CHAPTER II

METERIALS AND METHODS

¥Bis (ethylamine) were obtained
from Aldrich ChemiCal’/Co\ (Milwailkee;, WIS, USA).  Ethyl <4-
bromobutylate , TonK :
Sodium  borohvd#ids . vl 3-(3- dimethylaminopropyl)
carbodiimide hydrgchloric _ peroxidase (type VI) ,
] : | ' obenzenesulfonic  acid ,
bovine serum albummix _ ot cophylline antiserum  were
reccived  from i [ “Gompany (Montana , USA). O-
phenylenediami = _—'_‘* oratories , INC (San
Fransico , USA). djt and Incomplete
Freund’s adjuvant syere obtained, from Difco (Detroit Mich.,

USJ-EL) SOC%I&JMV' ﬂﬂ]ﬁ ma!nisodium chloride ,
= Ly T

obtained from Keck’s ( San TFransico, USA) Tween 20 was
from Merck - Schuchardt (USA).

N- hydroxysuccinimide ,

sodium metaperiodae




All reagents were of analytical grade and used as
received. They were all ordered [fom E. Merck, Damstadl,
Germany. They were dimethylformamide, ethanol, ethylacetate ,
chloroform , methanol , h}fdroch.luric acid , glacial acetic acid ,

sulfuric acid, hydrogen ’ t glycerol was ordered from
Farmitalia carlo erba.

Instrumentation /

e

Magnetic
limited ) Japan ; Infr 7 (rOf
FT-IR) ; Ultraviolel _Spectrophotd
Milton Roy Co.vr 3. Buch Capillary
(Nach Dr. Tonoli;"" dand ;| Analytical ~Balance
(Satorious type, torious - Werke GMBH) Germany

: pH- Memmw %%W@f% [Gerniaby); Vortex Mixer

(Voncx Gene: Scicnuﬁc Iﬂdustnes .:inci New Eork USA ;

Micropipet (Socorex ) USA ; Dura-Dry Freezed Dryer and Just
-A-Tilt Shell Freezer ; Microplate reader ( ELISA plate reader) ;
Dialysis tubing ( Spectra / Por® ).



METHOD

In order to succeed the main objective of this study ,
Three important works were gol through. They were

. To synthesize HRP labéit 'hyliine-

. To pre d - dntiserum to theophylline.
s N
\ \)
3 Tude mMi iding properties of synthetic
HRP labeled theopt ificf ‘\\

i :‘!'.{

] i
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1. Synthesis of HRP Labeled Theophylline.

1.1 To prepare HRP ready for conjugation.

HRP could be conjugated to hapten through its 2-4
amino groups per molecule (" Kurstak , 1984, Tijssen
, 1985). To ensure in coupling to
hapten, the amina s Ithen prépa via the modified
procedure of Wil | ( Wilson, and Nakane ,1978).

Procedure
Slowly prepared 0.1 M
sodium melaperiodate suluh img of HRP in 5.0 ml of
0.01 M sodium acetate pH Xture to react in
the dark for 30 mibute ie” Then 0.4 ml of

1.0 M glycerol E]faor 30 minutes.

o « }"Tml ?"MJ iﬂ"mﬂ 112 Sy
T S 11D 4| VYT Y i

9.549, allowed to react for hrs, at 4°c. A 0.5ml of
ﬁ*eshy prepared 1.0 M sodium borohydride was added , allowed
to react for 2 hrs , at 4°c. Separate the aminated HRP
from free amine by dialyzed overnight at 4°c  against
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0.1 M sodium carbonate, pH 9.5, at 4°c. The product was
lyophilized and the number of amino groups alltached 1o HRP
was determined using ultraviolet spectrophotometer.
Trinitrobenzenesulfonic acid (TNBS) was used as coloring agent
and observing the absorption g nm ( Satake and Okuyama

,1960 ; Habee, 1966 ) s followdis

Aminated
mixture of 1.0 ml of
memol/ml  trinitrobenzgrie \ The solution was
mixed and allowec t4°c After 2 hrs
the resulting orange - ., added to 0.5 ml Dfl
N hydrochloric acid and s measured at 354
nm Vs, distilled waler _ 4. bl The numbcr of amino
groups can be ca molar extinction coefficient

\
WES added to the
// '. \\\\?\.\ ate and 1.0 ml of 3

3 \ 7
of amino groups "j’ll :

ﬂUH"J‘i’IHﬂﬁWMﬂ?
QW’]ﬂ\ﬂﬂiﬂJ AN Y
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1.2 To prepare theophvlline readv for conjugation

Svnthesis of theophvlline derivatives

tne with enzyme HRP, both

. di ', : exert the appropriate
@ was aminated to

3 | ‘directed. conjugation.  For
/ 1 ogue was synthesized
pgate to HRP. In this
orm. of butyric acid was

synthesized according Mo’ \ method of Hu and

_;3-" r :

Procediir? £
T oy

7- (3-carboxypropyl)- 1.3- dimethylxanthine

AULINYNINEING

A ixture of 1,3 wdimethylxanthine ( theophylline) (1.802
gm, 1&%@@%@%&%’&@3&31&&w and
ethyl 4— bromobutyrate (3.901 gm , 20 mmole) was stired in
dimethylformamide ( 20 ml ) atroom temperature. After 18 hrs,
water was added and the product was extracted with
chloroform. The combined chloroform solution was washed with
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water and evaporated by rotary evaporator to yield a vellow is
oily lquid. The oily liquid suspended in 10 % hydrochloric
acid was heated at 80-90°c for 45 minutes and extracted
two times with chloroform. The product was then formed in
the aqueous layer which

7 recrystallized in water. The
vield of product was (.75 \W%%) , mp. 176 -177°¢
4

IR (Figure S) w2571 - 3512 emi. (O-H stretching )

( Kbr disk ) (C=0, acid)
O-H bending )
\ C-N stretching )
"H-NMR (Figure©)/ 1:99°2005 ppm. (m, 2H)
(DMSO-d¢)  “238-23Fppm. (1,2H)

L2H)

A 18} ‘Vfﬁf?ﬁ Wﬂ“?ﬂ‘i
L ‘1‘& QT e ot vas

selected to prepare HRP labeled theophylline. Active site of
this method was N-hydroxysuccinimide ester. Therefore , N-
hydroxysuccinimide ester of 7-(3-carboxypropyl)-1.3- dimethylxanthine
was synthesized by a modification of peptide synthesis of L.
Wackerle, 1979.
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NHS ester of 7+3-carboxypropyl)-1,3-dimehylxanthine

The 7-(3-carboxypropyl)-1,3-dimethylxanthine (0.4256 gm , 1.6
mmole) in dimethylformamide 15 ml was reacted to 1- ethyl -3- (3-
dimethylaminopropyl ) carbodiimide hydrochloride ( 0.4608 gm , 2.4
mmole) and N - hydroxy Suc cir ( 0.2760 gm , 2.4 mmole) at

mat 4°c for 40 hrs., the

1shed wii ethanol and dried in
N
\‘\\\\\'An , mp. 215 - 216°c.

vacuo. The o \
The structure of ”; \\

and NMR technigdes!
determined before

detennmed using IR
n spectrum was also

' (C-H slrelching )
7,' =0}
C-O.ester)

IH'NMﬂW’ﬂ U4 Beakis ek

( CDCI 31 2,60-2.63 ppm. (t, ZH]
ama\‘m'ﬁmmm@wma
341 ppm. (s,3H)
3.60 ppm. (s,3H)
440-443 ppm. (t,2H)
7.68 ppm. (s, 1H)

IR (Figure 8)
(Kbrdisk ) A«
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1.3 Conjugation of theophylline to HRP

The synthesized NHS ester of 7-(3-carboxypropyl)-1,3-
dimethylxanthine and the aminated HRP were conjugated

sdﬁ-of NHS ester of 7-(3-
thylformanude in 100
urred. solution of aminated

the last addition

carboxypropyl)-1,3- ¢ _
mel aliquouts, to 50me/3tl of h
HRP in of soding
. the mixture waf /fer i °c for 16 hrs. Then
dialyzed overnight aga sphate buffer saline, pH 7.0.
The residue was fir I‘_ EII!E : ~Qried! and the mole ratio of
theophylline wnjugalc r ;_3 _ |
ultraviolet -vﬂa;f‘ o of theophylline
. Iﬂ om the measuring
absorbance at 40. and 269 nm for HRP and theophylline ,

mﬂ“ﬂ‘”ﬂﬂﬂ?ﬂﬂﬂﬁﬂﬁmﬂi
QW']ﬂ\ﬂﬂ‘iﬂJ UAIINYAY

45 then delermined wvia
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2. Preparation of Antibody for Theophylline

2.1 Preparation of immunogen

protein carrier. In S €y vo theophylline derivatives were
: A7 in ?‘\ o immunogens with
the chain length of defiditive. p \_ phylline differentiated by

\

one carbon atom bl d.

Structure o 1)-1 3-dzmeth}'lxanthme
F| UEJ'J ‘VlEW] NEIN3
Am a&nﬁtﬁﬁ“’l TRy

S,

Structure of 7-(3-carboxybutyl)-1,3-dimethylxanthine
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Procedure for i en A tion

7- (3-carboxypropyl) -1,3- dimethylxanthine 40.0 mg
and 1- Ethyl- 3 (3- dimethylaminnpmpyl} carbodiimide hydrochloride
40.0 mg were mixed m 1 idine : water (I1:1 by volume)
and then added --u ’ 30 mg/ml of bovine
serum albumin  agueous. l on being stirred at 4°c¢

hee Tarkrire dialyzed successively at 4°c

for 45 minutas,
for 3 day agains . water,  The fesidue was lyophilized
and kept for furthé: * 7 \

U L3-dimethylxanthine was synthesized
and identified udder the same procedus s 55 7-(3-carboxypropyl)-
1,3- dimeyhixan meagent was ethyl -5-
bromovalerate. 'I'he aneld of prodyct was 0.7206 gm (40%), mp.

108.- 110° ﬂuﬂfmwswmm
%WF’&@ﬁﬂ‘iﬁU LK) J0EH Lng

{KBr disk) 2850 -3030 cm™ (C-H stretching )
1656,1712cm™ (C=0, acid )
1395-1440 cm™ (O-H bending )
1210-1320 em™  ( C - N stretching )
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"H-NMR ( Figure 15) 1.38-1.44 ppm( m,2H)
(DMSO-dg, 1.74 - 1.80 ppm (m,2H)
220-233 ppm (t,2H)
321 ppm (s,3H)

,’ Oppm (s,3H)
“ .24ppm{t 2H)

sﬁ-(s 1H)

(broad , 1H)
\

I
Wz
) \’ g.,_l— .l\

)-1.3- dimethylxanthine

*ﬁ\\ bodiimide hydrochloride

(0.4608 gm , 2.4 mmole roxysuccinimide (0.2760 gm ,
2.4 mmole ) were ed 10 e solilion of ?-(3—carbuxybulyl)-l,3-
dimethylxanthinel wm;;;;;zq dimethylformamide
(15 ml), the mivgeu «f; to the same
procedure  as that‘. used to thems NHS ester of 7-(3-

s | u%m‘ﬁ e lvigd| as 02240 gm

(38%), mp. Y64-165°c
awwmmmum'gwmaa
(Figure 17) 2900 -3100 e¢m™ (C-H stretching)
( Kbr disk ) 1700 - 1800 cm™ (C=0 , ester)
1079, 1219 ecm(C-0O stretching )

1- Ethyl-3 (3-digfe
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' H-NMR ( Figure 18) 1.75-1.81 ppm( m,2H)
(DMSO-dg) 2.00-2.06 ppm (m,2H)
2.66 -2.69 ppm ( t,2H)
283 ppm (s,4H)
4] ppm (s,3H)

ng’ (s,3H)
‘ 'ﬁppm (t,2H)

5. 1HS)

7-(3-carboxyb conjugate
The " NHSY csiefe 7(3-carboxybutyl)-1,3-
dimethylxanthine 0.0226 g o was dissolved in 1.0 ml DMF. This

solution was addéd Iy firred solution of the BSA
17.5 mgml of _ 1995, The mixture
was gently sti Hil 4°¢c for 16 hrs thei, dialyzed overnight

v MBI T -

then lyophilyzed.

amaﬁmm AN Y

The number of theophylline molecule linked to BSA for
both immunogens were determined via ultraviolet
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spectrophotometric method. The absorbance of the theophylline
molecules in the (heophylline conjugate BSA was calculated by
substracting the absorbance of BSA molecules in the theophylline
conjugate BSA from the absorbance of theophylline conjugate
BSA at a maximum bserbance  of this conjugate and
calculated via the spe “‘e ducts of theophylline.

] | U
AULINENINYINg
ARIANTAUNNIING 1A Y
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2.2 Induction of Anti- theophylline serum in Rabbits

Procedure

in ‘l'able 1 was dissolved \ in\ | stéil normal saline solution and
emulsified  with an-equal Ly

adjuvants except , 'ch carried out with
complete Freund'S adjuv: 3. \\\: is a pale

incomplete  Freund’s

yellow clear soluibn/ fcomposéd | of “mineral oil and A
butyricum. ‘This “Sol ca
if M. butyricum

incomplete Freund’s

Freund’s adjuvants ,
the mixture it is called

-3.0 kg were rabbit was immunized

subcutaneously '- lﬂml of lmmunogen cmulsion at the dose

o 03 gl 817 100 e e A i .

respectively. bogster dose _ was mjectg after one or

=i U ) 58| 540) ) HIRE poles were

ected' from the marginal ear vein of rabbit every week and
Just beforc the next inmjection. The blood collected in  sterile

glass tube was left clotting and the clear serum was separated
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after centrifugation at 3,000 rpm for 15 minutes and kept
frozcen at -20°¢ for subsequent lesting of antibody activily.
The blood sample collection was discontinued whenever the
antibody specific to theophylline could not be detected in the
serum. This took up to 3 1 The anti - theophylline serum
to immunogen A (antibo @ immunogen B (antibody B)
i 1o ftibody titer , capability of
theophylline  and

antibody in i » /| ' ._.;t,\-

is marketed by
_. S was induced from
theophylline -8- KLH. /JIn this e antiserum of Sigma
= ' for ils titer, capability

" P 7 i
b -

=\ |

e laboratory.

of antibody _-,-M labeled theophylline and

"
ﬂuﬁlﬂﬂﬂﬂﬁwmﬂ‘i
ammn‘sm AN Y
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Table 1 Immunization Schedule

DAY

14

28

63

98

et P Y] & hhdunes
% adjuvantin the first dose and incomplete Freund’ s adjuvant in
in the following doses.
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2.3 Studv the properties of rabbit anti - theophvlline serum

Rabbit anti - theophylline serum was characterized for
antibody titer, the capability of antibody in binding to HRP
labeled theophylline and the

of - expressed as the
dilution of antibog IRP labeled theophylline

50% . In this 4 1% wy fifer  was determined via
microplate method , #s fdéséfibed bBelow
.ﬁ*ﬂf 2
a:a
Prucaduru ‘..w.#u ;
——————}
A ninetysp

! meoated with each of
antibody specific to :mmunogcné B and C in six different

dilutions nﬁ%ﬂ(ﬂ ”ﬂﬁlwqﬂ@ mcl per well |,

3 wells for Yeach antibodys dilution. .The microplate was kept

rfrgenitdd] 4544 T owlgh| 4d | daibed) bk Eimes i

phcsphate buffer saline containing 0.05% tween 20 ( PBS-T).
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One hundred microliters of 3% w/v bovine serum albumin in
PBS-T pH74 was added in each well. The plale was
incubated at 37°c for 1 hr and washed three times with
PBS-T. Then 100 mcl of 1,000 - fold dilution of HRP labeled
theophylline was added well. The mixture was
incubated at 37°c¢ for unbound HRP labeled
theophylline was shed  three: ﬁﬁue hundred microliters
of (1.08 mg/ml) | |

ylededie mine - hydrogenperoxide
substrate  solution hiawell of the plate.
Within 15 min he\ Yoribge color of HRP -
substrate complex wis 0om temperature. A 50 mcl
of 4N sulfuric acidf Pabdca ‘ erminate the enzyme
reaction.  The absorbance ol ‘ olution was determined at
the  wavelength of 4512?"@’ (emicroplate  reader.  The
percentage of HRE labeled Aline _bound to antibody was

3
calculated  from - cﬁﬂﬁ'om the following
relationship ;

ﬂﬂﬂ?ﬂﬂﬂ’ﬁwmﬂ‘i

% Binding /= absorbance at different. dilution of antibody *100

q WIRNATRUNRTIR DR

Plot antibody dilution against % binding, this antibody dilution
curve was used to determine the titer value of antibody.
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2.3.2 Capability o i in_binding to HRP labeled

Since three different antibodies were used in this

study which based on three, different immunogens, the capability
 binding/ HRP in HRP labeled

theophylline would be wasied.. this study was set up

same HRP labeled
dilution of HRP I=

- - A and B at the
diluion1:1,0001 afd_10¢ £ anfibody C at the dilution
1: 100 were coated to each | ! cmplales 4 wells
for each anubod dnluuan, usmg the samé procedure as those

o 12| B I pOA T i

of 1:1,000 dilution of HRP _labeled tilésophyllme was added to

cach S | S A At o

the microplates at 37°c for 2 hrs, the unbound HRP labeled
theophylline was washed three times with PBS-T. The absorbance
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related to amount of HRP labeled theophylline bound to each
anibody was measured al wavelength  of 492 nm and then
the capacity of binding of each antibody was compared. The higher
the absorbance observed, the higher the capability of that
antibody binding to HRP lal theophylline.

L.

of antibody , the
vhether any compound
with HRP labeled
theophylline. Theoretiéallys ‘compeiinds | with identical structure or
functional group as ould compete with the
labeled haplen for binding fo amibody. Callvine was used as

cross - reacting | eompound because of the

sty in VAT

cH, U éﬁ e %Jw*g'] 9 ct

P AT NN

Theophylline Caffeine
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In the addition, refreshments, other drug compounds , sweets
, usually conlain calleine. Therefore, in this sludy included the
investigation of cross-reacting of caffeine to antibody A and B.

Procedure
M@Uﬂ/ 1,000- fold dilution were

coated in each w e;plds microplates was kept
and prepared un i aTne | procec ' as that described for
antibody titer detgsff ex ai 100 mecl of standard
caffeine in the copfoplid Of 0, 0.5,1.0,20 g1 as

well as 100 mcl ophylline in the dilution
5,000 were sim the well duplicatedly
In addition , ' ncentration range of 0, 5.0,

A sas 100 mel of HRP labeled
theuphyl]ine in the jon_1°5,000 Sl imultaneously added
to the well duplicatedly. Afier " the method would
follow the same procedure as mennnned in titer determination.

the amounh 40534 4 HEANISE) e 1o compo

with HRP ldbeled theophylline 50% for the same,  binding sites

of MW’R 2hd] B] “are] detepthined] Yo' | perhiage of cross

rencﬁvi was calculated from the following equation :

% cross reactivity = mg o ine/l at 50% competition *100
mg of caffeine/l. at 50 % competition
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3. Determination of HRP labeled Theophylline Properties in
Enzyme Immunoassay ol Theophylline

Theoretically , any hapten labeled compound appropriate
to be used in enzyme i assay method have to exert the
property of label comp as the property of hapten
to compete with sam *'-t' thé antibody. HRP activity
in HRP labeled theSphvile “been proven after the
-‘4’/ 4 urc the property of

\ heophylline in sample

compound was Sy
HRP labeled theoph#llii
for the binding site :'-? ody. eculc was studied to

=W beablctoused for

ensure that this
developing the method enzyme immunoassay

in Lthe [ulure.

3.1 De of antibody for

ﬂua’mﬂmwmm
sgﬁmmmm URINYA Y

Antibody A and B in their different dilutions
1: 1,000, 1:10,000 and 1:100,000, were individually coated to
each well of the microplate , 3 wells for each antibody dilution
and washed after incubation, according to the same procedure
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as those described for titer determination. The competition was
study belween slandard theophylline in the concenlration range
0-40 mg/l and HRP labeled theophylline in the dilution 1:
5,000 by subsequently addition. One hundred microliters of
standard theophylline and HRP, labeled theophylline were added
to each coated well. .The
under 37°c for 2 0

labeled theophylline

was washed ' th ", substrate solution of
the o - phenylen croxide. in the wvolume 100
mcl were added, \\\I' P - substrate complex
was proceeded as \:. absorbance of this
complex of 492 nm with

‘absorbance were plotted
againsl  (heophylline AR o diferent  dilution  of
antibody. The logit= lo

microplate  reader.

by plotting the
log theophylline* concentr: : \‘. and the log Y

on the y - axis. The log ¥ was calculated  from following

i ’“ﬁ“ﬁﬂl ﬂ’ﬂﬁm WEPINQ
‘Q‘W'lﬂ\‘iﬂ‘im UAIAINYA Y
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This ‘=': e [ HUVC I \-{G 1LSC onstructeg iﬂ nrder

to determine »dy dilution used for
competitive  rea lation coefficient ( r )

o fnalysis’ antibody dilution  were
compared in which fthe highest!) corralation coefficient indicate

ﬂUEJ’JVIEJVIﬁWEJ’]ﬂi
ammmmumwmaa
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3.2 Determine the appropriate dilutions of HRP labeled
theophylline for compelilive reaclion

immunoassay , the ;
HRP labeled theop - cy &fm competitive reaction.

From 3.1 r-« opriate - dilttion of antibody were
determined by -m./ ‘ \ \ labeled theophylline
at the dilution 1 :5.000 /% _-'f:-, efore, “this study was set up
to confirm tha i and HRP labeled
theophylline were MOSL:. (3 priate  dilution for competitive

reaction.

aaaaa
i

) e o e s

in eac‘b well of the plate L 3 wells for
o SRS O VAR TR L en
aforeméntioned for titer determination. The competition  was
studied between  standard theophylline in the concentration
range 0-40 mgl and HRP labeled theophylline in the different
dilutions 1:1,000, 1:5,000 and 1:10,000 by subsequently
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addition. One hundred microliters of standard theophylline and
HRP labeled theophylline were added 1o each coated well.
The competitive reaction was proceeded under 37°c for 2
hrs.  After this step , the method of determination would
follow that mentioned i . except that the measured
absorbance were ~plott |

< ainsi ophylline concentrations at
the different dilution§ of HRE I__theophylline.

] ]
AU INENTNEINS
ARIANTAUNIINGIAE
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3.3 Study the competition between HRP labeled theophvlline and

theophylline in the sample

This part of study was set up to confirm that the
most appropriate dilutions of jantibody A and B and dilution of

HRP labeled theophylline ob 3.1 and 32 were used
to study the compétition’ ] labeled theophylline
and theophylline 1 ! '.'construct the possible

standard curve.

appropriate dilution of jeterminglioh) but use the most
appropriate dilutién of antil RP" labeled theophylline
obtained from 3. and 32, rsspectively.' he competition was

T “ﬁ”ﬂ ¢ | i |5 oo commraion

range 0-40 mgl and HRP labeled theophg}lm in the
soprolef] Fged f#‘)‘iﬂm&ﬁﬂ el Badbdon.  Afer
stap , the method of determination would follow  that
mention in 3.1 except that the measured absorbance  was
calculated to the percentage binding by following equation :
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%Binding = B/B, *100

B = absorbance of different conc of theophylline
B, = absorbance of theophylline conc 0 mg/l

wis constructed by plotting
gophylline  concentrations.

e

fom linear regression
.

analysis and the v ) ,.‘.\~-»\ curve were
mmpﬂl'ﬂd ord 10, nii ."’l‘.‘,‘:' e\ P ’ " of uﬁiﬂg HRP
labeled theophylline gn Aheophi immunoassay
Y oo )
] J

AULINENINYINS
AT AMINYAE
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