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Abstract

A simple, fast, sensitive and inexpensive UV-spectrophotometric method for the
determination of amoxicillin in pharmaceutical preparations has been developed based on
two enzymatic reactions. In this method, d-4-hydroxyphenylglycine side chain of amoxicillin
was selectively cleaved off by penicillin acylase. Subsequently, it was reacted with 2-
oxoglutarate, by the catalysis of D-phenylglycine aminotransferase, to yield the product with
high UV absorption namely 4-hydroxybenzoylformate. The amount of amoxicillin was then
determined as a change in absorbance at 335 nm. In this work, the assay conditions were
studied and optimized and the method was validated. The calibration curve presented an
excellent linearity with r2 of 0.9998 (0 — 100 UM amoxicillin). Detection and quantitation
limits were 0.77 and 2.55 LM, respectively. Good accuracy and precision were obtained
when the method was tested with amoxicillin capsules and powder for oral suspension. No
interference from common excipients in the formulations or degradation products was
observed. Finally, since all procedures were performed without the use of any organic
solvents or hazardous chemicals which were detrimental to the environment and had a low
consumption of reagents, this proposed assay was an ideal green analytical method

suitable for the quality control of amoxicillin in pharmaceuticals.

Keywords: Amoxicillin, Enzymatic method, Spectrophotometry, Drug analysis,

Pharmaceutical preparations
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Retention time U84 4-hydroxybenzoylformate,
D-4-hydroxyphenylglycine, 6-APA LLaz amoxicillin
Nazieq83s HPLC

a & 1 A add & |
HaMTALATEAUTo U R s LA T AR I uLna (Enzyme)
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lassanamaaiivad amoxicillin LEAIEIU
D-4-hydroxyphenylglycine @iaa%iﬁ'u 6-aminopenicillanic acid
(6-APA)

UfAsinAlEFlumsAie et amoxicillin

ANMNURNAUTIZAIIANNENTUVEI amoxicillin (AMOX) (3NG%

AU D-4-hydroxy phenylglycine (HPG) fitinduanmslalastada

amoxicillin d28Lats lea] penicillin acylase
ANMURNAUTIZAI9ANNTNTUVEI D-4-hydroxyphenylglycine
(HPG) (33614 11 D-4-hydroxybenzoylformate (HBZF) Aitiaiu
91nUfA381 transamination lagnisiiseagtowlal
D-phenylglycine aminotransferase
ANNFUWU BT I NUT U UDD9 amoxicillin (AMOX) 316w
y 4-hydroxy-benzoylformate (HBZF) ﬁLﬁﬂﬁuﬁ]’mmiaaw
amoxicillin 1aan3t396781a1 busd penicillin acylase uas
D-phenylglycine aminotransferase

a A ' P v aaa Py
ﬁLﬂﬂ@]iﬁJﬂ’]i(ﬂ@ﬂﬂuLLﬁdTE]{'lﬁ’ﬁ@]’]\‘]‘5] mﬂmmaaluﬂgmm bl

e usNTasauN AU UL 0.1 mM T 100 mM Tris buffer,

pH 8.0

MUNATUMIAANAULFIVDIVBITNTAZANE 25 UM 4-
hydroxybenzoylformate \W3suLisu pH 9.0 waz 9.5 (Jalu
cuvette Nl pathlength 1 cm)

a aaa {a £ { .
nIaaeuy3enNiiaulunsdind D-4-hydroxyphenyiglycine
=} 1 I
\3aruagjlu amoxicillin

a aaa dl a J 1
MIfaANUATLNAAUR 1 pH 6139
mMdaauliseniiadn el 2-oxoglutarate szAUAY
LINTUAN €
standard curve LEAIAMVTNWUTIZAINIANUTUTUVDS

amoxicillin (36l17249 0 - 100 UM AUAINIT@ANTUURIN

Lﬂ?iﬂuvlﬂl,ﬁaq@ﬂg‘jﬁ’%m (AA)
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Hg

HBZF
cm

Conc
CPT
D-phgAT

HBZF

mg
ml

mw
nm
PA
SD

uv

% 6

AadunaduanstlazA1gaN 1T lwn13398

microgram
D-4-hydroxybenzoylformate
square centimeter
concentration

camptothecin
D-phenylglycine aminotransferase enzyme
D-4-hydroxybenzoylformate
hour

milligram

milliliter

Molecular weight
nanomater

Penicillin acylase enzyme
standard deviation

ultraviolet
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<3 aa A P & ad d' e 1 n:lld v
azlanTTaaW (@amoxicillin) LiJumanmmmaomezﬂuﬂqw B-lactam Nla9aTs
Usznavaiy D-4-hydroxyphenylglycine @iaagjﬁ‘u 6-aminopenicillanic acid (6-APA) (Eﬂﬁ 1)
£, k4 v <& [ o e o o e
aangndsLTauuAf S ulaUIINTE IR TEINIILTAS Uagriniinssngn amoxicillin 41
et ~a ¥ ] U { QF ] ¥ v v
ldlun1sTneilsadaireadrsuninansibasannainnsneangnidizalanine audl
o o el A - & o o o | & A =« A o w \
\nFTAMDIN amoxicillin (dudradrdyegnainnats namidusiaeludiu i
capsules, powder for oral suspension %38 dry syrup LLNz‘Eﬁ@ﬁLﬂugmwaw LT
T 1 a 2 R Lo g { o
amoxicilin/clavulanate!” 33 TeRnIUSunos amoxicillin TwandrAmsinszyliludn
A a a v 1 ad . . (2) ad (3)
SRz NI INTEN TN TINT taun 3D IMinIaLUY iodometric , 33 fluorometry

. . 4,5 6 7-9
chemiluminescence' ), voItametry( ), aunlaslnWlawas’™

(2,10-11)

ad a a .
, 399887387 Uaz high
. . ada a A & ada ¢ o %
performance liquid chromatography (HPLC) ’Jﬁ‘l’l’]\‘li;a“]j’nﬂEJ’]L?IJWJﬁ’JLﬂi’]:WYma\‘ﬂm
\ aa o o A A caa A A [ A
AWK §IUIT HPLC azdatanduiaiasiiouazadnininiinaun Walisuiumaiianiss
WnlaslWlawas wanandnsuanuasiianiansens HPLC g9unldavinazaiadun3s
' . A 04 ' A [ a d o
\usrunaulu mobile phase Fsluifatunaodoiuldnnuaulauazaszninifeaiy
U Qs o a L [ 1 o AI v AI ;
NANITENUVBINSMEAIINaca1 8B UNIHaIna1dan1sIanoFILIasauNIndsu 5884

o o a A ) e . {a £ %
Jymnmanauaaudiiazas8unidunaziia 15u acetonitrile Niiaduludagiu

D'4-hyd“f3XYPhenylegcine 'i NH, B6-APA

HO

317 1 lassaianiaafves amoxicillin ugaI&I% D-4-hydroxyphenylglycine

siaag'ﬁ'u 6-aminopenicillanic acid (6-APA)
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> I3 s 1 a . = 0 o 3 1 a a A v 1
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eaa

AANIINUNIRINUIFELALINUATILATIZARIUTINDE  amoxicillin Tl ARTA TN
o L & ad A o o A A £ A a < Ao o a
7890 wudEwlrgi duwitnmindesandoinlaslaTdNeuns uazlawaawngudan an
NI89 TUNUATANINaNAURANNNINILa % beral ;ﬁ%’ﬂﬁﬂﬁﬁwm‘:ﬁﬂmLﬁaﬁwuﬁ%"?mﬁzﬁm
U§Fuz amoxicilin TwndrAmaiitlwilasldianlsd lassmunalildismsniizuneuiie
1 % = £3 oI v dl' A = ﬁ &
lidudou azain 320157 dunudn uazldiaTasdaiios UV-spectrophotometer  GLilu
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widanafiwademaninganduusdsanhlawaldgs myidvasilaimafinmuazliy
RongNENRINzENERIUMIIaNA leun pH szpzsvain il §isen anududy
waziaumadnauazionlmifinodasluljizen udvhnsamaseuanugndedzedis

a { o J . N o a s %
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wazennsdmsUazaneiin laenusiuaznaw (powder for oral suspension) B%adnie il
Fmheludszinalnolasldis HPLC fszyliludimen The United State Pharmacopoeia
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'3 { 1 Yo
iselanunaininazlasu

16933 a 2RI T Ini RIS amoxicillin T A&TA M laga1dRanNIINAS
& o PN a d ad A Lo o «
tanlrisrunuinaianiisdnlasinlane’ Gilrwaaunndny audaw gza1n 329152

ﬁunu@‘h ua luvinanaRILIaa



ar ada s ad e a e 07 Cd
nNanITAemzienyTaus amoxicilin lunsuimailasldiawlemd

1. A5 AL N1TIVY

CRRIGEY

—_—

2-oxoglutarate sodium salt

4-hydroxybenzoylformic acid

Acetonitrile

Amoxicillin refernce standard (Lab of Dr.Ehrenstofer, Germany)
D-4-hydroxyphenylglycine

Dibasic sodium phosphate

D-phenylglyine aminotransferase

Ethanol

© © N o o A~ Db

Hydrochloric acid

N
o

. Methanol

—_—
BN

. Monobasic sodium phosphate

N
N

. Penicillin acylase (Sigma Aldrich)

-
w

. Potassium hydroxide

N
SN

. Pyridoxal-5'-phosphate

N
a

. Sodium hydroxide

. Tris

N
»

\e3asiiouazgiinsal
1. Analytical balance
Autoclave
Centrifuge tubes
Eppendorf ® tubes
filter (0.45, 0.22 'luAsaw)
High performance liquid chromatography (HPLC)
ODS column (5 lkm, 150 mm x 4.5 mm)

Shaking incubator

© © N o g M w DN

Magnetic bar
10. Magnetic stirrer
11. Microcentrifuge

12. Micropipette



ar ada s ad e a e 07 Cd
nNanITAemzienyTaus amoxicilin lunsuimailasldiawlemd

13. Micropipette tip

14. pH Meter

15. UV spectrophotometry (Hitachi, Tokyo, Japan)
16. Quartz cuvette

17. Vortex mixer

6

P Q/Ataq' aaa 4! 1 v a’c‘ a
1. nMs@nsamantaingruzasdjisedesiarsenladnlalvnsieszi
Ufsennlslumadiaszd amoxicilin Usznavsdis nsdaiamy §-4-laasendilia
nagTwlnlaTIrIIvaIacNanTTaat aaﬂ'c'a'quLaqmlaaa:ﬁaﬂ%%aauamaﬁ‘mwwﬂm
6 aa A a g: = Aada o A n:l' a J £ o aaa %
owlrdiwuidafnesdiag 1nnu  a-4-laasendWianasfuniiatwdnvidjniseny 2-
aaﬂieﬁngmnm TagTtan kmia-Anansuduas T lunusinassiiduairs LRZAIIIIG
A o eada & o A o a & A A o
KA iMAaIuGInIlaun 4-laaveniuudaveiiwadimuninganauusdann hlaiae

ez damulumaidvisduduanndnmangauazguauianuguzesl fisenaman

H H
H, NH, NG :

o PA L o NS 'JS<0H3

m ° EE— * N/ “cH,

o CH3 HO COOH

Amoxycillin D-4-hydroxyphenylglycine 6-aminopenicillinic acid
HAL H ? o NH,
MOH D-PhgAT OH _ _OH
_— +
OH o) 0 OH o]
HO
D-4-hydroxyphenylglycine 2-oxoglutaric acid 4-hydroxybenzoylformic acid L-glutamic acid

317 2 YFsennlElunsiiames amoxicillin

1.1 MIRARITIATIREIIA9 9 luﬂﬁﬁ‘%mLﬁaﬁﬂmau@;aLLa:qmauﬁ'ﬁﬁugmmaa
Uansen
lanasasndinisuazanefimanzanlunsuenuasdinmzdusun s sans 9 i
Lﬁ&l’;fﬂdluﬂﬁﬁ%m @uA 4-hydroxybenzoylformate, D-4-hydroxyphenylglycine, 6-APA W&
amoxicillin @28LNAKA high performance liquid chromatography lasdanldaaauisiia
ODS (Agilent Eclipse XDB-C15, 5 UM, 5.6 x 250 cm) WazU3ushe, 803187%, pH uaz flow
rate 284 mobile phase maamummzmﬂﬁuﬁ‘lﬂuﬂﬁmaﬁ@a’ﬁ@m6]
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1.2 mydAnmauqadiadvadjisouszanusuysnivasl jizen
ansanuanyIiralJATen uaziazeInnuduTuse I IR duNNa Y
suyIniveddjisen WIamiia substrate inhibition effect anaAIUTWANNTUTUVRIMNT
& v A o v Aa Aa [ 6 1 < o . . o aaa A % & v
aduinildinenfanmiadaduiduass (inearity) lasnisvidfasenleldmsasdulu
Yunmd1s 9 lasldonloflud3anaifiasns incubate 71 37°C Wi 0.5 h ushUfnzen
lTU3enzimanudnduaas D-4-hydroxybenzoylformate, 4-hydroxy phenylglycine, 6-APA

'R kg a W o o &
WAz amoxicillin #2833 HPLC 71 leWauIa

1.3 MIANAUFNTANIAANAULFIVBITN A 9 ﬁl,ﬁmil”aﬂuﬂg'jﬁ%m URZAIY
snauimanzaulumySanaas e 4-hydroxybenzoylformate

R e e IR o, D-4-hydroxybenzoylformate,  4-hydroxyphenylglycine,
6-APA, 2-oxoglutarate Lz amoxicillin ﬁm’mmeTu 0.1 mM lusnvazane Tris buffer pH 8.0

udi 1y scan Wiatiufin UV-vis absorption spectrum lawld cuvette N3l path length 1 cm

2. manewIseseilasmaiasunlasiilawas
= o A4 o
2.1 Mmyanwnazadfaspiiievas
nndayaf ldineinuquantfvesljisondaussdsonlmily 2 1uaau uazdoya
NeauquantanIganiuusszasansdngg  Jafsdasludjisen sldihdayadinan
inldlgeanuuudjisenlolumsienzdlesmefiesinlasiWlawes wazlavinmsfinm
uazdiuly Winleeidnae (optimization) 13w pH we9dAten alEviUfiten uad
wnAA e o | . Aa g o A & v % A & o A
IMTIATNZANIA linearity N6 1FaaTianeiion ustldmaaluazionloidizndanga
tagpnvinsdne laun
1. pH
2. 3TAUANULTUTUDEY 2-oxoglutarate
3. nanlslunsvid iz
4. Uanomowlodnls

v v 1
@ o A

g; o aaa < Id o 7 = s =3
Tuaanlunahyiselasnaliiluash asmwledasmsansnsvasifaasle faz
o & A o A v A & g T Aq o @ &
vary faduun lasfauquiliivau 9 ldasn luauaeult amoxiciin Mlfdsaaiu pure
compound VL&ivlmﬂugﬂLné"’ﬁﬁmWT
1. L1@383 Reaction mixture lagMINaNa1T60 bH
- sterile deionized water

- 100 mM buffer (final concentration)
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- 100 UM pyridoxal-5’-phosphate
- R138za18 2-oxoglutarate
- D-phenylglycine aminotransferase enzyme

2. W&Y Reaction mixture AU &1382818 amoxicillin

3. 91Y incubate 1 37°C wiw 10 wifi wiialw hydroxyphenylglycine Fsanafiisatu
agﬂu amoxicillin &dLL@iL’%MﬁugmﬂgﬂuvlﬂLﬂu hydroxybenzoylformate

4. iU absorbance 7 335 nm (sww@ladnin B) Wal3ldwnay Serlud
absorbance v84 background riawi3unujAzen

5. L@¥ Penicillin amidase enzyme waanaulAANA®

6. #ld) incubate i 37°C TuszoznmAunzanand §Asoasoruauy ol

7. 41157 absorbance # 335 nm anass (aund laddn A)

8. §uamwen absorbance fitaswll (AA) 910 f1 absorbance N3 laludo 6 wnau
¢uein absorbance U89 background Lazen absorbance 713alda N blank Lﬁa'guq@ﬂﬁﬁ%m
(blank mwﬁmaa@ﬁﬁﬁﬂﬁﬁ%mimﬂﬂi:ﬂaué’wmmﬂé’a ualaifl amoxicilling tiuda  AA
= A—B - Apank

9. 859 standard curve UEAIANNFUNUEITHINANUTUTUDEI amoxicillin (3ueH

\uunu X Audnsganfuusmiiouliillogau e (AA) duwnu Y

2.2 Mnagay linearity 2043531031247 |dU UL 39udn
Ylaoa3g standard curve LEAIANFUNWEIZWINANULTUTUUEI amoxicillin

QI v Qs ] { aana { { £ [ 1 2
L‘smuﬂummig}@ﬂﬁuumLﬁaq@ﬂgmmﬁmmmmﬁu 335 nm WAIRIWITAN 1

3. msmmaaumwgné’awaﬁ%’im‘nzv? (method validation)
- Range and linearity
=S [ . . A ' % v v
#dnvlasaine calibration curve @9 plot 313213 AA nU anaduduaad
amoxicillin 1386w N laanUfisenlaldssazais amoxicillin NaNNLduT® 0, 20, 40, 60,
{ ' v o v o . . ' 2
80 1az 100 UM (n =6 ﬁLL@lazmmwmu) LRIAIWITK linear regression model LazAN r
- Limit of detection, limit of quantitation
AWtk Limit of detection 310 3(G/S) Waz limit of quantitation 310 10(G/S)

\ia O Ao residual standard deviation V89 regression line WAz S fa slope VU84 calibration

curve
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- Accuracy
Accuracy §NWITHANN percentage recovery Walda amoxicillin lwdSuNA

NIULUBanad lIuaNIa20819NL 38NN capsule WAT powder for oral suspension

3w amoxicillin MGuasll 3 szau laun 25, 50 uaz 75 UM usrvin1sianzdin
a n:ll a U ndd‘ = J |dw
USa L@ uad l a3 TNWaI WD 1 LA i Th
- Precision (intra-day, inter-day)
Precision 18437 U3tAuannI9lan amoxicillin SN mNNIIULL%O1ET

Tuluansaredreii@ssnain capsule ez powder for oral suspension 13310 amoxicillin f

Guadlud 3 3zau dun 25, 50 uaz 75 UM udvmadiensimdsanaiiduadlddo35a
ﬁ'@um%ﬂ%ﬁﬁt MIIATZH RSD (relative standard deviation) 3700 3 independent series
meluiwdeinuazldan intra-day precision WazM3IATIEH RSD 910 3 independent
series ARz T 3 TudaLiianin azlien inter-day precision
- Specificity

Specificity w233z dsmilunldanmsienzianudutuues
amoxicillin AnsuaNNENTY LﬁaLaumiﬂ;aLL@iﬂu@‘h%'u léun lactose, sucrose, starch,
magnesium stearate, sodium benzoate Wa¢ related compound léun 6-APA uaz D-

penicillamine 8911 uggvilinan1yiiazd amoxicilin 7ldiUasuudasidaniduniala

1 v 1
aaa €A o = o adad

4. mawSsufisuiFIensinnmuZunuisiiszy 3 lu USP (HPLC method)
= =) ada e o X o oamy a o a [ T
MIaeuieudFAaeA NN WA RALITE1984 inlasnnsAasnz’ amoxicillin
lwadrAmsinfismiheludsznalnousbieduisnszylilu USP (HPLC method) N3
JLAT1LA capsules  IINFUINANTTINILNT bFN capsules 20 Liiav3a powder for oral
. v 1a s A a v v @ sy
suspension b baUSmriaNalanrsaranellanudduaas amoxicillin 1 mg/ml
ilunses usrdawn HPLC lawled C18 column lasld mobile phase Nusznauaas
monobasic potassium phosphate solution, pH 5.0 LLR: acetonitrile (96:4) detector set at

230 nm Y3 amoxicillin FN%IKAN peak area Va9 sample WUy peak area Va8

§138287Y amoxicillin 119IFIUNTANNLTUTYH 1.2 mg/ml
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. wan1s2euazandsiana

]
=S 1

wa g aaa & Al a I3
1. ﬂ’]‘iﬁﬂﬂ"l@mauumﬁ%g']%iladﬂgﬂiﬂﬂﬁdLi\‘l@gf'lElLa%l‘ﬁNﬁglm%ﬂﬁi’uﬂ‘i’]zﬁ
1.1 miﬁmuﬁ%ﬁm’]:ﬁmwme]luﬂﬁﬁ%mLﬁaﬁﬂmau@;aLLazqmauﬁ'ﬁﬁug’mmaa
Uinsen
aa dl a 6 A 1 dl dl U
AmsuazanMsiwanzanlsmAeneAdsuma e g AAsTaI
Ufsendramaiia high performance liquid chromatography laur msugnlasldnasu
7%@ C18, mobile phase fla 25 mM potassium phosphate buffer pH 6.5, flow rate 0.6
mi/min wazlt UV detector 91 225 az 340 mn L& retention time LHuad%

15197 1 Retention time V843 4-hydroxybenzoylformate, D-4-hydroxyphenylglycine, 6-APA

WAz amoxicillin NILAT1ZHRA183T HPLC

817 mwmaﬂﬁuﬁl"ﬁ’mwi’@ Retention time (min)
(nm)
4-hydroxybenzoylformate 334 3.5
D-4-hydroxyphenylglycine 225 3.7
6-APA 225 5.0
amoxicillin 225 23.0

1.2 mydAnmauqadiadvadjioussanusuysoivasnljizen
1.2.1 Ufisenluauaoui 1

Pen G id
Amoxicillin snzame s p-hydroxyphenylglycine + 6-APA

Warinmsanulu Tris buffer, pH 8.0 (reaction total volume 1 mL) Wy

% conversion of reactant §f1UszNNme 70% Llalt amoxicillin ISNGUANNLTNTY 1-10 mM
[} g Y . { a J a L

laglugar9fanududusas  D-4—-hydroxyphenylglycine  fiaduianusunuslaoasd

. . . [ v v R P @ 2
(linear relationship) NUANNULTNVBYBN amoxicillin LINaW (r =0.9997)
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[HPG] formed (mM)
N

2 .
y = 0.7488x - 0.0768
R?=0.9997
O ‘ T T T T T
0 2 4 6 8 10

initial [AMOX] (mM)

31U 3 anudFNRRSERIIe NN WIa9 amoxicillin (AMOX) (33161 AL D-4-hydroxy

. A a £ ) T v 'SRTIE
phenylglycine (HPG) AReTuNMI alas bada amoxicillin dReLas L penicillin acylase

1.2.2 Ufionluauaani 2

D-PhgAT
D-4-hydroxyphenylglycine + Ol-KG = --------- > D-4-hydroxybenzoylformate + L-glutamate

Lfiﬂﬁ’lﬂ’]iﬁﬂﬁ:rﬂu Tris buffer, pH 8.0 (reaction total volume 1 mL) wasld [OL-KG]
\Jw 5 1¥i1was D-4-hydroxyphenylglycine \ie force lﬁauqaﬁnﬁﬂﬂmwm WUIUGnsen
fanuanysal 100% \{old amoxicillin Budufifienududn 0.57.0 mM laglugaeiinnw
udupes  4-hydroxybenzoylformate  MiAaduianusunuilagasstuanuduTuas
D-4-hydroxyphenylglycine 1336w (° =0.9999) wawnRuA NN T RINN IR (>7-8 mM)
UfASazifialutana LLaﬂuﬁﬁg@ﬂﬁﬁ%mazgﬂﬁugﬂLﬁamwmﬁuﬁumaa

D-4-hydroxyphenylglycine > 8 mM

10
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10
8 .
.
S 6-
£
Ty
»
T 4
Y =1.1131x + 0.0476
R? = 0.9999
2 .
O I I I . ........ .
0 2 4 6 8 10

initial [HPG] (mM)

311 4 ANNFNAUBTEAINIANDTNTUDEI D-4-hydroxyphenylglycine (HPG)i3aid MU D-4-
‘il a ‘3’ = ~a 1 U
hydroxybenzoylformate (HBZF) ﬂLﬂ@]“ll%ﬁ]’]ﬂﬂg]ﬂin transamination laM3L3962 8L sl

D-phenylglycine aminotransferase

1.2.3 YJA381394N39 2 Tuaan

Lfia‘ﬁ’m’ﬁﬁm:mlu Tris buffer, pH 8.0 (reaction total volume 1 mL) waeld
[2-oxoglutarate] LI 5 1¥inuad amoxicillin wudﬂﬂﬁﬁ%mﬁmwauyizﬁﬂi:mm 80% Liiald
amoxicillin Suduanud 0.25-5.0 mM Tugnsfianudadues
4-hydroxybenzoylformate i AeduulsiulasassnuaNUTuTues  amoxicilin - 3udu
(" =0.9998) wAmInIRNAN U TN (>6-8 mM) ﬂﬁﬁ%manﬁ@%uﬁfama wazlu

a Aaaa Rt 5‘; di ¥ ¥ '
Vlﬁ@ﬂgﬂiﬂ"l’ilzgﬂHUUGLNBWJ’HJLTN“UW’DQG amoxicillin > 8 mM

q

11
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[HBZF] formed (mM)
w

R?=0.9998

0 T T T T , """"" ‘_
0 2 4 6 8 10

initial [AMOX] (mM)

31U 5 anuduRuswiieNuTuuues amoxicillin (AMOX) (336 AL 4-hydroxy-
{ a J « gy ! v . _apye
benzoylformate (HBZF) ARaTUINMIFANEY amoxicillin lasmi3adieLaw bl penicillin

acylase L8z D-phenylglycine aminotransferase

1.3 mIAnmgmsuianIganauusIzasnsdn g insdaslulfizm
910 UV absortion spectrum (3Uf1 6) wuiwAanmuwinlglumasiaiaamaizng
#ouldun 4-hydroxybenzoylformate fimiganauuasladuinfianuenindu 335 nm lupned
a30w9 IuilAsenleun amoxicillin, D-4-hydroxyphenylglycine, 6-APA, 2-oxoglutarate 333714
. A A A a X A = \ N & A o
Tris buffer ldimIganauuasnanueiaiuil 13819 llumumalienzdmnidaniad
MIQANALULEINAINLNIAR 335 nm

A o ‘ A o & o
#ONIINHK EIWLINNNIPANAUUEIVDY 4-hydroxybenzoylformate 831wnNY pH lag

'
a

A & A X '
WUINYI pH LNNYY m‘sg@nﬁuummaa 4-hydroxybenzoylformate LWV (Eﬂﬁ 7)

TaNaAINENILITINANNEMAAUNRANZRNIWNNTATIA 4-hydroxybenzoylformate

U

a

[ ¢ 4 -1 -1 e
léur 335 nm %dmigﬂﬂﬁuumgdq@ (€335 = 22 x 10 L mol cm ) LLae sensitivity 28433

a P o [ ]
NATERANTURINATING ms@ana’rﬂuam’s:ma

12
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3.5

amoxicillin
hydroxyphenylglycine
6-aminopenicillanic acid
hydroxybenzoylformate

Absorbance

200 250 300 350 400
Wavelength (nm)

d. g A 1 A A ¥ aaa A =) < Aa
E‘IJ‘YI 6 ﬁLﬂﬂ@]‘i@JﬂWi(ﬂ@ﬂﬂ%LLﬁx‘]"ﬂa\‘iﬁ"l‘i@]"lx‘]‘3] Y]Lﬂil’)"ﬂ@x‘il%ﬂi]ﬂiﬂ'] Watassuluwaniazansni

ANNTY 0.1 mM 13t 100 mM Tris buffer, pH 8.0

0.6
0.5
0.4 11

0.3 -

Absorbance

0.2 -

0.1 -

0 T T T T T T T T
220 240 260 280 300 320 340 360 380 400

a
ANLIAAW (Nnm)

311 7 mneSumIganauLaIuaIURIEIAZAY 25 UM 4-hydroxybenzoylformate

wWlsuh m.lﬁ pH 9.0 LLaz 9.5 (5'@111,5 cuvette "?'ifl pathlength 1 cm)

13
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2. msnawIsiansilagmaiasidnlasiilawas
= o A A @
2.1 MIAnwNavestfauineITad
2.1.1 TUAIWLUNIINENENIA 9 T fizen
g; o a ‘ﬂ' ) aaa ad n:ll v 1 a
Tuaaulsraaulunmsnsua el fisenauitnasasn lanaq Vinans
dl' d' ¥ 1 o a ] aaa = 1
iafiazléWnay background wadein absorbance awtinanNasangg ludfisen awdisen
Q a & =) .
absorbance autnNaA3IN 4-hydroxybenzoylformate ©tNAN1ITN D-4-hydroxyphenylglycine
= A A ' T NP S VIR VRN~ S o o, o A
emmﬁml,ﬁ]alluaglu amoxicillin AILGALINAY AIWUIILTUNIINNQ interference awLAaaIN D-
. [ R v o a aaa A a cg/ Ada
4-hydroxyphenylglycine @ aﬂﬂhﬂqﬂﬂﬂﬂﬁiﬂ@aadﬂﬂﬂﬂwﬂgﬂﬁﬂﬁﬂLﬂ@ﬂﬂiuﬂiﬂnﬂw
hydroxyphenylglycine 5 LM i3aduatilu amoxicilin tWeliiiullszlozivasmaduian sl
D-phenylglycine aminotransferase a4 bnaulutunauusn 1iwaazldyindn absorbance Nifia
{ a &/ 1 ¥ L5 1 { qu aaa
31N hydroxybenzoylformate Aneduaiui lUWnauaandn absorbance Lﬁﬂauq@ﬂgﬂim
(3U7 8) athalafianulawun@ (lailin1aidia D-4-hydroxyphenylglycine a4'liiiiw) background

8w JandauuInluIzaulszanm 0.03 absorbance unit

0.4

0.35 A -

0.3 1

(0] 1.25 4
[$)
c
3 0.2
5 : D-phgAT added
2 20 pM Amoxycillin in the presence of
< 157 5 uM p -hydroxyphenylglycine
|
PenG acylase added
0.05 4

0 T T T
0 500 1000 1500
Time (sec)

H =Y a A { =) J d H 1
31l 8 M3faaulizenniiedulunstind D-4-hydroxyphenylglycine 13atuaglu
U u

amoxicillin

212 Havad pH

[ A & @ Aaaa a v = = . '
uaasasgUf 9 uldihujismaziialdatnemaisy uaziis end point Tuiaanl
1w 15 wflillavidisend pH 9.0 — 9.5 (Tris buffer, 100 mM) a3 F9t8anld pH 9.0 lu

= 1 d' a L% A =
msanmaeald naldlunmsdensdlaaluns 15 Wl uaz 4-hydroxybenzoylformate
=a A o A A = A = ~ [ A & \ = \
wanfimiganaulddn pH Sudwus Wanlisudsuiuanziidunany adlsnawl

14
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{ a ¢§ o v A o PRIt
\@an pH 9.5 Wasnndannzuannninll Sse1avildiiansaanadizes amoxicilin lag

Ufnsendnafissdug Nlidasnis wiasnalnadeanuasarvasianled

0.6

0.5 X—K

Absorbance

®pH7.5
= pH8.0
pH 8.5
pH9.0
X pH9.5

0 ‘ ‘ ‘ ‘ ‘ ‘
0 10 20 30 40 50 60 70

Reaction time (min)
dl =) a A dl a g 1
3Un 9 mMifamudseniinedn m pH @199

1.2 NAVBIANNLTNT VB 2-oxoglutarate
o~ = & o A P o =2 =
Wo9an  2-oxoglutarate  Hlusnsasawnlsluy §izen HYimsfnsag
AIRNNAFTINIT MIANANWTUTULEY  2-oxoglutarate lﬁaglui:ﬁuﬁmmﬁuwa 2719778
o o Y 1aaa o a v v v 6 &/ A I 1 Y 1aaa & A ;
waﬂ@u’l,‘v\ﬂgﬂsmmLuuvl,ﬂmdmu%mvl,@awyimmnmu wiatas U RS enIa893
At J9mInesssdeaul fAseliald [amoxicillin] a$7 we vary 2-oxoglutarate 9%
A. [amoxicillin] = 25 |LM; [2-oxoglutarate] = 100, 200, 300 UM
B. [amoxicillin] = 75 LLM; [2-oxoglutarate] = 150, 200, 300 LM
B. [amoxicillin] = 100LLM; [2-oxoglutarate] = 200, 300, 400 LM
' ¥ & ' e erge aaa { a X
WU LD [2-oxoglutarate] LTWaILYINVAS [amoxicillin] Ugﬂiﬂ’]ﬁl,ﬂ@"llufl
é’mwL%ﬁLLazmwauyinImaoﬂﬁﬁ%mvbjLmﬂ@iwvl,i.lmﬂmﬂ"ﬁ [2-oxoglutarate] LAB&DILVINVD
[amoxicillin] 1aRsanluszozian 15 wift (GUA 10) asuu lunanasesdaldisdenls
A A Al v o o« | A A
[2-oxoglutarate] 11 200 LM WWalwdanududulugasivinues amoxicillin 100 UM AR

anudntugiganlfiaiounawanasgiu

15
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1.600
100 UM amox /—’—lﬁ
1.400 A
1.200 -
75 LM amox

1.000 -
(O]
(@]
C
3
é 0.800 -
e}
<

0.600 -

25 LM amox
0.400 -
—— 100 —— 200 300
0.200 - 150 —— 200 —— 300
—— 200 —— 300 400,
0.000 T T T T T T T
0 2 4 6 8 10 12 14

Reaction time (min)

4=; a aaa A a &/ A v o 2 ]
311 10 M3feaudAzenfinadn \Wald 2-oxoglutarate S5 AUANMULTNT UGS 9
1.3 NAUAIANNTNTHIUTIN DR i3]
wuhSunomewloinvinlite end point lwtaan 15 min Wald amoxicilin 100 UM

dl & ¥ ¥ dl ¥ a A 1 ol a 1 aaa

GINLl]uﬂ’n&lLmNmugdq@V]l“ﬁL@liﬂNﬂﬁﬁW&ﬂ(ﬂij’]% A agNTUWARE 30 ML maﬂgﬂimlu
a a [ ' | @ -1

53105 1 mL e lodUSunamasnarniauvinnuiewlas PA 1 U m waz D-phgAT 0.2 U

-1
ml

2.2 MInagey linearity 1843531031257 laUTUL 39U

foa¥19 standard curve UEAIANMUFNWWEIZRIIAMMENTUDDS amoxicillin
Sueulugng o - 100 UM ﬁ'ummsg@ﬂﬁmmufiaq@ﬂﬁﬁ%m (AA) finueg1aaan 335 nm
lagld 100 mM Tris buffer, pH 9.0, 200 LM Ol-ketoglutarate, Lawladogniaz 30 L,
incubation time 15 min (%é’\‘lmmaw penicillin acylase W&7) & standard curve éﬁgﬂﬁ' 11

Tawlwen r° = 0.9996

16
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2
Standard Curve for Amoxy Reaction

1.8

1.6 A

1.4
1.2

1

0.8

A Absorbance

0.6
y = 0.0179x - 0.0189

0.4 1 )
R? = 0.9996

0.2 /
0 ‘

I 20 40 60 80 100 1

-0.2

[Amoxicillin] (LLM)

~ a o ¢ ] ¥ Y e ey
31N 11 standard curve LEAIAIVFNANBDIZHINAINNLV YUV amoxicillin

[

Sudulugai 0 - 100 UM Audmsganauuasilaswllidlagadjizen (AA)

2. mimmaaumwgné’aamaﬁ'ﬁ"";Lﬂi’lzv‘? (method validation)
HANTIATIIXOLANNNABIVBIITIUATIEA (method validation) Hueadt
- Range and linearity : r2 = 0.9998 lug29 [amoxicillin] = 0 — 100 UM
- Slope + SD = 0.0185 + 0.0001
- intercept + SD = 0.0131 + 0.0047
- Limit of detection = 0.766 LM , limit of quantitation = 2.552 UM
- Accuracy (“n(ﬂaa‘iﬂu capsules) (L =25, M =50, H=75 UM, n = 6)
24.52 + 0.58 (% recovery = 98.07 + 2.32%)
49.51 + 0.92 (% recovery = 99.07 + 1.85%)
74.65 + 1.09 (% recovery = 99.53 + 1.46%)
- Accuracy (mamﬂu dry syrup) (L =25, M =50, H=75 UM, n = 6)
24.78 + 0.93 (% recovery = 99.12 + 3.73%)
49.39 + 0.77 (% recovery = 99.77 + 1.55%)
74.73 + 0.95 (% recovery = 99.64 + 1.27%)

17
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- Precision (intra-day, inter-day)
-nagaulu capsules (L = 25, M = 50, H = 75 UM, n = 3)
Intra-day (n = 3) % RSD = 2.60% (L), 1.13% (M), 1.08 (H)
Inter-day (n = 3) % RSD = 4.30% (L), 2.13% (M), 1.14 (H)
- nagaulu dry syrup (L = 25, M = 50, H = 75 UM, n = 3)
Intra-day (n = 3) % RSD = 2.53% (L), 1.24% (M), 0.82 (H)
Inter-day (n = 3) % RSD = 1.58% (L), 1.47% (M), 0.85 (H)

- Specificity
WU’j’lm‘iﬁJgdLL(iidsluﬁﬁ'u |@wn lactose, sucrose, starch, magnesium stearate,
sodium benzoate W&z related compound alA 6-APA W&z D-penicillamine lfNasuNIn

a add o J le,
m‘nLmﬁz'ﬂ@mﬁﬂwwmmumu

] ¥ 1
€ @ = v AaAA

4. msuﬁﬂuLﬁﬂuﬁ'ﬁ'ﬁmsﬁwﬂwmmmunmﬁmqu'ﬂu USP (HPLC method)
a ¢ 1A A add o & | o aaA >
KA MAToupuInNa IR (Enzyme) nuAThazy ilwndadisy
e { 1A { s J ] q’n A
USP (HPLC method) W&EAIGIANTIN 2  URAIIIDANMMIBIRLHRIATZAUTIN
amoxicillin '@ liLana99In3suaIgIn

% qz

{ =3 aQ { J 1 a
13199 2 HaNILANEALUS LR UATANM W TWIRY (Enzyme) NUAT HPLC @y USP

suuuum Brand HPLC Enzyme

% Assayed amount SD % Assayed amount SD

Capsules SIAM-250 96.80 0.24 97.26 1.51
DYMOX-250 100.18 0.15 101.25 1.44

DYMOX-500 101.11 0.10 101.36 1.46

COAMOX-500 101.20 0.05 101.59 0.93

Dry syrup IBIA-DS-125 98.86 0.20 98.01 0.97
IBIA-DS-250 101.19 0.15 99.12 0.72
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IV. unasy LAY DLANDUIL

v
a v A

IR LN UIITIL AR RIUT U ez NN T T AU LWL A RTA WM NINY 370157 3

v % aaa Y aaa &
awl uazdunud lavardodjaserdassarotonlod 2 Ufasen  lutuaauusn

q
=

'ﬁ%i6?‘1-4-"Lamaﬂ6‘fiwﬁaﬂé’mé‘fiﬂﬂmaa%’wmadazﬁaﬂ%%aﬁugﬂé'@ashaaﬁ”nwwzaanmnhLaqa
=3 AaAa A 6 aAa A a g; = AAaa o A dl a J U
Y9N aNTTRRWLALLOU LT INBRTRRUDLTLAT IINHUG-4- laaTandARaNa TN AAAWT
U fATenny 2-eanlanganisalasiiiewlada-Riandoduesilunmumnaissdudaiis
a a [ 6 o d! £Z 1 a 6 d' A (>3 (%
LAANRAN BN AT LaTLn 4-V|,amanLuwmwasmmammmgmﬂaml,maamﬂﬂamm%ga
Qs gs a =1 /a A =) a U 1 d QI J {
muuﬂimma:uaﬂmmauﬁagmLmﬁ:ﬂ@mﬂmmi@@ﬂﬁuuaamL‘wwu o ANEIARY
335 W1 lLNeY °1Taagﬂﬁ"lﬁmnmﬁ{m%ﬁﬁﬁéﬁﬁ
1. mﬂ%mu%ﬁmuﬁ?ﬁaﬁuaz%mmﬁaéfﬂLamy;?1-4-"Lamaﬂ6‘f‘ﬁ\|ﬁaﬂ§'ﬂ%u1u
Imaaﬁ”ﬁamaaazﬁan%%aauaanmﬂiuLaqamaaazﬁans‘ﬁ%aau Janusndwitasann chemical
. 1 Vv A 1 o Y Aa aaa d' 1 o Y A o {di
hydrolysis 1w nslansandadisinliiiad fiseanlisinae uazlanfanmaiang
=} = Aadaa @ A 1 v
wanAHaaN a-4-laasandWianaudn sauee
2. gnzanzaNdnIuMAe ey laun mevil§isenln 100 mM Tris buffer
-1
pH 9.0, [PLP] = 100 mM, [2-oxoglutarate] = 200 mM, [PA] = 1 U ml LRs [D-phgAT] = 0.2
14 o aana o ' [ ° aaa ')
Uml™ 9137°C lagviifi3ennu D-phgAT fan usr139v¥nUisenny PA
3. mﬂw“mig’lmzwj’mﬂ%mmazﬁaﬂ%%aauﬁuﬁuﬁﬁagiuﬁaaﬂﬂdﬁumﬂﬁ@@ﬂﬁu
$ A £ YY) A o 2 . v @ A
WEITIANI BTN VRN ANUT LTI FUATIANIN (F = 0.9998 lusinnudvturadaziand
Fadu 0 — 100 lulasluans) IA12as1nevednsaTIIa wazdadnnaveditanzinidSunm
W 0.77 uaz 2.55 tulasluas enusau
A o aau:lﬁlL a & o o & & PSS o [
4. 119113 0% ﬂamﬁzmnammmazwaﬂmeﬁaaulugﬂLLmJU’]Lmﬂsgauazmmmmu
ATAUUN A EIIUAZ N wuiiBianziiianugndasuazuaudnd "szgniunuuiﬂya7§
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