh, 1980)

Theophylline 18.0 (1.0 ), sodium carhonate
21.5 02 ) Ethyl-5-bromovalerate 41.8 02 ) DMF

20.0 18
10% HCI
80-90° 45 2
7-(4-carboxybutyl)-1,3 -
dimethylxanthine ~ ( ) 4.5 16% 108-
110° IR NMR
1.3 8-(3-carboxypropyl)-1,3-dimethylxanthine
( ) (Cook et al-,1976)

(reflux) 4,5-diamino-1,3 -dimethylpyrimidine-2,6 -

dione 3.3 02 ) glutaric anhydride 4.5 04 ) 2.5
NN -dimethyl aniline 30 Dean-Stark
trap I\ Al-dimethyl aniline 20
8-(3-carboxypropyl)-1,3-dimethylxanthine ( ) 178
36.40% 232-235°
IR NMR
1.4 8-(4-fearboxybutyl)-1,3-dlmethylxanthine
( ) (Daly et al.,1985;Kim et al.;1994)

45-diamino-1,3-dimethylpyrimidine-2,6-dione  10.5
(0.06 ), 1-ethyl-3-(3-dimethyl aminopropyl) carbodiimide hydrochloride
11.5 0.06 ) Adipic acid monoethyl ester 10.5 (0.06 )
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DMF 20 3
9:1 (eluent)
2N NaOH
1 oH 10% HC
8-(4-carboxybutyl)-1,3-dimethylxanthine( ) 0.63
4% 238-240° IR
NMR
2.
2.1 T-{3-carboxypropyl)-1,3-dimethylxanthine
( )
tv-hydroxysucclnimide ?-(3-carboxypropyl)-

1, 3-dlmethylxarrthine

1-ethyl-3-(3-dimethylaminopropyl)carbodiimide  hydrochloride
4. (0.02 ) N-hydroxysuccinimide 2.8 (002 )
7-(3-carboxypropyl)-1,3-dimethylxanthine 4.2 (0.02 ) DMF 15
0° 4° 40

3.6 62.15% NHS 7-(3-carboxypropyl-1,3-
dimethylxanthine 215-216° IR
NMR



NHS 7-(3-carboxypropyl)-1,3-
dimethylxanthine

0
NHS 7-(3-carboxypropyl)-1,3-
dimethylxanthine 1.7 (a0 X 3 ) DMF 15.0
BSA 7.0 (1.0X10~4 ) 01M (pH
9.5) 40.0 4° 16
(dialyse) ~ PBS pH 7.0 4° NHS 7-(3-carboxypropyl)-1,3-
dimethylxanthine BSA
(freeze dry) . 15.2
BSA
2.2 7-{4-carboxybutyl)-1,3 -dlmethylxanthine
( )
Iv-hydroxysucclnlmlde ?-(4-carboxybutyl)-
1 ,3-dImethylxanthine

1-ethyl-3-(3-dimethylaminopropyl)carbodiimide  hydrochloride

1.3 (3.82 ) N-hydroxysuccinimide 0.43 (3.75 )
7-(4-carboxybutyl)-1,3-dimethylxanthine 7.1 (0.025 ) DMF 25.0
0° 4° 40
3.2
34.56% NHSI 7-(4-carboxybutyl)-1,3 -dimethylxanthine

164-1 65° IR NMR



NHS
dimethylxanthing

CHs

NHS
(0.6 )
(0.01

dimethylxanthine 0.23
BSA 0.70
40.0
PBS pH 7.0  4°
BSA

(pH 9.5)

-1 ,3-dimethylxanthine
1.64

2.3

Tri-n-butylamine 1.5

(3-carboxypropyl)-1,3-dimethylxanthine 1.6

chloroformate 1.0 (7.6 X10 3 )
BSA 7.0
( pH 9.5 ) 30.0

12

7-(4-carboxypropyl)-1,3-

0

7-(4-carboxypropyl)—1,3—
DMF 15.0
) 0.1 M
4° 16

NHS 7-(4-carboxypropyl)

BSA

8-(3-carboxypropyl)-1,3-dimethylxanthine

(6.0 X10 ) 8-
(6.0 X10 » ) DMF 60.0
4° Isobutyl
4° 50
(1.0 X104 ) 01 M
4 4°

-(3-carboxypropyl)-1 13-dimethylxanthine

BSA

5.5
BSA



13

2.4 8-(4-carboxybutyl)-1,3-dimethylxanthine
( )
Tri-n-butylamine 1.5 (6.0 X10 )
8-(4-carboxybutyl)-1,3-dimethylxanthine 1.7 (6.0 X10 3 ) DMF 60.0
4° Isobutyl chloroformate
1.0 (7.6 x10°" ) 4° 50
BSA 7.0 (1.0 x104 ) 01 M
(H 9.5) 30.0 16 4
8-(4-carboxybutyl)-1,3-dimethylxanthine BSA
6.8
BSA

Newzealand White  Rabhit
2.0-3.0 2 1

40-60



1
A %..' C
( ) (/1) (/)
0% 1.0 0* 1.0 0% 2.0 0% 2.0
14 1.0 14 15 12 2.0 14 2.0
29 15 28 15 34 3.0 28 3.0
43 2.0 46 2.0 41 3.0 42 3.0
57 2.0 61 2.0 - - -
* 0 Complete Freund’s Adjuvant Incomplete Freund’s
Adjuvant
Complete Freund’s Adjuvant (mineral oll +m. butyricum)
Incomplete Freund’s Adjuvant (mineral oil)
= 1-(3-carboxypropyl)-1,3-dimethylxanthine
= T-(4-carboxybutyl)-1,3-dimethylxanthine
= 8-(3-carboxypropyl)-1,3-dimethylxanthine
= 8-(4-carboxybutyl)-1,3-dimethylxanthine
(Titer) direct ELISA 1
PBS-T pH 7.4 ( tween 20 0.05%)
1:10 - 1:100,000 4°
PBS-T BSA 3% W\ PBS-T pH 7.4 100 37° 1
PBS-T 100
3r ° 2 PBS-T OPD
(O-Phenylenediamine-Hydrogen peroxide) / pH 5.0 100
15 4 NH2504 50

14



15

(Absorbance) 492
(% Binding)
% = X 100
%
, 50%
(titer)")
4,
50.0 0.1 (sodium
metaperiodate) HRP 50 (L2Xloa ) 500
0.00 M pH 45
30 40.0 01 M (qlycerol)
30 0.1 M PH 4.5
s
100.0 1M 2,2'-0xyhis
(ethylaming) 0.5 M H 95 2 N NaOH
3 4° 1.0 M
(sodium borohydride) s0.0 2 4
0.1 M MHos 4
b ‘ 9.1
HRP Trinitrobenzene sulfonic acid (TNBS)
uv  Spectroscopy 354 (Wilson and  Nakane,

1978)
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b.
5.1 7-(3-carboxypropyl)-1,3-dimethylxanthine
( )
NHS 7-(3-carboxypropyl)-1,3 -
dimethylxanthine ( 2.1) 0.64 (1.7 xio"3 ) DMF 20.0
HRP ( 425 0.1 M
pH 9.5  25.0 4° 16
PBS pH 7.0 HRP
7.7
5.2 7-(4-carboxybutyl)-1,3-dlmethylxanthine
( )
NHS 7-(4-carboxybutyl)-1,3-dimethylxanthine (
22) 0.76  (2.0X103 ) owmr 20.0
HRP 4 1.6 20.0 0.1 M
pH 9.5 4° 16 PBS pH 7.0
3.6
5.3 8-(3-carboxypropyl)-1,3-dimethylxanthine
( )
Tri-n-butylamine 15.0 (0.06 X10 ~ ) 8-(3-

carboxypropyl)-1,3-dimethylxanthine  16.0 (0.06 x10~ )  bpmso 30.0
4° Isobutylchroroformate 10.0
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(0076 ) 4° 50
HRP | 4) 21.0 01 M
pH 9.5 15.0 ! 4° 4
1 PBS pH 7.0 HRP
3.8

5.4 8-(4-carboxybutyl)-1,3-dImethylxanthine
( )

Tri-n-butylamine 15.0 (0.06 ) 8-(4-
carboxybutyl)-1,3-dimethylxanthine 17.0 (0.0 ) DMSO 30.0
4° Isobutylchloroformate 10.0
(0.07 ) 4° 50
HRP ( 4) 20.0 0.1 M
pH 9.5 15.0 ' 4° 4
PBS pH 7.0 HRP
31.0



Saunders, 1978)

I.

]
compettitive ELISA

16

18

logic plot

(standefer and
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V 1 !
16
!
! competitive ELISA
! 0-40
(0
logic plot !
I log (slope)
xanthine ! 1
(-0 3)
!
(% cross reactivity)

% cross reactivity = . L 50% X100
. / 50%

%cross  reactivityc



1.1 7 - )

Hu Singh, 1980

(alkylation) 1 ethyl-4-
bromobutyrate ( ) ethyl-5-bromovalerate ( )

(acid hydrolysis) 1 7-(3-carboxypropyl)-1,3-
dimethylxanthine ( ) 7-(4-carboxybutyl)-1,3-dimethylxanthine
( )

273 W 2
(specific absorbance, k) 1
38.72 . IR
3 2 1H-NMR 4 5 (8)
3
. 273 W
6 (specific absorbance,k)y\ 1
30.43
R 7
4 H-NMR 8 9 ()



« 113
Theophylline ethy|-4-bromobutyrate =3
ethyl-5-bromovalerate =4

»

12

= 3 17-(3-cartoxypropyl)-1,3-dimethylxanthine

=4 17-(4-carboxybutyl)-1,3-dimethylxanthine

. T-(3-carboxypropyl)-1,3-dimethylxanthine
. 1-(4-carboxypropyl)-1,3-dimethylxanthine

21



1 - NMR
1 - NMR

IR

213

(-CH2)

22



2 W

33

7-(3-carboxypropyl)-1,3-dimethylxanthine (
/

23



3R 7-(3-carboxypropyl)-1,3-dimethylxanthine (



(Infrared absorption) ~ 7-(3-carboxy

propyl)-1,3-dimethylxanthine ( )
wave numbers (cm 1)
2391-3514 VO-H
1698, 1653 ve=0, acid
1367-1479 00-H

1248-1288 VC-N



4 H-NMR 7-(3-carboxypropyl)-1,3-dimethylxanthine ( ) DMSO-de



8.04 0.02

5 1H-NMR
(

oes
oa=8
aes

—%
— s

7-(3-carboxypropyl)-1,3-dimethyixanthine (
1.96-8.06 ppm)

ff

)

DMSO-de

to
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3 (0)  1H-NMR  7-(3-carboxypropyl)-1,3 -
dimethylxanthine ( )
Position Chemical shift Multiplicity
(ppm)
1.97-2.04 2H, m))
2 2.16-2.20 2H, 12),J = 7.0 Hz
3 321 3H, 3}
4 341 3H,
5 4.23-4.27 2H,t,J=7.0 Hz
8.04 1H,
) = multiplet
2) t =triplet
3) s =singlet

5 1 2



v

33

7-(4-carboxybutyl)-1,3-dimethylxanthine (
i

29



cm-1

7 IR 7-(4-carboxybutyl)-1,3-dimethylxanthine (



31

(Infrared absorption)  7-(4-carboxy
butyl)-1,3-dimethylxanthine ( )

wave numbers (cm 1)

2885-3387 VO-H
1656, 1712 vc=0, acid
1408-1482 00-H

1263-1321 VC-N



8 1H-NMR 7-(4-carboxybutyl)-1,3-dimethylxanthine ( ) DMSO-d6
-V



i

sirvVTr

9.08 8.06 424 422

9 1H-NMR 7-(4-carboxybutyl)-1,3-dimethylxanthine ( ) DMSO-de
( 1.38-8.09 ppm)



0)
dimethylxanthine (

Position

[& 5 B N S6 I A RSN

IH-NMR
)

Chemical shift
(ppm)
1.38-1.45
1.74-1.81
2.20-2.23
3.21
3.40
4.21-4.25
8.07

7-(4-carboxybutyl)-1,3-

Multiplicity

2H, m
2H, m
2H,t, =7.0 Hz
3H,
3H,
2H,t, =7.0 Hz
1H,

34



35

1.2 8  8-(3-carboxypropyl)-1,3-
dimethylxanthine ( ) (Cook et al., 1976)
. 10
4,5-diamino-1,3-dimethylpyrimidine-2,6-dione  glutaric anhydride
A/, Al-dimethylaniline (cyclization) 8-(3-carboxypropyl)-
1,3-dimethylxanthine ( ) 36.40%
232-235°
. 275 )Y
11 (specific absorbance, k)
1 41.12
. IR 12
1H-NMR 13 14 (0)
.

Tig2.C13Z



10

xanthine (

8-(3-carboxypropyl)-1,3-dimethyl

36



11 WV

33

8 - (3 -carboxypropyl)- 1 13 -dimethylxanthine (
|

37






(Infrared absorption) ~ 8-(3-carboxy
propyl)-1,3-dimethylxanthine ( )

wave numbers (cm 1)

2811-3600 VO-H
1643, 1721 vc=0, acid
1395-1440 00-H

1314-1252 VC-N

39



13 1H~NMR 8-(3-carboxypropyl)-1,3-dimethylxanthine ( ) DMSO-de



937.17

¢ okl

1703.

a0
3.42 3.40

14 1H-NMR ' 8-(3-carboxypropyl)-1,3-dimethylxanthine ( ) DMSO-dg
( 1.86-3.43 ppm)



(0)  IH-NMR  8-(3-carboxypropyl)-1,3 -
dimetnylxanthme ( )

Position Chemical shift Multiplicity
(Ppm)
1.85-1.94 2H, m
2.24-2.28 2H, t,J =76 Hz
2.69-2.72 2H,t,J =76 Hz
3.21 3H,
3.40 3H,

IS 2 BN Y SU R NG TN
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1.3 8-{4-carboxybutyl)-1,3-dImethylxanthine

. 15
4.5-diaminopyrimidine-2,6-dione  adipic acid monoethyl ester
EDCI acylation
(Daly et al,1985;Kim et al. 1994) ( trallize)® 0%
HCI 8-(4-carboxybutyl)-1,3-dimethylxanthine( )
: 275 nm w
16 (specific absorbance, k)
I 36.77
IR 17

§  IH-NMR 18 19 (0)

W R S
IH-NMR S (-0 )



44

CHE-N=CNC JNH—(0riK

OH
CoR—NH-C=N— (CH2— M- (CHOR

+

15 8-(4-carboxybutyl)-1,3-dimethyl

xanthine ( )



16 W

33

8-(4-carboxybutyl)-1,3-dimethylxanthine (
/

45






(Infrared absorption) 8-(4-carboxy
butyl)-1,3-dimethylxanthine( )

wave numbers (cm 1)

3000-3400 VO -H
1654, 1702 ve=0, acid
1395-1440 00-H

1266-1348 VC-N



18

H-NMR

8-(4-carboxybutyl)-1,3-dimethylxanthine (

)

DMSO-d6

a»



150 148 146 1.44

19 1H-NMR
(

8-(4-carboxybutyl)-1,3-dimethylxanthine (
1.60-3.42 ppm)

)

DMSO0-d6

to



(0) IH-NMR 8-(4-carboxybutyl)-1,3 -

dimethylxanthine ( )
Position Chemical shift Multiplicity

(ppm)

1 1.43-1.50 2H, m

2 1.61-1.68 2H, m

3 1.98-2.01 2H,t,J = 7.3 Hz

4 2.61-2.65 2H,t,J = 7.3 Hz

5 3.19 3H,
3.38 3H,



51

2
2.1 7-(3-carboxypropyl)-1,3-dimethylxanthine
( )
NHS BSA 20
NHS . 62.15%
215-216 uv 273
) 21 (specific
absorbance, k) 26.44 1 [
IR 22 10 1H-NMR
23 24 (0) 11
NHS . BSA
uv 275 NHS
25
26.06 1
1 BSA NHS 7-(3-carboxypropyl)-1,3-

dimethylxanthine 11



0

R—c-0

52

RINH-C-NHR3

side reaction

Rz= —025

r3= -ch2ch2ch2-nh—(ch3)2
cr

20

R2—NH-C—NHR3
0

urea product

NHS I



21 W
xanthing (NHS

NHS

53

1-(3-carhoxypropyl)- 1,3-dimethyl
) 33 1.



22 R NHS 1-(3-carboxypropyl)-1,3-dimethylxanthine (NHS



10 (Infrared absorption) ~ NHS
(3-carboxypropyl)-1,3-dimethylxanthine(NHS

wave numbers (cm 1)
2947-3114 VC-H
1666-1823 ve=0, ester
1084, 1222 VC-0

55



23 H-NMR

NHS

7-(3-carboxypropyl)- 1,3-dimethyl xanthine (NHS

)

CDCI3



G068.-

L6eLTT
89°6LTT-
079817 -
TT°E6TT-
€1°00¢T -

e

LYTET —

88'GeyT —

80'6EYT —

06'ae8e —

a9

OO

E‘QLG_?@’.

— o

SIS
NN N & I e e

* 0!

63



11

(5)  IH-NMR

NHS 7-(3-

carboxypropyl)-1,3-dimethylxanthine (NHS

Position

N OO Ol B W N

Chemical shift
(ppm)
2.34-2.40
2.60-2.63
2.85
3.41
3.60
4.40-4.43
7.67

Multiplicity

2H, m
2H, t,J = 6.7 Hz

4H,

3H,

3H,
2H,t, ) = 6.7 Hz

1H,

58



25 UV
BSA (3)

BSA

3. BSA

0.500 ./
7-(3-carboxypropyl)-1,3-dimethylxanthine-

7-(3-carboxypropyl)-1,3-dimethylxanthine

59



12
Abs. 275 nm
(/)
0.500 1.032
0.500 1.011
0.500 1.034
BSA
2.2
( )
NHS
34.56%
W
26
1 25.37
NHS
27 13 1H-NMR
14
NHS

60

BSA
Abs. 275 nm  Abs. 275 nm

BSA .
BSA

0.312 0.720 11.36
0.320 0.691 10.90
0.329 0.705 11.12

11.13+0.23
. M
BSA IM BSA
= absorbance

specific absorbance (k)

7-(4-carboxybutyl)-1,3-dimethylxanthine

NHS

164-165
273

(specific absorbance, k)

28 29 (0)

: BSA
uv NHS



carboxybutyl)- ,3-dimethylxanthine

1

dimethylxanthine

BSA

10

NHS

61

275 nm 30
25.01
7-(4-carboxybutyl)-1,3-

15



26 UV
xanthine (NHS

NHS

7-(4-carboxybutyl)-1,3-dimethyl
) 33 i

62



27 IR NHS 7-(4-carboxybutyl)-1,3-dimethylxanthine (NHS



13 (Infrared absorption) NHS
(4 -carboxybutyl)-1,3 -dimethylxanthine (NHS

wave numbers (cm 1)
2900-3100 VC-H
1705-1811 ve=0, ester
1079, 1223 VC-0

64



28 H-NMR NHS 7-(4-carboxybutyl)-1,3-dimethyl xanthine (NHS ) CDCI3



oo g
SERE

ppm-

*360 350

29 1H-NMR NHS 7-(4-carboxybutyl)-1,3-dimethyl xanthine (NHS ) CDCI3
( 1.54-7.62 ppm)



4

(8)  HNMR

NHS 7-(4-

carboxybutyl)- 1,3 -dimethylxanthine (NHS

Position

g1 B~ W PO -

Chemical shift
(ppm)
1.75-1.82
2.00-2.07
2.66-2.69
2.83
341
3.59
4.32-4.35
1.59

Multiplicity

2H,
2H, m

2H, t ) =73 Hz
4H,
3H,
3H,

2H, t ) =73 Hz
H

0

67



30 W
BSA (3)
1
BSA
2,
3, BSA

(1), (2)
0286 ./ .
7-(4-carboxybutyl)-1,3-dimethylxanthine-

7-(4-carboxybutyl)-1,3-dimethylxanthine

68



69

15 . BSA

Abs. 275 nm Abs. 275 nm  Abs. 275 nm

(/) . BSA .
* BSA
0.286 0.515 0.141 0.374 10.15
0.286 0.510 0.140 0.370 10.32
0.286 0.514 0.145 0.369 10.29
10.25+0.09
- . M
BSA BSA IMWBSA
= absorbance
specific absorbance (k)
2.3 8-(3-carboxypropyl)-1,3-dimethylxanthine
( )
. 8-(3-carboxypropyl)~
1,3-dimethylxanthine  BSA Mixed anhydride method
W 271
. 31
(specific absorbance, K) 1 40.58 1 BSA
8-(3-carboxypropyl)-1,3-dimethylxanthine 12

16



31 W
BSA (3)

BSA

3. BSA

flaiBseters

(1), (2)
0.500 ./ .
8-(3-carboxypropyl)-1,3-dimethylxanthine-

8-(3-carboxypropyl)-1,3-dimethylxanthine

10



/1

1 . BSA

Abs. 275 nm Abs. 275 Abs. 275 nm

) . BSA .

BSA

0.500 1.175 0.304 0.871 11.85

0.500 1.158 0.303 0.855 11.65

0.500 1.168 0.302 0.866 11.79
1176+ . 1

- , M
BSA BSA IM  BSA
= ahsorbance

specific absorhance (k)



12

2.4 8-<4-carboxybutyl)-1,3-dimethylxanthine

. 8-(4-carboxybutyl)-
1,3-dimethylxanthine ~ BSA Mixed anhydride method

w 276 nm 32
(specific ahsorbance, k)m 1] 36.62 1 BSA
8-(4-carboxybutyl)-1,3-dimethylxanthine Al
17



32 W
)

BSA
2.
3. BSA

13

ftoeters

(1), .(2)  BSA
0.500 J .
8-(4-carboxybutyl)-1,3-dimethylxanthine-

8-(4-carboxybutyl)-1,3-dimethylxanthine



0.500
0.500
0.500

17

Abs. 275 nm

2.173
2.171
2.165

BSA

Abs. 275
BSA

0.337
0.339
0.330

Abs. 275

1.836
1.832
1.835

BSA

= absorbance
specific absorbance (k)

14

BSA

BSA

21.97
27.91
21.95

27.94i0.03

M
M BSA



18

18

L

1:8,000
1:6,000
1:9,000
1:7,000

1.

75

33



1/100 1/1,000 1/10,000

DI LUT! ON ANTI SERUM

1100 1/1,000 1/10,000

DI'LUT! ON ANTI SERUM

33

1/100,000

1/100,000



4,
4.1
403
19
12-18 1
19
(M)
25 x 10-5
2.5 x 10-5
2.5 x 10'

7

uv
34
14
(Litman et al., 1983; Zuketal, 1985)
aminated HRP
Ahsorbance
354 1

0.756 14.22
0.836 15.72
0.736 13.84

14.59+0.99



34 uv

Naipteters

aminated HRP 3.00

/

18



79

4.2 1-(3-carboxypropyl)-1,3-dImethylxanthine
( )

7-(3-carboxypropyl)- 1,3 -dimethylxanthine

! 35
[ ! 36
NHS 7-(3-carboxypropyl)- 1,3 -dimethylxanthine
HRP 20



H H
HRP C"N—CH2-CH2-OCH2-CH2-NH2

aminated HRP

R-C-NH-CH2-CH2-0-CH-CH2
h a "h

H"OppCy

HRP labeled theophylline

CH3

35
1 HRP

80



36 WV
(1), . (2) '(3)

1=
2= .
3 = aminated HRP

61



82

20 . HRP
Absorbance  Absorbance
(1 ) 273 403 . HRP
3.00 0.701 0.362 8.69
3.00 0.700 0.357 8.78
3.00 0.703 0.360 8.71
8.73+0.04
4.3 7-(4-carboxybutyl)- ,3-dlmethylxanthine
( )

7-(4-carboxybutyi)-1,3-dimethylxanthine

31 NHS 7-(4-carboxybutyl)-1,3 -
dimethylxanthine ! HRP 1 21



83

15

= — L0 O

R o o<t

37 uv

1

2
3

ammated HRP



64

21 . HRP

Absorbance  Absorbance

(.1 ) 273 nm 403 nm . HRP
3.00 1.145 0.736 7.05
3.00 1,143 0.735 1.04
3.00 1,148 0.739 7.08
7.0640.02
4.4 8-(3-carhoxypropyl)-1,3-dimethylxanthine

( )

8-(3-carboxypropyl)-1,3-dimethylxanthine
Mixed anhydride method 38
1 1 HRP 22



38 WV '
(1), - (2)

1=
2 = .
3 = ammated HRP

85



11

86

22 . HRP

Absorbance  Absorhance

(1 ) 215 403 . HRP
3.00 0.733 0.417 6.91
3.00 0.730 0.420 6.81
3.00 0.735 0.415 6.92
6.88£0.06
4.5 8-(4-carboxybutyl)-1,3-dimethylxanthine
( )
I Mixed anhydride method
. 39
8-(4-carboxybutyl)-1,3-dimethylxanthine 11 1 HRP
23
23 . HRP
Absorbance  Absorbance
(. ) 275 nm 403 nm . HRP
3.00 0.383 0.143 11.27
3.00 0.393 0.150 10.91
3.00 0.399 0.152 11.08
11.09+0.18
!
N . 1 HRP 8, 7, 7



39 W

(=
2= .
3 = aminated HRP

8/



88

. (competition)

1,3-dimethylxanthine

1:100, 1:500, 1:800 1:1,000
4 1:1,000, 1:2,000, 1:5,000

o ]

% = (B/Bqg X 100

B = absorbance
BO= absorhance

24
(

1:1,000

1:2,000

. (7-(3-carboxypropyl) -

4
110,000
]
logic plot %
40-43 %
]
] 0
]
)
0.9470



40

| direct plot
Il logic plot

1:100

89



41

10 20

THEO. CGNC. (mg/l)

| direct plot
I logic plot

30

40

1:500

90



10 20

THEQ CCNC. (rrg/l)

| direct plot
I logic plot

30

40

91



43

10 20
THEO. CONC. ( g/l)

| direct plot
Il logic plot

30

40

92

1:1,000



24

1:100

1:500

1:800

1:1,000

1:1,000
1:2,000
1:5,000
1:10,000
1:1,000
1:2,000
1:5,000
1:10,000
1:1,000
1:2,000
1:5,000
1:10,000
1:1,000
1:2,000
1:5,000
1:10,000

r
(correlation

coefficient)

0.0899
0.4661
0.0113
0.0822

0.7102
0.8678
0.8671
0.3396

0.5958
0.8700
0.8464
0.4440

0.9242
0.9470*
0.5619
0.2970

93



,3-dimethylxanthine

1:1,000, 1:5,000, 1:8,000 1:10,000
4 1:2,000, 1:4,000, 1:5,000

% 1 1

25

1:10,000

94

(7-(4-carboxybutyl)-

1:10,000

logic plot %
44-47



44

[ direct plot
II'Togic plot

1:1,000

95



45

10

20
THEO.CONC. (mg/l)

| direct plot
Il logic plot

30

40

:,000

96



46

10

20
THEO. CONC. (rrg/l)

[ direct plot
il logic plot

30

40

:,000

97



47

10

20
THEQ. CCMC, (rrg/l )

| direct plot
Il Togic plot

30

figTil .

40

1:10,000

98



25

1:1,000

1:5,000

1:8,000

1:10,000

1:2,000
1:4,000
1:5,000
1:10,000
1:2,000
1:4,000
1:5,000
1:10,000
1:2,000
1:4,000
1:5,000
1:10,000
1:2,000
1:4,000
1:5,000
1:10,000

r
(correlation

coefficient)

0.9630
0.9597
0.9388
0.9084

0.7285
0.8963
0.8321
0.8973

0.9498
0.9627
0.9629
0.9962*

0.7292
0.7653
0.8373
0.8251

99



1,3-dimethylxanthine

1:500, 1:800, 1:1,000 1:5,000
4 1:1,000, 1:5,000, 1:8,000
%
% ! log
26
( (r)
1:5,000

1:1,000 ()

100

!

8-(3-carboxypropyl)~

1:10,000

logic plot
48-51

0.9945



48

(N . =1:500

10 20 30
THEO. CONC. (myg/1)

(1) . =1:500

0.5 1 1.5
LOG THEO. CONC.

| direct plot
Il logic plot

40

1:500

101
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0.5 LOG THE% . CONC.

| direct plot
il logic plot

1.5

1:800

102



50

10 20
THEQ CONC. ( g/l)

| direct plot
Il Togic plot

30

40

1:1,000

103
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10 20
THEQ CGNC. (rrg/l )

| direct plot
Il logic plot

30

40

1:5,000

104



26

1:500

1:800

1:1,000

1:5,000

1:1,000
1:5,000
1:8,000
1:10,000
1:1,000
1:5,000
1:8,000
1:10,000
1:1,000
1:5,000
1:8,000
1:10,000
1:1,000
1:5,000
1:8,000
1:10,000

r
(correlation

coefficient)

0.7834
0.8160
0.5333
0.7710

0.9388
0.8983
0.9225
0.8899

0.7847
0.8503
0.8143
0.7909

0.9945%
0.9597
0.8515
0.9342

105



1,3-dimethylxanthine

1:100, 1:500, 1:1,000 1:4,000
4 1:1,000, 1,000, 1:5,000 1:10,000
% !
% ‘ ' log
27
( (r)
1:4,000
1:5,000 (r) 0.9909

106

8-(4 -carboxybutyl) -

!
logic plot
52-55



52

10 20
THEO.CONC. (

| direct plot
Il logic plot

)

30

40

1:100

107
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THEO . COMG, (mg/1)

| direct plot
Il logic plot

1:500

108
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10 20
THEO . CONC . (mg/l)

| direct plot
I logic plot

30

40

1:1,000

109



55

| direct plot
il logic plot

Hi

1:4,000

110



21

1:100

1:500

1:1,000

1:4,000

1:1,000
1:2,000
1:5,000
1:10,000
1:1,000
1:2,000
1:5,000
1:10,000
1:1,000
1:2,000
1:5,000
1:10,000
1:1,000
1:2,000
1:5,000
1:10,000

[

(correlation

coefficient)
0.1427
0.6465
0.4436
0.9286
0.9070
0.9656
0.3770
0.9555
0.8772
0.9551
0.9115
0.9559
0.9082
0.9885
0.9909*
0.9833

111



28

()

56

30.844

1:2,000

1:10,000

1:1,000
1:5,000

0.9994

29

1:1,000
1:8,000
1:5,000
1:4,000

112



(1) HOMOLOGOUS COMBI NATION

0 10 20 30
THEO . CONC. (rrg/l )

(1) HOMOLOGOUS COMBI NATI ON

0 0.5 1 1.5
LOG THEO. CONC.

56
| direct plot
I logic plot

40

13



29

1:1,000
1:8,000
1:5,000
1:4,000

(r)
34.182

r

(correlation
coefficient)
1:2,000 0.9236
1:10,000 0.9469
1:2,000 0.9545
1:5,000 0.9994
1 1
57 30
0.9734

114

8.0309
29.355
24.506
30.844*



57

(1) BRI DGE HETEROLOGOUS

10 20 30
THEO . CONC. (rrg/l )

| direct plot
Il logic plot

40

115



30

1:1,000
1:8,000
1:5,000

1:4,000

58

n 09807
20,035

31

1:2,000
1:10,000
1:2,000
1:10,000
1:2,000
1:10,000
1:1,000
1:5,000

0.9638
0.7371
0.9360
0.8708
0.9235
0.9474
0.9734
0.9538

116

30.358
24.956
18.662
28.983
32.144
21.377
34.182*
20.241



58

| direct plot
Il logic plot

117



31

0.2191 1:1,000 . 1:1,000
1:2,000

1:8,000 . 1:5,000

1:10,000

1:5,000 . 1:1,000

1:2,000

1:4,000 . 1:5,000

1:10,000

59 32
! &
N 08551
15.837

0.4918
0.2191
0.7029
0.0706
0.6640
0.5414
0.9807
0.6434

118

13.5930
1.3842
3.6757
2.4750
7.0790
6.2877

20.0350*
1.0605



59

(') BRIDGE AND SI TE HETEROLOGOUS

10 20 30
LOG THEO. CONC.

| direct plot
li- logic plot

40

119



32

1:1,000
1:8,000
1:5,000

1:4,000

dimethylxanthine ~ (
dimethylxanthine (

33

33

1:2,000 0.3845
1:5,000 0.0294
1:1,000 0.8551
1:10,000 0.3469
1:2,000 0.7740
1:5,000 0.0500
1:2,000 0.0114
1:5,000 0.1191

120

6.6201
2.2594
15.8370*
4.8823
1.4530
1.2521
0.2715
0.8813

60
8- (4 -carboxybutyl) 1,3 -
- 8-(3-carboxypropyl)l ,3-
(r) 0.9734
34,182
1 [
0.9994 30.844
0.9734 34.182*
0.9807 20.035
0.8551 15.837



60

(1) COMBI NATI ONS

10 20
THEO. CONC. (mg/l )

| direct plot
Il logic plot

30

40

121



Cross reaction

dimethylxanthine
dimethylxanthine

34 %Cross reactivity

34

20.5
18.5
10.8

122

%

8- (4 -carboxybutyl)-1,3-
8-(3-carboxypropyl)-1,3-

%Cross
(mgh)
reactivity
(=2)
375.0 5.47
00 0

350.0 3.09
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Hosoda et al., 1980; 1981: 1985;
1986 Van Weemen and Schuurs, 1976



! 7
7- (3-carboxypropyl)-1,3-dimethylxanthine( ) 57%
7-(4-carboxybutyl)-1,3-dimethylxanthine ( )
16% 8 8-(3-
carboxypropyl)-1,3-dimethylxanthine ( ) 36.40%
8-(4-carboxybutyl)-1,3-dimethylxanthine ( ) 4%

2.
NHS ester method
NHS BSA
Mixed anhydride method 1 0o
Bsa 1 11,1012 27
3. " " .
NHS ester method NHS
Mixed anhydride
method 0o . 0o
8,7,7 11
4.
8- (4-carboxybutyl)-1,3-dimethylxanthine 1 8-(3-carboxypropyl)

- 1,3-dimethylxanthine



125

0.9734 34.182
Y%cross reactivity 0

8 -(4-carboxybutyl)-1,3-dimethyixanthine
8-(3-carboxypropyl)-1,3-dimethyixanthine
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