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The application of heterology principle for immuno-detection of amphetamine
and methamphetamine was studied. N-(3-aminopropylamphetamine (A) , N-(4-
aminobutyl)amphetamine (B) , N-(3-aminopropyl)methamphetamine (C) and N-(4-
aminobutyl)methamphetamine (D) were synthesized for preparing immunogen and
labeling with peroxidase enzyme, The reaction that amphetamine and methamphetamine
could compete with HRP-labeled in binding to antibody by heterologous pattern was
determined. Amphetamine and methamphetamine could be selectively determined
using the combinations of antiserum and enzyme-labeled from ( C ) with the
sensitivity of competitive binding equal to 34 per log concentration. Ephedrine,
pseudoephedrine and phenylpropanolamine could cross-reacted with amphetamine in
the relative reactivity of 0.27, 0.14 and 0.14, respectively. Selective determination of
amphetamine, methamphetamine and cphedrine was resulted from the combinations of
antiserum from ( C ) and enzyme-labeled from ( A ). The sensitivity of competitive
binding equal to 25 per log concentration.  Pscudoephedrine and phenylpropanolamine
could cross-reacted with methamphetamine in the relative reactivity of 0.05 and 0,10,
respectively. These two types of combinations were selective for both amphetamine
and methamphetamine. Therefore, amphetamine and methamphetamine could be
successfully determined using polyclonal antibody and heterology study. The further

immunoassay development was suggested before utilizing in drug-abused test in Thailand.
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CHAPTER I

INTRODUCTION

Immunoassay is the indirect analytical method involving antigen-antibody
reaction, competitive reaction and specific reaction that depend upon the labeled on
antigen or antibody. It is the label that is analyzed and related to sample or hapten.

Practically, two types of antibodies are used in the immunoassay. They are
monoclonal antibody and polyclonal antibody. Monoclonal antibody is derived from
single antibody-producing cells to form ‘bybridoma’ clones (Kohler and Milstein, 1975;
Tijssen, 1985 ; Wild, 1994).  Therefore, monoclonal antibody is specific to a single
antigen determinant of immunogen. But the process for monoclonal antibody
production is rather complicate and time consuming.  In contrast, polyclonal antibody
can bind to various antigens that are similar in chemical structures to immunogen
(Tijssen, 1985 ; Catty and Raykundalia, 1988 ; Wild, 1994).  The production of
polyclonal antibody is less complicate and less costly.  Nontheless, main problem of
polyclonal antibody is its non-specificity in binding to other rclated substances.  To
overcome this shortcoming the principle of heterologous combinations were proposed
(Van Weemen and Schuurs, 1975, 1976). By this principle, it was claimed that both
specificity and scnsitivity of the method could be raisable (Hosada et al., 1980, 1983).

Heterologous combination is the principle dealing with the difference in chemical
structures of immunogen and enzyme-labeled compound that used in immuno-analysis.
Three types of heterology have been reported (Van Weemen and Schuurs, 1975 ; Piran,
Riordan, and Silbert, 1990 ; Khosravi, and Papanastasiou-Diamandi, 1993). They are
bridge, hapten and site heterology.



Bridge heterologous combination is the combination that the different cross-
linkers of the haptens are used in immunization and labeling enzyme.  For example,
the immunoassay of 1l-deoxycortisol that antibody was induced from 4-2-
carboxymethylthio)-11-deoxycortisol and enzyme was labeled on 4-(2-
carboxyethylthio)-11-deoxycortisol (Hosada, Kabayashi, and Nambara, 1983).

Hapten heterologous combination is the combination that the different but related
haptens are used for inducing antibody and labeling enzyme. The example of hapten
heterologous combinations was the immunoassay of thyroxine that antibody was
induced from triiodothyronine (T,) and enzyme was labeled on diiodothyronine(T,).
This study reported the reducing of specificity in hapten heterologous combinations
(Piran et al., 1990).

Site heterologous combination is the combination that the haptens with the
different position of the same linkage used in immunization and enzyme labeled. The
use of estradiol-17-succinyl as the immunogen and estradiol-11-succinyl for labeling
with enzyme for estradiol immunoassay was one of the examples. The data show that
site heterology is effective in increasing the sensitivity of the assays (Van Weemen and

Schuurs, 1975).

The combination of heterology, in which twao or three of the heterology types are
combined, is also possible. Bridge and hapten heterologous combinations are the
combination that the haptens for labeling enzyme and for inducing antibody not only
different in the cross-linkers on the structure of compound but also different in the type
of hapten used. The immunoassay of estradiol that used 11ct-OH-estradiol 11-
hemisuccinate as immunogen and enzyme was labeled on 1lat-OH-estrone 11-

hemiglutarate (Van Weemen and Schuurs, 1975) was reported.



Bridge and site heterologous combinations are the combination that the haptens
for labeling enzyme and for inducing antibody are different in the cross-linkers and the
position on the structure of compound.  The example of bridge and site heterologous
combinations are the immunoassay of theophylline that antibody was induced from 7-
(3-carboxypropyl)-1,3-dimethylxanthine and enzyme labeled on 8-(4-carboxybutyl)-
1,3-dimethylxanthine (Suthasinee Pitchayawasin, 1997).

These principi&s have also been applied to many other enzyme immunoassays
for steroid hormones and various drugs with the use of polyclonal antibodies and
different types of heterology (Van Weemen and Schuurs, 1972, 1975 ; Hosada et al,,
1981 ; Hosada et al.,, 1985, 1986). No absolute conclusion could be made in the
pattern of heterology for any individual reaction.  The approprate heterology for any
immunoassay can only be obtained from the experiment for each compound (Hosada et

al., 1980, 1983a, 1983b).

Recently, theophylline immunoassay has been successfully developed using
bridge heterologous combinations,  This developed method was very specific to
theophylline without any cross-reaction from caffeine (Suthasinee Pitchayasin, 1997).
Therefore, it is interesting to apply heterology principle for immuno-analyzing of other

drug compounds.

Amphetamine and methamphetamine are the focus of interest because of their
wide-spread abuse,  Several techniques of immunoassay for amphetamine and/or
methamphetamine have been reported such as enzyme multiplied immunoassay,
radioimmunoassay, polarization fluoroimmunoassay and latex agglutiration inhibition
reaction test, (Cheng et al., 1973 ; Colbert, Gallacher, and Mainwaring-Burton, 1985 ;
Ruangyuttikarn and Moody, 1988 ; Aoki, Hirose, and Kuroiwa, 1990 ;

Mongkolsirichaikul et al., 1994). No any report using heterologous immuno-



detection of amphetamine and methamphetamine was shown.  Hence, the study of
heterologous combinations using polyclonal antibody in enzyme immunoassay of

amphetamine and methamphetamine detection could be meaningful.
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he objective of f I

To investigate various patterns of. immuno-detection for amphetamine and

methamphetamine using principle of heterologous combinations.

To establish the heterologous patterns for amphetamine and methamphetamine

that would be valuable for immunoassay development.



CHAPTER II

EXPERIMENTS

Material and Method

Chemical compounds and reagents

All chemical compounds and reagents were of analytical grade and used as

received.

Ammonia solution ( Merck , Germany )

Ammonium sulfate ( Merck , Germany )

d-Amphetamine sulfate ( Sigma , USA , under government control )

Bovine serum albumin ( Sigma , USA )

N-~(3-bromopropyl)phthalimide ( Fluka Chemie AG , Germany )

N-(4-bromobutyl)phthalimide ( Fluka Chemiec AG , Germany )

Chloroform ( Merck , Germany )

Chloroform-d ( Sigma , USA )

Citric acid ( Farmitalia Carlo Erba , Germany )

Complete Freund *s adjuvant ( Life Technologics , USA )

I-Ephedrine hydrochloride ( Under government control )

Ethanol , absolute ( Merck ,Germany )

1-Ethy]-3-(3-dimethylaminopropyl)carbodiimide hydrochloride ( EDCI ) (Sigma,
USA)

Glacial acetic acid ( Merck , Germany )

Horseradish peroxidase (RZ = 3 ) ( Amresco , USA )

80% Hydrazine hydrate ( Merck , Germany )



Hydrochloric acid ( Merck , Germany )

35% Hydrogen peroxide ( Merck , Germany )

Incomplete Freund’s adjuvant ( Life Technologies , USA )
d-Methamphetamine hydrochloride ( Sigma , USA , under government control )
Methanol ( Merck , Germany )

Normal saline 0.9% ( General Hospital Products Public , Thailand )
O-Phenylenediamine ( Zymed Laboratories , USA )
dl-Phenylpropanolamine ( Sigma ,USA )

Potassium chloride ( Merck , Germany )

Potassium dihydrogen phosphate ( Sigma , USA )
d-Pseudoephedrine hydrochloride ( Sigma , USA )
Sodium acetate ( Merck ,Germany )

Sodium bicarbonate ( Merck , Germany )

Sodium borohydride ( Sigma , USA )

Sodium carbonate ( Merck , Germany )

Sodium chloride ( Merck , Germany )

Sodium dihydrogen phosphate ( Merck , Germany )
Sodium hydroxide ( Merck , Germany )

di-Sodium hydrogen phosphate ( Merck , Germany )
Sodium metaperiodate ( Sigma , USA )

Sulfuric acid ( Merck , Germany )

Tween 20 ( Merck , Germany )

p-Xylene ( Fluka Chemie AG , Germany )



Apparatus

Analytical Balance ( ME‘I‘I‘LER® TOLEDO, AG 245 , Switzerland )

Centrifuge ( Hettich , EBA 12 , Germany )

Dialysis tubing ( Spectra/Por, USA )

Infrared Spectrophotometer ( Perkin-Elmer model FT-IR , USA)

Immuno-plate (NUNC , Denmark )

Microplate reader ( ELISA plate reader Bio-Rad model 3550 , Bio-Rad
Laboratories., USP)

Micropipet ( Socorex , USP )

Nuclear Magnetic Resonance Spectrophotometer ( Model dpx 300 , BRUKER,,
Germany )

pH-meter ( Consort pH meter model C231 , Belgium )

Ultraviolet Spectrophotometer ( Spectronic 3000 array , Milton Roy Co. , USA )

Vacuum Concentrator ( Heto model , CT 110, Denmark. )

Vortex ( Genei Scientific Industries Inc. , New York , USP )

Experi | Aimal
Female New-Zealand white rabbits weighing about 1.5 — 2.5 kg obtained from

the National Swine Research and Training Ceater, Kamphangsean Campus, Kasetsart

University.



Methods

This study composed of many experimental steps as described in the following.

1. Chemical synthesis of amphetamine and methamphetamine derivatives.
Preparation of HRP-labeled amphetamine and methamphetamine derivatives.

Induction of antibody against amphetamine and methamphetamine in rabbits.

B owoN

Determination of proper dilution of HRP-labeled hapten and antibody used
for the competitive reaction.

5. Heterologous combinations for amphetamine and methamphetamine
detection.

6. Cross-reaction determination.
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(Cheng ct al., 1973 ; Mongkolsirichaikul, et al., 1993)

The derivatives of amphetamine and methamphetamine were synthesized as
described in Figure 1. They were N<(3-aminopropyl)amphetamine (3-APA), N-
(4-aminobutyl)amphetamine (4-ABA), N-(3-aminopropyl)methamphetamine (3-
APM) and N<(4-aminobutyl)methamphetamine (4-ABM).

Derivatives of amphetaming v f meth
O/\I/CHS O/\’/CHJ
/N "
H R c:[/;: \1‘1
R = (CH),NH, ; 3-APA R = (CH),NH, ; 3-APM

R = (CH,),NH, ; 4-ABA R = (CH)NH, ; 4-ABM
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f
CH ~C
A< I
K H 0
i =3; propyl)phthalimide
R=H: n=13 ; N-{(3-bromo,
R = CH, ; methamphetamine n= 4 ; N-(4-bromobuty[)phthalimide
1. Reflux for 12 hours in absohite ethanol,
2. Crystallization from hot water,
0
CH3 l
~C
MNt"-illlllnlﬁi,h~
R l
QO
- =+ -
1. NH,~NH; , OH (Hydrazime hydrate)
2, Reflux for 2 hours in absolute ethanol.
QO
@/\[/Cﬂl i
OH—C
N +
FARS {}H—C@
R (CH),NH, I
0
R=H, n=3; N-(3-aminopropyllamphetaming. phthalic acid

R=H ,n=4; N-(4-ammobutyJanphetanme.
R=CH,, n =3 ; N-(3-aminopropy|imethamphetamine.
R = CH, , n =4 ; N-(4-aminobutymethamphetamine,

Figure 1 The synthesis reaction for amphetamine and methamphetamine

derivatives.



in 1 h ine (4-ABA

Amphetamine sulfate 37.0 g (0.1 mole) was dissolved in 50 ml of 70%
ethanol and 42.0 ml (0.3 mole) of triethylamine was added. The mixture was stirred
overnight at room temperature and extracted with three portions of 50 ml chloroform.
The combined chloroform extracts were washed with two portions of 30 ml water.
The combined organic phase was dried over anhydrous sodium sulfate and the solvent

was evaporated. The pale yellow liquid of amphetamine free base was obtained.

To produced 3-APA or 4-ABA, the 23.0 g (0.17 mole) of amphetamine

free base was refluxed with N-(3-bromopropyl)phthalimide 54.7 g (0.2 mole) or N-(4-
bromobutyl)phthalimide 57.6 g (0.2 mole), respectively, in 100 ml absolute ethanol for
12 hours. The solvent was evaporated and the residuc was dissolved and crystallized
from hotwater. A 25.0 ml (0.5 mole) in 100 ml absolute ethanol of 80% hydrazine
hydrate was added and refluxed for 2 hours, - Ethanol was removed before acidified to
pH 3.0 with 1 N hydrochloric acid, the resulting phthalic acid precipitate was removed
by filtration. - The filtrate was adjusted to pH 10.0 ' with 5 N sodium hydroxide and
extracted with three portions of 50 ml chloroform. The combined extracts were
evaporated to yield the yellow liquid.  The purification was performed by column
chromatographic technique, using silica gel 60 as stationary phase and methanol :
ammonia (100 : 1.5) as eluent solvent.  The final products of N-(3-aminopropyl)

amphetamine and N-(4-aminobutyl)amphetamine obtained, were pale yellow liquid.

12



that were confirmed using ultraviolet (UV), infrared (IR), proton nuclear magnetic

resonance (' H-NMR) and mass spectrophotometric (MS) techniques.

‘-;_I_Ilil l'u. [N1C-LIld

4-ami 1 h in¢ (4-ABM

Preparation of methamphetamine free base

The above procedure was repeated for the preparation of methamphetamine
free base.  The pale yellow liquid of methamphetamine free base was obtained.

Preparation of N-(3-aminopropyl)methamphetamine (3-APM) and N-(4-
aminobutyl)methamphetamine (4-ABM)

The above procedure for the preparation of 3-APA and 4-ABA was repeated
for the preparation of 3-APM and 4-ABM.  The final products obtained were pale
yellow liguid. That would be N-(3-aminopropyl)methamphetamine and N-(4-
aminobutyl)methamphetamine. They were confirmed using ultraviolet (UV),
infrared (IR), proton nuclear magnetic resonance {'H-NMR} and mass

spectrophotometric (MS) techniques.
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m h ine derivatives.

The derivatives of amphetamine and methamphetamine were labeled with HRP
according to the method of Wilson and Nakane (1978).  The reaction of conjugation
was depicted in Figure 2.

P for 3- - i

To a solution of 10.0 g (0.25 mmole) HRP in 50 ml of 0.01 M sodium acetate pH
4.5, 10.0 ml of freshly prepared 1.0 M sodium metaperiodate was slowly added and
stirred gently in the dark for 30 minutes at room temperature. After which 10.0 ml
of 10.0 M glycerol was added and allowed the reaction to proceed for 30 minutes.
The mixture was dialyzed ovemight at 4 ° C against 0.01 M sodium acetate buffer pH
4.5 to remove the excess periodate.  The dialysate was slowly added into the solution
of 3-APA 0.24 mg/ml of 0.5 M sodium carbonate buffer pH 9.5 The reaction was
proceeded for 4 hours at 4 °C . A 10.0 ml of freshly prepared 10.0 M sodium
borohydride was added and allowed the reaction for 2 hours at 4 °C  before dialyzing
the mixturc overnight at 4 °C against water. The precipitate, if any, was removed by
centrifugation.  The final clear solution was lyophilized to obtain 3-APA-HRP that
were stored at -48 “C for further use. ~ The activity of HRP in the conjugate was also

determined.

For the preparation of 4-ABA-HRP, 3-APM-HRP and 4-ABM-HRP, the

aforementioned procedure was followed.
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POazse

POase

CH,OH
H H HRP
H
OH OH
NalO,
CH,OH
H H
OH
R=H,n=3;3-APA
- 3 mg@ R=H,n=4;4-ABA
N R=CH,,n=3;3-APM
7N
HN = (CHjn R R=CHy,n=4;4-ABM
CH,0H
H H
R
o |
N
o N-mn” Y10
CH,
NaBH,
CHOH
H H
R
OH |

OH | NH -{Cligns NY\@
CH

3
RE=H,n=3;3-APA-HEF
R=H,n=4 4-ABA-HRP
R=CH,,n=3;3-APM-HEP

R=CHy,n=4;4-ABM-HRP

Figure 2 The chemical reaction of HRP-labeled amphetamine and methamphetamine

derivatives
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( Cheng et al., 1973 ; Mongkolsirichaikul et al., 1993 )

The derivatives of amphetamine and methamphetamine are haptens that
couldn’t induce antibody. They must be conjugated with macromolecule to become
immunogen.  Therefore, the derivatives of amphetamine and methamphetamine were

individually conjugated to BSA according to the reaction displayed in Figure 3.

Procedure

1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide ~ hydrochloride  (EDCI)
0.096 g (0.50 mmole) and BSA (0.001-0.005 mmole) were added respectively into a
aqueous solution of N-(3-aminopropyl)amphetamine (0.50 mmole in double distilled
water) with continuous stirring for 3.5 hours at room temperature 25 °C).  The
reaction mixture was dialyzed at 4 °C against double distilled water to remove excess
derivatives. The conjugated protein of 3-APA-BSA was then lyophilized in which
the white fluffy powder was obtained. The product was stored at -48 °C for further

use.

For 4-ABA-BSA, 3-APM-BSA and 4-ABM-BSA, this same procedure was also
followed.
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i{m
k-

Q@+ ReN-CyR

BSA 1-ethy}-3-(3-dimethylaminopropyl)
carbodiimide (EDCI )
O .N..-fRz
S rrd <05
A~ \N‘K
R (CH,)nNH, R,

R=H,n=3;3-APA
R=H,n=4;4ABA
R=CH,,n=3;3-APM
R=CH,,n= 4; 4-ABM
CH, ' 0
0 I
I

/NN +  R-NH-C—NH-R,
R C—~NH(CH)n R

Immunogen

R=H,n=23;3-APA-BSA
R=H,u=4;4-ABA-BSA
R=CH.3,11=3 : 3-APM-BSA

R=CH,,n=4;4-ABM-BSA

Figure 3 The chemical reaction of amphetamine and methamphetamine

derivatives — BSA
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3.2 Induction of antibody in rabbits.

A variety of animal species can -be used for raising antibody, such as
horse, goat, pig, rat, rabbit ( Catty and Raykundalia, 1988 ; Porstmann and Kiessig,
1992 ; Kemney, 1992 ). Rabbit, goat and sheep are usually for polyclonal antibody
induction ( Tijssen, 1985). In this study New Zealand white rabbits was selected as

the animal for raising antibody.

p ion of i Ision

For the first immunization, immunogen emulsion was prepared by vigorously
mixing 2.0 mg of the immunogen in 1 ml of sterile normal saline solution with an equal

volume of complete Freund’s adjuvant. For the subsequent immunization, incomplete

Freund’s adjuvant was insteadly used.

Immunization of rabbits

Two female rabbits, each weighing 2.0 — 3.0 kg, were immunized
subcutaneously with 1.0 ml of immunoge.n emulsion described above through the fold
of skin at the shoulder blade according to the specified time table.  Whole blood was
collected weekly from the marginal ear wein and separated for serum. The
immunoglobulin of each serum was obtained from the precipitation under ice-cold
saturated ammonium sulfate. ~ The titer value of this partial purified antiserum was

determined.

18
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I ination of antibody’s i

The titer of antiserum is defined as the dilution at which 50% of HRP-labeled
hapten bind to the antibody (Yalow and Berson , 1964 : Ciabatton, 1987).

Procedure

The serial dilutions of antibody, from 1: 10to 1: 10", were prepared from
the partial purified antiserum 1.0 mg/ml in 0.05 M sodium carbonate buffer pH 9.6 .
The well of microtiter plate was coated with 100 pl of serially diluted antibody, 3 well
for cach antibody dilution and incubated overnight at4 °C .  After, the plate was three
times washing with PBS-T pH 7.4, a 100 ul of 2% BSA in PBS pH 7.4 was added and
incubated at 37° C for 1 hour. ~ The plate was washed three times with PBS-T pH 7.4,
and then 100 ul of HRP-labeled hapten (3-APA-HRP, 4-ABA-HRP, 3-APM-HRP or 4-
ABM-HRP) was added and incubated at 37° C for 2 hours. The plate was again
washed before adding a 100 pl of freshly prepared OPD substrate solution (dissolve
OPD tablet in 12,0 ml of citrate-phosphate buffer pH 5.0 , containing 12 pl of 35%
hydrogen peroxide) to each well,  The enzyme-substrate reaction was proceeded for
20 minutes in the dark at room temperature, The reaction was stopped by adding 50 pl
of 4 N sulfuric acid. The absorbance of the final solution was determined at 490 nm
using microplate reader, The percentage of enzyme binding to antiserum was
calculated and the titer of antibody was determined from the plot of %binding against
the dilution of antibody.

% Binding = Absorbance of each diluted antiserum X 100

Maximum absorbance of diluted antiserum



Table 1_Immunization table
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e

3-APA-BSA 4-ABA-BSA 3-APM-BSA 4-ABM-BSA
pay | Concentration | Day | Concentration | Day | Concentration | Day | Concentration
(mg/ml) (mg/ml) (mg/ml) (mg/ml)
FF:]_ 1.5 0 2.0 0 1.0 0 1.0
__E 1.5 14 2.0 13 1.0 13 1.0
H_.?_S_ 2.0 28 3.0 38 1.5 38 1.5
E 3.0 42 3.0 52 1.5 52 1.5
B 66 1.5 66 1.5
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The proper dilution of HRP-labeled hapten and antibodies for producing
competitive reaction of amphetamine or methamphetamine was determined using
microtiter plate. The %binding was calculated and plotted against the log
concentration of amphetamine or methamphetamine.  From the regression analysis of
the %binding and log of standard concentration, the value of correlation coefficient (r)
was determined. The value of r informed the appropriate dilution of enzyme-labeled

hapten and antibody in competitive reaction.

The combinations of 3-APA-HRP and 3-APA-Ab as well as the combinations of
4-ABA-HRP and 4-ABA-Ab were determined in competitive reaction for
amphetamine, The competitive reactions for methamphetamine were determined with
the combinations of 3-APM-HRP and 3-APM-Ab as well as the combinations of 4-
ABM-HRP and 4-ABM-Ab.

Procedure

The serial dilution of HRP-labeled hapten in PBS pH 7.4 and antibody in 0.05 M
sodium carbonate buffer pH 9.6 were prepared. - The microtiter plate technique as
already described in section 3 was followed. The aqueous solutions of amphetamine
and the solution of methamphetamine in the concentration range of 0 — 5,000 ng/ml

were used in the competitive reactions.

The logic plot of %binding and log of amphetamine or methamphetamine
concentration was determined., From the logic plot, the combinations that showed the

scatter data or no competitive response would be defined as no response (NR). The
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regression analysis was used for those with competitive response such that the value of
correlation coefficient ( r ) of each logic plot was determined.  The highest value of
correlation coefficient ( r ) of any competitive reaction would be chosen indicated the

appropriateness of the system ( Standefer and Saunders, 1978 ).  Thus, the reaction

with the highest value of r was used for the heterologous combinations.

The proper dilution of enzyme-labeled hapten and antibodies from the
competitive reaction in section 4 was used in heterology studies. The possible
combinations of all enzyme-labeled hapten and antibodies for competitive reaction

were shown in Table 2 .

Procedure

Two or three dilutions of antisera and one or two dilutions of HRP-labeled hapten
were used in competitive reaction. Amphetamine and methamphetamine aqueous
solution in the concentration range of 0-5,000 ng/ml were analyzed for each
combination. The procedure as already described in section 3 was followed.

Interpretation.of competitived

The logic-plot was done for each competitive data in which the regression
analysis was determined. The highest value of r for each heterologous combination
would be selected as the representative competitive reaction of that heterology for

further cross-reaction determination.



Table 2 Possible combinations between antiserum and enzyme-labeled hapten.

HRP-labeled hapten Antiserum
3-APA-Ab | 4-ABA-Ab | 3-APM-Ab | 4-ABM-Ab
B 3-APA-HRP I* I* IIT* IV*
4-ABA-HRP II I 1A% I
3-APM-HRP I v I o
4-ABM-HRP v I II I

* I = Homologous combinations.
II = Bridge heterologous combinations.

Il = Hapten heterologous combinations.

IV = Bridge and hapien heterologous combinations.
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6. Cross-reaction determination

The representative heterologous combination from section 5 was confirmed for
the seclectivity of the competitive reaction in determining amphetamine or
methamphetamine or other aromatic amine compounds.  Ephedrine, pscudoephedrine
and phenylpropanolamine were the amine compound used for this cross-reaction study.

The similarity of chemical structure of all these compounds were shown.

m CH, m
N, AR
3

d - Amphetamine

d - Methamphetamine

OH ?H
CH, Q/\/ CH,
I&HCHG NHCH,
1 - Ephedrine d - Pseudoephedrine
oH
CH,
NH

2

dl - Phenylpropanolamine
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Procedure

At the proper dilution of representative heterologous combinations for
amphetamine, methamphetamine, ephedrine, pseudoephedrine and
phenylpropanolamine were analyzed comparing to 1,000 ng/ml of amphetamine. The
larger the concentration of these compounds used in competitive reaction, the smaller

the cross-reaction was.

For representative heterologous combinations of methamphetamine,
amphetamine, ephedrine, pseudoehedrine and phenylpropanolamine were also
determined and compared with 1,000 ng/ml of methamphetamine in the same manner.



CHAPTER Il

RESULT AND DISCUSSION

Both, N+(3-aminopropyl)amphetamine (3-APA) and N-<{(4-aminobutyl)
amphetamine (4-ABA), synthesized were pale yellow liquid. = They were confirmed
by their UV, IR, NMR and MS results to be identically to those reported from
Mongkolsirichaikul et al,, 1993. The UV, IR NMR. and MS informations were

displayed in Appendix A.
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The derivatives of methamphetamine, N-(3-aminopropyl)methamphetamine
(3-APM) and N~(4-aminobutyl)methamphetamine (4-ABM), were also pale yellow
liquid similar to amphetamine derivatives. = They were also confirmed by their UV.
IR, NMR and MS results (Choi et al., 1994). The detailed information of UV, IR,
NMR and MS were in Appendix B.
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The products of 3-APA-HRP, 4-ABA-HRP, 3-APM-HRP, and 4-ABM-
HRP were brownish amorphous powder. The aqueous solution of these compounds in
PBS pH 7.4 showed the maximum absorption of derivatives at 257 and enzyme HRP at
402 nm, respectively. This confirmed the existance of both derivative and enzyme
as shown in Figure 4 was the UV spectra for 3-APA-HRP, the UV spectra for 4-ABA-
HRP, 3-APM-HRP and 4-ABM-HRP were in the similar pattern. The activity of
HRP in every enzyme-labeled amphetamine and methamphetamine derivative was
proven to be remained.  Therefore, these enzyme-labeled compound were ready to be

used.
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Figure 4 The UV spectra of aqueous solution of 3-APA-HRP, 3-APA and
HRP-aldehyde.
1 =3-APA-HRP 0.50 mg/ml (maximum absorbance at 402 nm)
2 =3-APA 0.40 mg/ml (maximum absorbance at 257 nm)

3 = HRP-aldehyde 0.25 mg/ml (maximum absorbance at 402 nm)
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All four immunogens prepared, 3-APA-BSA, 4-ABA-BSA, 3-APM-BSA and 4-
ABM-BSA, were white fluffy powder. Their aqueous solution exhibited the
maximum absorption of derivative at 257 and BSA at 280 nm. The ultraviolet
spectra of 3-APA-BSA, 3-APA and BSA in water were shown in Figure 5.  This
indicated that the existance of both derivative and BSA in the immunogen. The
ultraviolet spectra of 4-ABA-BSA, 3-APM-BSA and 4-ABM-BSA were also similar to
3-APA-BSA.  Therefore, these compounds were suitable to be immunogen.

These immunogens could induced antibody in rabbits with the titer value ranged

between 1 : 2,000 — 1 : 4,000 as shown in Table 3 and Figure 6.
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Figure 5 The UV spectra of agucous solution of 3-APA-BSA , 3-APA and BSA

1 =3-APA-BSA 1.80 mg/ml (maximum absorbance at 280 nm)
2 = 3-APA 0.80 mg/ml (maximum absorbance at 257 nm)

3 = BSA 1.80 mg/ml (maximum absorbance at 280 nm)



Table 3 The titer of antibodies induced in rabbits.

Immunogen Titer

3-APA-BSA 1:3,000
4-ABA-BSA 1:3,500
3-APM-BSA 1:2,000
4-ABM-BSA 1:4,000
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Figure 6 The relationship between %binding and dilution of antibody for titer

determination.
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A logic plot of the percentage of binding against log amphetamine

concentration at different dilutions of 3-APA-HRP and 3-APA-Ab were depicted in
Figure 7. The dilutions of 3-APA-HRP (1 : 10,000) and 3-APA-Ab (1 : 4,000) were
the better proportion for amphetamine detection with the r value of 0.7801 as indicated

in Table 4.

For 4-ABA-HRP and 4-ABA-Ab, the logic plot in Figure 8 showed the scatter
response for almost every dilution used.  Only the dilution of 4-ABA-HRP 1 : 12,500
and 4-ABA-Ab 1 : 3,500 as tabulated in Table 5 that showed the competitive responsc

for amphetamine with the r value of 0.8266 .
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Figure 7 Dilution determination for 3-APA-HRP and 3-APA-Ab .
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Table 4 Proper dilution of 3-APA-HRP and 3-APA-AD for competitive reaction of

amphetamine.
Dilution of Dilution of Correlation coefficient
3-APA-HRP 3-APA-Ab (r)
1:7,500 1:2,500 NR
1:4,000 NR
1:5,500 0.5038
1:10,000 1:2,500 NR
1:4,000 0.7801*
1:5,500 NR
1:12,500 1:2,500 0.6588
1:4,000 0.2805
71 : 5,500 NR

*  the proper dilution for the competitive reaction.

NR no competitive response.
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Figure 8 Dilution determination for 4-ABA-HRP and 4-ABA-Ab .




Table 5 Proper dilution of 4-ABA-HRP and 4-ABA-Ab for competitive reaction of

amphetamine
Dilution of Dilution of Correlation coefficient
4-ABA-HRP 4-ABA-Ab (r)
1:12,500 1:3,500 0.8266*
1: 4,000 NR
s ;I,Sﬂﬂ NR
1: 15,000 1:3,500 NR
1:4,000 NR
1:4,500 NR
1:17,500 - 1:3,500 NR
1:4,000 NR
1:4,500 NR

*  the proper dilution for the competitive reaction.

NR no competitive response.
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Competitive reaction for methamphetamine detection.

A logic plot of the percentage of binding against log methamphetamine
concentration at different dilutions of 3-APM-HRP and 3-APM-Ab, and 4-ABM-HRP

and 4-ABM-Ab were showed in Figure 9 and Figure 10, respectively.

For 3-APM, only two competitive reaction could be observed. But the dilutions
of 3-APM-HRP of 1 : 17,000 and 3-APM-Ab of 1 : 1,500 were the better
combination with the higher r value of 0.9406 (Table 6).

Only two competitive reaction were also displayed for 4-ABM. The better
couple with the higher r value of 0.9398 was 4-ABM-HRP (1 : 10,000) and 4-ABM-Ab
(1:3,000).

Therefore the overall suitable dilution for competitive reaction of all four
derivatives for amphetamine and methamphetamine were summarized in Table 8.

These dilution values would be further used in heterology determination.
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Figure 9 Dilution determination for 3-APM-HRP and 3-APM-Ab .



Table 6 Proper dilution of 3-APM-HRP and 3-APM-ADb for competitive reaction of

methamphetamine.
Dilution of Dilution of Correlation coefficient
3-APM-HRP 3-APM-Ab (r)
1:13,000 1: 1,500 NR
'1 : 2,000 0.8404
1:2,500 - NR
1:15,000 1:1,500 NR
1:2,000 NR
1:2,500 NR
1:17,000 1:1,500 0.9406*
1:2,000 NR
1:2,500 NR

*  the proper dilution for the competitive reaction.

NR no competitive response.
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Figure 10 Dilution determination for 4-ABM-HRP and 4-ABM-Ab .




Table 7 Proper dilution of 4-ABM-HRP and 4-ABM-Ab for competitive reaction of

methamphetamine.
Dilution of Dilution of Correlation coefficient
4-ABM-HRP 4-ABM-Ab (r)
1: 8,000 1:2,500 0.8911
1:3,000 NR
1:3,500 NR
1:10,000 1:2,500 NR
| 1:3,000 0.9398*
1:3,500 NR
1:12,000 1:2,500 NR
1:3,000 NR
1:3,500 NR

*  the proper dilution for the competitive reaction.

NR no competitive response.



Table 8 Summarized the proper dilution for the competitive reactions.

Derivatives Dilution of Dilution of
HRP-labeled hapten antibodies
3-APA 1:10,000 1:4,000
4-ABA 1:12,500 1:3,500
3-APM 1:17,000 1:1,500
4-ABM 1: 10,000 1:3,000
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5. Heterologous combinations for amphetamine and methamphetamine detections.

5.1 Homologous study.

Homologous combinations between 3-APA-HRP and 3-APA-Ab,

From Figure 11(A), amphetamine could be detected by utilizing 3-APA-HRP
1: 10,000 and 3-APA-Ab 1 : 4,000 with the r value of 0.7801.  In the contrary, with
this same proportion, methamphetamine couldn’t be determined (Table 9). However,
the competition of amphetamine with 3-APA-HRP was not quit good. Only 11%
binding change per log concentration of amphetamine.  This would possible be that

3-APA-HRP was strongly bound to 3-APA-Ab such that amphetamine was hardly to

compete with.
Homologous combinations between 4-ABA-HRP and 4-ABA-Ab,

The combinations of 4-ABA-HRP 1 : 12,500 and 4-ABA-Ab 1 : 3,500 was the
better competitive reaction for amphetamine as shown in Figure 12(A), with the r value
of 0.8266 (Table 10). Although, the competitive reaction could be observed but the
sensitivity of competition was very low as indicated from the slope value of 9.498.
Therefore, it might be able to conclude that homologous combinations for amphetamine

or methamphetamine detection from either 3-APA or 4-ABA was not successful.
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* the combinations selected.

Figure 11 Dose response curve for competitive reaction of amphetamine and

methamphetamine with the combinations of 3-APA-HRP and 3-APA-Ab.

( A)3-APA-HRP 1: 10,000 (B)3-APA-HRP 1: 12,500
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Table 9 Detection of amphetamine and methamphetamine with the homologous

combinations of 3-APA-HRP and 3-APA-Ab.

Combinations Regression analysis
_T}ilutiﬂu of | Dilution of | Correlation coefficient (r) Slope
3-APA-HRP | 3-APA-Ab | Amphetamine | Methamphetamine | Amphetamine | Methamphetamine
5 1:10,000 1:4,000 0.7801* NR 11.07 NR
1:5,500 NR NR NR NR
1:12,500 1:4,000 NR NR NR NR
1:5,500 NR NR NR NR

* the combinations selected. , NR

no competitive response.
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* the combinations selected.
Figure 12 Dose response curve for competitive reaction of amphetamine and
methamphetamine with the combinations of 4-ABA-HRP and 4-ABA-Ab.

(A)4-ABA-HRP 1: 12,500 (B )4-ABA-HRP 1: 15,000
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Table 10 Detection of amphetamine and methamphetamine with the homologous
combinations of 4-ABA-HRP and 4-ABA-AbD.

Combinations Regression analysis
Dilution of | Dilutionof | Cormelation coefficient (r) Slope
4-ABA-HRP { 4-ABA-Ab | Amphetamine | Methamphetamine | Amphetamine | Methamphetamine
1:12,500 1:3,500 0.8266* NR 9.498 NR
1:4,000 NR 0.7672 NR 8.592
1: 15,000 1:3,500 NR 0.6958 NR 8.795
1:4,000 NR NR NR NR

*  the combinations selected., NR

no competitive response.
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The competitive reaction of amphetamine with 3-APM-HRP in binding to 3-
APM-Ab was better than methamphetamine as shown in Figure 13(A) and indicated by
the r value in Table 11.  The combinations of 3-APM-HRP 1 : 15,000 and 3-APM-
Ab 1 : 1,500 gave the better competitive reaction for amphetamine with the r value of
0.9635. The competitive response for amphetamine was 34% binding change per

log amphetamine concentration (Table 11).

Methamphetamine could compete with the combinations of 4-ABM-HRP
1: 10,000 and 4-ABM-Ab 1 : 3,000 [Figure 14(A)] as indicated by the r value of
09398 (Table 12). No competitive response of both amphetamine and
methamphetamine would be notified in Figure 14(B).

From all four homologous combinations studied, the combinations that could
exert the competition were summanzed in Table 13.  Their competitive performance
were displayed in Figure 15. By comparison, it is clearly shown that amphetamine
could be best detected with the combinations of 3-APM-HRP 1 : 15,000 and 3-APM-
Ab1: 1,500 (r=10.9635).
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3-APM-HEP 1 : 15,000 I-AFM-AD
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0 = T 7S (]
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LOG CONC. (ag/ms)

* the combinations selected.
Figure 13 Dose response curve for competitive reaction of amphetaming and
methamphetamine with the combinations of 3APM-HRP and 3-APM-Ab.
(A)3-APM-HRP 1: 15,000 (B)3-APM-HRP 1: 17,000
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Table 11 Detection of amphetamine and methamphetamine with the homologous
combinations of 3-APM-HRP and 3-APM-Ab.

Combinations Regression analysis
Dilution of | Dilution of Correlation coefficient ( r) Slope
3-APM-HRP | 3-APM-Ab | Amphetamine | Methamphetamine | Amphetamine | Methamphetamine
1: 15,000 1: 1,500 0.9635* NR 33.97 NR
| 1:2,000 NR NR NR NR
1: 17,000 1: 1,500 0.9323 0.9406 30.50 42 .44
1:2,000 NR NR NR NR

* the combinations selected. , N no competitive response.
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* the combinations selected.
Figure 14 Dose response curve for competitive reaction of amphetamine and
methamphetamine with the combinations of 4-ABM-HRP and 4-ABM-Ab.
(A) 4-ABM-HRP 1 : 10,000 (B)4-ABM-HRP 1: 12,000
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Table 12 Detection of amphetamine and methamphetamine with the homologous

combinations of 4-ABM-HRP and 4-ABM-Ab.

Combinations Regression analysis
Dilution of | Dilution of Correlation coefficient (r) Slope
4-ABM-HRP | 4-ABM-Ab | Amphetamine | Methamphetamine | Amphetamine | Methamphetamine
1:10,000 1: 2,500 NR NR NR NR
1:3,000 NR 0.9398* NR 42.93
1:12,000 1:2,500 NR NR NR NR
1:3,000 NR NR NR NR

* the combinations selected. , NR no competitive response.




Table 13 The summary for homologous combinations study.

55

Combinations Regression analysis
Enzyme-labeled Antibodies Analyte Correlation | Slope
(Dilution used) | (Dilution used) coefficient (r)

3-APA-HRP 3-APA-Ab Amphetamine 0.7801 11.07
(1:10,000) (1: 4,000)

4-ABA-HRP 4-ABA-Ab Amphetamine 0.8266 9.498
(1:12,500) (1:3,500)

3-APM-HRP 3-APM-ADb Amphetamine 0.9635* 3397
(1:15,000) (1:1,500)

4-ABM-HRP 4-ABM-Ab Methamphetamine 0.9398 4293
(1:10,000) (1:3,000)

* the combinations selected.
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Figure 15 The competitive reaction selected for homologous study.
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5.2 Bridge heterologous study

The combinations of 3-APA-HRP 1 : 7,500 and 4-ABA-Ab 1 : 4,500 , in Figure
16, gave the better competitive reaction for methamphetamine than amphetamine with
the r values of 0.9881 and 0.8904, respectively.  For amphetamine detection, Figure
16, the competitive reaction in the concentration range of 1,500 - 5,000 ng/ml (log
concentration of 3.176 — 3.699) was not progress.  The improper competitive reaction
with the scattered reaction was observed, in Figure 17.  Although, amphetamine and
methamphetamine could be determined using 3-APA-HRP 1 : 8,500 , the competitive
response showed the less r values comparing to utilizing 3-APA-HRP 1 : 7,500 .
Therefore, the suitable combinations of 3-APA-HRP 1 : 7,500 and 4-ABA-Ab 1 : 4,500
for methamphetamine determination was selected with the sensitivity of the competitive
binding of 48%.

The combinations of 4-ABA-HRP and 3-APA-Ab

As shown in Figure 18 for 4-ABA-HRP 1 : 10,000 , the better competitive
response was observed for amphetamine at the dilution of 3-APA-ADb (1 : 6,000) with
the r value of 0.9498 (Table 15). For methamphetaming detection, the saturation
effect was found at methamphetamine concentration higher than 1,500 ng/ml (Figure
18). ~ With the use of 4-ABA-HRP 1 ; 12,500 , competitive résponse couldn’t be
observed from methamphetamine at any dilution of 3-APA-Ab. But at the dilution of
3-APA-Ab 1:5,500 and 1 : 6,000, amphetamine could be determined with the r value
of 0.8827 and 0.9026, respectively. Thus, the combination of 3-APA-HRP 1 : 10,000
and 4-ABA-Ab 1 : 6,000 was then chosen for amphetamine determination with the

sensitivity of competitive binding of 29%.
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Figure 16 Dose response curve for competitive reaction of amphetamine and

methamphetamine combined with 3-APA-HRP 1 : 7,500 and 4-ABA-AD.
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Figure 17 Dose response curve for competitive reaction of amphetamine and

methamphetamine combined with 3-APA-HRP 1 : 8,500 and 4-ABA-Ab.
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Table 14 Detection of amphetamine and methamphetamine with the bridge

heterologous combinations of 3-APA-HRP and 4-ABA-Ab.

—

Combinations Regression analysis
Dilution of | Dilution of Correlation coefficient (r) Slope
3-APA-HRP | 4-ABA-Ab | Amphetamine | Methamphetamine | Amphetamine | Methamphetamine
1:7,500 1:3,500 NR 0.8932 NR 32.66
1:4,000 NR NR NR NR
1:4,500 0.8904 | 0.9851* 2474 48.62
1: 8,500 1:3,500 0.8435 NR 38.02 NR
1: 4,000 NR 0.8405 NR 36.40
1:4,500 NR NR NR NR

* the combinations selected ., NR no competitive response.
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Figure 18 Dose response curve for competitive reaction of amphetamine and

methamphetamine combined with 4-ABA-HRP 1 : 10,000 and 3-APA-Ab.
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Figure 19 Dose response curve for competitive reaction of amphetamine and

methamphetamine combined with 4-ABA-HRP 1 : 12,500 and 3-APA-Ab.
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Table 15 Detection of amphetamine and methamphetamine with the bridge

heterologous combinations of 4-ABA-HRP and 3-APA-Ab.

Combinations Regression analysis
Dilution of | Dilution of |  Correlation coefficient ( r) Slope
4-ABA-HRP | 3-APA-Ab | Amphetamine | Methamphetamine | Amphetamine | Methamphetamine

1: 10,000 1:5,000 NR NR NR NR
1:5,500 0.8821 NR 31.56 NR
1:6,000 0.9498* 0.8452 28.94 41.23

1:12,500 1: 5,000 NR NR NR NR
1:5,500 0.8827 NR 32.51 NR
1:6,000 | 09026 NR 32.36 NR

* the combinations selected., NR  no competitive response.
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As shown in Figure 20 and 21, neither amphetamine nor methamphetamine could
compete for 3-APM-HRP. Therefore, this combination was not suitable for

amphetamine and methamphetamine detection.

Methamphetamine could compete with 4-ABM-HRP in the dilution of 1 : 9,000
at 3-APM-Ab of 1 : 2,000 (Figure 22) as indicated in Table 17 with the r value of
0.8094 . No competitive response for amphetamine was found. For the
competitive reaction in Figure 23 at the dilution of 4-ABM-HRP of 1: 11,000 and 3-
APM-Abof'1: 2,000, could be determined with the r value of 0.9883 . Therefore,
the combinations of 4-ABM-HRP and 3-APM-Ab could be better used for determining

amphetamine than for methamphetamine as shown in Table 17.

The competitive reaction suited for amphetamine and methamphetamine were
summarized in Table 18 and portrayed in Figure 24, It is the combinations of 4-
ABM-HRP 1 : 11,000 and 3-APM-Ab 1 : 2,000 that was the selected couple for
amphetamine detection with the r value equal to 0.9883. The competitive binding

was 13% per concentration.
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Figure 20 Dose response curve for competitive reaction of amphetamine and

methamphetamine combined with 3-APM-HRP 1 : 14,000 and 4-ABM-Ab.
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Figure 21 Dose response curve for competitive reaction of amphetamine and

methamphetamine combined with 3-APM-HRP 1 : 15,000 and 4-ABM-Ab.



Table 16 Detection of amphetamine and inethamphetamine with the bridge

heterologous combinations of 3-APM-HRP and 4-ABM-Ab.
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Combinations Regression analysis
Dilution of | Dilution of Correlation coefficient (r) Slope
3-APM-HRP | 4-ABM-Ab | Amphetamine | Methamphetamine | Amphetamine | Methamphetamine

1: 14,000 1:2,500 NR NR NR NR
1:3,000 NR NR NR NR
1:3,500 NR NR NR NR

1: 15,000 1:2,500 NR NR NR NR
1:3,000 NR NR NR NR
1:3,500 NR NR NR NR

NR no competitive response.
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Figure 22 Dose response curve for competitive reaction of amphetamine and

methamphetamine combined with 4-ABM-HRP 1 : 9,000 and 3-APM-Ab.
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Figure 23 Dose response curve for competitive reaction of amphetamine and

methamphetamine combined with 4-ABM-HRP 1 : 11,000 and 3-APM-Ab.



Table 17 Detection of amphetamine and methamphetamine with the bridge

heterologous combinations of 4-ABM-HRP and 3-APM-Ab.
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Combinations Regression analysis
Dilution of | Dilution of Correlation coefficient (r) Slope
4-ABM-HRP | 3-APM-Ab | Amphetamine | Methamphetamine | Amphetamine | Methamphetamine
1:9,000 1: 1,000 NR NR NR NR
1: 1,500 NR NR NR NR
1:2,000 NR 0.8094 NR 20.24
1: 11,000 1: 1,000 NR NR NR NR
1:1,500 NR NR NR NR
1:2,000 0.9883* NR 12.68 NR

* the combinations selected. , NR  no competitive responsc.




Table 18 The summary for bridge heterologous combinations.
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] Cnmbina"t_i;;s_wmm Regression analysis
Enzyme-labeled Antibodies Analyte Correlation Slope
(Dilution used) (Dilution used) coefficient (r)
3-APA-HRP 4-ABA-Ab Methamphetamine 0.9881 48.62
(1:7,500) (1:4,500)
4-ABA-HRP 3-APA-Ab Amphetamine 0.9498 28.94
(1:10,000) (1:6,000)
3-APM-HRP 4-ABM-Ab Metﬁamphetamine NR NR
(1: 14,000) (1 3,500)
4-ABM-HRP 3-APM-Ab Amphetamine 0.9883* 12.68
(1:11,000) (1:2,000)

* the combinations selected. , NR  no competitive response.
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Figure 24 The competitive reaction selected for bridge heterologous study.
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ination - -H nd 3-APM-A

As shown in Figure 25, only the combination of 3-APA-HRP 1: 7,500 and
3-APM-ADb 1 : 4,000 that could detect methamphetamine at the r value of 0.9351 .

(Table 14) with the competitive binding of 25% per concentration

Only methamphetamine was capable for competing with 4-ABA-HRP 1 : 12,500
and 4-ABM-Ab 1: 3,000 [ Figure 26(B) ] was indicated from the r value of 0.9321
(Table 20). No competitive response for amphetamine and methamphetamine was
observed at other cornbinationsf. Therefore, the combinations of 4-ABA-HRP and 4-
ABM-Ab was not suitable for the competitive reaction for amphetamine while
methamphetamine could be possibly determined with the combinations of 4-ABA-HRP
1: 12,500 and 4-ABM-Ab 1 : 3,000,



Table 19 Detection of amphetamine and methamphetamine with the hapten

heterologous combinations of 3-APA-HRP and 3-APM-Ab.
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Combinations Regression analysis
Dilution of | Dilution of Correlation coefficient (r) Slope
3-APA-HRP | 3-APM-Ab | Amphetamine | Methamphetamine | Amphetamine | Methamphetamine
1:7,500 1: 1,500 NR NR NR NE.
1:4,000 NE 09351+ NR 25.39
| 3-APA-HRP 1: 7,500 AT
} 0 ' —#— 1 1,500 - Amphatamine
i
|
I
i 100 -
|

S

3 35
LOG CONC. (ng/ml)

* the combinations selected ., NR no competitive response.

Figure 25 Dose response curve for competitive reaction of amphetamine and

methamphteamine combined with 3-APA-HRP and 3-APM-Ab.
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Figure 26 Dose response curve for competitive reaction of amphetamine and

methamphteamine combined with 4-ABA-HRP and 4-ABM-Ab.

(A)4-ABA-HRP 1:10,000 (B)4-ABA-HRP 1: 12,500
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Table 20 Detection of amphetamine and methamphetamine with the hapten

heterologous combinations of 4-ABA-HRP and 4-ABM-Ab.
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Combinations Regression analysis
Dilution of | Dilution of Correlation coefficient (r) Slope
4-ABA-HRP | 4-ABM-Ab | Amphetamine | Methamphetamine | Amphetamine | Methamphetamine
1: 10,000 1:3,000 NR NR NR NR
1:3,500 NR NR NR NR
1:12,500 1:3,000 NR 0.9321* NR 28.58
1:3,500 NR NR NR NR

* the combinations selected ., NR no competitive response.
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At the dilution of 3-APM-HRP 1: 13,000, cither amphetamine or
methamphetamine could be determined. But the better competitive reaction for
amphetamine at the dilution of 3-APA-Ab 1 : 4,000 was confirmed by the r value of
0.8538 (Table 21). Binding saturation was clearly shown in Figure 27 at the
concentration more than 1,500 ng/ml, Therefore, it was suggested that the

congentration of amphetamine for competitive reaction should not more than 1,500

ng/ml.

Both amphetamine and methamphetamine could compete with 4-ABM-HRP 1 :
10,000 in binding to 4-ABA-Ab 1 : 3,000 or I : 3,500 as shown in Figure 28.
Nevertheless, the better reaction was proposed for methamphetamine with the r value of
0.9025 (Table 22). The saturation of binding occured at the concentration higher
than 1,500 ng/ml (Figure 28). Thus, the concentration range of 0 - 1,500 ng/ml
would be proper for methamphetamine.



Table 21 Detection of amphetamine and methamphetamine with the hapten

heterologous combinations of 3-APM-HRP and 3-APA-Ab.
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Combinations Regression analysis
Dilution of | Dilution of Correlation coefficient (r) Slope
3-APM-HRP | 3-APA-Ab | Amphetaming | Methamphetamine | Amphetamine | Methamphetamine
1: 13,000 1: 1,000 0.7687 NR 52.39 NR
1:4,000 0.8538* 08112 79.33 53.31
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*

the combinations sclected. , NR no competitive response.

Figure 27 Dose response curve for competitive reaction of amphetamine and

methamphteamine combined with 3-APM-HRP and 3-APA-Ab.




Table 22 Detection of amphetamine and methamphetamine with the hapten

heterologous combinations of 4-ABM-HRP and 4-ABA-Ab.
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Combinations Regression analysis
Dilution of | Dilution of Correlation coefficient (r ) Slope
4-ABM-HRP | 4-ABA-Ab | Amphetamine | Methamphetamine | Amphetamine | Methamphetamine
1: 10,000 1:3,000 0.7014 0.8782 45.18 4292
1:3,500 0.5987 0.9025* 35.82 46.27
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Figure 28 Dose response curve for competitive reaction of amphetamine and

methamphteamine combined with 4-ABM-HRP and 4-ABA-Ab.
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The competitive reactions for hapten heterologous combination study was

summarized in Table 23 and depicted in Figure 29.

It could then be concluded that

hapten heterologous combination of 3-APA-HRP 1 : 7,500 and 3-APM-Ab 1 : 4,000

was suitable for methamphetamine rather than amphetamine with the competitive

binding of 25% per concentration.

Table 23 The summary for hapten heterologous combinations study.

Combinations Regression analysis
Enzyme-labeled Antibodies Analyte Correlation Slope
(Dilution used) | (Dilution used) coefficient ( r)
3-APA-HRP 3-AFM-Ab Methamphetamine 0.9351* 25.39
(1:7,500) (1:4,000)
4-ABA-HRP 4-ABM-Ab Methamphetamine 0.9321 28.58
(1:12,500) (1:3,000)
3-APM-HRP 3-APA-Ab Amphetamine 0.8538 79.33
(1:13,000) (1:4,000)
4-ABM-HRP 4-ABA-Ab Methamphetamine 0.9025 46.27
(1:10,000) (1:3,500)

* the combinations sclected., NR  no competitive reésponse.
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Figure 29 The competitive reaction selected for hapten heterologous study.
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5.4 Bridge and hapten heterologous study
The combination of 3~ -HRP 4-ABM-A

It is shown in Figure 30 that combinations of 3-APA-HRP 1:7,500 and 4-
ABM-ADb 1 : 3,000 could be used for methamphetamine detection with the r value as
shown in Table 24 to be 0.8947  No competitive response for amphetamine reaction
was obtained from the reaction of the combinations between 3-APA-HRP 1: 7,500
and 4-ABM-Ab 1:3,000 as well as the combinations of 3-APA-HRP 1 : 7,500
and 4-ABM-Ab 1 :4,000 in analysis of amphetamine and methamphetamine.

Therefore, with this combination only methamphetamine could be determined.
The combinations of 4-ABA-HRP and 3-APM-A

As depicted in Figure 3i(A), the combinations of 4-ABA-HRP 1 : 10,000 and
3-APM-Ab 1 : 1,500 or 3-APM-Ab 1 : 3,500 could not propose the competitive
reaction for amphetamine and methamphetamine as well as the combinations of 4-
ABA-HRP 1 : 12,500 and 3-APM-Ab 1 : 3,500 for methamphetamine detection in
Figure 31(B). Amphetamine could competed with 4-ABA-HRP 1 : 12,500 in
binding to 3-APM-Ab 1 : 3,500 with the r value of 0.9380 Therefore, the
combinations of 4-ABA-HRP and 3-APM-Ab was suitable only for amphetamine

detection as shown in Table 25.
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Table 24 Detection of amphetamine and methamphetamine with the bridge and hapten

heterologous combinations of 3-APA-HRP and 4-ABM-Ab.

—

Figure 30 Dose response curve for competitive reaction of amphetamine and

methamphetamine combined with 3-APA-HRP and 4-ABM-Ab.

|
!
i
|

3
LOG CONC. (ag/mi)

Combinations Regression analysis
Dilution of | Dilution of Correlation coefficient (r) Slope
3-APA-HRP | 4-ABM-Ab | Amphetamine | Methamphetamine | Amphetamine | Methamphetamine
1:7,500 1:3,000 NR 0.8947* NR 38.77
1:4,000 NR NR NR NR
3-APA-HRP 1: 7,500 +ABMAD
150 : —#— 11,000+ Amphetamine
—H— 14,000 - Ampbetamine
== 1: 1,000 - Methemphetemine 4%
1 : 4 000 - Mthamnphataming
100 -
o
g
&
=
& -
|
i
0
25 as

* the combinations selected., NR no competitive response.
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i A - UM‘ [
| © 4-ABA-HRP 1 : 12,500 I+ L500-
¥ 13,800 - Amphetamine %
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i = 1: 1,500 - Misthamphetamine
100
{2
| £
K
|
B
|
i
; ﬂ ] i
25 3 is
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* the combinations selected.
Figure 31 Dose response curve for competitive reaction of amphetamine and
methamphetamine combined with 4-ABA-HRP and 3-APM-Ab.
(A)4-ABA-HRP 1: 10,000 (B)4-ABA-HRP 1: 12,500
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Table 25 Detection of amphetamine and methamphetamine with the bridge and hapten

heterologous combinations of 4-ABA-HRP and 3-APM-Ab.

Combinations Regression analysis
Dilution of | Dilution of Correlation coefficient ( r) Slope
4-ABA-HRP | 3-APM-Ab | Amphetamine | Methamphetamine | Amphetamine | Methamphetamine
1: 10,000 1: 1,500 NR NR NR NR
1:3,500 NR NR NR NR
1:12,500 1: 1,500 NR NR NR NR
1:3,500 0.9380* NR 21.11 NR

* the combinations selected., NR no competitive response.
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Th imbinati - - nd 4-ABA-Ab

From Figure 32, amphetamine and methamphetamine showed the similar
competitive response. The combinations of 3-APM-HRP 1 : 13,000 and 4-ABA-Ab
1 : 1,000 was appropriate for amphetamine detection with the r value of 0.8336
The combinations of 3-APM-HRP 1 : 13,000 and 4-ABA-Ab 1 : 3,500 gave the
identical competitive reaction for amphetamine and methamphetamine as indicated in
Table 26 that the r values were 0.8265 and 0.8256, respectively.  The competitive
reaction for amphetamine and methamphetamine, in Figure 32, showed the binding

saturation of antibody binding site at concentration more than 3,000 ng/ml.

The combinati 4-ABM-HRP and 3-APA-A

From Figure 33, the combinations of 4-ABM-HRP 1: 10,000 and 3-APA-Ab
1 : 4,000 was the possible couple for amphetamine and methamphetamine detection
in which the r value as indicated in Table 27 to be 0.9472 and 0.9017, respectively.
The result showed that the competition seem not to progress at analyte concentration
higher than 3,000 ng/ml, The couple of 4-ABM-HRP 1 : 10,000 and 3-APA-Ab
1 : 4000 gave the better competitive reaction for amphetamine than
methamphetamine but the sensitivity for amphetamine was less than  for
methamphetamine such that the slope values shown to be 37.96 and 51.57,

respectively.
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Table 26 Detection of amphetamine and methamphetamine with the bridge and hapten

heterologous combinations of 3-APM-HRP and 4-ABA-Ab.

Combinations Regression analysis

Dilution of | Dilution of Correlation coefficient (r) Slope

3-APM-HRP | 4-ABA-Ab | Amphetamine | Methamphetamine | Amphetamine | Methamphetaming

1:13,000 1:1,000 0.8336* 0.8152 53.68 50.93

1:3,500 0.8265 0.8256 59.16 61.86

3-APM-HRP 1 : 13,000
15 4-ABRA-AbL
= 1 1000 - Amphetamine %
—3— 13,500 - Amphetamine
—&— 1: 1,000 - Metharsphetasmine | |
W - —8— | 3,500 -Methampbetaming
)
&
=]
=
]
# .
% 1 |
0 , . E
!
2.5 3 35 i
LOG CONC. (ng/ml)
e — !

* the combinations selected.

Figure 32 Dose response curve for competitive reaction of amphetamine and

methamphetamine combined with 3-APM-HRP and 4-ABA-Ab.
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Table 27 Detection of amphetamine and methamphetamine with the bridge and hapten

heterologous combinations of 4-ABM-HRP and 3-APA-Ab.

3
LOG CONC. {ng/ml)

Combinations Regression analysis
Dilution of | Dilution of | Correlation coefficient (r) Slope
4-ABM-HRP | 3-APA-Ab | Amphetamine | Methamphetamine | Amphetamine | Methamphetamine
1: 10,000 1:3,500 0.9099 0.7777 42.33 32.87
1:4,000 0.9472% 0.9017 37.96 51.57
4ABM-HRP 1: 10,000 | FAPAAb
150 —— | : 3,500 - Amphetamins i
== 1 1 4,000 - Amsphetamine
= | ; 3,500 - Melbamphslsmioe i
= | 4,000 - Mgtbanphctemine | |
100 - |
g 1
T
7
|
25 15

—

* the combinations selected.

Figure 33 Dosc response curve for competitive reaction of amphetamine and

methamphetamine combined with 4-ABM-HRP and 3-APA-Ab.
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From all four types of bridge and hapten heterologous combinations, the possible
competitive reaction for amphetamine and methamphetamine detection were
summarized in Table 28 and portrayed Figure 34. The final selection of competitive
reaction was the combinations of 4-ABM-HRP 1 : 10,000 and 3-APA-Ab 1 : 4,000 for
amphetamine with the r value equals to 0.9472. At the 5,000 ng/ml, the final selected

competitive reaction seem to be inactive for amphetamine detection.

Finally, the competitive reactions with the highest value of r in analysis of
amphetamine or methamphetamine were tabulized in Table 29 and displayed in Figure
35. These combinations were carried through for subsequent cross-reacted
determination. However, bridge heterologous between 4-ABM-HRP and 3-APM-Ab
showed the worst competitive binding (slope = 12.68) and they would omitted for

cross-reaction determination.



90

Table 28 The summary for bridge and hapten heterologous combinations study.

Combinations Regression analysis
Enzyme-labeled Antibodies Analyte Correlation Slope
(Dilution used) | (Dilution used) coefficient (r)
B 3-APA-HRP 4-ABM-Ab Methamphetamine 0.8947 38.77
(1:7,500) (1:3,000)
4-ABA-HRP 3-APM-Ab kmpﬁetamine 0.9380 21.11
(1:12,500) (1:3,500)
3-APM-HRP 4-ABA-Ab Amphetamine 0.8336 53.68
(1:13,000) (1: 1,000)
4-ABM-HRP 3-APA-Ab Amphetamine 0.9472* 37.96
(1:10,000) (1: 4,000)

* the combinations selected.




BRIDGE AND HAPTEN HETEROLOGOUS COMBINATIONS.

150 I
=== LAPAHRP 1: 7,500 & 4-ABM-Ab 1: 3.000
== L ABAHRE 1 - 12,300 & 3-APM-Ab 1: 3,500
i = - APMHIRF 1 : 13,000 & 4-ABA-Ab 1 : 1,000
E =8 - NEMHEF 12 10,000 & 1-AFA-AL 1 1 4,000 %
| 100 -
[v]
&
[l
=
=
3
50
0
25 3 L0G CONC.(agml) 343

* the combinations selected.

Figure 34 The competitive reaction selected for bridge and hapten heterologous

study.
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Table 29 Heterologous studies for amphetainine and methamphetamine.
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Combinations Regression analysis
Type of Enzyme-labeled Antibodies Analyte Correlation | Slope
combinations coelMcient
(r)
Homologous 3-APM-HRP 3-APM-Ab Amphetamine 0.9635 33.97
Bridge 4-ABM-HRP 3-APM-HRP Amphetamine 0.9883 12,68
heterologous
Hapten 3-APA-HRP 3-APM-Ab Methamphetamine 0.9351 25.39
heterologous
Bridge and 4-ABM-HRP 3-APA-Ab Amphetamine 0.9472 37.93
hapten
heterologous
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150 —#— 1-APM-HRP & 3-APM-Ab
—M— 4-ABM-HEP & 3-APM-Ab
—&— 3-APA-HRP & 3-APM-Ab
—#— J-AEM-HRP & 3-APA-Ab
100
Z
&
50
|
[
|
0
1
i 25 . 3 LOG CONC.(ogml 35

Figure 35 Selected heterologous studics for amphetamine and methamphetamine
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6. Cross-reaction determination,

Following the competitive reaction.in Table 30, it was shown that the
homologous combination of 3-APM-HRP and 3-APM-Ab combination was usable for
both amphetamine and methamphetamine. The detection was 20 percent more active
for amphetamine than methamphetamine. Ephedrine, pseudoephedrine and
phenylpropanolamine could be cross-reacted only at the concentrations higher than

amphetamine 3.7, 7.0 and 7.0 times, respectively.

3-APA-HRP combined with 3-APM-Ab for methamphetamine determination but
the method was 6 times morc reactive than amphetamine.  Ephedrine would be
determined eventhough the cross-reaction was only 70 percent of methamphetamine.
Pseudoephedrine and phenylpropanolaming would not be cross-reacted since the cross-

reaction was only 5 and 10 percent, respectively.

4-ABM-HRP combined with 3—-APA-ADb in amphetamine detection, could also
be used for methamphetamine, ephedrine, pseudoephedrine and phenylpropranolamine.
Methamphetamine was equally to amphetamine (RR = 0.91) in competitive reaction
while ephedrine was 30 percent less active. Pseudoephedrine and

phenylpropanolamine were 2.5 times more active than amphetamine.

Therefore from all these three combinations selected in this study.  Only the
combinations of 3-APM-HRP and 3-APM-Ab that would be appropriate for both
amphetamine and methamphetamine detection and the combinations of 3-APA-HRP
and 3-APM-Ab that could possibly detected amphetamine, methamphetamine and

ephedrine.



Homologous combinations

Hapten heterologous

Bridge and hapten heterologous

combinations combinations
Analyte 3-APM-HRP & 3-APM-Ab / 3-APA-HRP & 3-APM-Ab ° 4-ABM-HRP & 3-APA-Ab

Concentration ¢ Relative Concentration Relative Concentration Relative

(ag/ml) feaclividd d (ng/ml) reactivity (ng/ml) reactivity
Amphetamine 1,000 1.0 150 6.67 1,000 1.0
Methamphetamine 1,200 0.83 1,000 1.0 1,100 0.91
Ephedrine 3,700 0.27 1,300 0.77 1,300 0.77
Pseudoephedrine 7,000 0.14 20,000 0.05 400 2.5
Phenylpropanolamine 7,000 0.14 10,000 0.10 400 2.5

: The assay drug was amphetamine.

: The assay drug was methamphetamine.

: The concentration of cross-reactants that binding equivalent to the assay drug 1,000 ng/ml.

- The ratio obtained by dividing the assay drug equivalent of 1,000 ng/ml by the ng/ml concentration of the cross-reactants.

$6



CHAPTER IV

CONCLUSION

Two derivatives of amphetamine, N<3-aminopropyl)amphetamine (3-APA), N-
(4-aminobutyl)amphetamine(4-ABA), and two derivatives of methamphetamine , N-
(3-aminopropyl)methamphetamine (3-APM) and N-{4-aminobutyl)methamphetamine
(4-ABM), were chemically synthesized in this study.

The peroxidase enzyme-labeled of all derivatives, 3-APA-HRP, 4-ABA-HRP,
3-APM-HRP and 4-ABM-HRP, were prepared in which the activity of the peroxidase
enzyme was still remained.  Four immunogens, 3-APA-BSA, 4-ABA-BSA, 3-APM-
BSA and 4-ABM-BSA, were also prepared for induced antibodies in rabbits. The

presence of antibody was indicated by the titer values of each antiserum.

Immuno-detection of amphetamine and methamphetamine was successfully
proposed in three different combination of HRP-labeled hapten and antibody using
heterologous principle.  They were the combination of 3-APM-HRP and 3-APM-Ab,
3-APA-HRP and 3-APM-Ab and 4-ABM-HRP and 3-APA-Ab.

The selective determination of amphetamine and methamphetamine could be
obtained from the combination of 3-APM-HRP and 3-APM-Ab. With this
combination, ephedrine, pseudoephedrine or phenylpropanolamine couldn’t interfere

since the relative reactivity were only 0.27, 0.14, and 0.14, respectively.

Amphetamine, methamphteamine and ephedrine were detected when the
combination of 3-APA-HRP and 3-APM-Ab was utilized. The relative reactivity of
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pseudoephedrine and phenylpropanclamine comparing to methamphetamine was only
0.05 and 0.10, respectively

The non-selective immuno-detection of amphetamine and methamphetamine was
resulted from the combinations of 4-ABM-HRP and 3-APA-Ab. All amine
compounds studied, ephedrine, pseudoephedrine and phehylpropanolamine could also

be detected.

From these varictics of enzyme-labeled and the use of polyclonal antibodies in
this study, the immuno-detection that selective to amphetamine and methamphetamine
was suitably created.  This implied the possibility of applying polyclonal antibody for

immunoasssay of these compounds.

Suggestion for further work

The result of this study have to be further developed as an instant test-kit before
used in drug-abuse test in Thailand.
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APPENDIX A
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Figure A1 The UV spectrum of aqueous solution of N-(3-aminopropyl)amphetamine at

the concentration of 0.65 mg/ml.
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Table A1 Assignment of IR spectrum of N<(3-aminopropyl)amphetamine.

106

Wavenumbers (cm‘l} Functional groups

3360 ,3284 N-H stretching

3100 - 3025 C-H stretching , aromatic
3000 - 2800 C-H stretching , aliphatic
1650 - 1580 N-H bending

1494 - 1300 C-H bending

1150 - 1000 C-N stretching

741, 699 Aromatic C-H out-of-plane bending

(monasubstituted benzene)




A s

Position | Chemical shift Multiplicity
1. 1.05-1.10 3H, doublet , J = 6 Hz.
2. 1.50-1.65 2H , quintet , J = 7 Hz.
3.4.,5 2.55-2.80 6H , multiplet
6. 2.85-2.95 1H , multiplet , J = 6 Hz.
7. 7.20-7.40 SH , multiplet. JJ‘N h
. L_
a0 13 1.0 A €0 5.8 o 0 o 35 1o

WYY

LBl4

Figure A3 The '"H-NMR spectrum of N-(3-aminopropyl)amphetamine in CDCI, .

LOT
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Figure A4 The EIMS spectrum of N-(3-aminopropyl)amphetamine.
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Figure A5 The UV spectrum of aqueous solution of N-(4-aminobutyl)amphetamine at

the concentration of 0.20 mg/ml.
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Table A2 Assignment of IR spectrum of N-(4-aminobutyl)amphetamine

Wavenumbers (cm™) Functional groups

3360, 3284 N-H stretching

3100 - 3026 C-H stretching , aromatic
3000 - 2850 C-H stretching , aliphatic
1650 - 1580 N-H bending

1494 - 1300 C-H bending

1150 - 1000 C-N stretching

744 , 701 Aromatic C-H out-of-plane bending

(monosubstituted benzene)
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1. 1.05-1.15 3H , doublet , J = 6 Hz.
2. 1.50-1.60 4H , multiplet.
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Figure A7 The '"H-NMR spectrum of N-(4-aminobutyl)amphetarnine in CDCI, .

112

Cll



113

g?aﬂaa El+ 70eV PLATFORM Il, PHARM. SCL., CHULA 03-Jun-1999
14:47:33
4ABA 92 (1.101) . Scan El+
100- 98 O/\l/cu, 5.50e4
N
] ﬁf \CH=CH1CH,CH1NH1
115
12
30 |
P4
% 91
¥
\
57
41 44 E5
55
99
e h sz| 15 |11
s1 (I 28 778488 !
3 r H \llr j 130430 148 165 174
D'\C:-r! | . t[l I|| I |||‘|3]!1[rr| it “ +Ms [ ! 1 15! i??
30 40 50 60 '

i L e L I I 1 1) ¥ ] F 1 ¥ L} ! L AR bk A | ¥ T M | L] ¥ L ekl ‘Rl kel il a‘r
70 80 80 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 200 380

Figure A8 The EIMS spectrum of N-(4-aminobutyl)amphetamine,

£l



(2 T o D — T - I — o T = T 7 B — e+ ]

114

APPENDIX B

0.4+
. M,
] /N
CH, CH;CH{.‘HZNH:
0.2
0.9 IlllllitilllllllllIIIIII'I1II1I||'IIIII1'I'['i'II|1|.|||.i|||.||.u|,|‘1:|,H|||1,|I||||lqi||||.||'|T'i'|T'|‘

200 220 240 260 280 300 320 340 360

Nanometers

Figure B1 The UV spectrum of aqueous solution of N-(3-aminopropy!)

methamphetamine at the concentration of 0.20 mg/ml.
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Table B1 Assignment of IR spectrum of N-(3-aminopropyl)methamphetamine.
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Wavenumbers (cm )

Functional groups

3359, 3284
3100 - 3025
3000 - 2800
1650 - 1580
1494 - 1300
1150 - 1000
739,700

N-H stretching
C-H stretching , aromatic
C-H stretching , aliphatic
N-H bending
C-H bending
C-N stretching
Aromatic C-H out-of-plane bending

(monosubstituted benzene)
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Figure B3 The '"H-NMR spectrum of N-(3-aminopropyl)methamphetamine in CDCI, .
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Figure B4 The EIMS spectrum of N-(3-aminopropyl)methamphetamine.
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Figure BS The UV spectrum of aqueous solution of N-(4-aminobutyl)

methamphetamine at the concentration of 0.40 mg/ml.
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Figure B6 The IR spectrum of N-(4-aminobutyl)methamphetamine (Neat).
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Table B2 Assignment of IR spectrum of N-(4-aminobutyl)methamphetamine.
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Wavenumbers {cm'l}

3367, 3292
3100 - 3025
3000 - 2800
1650 - 1580
1494 - 1300
1150 - 1000
753,700

Functional groups

N-H stretching
C-H stretching , aromatic
C-H stretching , aliphatic
N-H bending
C-H bending
C-N stretching
Aromatic C-H out-of-plane bending

{monosubstituted benzene)
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Figure B7 The 'H-NMR spectrum of N-(4-aminobutyl)methamphetamine in CDCl,.
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Figure B8 The EIMS spectrum of N-(4-aminobutyl)methamphetamine.
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