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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.
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(', 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
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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
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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
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(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)
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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
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