a nNn O
T =

RNV LD L PETEL

o a ay o v a 3
Iﬂi\‘lﬂ’li AINANIID Competitive ELISA d1%3U639LATIER

g5 Y- la-IuIin

lag a3, YNA1 ANTIIINGS Uazame

WHBAIAN 2550



f Azl MRG4880040

Aa o L% '3
INEITWID H%ﬂﬂﬁ“yj‘im

Ta39n13 NSNS Competitive ELISA §145UAII193LAT1EW

g1 1 SHLa Y- 18-

(398 0@
[ [ 6 a % 1
1. 3. YNAT ANTIITINUD NRIINLIA LTI Ina
2. A3. BUBY ALLIN I NRINLIa LTI Ina

U mgﬂ@ Uﬁwﬁfmmﬂmmimmsmsq@uﬁmgn LRI amuaﬁfy mgumﬁfﬁ'ﬂ

%

(anuulunonuibiiuresfids sna.usz an. ldndudesfudaua’ly)



naanssNlszne

;ﬁ%’wamaumzqm Qﬁwma@mmsﬁ Q7. TUTY QLLIAIWW ﬁlﬁmwngmnﬂuﬁ
Pnw39s  uazliduuziingSnewn  Idaiauwsuusdraquaziiaila  Tansdeailainiasile
6 = di % a v o a v
auUnvol uazgnIaRiNalwawiIsadiullldaianann
1870UNH WILFIRT AN WAZWNRNIENIAT wzdaan NTrowmRedinnsana gl
mu’i%’mén%aﬁma
VUL ATKIANTE LIIRINN VaINIAIT AN ATRANEIEENS IrAnauTaslna N
Yo ) 2 £Z di A 1 & o 5 ) a v A;,
I unssihdTnen lusmatasiads g uaziiumaslalumsvanuises
[ 1 6 6 o d' J dq‘ 2 s A o et U
VOVOUAM AMDINT 1BITNA BIANILNFTNTIN AvaagdnlTaiarladdwiuls

Tuauwisaatad

v
A e o

q@“fﬁ U%f{d'ﬁlﬂﬂl 8% ?JUW?Z@]}ILE(’]‘II?N']MQmzniiﬂﬂﬁiﬂﬂiq@&laﬂ‘]ﬂﬂ mez%ﬂﬁfmmﬂamu

Gst m‘gumﬁf?}' e ﬁlﬁnuaﬁu mgmmfiﬁ' s

yna7 ANTNTINUT



s a iy o o a 6 v a
N1IN@WIIS Competitive ELISAR1AIUAIIIATERENa 1 TFL%-1a-31w3511 0
UNAALD

Tusuusnuasnuised lanamunuasadiansdendiwhizerlaisdaiuinin
(NVP) Iiunadnsa TasisuannmIinauanddsusda NVP NNMIAANTEFUNITIBFILABU
\n@  NVP-BSA ‘Y‘hmiﬂizLﬁuqmmwmaﬂwﬁiﬂaﬁaLLauauaﬁﬁm%ﬂuvl@TﬁasJ Western
immunoblotting L8 competitive indirect ELISA MW anti-NVP wandivedfidwnsinls
U3gniunAauginany colloidal gold FsasrameulFAzndumaiiadanilaaamalnsalad
LLaﬂ%mwmmﬁaaqamwSLﬁﬂmammuaaamusl,umsmaﬁmawm@LLazgﬂiﬁwaaﬂaugmm‘ﬁ'
e e gold conjugates awWAaUHUATIVBNYIUlATININNIRANSRTLWITIRY  3nwa

= dq, v 1 1 ¥ e ¥ v c; A
ﬂ']i?lﬂ‘]:?”ll,‘l_la\‘iGI%W‘]J’]’ILLN%@]?’J%]K’]N'WE]I“H@]TJ%%']El'] NVP Vl,eﬂmmumwmmumq@ﬂa 1.0

ng/mi lu PBS tines lasfiendwhissfiadulidifadjisordiungusuniuniseruna

1 A Aa o s 6 Aa 6 A [ a a A
lugunisasasnwisn  lddanzdwefwaiaanuuuluanaiialilduaufvadifios
di v . . . o el a a v
W ltwaun enzyme-linked molecularly imprinted sorbent assay R1WIULWITIN® luaauusn’ld
TEaladuw luaduasduiuusnTuaLaIcAnafwasaanuuy 11 Tia Tiuanasnunadaunas
DaEIUVININTURANEUBLNES RITATOFAIA  GITNRZANY  UAATAIWERLWE ST 1N
MIANBIMITUAURIIGULULNLIT MIP11 %938 poly(MAA-co-TRIM) Tstazew ldandfisene
aalsoTuluuanaznanluaIinazaoNgy  THF/methanol/H,0  &ansadunuiiladu lud

a a o A o A s A @ a o a o A
wazdInfiuldangalasamzludmnaeidui  Welfanzwefwelirfuuunidsanuily
g 6 Aa 6 a a A a {d‘ 9/41’ o [ a a v
MIFIATTANDRNBTRONUULIUINAURTE P(NVP) waRiuash lakanunsadunuiwiniulad
wazlanudumizgs nuuldieion  HRP-labelled NVP  Gsviminmaseuqmansmzdiy
competitive ELISA assay lagl3 rabbit anti-NVP antibodies findaldanaauusn Tusugariele

Iewadinas MIP11 uae P(NVP) unuuaudsuad lnswau) competitive binding assay 143U
a7 INAR B9 lananwanaspundmIuwanRundanududn 10-100 tg/ml uaz 10-500

Lg/mi ald MIP11uag P(NVP) aaisay



Development of Compettitive ELISA Methods for Determination

of Nevirapine, an Anti-HIV Drug

Abstract

In the first part of this research, an immunochromatograhic (IC) strip test to detect
nevirapine (NVP) in human plasma has been successfully developed. Antiserum to NVP was
first raised in rabbits by immunization against NVP chemically conjugated with bovine serum
albumin, and subsequently validated by Western immunoblotting and competitive indirect
ELISA. The partially purified anti-NVP antibodies were conjugated with colloidal gold particles.
UV-visible spectroscopic technique was used to monitor the conjugation reaction, while
transmission electron microscopy images were used to characterize the particle size and shape
of the conjugates. The resulting colloidal gold conjugates were used for the production of an

IC strip test for nevirapine. Preliminary results show that it was possible to detect the presence

of NVP at a concentration as low as 1.0 lg/ml in PBS, and no cross-reactivity from other
commonly administered HIV drugs or components in the human plasma was observed.

In the second part of this research, molecularly imprinted polymers were synthesized to
obtain an artificial antibody to be use in developing an enzyme-linked molecularly imprinted
sorbent assay for NVP. Initially, nicotinamide was used as a pseudo-template instead of
nevirapine to synthesize 11 imprinted polymers by varying types and ratios of functional
monomer, crosslinker, porogen, and polymerization methods. Equilibrium rebinding studies
revealed that MIP11, poly(MAA-co-TRIM), prepared by precipitation polymerization in solvent
mixture THF/methanol/H,O exhibited high binding affinity toward nicotinamide especially in
aqueous media. And when the same polymerization condition was used in the synthesis of
nevirapine-imprinted polymer, P(NVP), the resulting polymer exhibits high binding ability and
selectivity toward NVP. HRP-labelled NVP was then prepared and characterized by
competitive ELISA assay using rabbit anti-NVP antibodies produced from previous section.
Finally, the polymers MIP11 and P(NVP) were used in place of antibodies to develop a

competitive binding assay for NVP detection. The calibration curves were obtained

corresponding to NVP concentrations ranging from 10-100 Llg/ml and 10-500 [Lg/ml from using
MIP11 and P(NVP), respectively.
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unsiadlunununlul jizenszudtsuanfinunuuanived

1.3 dszinnvasduyluuasas
1.3.1  Radioimmunoassay (RIA)
Huitnlgansssflumianaialjisoneninanfawnuuendved 35 RIA  wdelain

AALUTLLAN LT

® (Classical RIA
[ aada o a Aa o o A ' 3 14 [ a
NANNIIVBIIDTUAND I%LLau@lLﬁ]uﬂ@l(ﬂﬂﬂ"lﬂ(ﬂ’lElﬁ’ﬁidﬁ Lo H, C ﬂ‘]JLLE]u@]Lﬁ]uluﬁ”li

oty lwnsugsaunuuanduaaniauasllnlSunmninag  dduandianluansalrationin

]
(3 [

LAUALAWNAAGILFITTIFNILAUNULAUALOA WY  LUaLSNEILARALAGNIUNLLAUALIUNIIA

YS9 F ﬁﬁ]xmmiwﬁuau&wuﬁa@ﬁaﬂmi%'a%fa%iwhvlj Fariavined1nIa le Winsununsan
1 ~ a IA £ Wdé a Qs Qs U v

mmgmsxmwLﬂaimuﬁmaouau@Lwﬁ@@mUmssaamgml,au@uaaw N AN NTUVD

LaALIUNIAIFIN TazFIsamUSuamendlaundluaiodngle

® Solid phase RIA
A A Ade o a ad i A
W DINNTHENLALAWAVBANIUNULOWALIBDANANITYDY Classical RIA WA
| 2 val o o a a A - | . \ A o
B98N aa"l,@umswwmmLmLLau@ua@VLﬂmaauvbﬂma@ﬂmm: (solid phase) LT% LARAUNU
TNRRAANRNFAN  WIaAaNURIINITUaIuT It dextran  WAHIAILERANNNTUEINWILVA

wauALI RN lna1IAaL 1Az AU Lﬁmﬁammﬂagmﬁawﬁu
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® |mmunoradiometric assay
SEfezieuanduedinfeamnarnanssid wazluaudiaudanuingdainzunyu las
NawLLauaLwﬁa@agjiﬁ'u‘i’a@;ﬁ@Lm:;ﬁ'uLLauatauluél'aaaiﬁaﬁau L§ s RunenfuaananasIne
lu) 91ntiunsnten solid phase sanudiaLSINMSTE dneudanludlogradiiey duUsunmssd

d’v vV
A lenazunn

1.3.2 Immunofluorescence (FI)
AT RARRINULAUAL DA RIDLAUALIUAILRITIAILRS  fluorescent LT fluorescein
isothiocyanate (FITC) %30 tetramethyl rhodamine M TIAUT U HULEINA 8B NUIRAIIN
AadAdA

UPisensenitsuandnunukanduadnasnnulinnmesznindasmasiant  AsRduIsng

ad hluwnAe e R

1.3.3 Lau”Lsm;T‘éuquuamﬁ (Enzyme Immunoassays, EIAs)7’8

ElAs Lﬂu'i%m’;ﬁﬁ'@mdgﬁ@jwﬁu%mﬁlﬁau"lmﬁﬂué’ammmmwaﬁtﬁamnﬂﬁﬁ%m
JePINLeUALANLWEnALL LasaziinianlodunfnaanAULauALAUAIBLEUALaALAZATIIA
msﬁwmmaaLau"lfﬁuﬁl,uﬁy'uq@ﬁm sansoutanafiediiiugasdsda Homogeneous EIAs W@y
Heterogeneous ElAs

Homogeneous EIAs

S3iidFa3unanagnen Enzyme Multiplied Immunoassay technique (EMIT) Gaazld
LauALA% (21) ‘ﬁ'ammﬂﬁ‘uLauvlsﬁﬂmwmmmslﬂﬁe]ﬁu active site  NULARALAANS LW IZADEN
VINFNTINAURIRINTINGaIMIsamzeuen  nluisssamauazsnfiaaaaneraanlades
wistuAnsuiuLanaued 1 lifonluiesintie wenduafaziuiumiaaaandisanladuas
fussmsvinuvasiawlsd vnlwliaunsaasremsvnanuaasewlofls wdddonluidiana
AT UENT U ULaRA VA Ao N ﬁﬂﬁmﬁam‘ﬁ'ammﬂﬁ‘uLau"l,srjﬁslugﬂﬁmzLLa:mmsnmaa
msvheuvastawlolldnasanndiidy substrate lunsdifinsiamsrinanuasionlaiosduwus
Taassrulsinasnlugosoasn  tewlai@ildludsilaun  lysozyme,  glucose-6-phosphate
dehydrogenase (6PDH) L1Tua

Heterogeneous ElAs

Fofiflowldda Enzymedinked immunoassay (ELISA) 1{u3saldamamuaniiaunse
LaUALBA ﬁé’ﬂmwaﬁ%ﬁﬁamLa’lLLauﬁLauﬁ%auauauaﬁmmﬁauaﬂﬁuﬁﬁa@ﬁmm: L%
\Wawaa@n naaawaadn WHUWaEAN (strip) Wialunguuas microtiter plate mat NNEUE

a a a A a o a v & A Y o aaa s v X A v
L@]NLLB%@]‘UQ@]%iaLLau@WuSHGE]’]'ﬂ’ﬂz@]@]ﬁlﬂ’m@nEILa%vl,ﬁlillLwalﬁﬂ’]ﬂgﬂiﬂ’m%uﬂ’ﬁ]ﬂLLEJTI‘V\?QQ’N



11

lLanALUAIBLaUALEABRT:  (free fraction) 8an g@ﬁﬂUﬁﬁmmiﬁﬂmumauau"l,smfl,ﬁa
mmmuauaLﬁ]uﬁ%auauauaﬁﬁ@@a&iﬁuﬁai’mﬁmmz (bound fraction) ELISA utisaan laidu 3
2%5fa Indirect ELISA, Competitive ELISA a2 Sandwich ELISA

® |ndirect ELISA
& ndd‘ L% a = £> 1 =% o A A a [ =
WUATN T ATIAR LA WAL DA LA LN IT T3 ImamimLmLLau@lLﬁm"l,ﬂmaaumaaqm
Mz SNERARNean  MNURINUGITeNIUETY  (F9f9aT9)  Neain1Iasian
a v 1 IQ =) a '0 Qs =% a IQ/ &
LOWALAR A1ILDNEIWNLAWAEN LANLARALBANTUNILAUTRAVAILAUALANGAINITATIFRIDS
faaannulawlay avaIuniinvaan lWua1a3297an1 it adtaw krilaaidiy substrate 719

a o 6 & Aaa v a Ce a a a ada 1 v ] A o
NN UL DU TNUR ANNTNDDIRITUUINUATINUUITN DO UGAD aﬂ‘nwaglumamdsﬁm

® Competitive ELISA
2 add] o A A A Aa o ' o A A o &
duitnldaramueudvedniouaudiauludiadns  lasazvmaefeuAriagdainz
dpuandvefdanandian  sediuiifivean  nunliiljisennuuendinundeasnaly
A a ~ L e o o a ad & o o
oW LAz LAUALIWIUFIFINTIY  Teazugsnuiunuiendvadieieu i lutuusn  wasanas
fuiiuuneanil@n substrate LWaATIIAM IV N ANNLTNVRIEN MFanI Tz

LSHARWNULTIN mmsﬁﬁag’lué”sama

® Sandwich ELISA

Hwasaldasramuonavednionoudiauludiodts 5% double antigen sandwich
ELISA agldfmmsuamarmuanivad I@ﬂmﬁammuaLauﬁﬁﬁa@ﬁmm:ﬁwLma"mﬁl,ﬁuaaﬂ
PETNTORERE B (?adamw) fidasnmsaamuanived soerdiufitiuean udduLaniLanGs
faaannnulaw kN lAIuny Fab ﬁﬂﬁ’lmﬁwadLLauauaﬁﬁ%’uayj’ﬁmmuawuuuﬁaﬁmm: 89
ndniineanly udamatamahouvesewlsdlaoida substrate aaTNVEIFIZULIY
mdﬁ'uﬂ’%mmuauauaaﬁﬁaQiué’aaﬂwa%%’u #§IU3D double antibody sandwich ELISA aziinien
LLauauaaﬁﬁ‘hwazﬁ'umsﬁﬁaamimfmmvlﬂmﬁauﬁ'ui’a@ﬁmm: nnuulig §RsentuRess
a1 Saerduiihimufitiesn udidunendueddfisesfiaaannewlolid s
ﬁ'uuau@muﬁgn%’uvﬁ Sangmiiivosnldududn  substrate  1aaTIETANIITNIIUDDY

v '

c’d'm a = ndd‘y a a d' % a U 6= U
LW MINAAaaINLAKALEA IThLanAUaAaINF0IaN: ludaIRaaaINaLLaw A La  Ladad
a a a d'n (ﬁ o % a a a o d' a 3: A addq’
L@lmLaumIﬂagaummmmau"lﬁnwmmwazﬂwummLLau@ua@mmaaaﬂmmm 33ha
Lﬁmaaﬁﬁ]zLLﬁJsﬁumaﬁuﬂ%mmLLauaLﬁmﬁﬁagluaadom’m
ELIsA uisaldgnldanndige uazludaduldinsdszendlunmiananuenived

viiauaufiauriiadni guu o1 enaiuuss s lesdduunfivandranueanly8nnanogduuy
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9
1.4 Immunochromatographic assay

I3 . a A a (% . ' a { ' '
umugaivneniuaddiiaasind s gold colloidal 3xnindLauAIUNLANELBL UL
Wana@n (strip) Aunaudauiegluiisiasn emadiBuruduniinluauivadndeaain
gold colloidal aRauat axlinItziouaunduadldin dnludmainiluaudiau duazgniy
o A a A a A o L A A o A A o Ao < ' A
Mmouanivad  Weamsefeunldfdunisninfet lidreassfiafenundasnsasianas laill
A ad A o o, AN va o | A af A A A & A
wanfvadnazindedunuaiuilasnldldiiauauduu uazilavadnadiafiani ludssun
A v Y a a a dd‘n v . =3 o ';/n:l' a dwo v
wdsulimouaudlnaydn waudvadindeasnedis gold colloidal AazgniulinuSiimiirinly

a af ad o | & Aad a A & o a A Ao

WNawnuddn  lunsdifiin ldiAsuauanuSnmiiefaumsuauiian  uaadinliandeasn1iaiig

ag’lué’aaam msﬁ'mummLLc\iumnﬁ"s"Lﬂmeﬁdgﬂ 1.3

7 7 @@ [P
i s -~ B
iy B 8Y8 BT

POSITIVE MEGATIVE IMVALID

Eﬂﬁ 1.3 NI INUVDINWATID

1.5 WaRLNAIAANLUL (Molecular imprinted polymers, MIPs)

]
=3

Molecular imprinted polymers (MIPs) Huwadwasnianuamunsalunsasisnused
fihLWW:Lm:Nﬁ'ﬂmaqa@Tmuu (template) IﬂﬂLﬂﬂﬁﬂﬂﬂSaaﬂLLUUINLaqa (molecular imprinting)
Y Y & 10 ' ' £
ldondunuasauanlull a.a1972  lag Wulff uazeme  uazdamngninsuwininiules
o 11 d v @ ¢ en o
AN UVDY  Arshady LLRzATE Iuﬂ f.¢1.1980 ‘%Gﬁ’]&l’]iﬂﬁi’]d’]a@!%\‘iﬁﬂmETSJ‘]J@]"ﬂ’]L‘IN’]$
.. v a t:t.ly12 a 6 I a 6 a [ . n:id
(selectivity) ARYLLABALDGA wasluaIaanuuuldwaTasRIANaaLNDY (crosslinked polymer) Na
' ' { ° . . o { o 13
°1ja\‘1’s’1\‘lﬁﬁﬂ’n3Jmmmlumiﬁ]Glﬁ]’l(recognltlon sﬂe)IﬂS\‘iaT]d‘llaamiﬁLﬂu@mLLSU'U (template)

%amzmumiaammuimaqa (molecular imprinting process) 2ziznaudls 3 Tuaanne
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1.5unMITaSuiczeisiduianenaiveiseu glulanaduuuy  wazaziimaais
SuasisendurnliiAeduansBetou( complex )

2.y fjisenasasfdnadiue lsissu (crosslinking polymerization)iauG]Iumqaﬁmmu
Lﬁasl,%wlﬁwaﬁma%ﬁmgﬂ

3shluanaduuuvaanlasmiananialalaslada  (hydrolysis) Frudrazansi
mmzawé’amnfmﬂﬁﬁaadwﬁﬁm’mmmmluﬂﬁam‘hﬁ'ﬂwLaqaﬁmmu Tastosineiias
53’]LW’]sz‘]JISJLaqaﬁuLLUUﬁdluW}\‘]LﬂﬁLL&&I@]NN%’]GEL% 3 16

ﬁ]zl,ﬁuvl,ﬁ’jﬁLmeﬂumiaammquLaqaf‘:ﬂﬁwUﬂﬁoﬁuumﬁ@ﬁﬁmiTaaﬁ'umiﬁwmu
maaLauvlfnﬁ"?‘iLﬂw,mml,aquwLLaLLazgﬂqmeLaﬁmua%uI@a Fisher lufl @.a.1890" 2nm3hd
Fasisfdanumansnlumssasrivnlimansold MIPs @ounuuewlsyd, da5uews, wand
ua??a%m%’mwn‘[maqaeha §8aNINEINENATFITUNIUNIN HanNHEImwnls MIPs Tuarw
wanmalasasnlnsns Wi (chromatographic  separation)®’®  msusnssfiduwlass  (chiral

. 15,17 [ 18-20 v A A < A
separation) LLﬂﬂu\‘l’]u@]T}"ﬂ’J@ (sensor) Vaauad MIPs &Iﬂ’)’]&lLL“].I\‘]LLS\‘iLTGﬂ’]EIﬂ’]WE;N,V]%
@iaaqm‘ﬁgﬁLLazmmﬁumuﬂmoLLazLﬁaﬂ@iaﬂm,Lua,"l,aaaumaﬂamuazéﬁﬁmzmaﬁuﬁﬁ

A o v oA a Y =2 o v o ¥ v
WaNITN LR EJ\‘]&IT]@]’]QT']LL&zﬁW&l’]iﬂL@]iﬂﬂJvL@]\‘i"l EI'%(]‘Y]"II‘V\aﬂ&l’]iﬂ%"lvl,ﬂl’ﬁﬂ’]uvlﬂ%a’m%ﬂ’]El

[ s Aa & 13
1.5.1 3UupUaINIFILATIEANERINETAaNUUL
miaenuuuluiana welildnefweinianudumzavasasduuuuaansarildnany

Qdé 1 v v v 1
TImanTauLIniegean’td 2 dszian laun

® Pre-organized approach #38 Covalent approach

dv % ; 10 & a a 6 1 dll
LmeauQﬂwwmmqu Wulff  wazame  saessuwedweiaenuuulasnsdeilon
6 v o (2 04 6 1 6
vanaweiidnuluanaduuuulaswuszlaniaud (covalent bond) imw lulsiua Laaines
ada . . a = o AN o g [ a 6
(boronate esters) , adw (imines) LRz ANIA (ketals) W3S IN leuFaTz AT unedNes
ARINNUANNUTZIZTATHRIAUUULAUNDRLNDS LLé’JﬁNLquLaqa@Tuquaanﬁa:"lﬁwaﬁma%ﬁ

ﬁ"ﬁaaiwﬁﬁmmaﬁwwazmzmﬁ'ﬂmaqaﬁmmu
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® Self-assembly approach.
g o & 11 & & o
LL%’JY]’N‘LLQT]W@JW]‘IJ%I@]U Mosbach Lazatue I@ﬂlu‘ﬂuLLiﬂﬁ]zNﬁNNa%ﬂLNaiﬂﬂ
luanaduuuy 1ial#iia complexation lasazifinduasfisen (interaction) atvdau uuuuan
Taaud (non-covalent) LB% hydrogen bonding , electrostatic , hydrophobic interaction %30
metal coordination interactions aﬁﬂﬁuﬁaﬁﬂﬂﬁﬁ%ﬂﬁwaaLuavLiLﬁﬁfu (polymerization) L7i@
crosslinking 381 ¢) Imaqaﬁmmu LﬁaLwﬂT,uLaqaﬁmmuaaﬂmﬂwaﬁma% azifiagasinanmele
a fd'd 1 1 A A [l 6 @ ' A a o (2 ada o fgﬁ
‘WaﬂLNS?Y]SJ‘H@G’]’N‘HG%J%%INGWE%, AU LLE‘]tEﬂi’N‘HWﬂ@mUINLaqa@luLLﬂ‘U ATNIRILAIIEHNN

FRILUUUERIGITY 1.4

b
Self-assembly Synthesis of
polymerizable
ternplate

i e

¢

\ Polymerization Polymerization \

(e

C)

Extra:1i& Extraction by
chem zal cleavage

Eﬂﬁ 14 WSsuiey Pre-organized approach L8 Self-assembly approach
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uwwvnansresutuiitaduasdaifufiuandranu udluianasanuuy (molecular imprinting
molecule) LU self-assembly approach fanurhaulannnnin pre-organized approach LW
sanInlfluanaduuuulunaieduasismeniuluenaduiuniusasaweiiiadu
A v &£ & a o . . [
fsUsznaustanduwlutmasaunmInadina lsity  (pre-polymerization)  laslassasnsvas
luanaduuuuazgnasnuuulasnsdaiisadsaswauaiasnegluninaidnnianus:

. . . ¥ g o aa ln &/ 1 % g;
(binding site) TaAVaILWINIRAD UATAILINIAATUIZTHININTZUIUNTALNANULRDYT AT
2 A = v A o | Aa ° v A v A a A &
adlammdulddgenazldrosinnlanudumnzianzes uasdedidndafia nseTuanafiaes

Tagashanausnesadlayladng

1.5.2 238N TNAGAMUIINIZIINZIVBS MIPs
o J 1 Qo 1 =3 v
AIMNUINNIZLANSAIVDN MIPs "]J%ﬂ%llﬂ’u‘lﬂﬂ”l{l G]ﬂ’ﬂ’ﬂf;l LT mummaﬂmaqammmu
(Template) WInTUsaNaunales (functional monomer) ATaEAIRLINES (crosslinker) aaviazany

(Solvents) @130 381 (Initiator) wazABn1swadiwe Lot Selipaziduaasi

e luanaduuuy (Template)
luanaduuuy udsdagdmivimafianissanuuulaena  asnluianaduuuy
\udiniugumitaBdssmveimyes graslsiduianesaiwailiifieanudimzianzemu
sewiluanaduuuy uaz MIPs ue
A o . A o A A A & oA
madanluanaduuuy  himansnlenldanmmnoiia asiiioannamaiiiud
aﬁuﬁinLﬂquLaqaeTuLLuu e LﬁaaaﬁﬂIuLaqaﬁuLLuu ﬁ]zﬁaaLﬁamﬁaa%}n’]sﬂﬁama:mao
Uisewediwe lsirtuuuunsadnaa (free radical polymerization) 9% ﬁauﬂWSLﬁaﬂIwLaqa
duuty arsasdanuialdlunmaiasantan g luanaduuuy sulniaiduniiadjize
a L™ A ' % g; =1 1 6 o d’ L5 g; A 1 aaa a
waRwe lnatuniald  luanadusuuiudnyWaituniaunindudmianisl jisowedwels
\rFuuLUWIUIAAAaR 1T thiol group Wia hydroguinone w3alal uazluianaduuuy wuilana
A | A A o Ao o o i . o a A
wizsdagunniniafafidanithlame (UV) anndeoudlnu wiu luanaduuuy arnafiosh
a O { YV & Qs QI U { O { U . I o A A’
gunnil 60 C 1la AIBN anlfidudaiudu wiaf 80 C 1lald benzoylperoxide (Huai3i3u
5.2.2 WInTusaNaualuas (functional monomer)
6 v a ] ¢ A o 1 6 o 2 )
vauawaTzdnslnyiaifunumanzaniunyfaiduvasluanaduuuy - (1w H-bond
donor fil H-bond acceptor) laswyjilariFunisasaziinduasizunuluyiiio imprinting binding
site lunsdAnInmslowsiTuiananaluasinnnii 2 siia 2daINATINN reactivity ratio VaInaUE
& o o v ' 6 @ o 6 & Aa Aaaa a o . .
wastwarhldnmnudwsisuiauenaiwasunaziial jisenlanadiualasdu (copolymerization)

lewyala
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fmiuimafiansaenuuuluanafiduuuy non-covalent azldFainm ($rwaulua) vas
vauawainanllaifipuiuluanaduuuy WaldiiamITunusaswauaimasuazluiana
(3 qzdcz/ c§ < U ' £ 1 6 ] > A
AUULUL  LAGT sﬁoI@am*a"lﬂa:l“ﬁa@mmumaaIuLaqa@luLLuumauauamai Winnu  1:4 %38
' ') ' { a o = ' I A
INN7 gratrsnanatnas Nhoullun1IRIAIIZA MIPs Luskanlaang sntsaantidusia

Mduwnsa wa wazsianduwnans ‘[@mmmé’ogﬂﬁ 15

Acidic (a)
o, Gy _om
WG oM o oH TR Hj(ks;
o & = ’f o Hﬂw © ﬂg CH, ’
al all ulll Y v avl
Basic (b)
/M
DO Yat o AR =2
H NN HLE: o
/"_@ FNy 7\ b 4 =l /),_4_ H=C>
3] L 18 il ] bV by ° vl
<|:,H._
H, ]
FH, ,
H-": n-//_ "IIIN H D_n"’-'l'r'_'\llil_CH:\'l OM’]F
— Vi < }' <HH >_< oM, W d
© < o ff_ “?{:I/_
A ]| “H, bIX b bX]
Meulral (n)
oM ==
5.\"{‘ H}c; s'u{? H.1 D_”I;_ E .-"'-‘r "l‘. ||RI
"f-x o o H
[v] HD
nl nll nlli nlv
GN H,G (=3 T T
2 < o f@ YA
o]
oy avl ¥l oVl

a

U7 1.5 lawsaisvasnenaweinfouldlunisuamzA MIPs
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® asa@dsnLnas (Crosslinker)

a § 6 & A A e A a aaa a a v g
asaadsdinefilunanawe MInyiaitunausafiadjisewefiwa luatulduind

1 funid lag asesdsfinasasyinninfinan 3 adeluinafianmsasnuuy fe V‘imﬁwﬁmuqu
é’mgm"“mm (Morphology) a3 MIPs ﬁ’mﬁﬁﬁﬁ’ﬂﬁ’u‘%nm imprinted binding site Januiados
LLa:ﬁﬁﬁﬁq@ﬁwwmmaa’ﬁaﬁma%ﬁamsﬁﬂﬁ polymer matrix JaUaHosTna lung
é’dLﬂi’l:ﬁﬁ'ﬂ%ﬁﬂul‘ﬁé’m@d’mmaamaaﬁaﬁma‘?ﬁq@ LﬁaﬁﬂﬁLﬁMaadwﬁmgﬂ waeriliiia
fagﬁﬁmmLaﬁml,%aﬂmﬁmwa lasdndazltannaurasnsaadsfinasazannnin 80%

msidanasasdsdinaslumaiadjiseinadive laiatuasdasfiansane reactivity ratio
PosnsaFBIRinasiduA s iumdonuanaluaiidasRanTonNInaT  reactivity ratio  wailu
vwasioneerlinTudn reactivity ratio fiuriase V2IATOFRIANDTNNG F9enadadlinms
Usznmanlassasfingondnu detszasasasdedines Aldlumaason MIPs (AR
1.6

]

///—Q—’/ Haj :(jHB %r%oj\g %/ONOJ%
@ P PP {’\n’ﬂ

RS S
OJ\WM o O’H

[n]
OH
[a]
3 |
~ 9 A < ¢ A Y o P
519 1.6 Tnseas1vosnseaasnnes Nileulslunmsaunsizy MIPs

QU

® avinazany (Solvents W38 Porogens)
@ o o v 6 6 aaa a a !
dhazmevlesddsznounnasddznavluljisowefwelnatu  wiw  luans

v 6 o 6 a 6 6 v a aaa R 1 A o
GUULUL  WINTUBANEUOLNDS ATOFAIAINDT LLaz(ﬂ’)Li&lﬂ{Jﬂﬁ&l’] (initiator) NWBQI%LW&L@]U’JIW%
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[

o v dl d' o v a 1 U J v d'dd v A > o
LLazmﬁmﬂlumimummSL%m@‘]ja:n’m (pores) ﬁluiu MIPs 31NBRUINBIIUNLILNAININERE
71 porogen

MYNAZANATAILANTIATIWINLAzLTNNATIBI TN lagiane thermodynamically

a v A o v a a e A o Ao A o al A
good solvent fumlrufazrlmianefiwasnillasiaiiniTasinefnsumizianzas wazinun
a dlo ' ¥ . o ' v d’d ) 1 ]
AINFUW2191239 wim3lE thermodynamically poor solvent vz luglassairandzasingla
FUML1229 wazlNBRINIIMZINZe960 wananununlumsyinliiAatasinuas lunwe
awalaaduuuuseulaniaud  @rvhazmodirimihnaiuquanuusisesduaIisuuUkan

IﬂL’]Lﬂ%@T I@]El‘lﬁ’m AazansiTINIn a:dawalﬁé’umﬁ%ma@ad LLRzﬁ’]lﬁﬂ’l’]&l’ﬂoﬁLW’]u’i}’]z’ﬂ\‘]

'
°

AARINIY AI% AYINRZANBNNVINEY I8 dielectric constant N %oﬁm’mmmzauﬁq@ Nz

]
v

I duavazaenltlumsgaasizd - MIPs  lagdviazaneifionls 1ou tetrahydrofuran,

toluene, acetonitrile

® a3ulA3eN (Initiator)
asudjizendussimiariniiifedisemwedwalaotw  laslunsldonuiide
AT LTW mﬂIuLaqa@TuLLuu"Lmaﬁm@iaumﬁ‘%am’m%fau Aliasazidanluainianiny
saulunavhlasudjisoniensuiadnes 8nfeNaaszds fs msifia complexation 289
a g; a qzdd' Ao’ a g: 1 U U o v a =1 a
wuﬁ:VLaI@sLﬁluuuﬁ):Lﬂ@"L@wqmvxgmm muuvl,wmﬂm’nmaugﬂumiml% HanWIusaanan

a

vieanaud lulasiRanlusunuild lasdnatsvasdmizudjisennioulfuaasdogd 1.7

H,C
H,C N=HN CH,
CH, N
il il i
(]
CH, CN
Dl-"l b L br oH

i iv

3 1.7 lewsiwasmisududjisomediua lsisduniloulslunsdiased MiPs
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1.5.3 35n1swediua baloru
a 6 o 6 aaa a a 6 eaaa & a wa
wolwasFiansianljisemaiewafiwaivasnanawasiisnmsnugiulunadjis 4
ANBUTAILAU AB
o JfiumwadiwalarTuuuulad (bulk polymerization)
Ujnisenmaianafweiuuutas  azndumsidjisomaienafiwaininenaiues
a Qg @ A QI =) (=3 v 1 g: 1 o { dd‘ a
wiaguaualuasLignd uazd3EuRsadndesiiuu hifldaiazansviaansau lunsdinned
eV o 6 A & a aaa a a 6
wash lasmansnazmuuenamatzuazdnngisaiiaiferasaal jisennaianadivesuas
v & aana a a 6 & o " v a & ' (4
szaadulisemaifanafiwesuiuuiiadsn  wadwefwesilalisusnssansluvanawes
wedlaazugnaananuanawaiildszuudnngdn 2 31 F9daduwedwe lsirtunuuiiia

AR

A A

o ean Ho o Aa A A v A A 0

ﬂ’]iﬁﬂLﬂi?zﬁ’]ﬁﬂ’]i%ﬁ]@’l%ﬂ%‘izﬂﬂﬂNﬂ’)’]uﬂi@ﬂﬁgdw’m vL@WﬂaLﬁJa‘inllﬂ']‘iﬂuLﬂa%@l’]

A aaa 3 : a o ey o a A a 6 & a [ 4 A [
LW?’]zLNaﬂgﬂiﬂqLﬁiﬁ]ﬁu wammm*nvlmzmwm‘waamasmmu 'PJ’HHR&J&JE]%E]LNE]SL%&QE]%IH’]\‘]
& v & & [ o v A« ) Aa { a & Aa
tRnNuad mﬁmmzwauama%:mao‘mvxmﬁL*]Jumimma:mawaaLuagﬁLﬂﬂmu ﬂ’]iﬁ‘WﬂﬂL&la%
A aa ' ' € o @ = : A X
SﬁaLﬂquLaqaﬂumuﬁmlﬂrgLLazm’mzmslagluuauaLuaimiﬁmm‘vxmmaamuwamwmu
Sos 9luseninanmIsaa i

A A a a ;§’ A v a 6 c§/ A v A
uaﬂﬁnﬂﬂ’ﬂll%%@]‘ﬂm(ﬂLW&J’LI%LNE]I‘EL’J&’]"IIﬂﬂﬂﬁﬁﬁdtﬂiﬁzﬁ%ﬁu‘ﬂ%lﬁaﬁG]LLR’] LWBIIN

v

aaa a a | aaa v o a AI é/ v
ﬁgmmmsm@wamwaiﬂuﬂgmmm Umﬁmaumi%qmﬁg an UI%?z‘]J‘LILW&I‘lI%aﬂ@]’JEJ ni3

v a wul a a J 1 g o v
NITINYANUIBWNN UI%?&'U'LILT']@VL@@H WATIEANNRAANL A AL AN Y IZAININTFI me:'ﬁ ﬂﬁl%ﬂ’]i
o a g a o 1 v 1% s < o ' { o v a
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FANUAIVDINARLNDIIEHININITRILATIER

o JfiumadiwalarTuuuuanaznan (precipitation polymerization)
& ad o dAa o £ d o A ') A o
WU TNIRILATTANAAA T Lﬁﬂﬁlﬁmﬂfy%’]mEl’Jﬂ‘]Jﬂ’J’]lJ%ﬁ@]LLﬂ:ﬂ’]iLﬂ@ﬁ)‘@L‘UN“ﬂad
AMYUTIUTTRININIFIATIEAUULIRS INTHTAIvNazaIourasy 11w asalinasy Iwg'é'u %38
{ ' o o { o o ' A ol &
augsnluszuy m‘ma:mﬂﬁLﬁaﬂ%ﬁmaamminazmamuwaunﬂmu@lm:uuvmﬁaﬁumwa
=) { =) J aaa ™ v { =) aAana a a
fwainiieananlisennIsianeiars anuniiavssszuulafialissmafionsdiwes
a A' J 1 = % @ A [ 6 [ 6 ] =3 1 1 > = % 6
PLNND LT LA INWAVIDTNNIRILATIZRLUULAA amﬂsnmﬂugaLmﬂummmaamsmmﬁ:v\
LULIaea m‘imuqunwﬁ@mmmﬁﬂé’l@slmiu?mLﬁwﬂ%mmé”sﬁmzmmifﬂﬂlm:uu
TERININIFILATIEH
mM3brarinazan s U T gus 0 I IFIATIZRITNNTH WUAINNIAIR19T9A2YINez A"
g a 6 . A o v a 6 A dy ; a d‘y
luiftawadiuas (polymer matrix) Jsauvilvnediwasiiansuwen wananfidsunmduian
o o o A ' & ' o A [N
INTIZAYIN Az 8 I IRILATIER N RN SLARZATINANUUANGIINY  DIRINANIZNUDIFNTA

a ed a &
VDIWNDRLNDININAVULRUD
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o JHiuweliua s TuunULIRaaY (suspension polymerization)
Lﬂu’if’ﬁmiéﬁLm’]:ﬁﬁﬁwm*’fﬂ@ﬂl‘*ﬁumﬁ@‘[uﬁmmmu’%qﬂ%{maawaawa%ﬁﬁ@*’fuua:

ANuEINInlwmMITTieausaunl jisematianadiues nafaTzRTATniacld
mInumIsznsRiwenaaitumsniafaU jizen ludanasunisie linau iy

srazanpuauaa’ i i Wudu vlimolusemsszmouevemaiBanwasenuitns
suanzAuuutsd  anusauanlisemaianefiwesazszuigasnanraanouaiua’ U
AINaNd msé’aL@mzﬁ%’%ﬂﬁﬁﬂﬁﬂ’;%ﬂ:ﬁﬂdﬂi:ﬁﬁazhwiaLﬁaaauﬂizﬁaﬂﬁﬁ%mmﬂﬁ@waa
maﬁﬁ@%ﬂmﬂa%muﬁﬁgawaauﬁﬂﬁ%mwauama%ﬁamwﬁaﬁl,miowa AURINIINIZUENEON
nszuy e lunmslfiferafinmafuasanaunisiasindeuuiiremoavauawas
Funi1 “@13Bawua (suspending agenty LilavilEmITudiuvemaaNausiwefilaifians
NITNUAUIEHINNINIURBERI waama%ﬁLﬁ@‘ﬁmzﬁgﬂmmaw’%a’%lﬁﬂﬁaamué'ﬂwmwaa
‘ﬁmuauaLuas‘ﬁumuﬁaagluﬁ’sﬂma ﬁaunws’awaamsé’ame:ﬁ‘%‘%msﬁag’ﬁszuumsmu
el luwe limanzay  faguainainuyasaivasliyinwe wWialian1Iiataimig

seur i eI e Rz dINa M TE e e R B TR iU auaudSa

L4 ﬂﬁﬁ‘%m‘wa‘ﬁma"lsm%’mmuﬁﬁa%’u (emulsion polymerization)

I Aad e (d‘ Q/ J o v 6 [ :/
dwitnmiduenziivamdslasnsilineaneuamaiaaunsauiusasad ldluih

| a L @ o { v a @ A
laglaiiRansanaznanuaz liidasandumsmmiarnlfAansnszansdivesneananaias o9
ansoiiduansasnnulaluszuudiatuannassssumd ww shuy wiashenswn (udu
MIAIFATNTBINEUBLA DS IUAINAIVBITLULARBIDNABENITTIUNTAIRAN 138n90 “RITBNAD
W88 (emulsifying agent) wadiuasnlaunazlamaidaninnaniansmzaaoniasidoauazs

RNTNW ﬁaﬁm@m:mﬂﬂdﬁmsé’amﬁ:ﬁl,mml,muaaa

1.6 luta@ansdunsudsasiuurinaaias (molecular imprinted sorbent assay, MIA)

A ~ ~ ') a A o & @ Aa eada A A A

WauSsuiisy MIP fuueuduedudd MIP anduisghilgusui@ndidoufa Iaw
WIIUSIBINENINGY  NUMUdagMrDLATANNAUINUNAY Uazidasdansa (R lasauras
Tanzuazavinazansdwnss uaﬂmﬂﬁuﬁaﬁ'\‘iﬁﬁmgﬂLmzmmmL@]’%ﬂuvlﬁdwalimlfmiéfmmuﬁ
& d' v a 1 a a a g: a d' 1 v
e INaaInTazAaITHA LA la a3 muuau@uam:mumaﬂumnmawsqmmﬂ Tagazdad

a ::§ & = :.l' x.‘.l' ' o d'd % v A > d' a 6 v &K

W@3uN hapten Fadulusduilevdanuaninilassainelndidssnuansnazianzinanuaad
a U [ 6 d' v v A =} ..-:{yo/ = U 1 voA a A A
mmz@lmmmaaaLwalﬁaﬁmau@ua@ wanAINHEILFaRNIW Gy watafuaduanfvadnge
ﬁmm{mww:ﬁgaﬂdw MIPs I@mawwnﬁams%’uﬁumaomsag’luﬁn

atndlsiauladanuneneunezld MIPs  unuuaudvedlu  heterogeneous ligand

é QI U = v dl o Q
binding assay G93uaulull 1993 lag Viatakis uasame ~ l6l% MIPs fistwizny diazepam
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LLAE morphine Tu competitive radioligand binding assays fnIuaTaniend I@UI??E?JLL‘]J‘LIﬁ
\ilaunu3T solid phase radioimmunoassay (RIA) daanilainswamzUuuuvas MIA tRauia
anuhuazanuiumzveanadia  aadSunawedwasnltuazaansarilaluainarsiidusin

Ao oa o o a A A o a \ o A A
wanNNHE laAn T Ea13@10393 (probe) THADU JUENLRLDNNENTIIF 1% MRS 0ILRITID
Lo b dudn

% 1 a A v =

1.6.1 dathaunaiia MiAs A lainmsanm

feuiweadiwainltlu MIA azaglugdunurendanaiiued danun1sld radiolabelled

=S o v d' d‘ (5 d'n v o A a 1 d' A = dl
probes 3vildazaIniigaiitasnnasdamandaamndisasiafelyUnimndawiumnag
Aeneinniens lagna9NnNvin ~ competitive  binding  AazvinmMTIaUINIMITIRUD

' < o o AsA v o o A \ v a a & o A

supernatant  agndlsiaumsldasTirnidasnnatasnnnalMiavaafedaluassed  uay
azgasiludasdfudmaanwiz  asundslatinanamw Mias lavldsnsarasaziioduy 1ou
chromophore labelled probes, fluorophore labelled probes Lae enzyme labelled probes 1D ud

ALV INARARANTLRAINIAITE 1.1

o ' ' {V o [ &
@134 1.1 @881 MIAs Uszinnadd 9 ladmanaw i

Template Probe Assay solvent Ref
Radiolabelled
Morphine 3H-Morphine (a) Toluene, (b) citrate 12
pHB/EtOH(9:1)
Cortisol 3H-Cortisol THF 22
S-Propranolol 3H- S-Propranolol Toluene 23
2,4-D 14C-2,4-D Phosphate pH7/Triton X-100 24
(999:1)
Caffeine 14C-Caffeine (a) Heptane/THF (3:1), (b) MeCN 25
Chromophore-labelled
Chloramphenicol Chloramphenicol-methyl MeCN 26,27
red
Biotin methyl ester Biotin nitrophenyl ester MeCN 28
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A9 1.1 (69)

Template Probe Assay solvent Ref.

Fluorophore-labelled

Triazine 5-(4,6Dichlorotriazinyl) EtOH 29

aminofluoresceine

chloramphenicol Dansylated MeCN 30

chloramphenicol

Atrazine 5-(4,6-Dichlorotriazinyl) Water 31

aminofluoresceine

Enzyme-labelled

2,4-D 2,4-D-tobacco peroxidase | Phosphate pH7/Triton X- 32
100(999:1)
Epinephrine Norepinephrine- Phosphate pH6 31

horseradish peroxidase

Microcystin-L,R Microcystin-horseradish Phosphate pH7 33

peroxidase

1.6.2 Enzyme-linked molecularly imprinted sorbent assays

enzyme labeled probes Lﬂumié’a@maﬁvlﬁ%'umwuﬁﬂwmnslumﬂﬁﬂﬁwyiuuamaﬁ
diosrnaansnldlutsinmden g 16 wilddpanaiisansnanaialdetetann lithandu
a’liﬁﬁﬁ 8131309U&4 fluorescent #38 luminescent

1% MIAs M3l enzyme labels probe Aailluasivime wissnniawloifaaasintuas
971992 UALIGIUAUITBY binding sites agjﬁﬁ’mad MIPs vnfiafitiiu microspheres w3oLilu
windlsy adnalsAaladspnufinam ELISAtype assays leilunadise

Surugiu LLREATIE * 1@t tobacco peroxidase-labelled 2,4-D i} competitive probe Tu
AMIATIILATIZAFNT 2,4-D lasaiay microtiter plate Al polymer microspheres waIAUTI
U8d unbound probe Tu supernatant RRINULNLENERLNESBENA1E  colorimetric LAz
chemiluminescence assay SEflanunsniessiUsnm 2,4-D 1ua79 40-600 ug/ml wag 1-200

ugiml anuiau deun ldWamuasaditlugiuuy high-throughput imaging lasdad3anaues
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bound probe §28Nd89 charge-coupled device (CCD) 33ianansnitam=fu3unm 2,.4-D lddnas
lusz@u 0.01-100 ug/ml

Piletsky uazams > lawawimafia MIA 1iaas7931a3Mz¥ epinephrine, atrazine uaz
phenylephedrine lag/ld horseradish peroxidase (HRP) labeled probe WJuans competitor es'ﬁﬁvlﬁ
faanzinafinaifduusluudaznauuas  polystyrene  microtiter plate  lazlfuauaiwed
aminophenylboronic acid ﬁ'}ﬂﬁﬁ’%mwaama"l,smj%'ulumm:mﬂﬁﬁ epinephrine NWag] WORLRE
#1@vin? pH 6-8 Lfiaaa nonspecific binding TastawlsiiuweswasTainlimInTIaTa atrazine

laildta udimnafiadngsliuadny epinephrine Wz phenylephedrine

1.6.3 NMINAIWILNALA competitive ligand-binding MIA

Taam ldlumswaimimadia MIA azsznaudistunaunan 4 Tuaaude

a d' ) 1 n:l' £Z a 6 a (d‘ L% I3

1. 18384 MIP N3 W1EAaR1ING8INTIEINATIENR I@]EIE}JLLfU‘.Ll"lladwamwaiﬂl“lja’]’i}%uﬂu
magnetic bead, microspheres ﬁ%al,‘flul,wiuﬂﬁu‘]_l’mﬁLﬂﬁaulu%QNTad microtiter plate

2. @3IROUNNTIUNUVDIFNTAINTIANY  MIP T,@ﬂ%msé"mnﬂuﬂ%mmﬁﬁfaﬂﬁq@ﬁ
RNU1INATINIA bALaTAIUSU I MIP N1223UNUENIA6TI9 18 50% vinnTudSoufisunisau
A NIP  atuwguinneledanz Al lun1Iunkua9Ig1Ia10329nu MIP  1wn139unmwuy
FUNIE

3. ATIIFOUNIULINTILNUVDIFITAIATIANY MIP 2R3Nz nehuasasangh

a [ v A d' a 6 ..

an39zilassane bnatass wwenany hlunsiasziuas cross-reactivity

4. U321 inl 3z ANTAnas MIA #a9ann leanenvuzaulagltaiag19ass
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% 1 Y [ Aa A Aa a G aa
ﬂ']‘S‘WGN%']LLN%GI?’)%Elﬂ@lﬁ%vl')‘ialﬂﬁvla'bﬁ%ﬂL%'J‘S’]W% (LAWIN)

2.1 Unin
WATIAY (NVP) Lﬂumﬁunﬂlumjwaa Nonnucleoside Reverse Transcriptase Inhibiter
(NNRTIs) Aildsumsiusaslileinwg@aisaerled  (HIv) luswizewdn esfialleangnd
o & ' o ] . £ &
HULIDLNNALNIEAD reverse transcriptase (RT) a3 HIV-1 I@ﬂmﬁaaﬂq“nmma NVP aztiluiuy
noncompetitive A8 lNINTWEITLLUINY native nucleotides watdun1330 HIV-1 RT @59U5104
A ' . . 1 o ; . o v & o Pz
downstream AMNUILIMALIY (catalytic site) Luilaqiiu Nevirapine (NVP) dinazlfiflueneaniislu
gn381378 3 78a (triple drug therapy) wananfidaldlugasinmuuuszazau (short course) lu
o a g ' ' . .. 2,3 v a
milesnums@aia HIV ﬁ]’mLLaJlelgj’;Eﬂ (mother-to-child transmission of HIV (PMTCT) ae
a ¥, Af o e g; 1 v o s { 1
vasgnThafife Hgndww eunmnsudsemwAssiua: 1-2 a9 lidedinalsesenmis ud
v A A A o a . A X \ o & a o Y o o
ToiRufelnatnafoaty  Audulutie 24 adeniusnuesmsiuen  ldmsvhanusesau
a a a a s A" d' v d’ A 1 r d’ 1 A v
AaUn@ @dnu duaniay uananfullelfiden 9 wishwnumlugasndeuniadumnalums
o 1 o v A ' 1 td o v g [ ‘36‘
Snwanfaw i liiianmsaasnagninainndsazilimsinm ldsugnona
N wugaaisaadludsandlnovainenremssugulusey 10 D
A ea A fd o Ada \ Y A ' A o, \a &
nwuhiidaairateadndslitinedsn 1 Suauusdlinimenanaiazlfihoeadlndiiain
antvllaz  56% lulaatudwudifutionnlineadazaaadldann  issnnmdwhia
= g; a a g Q v o U v v a Y U ‘§’
sanIndugimaaiyiavlaveatehiwld Mldsmevesdthesiagldumuldunniuue:
o A a a ) vaA o a o = a ) = o o o '
diheiuligunnd sansonaullddialdandnd udedelsi@nmainmndiasdasinlladng
daLiias waimsld triple drug therapy azlnalunmssnsfviwelaudanuaumallunssnmn
~ a J 1 l& a { U [l a v U v [ 1 Qs [l
Adinaiadu dunkaiannmingihelidjidaadaanasamisliiatiaisaia guns
Aunlddaiftaswiangasn  wodnsawlunsiudszmunmnliasanauazlisinianavaie
naunmuduaduirdgniliizehimesladifenmsnmeiug  dudunglinisinmdism
v v Fdld ] 3: [ n§ A]’ | et nn:l' o o v a
dwhimeasndaguulidunninadymibdudymzdumanilwizunadesgye
sz wauumenalunisguainmgihomand
. . . | a ~ { | { ]
Therapeutic drug monitoring program LH#3ITMIRHINTILAARIATEROANULTEIABNNT
‘3/ 4 Q v ] I ] Qs 1 Qs a U
daen  laslunsinmazlimnedaduszuuaiug lAhudumanaseulsunmenlugdihe
atilndfaiagidihelimafudszmumeuiuunddviald  Sezteoldfheldiumle
YFunmimanzey wananiditiganainsdnafed seaanmsfasnazlsaansnundlasisn

falTa NMIANEIBWLINTEALTaTa SE HIV ulsiulasassnulSunaad nevirapine i
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5 & N ¥ o . X ' @ a N { o & . . I3
wanawn nnaensilaidign metabolize lddninenduliiasiiadung dtu nevirapine Faiiu
mﬁﬁﬂ’n&lﬁ’lﬁtyﬁﬁamﬁﬁﬁLﬂi’]:‘ﬂu Therapeutic drug monitoring program

ludatumianaseutinnnludihoazilasmuiudmaiifeaddate HIV 117

A A o @ [ A v A 6 A A Ao @
miuendiuieaagizdumduwhimerleidioinaiia  HPLCT  nafew  naflalidaald
wasliandneuws  dasendugioamglumaliensdt hawnuusznanlunsiienigs

=S 1 o a g; n' d' 1 a 3; s
ﬁ]avl,ummmmmsmmﬂé’tunﬂisawmma Tagawiziaanzlurununivinelna  annsnisna

v
v va A

vAa til A ‘:3, o v L o o [} A v
v\mm;d@mma HIV mw:maalugﬂuuuu ‘Y]"]EL‘VSN@]@]L%ag‘ﬂ%uazﬁuﬂaﬂ3J"I§‘]Jﬂ§$"f]’]%£l’]1%‘ﬁ']dﬂlﬂa

U
nudua vinlwlaldnaasanunase
A A ' @ A s a & . A & aad
wvanisnaztsuidymifen1slditneBuyluiesad (immunoassay) Fuduith
ﬁﬂ’ﬂ&l’ﬁ’]LWW$LL§]$@]’J”I&JVL’JI1»LT’]’]§<§ITJQ’QJLﬂi’]zﬁfgd ﬁmivl,ajﬂ;amn"laﬁaamﬁ'mjﬁmmzyﬁ%
wsllanauns uennfidimunawau lgn1sasadinnziuuy automation analysis #3a
strip test ¥l azaInTauaztisaad ltanelunssnm
A . AN va Aav A o . o o P14
WWa liwuwan i lainenuidunwau competitive ELISA dwsuaTiagauensiadt lag
v a a a a a d' | a .
diaounadlaauaauaudvedanduyluaunidunauginauasllsiv keyhole limpet
. o et . . A 1 a A
hemocyanin (KLH) fuauWusue4d nevirapine Sewuianalilunsiienzidninds HPLC fig
100 whLLa:ﬂ‘alﬁmmﬁ’hwazslumsmni'@ga T udngazaInIaisInin
] =3 d‘ v a LAl 3 v J o 1 .
athilsfianuiialinisarafanusludihe ldiedu maiawuiuas (strip test)
1 I3 d' ::l' ) v K% v a a a o q/o'/ =3 n' J/
mfmﬂumaaanﬂmm:m’[ﬁmimuqumﬂmﬂuﬂuvlmuﬂizawﬁmwma:m%mmmmu
losuduanadunaiiadierzfidiguamuilang sazanmai wzlinagn manld
A o 8-11 [ P ¥ o { { )
AINATITRRIT LA INTAAY RANNIVAINARARITAAUNITAROUNVDILOUALAARTD
a Aa o o ' A a A a Ad v A o
LAUALIUNAARANFILRNITAINTIA (probe) HulUNLaLVBILEURLAURIBLEUALAN tataRau ]
NRIVBINNLLTHURLERATIA Lasna bazfawld colloidal gold tuasaraTrannnninnazlaans
A A ¢ A a = Y v | aaa A ° 'y A
Sasusersatenlod hasandanuaios lidesldufisonauwlalumsvildusdsingmiionl
612,13 { . L al { 1 a ° o <
Ayavadanlasd - AIN colloidal gold "Lﬂazauagﬁ‘l@ﬁ%ﬁﬂuﬂimmmﬂ%ml%LﬁuLﬁJuLmuﬁ

[ an:an:(i» o v A a F&.’;
LA mnqmauumu‘nﬂ% ] aﬁ‘ﬂl“ﬁl%ﬂ'ﬁ’) LAINEARUR
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2.2 Lﬂéaaﬁa/’i'a@]qﬂﬂsfﬂ

96-well microtiter plates (Nunc, Denmark)

automatic plate reader (Tecan, Austria)

NMR spectrometer 31 Bruker DRX 400 MHz 113U 'H uaz 100 MHz  §wiu 'C
Transmission electron microscope equipped with energy dispersive spectrometer (EDS) (JEOL
JEM-2010, Japan)

Isoflow dispenser (Imagene Technology, USA).

Precision Laminator (Zeta Corporation, Korea)

Strip cutter (INDEX CUTTER, USA)

2.3 giLail

Bovine serum albumin (BSA), UIHN Sigma, USA.
chloroauric acid, HAUCI4-3 H20, 131" Fluka, USA.
1,3-diisopropylcarbodiimide (DIC), U1 Fluka, USA.
4-(dimethylamino)pyridine (DMAP), UM Fluka, USA.
N-hydroxy succinimide (NHS), U319 Fluka, USA.
methyl-5-bromovalerate,, USHN Fluka, USA.
Nevirapine, IR MITLARTNIINWAIU TN Ing (GPO), Thailand
zidovudine (AZT), U3 Sigma, USA.

lamivudine (3TC), LI Sigma, USA.

didanosine (ddl), U39% Sigma, USA.

abacavir (ABC), L31% Sigma, USA.

stavudine (d4T), U31% Sigma, USA.

efavirenz (EFV), UIWN Sigma, USA.

indinavir (IDV), U31% Sigma, USA.

saquinavir (SQV), U3 Sigma, USA.

amprenavir (APV), 131 Sigma, USA.

ritonavir (RTV), U3 Sigma, USA.

nelfinavir (NFV), UIWN Sigma, USA.

NFV metabolite (M8), L31% Sigma, USA.

lopinavir (LPV), L31¥% Sigma, USA.
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2.4 AN INARI

2.4.1 maessawInfiunauginanullsfin BSA (NVP-BSA)
° o a anal 7
rnssuenzildsiunauging NVP-BSA laglfiSanussinuzas Azoulay uazam
lagld BSA ulus@uaamn (carrier protein)

o 6 e & A 6
mimmﬁmag&wumwﬁmamﬁmwm NVP

11 NVP (100 mg, 0.36 mmol) anazaelulawsanasunlud (1.5 ml) annuds

Twunadauasuaiua (149.3 mg, 1.08 mmol) ANGIBENIALANEVBINTA-5-1uTINNRITA A (60

w1, 0.36 mmol) TulawwFanasunlud wasuaudlelUinandiiuwnn1e talus asfisliliibuas
LLf?amaaLmdmﬁLﬂmmma’gmi:maéffsﬁmmwﬂaaﬂmalﬁgtynpmﬂ IR e Ui
VL@Tmmmaauﬂﬁﬁ%mﬁLﬁ@%ﬂ@ﬂ%’% Thin layer chromatography (TLC) ¥inNNSHanaITHRAN il
lﬁu’%qﬂ%{ﬁaﬂmmimswﬂﬂa&uﬂ@UI%GTJEmLﬁ]miﬂuﬁa@@sﬁ'uLLaz’L"féhv‘iWazmwamauaﬂmu:
lofisezdan 70:30 (udhz: hassmarfiuenldllzmedvnazassanmeldguginald
NVP linked methyl ester 1 Janwmeiduvadnainiaminges aatdusosazuainanaa (% yield)
iy 52% Agalienansnilaslfinaila NMR lduadiuaas

'H NMR (400 MHz, CDCI,)

0 8.49 (dd, J = 2, 4.8 Hz, 1H), 8.05 (d, J = 4.8 Hz, 1H), 7.75 (dd, J = 2, 7.6 Hz, 1H), 6.97 (dd,
J =78, 4.8 Hz, 1H), 6.92 (d, J = 5.2, 1H), 4.38 (t, 2H), 3.66 (s, 3H), 3.65 (m, 1H), 2.42 (t, 2H),
2.34 (s, 3H), 1.87(m, 4H), 0.96 (m, 2H), 0.47 (m, 2H).

’C NMR (100 MHz, CDCI,)
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0 173.7, 162.9, 159.0, 152.8, 151.3, 143.8, 143.5, 137.3, 132.7, 122.0, 119.6, 118.4, 51.5, 33.7,
29.0, 28.2, 21.7, 18.0, 8.7, 8.6.

NVP linked carboxylic acid 2.

COH
\ N
\ /
N g N—
2

#1817 1 (78.1 mg, 0.20 mmol) MazaeluaNIazAINFNVRILAAT bElaTRITIL: LD
woa: 11 ludasdin 3:2:1 (2 ml) Mnuwdndisylaasenlodlululansa (LIOH.H,0) (16.7 mg,
0.40 mmol) ﬂuﬁqmﬁgﬁ 25°C wam 1 Talus udsehllssmedrissasasnmald
gINe dhasfildunduinugasy pH Wdunssdemsszaransalalasasssn 1 M i
ssazaedldunanadioefinesdian 2 x 2 ml niwisisatinlusiazansdunideansdae
madunenlaesalmfsudaa nasniunsesodnidusasnansnedinazauaen
muldgrinalid NVP linked carboxylic acid 2 Ianwuiusasnamitafinias faiduay

RZVDINANAALYINNL 85% ﬁgﬁ]ﬁmﬂé’ﬂﬂtﬂ@mlﬁﬂﬂﬁﬂ NMR lenaadungad

"H NMR (400 MHz, CDCI,)

0 8.49 (dd, J = 2, 4.8 Hz, 1H), 8.10(d, J = 4.8 Hz, 1H), 7.78 (dd, J = 2, 7.6 Hz, 1H), 6.99 (dd, J
= 7.6, 4.8 Hz, 1H), 6.90 (d, J = 5.2 Hz, 1H), 4.40 (t, 2H), 3.66 (m,1H), 2.42 (t, 2H), 2.32 (s, 3H),
1.87 (m, 4H), 0.96 (m, 2H), 0.47 (m, 2H)

’C NMR (100 MHz, CDCI,)

8 177.9, 162.8, 159.0, 152.6, 151.4, 144.0, 143.7, 137.4, 132.8, 122.0, 119.6, 118.5, 33.6, 29.0,
28.1,21.0, 18.1, 141, 8.9, 8.7.
A3FIATIEH NVP-BSA conjugate
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813 2 (33 mg; 0.087 mmol ) wvhufRsennuidu-laasendgedhlaug (NHS) (12.0
mg; 0.1 mmol) luuanlaaszlawsanasunlud 3.6 my) laslt 1,3-lalelolnsRaasluled lud
(23.4 mg; 0.11 mmol) JuatufsTiatand I@Uﬁﬁﬂﬁﬁ%mﬁqm‘mgﬁ 25°C LHuaa1 16 h 3N
eI ldunaaant gasluasazansvas BSA luansuaiue/ luasuaiwatinines pH 8.2 A

& | ' @ d A v A O o = A o
0°C MMuuAuGaaIt1 g Nammninasmietalus udrauiialisn 24 h 71 4°C hasazane
vaslisdunauginafldldvinmslaazladamunislu 0.1 M WemwadWinasmau (pH 7.4) e
o @ = P Aaa AN o o a = o
Mdaasluanaangiindenndfiseesn  lasmsazmeildndonnlaszladaanivlin -

20 °C Aaunfaziin I luduaaudesly

RETGELEY polyclonal antibodies

YnmM3fanszgdunizdny (An albino New Zealand rabbit) ieldanslnalaatananivad
fisuwizda NVP é2n 1.0 mg 2ad NVP-BSA antigen finguniu Freund's adjuvant ¥Nn13aa
ﬂizﬁuﬁ’m 1.0 mg WauALW incomplete Freund’s adjuvant %ﬁaé’ﬂmﬁ%é’amn post-
immunization @nmﬁﬂmiﬁ@m:ﬁuﬁﬂa’mﬂ%ﬂ@mfm:y:ﬂ%mmmmﬁ@ﬁ WAUBSUNTEanian
ﬁﬁlzgﬂﬁaiﬁﬁmﬁfmﬂﬂ%ﬂﬁauﬁﬁ]:ﬁﬂLLauaLaml,ﬁaﬁflmmnaaummauauaﬂumsﬁn
LauAuafng LIz ¥ hyperimmune serum ﬁvl,ﬁaaomﬁ@ﬁmé'aanﬂﬂﬁﬁwvl,uéﬂ%q@ﬁqslu,az‘ﬁ']
mMsanaznausreaIazaeduavasnenludisudaa wazianlaozladalu 5 mM Induuue

wsnguWiWas pH 9.0

2.4.2 mi*n@aauLm:ﬁgaﬁ@;mﬁﬂwmzmaonﬁIﬂaﬁfauau@uaﬁﬁa‘imwn:@ia NVP
2.4.2.1. Western immunoblotting

¥in SDS-PAGE lawiin NVP-BSA anuanlusduanuamaalsnszua Wi lasldinadia
ANTILIUVEI Laemmli uazAtes  lapiin NVP-BSA uaz BSA ﬁvl,&ivl,@i”gﬂﬂaugl,ﬂ@lugﬂﬁgﬂ
FAFaninBlanlasnesTaun  12% wWaderaSanlusiaa  leaoasuualatndle  2-wauadln
lasmaauaz SDS muldanefivnlilusawdosn w (denature) waIRINLAANIUENGIENE
Lmuiﬂsau‘ﬁ'LLf;Jﬂ"L@Taauu‘[w'&""bﬁaaﬁu"L@wQIE}"LS@T \WNLLTW (PVDF membrane) anu3bua9
Tawbin wazams’” UFOAWNLLTUAIE 5% skimmed milk T PBSIIna1 1 h annswiniaaius
Aldunrfizendy TululaavisueuduefnduwizdaNve lasidy  NVP-BSA immunized
rabbit serum (1:2,000 ¢28 2% BSA Tu PBS) #WRIN incubation 1h &19L8N polyclonal
antibodies ﬁmﬁaaanuﬁu@uﬁw HRP-swine anti-rabbit immunoglobulins conjugate (DAKO,

Germany) diluted 1:5,000 o TMB/H,O, immunoblotting substrate solution (Fermentas,
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Lithuania) 1un3q antibodies NdnaguwuuiuIn waluanavasunulsiuildazifivuiuuny

lus@uunasgin

2.4.2.2. Competitive indirect ELISA

1% competitive indirect ELISA Lﬁamaauﬂﬁﬁ%mswm NVP-BSA immunized rabbit
serum fiugndwhiSmeaduiiadeg  lapmdildnasevldun nucleoside reverse transcriptase
inhibitors (NRTIs); zidovudine (AZT), lamivudine (3TC), didanosine (ddl), abacavir (ABC) and
stavudine (d4T); the non-nucleoside reverse transcriptase inhibitors (NNRTIs); efavirenz
(EFV);and the protease inhibitors (Pls), indinavir (IDV), saquinavir (SQV), amprenavir (APV),
ritonavir (RTV), nelfinavir (NFV), NFV metabolite (M8) and lopinavir (LPV). lasUndvSunawad

= ' o \ \ 16 e & 5 o
mmmummwwuluwmamimzmwmssumﬁ]zagluma 0.10-12 ug/ml. AIVDHRINIU

competitive ELISA ldlenifanandudu 10 pgmi walilndidosmuiinulunasn duaau
Pasmnasasiicaitae thuendan NVP-BSA (50 ul) Aienudutu 10 pg/ml luensuaiua
a3 pH 9.6 s aRauun EIA well éizaﬁavlfﬁaqmﬂgﬁ 4°C {lwam 16 h ansiuudarinms
flasnunsavadne laisumzvaduaufivadlasn1sidy 200 pl 289 2% skimmed milk 1w PBS
ugfiald 2 h ‘ﬁ'qmﬂgﬁﬁaa #149 blocking solution aan@lg 0.05% TWEEN lu PBS #hd@sun
szeeft 1:8,000 dilution anKaEARUINTIaznagay (10 Lg/ml) A9l 1 h 7 37°C andushansitle
flan Lamﬂumwﬁmﬁauﬁw NVP-BSA %auaz 50 pl) #adanyiimIandvgy NaNaInTIe
Ane13 HRP-swine anti-rabbit immunoglobulin conjugate ﬁ 1:3,000 dilution BB 50 pl "7?01’3’1
h LAI&N9L873LBLAUARIWLA KB DN q@ﬁm%aLawmsazmsﬁmamw TMB/H,0, (100 pl) udafaly
15 W17 ﬁwnwswq@ﬂaﬁ%ﬂﬂmaoLauvls]jﬂmm'mﬁu 1M HCI 100 pl $LWaax13a optical density
(0.D)) finue1nedn 450 nm Wisuifisudl O.D. ﬁEim"L@TmaaLL@iawqwﬁaLﬂumuaﬂﬁo
ATV LN TUAITUNL anti-NVP polyclonal antibodies Tu hyperimmune seruma3

nIzeNg

2.4.3 MIFILATIZH colloidal gold

FIMIFIATIZA colloidal gold @w3TVas Turkevich wazAms:  lagin&1I8ZANUVDINTA
analsae3n (5 mM HAUCL3H,0, 5 ml) avhldasedasindsiaanlesan 90 mi antiu
ihananlaglanudanawian ugaLin 0.5% sodium citrate solution (5 mi) 1iasaas Au(ll) 1y

v Au(0) Ihanusauanansazmeddoud liduiuadaing
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2.4.4 MIGIBY gold conjugate

11 Polyclonal antibodies 11138371911 5 mM sodium borate buffer pH 9.0 Lﬁaiﬂulﬁ
immunoglobulins 1989% 2.5 mg/ml @ussazaedlafiaslusmsazansvas colloidal gold (0.25
mM, 100 ml) aghedrguiannuanlleie  lasld 0.01 M Na,CO, USU pH vasssazanslimiu
na9 auansazansialy 30 wRudrsedusuasazans 5% BSA lu 5 mM NaCl 15u1@35 5 mi
wa1anfisly 5 wnfiihwemanfi lduinmaniss (centrifuge) 7 14,000 saudawf ﬁqmmgﬁ
4°C 1w 30 wifiliaugnian antibodies ﬁVLsJ'"L@Tﬂaugm@]ﬁ’uwaaaaﬂ Wsnitdunasunin
Iuwvuaaslnilutwinas (1% BSA in 49 mM Na,HPO,) lasuSuanuiduduldidr 0.D.

WAL 40 NANNLNIARY 580 nm

245 miﬁgﬁ]ﬁqmﬁ'ﬂwmwaa colloidal gold conjugate
2451. miﬁﬂméf’aUﬂﬁaaﬁ;amiﬂ&aﬂmaml,wdaomu (Transmission electron
microscopy ,TEM)

lfnafia TEM Lﬁ'am’aﬁ]aaumu’ml,l,a:gﬂi"lwm colloidal gold ADUUAZAAINNIABUILNG
Auuaunivad lasiasuualatnimienInea colloidal gold Tu acetone/H,0O 84l4 carbon-coated
TEM copper grid lwiiluflguing asnel3ldudiniledudaudiasionangasdondas  TEM
microscope Gavnf  acceleration voltage L¥iNNU120 kV @erinasweng 80,000 9@ size
distributions 423 gold ﬁ]’lﬂgﬂmwmmﬂﬁvlﬁﬁl’m TEM images I@mﬁf‘]_lmi,mﬂ"nadﬂaa 150 counts
NN index %ﬁ“ﬁﬁ@]‘ﬂa\‘lmgﬂ’mﬁﬁﬂu TEM ﬁ]’mgﬂLLlell“lla{l selected area diffraction (SAD)
mada‘tgmﬂw
2452 m‘mnﬁ]aaum‘maugLﬂmmadLLauauaaﬁu colloidal  goldaginaia  UV-visible
spectroscopy

ATAFAUMIAAABUINTUIZAIN  colloidal goldﬁuuau@uaﬁﬁaUm‘ﬁ’@lm‘sg@mﬁuuaa
Pa9m3aeaeluT9n108IAA 200-700 nm lagiassudaagefianududu 0.5 mM lusiiuas
‘v‘hmﬁ@migmﬂﬁul,mﬁuﬁ%ﬁamnﬁL@%ﬂumia:mwaa colloidal  gold#aINNLANLEUALBR

LRZWRAIINNAINITIAILILAZA19LEN LLauauaamuLﬁuﬁVL&ivL@Tﬂaugmmﬁuw 2Jaan

2.48. mim%mnLm'u@mﬁ]’éu%ﬂuimmiﬂmwﬂﬂ

NMINBRITAZAN1884 gold conjugate (anti-NVP-CGC, O.D. = 40 f1 A 580 nm) adu
glass fiber (conjugate pad) feLAIad isoflow dispenser (Imagene Technology, USA) faunnlu
I@]SL%@QI&&L&I&ILU?% (Scheicher and Schuell, Germany) f'ﬁ_ll,l,ﬁiuwmaaﬂﬁ’mm%aa Precision

Laminator (Zeta Corporation, Korea) i1 NVP-BSA NaNUTNTH 1.0 mg/ml LLag goat anti-rabbit
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IgG (KPL, USA) finnutduds 0.5 mg/ml L PBS ﬁwL‘V\Ia§N1WuuuLLﬂiuvLuI@iLéﬁaQIMTL&J&JLUS‘LL
A a v = A A = . ' A = .
nesonldidusaslaufeduniduununasey (test line) uazduiiuunuaiuqu (control line)
MUAIAU  NNWWAINIIN 37°C tTlwaan 2 h R lwuislu dessicator Namny o
RRIINUOUNNBLAIAURININ sample application pad, anti-NVP-CGC sprayed conjugate pad,
jetted nitrocellulose membrane, W8z absorbent pad ¥nUsznautduunnlngusihaaaide
strips W@ 3.5 mm/strip @28 strip cutter (INDEX CUTTER, USA) NURZLDUAVDILHBATIVAY
LLa@alugﬂﬁ 2.1

.
.

A :
I (Overlap) (bverlap) I

Sample pad Salbutamol-BSA Anti-mouse IgG  Absorbent pad
(Test line) (Control line)

LN
! |

Plastic backing card Nitrocellulose membrane

Conjugate pad sprayed with the colloidal
gold-labeled polyclonal anti-salbutamol
antibodies

gﬂﬁ 2.1 aaﬁﬂs:nauu,a:@hmemuﬂsznawaammaau. (A) LRAIATHLH LAE (B) LEA

ANUUN4.

2.4.7 N1I9323%1 NVP @T’af;JLmumn'ﬁ&J%f[uimmiﬂﬂﬁﬁ?\ln

LE3BNENIAZAILNAIIULEY NVP T PBS UWiWas pH 7.4 lanudatu 0, 0.1, 0.5,

1.0 and 3.0 Hg/ml ¥IMIIATIERM NVP @18Us1as39 IC strip test laomyguunuasiandlu

AI9EANLANAIINEI NVP fieliausasnardusiuunuaiuqaluiia absorbent pad #asa Nt
P Al s = a P . P o a

PIIWAITIBUHATIIZ AU LRULAINUALAILAN FINNUDUNAFIUANNLTNBITUAIIE

> ™ =Y { Qs 1 1 v 1 a t;/ {
wUsHARWALULSI a9 NVP AR Lua3a20819t i i NVP 9t Aaunufuasiwiuaunagay

v
=l

%)
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2.4.8. MIfAnW Cross-reactivity lun13asraseudisunuasraduylulasunlnnyin

vmmnesaunuuaainuluiita 2.10 udilfuuldasaradraduwendinlasa HIV o

' = & v o o {
d9 9Baaspudussazaiodudn 10 Ug/ml lu PBS tWiwes pH 7.4  ussiloasramauiiy

NANIZNLVBY plasma matrix GaUsednTAwUaIukuasId 390 human plasma Auduuazlaile

\ANGIE 5.0 Lg/ml 289 NVP aninmsnasaues

2.5 . NamInNaaadlaznIanUNNa

2.5.1 mii%'dLﬂ‘iﬁfzﬁamgﬁufmadLu’iswﬁuuazmssim%awﬁ'uiﬂsau BSA

mIfasReuRuitauwINAuaATluuEuIn 1 TosiFuduand§Asondadantu
aaialudeumethyl-5-bromovalerate ldamnas 1 niussiujiselalesladaluamsazans
wa ldauiusnIaaniuandan 2 sfidLﬁaLﬂﬁlsu‘lﬁLﬂumgWufmad NHS w1 vy fisendeny
Tuséin BSA a2lélusauiiaaifonsiu NVP (NVP-BSA conjugate)

CO,CH;

Wi B~ - COCHs N LiOH
\ / N ~ N
NN K,COs, DMF LA /) THF/MeOH/H,0
— o]
A reflux, 16h N A N 25°C. 1 h

Nevirapine (NVP) 1

H
CO,H N-= BSA

(i) NHS, DIC, DMF

N 25°C, 16 h
Wb
P .
NONTNE @ @BsA -NH,
A borate buffer pH9
2 NVP-BSA conjugate

LHWATN 2.1 NMIFILATIER NVP-BSA conjugate
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2.5.2 miﬂizLﬁu@;mmwmaﬂwﬁlﬂaﬁame?maﬁﬁﬁmmﬁ‘hL‘Wﬁz@iaimaqamao NVP

Eﬂﬁ 2.2 LLamNaﬁ"L@Tmﬂmsﬁ"l Western immunoblotting assay ‘%GLL&NLLZ}‘]_I
immunoreactive 289 NVP-BSA (lanes 1, 3, 5 uaz 6) Wisuifisuiuaasldsiin BSA ildldnan
3in@(lanes 2 and 4) WAUYAI NVP-BSA Uaz BSA bands fiusinlu lanes 1 uaz 2 (set A) ledou
&8 Amido black B @awuuwaulysiunanuas BSA i 66 kDa. Iﬂiauﬁﬁmﬂmaqaga 9Unaz
\usnsiwilonues partially purified BSA fraction V unulusdufifinulu lane 3, Set B #9ldann
M3 incubation @p@Sunszeny  (diluion 1:2,000) usaslERwINTIwAlaaiauauduofni
anuduwzdaluanavas NVP ludiy msfilsiAnuoulu (lane 4) 93 BSA ot uFAII anti-
BSA antibodies ﬁﬁa%ﬂu hyperimmune serum VL@TQﬂ neutralized @78 BSA 11 serum diluting
buffer uaﬂmnfrl,ﬁawau hyperimmune serum Ay 10 LLg/ml NVP Amlranudusasunuldsdn
#i 66 kDa LLazﬁmaImaqamﬂﬂi']a@m (ane 5) usadlfAninlwalasisuondvedfiled

AN NG SINLQQQ"H 23 NVP

set A set B

66 kDa >

! & =
N l@-n

gﬂ‘ﬁ 2.2 Western immunoblotting analysis of BSA-NVP and BSA. Lanes 1, 3, 5 and 6 were
BSA-NVP. Lane 2 and 4 were unconjugated BSA separated under denaturing condition. Set A
was stained with Amido black B for protein detection on blotting membrane. Set B was reacted
with rabbit serum (dilution 1:2,000). Lane 5 was probed with rabbit serum mixed with NVP (10
g/ml final concentration). No rabbit serum was added to lane 6. The HRP-swine anti-rabbit

immunoglobulin conjugate was applied to all lanes.
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Lﬁaﬁgﬁ]ﬁmmﬁ‘hLmzmamauﬁuaﬁﬁL@%ﬂu"l,ﬁ‘%'aﬁwnﬁmaauﬁw%% competitive
indirect ELISA lapasfildnageuiuenduwlasa HIV afiadnse I§uiAZT, 3TC, ddi, ABC, d4T,
EFV, IDV, SQV, APV, RTV, NFV (plus NFV metabolite, M8) taz LPV waflldusassiazyl 2.3 az
\Fwind1 0.D. 90 EIA well 715 NVP 1w competitor %asnineniledain control well (laifien)
ann lumansuiusduwlhizofiaduglwdr 0.0 AlndiAusiudnaas control well INHATHE

LEAII1 anti-NVP antibodiesﬁwam"lﬁﬁmma‘hLWW:ga@ia NVP

1.8 1
1.6
14+ t-—-—--- o e e e e e .

1241 f--—-—--- o e e e e e .

0.D 450 nm.

0.8 1

o6+ [-mm 1Lt PPt -1ttt

0.4 4

021

No NVP AZT 3TC dd ABC &T FEFV IDV SQV APV RIV NFV M8 [PV
drug
Competitor

Eﬂﬁ 2.3 Assessment of specific recognition of the rabbit anti-NVP polyclonal antibodies by
competitive indirect ELISA with various anti-HIV drugs at 10 Jlg/ml concentration.
An OD at 450 nm was used. This experiment was performed in friplicate and a similar

absorbance pattern was observed.
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253 miﬁgﬁ)ﬁqmﬁ'ﬂﬂmwad colloidal gold L&z gold conjugate
2.5.3.1. msﬁnméﬁsmﬁaafg‘amwaLaﬂmammndmmu

TEM images 184 gold particles LLaz antibody gold conjugates LLamﬁﬁEﬂﬁ 2.4 (a-b) 1lag
auﬁuiwmmm:gﬂiwwm gold particles flefanusdnae T(ﬂm:ﬁﬁumquﬁﬂmaagluma
15.0¢3.05 nm Gallusmafinamanzdmsumaihanlfidusinsale 1IC assay (10-20 nm)'°
INNNT index WWNLATULBS selected area diffraction (SAD) ﬁvlﬁﬁnﬂau‘,ﬂ’mﬁl,ﬁuﬁm TEM @nu
JCPDS File No. 4784 ** (3ul 2.5) wuinaymailéidu gold metal phase

13 14 15 16
Diameter (nmj
70 2
(b) |
i |
50 |
g |
o0
; |
£ |
2 |
10 !
o) =
12 13 4 15 16
Diameter jnivj
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U

ﬁ 2.4 TEM images and size distribution of (a) unconjugated colloidal gold particles (b)

antibody-gold particles.
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Eﬂ‘ﬁ 2.5 Selected area diffraction (SAD) pattern derived from an antibody-gold particle.

2532 NMNIATIAROUNIADUILNAVDILAUALBANY colloidal gold  dhewnafia UV-visible
spectroscopy
HAIINATIIFBUNIAAABUINTUIZAT colloidal gold  AUMARAUBAGIBANTIANT
=) . 1 o a a a o nll
QANARUAITBINNTATANLAY colloidal gold rauusznAINIIANLaUAUER uFaIGIIUN 2.6 lay
) A =« . ' a a Aaa A A a
1@ A Tadua1Iazanuvad colloidal gold naul@nuaniuaflNaNUszanm 519 nm B9iaan
surface plasmon resonance 284 gold colloid BaINLANLEKALEA (curve B) =LA@ red shift
a%’d. & AI dl ] dyu a o aa 1 u/ a a a é’ 1 dl
284 band HTNTWFINLITINTOWAINILNIZHINNAINUUAUALANATY &% peak 71 280 nm
\ianmIganaulaivasuanivad Warnmswlseaznawiarinidauauduadaiwini bale
AOUILNANUNEI88NLEIUN gold conjugate Alduazaelniazlia UV-visible spectra 69 curve
L A . Al v & . A a a ' A
C o34 absorption bands agn ~ 510 nm ez 280 nm LLam‘lvﬁmmmLLau@uaémaguummaa

gold colloid
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LompE

Abs,

Eﬂﬁ 2.6 UV-visible spectra of colloidal gold and antibody-gold conjugates. Curve A; colloidal
gold solution. Curve B; anti-NVP-CGC immediately after addition of antibody to gold solution.

Curve C; anti-NVP CGC after centrifugation to remove the unbound antibody

2.5.4. nanamusuaTaduylulasinlnnninlasls anti-NVP-CGC
laazunTnuaniadflsznauuaIuchaIID IC-test strip LLa@alugﬂﬁ 2.7 I@mﬁaajmmu
avalusssrogefiiuueanad yaamafiziedaniidwliusiauaadsusialTaa s
(capillary action) ‘fidﬁ]mm’mwmmrabbit anti-NVP-CGC “ﬁla%iuu the conjugate pad NEUNNENT
froe9sl NVP Tnalaatauanfvuedfiaaaaineis colloidal gold particle T9iifsia91m conjugate
released pad 928URD NVPYRIRLSatnaanfiuntosin test line 39fwasfiazaunsasuleny
NVP-BSA ﬁmﬁauagjiuumuLusuvlﬁﬁaﬂam%avlmwﬁal,aﬂ FliAnunuFuasinefiansaswiela
FuLoUR test line 1ap  luneassnutnudanssiagnalil NvP vieflulSunaditesnine
cut off Inalaatianenivaafiaaasinads colloidal gold particle s1unsasuleniu NVP-BSA

Lﬂﬁauaguummmu A ALABLDURLAI397 test line ber
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C [—Control line coated with
goat antl-rabbil Ig NVP in sample
.
T |1, Testline coated wilh
b
”;\. N .
il [
uw
5 .
i LR ™,
o -
[
Rt s NVE GG Sample with NVP Mo NVP in sample
sample application pad absorbent pad
1 gold conjugate pad nitrocallulose membrane 1
=] :
plastic suppoit

Eﬂﬁ 2.7 Configuration of the IC NVP strip test. The schematic diagram shows the areas where
rabbit anti-NVP-CGC, NVP-BSA and goat anti-rabbit IgG are immobilized (left panel). The
reactions which occur on the IC strip in the presence of NVP (middle panel), and in the
absence of NVP (right panel) are shown. A red-purple color appears at the test and/or control

lines depending on the presence of NVP.

Tumsaranasaudedsimunsofisnaldmeluam 10 wift §wsu control line (C)
dadAULILFENE 19zl NVP a%isl,umséhaﬂw%%a"hhﬁaomnﬂ%mmmaa rabbit anti-NVP-
CGC dlagiinwa Zaiilo rabbit anti-NVP-CGC%umﬁoq@ C flazgniulide goat anti-rabbit IgG
1a8 control line ﬁ]:ﬁvl’iﬁmﬂuﬁmﬁﬁuamﬂ%’h anti-NVP-CGC leiti1u test line auda 1143992
sunTneuramInasaUle wonanigslEuiuislsantawnsrnnuvesuenived ded

ad . ' ' ' o M v
WINUOUEN control line U310z zuaasiudnasaldanulila
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2.5.5. MIa7I3W NVP sl,umiazmﬂmmgmﬁw IC test strips

HaNNIATIan NP lu PBS dwinaifienuidududaquaasasgun 2.8 1lalaid
NVP ludnat199sl Rl URUAINIUL test line wag control line Tdazudanaiduay (negative)

d a a &L & { . d v @ ' '
WatSunowad NVPLANURITARLALRN test line 31989 Laztlan U iNtuwad NVP aglwmo

327119 1.0- 3.0 Lg/ml 3zaad lAULOUEN test line Asunudsasellddn limit of detection Basunw

c
T

Eﬂﬁ 2.8 IC strip test results at NVP concentrations of 0, 0.1, 0.5, 1.0, and 3.0 Llg/ml in PBS

pH 7.4.

v
=)

@333%A8 1.0 Wg/ml

B B
W @
- -
- =
= =

dl 3 ° 1 Y e g [l a A ' ' [ o [l =) o & = v
L‘V‘lal‘lﬂfi’]&l’]iﬂ%’]LLN%@]T]?]&I']I‘ET]‘]J@]')@El’]ﬂ’ﬂﬁﬂ‘ﬁﬂﬁ’)ul‘ﬁfy’ﬂuﬂu@nE]El']\‘]Laa@ @\‘]%u'ﬂ\‘]vl@

AR TINAVD plasma matrix 191992IUNIBMTILATIZHRGY IC strip test lagleidn NvP

a9lu human plasma lagiassnlviianudude 5.0 Ug/ml ua2¥iN3n2931A312% NVP 6ag

' A v o A % & ad . A [y
wHUA39 lasfanududutiezdosliiuunudn test line 3nuanInanatlugli 2.9 uaasld
WAUIMHWATIIFINNTAYNNULEA Las plasma matrix ludlagnaiaa b ldinssuniunsans

WA
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== ' | I
|

Eﬂﬁ 2.9 Evaluation of IC strip with human plasma spiked with NVP at a concentration of 5.0

Lg/ml and blank human plasma.

2.5.6. miﬁﬂmmnﬁ@ﬂﬁﬁ%m%uﬂ@;u (cross-reactivity) Iumimnaauﬁamwiumnﬁmﬂu
lasunlnn#in
lﬂq/ U [l d’ =l ‘; 1 Qo 1 I v L a 1
minasasitlaltunuarafieioaiuinlumdatadumdwhia HIV sliassg
LY { A
léiuri AZT, 3TC, ddI, ABC, d4T, EFV, IDV, SQV, APV, RTV, NFV uaz LPV (317 9 ) Saia3uy
\usnsazanoidudu 10 po/ml Tu PBS dwines pH 7.4 9incaminasasnuinsmnodaliuny
{ . = % o o { o ' ' W v A
&N test line ToflanuituvasFlnaldssnvlunsdinaiacelifien NVP (nalalldlaas) Tauaad

'jﬁmﬂlumi@ﬁashaﬁmLmhﬁwaua%iﬁazvlsjsumuwmmﬂﬁ@mﬁ]‘m NVP

2.6 FIUNANINANDY

Tnawdsoaindt Tewamnuinasaienziodwhia HIV oiia NVP Hunadise Tag
IﬁLaLﬁ]uﬁ‘ﬁlNﬁ@%ul,a\‘lﬁtmumém’m hapten, polyclonal antibodies W8z gold-colloidal conjugate
anmsanmludssdunuinuineamansaldamamem NP Vlé’luizé'umﬁmﬁuiuﬁwq@ﬁa
1.0 pgimi lu PBS iinaf Tasfimdwhissfiedulildsamasuniudanisenuna wananil

mMIasan NP MsAthdalianuazain ududh wazlidesondodizmioy 1faluns

=y A A Q'/ U 'Q/ g; ] =
Aenzirwlifin 10 wil SalesmlulugihoNTuen NVP 211 200 mg sasnTssaiuazd
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Jeauvan NVP Tuwaaandszana 3.0-10.0 pgiml asnudsdanuiuldldgenazaunnld

] dl = J d‘v a a U v ] 1 { <
LLN%@]‘S’]’%YIL@I?EI&J%%%l%ﬂWS@I@Gl?Nﬂﬁ‘iiUﬂizﬂ’]%U’ﬂlﬂdEﬂ’J ﬂ@ammmﬁama:mﬁo
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unn 3
MINRWIID enzyme-linked molecularly imprinted sorbent assay

~ a 3 a ~
INDAIIVILAIISHLIWIITNW

3.1 uni
< A a & o A aa . . . & o o
I@Umvl,ﬂmﬂuﬂamﬂuuaal,sﬁm]:lmt.au@ma@mmw (biological antibody) LHwa13819%3U
@372 UNURNINEU1TA TR TR s'fidmmmw'ﬁmLLauauaﬁ"l,ﬁaﬁﬂﬂﬁiﬁ@ﬂszifué'ﬁmaad
(Y A a . AN o A v o a '
mﬂmsmﬂuaugimw (immunogen) 'ﬂ"l,@mmﬂmmaugm@mi'ﬂaulmmnuiﬂwummdmy
v A a AadAa A A o o v a [ = a A a
TedvasuaudueaTINWADIANNIUNILFS MlrnmraTadierziilssantninuazianals
age m 1 ¥ o o A = = a ~ °- 1
(sensitivity) g4 usiidadnnafa Letuuen Snauwsuaziianuaiosd
a A &£ o a Aa A o a &
AR aNRIILNUNNT M LaWALaATIAM WA T I NaRINasTaaNLLL (molecular
. a & 4 a A a & o . .
Imprinted polymers, MIPs) 1%%;&1%&861@8 PIVLIUNLNAWAILAIIZHUUWUIT molecular imprint
2-6 a & & a e o o
sorbent assays (MIAs) waamasaaﬂLLUULﬂuwaaLuaswmmﬁxﬂ@mﬂmsaamwaﬂmaqa
. . v Y . Aa ' & @
(molecular imprinting) VIRNIAWLUL (template) Tla receptor site ‘Yl&m%lﬂaﬂ"nu YU LA
gﬂiﬁoﬁwaﬁﬁ'ﬂmaqaﬁmmu @qumawﬂ'amméﬁwazsl,uﬁmaaLﬁmﬁ'ml,auauaﬁ%amw
o & v = A . . 3 d ° Y
aanudssonlainiuuenduadifion (artificial antibody) Ssanansnianyszyndldlaaluny
mdaug‘[uuama{i’ Jp@avad MIPs Ao ﬁﬁmgﬂ LLa:ﬁmwmﬁmga wATaLFefa JANIWIZen
ﬂdﬁLLauauam@ULawmﬁamiai"uﬁ'uﬁ'umsﬁaﬁLﬂswzﬁagjiluéhﬂmaﬁLﬂuﬁwuaﬂmnﬁmsﬂa:
L@%ﬂui'a@]waﬁma?ﬁﬁmmaﬁnww:gﬂﬁﬁfu FDIANALNINARDILNDAAFIINARINATNT
asftsznaunmunzaulila MIPs Nianuswiza
WE’J§L3JagﬂaﬂLL‘IJTUﬁﬁﬂ’J’]Mﬁﬁlﬂiﬂluﬂ’ﬁﬁ%”]dﬁ’%‘ﬁzﬁfﬁﬂLW’]:TEW’UINLNQ&G‘]]’%LLU‘]J SaIVARIA
fuanedldmutuneudin - 34 lestuwinuavueneweinuluanaduuuniialiife
complexation 1a8n"347i@ interaction 3:1&’5’1\1111Laqaﬁmadmﬁ]ﬁ]:lﬁ@mu electrostatic interaction
A . & a2 a . Lo A v a Aaaa A
%38 hydrogen bonding 3NNHWAILANRIT crosslinker LR initiator Lwalmﬂ@ﬂgmmwamwavlilfﬁ

v

T (polymerization) lasfiazfimIaFensmenafiwaisey g luanaduuuy augariedsvimana

A o

v A o v a 1 1 IQ IS a s
LENLAIRIIAULULB AN GIIG’i]ZV]']l%LﬂWHE’N’J’]Gﬂ’] Uluﬁ%aﬁ HIVBILNAWDRLNDINUAITNITNLNIZND

o 7
luanaduuuy
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Functional Monomers

— - "
Complexation N Crosslinking
o Comolesa Cromtuking
/ /_D Templa o Polvmerization

te

Remaoval of the

Molecularly-Imprinted
Templates

Polymer

P o & a &
31]7] 3.1 MIRILATICRNARLNUDIRDNLLUY

wihnsldinuvas MIPs dulwajazaglugdues packing materials lunasuitlasunlnn
. . 8-15 { a ] [ A
NAr3aluwin solid-phase extraction”  iNamMIaTIRATzRaTUIELANGS 9dranafia HPLC
wdidia liwwanfinladinisdszandion MIPs nldunuueudve@daninlu ligand binding assays
' ' & - . . 16,17 18 19
lugﬂLLU‘umdﬁ] Tz du radioligand binding assay =, chromophore , fluorescent assays
. 20 ' A i o % &
W38 enzyme-linked assay’ lagannmIAnwmwuimaia MIAs wane QuuUUf laanInaw
unlranuinzuazanyhidlnaldesnunsltuenfiveduazaansaldiwnzialagranais
' & a A @ ' 2,3,21-23
drzinnldasiufen nargunsadladeasiy
a a a = vl a v dl ¥ a
lumsamafaamudSinawaaninds (NVP) léiinsnuiseildnaninafianisasa
3Lmﬁxﬁﬁ'ﬂm%aqmmwuau%aﬂ%mm InaRaLAE LA High-performance liquid
24 25 26
chromatography (HPLC) , LC-tandem mass spectrometry (LC-MS-MS) , HPTLC  uav
. . 27 { ac A @
enzyme-linked immunosorbent assay (ELISA)" tHhasanniidnnanavasinulidahaaniswaliw
inafialnd 9nTUsdninw Sdunumindad hidesenduietasfionauns uaziimsldnud
ligsenn dmulunuidoifsdaamstnmanuduldidlunmsdszond MIPs snWannaiia
enzyme-linked molecularly imprinted sorbent assay MRIuMIaAeNAUITNAY lagluns
naaadlaiassunadwasaanuuuriiads glaglrljisewefiwe lartuiuuiaduaziuy
P o . . . ¥ a 6 Aa
anaznan wazniagnzmanzaulun¥i ligand binding assays lagldwafiwasaanuuuiil

UrdnTmwlunmsduniu NvP ld@figa



3.2 1a3a9iaatnIal uazansial

3.2.1 m‘%"aaﬁa/qﬂmtﬁ

qﬂmnﬁugméww%’umsé’aLmﬁ:‘v?

UV/Vis spectrophotometer (Perkin Elmer, Lambda 25), U.S.A.

Scanning Electron Microscope (SEM) (JEOL, 6335F), Japan

NMR spectrometer (Bruker, Avance), Germany

Fourier transform infrared (FT-IR) spectrometer (Bruker, TENSOR 27), Germany
Centrifuge (BECMAN COULTER, Allergra 64R), U.S.A.

Rocking table (Specimen mixer, BCT-33)

UV-Vis spectrophotometer, i;u 6400, UIHN Jenway, UK

ELISA plate reader, Tecan, Austria

3.2.2 g19Lad

Nevirapine (NVP), C,5H4N,O, Government Phamaceutical Organization, Thailand
Nicotinamide (NAM), CgHgN,O, assay 98.5%, BDH, England

2-Amino pyridine (2-Apy), CsHgN,, assay 98%, Merck, Germany

3-Amino pyridine (3-Apy), CsHgN,, assay 98%, Fluka, Switzerland

4-Amino pyridine (4-Apy), CsHgN,, assay 98%, Fluka, Switzerland

Pyridine, CsHsN, assay 98%, Fluka, Switzerland

Aniline, CgHsN,, assay 98.5%, BHD, England

o-phenylenediamine (OPD), CgHgN,, assay 99%, Fluka, Switzerland
Methacrylic acid (MAA), C,HgO,, assay 98%, Fluka, Switzerland

Acrylamide (ACA), C3HsNO, assay 99%, Sigma, U.S.A.

2-hydroxyethyl acrylate (2-HEA), CsH,0,, assay 98%, Aldrich, U.S.A.

Itaconic acid (ITA), CsHgO,, assay 99%, Aldrich, U.S.A.

Ethylene glycol dimethacrylate (EGDMA), C4oH;,0,, assay 98%, Aldrich, U.S.A.
Trimethylolpropane trimethacrylate (TRIM), C4gH»60¢, Aldrich, U.S.A.
p-divinylbenzene (DVB), C,oH,o, assay 50%, Fluka, Switzerland

Polyethylene glycol dimethacrylate (p-EGDMA), Mn 700, Aldrich, U.S.A.
Benzoylperoxide, C4H¢0,4, assay 97%, Fluka, Switzerland

Methyl 5-bromovalerate, C¢H,O,Br, assay 97%, Aldrich, U.S.A.

Lithium hydroxide, LiOH.H,O, assay 99%, Aldrich, U.S.A.
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N-hydroxy succinamide, C4,HsNO,, assay 97%, Aldrich, U.S.A.
N,N’-diisopropylcarbodiimide, C;H4N,, Sigma, U.S.A.

Diisopropyl ethylamine, CgH,gN, assay 99.5%, Sigma-Aldrich, U.S.A.
Horseradish peroxidase (HRP), Sigma, U.S.A.

TMB microwell peroxidase substrate, KPL

3.3 3TMIN9aad

3.3.1 M3A3uN MIPs lag3twafiue bituuuusas (Bulk Polymerization)

NRNAN ST MLL ULz asaWe Slugarazan s luUSinaimanzan aufisly udsadudas
ANTALANVBIANTATORAIS NI NEN benzoyl peroxide %ﬂlﬁ‘]‘fl%ﬁﬁéf’;L’%'uﬂﬁﬁ’%ma%'m%'u
Ufisewedwalnatu wSudruiolulaseuasdussinamandldidunm 10 wiiia'ld
a1meaen LLé“ﬁaﬁnm@msfrmlﬂuﬁauﬁﬁgdqmﬂgﬁvﬁ“ﬁ 60 °C Tanmanalniwna 24 92l
aldnsasmalusudsdrnduiwdutenlng  sntusohandasueidldunsosuaza
nastwidonsen udiehuualiiduniazdoa “ﬁuq@ﬁwsﬁdﬁnwaﬁLuai‘ﬁm%wvlﬁmaﬁ'mm
RIUULVBENAIE soxhlet extractor lasld 10% acetic acid b4 methanol Huaavinazans vin
mMIaTaReLLenansoiIasweR e N lddnnaie IR uazfinwn3Ui19 (morphology) wadWed

wash laaasinadia scanning electron microscope (SEM)

3.3.2 M3e388 MIPs lagitwafiwa lsistuuuuanaznan (Precipitation Polymerization)
NRUFNTABLULLAzNanalNas lumazaeludSnmimazay  (@5en 2) aufield
WENTILANFILENIALANLVBIRITATORAIA  NUUIINEAN  benzoyl peroxide TelHIuanITEu
v g ) et aaa a e 3 v 1 g n:l. Y &
(initiator) & mIuUNemedwa sty sdausruilulasauaslusesnainsu laidn
na 10 wilialdomaaen ud3ahmemsiinlalugeunasaungilin 60 “c lavasnsli

o 6

Huwnm 24 sz ldninnmiilunednn  ansuwisinmInaasmii ldannsasuazdnaten
astwiilanaan ﬂguq@ﬁwU%d‘ﬁnwaama‘fﬁL@f%ff;m"l,@i”u”naﬁ’@mei@i”w,muaaﬂéf’m soxhlet
extractor laeld 10% acetic acid 14 methanol 1Jua¥inaza1s iNNTATIIFLLENANHDIUBIND
Swoinlamomaiedunsemininialadl  (nfrared  spectroscopy) wazfnILing

(morphology) YaInafiuainlaalsinadia scanning electron microscope (SEM)
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3.3.3 nmiamasauianansaizasluananafiweidisinaiadunemdnlnialad
UQ KBr 100 §aan3y nuansdasnanuaazidsa 1 Jaansn MWiduiladoinuluasnin
8au (agate motar) 1 UaINENA o lalwuainuudSanaunaauals dlddananuan 10 au 1u

A o . A ' ' & v &
LA 1 W 1 disc Nlabaadluzadtsas wazUuinua spectrum

= s Aa Aa e o a .
3.3.4 NIANHIRUINWINET  (morphology) YpINaRNaIN laerLnafia scanning electron
microscope (SEM)
= o ' a 6 o e = v a o a 6 o a
LATUNGAIDLNNARLNDIRIRILNNIANEINIULNAUA  SEM I@Umwamwaimwamuam
g; 1 Qq, v a { a v A v o
I@umnuu”fiom@mummu stub mvl,i‘lﬂami@lm:mUaaﬂﬁqmﬁgwawmﬁuumm stub 4"

LWRAUAIENBINaWNAZINANYIN SEM

3.3.5 MTIANTILAUVBINDALNBTNL NVP dramnaia UV
1aFNNIQANAULES UV (absorbance) 38981382808 (0.5 mM, 2 ml) 2aatudniiuniai
lafwlud lasdadinsganfuusszasmiazmoniouuszndiusmonafinaiiduiam 24 T2 la4
ﬁnﬂ@hmsgﬂnﬁuumﬁiﬁ ﬁﬁmﬁﬂmmﬁﬁaﬂazmaamiﬁgﬂé’fﬂa%}ﬁ'ﬂwaama% (% bound) lag/ld
NNNATIH (calibration curve)

éﬁ%%‘ﬂﬁ‘[ﬂauﬂmﬁ]ﬁm’mﬁg@ﬂﬁuuaaﬁm’msmﬂ'é"u 262 nm @IRUITIAUIZIAA

msg@ﬂﬁmmaﬁmmm’mﬁu 281 nm

3.3.6 MIFILATIZA NVP-HRP conjugates

#1817 2 (33 mg, 0.087 mmol ) IUHAIBINY NHS (12.0 mg, 0.1 mmol) Tussazane
a4 1,3-diisopropylcarbodiimide (23.4 mg, 0.11 mmol) 1w DMF ﬁﬂiﬁﬂmnﬁﬁ (3.6 ml) Wwaan
16 h 91 25 °C NTusIRes QRN IRz lafnasreaasluasazawvas HRP (5 mi)
0.05 M carbonate/bicarbonate buffer pH 8.2 ‘ﬁl 0 °C ﬂumiﬁﬂ%ﬁﬁ’ﬂmﬁ 25 °C mnffu
ﬁwmu@iaﬁqmﬂﬂﬁ 4 °Cc Juns 24 1lws  shaesaildandleasladsls 01 M
phosphate buffer saline (pH 7.4) uaztfiumsazazvas NVP-HRP fildfigunnil 0 °C
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3.3.7 MIaMIFaUUTZENIAINWUI NVP-HRP conjugate @28 competitive ELISA

111 96-well microtiter plates NLARDUAY rabbit anti-NVP antibodies (1:2000 dilution Tu
0.05 M anfuatuaiiinas pH 9.6, 50 pliwell) 7 4°CHialinilsdnuan blocked @28 PBS buffer 1)
§ 2% skim milk (200 pl /well) ﬁqmmﬁﬁaa 2 h MINTUAIITE 0.05% tween 20/PBS Liiul
F1IREAUNFNVDI NVP-HRP (1:4000 dilution 1% 2% skim milk/PBS)iae NVP (10, 1.0, 0.1, 0.01,
0 ug/ml) I 2% skim milk/PBS (50 pl /well) wasaniold 1 hyimsés plate uddu

TMB/H,0, substrate 100 pl asluudaznqu asiali 20ufuazngaUfisendas 1 N HCI (50

uliwell) 8TUAINIIQANRULEIN Appay 450 nm URAIHAT 1@ LUINENB/B, x 100 1Ay B uaz By UAA

bound enzymatic activity tiafuaz lifians competitor mu§IaU

3.3.8 MINaw MIA LileaT19m LS8 NVP
mM3naa (IC,,) YaINaALWaTT pH 6, 7 uae 8

uswaRiwaiUsunmanag (0.4-15 mg) lwasazasuad NVP-HRP (1:500,000 dilution)
1% 0.01 M phosphate buffer 13 0.05% tween 20 7 pH 6, 7 uaz 8 (1.00 ml) uaa 1.0 h
niuusnieeiwaiaanlasilymiss? 16000 rom waan 5 wnd g]mmmaammﬁ”l,ﬁm

200 yl W&3LANGIY TMB/H,O, substrate 200 ul wada1nNly 5 wifingalizendie 1 N HCI

(200 pl) LLéﬁmummi@ﬂﬂﬁmLaaﬁ Max 450 NM M INARaITIINUASS
n13LATEN calibration curve @3eNARA MIA

AUFITAZANEUd NVP (0, 0.2, 2, 20, 200, 1,000 ug/ml) 1% 0.01 M phosphate buffer pH
6 containing 0.05% tween 20 Y341t 0.50 ml SILBNERINESATIAN 4 mg gaial¥ 1.0 h. annsis
AuAIBEIRZAY NVP-HRP conjugate (1:20,000 dilution, 0.50 ml) éigdﬁavl’j”uu rocking table
8n 1.0 h aniswsnemedwasaanlasilymiss?i 16000 rpm uwan 5 Wil gaian
Yoawa A leian 200 pl udLANGIH TMB/H,O, substrate 200 ul %a3anfialy 5 wifingadJisen
@28 1 N HCI (200 pl) LLﬁ'JEim@hmsg@ﬂﬁuumﬁ Ao 450 nm FMNITNARBITIINUASS URAIHA
Alelwnoy BB, x 100 lay B usz B, usad bound enzymatic activity tiafiuazlsifians

competitor AMUR1AL
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3.4 HaMINaaaIuazNIIaNUNENg

g 6 wa a 6 a a 6 a a
3.4.1 MIFeNziLassudarasnafwessanuuuiladu luauaziuisnfiu
luauaauusnsaInInessdit dasnsmisnzaaimInasainmanzsalunmnasouned
{ o [ va a . . . = & {
wasaanuuundanusiwe  39laidanlsfiladurlud  (nicotinamide, NAM) @aduansnd
v [l 6 o v =] @ ' ' ' & v Y o
lavsaiuaznyWeiduadioafeny NVP udwiisuazmagnnd Wusmsduuuy lagldriine
Ysulfpunfiauazdandiunesnanuaiuaiuazaninsasiig (crosslinkers) Tiavaiaaviazasd
I dudmnasludjisomedwa sty Mufguuuuresdjisomedwalsiotu laslasiais

YBIRITABULL VOUBLNDS u,a:msmaa’&aﬁﬁl‘*ﬂumiw@aaaLtaméﬁgﬂﬁ 3.2

F1IAWLUL
H (@)
pwd HNTN
N N N /
A N
Nevirapine (NVP) Nicotinamide (NAM)
yaualles
)\ COH
PN H )\H/O\/\ 2
= “CO,H CO)l I OH COH
acrylic acid (ACA) methacrylic acid (MAA) 2-hydroxyethyl acrylate (HEA) itaconic acid (ITA)
a [
GARGRERERMN]

S O)Y \/©/\ qﬁg\ o °
ethylene glycdl dimethacrylate  divinylberzene  Poly(ethylene glycol) diacrylate $o O/S?
(EGDVA) (DVB) (PEDA)
trimethylpropane trimethacrylate
(TRIM)

Eﬂﬁ 3.2 Iﬂidﬁ%ﬁdm@dﬁﬁiﬁuu‘ﬂu VOUOLNDT WATRITATORRIA ﬁl"ﬂumséﬁmﬁ:ﬁ MIPs 68
NAM
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e [ a 6 v ad a o v ¢ ¥
'iﬂﬂﬂ"lﬁﬁx‘lLﬂﬁ’]z‘lﬂ‘wE]ﬂLNai(ﬂ’)EJ'J‘E‘WElﬂL&lavlﬁL‘ﬁ"Ii%LL‘LlﬂJ‘]JﬂﬂLLazLLUU@ﬂ@]zﬂE}%I@]EIGL"U NAM

I3 v v a a 1 A d
WnaIIaULUY Iﬁwaamaﬁ(aammu MIP1-11 LLazwaamaﬂmamLuu NIP1-11 ‘ﬁﬂﬁdLﬂi’]t%ﬁﬂﬂ

Taidansanuuy a9ddsznauuaIna sy SRR LEAIAIANTIN 3.1

a a 6 a a 6 a '
M13191 3.1 waamaiaaﬂLLuquﬂ@]uﬁvlw@LLazwaamaﬂmammu

MIP/NIP Monomer Crosslinker Poragen (ml) Polymerization
(mmol) (mmol) Method
1 ACA (1.0) EGDMA (5.0) CH,CI, (1.5) Bulk
2 HEA (1.0) EGDMA (5.0) CH,CI, (1.5) Bulk
3 MAA (1.0) EGDMA (5.0) CH,CI, (1.5) Bulk
4 ITA (1.0) EGDMA (5.0) THF (1.5) Bulk
5 MAA (1.0) TRIM (5.0) CH,CI, (1.5) Bulk
6 MAA (1.0) DVB (5.0) CH,CI, (1.5) Bulk
7 MAA (1.0) PEDA (5.0) CH,CI, (1.5) Bulk
8 MAA (1.0) TRIM (1.0) CH,CI, (1.5) Bulk
9 MAA (1.0) TRIM (1.0) CH,CI, (15) precipitation
10 MAA (1.0) TRIM (1.0) MeOH:H,0 (15) precipitation
11 MAA (1.0) TRIM (1.0) THF:MeOH:H,0 (15) precipitation

Note: ACA = acrylic acid, DVB= divinyl benzene, EDMA= ethyleneglycol methacrylate, HEA=
2-hydroxyethyl acrylate, ITA = itaconic acid, MAA= methacrylic acid, PEDA= poly(ethylene
glycol) diacrylate, TRIM= trimethylpropane trimethacrylate i NAM, 0.25 mmol, Ratio of
MeOH:H,0 was 4:1 (v/v) and ratio of THF/MeOH/H,0 was 5:4:1 (v/viv).

v AN o a [ 4 Yo = aaa @ o 1 a 6 o
%mmn*n%waamai vL(ﬂ‘Y]’]ﬂ"liﬂﬂH’]ﬂQﬂiﬂ’]ﬂ’]iﬁ]‘ﬂﬂ%iz%'ﬂdwaﬂL&laiﬂ’U NAM 1%

acetonitrile  Taduairazanedunid  uazlunamwatwiwes pH7  duwmnefia UV
spectrophotometry lagiAAIMNIQANAUULES (absorbance) JBIMIAZAENDULITRIILTAILWAR

& A A ¥ o A &w:‘l» o 3 A o 1 A 6
waifianuemade 262 nm  udnhefldiindwnmiosaztasmsignivegiunaiiues
(% bound) HazaINIIURUBEINaRWETAaNULLUa: liiRoNUULTRAGI 9L NAM uaadasgLf

3.3 §IBANVUANGANIVBINITIUAL NAM YgINaRNBIRENLUL MIP1-11 L& "L&iaaml:uu NIP1-
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. . . ‘d o v o U =
11 LLET@GI%EII‘}JE]G imprinting factor TIWIULANNEATIEIUVEI % bound VB MIPs ALVBS

NIPs (915149 3.2)

% Boun
58

11

o MP
mE NP

% Boun
g

(b)

"

o MIP
= NP

Eﬂﬁ 3.3 Percent bound of NAM in (a) acetronitrile at the polymer concentration of 40 mg/ml, in

: phosphate buffer pH7 containing 10% .5 mM) at the polymer concentration
(b) 0.01 M phosphate buffer pH7 containing 10% EtOH (0.5 mM) at the pol trati

of 20 mg/ml
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a13197 3.2 Imprinting factor Va9 MIP1-11

Imprinting factor (0l)
ACN Buffer pH 7

MIP (40.0 mg polymer) | (20.0 mg polymer)

1 2.66 1.44

2 1.82 1.40

3 2.93 1.59

4 2.23 1.94

5 2.79 1.25

6 2.31 1.62

7 1.33 1.04

8 2,57 2.52

9 1.61 1.09

10 1.44 1.65

11 1.97 3.27

mﬂgﬂ'ﬁ' 3.3 wara39h 3.2 WeauSsufisunwediwes 1-4 Sesaeseilagisnaniwels
wTuuuUad 19 EGDMA ussasasasdudltuanawainuandrons axfinldin MIP3 uas
MIP4 455 MAA uaz ITA nuauawasausiey Janusanioiazsuny NAM léandwed
mai"é‘usjﬁy'ﬂu acetronitrile LLﬂzlu‘L{’] Wazdl imprinting factor gsndwwaﬁma%w}

deaSoufiounediwes 5-8 Gefaamzilagdiwediwe lstusuusadlasls MAA 1
vouslasuAlUIAsuriinvasanIniesass aswudn MIPS @98 MAA Hunausiwaiussd
TRIM Husnsasasdsfbudnnan 1:1 Januaunsalunssuny NAM Vlﬁﬁﬁq@LLazandwwaﬁ
woslisenuuulasiamzdedanaroduin

dawSoufiounedwes 9-11 Svdaazilagdinedwelnduiuuanaznan lagld
MAA uaz TRIM t{nuanaiuasuazaIniosanmuiay uailfsusievasdinasany asiiwle
1 MIP11 Bogaiaeilu THF/MeOH/H,0 5:4:1 (viviv) SUML NAM ”Laaﬁqmzﬁ imprinting

factor gdﬁq@
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~ \ A % & A & , \ v A & A
ﬁﬂﬂﬂﬁ“n@maduLLa@]\‘i’l’lﬂﬂ’l’Jzﬂlﬂuﬂ’lia\‘] LIS ANARLNDT 11 1D USL%MIL@W@QLN 2N

A an o o AaA o & o= @ A o & a &
qua&m(ﬂiuﬂ’liﬁmﬂ‘u NAM ﬂ@]'ﬂq@ @]\juuﬁ]ﬂimaﬂquuﬁluﬂqiaﬂLﬂiqzﬂwaaLNaiﬂaﬂLLﬂumaﬂ

A { L= v 1 =
NVP @a P(NVP) SﬁaLﬁaﬁﬂmqmaumLLa:mﬂmmma"ljJ LHUAWLEAINIRIATIER P(NVP)
LLaméﬂigﬂﬁ 3.4

’/’ —Q \‘\ ,” Q \\

4 H 1\ e (@] H \

// ‘\ ! \ // \

(/ H (@) \\\ (, \\
\\ AY \ \\
TRI = AN . \ \
M > ) \ /B \ extraction ) \

- ! L ]
Polymerization ~ / N 2 '\‘f | J i
’ ! | 4 |
( H o! ( H [
\ }3* O§ \ fz\,c%* O‘jo’)
‘.o e~ ‘e -~ —-- -~ 4
P(NVP)

Eﬂﬁ 3.4 Schematic representation of the synthesis of P(NVP)

MNMSANNMITUAIUIERI PINVP) 70 NVP 1w acetronitrile wazluin iwisuifisuniy
NP1 SadunadweilisenuuuifasdUsznaumaaifimianty  PNVP)  lagiadins
g}@ﬂﬁuummmmm:mUfiaul,l,awé'm,l,ﬁﬁwwaama%ﬁmmm’mﬁu 281 nm Wui1 @1 %bound
1w acetronitrile iy 34.02+0.057% ieldwedinad 20mg/ml dawlwihdd %bound tvinAw
68.55£0.052% Lialdwedwas 5 mg/ml laodl 1 imprinting factor inAL 2.76 uaz 4.85
AUENTD aRiwinwaRiwasaanuuy NVP Alditidssansawalumssuny NVP lusih saums

dasltwefiwasludsumntasnitlunsdiuasnsauny NAM 1haziiaan hydrophobicity 289
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NVP tiatfguny NAM vinlwdanusnansnluvmsaunuwadiuaslaanii NAM lunsdivasnisau

o :’ & v ¥ a 2 { o 1 . S 1 a v o
nwlwinndaslswadiuasiulSuimntasniilu acetronitrile I TUNLFINGHALAL I

3.4.2 MIANHIAMUIUNE (selectivity) vadwafiuaiaaniuy MIP11 uaz P(NVP)
laamarauanudnizvaswefiwaiaanuuy MIP11 Uaz P(NVP) ¢namsAn®1nnIau
ﬁ'ums@mqﬁﬁ%%iﬂdﬁ%'mm:gﬂﬁwﬁvlﬂ&ﬁmﬁ‘u NVP @l nicotinamide (NAM), benzamide
(BAM), 2-aminopyridine (2-Apy), 3-aminopyridine (3-Apy), 4-aminopyridine (4-Apy), pyridine,
aniline Uz o-phenylenediamine (OPD) lagldmsfiflanadutu 02 mM u 0.01 M Waswa

Uwinas pH 7 3 0.05% tween 20 11U surfactant lassassvasasinanuaasasgui 3.5

A s
NVP NAM BAM 2-Apy
NH, NH,
N N N NH,
NH,
3-Apy 4-Apy Pyridine Aniline OPD

Eﬂﬁ 3.5 Structure of compounds used in selectivity studies.

MM IUSoufisuanus iz aInadnesaInan distribution coefficient (Kd) lasi
Kd = Cp/Cs

{ 2K { o ' a . -1 v @
We Cp = Anududusaimsnivaguuwadiues (in Umol g') uaz Cs = Anududu
i . -1
pasa3fiagluasazans (in tmol mi™)
AV o [ A A ] v A o o a '
Naf lduaaIaIan TN 3.3 Tawwdidn Kd vasansnnealedunuwefiuaslisenuuy
(NIP11) §en7lnatfsani waadin NIP11 Vl,ajﬁmwa‘hwmLﬁaamnﬁmié‘f@é’amam&iﬂaﬁ%’uﬁm
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ﬁ]’muauama%‘lmmu@u &% NVP Jd1 Kd ﬁguﬁa%’uﬁuﬁy’d MIP11 ez P(NVP) La@dITwaR
wosmssasilanuimsfiass NP Fsfvinauladia NAM Aflen Kd ﬁgwﬁuﬁ'wﬁa%’uﬁu
P(NVP) udsniinausiasiasuny MIP11 @saonuuuanain NAM mifduguwiotaiiasanly
minesasiildnadiweslulSnmditasuasinmsdu tween 20 ioan nonspecific adsorption ¥
1% NAM sufuweswas MIP11 leviasas daw P(NVP) vinasfianalimausin (hydrophobic)
AN MIP11 1lesannd NVP Sallusnsifidatasnin NAM uansdunuy analairausing
ianiwsessaldimssusuamsludnansiduinfaldddn  uazmsin NAM - snansasuniv
P(NVP) lafiduseridnlyle 1iiasann NAM fl“/él’;\‘]%%iLavL&IﬁLLa:ﬁ’N pyridine fitwilanfiu NVP ¥
TWanansndn lUsufidruniis binding site vas NVP &

@1’13’1\1“71' 3.3 The distribution coefficient (K;) of MIP11, P(NVP) and NIP

Kd
Substrates MIP11 P(NVP) NIP

NVP 756.09 1611.34 71.04
NAM 34.54 508.42 32.87
BAM 90.56 102.22 74.26
2-Apy 75.70 58.52 57.51
3-Apy 17.19 24.94 63.74
4-Apy 56.80 40.75 37.90
Pyridine 27.67 16.53 41.89
Aniline 137.62 148.82 135.90
OPD 83.94 106.21 103.02

Unit: ml g-1; polymer 5.0 mg/ml. [initial substrate] = 0.2 mmol/L; V = 1.0 ml; adsorption time 1.0
h.
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3.4.3 M3AN® binding isotherm YadInafiuaIaaniuL

1@¥1n131 binding parameters vaswafiuas MIP11 uae P(NVP) lagnsdnusn binding
A v o A AN o o A A A
isotherm M1729ANUITUTUYEI NVP 11 25-500 Lg/ml Waf lelaaiaiif 3.6 (a) Tawuinf pH7

Tanudutuzes NVP fidimaduiduiduasefia 25-200 pg/mi Wahdayanldangisian

WREANTIN@Y Scatchard equation28'29 Ao
Q/[NVP] = (Qmax — Q/Ky) (1)

Lfia Ky fa dissociation constant W& Qpax fasuinaes maximum binding sites lawa
é’agﬂﬁ o duns WL EuaTs (gﬂﬁ 3.6 (b)), ¥ slope uaz intercept LYINNL-1/Ky WAE Quae NSO
s lduaasinmeldanemanasesdi.  misuiuvaswedwasiy NVP (uuuy
homogeneous Tofi MIP11 fein Quax W82 Ky WINAU 57.92 Ug/img Waz 134.27 mg/ml &34
P(NVP) 61 Quax U8z K WAL 95.62 Llg/mg WAz 166.72 mg/ml  azi@wlain P(NVP) &

binding capacities 7§01 uazAURU NVP ldudiusandn MIP11

100
__ MIPI11

80 - _ P(NVP)

O T T T T T 1

0 100 200 300 400 500 600
[INVP] (ug/ml)

(a)

31.]“71' 3.6 Binding isotherm (a), Scatchard plots (b) of MIP11 and P(NVP); Q: amount of NVP
bound to 0.8 mg of polymers; V = 1.0 ml; Adsorption time: 1.0 h.
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. _ MIPI11
0.4 7 Y _ P(NVP)
§ 0.3
&
0.1 +
0 T T T T T T T -
0 10 20 30 40 50 60 70 80
Q (ng)
(b)

3U1 36 (de)

3.4.4 WaUdd pH AaUzANTAINVINTILAUVEI NVP nUNadLues

NoATIIROUNATDY pH Tdldemysunuuas NVP fuweaswes laldwediwad 5mgml
ATIIFALM %bound Vo9 NVP 9 In&138sa8i3uduay NVP 0.2 mM lunasnatinines pH 4,
6, 7, 8 ez 10.5 Naﬁvl@ﬁmmﬁogﬂﬁ 3.7 Fawudms MIP11 uaz P(NVP) snansasuniu NvP e
Tut19 pH 4-7 uazSs=ansninanasi pH gaf’fu #1% NIP11 fdseansmwlumssuiu NvP 4
s‘iwniwwaﬁmai’aaﬂuuuﬁnﬂe} pH

0 | .=\-0-\
80,
70 -
c 60 —e— MIP11
é 50 | —=— P(NVP)
S 40 —+— NIP11
30,
g A/}\A/‘\‘
10
0
4 6 7 8 10.5
pH

gﬂﬁ 3.7 Waw84 pH 6al3zANTAWINMIILAWUEI NVP NU MIP11, P(NVP) taz NIP11
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3.4.5 MIATIVFOULANANHUBINDRLNBITAONLLL
IR spectroscopy

I¢aaseulandnsawsInedainimuafisansildmeomatia  FTIR  laaadoy
ﬁaaﬂﬁaﬂuamﬁﬂugﬂ KBr discs anwmenliuas IR spectrum adwadiuasnanmey laiae
931 3.8 Z99sWU O-H stretching, C-H stretching, C=0 stretching Ga1ilnasssznaumanluwe
fwasagetaian wonaninsi MIP lsuafiwiiontu NIP uaasildataenamsduwuuusan’y

lenua

1a2ARK (cm”) Ayam
3300-3500 O-H stretching of carboxylic acid
2850-3000 C-H stretching of sp’
1725-1700 C=0 stretching of carboxylic acid
1440-1395 O-H bending of carboxylic acid
1320-1210 C-O stretching of carboxylic acid

120

100 1

(e}
o

B
o

Transmittance [%)]
(o2}
[an]

N
o

O T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wevnumber cni’

Eﬂ‘ﬁl 3.8 IR spectrum (KBr) of a representative polymer, P(NVP)
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Scanning electron Microscope (SEM) Technique
o ° [ o @ o a ea o \wd‘lﬁll7 o ' (%
waIINimMIAILazauuiy ldhwalweinguanzdlafluanaseuanemzgUide
dl' a a €¢={'v o 6 =

\ATeIRaNTIABlanaTan (SEM) waRlwainduanzdluuuuiaduazuuuanaznauazlvinauas
JIRAuandIiw @18t19189 SEM images vasnafiuaiiiaionlduaniaiuf 3.9 uaz 3.10
A a A o ad e & Ao & @ Ada a AN e ! a &
lasfwafwe i ldannitiadaliansauniuiounfifnvyu: fdienldaduaue drunadiues

t:!l v ad a o | . d' o o | v
‘ﬂ"lmnmmﬂmnam:&lamﬂmuﬂu microsphere naunuunan

10pm WD 15.0mm J SE 650 00 Tpm WD 15.0mm

0 100nm WD 14.9mm 000 1ym W

gﬁﬁ 3.10 SEM micrograph Uadwadiuas MIP(NVP) R9LAs1EHILUL Precipitation
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3.4.6 MINAWINATLA MIA SIRIUATIATIZH NVP

lunsnaminadia enzyme-linked molecularly imprinted sorbent assay fNILNNIATII
Aerdt NVP dieSanianloinauging NVP-HRP MNEHSIANNATBIANNTUT LA pH
yasgIazautnined siaussUSinawes surfactant finanzaulumssuiuuas enzyme probe
Auwedwas ntussldmsunawedwasimanzaudamunsasuiy HRP-NVP conjugate l&
50% (ICs) aldanzfimanzauudy Sewgrenisdereimuduasozas competitive
binding assay
3.4.5.1 N3FILATIZH NVP-HRP conjugate

YINNNIFIATIZA NVP-HRP conjugate lasld NVP-linked carboxylic acid #3asns 2 ¥in
UfAsiniu NHS reuwlwld activated ester ugrdadwuansfldadluasazansues HRP o
WHWNINT 3.1

H
N
HO.C o=

(i) NHS, DIC, DMF O
25°C, 16 H. —
. N N
o B
N 2 N

HRP

(i) HRP ~—NH,

2 NVP-HRP Conjugate
LLNumWﬁ 3.1 Synthesis of NVP-HRP conjugate

3.4.6.2 myNgadianansoiuas NVP-HRP conjugate 638 competitive ELISA

Lﬁaﬁgaﬁdﬁﬁ NVP Gaagruiawlss] HRP 434 'a’iﬂﬁmnaamaugm@ﬁ"lﬁﬁmmﬂﬁﬂ
competitive ELISA lag/l4 rabbit anti-NVP antibodies Aasulaluund 2 i competition 3£#I14
NVP-HRP conjugate fia3ulatiu NVP Aiamandudu 10, 1.0, 0.1, 0.01 pg/mi uazlsif
inhibition Naﬁ"L@TLLamé‘agﬂ 311 nnTAldnuin NVP & wsauaedniy  NVP-HRP
conjugate (1:4000 dilution) 1uz29 0.01-1.0 Ug/ml iagaf‘tuamlﬁﬁuiﬂﬁé’amsw:‘vi’ NVP-HRP

conjugate lA&L33
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0 T T T T T

0.1 1 10
I[NV ug/ml )

Eﬂﬁ 3.11 Calibration curve for NVP detection using rabbit anti-NVP antibodies

3.4.6.3 M6 ICs 7 pH 6139 aLaS T competitive ELISA assay
TumnasssitldvdSinuwediwe SAausasuiu HRP-NVP conjugate & 50%  (ICsp)

laums¥in titration experiment ldwadiwas MIP11 uaz P(NVP) lutSanmans g urluansazans

maamuvlsﬁﬂﬂaugm@ﬁ 1:500,000 dilution 1% 0.01 M WaswariwiWasi pH 6, 7 uaz 8 udria

U aoLauvl,snﬁﬂaugmmﬁmﬁaagjhmsa:m HRRIIMNMIARILIULENLDTWORLUBTABNGABNNT

\uLawloNausaTa TMB LAIANTQANAUULEIN Arax = 450 nm waﬁ"LéTuamé’agﬂﬁ 3.12
ANNANINARDIWNLINN pH 6 61 ICs, VI MIP11 Uae P(NVP) AeLvinny 0.8 mg/misit
i pH7 e ¥iny 8 mg/ml uaz 7 mg/ml eNEGU wazh pH8 luinnsduves  HRP-NVP
. [l A @ o  a u/ a {gj a Py A Y Aa a A o
conjugate adsdinadaynuNaRwaiNIrasTha Lhosanf pH 6 ldwaliweslulSumnay

P o &2 oA g a y & .
‘V]q@ (ﬂ\‘luuﬁ]dLaE]ﬂLEﬂaﬂ’]’JzuﬁJ’ﬂﬂuﬂ’ﬁmimd competitive assay Iumu(ﬂau(ﬂa‘lﬂ



100 ~

(a)pH 6 a
Z 80
EI —e-MIP11
60 A
< - -a~P(NVP)
S 40 - —-u-NIPI1
3
M 20 -
= - a
_______ = - -
O T T T 1
0 1 2 4
polymer (mg/ml)
~ —e—MIP11
= 80 | P(NVP)
1 — —k -
[
; 60 __.__NIPII
I
T 40 1
=
=
AR 90 A
2 e .
O T T T T T T T 1
0 2 4 6 8 0 12 14 16
polymer (mg/ml)
c) pH 8 100 7
()P *— MIP11
% 807  —-a P(NVP)
E . —-= NIPII
S
=]
T 40 -
=]
=4
B 20 -
X
0 T T 1
0 15

5 10
polymer (mg/ml)

gﬂﬁ 3.12 Binding of NVP-HRP relative to polymer concentration for MIP11, P(NVP), and
NIP11; (a) pH 6, (b) pH 7 and (c) pH 8.
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3.4.6.4 MILAILY molecularly imprinted sorbent assay
Iumumﬂmmmsmaaa"l,@“ﬂ,ﬁﬁ%l,ﬂﬁauwaal,ua%ﬁ%qu (well) 289 ELISA plate W82I@6N
0.D. fildnasanidy TMB uuwafiwainaguu plate laoasaaudsndnuenu wdinuilned
L:uai‘madmﬂq@aaﬂlmzmwmsﬁwLLa: incubate ﬁﬂﬁ“’lﬁwaﬁﬁmmﬂm@mﬁaugamn W
A ) aa A a & Imeq o A A o & = o 4 s o
ﬁ]:umﬁﬂsuﬂ;mﬁmsmaauwaamaﬂmnmlma‘lmm’mmi aanud 9 lailReuunlEisnmsv
assay lunaaa microcentrifuge lagyin competition ¢34 NVP AU NVP-HRP conjugate N9
AMudNTuLes NVP 121319 0.1-500 Hg/ml udavhmsiansinuvasenlodniiviaaglu

% =Y v { { { U Qs { & U
aIRTALRRINNUBNIEINETINaTAaNFILIATENRIIAzNEaU KAl lALaaIRIgUN 3.13 Tawudn
d' L% I @ Qs a a fd' & £ d' 1 1 1
Wald MIP11 udduazlizrmsiienziniduidunsefiagszning 10-100 Lg/ml 31 P(NVP)
azfitrmaenzdnuduassnsendng 10-500 Wg/ml dwdlals NIP11 uarduazlidinng

Y ' o a £ =& A o Vo A
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Abstract

Currently, high-performance liquid chromatographic (HPLC) methods are mainly used to measure antiretroviral plasma concentrations in HIV-
infected patients. Although the utility of routine therapeutic drug monitoring (TDM) as an additional tool to optimize long-term antiretroviral
therapy is unclear, if TDM is to be widely used, the availability of simple, cheap and reliable methods for the measurement of antiretroviral
drug levels are needed, particularly in resource-limited settings. In this study, an immunochromatograhic (IC) strip test to detect the presence
of nevirapine (NVP) in body fluids has been developed. Antiserum to NVP was first raised in rabbits by immunization against NVP chemically
conjugated with bovine serum albumin, and subsequently validated by Western immunoblotting and competitive indirect ELISA. The partially
purified anti-NVP antibodies were conjugated with colloidal gold particles. The conjugation of the colloidal gold and polyclonal antibodies was
monitored by UV-vis spectroscopy, while transmission electron microscopy images were used to characterize the particle size and shape of
the conjugates. The resulting colloidal gold conjugates were used for the production of an IC strip test to detect nevirapine in human plasma.
Preliminary assessment suggests no-cross reactivity of the NVP polyclonal antibodies but assessment of plasma samples from HIV-infected patients
receiving HAART needs to be conducted. This assay could potentially be used for drug monitoring as part of the clinical care of HIV infected
patients.
© 2006 Elsevier B.V. All rights reserved.

Keywords: NVP; Immunochromatographic strip test; Colloidal gold; Immunoassay

1. Introduction

Nevirapine (NVP), 11-cyclopropyl-5,11-dihydro-4-methyl-
6H-dipyrido-[3,2-b:2/,3’-¢], is a non-nucleoside reverse tran-
scriptase inhibitors (NNRTI) which is widely used as a part of
highly active antiretroviral therapy (HAART) for the treatment
of HIV/AIDS, and as a single dose prophylactic intervention
during labor for the prevention of mother-to-child transmission
of HIV (PMTCT) [1,2].

* Corresponding author. Tel.: +66 18845141; fax: +66 53946042.
E-mail address: asimi002@chiangmai.ac.th (C. Tayapiwatana).

0039-9140/$ — see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.talanta.2006.05.059

NVP inhibits HIV-1 replication by binding directly to the
HIV-I reverse transcriptase enzyme and disrupting its catalytic
site. Unfortunately, NVP viral drug resistance can result from a
specific single mutation, such as the K103N, in the viral reverse
transcriptase gene and these mutations confer cross resistant to
the other NNRTISs in the drug class [3]. A relationship between
plasma NVP levels and efficacy has been reported [4]; there-
fore, maintaining sufficient NVP plasma drug levels is critical
to reduce the risk for selecting NNRTI resistance viruses. For
the majority of antiretroviral drugs, a similar relationship has
been demonstrated and it has been proposed that individualiza-
tion of drug dosing, guided by the measurement of drug levels
(i.e., therapeutic drug monitoring (TDM)) could help optimize
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therapeutic outcome and prevent adverse effects [5]. Further-
more, TDM has also been suggested to be an additional tool to
the standard methods of questionnaires and pill counts to help
monitor drug adherence [6].

For the quantitative analysis of NVP in plasma, high-
performance liquid chromatography (HPLC) with UV detection
has been primarily used [7]. Recently, LC/MS methods have
also been developed, these methods can simultaneously detect
up to nine antiretroviral drugs in the same plasma sample [8].
However, since the majority of HI'V-infected patients are living
in rural areas, simpler and cheaper methods of NVP detection
are needed to facilitate the assessment of TDM of antiretrovi-
rals. Indeed, for plasma nevirapine levels, a qualitative thin-layer
chromatography (TLC) method as well as a quantitative ELISA
method has been reported [9,10].

Immunochromatographic strip tests are simple, rapid and
cheap assays which have been developed for the qualita-
tive measurement of many biological markers [11-15]. These
assays rely on the transport of a labeled antibody (or anti-
gen) probe to its specific antigen (or antibody) binding partner
immobilized on the surface of a membrane. Among the dif-
ferent labeled test systems, colloidal gold appears to be the
most attractive as unlike fluorescence or enzyme tags, gold
probes are more stable and do not require time-consuming
procedures such as incubations, washing steps and enzymatic
reactions to generate a signal [16,17]. Due to the accumu-
lation of colloidal gold, a red-purple color can be rapidly
observed visually. These characteristics significantly shorten
the analysis time and make it a very convenience to assay
on-site.

In this study, we described the preparation and character-
ization of anti-NVP polyclonal antibodies and an antibody—
colloidal gold probe. These reagents were used to develop a
one-step immunochromatographic (IC) strip test for the rapid
detection of NVP.

2. Experimental
2.1. Reagents

All chemicals were purchased from commercial suppli-
ers and used as received. Chloroauric acid (HAuCly-3H;0),
methyl-5-bromovalerate, 4-(dimethylamino)pyridine (DMAP),
anhydrous N,N-dimethylformamide (DMF), N-hydroxy suc-
cinimide (NHS), and 1,3-diisopropylcarbodiimide (DIC) were
purchased from Fluka, USA. Bovine serum albumin (BSA)
was obtained from Sigma, USA. NVP was obtained as a gift
from the Government Pharmaceutical Organization (GPO) of
Thailand.

2.2. Instruments

Solid-phase EIA was performed in 96-well microtiter plates
(Nunc, Denmark), and optical density (O.D.) was measured
with an automatic plate reader (Tecan, Austria). NMR spec-
tra were recorded on a Bruker AVANCE™ NMR spectrometer
(400 MHz for 'H). Chloroform-d (CDCl3) was used as the sol-

vent. Chemical shift values (§) are reported in ppm relative to
internal tetramethylsilane. Coupling constants (J) are expressed
in Hz. Transmission electron microscopy (TEM) images were
recorded on a transmission electron microscope equipped
with energy dispersive spectrometer (EDS) (JEOL JEM-2010,
Japan).

2.3. Preparation of NVP—BSA antigen

The immunogen (NVP-BSA conjugate) was synthesized
according to Azoulay et al. [10], except that the carrier pro-
tein was changed to BSA instead of keyhole limpet hemocyanin
(KLH) because the cost of immunogen production was signifi-
cantly lower and it was presumed that the immunogenicity would
not be affected.

NVP linked methyl ester (compound 1; see Scheme 1): A
solution of methyl 5-bromovalerate (60 wl, 0.36 mmol) in DMF
(1.5 ml) was added to a mixture of NVP (100 mg, 0.36 mmol) and
potassium carbonate (149.3 mg, 1.08 mmol) in DMF (1.5 ml).
The resulting mixture was refluxed for 16 h, and then the solvent
removed in vacuo. The crude residue was purified by chromatog-
raphy on a silica gel (hexane-ethyl acetate 60/40, Ry =0.37) to
generate NVP linked methyl ester (1) as a yellow oil (78.1 mg,
52%). The following 'H NMR (400 MHz, CDCl3) was pro-
duced: é 8.49 (dd, /=2, 4.8Hz, 1H), 8.05 (d, /=4.8 Hz, 1H),
7.75 (dd, /=2, 7.6 Hz, 1H), 6.97 (dd, J=7.6, 4.8 Hz, 1H), 6.92
(d,J=5.2, 1H), 4.38 (t, 2H), 3.66 (s, 3H), 3.65 (m, 1H), 2.42 (t,
2H), 2.34 (s, 3H), 1.87 (m, 4H), 0.96 (m, 2H), 0.47 (m, 2H). 13C
NMR (100 MHz, CDCl3) § 173.7, 162.9, 159.0, 152.8, 151.3,
143.8,143.5,137.3,132.7,122.0, 119.6, 118.4, 51.5,33.7,29.0,
28.2,21.7, 18.0, 8.7, 8.6.

NVP linked carboxylic acid (compound 2): Compound
1 (78.1mg, 0.20mmol) was dissolved in a solution
of THF/MeOH/H,O 3:2:1 (2ml). LiOH-H,O (16.7mg,
0.40 mmol) was then added and the mixture was stirred for 1 h
at 25 °C. After concentration of the mixture in vacuo, the crude
residue was diluted with water and neutralized with 1 M HCI.
The resulting solution was extracted with 2ml x 2 ml EtOAc,
dried with anhydrous Na;SO4 and concentrated in vacuo to
yield compound 2 as yellow oil (62.3 mg, 85%). The following
'"H NMR (400 MHz, CDCl3) was produced: § 8.49 (dd, J=2,
4.8Hz, 1H), 8.10(d, J=4.8 Hz, 1H), 7.78 (dd, J=2,7.6 Hz, 1H),
6.99 (dd, J=7.6, 4.8 Hz, 1H), 6.90 (d, J=5.2Hz, 1H), 4.40 (t,
2H), 3.66 (m,1H), 2.42 (t, 2H), 2.32 (s, 3H), 1.87 (m, 4H), 0.96
(m, 2H), 0.47 (m, 2H). '3C NMR (100 MHz, CDCl3) § 177.9,
162.8, 159.0, 152.6, 151.4, 144.0, 143.7, 137.4, 132.8, 122.0,
119.6, 118.5, 33.6, 29.0, 28.1, 21.0, 18.1, 14.1, 8.9, 8.7.

NVP-BSA conjugate: Compound 2 (33 mg; 0.087 mmol) was
reacted with NHS (12.0 mg; 0.1 mmol) in the presence of 1,3-
diisopropylcarbodiimide (23.4mg; 0.11 mmol) in anhydrous
DMF (3.6ml) for 16 h at 25 °C. The mixture was then added
dropwise to a stirred solution of BSA in 5 ml of 0.05 M carbon-
ate/bicarbonate buffer pH 8.2 at 0 °C. The solution was stirred
for a further hour at 25 °C and then for 24 h at 4 °C. The syn-
thesized immunogen was then dialyzed with 0.1 M phosphate
buffer saline (pH 7.4). The resulting solution was kept frozen at
—20°C until it was used.
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Scheme 1. Synthesis of the NVP-BSA conjugate.

2.4. Preparation of polycloncal antibodies

An albino New Zealand rabbit was immunized with 1.0 mg
of NVP-BSA antigen in complete Freund’s adjuvant. The rab-
bit preimmunized serum was collected before subcutaneous
multi-site injections. Booster injections of 1.0mg of antigen
in incomplete Freund’s adjuvant were given 1 week post-
immunization, followed by three additional boosters at 2-week
intervals. The hyperimmune serum obtained 2 weeks after the
last immunization was collected and precipitated with saturated
(NHy)2 SO4 and dialyzed against 5mM sodium borax buffer
pH 9.0.

2.5. Validation of polyclonal antibodies

2.5.1. Western immunoblotting

SDS-PAGE was performed according to the technique
described by Laemmli [18]. Reduced forms of NVP-BSA
and unconjugated BSA were electrophoretically separated
on a 12% polyacrylamide gel. Samples were prepared in
2-mercaptoethanol and SDS under heat denaturizing con-
ditions. The separated polypeptides were transferred to a
PVDF membrane as described by Tawbin et al. [19]. The
membrane was blocked with 5% skimmed milk in PBS for 1 h.
Subsequently, the NVP-BSA immunized rabbit serum (1:2000
with 2% BSA in PBS) was applied to the blocked membrane.
After 1 h incubation, excess polyclonal antibodies were washed
out and HRP-swine anti-rabbit immunoglobulins conjugate
(DAKO, Germany) diluted 1:5000 was added. The TMB/H,0;
immunoblotting substrate solution (Fermentas, Lithuania) was
used to visualize bound antibodies on the membrane. The molec-
ular size of each reactive band was calculated relative to standard
proteins.

2.5.2. Competitive indirect ELISA

A competitive indirect ELISA was used to test the NVP-BSA
immunized rabbit serum reactivity with other antiretroviral
drugs. The drugs tested were: nucleoside reverse transcrip-
tase inhibitor (NRTI); zidovudine (AZT), lamivudine (3TC),
didanosine (ddI), abacavir (ABC) and stavudine (d4T); the non-
nucleoside reverse transcriptase inhibitor (NNRTI); efavirenz
(EFV); and the protease inhibitors (PIs), indinavir (IDV),
saquinavir (SQV), amprenavir (APV), ritonavir (RTV), nelfi-
navir (NFV), NFV metabolite (M8) and lopinavir (LPV). For
antiretroviral drugs, although the therapeutic ranges vary the
plasma concentrations achieved during a dosing interval fol-
lowing oral administration are commonly within 0.10-12 pg/ml
[20]. For the competitive ELISA high concentrations of
10 pg/ml were used to mimic those concentrations which can
be achieve in plasma. NVP-BSA antigen (50 pl) at a concen-
tration of 10 wg/ml in carbonate buffer pH 9.6 was added to
polystyrene wells and allowed to passively adsorb for 16h at
4.°C. Subsequently, 200 pl of 2% skimmed milk in PBS was
added to each well and incubated for 2h at RT. The block-
ing solution was removed by washing three times with 0.05%
TWEEN in PBS. A 1:8000 dilution of rabbit serum was mixed
with a fix drug concentration (10 pg/ml) and incubated for
1h at 37°C. The mixture (50 ul) was applied into an indi-
vidual NVP-BSA coated well. After washing the wells, 50 nl
of HRP-swine anti-rabbit immunoglobulin conjugate diluted
1:3000 was added, incubated for 1h and washed. TMB/H,0O»
substrate solution (100 ul) was added for 15 min. The enzy-
matic reaction was stopped by adding 100wl of 1M HCI.
The O.D. was measured at 450 nm. The O.D. value was used
to compare the ability of each drug to compete with the
anti-NVP polyclonal antibodies in the rabbit hyperimmune
serum.
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2.6. Synthesis and characterization of colloidal gold

Colloidal gold was synthesized according to the procedure
described by Turkevich et al. [21] using a reduced scale. An
aqueous solution of chloroauric acid (5 mM HAuCly-3H;O,
5ml) was diluted with 90 ml of deionized water. This solution
was stirred and heated until boiling and then reduced with 0.5%
sodium citrate solution (5 ml). Heating was continued until the
solution color changed to a red-purple color.

2.7. Formation of gold conjugate

Polyclonal antibodies were diluted in S5ml of 5mM
sodium borate buffer pH 9.0 in order to obtain 2.5 mg/ml of
immunoglobulins. This solution was then added dropwise to a
stirred solution of colloidal gold 0.25 mM, 100 ml. The pH of
the colloidal gold solution was pre-adjusted to 7.0 by addition
0of 0.01 M NapCO3. The mixture was stirred for 30 min and 5 ml
of 5% BSA in 5mM NaCl solution was added. After 5 min,
the solution was centrifuged at 4 °C 14,000 rpm for 30 min to

170 >

100 >
0 >

5 >

40 >

25 >

10 >

Fig. 1. Western immunoblotting analysis of NVP-BSA and BSA alone using
the rabbit hyperimmune serum. Lanes 1, 3, 5 and 6 were NVP-BSA separated
under denaturing condition. Lanes 2 and 4 were unconjugated BSA separated
under denaturing condition. Set A was stained with Amido black B for protein
detection on blotting membrane. Set B was reacted with rabbit serum (dilution
1:2000). Lane 5 was probed with rabbit serum mixed with NVP (10 p.g/ml final
concentration). No rabbit serum was added to lane 6. The HRP-swine anti-rabbit
immunoglobulin conjugate was applied to all lanes. Molecular weight markers
(in kilodaltons) are indicated.

remove unconjugated antibodies from the solution. The pel-
let was subsequently resuspended in Phosphate Gold Diluent
buffer (1% BSA in 49 mM Nay;HPO,) to obtain an antibody—
colloidal gold conjugate solution which had an O.D. of 40 at A
580 nm.

2.8. Characterization of colloidal gold conjugates

2.8.1. Transmission electron microscopy (TEM)

The size and shape of colloidal gold with and without conju-
gated antibodies bound were compared using TEM measure-
ments. The TEM samples were prepared by placing a drop
of the colloidal gold in acetone/H,O mixture onto a carbon-
coated TEM copper grid. The resulting film was allowed to dry
overnight and then used for TEM imaging. TEM microscope
was operated at an acceleration voltage of 120kV and at a mag-
nification of 80,000. The size distributions of the particles from
enlarged photographs of the TEM images were measured using
at least 150 counts of the particles. A selected area diffraction
(SAD) pattern of a colloidal gold particle containing antibodies
was taken directly from the corresponding TEM image and the
resulting diffraction pattern was indexed according to a standard
procedure [22].

2.8.2. UV-vis spectroscopic studies

The formation of antibody—colloidal gold conjugates was
monitored by UV-vis spectroscopy using a double beam spec-
trophotometer. The UV absorption of the colloidal gold and
antibody—colloidal gold solution (0.5mM in aqueous) were
monitored immediately after preparation at & 200-700 nm.

2.9. Preparation of an immunochromatographic (IC) strip
test

An IC test strip was developed using rabbit anti-NVP poly-
clonal antibodies conjugated with colloidal gold particles (anti-
NVP-CGC). A lateral flow test strip was constructed as follows:

{10 = [ ST R
LI/ SR I ——

L1 3

0.8 -1 formemreoeee

0.D. 450nm

084 |- -
04 44 [Pt

024 |-

No NVP AZT 3TC ddl ABC d4T EFV IDV SQV APV RTV NFV M8 LPV
i Competitor

Fig. 2. Assessment of the rabbit anti-NVP polyclonal antibodies by competi-
tive indirect ELISA with various anti-HIV drugs at 10 pwg/ml. This experiment
was performed in triplicate and a similar absorbance pattern was observed (see
Section 2.5.2 for drug names).



466

10 nm

(b)

Frequency (%)

Frequency (%)

M. Pattarawarapan et al. / Talanta 71 (2007) 462-470

60

50

i

16

40
14 15

30+
20+
10
0 ;
13
Diameter (nm)

T 13 14 15 16

Diameter (nm)

Fig. 3. TEM images and size distribution of (a) unconjugated colloidal gold particles (b) conjugated antibody—colloidal gold particles. For particle size comparison,

the 10 nm-scale marker is indicated.

anti-NVP-CGC (O.D. of 40 at A 580nm) was jetted onto a
glass fiber (conjugate pad) by an isoflow dispenser (Imagene
Technology, USA). The nitrocellulose membrane (Scheicher
and Schuell, Germany) was laminated on a plastic support by a
Precision Laminator (Zeta Corporation, Korea). NVP-BSA at
1.0 mg/ml and goat anti-rabbit IgG (KPL, USA) at 0.5 mg/ml
in PBS were jetted onto a laminated nitrocellulose membrane
at two separate zones; test line and control line, respectively.
Subsequently, the conjugate pad and jetted membrane were incu-
bated for 2h at 37°C and then dried in a dessicator at room
temperature. After drying, the components of strip, i.e., sample

“(111)

*(200)

. (220)

* (311)

Fig. 4. Selected area diffraction (SAD) pattern derived from a conjugated
antibody—colloidal gold particle.

application pad, anti-NVP-CGC sprayed conjugate pad, jetted
nitrocellulose membrane and absorbent pad were assembled and
then cut into individual strips (3.5 mm/strip), using a strip cutter
(INDEX CUTTER, USA).
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Fig. 5. UV-vis spectra of colloidal gold and antibody—colloidal gold conju-
gates. Curve A, colloidal gold solution; curve B, anti-NVP-CGC immediately

after addition of antibody to gold solution; Curve C, anti-NVP-CGC after cen-
trifugation to remove the unbound antibodies.
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2.10. Detection of NVP by the Immunochromatographic
Strip test

Analysis of NVP by the IC strip test was performed by dip-
ping the strip into standard solutions of NVP in PBS buffer pH
7.4 at0,0.1, 0.5, 1.0 and 3.0 pg/ml. The result was interpreted
after a red-purple color appeared at the control line. At the test
line, the presence of a red-purple color suggested no NVP was
present in the sample and vice versa.

2.11. Cross-reactivity of the NVP immunochromatographic
test strip

The procedure was performed as described in Section 2.10
excepted that the IC strip test was dipped into NVP and a
set of commonly coadministered antiretroviral drugs in PBS
buffer pH 7.4. A high drug concentration of 10 pg/ml, which
is near the maximum concentration achieved in plasma for
many of the antiretroviral drugs, was used. The drugs tested
are described in Section 2.5.2. To evaluate the potential influ-
ence of the plasma matrix on the strip, human plasma spiked
with 5.0 pg/ml of NVP was tested along with blank human
plasma.

Control line coated with
goat anti-rabbit IgG

I

Test line coated with

\es

T

NVP in sample

3. Results and discussion
3.1. Synthesis of NVP-BSA conjugate

NVP-BSA conjugate was synthesized according to Scheme 1
and the structures of the NVP linked methyl ester (compound
1) and the NVP linked carboxylic acid (compound 2) were con-
firmed by NMR (see Section 2.3).

3.2. Validation of polyclonal antibodies

Western immunoblotting in Fig. 1 showed immunoreactive
bands of the synthesized NVP-BSA (lanes 1, 3, 5 and 6) in com-
parison with unconjugated BSA (lanes 2 and 4). NVP-BSA and
BSA protein bands were observed in lanes 1 and 2 (set A) by
Amido black B staining. The major protein band of BSA was
located at 66 kDa. The proteins with higher molecular weight
were regarded as impurities from the partially purified BSA frac-
tion. Following incubation with rabbit serum (dilution 1:2000,
Set B), the presence of polyclonal anti-NVP antibodies in the
serum was demonstrated by the positive signal observed with
NVP-BSA (lane 3). No signal was observed with BSA alone
(lane 4). This result suggested that anti-BSA antibodies present

Dﬁu
5

_"\

Rabbit anti-NVP CGC

sample application pad
1 gold conjugate pad

A
v
[ ]
— —

Sample with NVP

No NVP in sample

absorbent pad

] }

nitrocellulose membrane

Fig. 6. Configuration of the IC NVP strip test. The schematic diagram shows the areas where rabbit anti-NVP-CGC, NVP-BSA and goat anti-rabbit IgG are
immobilized (left panel). The reactions which occur on the IC strip in the presence of NVP (middle panel), and in the absence of NVP (right panel) are shown. A
red-purple color appears at the test and/or control lines depending on the presence of NVP.



468 M. Pattarawarapan et al. / Talanta 71 (2007) 462-470

in the hyperimmune serum were neutralized by BSA in the serum
diluting buffer. Furthermore, mixing the hyperimmune serum
with 10 wg/ml NVP reduced the intensity of the 66 kDa band
and the higher molecular weight proteins (lane 5) confirming
the presence of polyclonal anti-NVP antibodies.

The specificity of antibodies was analyzed by competitive
indirect ELISA (Fig. 2). Several commonly administered anti-
HIV drugs (AZT, 3TC, ddI, ABC, d4T, EFV, IDV, SQV, APV,
RTV, NFV (plus NFV metabolite, M8) and LPV) were tested.
The O.D. of the well containing NVP as the competitor was sig-
nificantly lower than that obtained in the control well (no drug).
In contrast, the O.D. of the wells with the other antiretroviral-
drugs was similar to the control well. This data suggested that
the anti-NVP antibodies produced were highly specific to NVP.

3.3. Characterization of the colloidal gold particles and
antibody-gold conjugates

3.3.1. TEM imaging

The TEM images of gold colloid and anti-NVP-CGC are
shown in Fig. 3(a and b). Both forms of gold particles were
homogeneous in size and shape, and there was no marked dif-
ference in the size distribution of colloidal gold before and after
conjugation. The gold particles obtained showed narrow size
distribution with a mean diameter of 15.0 & 3.05nm and this
is within the typical range of colloidal gold used in IC assays
(10-20nm) [23]. The selected area diffraction (SAD) pattern
taken from an antibody gold particle (Fig. 4) shows the cen-
tral intense direct beam and an array of diffraction spots from
different atomic planes. These spots were assigned to the 1 11,
200,220 and 311 planes of a face centered cubic (fcc) lattice
of gold, according to JCPDS File No. 4-784 [24]. This result
confirms that colloidal gold was successfully produced.

3.3.2. UV-vis spectra

The presence of antibody on the gold surface was character-
ized using UV—vis spectroscopy. Spectra of the colloidal gold
solution were recorded without antibody and immediately after
the addition of antibody (Fig. 5a and b). A peak at ~519nm
in curve A was due to surface plasmon resonance of colloidal
gold. Immediately following the addition of antibody (curve B),
red shift of this band occurred as a result of antibody—colloidal
gold interaction and a new band appeared at ~280 nm which
corresponded to a protein absorption band. After centrifuga-
tion and removal of unbound antibody from antibody—colloidal
gold conjugate (curve C) showed two absorption bands at ~510
and 280 nm indicating that antibody was presented on the gold
surface. The absorption band at 510 nm was much lower for
the antibody—colloidal gold conjugate than for the unbound col-
loidal gold as some gold particles were lost during the washing
step to remove unbound antibodies.

3.4. Construction of Immunochromatographic strip test
system using anti-NVP-CGC

A schematic diagram showing the areas where the compo-
nents are immobilized on the IC-test strip is illustrated in Fig. 6.

Dipping the strip into a test solution will cause the liquid to move
upward by capillary action and dissolve the dried rabbit anti-
NVP-CGC on the conjugate pad. The anti-NVP-CGC complex
subsequently migrates up the surface of nitrocellulose mem-
brane. If no NVP is present in the sample, rabbit anti-NVP-CGC
will bind to NVP-BSA streaked at the test line (T). The immo-
bilized anti-NVP-CGC generates a red-purple color line caused
by colloidal gold particle accumulation. In contrast, if the sam-
ple contains NVP, rabbit anti-NVP-CGC will be neutralized by
free NVP. Consequently, the intensity of the red-purple color
observed will be reduced. For the control line (C), a red-purple
color will appear independently of the presence of NVP in the
test sample since the amount of rabbit anti-NVP-CGC is in
excess. When the rabbit anti-NVP—CGC reaches C, it will be
captured by the goat anti-rabbit IgG. The control line is used
to monitor whether the anti-NVP-CGC has passed over the test
line and the result can be interpreted.

3.5. Analysis of NVP standards with the IC test strips
Results from the IC strip assessing NVP in PBS are shown

in Fig. 7. In the absence of NVP, the binding of anti-NVP-CGC
with the solid-phase NVP-BSA produced an intense red-purple

Fig.7. IC strip test results at NVP concentrations of 0, 0.1, 0.5, 1.0 and 3.0 p.g/ml
in PBS pH 7.4. C, control line; T, test line.
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Fig. 8. Evaluation of IC strip with blank human plasma (left strip) and human
plasma and spiked with NVP at a concentration of 5.0 pg/ml (right strip).

band at the test line. The intensity of the color faded when the
concentrations of NVP were increased. At NVP concentrations
of 1.0 and 3.0 pg/ml, no color was observed at the test line. The
limit of NVP detection in PBS using the IC strip test was 1.0 g/
ml. The results of the IC strip test could be read within 10 min.

To determine if components in the plasma matrix could inter-
fere with the IC strip test result, human plasma spiked with NVP
at a therapeutic drug concentration of 5.0 pg/ml, in addition to
blank human plasma were tested. The results showed that NVP
could be detected and no interference of the plasma matrix in
blank samples was observed (Fig. 8); however, clearly assess-
ment of the strip in plasma samples from HIV-infected patients
receiving HAART needs to be conducted.

3.6. Cross reactivity test of the IC strip test

To study the effect of other commonly administered anti-HIV
drugs on the IC strip test, twelve other HIV drugs (AZT, 3TC,
ddl, ABC, d4T, EFV, IDV, SQV, APV, RTV, NFV and LPV)
were tested. A high drug concentration of 10 pg/ml, which is
near the maximum concentration achieved in plasma for many
of the antiretroviral drugs, was used. The intensity of red-purple
color at test line was as the similar to that observed in the absence
of NVP (data not shown). This suggested that the presence of

these antiretroviral drugs in a test sample will not interfere with
the detection of NVP.

4. Conclusion

Herein, we have successfully developed an IC strip test for the
rapid detection of NVP. Preliminary results show that it was pos-
sible to detect the presence of NVP at a concentration as low as
1.0 pg/ml in PBS, and no cross-reactivity from other commonly
administered HIV drugs or components in the human plasma
was observed. Following the standard nevirapine 200 mg twice
daily dose, plasma nevirapine concentrations range between 3.0
and 10.0 pg/ml, thus the IC test strip should be able to detect
NVP concentrations in patients using a NVP based HAART
regimen. The established assay is simple and easy to interpret
without requirement of any sophisticate instruments. This low
cost method could be routinely used in developing countries
for drug adherence purposes (potentially including urine spec-
imens) and TDM, and could be extended to other anti-HIV
drugs, in particular the protease inhibitors where high interpa-
tient variability has been reported and the use of TDM has been
suggested [5]. Overall, this report describes the construction
and preliminary assessment of the firstimmunochromatographic
strip test for nevirapine but detailed assessment of this IC strip in
plasma samples from HIV-infected patients receiving HAART
is needed.
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