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Abstract

Project Code : MRG5280225

Project Title : Replacement of HPLC method with multivariate calibration method
for quantitative determination of drugs in pharmaceutical dosage form and plasma
sample

Investigator : Dr. Chutima Phechkrajang

E-mail Address : pycmt@mahidol.ac.th

Project Period : March 16, 2009 — March 15, 2011

In this study, chemometrics-assisted UV spectrophotometric methods for determination
of lopinavir and ritonavir in syrup and plasma were developed. Calibration mixtures
(calibration sets) were design by Central Composite Design (CCD). The resulting UV
spectra of calibration sets were subjected to principle component regression (PCR) and
partial least squares (PLS-1) regression to construct the prediction models for lopinavir
and ritonavir in unknown samples. Sets of synthetic mixtures were randomly selected
and used as samples to validate the models. The resulted models were used to analyse
two drugs in syrup and drugs spiked plasma samples. Two HPLC methods for
determination of lopinavir and ritonavir in syrup and plasma samples were also
developed and validated. These HPLC procedures were used as standard methods for
determination of intended drugs in the same syrup and plasma samples applied to
chemometrics models. The determination results of PCR and PLS-1 models were
compared with those obtained from HPLC methods. The comparison results showed
that chemometrics method could comparable with HPLC procedure. These implied that
chemometrics approach could be used as alternative method for determination of

combined substances.

Keywords : Chemometrics, Principle component regression, PCR, Partial least square

regression, PLS-1



N
. . . . A & ' i L & -
#1 lopinavir U8z ritonavir (JU 1) tuengu protease inhibitor NIgBILURYN
o o A v & X Lo & & & @
fsenltlunsgudnsa HIV-1 lagmsaangndgugaowlod protease wadLTa i
) . =2 & = ed o & Y & @ . .
a9nand Taaulws protease (Jutanlmindiduwlunsutsdrveseliiz o lopinavir

W8T ritonavir ﬁmgﬁ'ugﬂNﬁmaanma‘i’mmmlugﬂmwaﬂmm‘%ﬁ'ﬂ Abbott Laboratories 11

Famye Kaletra®

61 lopinavir inniaaialasausendn ritonavir Uszangs 10 1 udnslElugien
HEUWLTN ritonavir Iudfigisvn i ndraumansvasmnaiu [1]

maeeilsnmensesssiialasrnluasldinafia  high-performance  liquid
chromatography (HPLC) [2-4] Fodmnafiafiiouldlumdenfonay wananing
M3MIT LC/MS [5-9], LC-MS/MS [10], matrix-assisted laser desorption/ionization
tandem time-of-flight (MALDI-TOF-TOF) [11], HPTLC [12] LazaD immunoassay [13] N3
fasdensfonanlaglinsialasasslaglfiedos  spectrophotometer  lagindll
gansovnle lasaniinmsfewiuuas UV spectrum wa9sn udd1in3% chemometrics
alEumswuaunsatisunlyw le lwunanst

3% chemomotrics "lﬁgﬂﬁ%auaﬂ%tau‘sﬂsluﬂ 1972 lae Svan Wold [14] Anduns
Ifafiduszadiamaniunltluniaaudnunialdoyalninmandlasandudaya
ﬁug’mﬂ’mﬂﬁﬁﬁagﬁw [15] Multivariate calibration tJ#35%119 chemometrics Anealdl
msmﬂ%mmmswaﬂ@zlméf'ﬂil’agaﬁugmlfﬁumsg@ﬂﬁmm UV 2898N3HaN 3D
multivariate calibration ﬁﬁﬂ&ll‘ﬁﬁa multiple linear regression (MLR), principle component

regression (PCR) Wae partial least square regression (PLS)
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1.

IR FIATIZLTN N lopinavir Wwae ritonavir lwdnsusniin Tasld HPLC-
UV wioumsmsUsinitaianey (method validation)
msssuuusnssnssnaieltlunsmySinmen lopinavir waz ritonavir 1w
fn5uEnsin

MINAWITIATNLAUTINUEN lopinavir wae ritonavir luwaasin lasld HPLC-
UV wioarsmsusiuitaie ey (method validation)
masaLUUsaasnsiaialtlunsmisinmen lopinavir was ritonavir Tuw

AFNN

1 { (% aAaa & 1A . . . . [ g/
i 1 n'lswsuuﬂ%"um'lwﬂsmmm lopinavir LA ntonawri%(ﬂ’li‘ﬂiﬂ%’l

Tag1d HPLC-UV n3aanin13dsetdinisitasneyt (method validation)

1.

wsasile

O HPLC model LC-10AD system (Shimadzu)
Standard preparation
@388 stock standard solution AMLTNTH 1 mg/mL Po98MIFd lasLaIo
LN LazdoansannanuduTuiia s working standard solution AULT UL
0.1 mg/mL laglt 50% methanol lun13138919
Preparation of calibration curve
Calibration curve lFenvamesfienududu 5 3260 @a 2, 6, 10, 14 uas 18
Llg/mL & %3U lopinavir Uaz 0.4, 1.4, 2.4, 3.4 uay 4.4 Llg/mL %Y ritonavir
mIteNazieiualuglues standard mixture solution Pa3nImes lagmiiie
279970 stock standard solution AMULTNT 1 mg/le‘*ff 50% methanol 113
138914
Sample preparation
é’aasmmmfﬂgﬂﬁnmﬁamam 10 1@y methanol 3NTW 138919898N 10 1¥1

%18 50% methanol ANNETRTUVaIENAEasIudr8a lopinavir 8 Hg/mL uas
ritonavir 2 Llg/mL

Method development

1 lopinavir AuduT® 32 Lg/mL uaz ritonavir et 8 tg/mL luns
Wl 353a3nz9 HPLC-UV easwiifildda BDS Hypersil C18 (250 X 4.6 mm
id., 5Lm) SefivnsAnm@easdlsznauuas mobile phase fivhliiamIuen

& oAl Y o & . AR A P
°llﬂﬂﬂﬂ‘ﬂ\‘]'ﬁﬂﬂ‘l@(ﬂLLﬂzsL’HL’Ja']‘HBEJ 23aUIzNauVad mobile phase NANIAD TUA



LRZANULTNTWUDY organic solvent THA ANMULTNTH Waz pH VaIENIREANY
buffer laudaINMTIAaV8d mobile phase lfﬁ 1 mL/min &8s UV detector ‘Y@l‘ﬁl
254 nm
6. Validation of the method

miﬂsuﬁuﬁ'ﬁ%LmﬁzﬁLﬁ'amnaaummgnéfm unstuguanuaunsalums
T Finmstsaiulu 5 Tasvdeldiae

a. Linearity

b. Accuracy

c. Precision

d. Specificity

e. Range

NANIINARDIUAZUNITDE

MINAUIFIATIZAEN lopinavir Waz ritonavir lasld HPLC-UV lums@nmnitvinng
Wisuingy organic solvent §83TH%a fa methanol LLaz acetonitrile WU organic solvent
fimanzaufia acetonitrile MszauAMUENTY 50% L1 mobile phase &3y buffer 7itflu
gunanli mobile phase lavinmsAnHLSHUABUTZAING ammonium acetate W&
potassium phosphate W11 ammonium acetate fanumanzauininluwdvasiails
Tun3uen was peak shape 28980 aMUTNTURLRANENVE buffer NN13AN®lUT9
ANUETITU 5-40 mM wuienuET R sulunsueneNIgasAn 5 mM wazann
m3An® pH 289 buffer g9 pH 3-8 Wu31 pH fitwanzawde pH 7 I@Uﬁ;ﬂwami
WaWIT3LAT2% i WUInT2uL HPLC-UV fimanzaulumsusnsn lopinavir ua ritonavir
fald aaawil BDS Hypersil C18 (250 X 4.6 mm i.d., 5L.Lm) mobile phase fla acetonitrile
w82 5 mM ammonium acetate, pH 7 samanlagUSu1as 50:50 lEaaMaIwaAIR 5AT
m3maldf 1 mUmin uazUV detector 3091 254 nm lasdasimslnauszdives UV
detector MITiAREANIINAREY (MUALBLAGIUMAKNWAN 1) @1 retention time 7il@a7n

FTULUAINENIAL 12.5 w1fl §WIU ritonavir Uaz 14.7 WA §1%3U lopinavir (U 2)
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MU AUIT HPLC 1964 Lo Haadth

a. Linearity Nan13@n® linearity 2843% HPLC-UV luadanududyu 2-8

Llg/mL &L lopinavir Wz 0.4-4 LLg/mL 813U ritonavir waziszadanalag
3% linear regression WU £1NIFRITRAIAAINITIATIZANFUNBINLAINN
v o o A & 1Y Al A . . 2 ]

wadwluansuciduauaseldd laofldn correlation coefficient (r) 81NN
° v & a v & 1 a { o &£

0.999 fnsusnIsaIrha uFaslFARINIT HPLC Awawdu  Hanw
A o a & L A

wanzaunazlimlTinuemiseslutisnazy

Accuracy mmgﬂﬁawaﬁ% Uszfiulasnvin standard addition Wazwn

ANugndasanMIiwI UM INAUAK (% recovery) lugr9nnadutu

2-8 llg/mL &%V lopinavir U8z 0.4-4 Llg/mL &%V ritonavir WANTIUILAN
WU % recovery §1%iL lopinavir Tutisanudntudindnn agining

98.9-99.9% WAT % recovery §WAIU ritonavir WINAMNDUTY 0.4-4.4

Hg/mL 8g3z# 319 98.8-100.5%
. < a [l o ada t;’d' [ J A
Precision LI®n1UsztlinanaduidngnuadItia e dnnaman INaaIIga L
n:i Y a (d‘ n:ll dn:l.da 3 g’ a n:?

anuanunsanazliaimAdensdinasnlunsdindianzidn msdszfiniaz
QNENANMULDBIUUNATZIUFNANT (% relative standard deviation, %RSD)
YINAIATIZHAN IFAMITNTY lagmIneaesyingr  azudadunnsvindgn
mulu 1 3% (intra-day) WazN1I¥NT16197% (inter-day) Nan1TUIELAUNLINAN
%RSD a4 intra-day W&z inter-day precision #2803 2 % NIRBIAILN g
ANUTNTUN AN WD UT1 B 8IALNNIANB linearity WAz accuracy WEASMA
& &R o ad A o & A 2n & o &
WAuiennuuing128433 HPLC Nnaimndulunmsnazlsinneralennigas

sl,wﬁ';aﬁizy



d. Specificity (HunsdszifiviFiieneAluuizasnsianudnizianzadeans
WIAIELNNABINMTIATIZR TINNIANNENNNTALANTUEN (selective) BNITID
o A o a & A A o \ Aa o
enfdasmaanzinnasangnananulaludiagne  madsziliuviilas
MTaUNEUITNING chromatogram  2ad8NINANNILNRIAUNIES BN

: A g/ A = o [ &
°uaammmammﬂwmmmmymaaa (syrup blank) a8z chromatogram
vasgniidedaynisesnimududmomisendivatll 100% (A 3
) Wall3gulngy chromatogram YN&INNLIN NGRS retention time Va98N
nIge9 WUng peak vasanslanuneiusasdrzuenin (3C) uaaginla
A A i a & A Ada o @ A
IM3IUNIU %I interfere WamIAaNeHNaTaunNludsuen uaziile
UszLdua1nen peak area U89 chromatogram 213198141 (3A) NUENINNLAY
fenIgadiNadll 100% (3B) WuUin 1 peak area AuiTusadivin

Y] o L% v s { A' J e 1 e s
ROAARBINUANNTUTUUBIAINTANTY  NAAINEILIAIANUN  specificity

Adt:ll uz J 1 e g:
VBIITNAQUITUABDAILTININD

nMJ:_
(A)
14
24
14
Mb:l 5 10 15
®) 4
=1
2.
14
0 = .
mﬁh‘n 5 10 15 20
©
2
14
0 ﬂ\f‘w S

e. Range TRANMUTNTUNLRINERUEIRTLAEN lopinavir LLRZ ritonavir f
a a { o g v Yo v

fUNIDNATRLALAD HPLC Anamdn udldaranududuass anw

anday  ANUUAREN Avansule  lomsUszfivanuans@nm  linearity



accuracy Wag precision WU range WIaTANNTUTUALANNZENFINTLAD

&1 lopinavir fa 2-8 Ug/mL was ritonavir Ao 0.4-4.4 Ma/mL

doudt 2 msaeuuusiassnsaadiialslunismlSanmen lopinavir WAz
ritonavir T@n3uE1%
Hunssnauuusneas wiawawi3sns chemometrics lagafiafldie multivariate
calibration w#@ principle component regression (PCR) ias partial least square
(PLS-1) nafldannnisnasssludinitae wuudinasmeghdasfia PCR uas PLS-1
il un3mUS o lopinavir Waz ritonavir 130
1. 309ie
O Shimadzu (UV-160A) UV-Vis spectrophotometer
2. MIaIBNEILAN
L@ 383 stock standard solution ANNLTNTH 1 mg/mL maomﬁtmaa lasLaSoy
LNt Was¥nasaNuas methanol &% working solution finNNENTwEaes
le3oulaon13t3097931n  stock standard solution  uwnIENI e NTUA
§a9ms uazld 50% methanol lunsi3a919 FnsL@BEIET FimIdeans
@28 methanol au"[ﬁmwmﬁuﬁuq@ﬁmﬁa lopinavir 8Llg/mL W&z ritonavir 2
LLlg/mL sAUVBIANTULNTN (syrup blank, mm{nﬁ"l&iﬁé";méwﬁty) spaLi
working solution lasn5138379 syrup blank 83 100 YN8 methanol
3. One component calibration
Junsmasanudutusassudazaia  fezliniseeusuasdanmsiasnns

Q@ﬂauLLmLﬂuLﬁuma (linear dynamic concentration range) ynmsansn s
4-24 lg/mL RIWIU lopinavir uaz 1-6 Llg/mL %3V ritonavir NN13I@AINNT

g}@ﬂammﬁ@‘mmm Ao 8 259 nm %LU lopinavir Wa 239 nm &R
ritonavir el ldunaaans NIRRT (WU X) uas AmIganan
LRI (WD y) g}é’ﬂmmzms@auauaaﬁLﬁflul,ﬁumo 9INF1 correlation coefficient
(r2) ﬁvL@Tﬁl’mmm’li least square linear regression madifa;ﬁm
4. Binary standard solution

\Junaie3uaTaa98138za1L 2 7 fAa calibration set uaz test set L calibration
set awlavazansag 20 Az wdszantazmsiduaIasagNENTEIN
lopinavir LAY ritonavir LRZTNANMNTUTUUDIEN lopinavir L&z ritonavir LANGY
M anududuressnluudazantacavlannannmsdiwimlasis  central
composite design (CCD) lanmuanudutufidesmiugs  39vmsason

RITANBUAANNUDTNTHINNNNTLAN199N stock standard solution VBILUGARE



5ha anuguTuasenln calibration set asdoalaiifingasfin linear dynamic
concentration range Va38LARLTIA calibration set Lﬂw‘g@madmiazmﬂmﬁu
{igumaumsa%"wuum‘haaa %38 calibration step &I test set LleIg@ma\‘i
mia:mﬂﬁﬂqwﬁamﬂgﬂw wiaiAenTaslu calibration step Lanligwiuns
NAROULUUS R0 ldunanTuaanusn waa calibration step AMNLTNTUVDILN
LL@ia:mﬁﬂluLL@ia:msa:mUgﬂﬁmmiﬂU'Sas: (randomly selection) wada3 baitfin
974 linear dynamic concentration range V838G T luﬂﬂi“r]@]aadﬁ? test set
fasazanonanue 15 M3azans

5. Models building mmmig@ﬂﬁmmwaa calibration set lUgsuvudrassviia

®
PCR uaz PLS-1 lagltlisunsy Unscrambler
TusunsunldluniIasnsuuusnaassia multivariate calibration luﬂagﬁu

. , ® 4
FuanulUsunIuesy Multivar, MVC1 waz Unscrambler  aanansulSoutisuniy
lF91umu91 MVCH Li’luiﬂ‘nmswﬁﬁaﬂfﬁjﬁ'ﬂﬂmmw Matlab S9XENFIANIZUDI

Tisunsa Vl,ajmmzf,%m%'mﬁ%muﬁ'svlﬂ g% Multivar  I¥Ran ludnsann

Unscrambler - anniin ud  Multivar LﬂuiﬂmmwﬁﬁaaL@]’%U&J%Halugﬂuuuﬁ
Fumzvaslsunsuuazlisesiy file Tayn excel ﬁﬁia;&amaammzmymﬂn’h
1 #138zan8 V‘iﬂﬁﬁmwﬂ;\‘imniumﬂ"ﬁmui@ULawwzmtﬁﬁﬁﬁ‘hmumsa:mﬂ
anls  calibration set uaz test set mMIneaaslusnisadanldlysunsy

® a a A = a 1 a 1
Unscrambler LN THALAE7 (Mmafoufisunasznildunsuiiodly
MANWIN 3)
HANIINAADIUAZUNINTDE
1311 one component calibration LWaWITINNNIRBLAWAINITUIEUATY WID linear
. . g [} v o A= A o 5
dynamic concentration range WUNTWANULVNVUNANBIAD 4-24 Ug/mL  §1AID
lopinavir LAz 1-6 LLg/mL 1%L ritonavir IANuFuRUS I WERATIAUAMIgANRKULE

' . .. 2 ' d { {
lanfidn correlation coefficient (r) 31NN 0.999 (UM 4 ) uaziNanAniABIMIgANT

uwsafigainldlussazanonan Faimuadgigazes lopinavir 1u calibration set 1ilu 16

Hg/mL uazdm3y ritonavir axl8laiin 4 pgmL denududusesemisesluudazae
posmsazanouaasluansef 1 usz 2 luiflesyimsidn working solution @98
(placebo stock solution) asluudazanTazansdas thasanasddsznauluniuaanss
@@ﬂﬁuuaﬂﬁmmm ﬁﬁ@hﬂ’ﬁ@@ﬂﬁmmwaa calibration set lU¥inn138319 PCR uay
PLS-1 models Tagl#11sunsu Unscrambler® 91n#is PCR waz PLS-1 models Aia9d
Tein g3 menviagasly test set uaswuin models 9nanaunsalflunsm
Usnmenrasedldaiderinmmaesaulasld test set uszugaadludmnauin (%



1 v v dld A Qs 1 dl v YV o
recovery) izvmamwmeumagﬁlioﬂumﬂm"l,@ﬂ@ﬂ‘*ﬁ model W&z lavinnny
WisuisuanusIuIIalwnIrnUsuimenluaiagnigsinues PCR, PLS-1 models N
HPLC method 7 1Laa1NNIINMWIIEIWA 1 WUIAIN 162N models tNaLALINUAT Lol

lagld HPLC (318azt8uaaunaxwIn 2)

A19191 1 AT NTUYaI81 L calibration set

Concentrations (Llg/mL) Volume of
Sample placebo stock
Lopinavir Ritonavir
solution (JLL)
1 0.00 2.00 100
2 16.00 2.00 100
3 8.00 0.00 100
4 8.00 4.00 100
5 2.30 0.60 100
6 13.60 0.60 100
7 13.60 3.40 100
8 2.30 3.40 100
9 8.00 2.00 100
10 8.00 2.00 100
11 8.00 2.00 100
12 8.00 2.00 100
13 8.00 2.00 100
14 8.00 2.00 100
15 8.00 2.00 100
16 8.00 2.00 100
17 0.00 0.00 100
18 0.00 0.00 100
19 0.00 0.00 100
20 0.00 0.00 100




M13197 2 AU NTWUBIEN L test set

Concentrations (Llg/mL) Volume of
Sample placebo stock
Lopinavir Ritonavir

solution (L)
1 4.00 1.00 100
2 7.00 1.75 100
3 8.00 2.00 100
4 9.00 2.50 100
5 12.00 3.00 100
6 10.00 0.60 100
7 12.00 1.00 100
8 4.00 3.00 100
9 2.40 2.00 100
10 15.00 1.50 100
11 7.00 3.75 100
12 6.00 2.50 100
13 8.00 1.75 100
14 13.00 0.75 100
15 3.00 3.15 100

1 A o ada ¢ 1a . . . . [ 4
N 3 AITWRIWIIDNAIZRYIN e lopinavir Lag rltonavw‘l%wa’m&l'} Tﬂtﬂ.‘lf
v
s a Aada 6 . .
HPLC-UV w3aansn1susetfinisiasiev (method validation)
1. 1n389lla
O HPLC model LC-10AD system (Shimadzu)
2. Preparation of plasma sample
MIGTVNADEWANRFUT  (ININNIWIITMIRNALINNARAGE  oraganic
solvent MlinanzaaLiaaninmnizedsiaaananwmmai TWinnigalasfianams
aunlidainseaniniesnga nsdnsTuaauiazyiMuduaINIaIzIUBEIN
udazofiaaaluly blank plasma (blank plasma @3ana1d iuwanasiifinuaay
o s % Aaa v (G A n:l' | 6 v
FTunsltnunmeedfinudy  uagsaslandsenaunidudszlomianansals

= a v U 3; ai a o qu, v
lunmams@nmuazmsiaeld blank plasma nanuanlttlulasinisiaeid lasu



& A a A v A &
a4 Q%Lﬂiqzﬂﬂﬁlﬂiiﬁw HIUNNIINIDUA Eﬂ LLUUV]VL@?UN']Q N1IIIUIINNN Lﬂu

f8en9Lld8 (pooled plasma) WazldUanIITUIBINNAMUSATINANTISLTITNMT
F9vluauua) IWlenududuaase lopinavir 1l 48 Lg/mL uae ritonavir L
24  UgimL lese3saugnny - anuuwmssneszltwanin@dusnadllue)

131193 500 LIL ¥N@AG2E organic solvent TiA@1I ¢ iIN13aNa 2 a%1 19 organic
solvent ﬂ?aa: 4 mL ﬁl’mf:'uﬁ’m’ﬁ centrifuge LﬁlaLLUﬂ%u oranic solvent LALTIN
JemeLAd iavanalnaieny 50% methanol 2 mL N389638 nylon membrane
Aaudatia3as HPLC

4. Development of HPLC method

l¥naanil BDS Hypersil Gold C18 (250 X 4.6 mm i.d., 5llm) mobile phase
L‘%Nﬁ%ﬁl“ﬁﬁa acetonitrile LLlaz 50 mM ammonium acetate, pH 7 5@3’16%’3%1@51
U513 40:60 lEdassunsil samn1stnaldd 1 mUmin wasUV detector 5o
254 nm lapdanmslvaussd1uas UV detector asfinsaaminasas wazd
USuiasuasdlsznavaasmunaminanssanldszuy mobile phase Finanzaw
luns3azien lopinavir Lae ritonavir luwanasin
5. Validation of HPLC method
msﬂsmﬁuﬁ‘%ﬁmﬁzﬁl,ﬁ'amwaaummgﬂéfad unsdusunnusansolums

191w vinnnsdsziinle 5 1a3u6a ldiaa

a. Linearity
b. Accuracy
c. Precision
d. Specificity
e. Range

HANIINARBILAZUNINTOE

msanwvnTiinuas organic solvent MwaNzautielfaRaenIFaITRANNGIBENIN
MEIN FNMNIENHNTINNG 6 ANEHIANTINN HAMIANMIWLIN EINNENTEI hexane
wae ethylacetate aaTaInlasdIunas 1:1 Iﬁwalummﬁ'@aﬁq@ lasusasnalugilvas %
recovery sewinggnrumsanianusndliiiumsana oranic solvent sruviiazldlu
msfnmeell §nsusruy HPLC wasanivhmsdufouasdisznaulu  mobile
phase U&7 q@ﬁmvlﬁizuu mobile phase MWaNzEwAa acetonitrile WAz 25 mM
ammonium acetate, pH 7 daaIulastSunas 50:50 uazdl indinavir (2 Wg/mL) WD
internal standard M3U32 %3531 (Validation of HPLC method) Ietuadsit

U ada 6 o =
a. Accuracy AADNAIVAINITIAICH NINIANWILULY standard

addition luzisanudutu 3-18 Wg/mL & M3U lopinavir uaz



0.75-7 [lg/mL &%3U ritonavir uaaInaluglrasiasazmInaufn
28981 (% recovery) WAMIANHIWLINl@AIMIINALARYBIEN
IndLAes 100 % (mmaﬁ 3 uaz 4) LLamﬁammgﬂﬁawaﬁ%

Precision ANNLNUENT093TINMTa5eHEn vnsanenlugig

ANMNTNTY 3-18 Ug/mL &%V lopinavir uaz 0.75-7 g/mL
&% ritonavir LLa@dwalugﬂmadﬂaﬂuLﬁmwummgmé@ﬁﬂﬁ
(relative standard deviation, % RSD) 184mM 331031291 5 A%a 1u
Fwdoiu uszdnein ldadin il 36 wamsiiemesion

d

nanualddn %RSD @nin 4% wniiudn %RSD w84 ritonavir i

35U 075 Hg/mL WaaIna1IugaIfinnuning1aisnling
=

AIN

Linearity ¥ihms@nsluzisanudutu 2-20 Hg/mL &y

lopinavir &g 0.5-8 lg/mL &%IU ritonavir NAMIANBINLINAT
izl duduasslugrsanudutufivnmsenen
Taafien correlation coefficient () ¥1NN31 0.99 FWPSUTIRBIG
BN

Specificity ANtz tuaadlasmadTouisy
chromatogram V&4 mimmg’mmaamﬁu chromatogram V84
blank plasma (gﬂﬁ 4) HaM IS B UNUIN G Ui
udazritann elute aananlddauriuiumslag luwaadn uaas
TWAniszoumBAeseiilidns intefere  MsdtaTzdansh
famM 3N

Range @hqoqma:@iwqmaﬁ%ﬁLmﬂ:ﬁlumﬁme:ﬁmﬁv'ﬂ@ﬂﬁ
A1 AuDNdad ALK msaauawaIMwauasITznIngen
mydanuenudutu  lwnmsifsensuld  nsdsafinvenws
MIANEN accuracy precision Wag linearity Wu71 range maﬁ%ﬁj
fa 3 -18 Ug/mL &MWL lopinavir waz 0.75-7 g/mL &1%3U

ritonavir



15199 3 Wan13U52LAUAN accuracy Wag intra-day precision V8935 HPLC 91 k5%0

USuouen lopinavir luwanaain

Concentration
3 ugmL” 10 pgmL” 18 pgmL”’
Sample Sample Sample
No. % recovery No. % recovery No. % recovery
1 105.71 1 105.03 1 101.73
2 105.53 2 102.63 2 99.22
3 99.24 3 102.15 3 101.31
4 105.10 4 102.90 4 99.90
5 104.75 5 99.54 5 98.31
SD 2.72 SD 1.96 SD 1.43
AVE 104.07 AVE 102.45 AVE 100.10
%RSD 2.62 %RSD 1.92 %RSD 1.43

A13190 4 WA IUsL AN accuracy W intra-day precision 28935 HPLC 91 k50

USu1men ritonavir lbwanauin

Concentration
0.75 },LgmL_1 3 },LgmL_1 7 },lgmL_1
Sample Sample Sample
No. % recovery No. % recovery No. % recovery
1 86.87 1 104.31 1 95.95
2 85.48 2 100.59 2 93.80
3 86.05 3 101.51 3 99.84
4 85.25 4 104.66 4 93.42
5 86.01 5 96.21 5 93.81
SD 0.63 SD 3.42 SD 2.70
AVE 85.93 AVE 101.46 AVE 95.37
%RSD 0.73 %RSD 3.37 %RSD 2.83




A135190 5 WA IUzLAne inter-day precision 28935 HPLC f1lwndSaunauen lopinavir

Tuwanaa
Concentration
3 ugmL”’ 10 pgmL” 18 gmL”
Day % recovery Day % recovery Day % recovery
1 104.07 1 102.45 1 100.10
2 112.68 2 105.82 2 102.29
3 107.16 3 106.83 3 99.76
4 112.83 4 101.79 4 97.39
5 113.86 5 105.22 5 104.05
SD 4.28 SD 2.19 SD 2.55
AVE 110.12 AVE 104.42 AVE 100.72
%RSD 3.89 %RSD 2.10 %RSD 2.53

A15199 6 WA IUzLAue inter-day precision 28933 HPLC AlTw1USunauen ritonavir

luwangain
Concentration
0.75 tgmL” 3 ugmL” 7 pgmL”
Day % recovery Day % recovery Day % recovery
1 85.93 1 101.46 1 95.37
2 94.70 2 109.38 2 97.80
3 97.74 3 106.32 3 95.70
4 88.67 4 99.62 4 96.33
5 104.61 5 103.71 5 100.19
SD 7.42 SD 3.87 SD 1.97
AVE 94.33 AVE 104.10 AVE 97.08
%RSD 7.86 %RSD 3.72 %RSD 2.03




mAbs
8

(a)

RTV 3 pgmL!

LPV 10 pgmL-

o 5 10 15 min

mAbs

(b)

Blank plasma 6 sources

daudl 4 misonuuassnesdaiieldlunsmySsunmen lopinavir Wag ritonavir LW
A&
Hunssnauuuseas wiawawi3sns chemometrics lapsfiafldie multivariate
calibration @%@ principle component regression (PCR) Las partial least square
(PLS-1) nafldannnisnanssludiuitae wuudinasmeshaafia PCR uss PLS-1
vive lFlunnsvnySun o lopinavir wae ritonavir luwanasin
1. w30eie
O PerkinElmer (Lampda 35) UV-Visible spectrophotometer
O HPLC model LC-10AD system (Shimadzu)
2. MIeIBUENILAN
L@383 stock solutions V4 lopinavir (m’lmﬁ'&l‘ﬂ'u 1 mg/mL) Wwae ritonavir (0.5

mg/mL) lagmIazaesInnaIgIusessudazsiials methanol uazld stock



solutions aNNEENTLE TwmstasussunaspuaNuTNTudsslasnsioas
¢18 50% methanol
MIAILNAIBEINAIRA

dadnaaiNieToulaaM AN IR ENANTBINITNGITIU luudazadu

\PauduAidasns 100 UL adlu blank plasma Alifiden 400 UL dwanain
NENGILAD URNAGILFIBNINUD hexane:ethylacetate (1:1, v/v) 37%% 2 mL
YMIRNa INTEHLENTUYBS organic solvent 8any FREURI uadazaslna
#18 50% methanol Wk 2 mL N389@28 nylon membrane faudiaidiaSas
HPLC (61";m‘luéhazmwmmhgmﬁamom 4 1¥n)

One component calibration

Junsmgisanududusassudazoia  nezlinisesusuasdamsiasnns

Q@ﬂﬁuLLmLﬂuLﬁumd (linear dynamic concentration range) nmsansn s
1-24 Llg/mL &%3U lopinavir 48z 0.5-6 Llg/mL §%IU ritonavir iTN13IaAINNT

@@ﬂﬁmmﬁ@‘mmm Ao 8 259 nm %LU lopinavir Way 239 nm &RV
ritonavir el ldunaaans NIRRT (WU X) uas AmIganan
LR (LN% y) g}é’ﬂwmzms@auauaaﬁlﬂmﬁumo 9INF1 correlation coefficient
(') Aleanaunis least square linear regression VoIToUN

Binary standard solution

\Junaie3uaTaa98Iaza1L 2 70 fa calibration set uaz test set L calibration
set awllavazansay 20 avazae  waszaniazmsidusIasauNENTEIN
lopinavir LAY ritonavir LazaTNA NN NTUYDIEN lopinavir L&z ritonavir LANGY
M anududuzasnluudazansazans lduiannmsdwimlasds  central
composite design (CCD) fanmuanudatufigasmiugs  S9vinmseson

§1INZALUAANVTNTUIINNIIA831991N stock standard solution VBILUARE
e 13oaasrinduan s unauua LT 100 L vasssasaonauLAvadle

blank plasma 400 ML auidutuvassnludrasnwmadndwlloaiimnuely
1w calibration set A udutuwasenlu calibration set azdoslaiifugrsfiu
linear dynamic concentration range Va48LGacTHA calibration set L‘TJWQ@"UB\‘]
&ma:mﬂﬁlﬂuﬂv’u@aumsa%“w,mm‘haaa %38 calibration step &34 test set 1))
qwmaamsa:mUﬁﬂﬂgwﬁaﬁvlajgﬂlf winLAeaTaslu calibration step Ltanl3dm3L
MINAFELLLUSaaIR N9 nTuAawLIN W38 calibration step ANNITITUYEY
pudazrialundazanazaisgninnualasdasz (randomly selection) weidaslal
LAWY linear dynamic concentration range UadgLARZTHA Tunsnasasil test

set URIINLAUNIRIUA 10 RITAZAY



6. Models building ﬁﬂ@hmig@ﬂauum“um calibration set lUasuvudassviia

®
PCR uaz PLS-1 lagltlisunsa Unscrambler

AaNIINaaad uaznn%msmf

N13Y11 one component calibration VWO TN TABLRWEIMLTULEUATI 38 linear
dynamic concentration range WUINTWANNTNTUNANWIAD 4-24 LgimL §1%30

lopinavir Uz 1-6 [lg/mL &3 ritonavir IANNFNRUSADWERATIALAINIIQANTUULE
lanfidn correlation coefficient (') ¥INN91 0.9 (U7 5a uaz b) uazandnidednis

A P a 2K o 1 . . . .
@@ﬂﬂ%LLﬁ\‘]‘ﬂEﬁﬂLﬂ%vLﬂluﬁ’]‘iﬂxaqﬂNE‘T&J ﬁlaﬂ’muﬂmgaq@maa lopinavir 1% calibration set

w16 Lg/mL uazd w3y ritonavir azld laiiin 4 Pg/mL dranudutuvassmisasin
udazgavaiaIazaBuEasluanT9f uaz  luiftazyiimadu blank plasma asluudaz
sIazanuae tiasnnaiutznavlunwaiaanigu plasma proteins a1unInganawLa ld

VIR Lﬁaﬁﬁmmi@@ﬂﬁmmwaa calibration set 11vinn13&319 PCR uaz PLS-1

® - . L.
models laglElisunsy Unscrambler W31 models fitansauiien parameters §14 €A
LRAIANTIN 1A PCR Waz PLS-1 models MLWNNEUTHEINITO M bbNITRILTU D480
g; = dl o v & 1 Q =}
nigadbaaillavinmmasaulasls test set wazuaadtiudrmInaudn (% recovery)

' v o AA 1 a o . A o & o a a
wwivanudutiuidagasnuaimldlasls model ANBWANNILLTHULA
AMNENNIDIUNIAYS I e I 08719WANEN18Y PCR, PLS-1 models nu HPLC
method @A INMIWAIMIUEIUN 3 WUIFN 61N models Inatassnuan lalagls

HPLC (31 HRZLDUANUNIANKIN 3)
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Abstract

A simple high-performance liquid chromatographic method (HPLC) was developed
for the simultaneous determination of lopinavir and ritonavir in syrup. A reversed-phase
with isocratic elution was utilized. The mobile phase was a mixture of 10 mM ammonium
acetate, pH 7 and acetonitrile (50:50, v/v). The flow rate was operated at 1 ml/min and the
presence of two interest compounds was detected by a UV detector at 245 nm. The retention
times on the described method were about 12.5 min and 14.7 min for ritonavir and lopinavir,
respectively. The developed HPLC method was also validated for important performance
characteristics such as linearity, accuracy and precision. Linearity of the developed method
was evaluated by using the correlation coefficient greater than 0.999 for both drugs.
Accuracy was expressed as the percent of recovery and closed to 100%. Good precision was
also obtained with the% RSD of less than 2 for all cases. The developed method was then
applied to determine lopinavir and ritonavir in syrup sample. The percent labeled amount of
both drugs obtained from HPLC method were 100.5% and 100.3% for lopinavir and ritonavir,
respectively.

Key words: Lopinavir, Ritonavir, Protease inhibitors, HPLC

INTRODUCTION I
usually used as pharmacokinetic booster
Lopinavir and ritonavir (Figure 1) are for other PIs including lopinavir'.

protease inhibitors (PIs) which can prevent
viral replication by inhibiting the activity
of HIV-1 protease enzyme which is
necessary to cleave nascent proteins for
final assembly of new virus. These two
drugs manufactured as a fixed combination
by Abbott laboratories under the trade name
of Kaletra® and this combination was
approved by US FDA in September 2000.
Lopinavir is approximately ten times more
potent than ritonavir to fight against wild-
type HIV. For ritonavir, it is a potent
cytochrome P450 (CYP3A) inhibitor and

To analyze these drugs and other PIs,
several determination methods have
been reported. These included high-
performance liquid chromatography-mass
spectrometry (LC/MS)*®, matrix-assisted
laser desorption/ionization, tandem time-
of-flight (MALDI-TOF)®, high-pressure
thin layer chromatography (HPTLC)’ and
immunoassay methods®. This study aims
to develop a simple liquid chromatographic
method with UV detection as an
alternative method for the determination
of lopinavir and ritonavir in syrup.

*Corresponding author: Faculty of Pharmacy, Mahidol University, 447 Sri-Ayudhya Road, Bangkok 10400, Thailand.

Email: pycmt@mahidol.ac.th



2 C. M. Phechkrajang et al.

Lopinavir
0}
N )J\
o 1y, N
> IN \ CH;4
! e
HO, 0 CH;
O S CH3

Ritonavir

Figure 1. Chemical structures of lopinavir and ritonavir.

MATERIALS AND METHODS

Instrumentation

The chromatographic system was
Shimadzu LC-10A (Shimadzu, Japan)
consisted of LC-10AD pump, a SPD-10A
UV-Vis detector, a class LC-10 work
station and a Rheodyne 7125 injector with
20 uL loop (Rheodyne, USA). BDS Hypersil
C18 (250 x 4.6 mm i.d., S5um) supplied by
Thermo Scientific (USA) was used for the
separation of lopinavir and ritonavir.

Reagents and Chemicals

Standards Lopinavir, ritonavir, syrup
sample and placebo syrup were kindly
donated by The Government Pharmaceutical
Organization (GPO, Bangkok, Thailand).
Ammonium acetate (analytical grade) was
purchased from RFCL limited (New Delhi,
India). Acetonitrile (HPLC grade) was
obtained from Lab-scan (Bangkok, Thailand)
and deionized water was purchased from
Thai Nakorn Patana Co.Ltd., (Bangkok,
Thailand).
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Standard preparations

Stock standard solutions of lopinavir
and ritonavir at the concentration of
1 mg/ml were separately prepared by
dissolving accurately weighed amount of
the drugs in methanol. Working standard
solution of ritonavir was prepared by
dilution of its stock solution with 50%
methanol until the final concentration of
0.1 mg/ml was obtained.

Preparation of calibration curves

The standard mixtures of lopinavir
(2, 6, 10, 14 and 18 pg/ml) and ritonavir
(04, 1.4, 24, 34 and 4.4 pg/ml) were
prepared in 10 ml volumetric flasks by
using lopinavir stock standard solution and
ritonavir working standard solution. All
standard mixtures were adjusted to volume
with 50% methanol. Each standard mixture
solution was injected into chromatographic
instrument described above and the optimum
mobile phase system. The calibration curve
of each drug was separately plotted between
concentrations (x-axis) versus corresponding
peak areas (y-axis).

Sample preparation

Sample stock solution was prepared
by dilution 100 ul of syrup sample with
methanol in 10 ml volumetric flask. Then,
100 pl of this solution was transferred into
10 ml volumetric flask and made up
to volume with 50% methanol. Desired
concentration of sample was 8 pg/ml of
lopinavir and 2 pg/ml of ritonavir in 50%
methanol. This solution was filtered by
using 13 mm, 0.45 um nylon syringe filter
before injecting into the HPLC column.

Method development

Standard mixture solution containing
32 ug/ml of lopinavir and 8 upg/ml of
ritonavir was employed for HPLC method
development. A HPLC method was
developed utilizing a BDS Hypersil C18
(250 x 4.6 mm i.d., 5um) HPLC columns.
Mobile phase conditions such as type and
concentration of organic solvents, effect of
type, pH and concentration of buffer, were
studied to obtain a suitable separation

condition which yielded the lowest run time
and acceptable chromatographic parameters
such as resolution and peak shape. Two types
of organic solvents, methanol and acetonitrile,
were investigated for this approach. Various
percent of acetonitrile were used to study the
effect of organic solvent concentration.
Effects of types and pH of buffer were
studied with ammonium acetate and potassium
phosphate. Mobile phase containing 10 mM
of ammonium acetate or potassium phosphate
buffer and acetonitrile (50:50, v/v) were
prepared and studied. For effect of pH, a
chosen buffer was investigated in the pH
range of 3-8. The mobile phase flow rate
was maintained at 1 ml/min through the
study. The presence of interest compounds
was detected at 245 nm with UV detector.

Validation of the method

Performance characteristics selected
for method validation were linearity, accuracy,
precision, specificity and range.

Linearity

Linearity was evaluated in the
concentration range of 2-18 ug/ml for
lopinavir and 0.4 - 4.4 pg/ml for ritonavir.
The data were analyzed by least-squares
linear regression method.

Accuracy

Accuracy of the developed method
was studied by standard addition. The sample
containing 4 pg/ml of lopinavir and 1 pg/ml
of ritonavir was added to standard mixtures at
the same concentration range for linearity
study (2-18 pg/ml for lopinavir and 0.4 - 4.4
pg/ml for ritonavir). Accuracy was accessed
in term of recovery percent of standards added.

Precision

Precision was investigated for both
intra-day and inter-day precision. For
intra-day precision, three concentration
levels of standard mixtures (2, 10 and
18 pg/ml for lopinavir and 0.2, 2.4 and
4.8 ug/ml for ritonavir) were analyzed.
Six determinations were done for each
concentration on the same day. All
solutions were injected in three replicates.
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For inter-day precision, the same three
different concentrations as for intra-day
were studied on six different days and
each concentration was triplicately injected.
The precision of the method was expressed
as the percentage of relative standard
deviation (%RSD).

Specificity

Specificity was performed by using
the chromatograms of unspiked sample,
spiked drug substances (at 100% level)
and placebo syrup. Sample containing
ritonavir (2 pg/ml) and lopinavir (8 pg/ml)
was used as unspiked sample. Standard
mixture containing ritonavir (2 pg/ml) and
lopinavir (8 pg/ml) was added to the same
concentration of above sample and used as
spiked sample. Chromatogram of placebo
syrup was obtained by injecting the placebo
at the same dilution as unspiked and spiked
drug substances. All of the above solutions
were prepared in 10 ml volumetric flask
and 50% methanol was used as solvent.

Range

The upper and lower concentrations
of the method were set up by the evaluation
of linearity, accuracy and precision results.

RESULTS AND DISCUSSION
Method development

Effects of organic solvent

Effects of methanol and acetonitrile
on the separation of desired compounds
were investigated. Four mobile phases
containing methanol or acetonitrile and
water or 5 mM ammonium acetate buffer
(50:50, v/v) were prepared and studied.
No lopinavir and ritonavir peaks were
observed in the mobile phase containing
methanol and water (Figure 2A) or 5 mM
ammonium acetate buffer (Figure 2B).
The better chromatograms were obtained
from the mobile phase containing acetonitrile,
as shown in Figure 2 (C) and (D). Therefore,
acetonitrile was selected for further studies.

The various percent (v/v) of acetonitrile
(40, 45, 50, 55) in 5 mM ammonium acetate
buffer, pH 7, were prepared and studied. As

can be seen in Figure 3 (A), it took 60
minutes to elute lopinavir out off the column
for the mobile phase containing 40% of
acetonitrile. The best result for this study
was obtained from the condition containing
55% acetonitrile. The retention times for
this condition were about 8.8 minutes for
ritonavir and 10.2 minutes for lopinavir.
The good peak shapes were also achieved
under this condition. However, to avoid the
precipitation of buffer in high concentration
of organic solvent, 50% acetonitrile was
chosen for further studies.

Effects of types and pH of buffer

Two types of buffer, ammonium acetate
and potassium phosphate, were studied.
Mobile phase containing 10 mM of buffer
and acetonitrile (50:50, v/v) were prepared
and used to separate lopinavir and ritonavir.
As illustrated in Figure 4, the shorten
retention time of both drugs and good peak
shapes were obtained from the mobile phase
containing ammonium acetate buffer.
Therefore, ammonium acetate was selected
as a suitable buffer for further studies.

Selection of suitable buffer concentration
is essential for chromatographic separation.
High concentration of buffer has good
efficiency to control pH but the precipitation
in organic solvent can occur. Low concentration
of buffer can avoid precipitation problem
but this may result in the irreproducible
retention time. Ammonium acetate buffer
concentrations of 540 mM were evaluated
for the effect on retention time of analytes.
As seen in Figure 5, the mobile containing
20 mM ammonium acetate provided the
shortest retention time for both drugs.

Effects of pH on the retention times
of lopinavir and ritonavir are presented in
Figure 6. Mobile phase containing 5 mM
ammonium acetate and acetonitrile (48:52,
v/v) was used to study the effect of pH. The
pH of 5 mM ammonium acetate buffer
was investigated in the pH range of 3-8.
Both lopinavir and ritonavir posses low
pK., value, less than 3.7. As a result, it was
found that an increase in the value of pH
decreased retention time on both drugs.
The pH 7 was selected as optimum pH for
further studies.
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Summary of chromatographic optimization

According to above studies, the
optimal chromatographic condition was
obtained. Lopinavir and ritonavir were
separated on BDS Hypersil C18 column
(250 x 4.6 mm id., Sum). The mobile
phase was 50:50 (v/v) acetonitrile and 5 mM

ammonium acetate (pH 7). Isocratic elution
was used and operated at the flow rate of 1
ml/min. The UV detection was 245 nm and
the injection volume was 20 pl. Lopinavir
and ritonavir were separated well on this
condition with the retention time of 14.71
minutes and 12.47 minutes (Figure 7).
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Figure 2. Chromatograms of lopinavir (32 pg/ml) and ritonavir (8 pg/ml) obtained from
HPLC system with a BDS Hypersil C18 (250 x 4.6 mm i.d., 5Sum) and mobile
phase was (A) water and methanol (50:50, v/v); (B) 5 mM ammonium acetate
buffer, pH 7 and methanol (50:50, v/v); (C) water and acetonitrile (50:50, v/v); (D)
5 mM ammonium acetate buffer, pH 7 and acetonitrile (50:50, v/v). The flow rate
was 1 ml/min and UV detection was 245 nm.
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Figure 3. Chromatograms of lopinavir (32 png/ml) and ritonavir (8 pg/ml) obtained from
HPLC system with a BDS Hypersil C18 (250 x 4.6 mm i.d., 5um) and mobile
phase was (A) 5 mM ammonium acetate buffer, pH 7 and acetonitrile (60:40, v/v);
(B) 5 mM ammonium acetate buffer, pH 7 and acetonitrile (55:45, v/v); (C) 5 mM
ammonium acetate buffer, pH 7 and acetonitrile (50:50, v/v); (D) 5 mM
ammonium acetate buffer, pH 7 and acetonitrile (45:55, v/v). The flow rate was 1

ml/min and UV detection was 245 nm.
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Figure 4. Chromatograms of lopinavir (32 pg/ml) and ritonavir (8 pg/ml) obtained from
HPLC system with C18 column (250 x 4.6 mm i.d., Sum) and mobile phase was
(A) 10 mM ammonium acetate buffer, pH 7 and acetonitrile (50:50, v/v); (B) 10
mM potassium phosphate buffer, pH 7 and acetonitrile (50:50, v/v). The flow rate
was 1 ml/min and UV detection was 245 nm.
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Figure 5. Effect of buffer concentration on the retention times of lopinavir and ritonavir.
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Figure 7. The chromatogram of lopinavir and ritonavir on the optimum chromatographic
condition. HPLC column was BDS Hypersil C18 (250 x 4.6 mm i.d., Spm) and mobile
phase was 5SmM ammonium acetate buffer, pH 7 with acetonitrile (50:50, v/v).
The flow rate was 1 ml/min and UV detection was 245 nm.
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Validation of the method

Linearity

The linear dependence of the peak
area and concentration of lopinavir was
evaluated in the concentration range of 2-8
pg/ml. Excellent linearity was obtained
over the entire concentration range and
correlation coefficient (+”) was greater than
0.999. The relationship between concentration
of lopinavir (x-axis) and peak area (y-axis)
was y = 968.8x—203.6. For ritonavir, the
calibration curve was linear over the
concentration range of 0.4-4.4 ng/ml with
the correlation coefficient (+°) greater than
0.999. The relationship between concentration

of lopinavir (x-axis) and peak area (y-axis)
wasy=15653x + 669.07.

Accuracy

Accuracy was represented by the
recovery percent of standard found and
standard added to the sample. The mean
value at each concentration level is shown
in Table 1.The average recovery of lopinavir
over the concentration range of 2-18 pg/ml
was 98.9 to 99.9% and the average recovery
of ritonavir over the concentration range of
0.44.4 nug/ml was 98.8 to 100.5%. Good
recoveries of both drugs implied that the
developed HPLC method was suitable for
separation of desired drugs in syrup.

Table 1. Recovery data of standards lopinavir and ritonavir from spiked sample

Drugs Concentration level (ug/ml) % Recovery (mean + SD, n = 3)

Lopinavir 2 99.65 + 0.39
6 99.69 = 1.28

10 99.94 +1.53

14 98.91 +£0.47

18 99.42 +1.55

Ritonavir 0.4 100.07 £ 1.16
1.4 98.77+0.97

2.4 99.41 £ 1.69

34 99.87 = 1.77

4.4 100.51 +1.73

Precision

As summarized in Table 2, the
intra-day precision of determination, as
indicated by the relative standard deviation
(RSD) value, for lopinavir ranged from 0.99
to 1.54% while the intra-day precision of
ritonavir ranged from 1.20 to 1.97%. The
inter-day precision for both drugs were less
than 1.92 % over the entire concentration range
2—-18 pg/ml for lopinavir and 0.4—4.4 pg/ml
for ritonavir. These results showed that the
proposed HPLC method yielded a satisfactory
precision for analysis of lopinavir and ritonavir.

Specificity
Specificity was accessed in order to

prove that the developed analytical method
could select the interested analytes even

though there were expected components
such as impurities, degradation products
and matrix components. Specificity
was performed by demonstrating the
chromatograms of unspiked sample, spike
drug substances (at 100% level) and placebo
syrup. All of these chromatograms are shown
in Figure 8.

It was found that peak area of spiked
drug substances (at 100% level) of both
lopinavir and ritonavir were two times greater
than unspiked sample. Chromatogram of
placebo showed that there was not any
peak presented at the same retention time
of the desired compounds. It was indicated
that syrup matrices did not interfere the
determination of the interested analytes.
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Table 2. Analytical data of intra-day and inter-day precision of standards lopinavir and ritonavir

Drugs Precision Concentration level (ug/ml) % RSD (n = 6)
Lopinavir Intra-day 2 1.54
10 1.04
18 0.99
Inter-day 2 1.92
10 1.53
18 0.92
Ritonavir Intra-day 0.4 1.20
2.4 1.97
44 1.40
Inter-day 0.4 1.79
2.4 1.75
44 1.58
mAbz
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Figure 8. HPLC chromatograms of unspiked sample (A), spiked drug substances (B) and
placebo syrup (C). Analytical column was a BDS Hypersil C18 (250 x 4.6 mm
i.d., Sum). Mobile phase was 20 mM ammonium acetate pH7 and acetonitrile
(50:50, v/v). The flow rate was 1 ml/min, injection volume was 20 uL, detector
was set at 245 nm.
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Range

By evaluation of linearity, accuracy
and precision results, it was found that the
upper and lower concentrations with
acceptable linearity, accuracy and precision
were 2 and 18 pg/ml for lopinavir and 0.4
and 4.4 pg/ml for ritonavir.

Determination of syrup

The developed method was applied
to determine lopinavir and ritonavir in
syrup. The determination results were
illustrated in Table 3. The results showed
that the developed method can apply to
real sample with good reproducibility.

Table 3. The concentrations of drugs in syrup sample obtained from HPLC method

Descriptions Sample 1 Sample 2
Lopinavir
Amount found (mg/ml) 80.10 80.64
Labeled claim (mg/ml) 80.00 80.00
% Labeled amount 100.1 100.8
Average 100.5
Ritonavir
Amount found (mg/ml) 20.00 20.10
Labeled claim (mg/ml) 20.00 20.00
% Labeled amount 100.0 100.5
Average 100.3
CONCLUSION REFERENCES

In summary, a simple and rapid
HPLC method was developed for the
simultaneous determination of lopinavir
and ritonavir in syrup. Dilution and filtration
were only required for sample preparation.
The excellent validation results were also
achieved indicating the reliable of the
developed HPLC method. In addition, the
proposed method was applied very well to
the real sample. This method may use as
an alternative procedure for determination
of other PIs drugs since its advantages were
over the existing methods when the simple
mobile phase and detector were utilized.
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Abstract

Lopinavir and ritonavir are effective HIV-1 protease inhibitors.
Chemometric-assisted spectrophotometric method was proposed for the
determination of these two drugs. A set of calibration mixtures (calibartion
set) was design by the Central Composite Design (CCD). The UV spectra
results obtained from the calibration set were subjected to principle
component regression (PCR) and partial least squares regression (PLS-1) to
construct the prediction models for lopinavir and ritonavir in unknown
samples. A set of synthetic mixtures was randomly selected and used as
samples to validate the models. The prediction models were used to
analyze two drugs in syrup and compared with a HPLC method. The results
of PCR and PLS-1 methods were agreed with the results obtained from
HPLC method.

Key Words: Chemometrics; PCR; PLS-1; Lopinavir; Ritonavir
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Introduction

Two protease inhibitors, lopinavir and ritonavir, are important drugs
in highly active anti-retroviral therapy (HAART). Protease inhibitor can
prevent viral replication by inhibiting the activity of HIV-1 protease
enzyme which is necessary to cleave nascent proteins for final assembly of
new virons. Lopinavir and ritonavir are manufactured as a fixed
combination by Abbott Laboratories under the trade name Kaletra®.
Lopinavir is approximately ten times more potent than ritonavir against
wild-type HIV. In order to prohibit the metabolism of CYP3A4, small
amount of ritonavir is used as pharmacokinetics booster in Kaletra® [1].

For analysis of lopinavir and ritonavir, high-performance liquid
chromatography (HPLC) [2, 3, 4], high-performance liquid
chromatography coupled to tandem mass spectrometry (LC/MS) [5, 6, 7, 8,
9], LC/MS/MS [10], matrix-assisted laser desorption/ ionization tandem
time-of-flight (MALDI-TOF/TOF) [11], HPTLC [12] and immunoassay
[13] methods have been reported for quantitative determination of lopinavir
and ritonavir. All of these, chromatographic method, high-performance
liquid chromatography (HPLC) in conjunction with UV detection was the
most widely wused. Analysis method utilizing spectrophotometric
measurement without prior chromatographic separation is interesting but

overlapping of absorbance spectra is a problem. However, chemometrics is



a key and may solve this limitation. Chemometrics was introduced in 1972
by Svan Wold [14]. It is a chemical discipline which uses mathematical and
statistical methods to design or select optimal measurement procedures and
experiments and provide maximum chemical information by analyzing
chemical data [15]. In brief, chemometrics concerns with chemical data and
extraction of relevant information from it by using suitable statistical and
mathematical methods. Multivariate calibration method (e.g., multiple
linear regression (MLR), principle component regression (PCR) and partial
least squares (PLS)) utilizing spectrophotometrics data are the important
chemometrics approach for determination of mixtures including drugs
combination [16].

In this work, two chemometric-assisted spectrophotometric methods
based on the application of principle component regression and partial least
squares were proposed for analysis of lopinavir and ritonavir in synthetic
mixtures (test set) and true sample (syrup). A HPLC method was employed

to determine the same syrup for comparison.

Materials and Methods
Apparatus and software
The absorbance spectra were recorded by a Shimadzu (UV-160A)

UV-Vis spectrophotometer combined with a 1 cm quartz cell.



Chromatography was performed on a high-performance liquid
chromatography system (Shimadzu corporation, Kyoto, Japan) consisting
degasser DGU-12A, liquid chromatograph LC-10 AD, communications bus
module CBM-10A, UV-Visible detector SPD-10A and data processing
(class LC-10). The analytical column was a BDS Hypersil C18, 250 x 4.6
mm i.d., 5um (Thermo scientific, USA). Manual injection was made by
using a Rheodyne model 7725 injector with a 20-pl loop. Unscrambler®
program was purchased from Charpa Techcenter Co., Ltd. (Bangkok,
Thailand). Data analysis, PCR and PLS-1 modeling were performed by
Unscrambler® program.
Reagents

Standard lopinavir and ritonavir, syrup containing 80 mg/mL of
lopinavir and 20 mg/mL of ritonavir and syrup blank were kindly supported
from the Government Pharmaceutical Organization (GPO) of Thailand.
Acetonitrile and methanol (HPLC grade) were purchased from Lab-Scan,
Thailand. Ammonium acetate (Analytical grade) was obtained from
Ranken, India. Acetic acid and ammonium hydroxide (Analytical grade)
were obtained from Lab-Scan, Thailand. Stock solutions of drugs (1
mg/mL) were prepared by dissolving appropriate amount of solutes in
methanol. Working solutions of lower concentrations were prepared by

proper dilution from the stock standard solutions and diluted to volume



with 50% methanol. Sample preparation was prepared by dilution of syrup
with methanol until the final concentration (8 ug/mL of lopinavir and 2
ug/mL of ritonavir) was obtained. Syrup blank working solution was
prepared by 100 times dilution of syrup blank with methanol.
One component calibration

To find the linear dynamic concentration range of each drug, one
component calibration was performed. Linear dynamic ranges were studied
in the concentration range of 4-24 ug/mL for lopinavir and 1-6 pug/mL for
ritonavir. Absorbance values were recorded at Ana.x Of each drug (259 nm
for lopinavir and 239 nm for ritonavir) in 1-cm quartz cell and used 50%
methanol as blank. Linear dynamic range for each compound was
determined by least-square linear regression of concentration and the
corresponding absorbance.
Binary standards solutions

Two sets of standard solutions, calibration set and test set were
prepared. According to Table 1 and 2, 20 mixtures solutions and 15
mixtures solutions were used in calibration set and test set, respectively.
The concentrations of calibration set were selected by mean of central
composite design (CCD) and those of test set were randomly selected. A
100 ul of syrup blank working solution was added to all solution in

calibration and test sets.



HPLC method for analysis of lopinavir and ritonavir

A HPLC method was previously developed for simultaneous
determination of lopinavir and ritonavir [17]. The optimum
chromatographic condition used a BDS Hypersil C18, 250 x 4.6 mm i.d.,
5um as stationary phase. A mixture of 5mM ammonium acetate buffer, pH
7 and acetonitrile (50:50, v/v) was used as mobile phase and the flow rate
was 1 mL/min. The presences of lopinavir and ritonavir were detected by
UV detector at 245 nm. This HPLC method was used to determine lopinair
and ritonavir in test set and syrup samples for comparison with PCR and

PLS-1 models.



Table 1 Compositions of CCD design for construction the determination

models of lopinavir and ritonavir (calibration set)

Concentrations (ug/mL) Volume of
Sample o _ _ placebo stock
Lopinavir Ritonavir _
solution (uL)
1 0.00 2.00 100
2 16.00 2.00 100
3 8.00 0.00 100
4 8.00 4.00 100
5 2.30 0.60 100
6 13.60 0.60 100
7 13.60 3.40 100
8 2.30 3.40 100
9 8.00 2.00 100
10 8.00 2.00 100
11 8.00 2.00 100
12 8.00 2.00 100
13 8.00 2.00 100
14 8.00 2.00 100
15 8.00 2.00 100
16 8.00 2.00 100
17 0.00 0.00 100
18 0.00 0.00 100
19 0.00 0.00 100
20 0.00 0.00 100




Table 2 Compositions of samples for test set

Concentrations (ug/mL) Volume of
Sample o _ _ placebo stock
Lopinavir Ritonavir _

solution (uL)
1 4.00 1.00 100
2 7.00 1.75 100
3 8.00 2.00 100
4 9.00 2.50 100
5 12.00 3.00 100
6 10.00 0.60 100
7 12.00 1.00 100
8 4.00 3.00 100
9 2.40 2.00 100
10 15.00 1.50 100
11 7.00 3.75 100
12 6.00 2.50 100
13 8.00 1.75 100
14 13.00 0.75 100
15 3.00 3.15 100

Results and discussion
Lopinavir and ritonavir absorb UV in the same region (Figure 1), this
was not allowed for simultaneous determination of these compounds by

conventional univariate calibration methods. Therefore, multivariate



calibration methods such as PCR and PLS-1 were employed for
simultaneous analysis of them.

The standard solutions used in the multivariate calibration methods
are mixtures of analytes. Some important parameters should be considered
in preparing of these standard solutions [18]. The first one is that the
concentration of each analyte must be in its linear dynamic range. The
concentration of the analytes in the calibration samples (Table 1) must be
orthogonal. The absorbance of calibration samples should not exceed the
maximum absorbance reading of the instrument, and the concentration of
the prediction mixtures (test set) should be the same range as that of the

calibration mixtures.
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Figure 1

UV spectra of lopinavir and ritonavir



The resulted univariate calibration equations for the analytes at Anax
(259 and 239 nm for lopinavir and ritonavir, respectively) were linear in the
ranges of 4-24 ug/mL for lopinavir and 1-6 pug/mL for ritonavir (Figure 2).
To prevent obtained solutions with overload absorbencies, the
concentrations of lopinavir and ritonavir in the mixtures were taken in the
ranges of 0-16 and 0-4 ug/mL, respectively. The composition of the test
samples (Table 2) was selected randomly according to the linear dynamic
ranges.
Results of PCR and PLS-1 analysis

The PCR and PLS-1 models were developed in Unscrambler®
program. Model development was performed by using calibration
standards. Leave-one-out cross-validation (LOO-CV) was used to validate
PCR and PLS-1 models in model development and obtaining optimum
latent variables (number of factors) of model. The resulted models were
also validated to predict the concentration of analytes in a separate test set
that did not contribute to the model development steps. The results of
prediction and the percentage of recoveries are represented in Table 3. As
observed, there is a very good agreement between the predicted
(calculated) and actual concentrations of drugs. The mean recoveries for
lopinavir and ritonavir are 105.5% and 92.5% for PCR models and 105.3%

and 94.8% for PLS-1 models, confirming the high prediction power of the



resulted models. Then the suitable PCR and PLS-1 models were employed
to analyze both drugs in syrup and three determinations were performed.
The determination results are presented in Table 4. As seen from this Table
4, the data indicate excellent reproducibility of the prediction by the

proposed models with the standard deviation (SD) less than 0.33 for all

cases.
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Figure 2

(A) Absorbance values at 259 nm versus concentrations (ug/mL) of
standard lopinavir and (B) Absorbance values at 239 nm versus

concentrations (ug/mL) of standard ritonavir



Table 3 Comparison of PCR and PLS-1 models for determination of

lopinavir and ritonavir in test set

Test set Lopinavir (% recovery) Ritonavir (% recovery)
number

PLS-1 PCR PLS-1 PCR
1 102.7 104.2 92.0 71.0
2 104.1 104.3 91.4 87.4
3 106.7 107.1 88.0 99.0
4 105.9 106.0 101.8 95.6
5 104.9 104.9 95.7 99.0
6 102.1 102.4 86.7 121.7
7 102.5 102.5 89.0 104.0
8 111.5 111.7 83.3 93.0
9 106.7 107.5 91.0 87.0
10 102.0 100.9 112.7 83.3
11 108.0 106.7 85.9 76.5
12 102.7 103.2 97.6 93.6
13 104.9 105.0 97.7 96.0
14 99.0 98.7 121.3 90.7
15 115.3 117.0 88.0 89.5
Average 105.3 105.5 94.8 92.5
SD 4.1 4.4 10.4 11.8

Comparison of the PCR and PLS-1 models with HPLC
In order to compare the results of the proposed PCR and PLS-1

models for determination of lopinavir and ritonavir in syrup, a HPLC



method [17] was also employed. The same sample solutions used for PCR
and PLS-1 models were applied by HPLC method. The determination
results of PCR, PLS-1 and HPLC methods are presented in Table 4. The
determination data were expressed in term of pg/ml. As shown in this
Table, amount of drugs analyzed by HPLC method were closed to those
obtained by PCR and PLS-1 models, especially for lopinavir. In case of
ritonavir, the results obtained from PLS-1 and PCR models were
significantly less than that of HPLC method. This may be due to the fact
that the UV spectrum of ritonavir is absolutely covered with the spectrum
of lopinavir (Figure 1) and is not allow for application of multivariate
calibration model. In the other word, multivariate calibration model may

suitable for the mixtures which their UV spectra are partially overlapping.

Table 4 Syrup determination results of PLS-1, PCR and HPLC methods

Sample Lopinavir (ug/mL) Ritonavir (ug/mL)
PLS-1 PCR HPLC  PLS-1 PCR HPLC
1 8.06 8.02 8.01 1.68 1.62 2.00
2 8.00 7.98 7.46 1.63 1.64 1.86
3 7.93 7.89 8.06 1.58 1.47 2.01

Average 8.00 7.96 7.85 1.63 1.58 1.96
SD 0.07 0.07 0.33 0.05 0.09 0.08




Conclusions

In summary, principle component regression (PCR) and partial least-
square regression (PLS-1) models were developed for determination of
lopinavir and ritonavir in a standard mixture set (test set) which was not
contribute in the calibration step. Similar accuracy was obtained from two
multivariate calibration methods. The same results were also performed
when multivariate calibration models were applied to determine drugs in
syrup. To evaluate the results obtained by multivariate calibration methods,
a HPLC procedure was also used. The results obtained from PLS-1 and
PCR models closed to those obtained from HPLC method. This implies
that the proposed PCR and PLS-1 models are simple, accurate and precise

procedures.
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Simultaneous determination of lopinavir and ritonavir in plasma by first derivative and
chemometrics-assisted spectrophotometry and comparison with reference method

S. Jarusintanakorn®, K. Sripha'and C. Phechkrajang”
! Faculty of Pharmacy /Department of Pharmaceutical Chemistry, Mahidol University, Bangkok, Thailand

Abstract

First derivative spectrophotometry and two models of chemometrics, principal
component regression (PCR) and partial-least squares (PLS-1) assisted with chemometrics
programs (Multivar and Unscrambler®), were developed for resolving the problem of
overlapping spectra of lopinavir (LPV) and ritonavir (RTV) and proposed to simultaneously
determine both drugs in human plasma. The zero-crossing technique with first-order spectra
was applied and offered the wavelength at 228 and 254 nm as suitable wavelength for the
investigation of LPV and RTV in plasma, respectively. The mean recovery of RTV in plasma
obtained from this method was not significantly different with HPLC method which was
contrary with LPV results. In case of chemometrics methods, both PCR (A = 240 — 279 nm,
PCs 13) and PLS-1 (A = 240 — 279 nm, PCs 8) models provided no significant difference of
the mean recovery of RTV in plasma with HPLC. In addition, PLS-1 model achieved from
the wavelength between 215 — 249 nm with PC 9 presented the optimal model for LPV

determination in plasma which was comparable with HPLC method.

Keywords: Lopinavir; Ritonavir; First derivative; Chemometrics; PCR; PLS-1

1. Introduction

The HPLC (high-performance liquid chromatography) method is the favorite
method for simultaneous determination of drugs in plasma, but this method has some
disadvantages such as time consuming, high cost and sample clean-up. UV-Vis spectroscopy
is the simplest and fast method including less step of sample pretreatment. However, classical
univariate calibration has limitation in the complex mixture especially in case of overlapping
spectral characteristics occurring. In recent years, derivative and chemometrics techniques
have been available in order to overcome above the limitation and used for simultaneous
determination drugs in biological fluids. Derivative spectrophotometry is the method which
involves mathematical transformation of zero-order spectra to higher-order spectra (i.e. first,
second, third and fourth). The wavelength that shows derivative signal of interesting analyte

and zero value of other compounds was selected as suitable wavelength in accordance with



zero-crossing technique. In case of chemometrics method, principal component regression
(PCR) and partial least squares regression (PLSR) are involved analysis two or more
variables at a time which provide better results comparing using classical spectrophotometry.
In this study, lopinavir (LPV) and ritonavir (RTV) which are protease inhibitors which were
mostly investigated by chromatographic methods were selected to study the possibility of
simultaneous determination of both drugs in plasma samples by using first derivative
spectrophotometry and chemometrics with PCR and PLS-1 models and compared with HPLC

method.

2. Experimental
2.1 Reagents

All standard drugs were kindly donated from GPO Thailand. Reagent grade of hexane
and ethyl acetate were taken from J.T. Baker. HPLC grade of acetonitrile and methanol were
purchased from Labscan. Sodium dihydrogen phosphate was taken from Merck.

2.2 Apparatus and software

The UV absorbance data was recorded by a PerkinElmer (Lambda 35) UV-Visible
spectrophotometer combined with a 10 mm quartz cell and the UV winlab software was used
for manipulation of spectral data. The chromatographic system composed of Shimadzu LC-
10AD, CBM-10A (system controller) and a SPD-10V UV-Vis detector. Hypersil Gold C18
(250 x4.6 mm i.d., 5 um) was supplied by Thermo Scientific (USA). A 1.73 GHz Intel
personal computer with Window XP operating system was used for the calculation of PCR
and PLS model with Multivar (version 7) and Unscrambler® (version 9.8) programs and the

other statistical analysis.

2.3 Procedures
2.3.1 Preparation of stock standard solution and standard mixture solution

Stock solutions of LPV (1 mgmL™) and RTV (0.5 mgmL™) were prepared by
dissolving the amount of each drug in methanol. The proper dilutions from each stock
solution were performed in 50% methanol for the preparation of standard mixture solutions

which used in the further experiment.



2.3.2 Preparation of plasma sample and extraction

Each plasma sample was prepared by spiking 100 pL of desired standard mixture
solution in 400 uL of drug-free blank plasma. Then liquid-liquid extraction was utilized for
removing any interference from plasma samples before analysis. Plasma sample and organic
solvent were mixed and centrifuged 3000 rpm for 15 minutes. The organic layer was
transferred to cleaned tube and evaporated under nitrogen at 50°C in a water bath. The extract
was reconstituted by adding 2 mL of 50% methanol and centrifuged at 3000 rpm for 5
minutes and 1.5 mL of supernatant was taken to analysis. After sample clean-up, the samples
were filtered with nylon membrane filter for HPLC method.

Since plasma samples were diluted following the above extraction step, so the
concentrations in plasma before extraction were 4 times to the final concentrations which
were used for calculation in this study. All concentrations of each drug in plasma were out of

the therapeutic ranges (1, 2).

2.3.3 One component calibration

In order to find linear concentration range of each drug, one component calibration
was performed. Different volumes of working standard solution of each drug were prepared
to desire concentration with 50% methanol. The absorbance spectra were recorded over the
200 — 400 nm using 50% methanol as blank.

2.3.4 Derivative spectrophotometry

Plasma samples composed of LPV (2 — 12 pgml™) and RTV (1 — 6 pgml™) were
prepared and used to measure absorbance at wavelength between 200 — 400 nm against 50%
methanol. Then, UV winlab program was utilized for transformation of zero-order to first-

order spectra with Cubic-Golay Savitsky smoothing strategy.

2.3.5 Chemometrics method

Two sets of standard LPV and RTV which were within linear dynamic range spiked
in plasma sample were prepared. The one set was calibration set which consisted sixteen
mixtures in plasma and four blank plasma samples. Another was validation set which
contained 10 mixtures in plasma. The composition in calibration set was selected based on
central composite design (CCD) (3, 4) while the composition in validation set was obtained

randomly. The absorbance data of all spectra collected at the wavelength between 200 — 400



nm were mean-centered and employed with Multivar and Unscrambler® program for

calibration model building.

2.3.6 HPLC method

The HPLC method was applied for determination of LPV and RTV in human plasma
using IDV as internal standard. The concentrations which used in this method were covered
the linear range in spectrophotometry method, 1 — 24 pgmL™ for LPV and 0.5 — 6 ugmL™ for
RTV. The procedures of plasma sample preparation and extraction were similar as
aforementioned, a 20 pL aliquot of samples was injected to HPLC column. The HPLC
condition comprising acetonitrile/phosphate buffer pH 6 (50/50) with C18 column at a flow

rate 1 mLmin™ was developed and validated. The absorbance was measure at 254 nm.

3. Results and discussion

From the zero-order spectra (Fig. 1(a)), it was possible to analyze RTV in a presence
of LPV but it was not possible to analyze LPV in a presence of RTV. Therefore, the zero-
crossing technique with first derivative spectrophotometry (Fig. 1(b)) was necessary to permit
a more selective identification and analysis of two drugs in mixture at a time. On the other
hand, the overlapped spectra of both drugs could be examined by using chemometrics
methods such as principal component regression (PCR) and partial least squares regression
(PLSR).
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Fig. 1 (a) Zero-order spectra and (b) first derivative spectra of LPV 12 pgmL™ and RTV 6 pgmL™
3.1 Derivative spectrophotometry

In order to obtain the best results, the number of points for smoothing spectra and AA
for differentiation of spectra were necessary to optimize. A cubic Golay-Savitsky smoothing
of 6 points and AA of 5 nm provided the best signal-to-noise ratio. The wavelength at 228 nm
and 254 nm of first-order spectra (Fig. 1(b)) were selected based on zero-crossing technique
for the determination of LPV and RTV, respectively. The linearity, accuracy and precision
parameters were evaluated in accordance with the bioanalytical method validation guideline
(5) by using plasma samples containing of 2 — 12 pgmL™ of LPV and 1 — 6 ugmL™ of RTV.
The results showed that the linear relationship between derivative signal and its concentration
for RTV determination showed good linear response which indicated by correlation
coefficient (R? = 0.9915) while the linearity parameter for LPV was not met the requirement
of the guideline (R* = 0.7375). Because the wavelength at 228 nm used for LPV
determination possessed slope characteristic which the error of measuring derivative signal
was occurred easily. In addition, it was seen that the recovery results obtained from the
determination of plasma sample containing of 3, 7 and 11 ugmL™ of LPV and 1.5, 3.5 and
5.5 ugmL™ of RTV provided the good accuracy and precision only for RTV determination in

plasma samples (Table 1).



Table 1. The results of accuracy and precision for LPV and RTV determination by first derivative

spectrophotometric method

Inter-day
Drug Accuracy® Repeatability® .
Precision®

LPV 31.19-44.70 7.11-37.86 40.34 - 52.70
RTV 95.01 -113.74 4,94 -10.05 4.65-6.99

® The accuracy presented as percentage of mean recovery (n=5).
® Repeatability present as %RSD (relative standard deviation) (n = 5).

¢ Inter-day precision present as %RSD (n =5).

3.2 PCR and PLS-1 modeling

The resulted univariate calibrations for the analytes were linear in the ranges of 2-20
ug/mL for lopinavir and 1-6 pg/mL for ritonavir (Figure 2). The concentrations of LPV and
RTV in the calibration set obtaining from central composite design (CCD) and validation set
obtaining from random selection were within the linear dynamic range (0 — 16 pgmL™ for
LPV and 0 — 4 pgmL™ for RTV). Individual analytes were independently modeled by PCR
and PLS-1 with optimum wavelength region and number of principal components (PCs) or
factors. Because of using any wavelengths contained the absorption of solvent and other
analytes for model building, resulting in the poor predictive ability of calibration model.
Therefore, the selection wavelength range was critical step for acquiring the optimal
calibration model. In addition, number of principal components (PCs) with suitable
wavelength region was also needed to optimize. In this study, the leave-one-out cross-
validation was applied by localization of the minimum PRESS (prediction error of sum
squares) for obtaining of optimal wavelength range and number of PCs according to moving
window strategy with spectral information and Haaland and Thomas criteria, respectively.
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Fig. 2 (a) One component calibration curve of (a) LPV and (b) RTV

From the spectra of LPV and RTV in Fig. 1(a), the meaningful wavelength
regions which presented individual absorption of interested component without solvent effect
for LPV and RTV were 210 — 260 nm and 230 — 280 nm, respectively. These ranges were
applied to wavelength selection in Multivar for obtaining suggested wavelength region and
moving window strategy in Unscrambler®. A minimum window of 5 sensors was employed
with starting wavelength (210 and 215 nm for LPV determination and 230, 235 and 240 nm
for RTV determination) for model building by calculation of PCR and PLS-1 methods. For
each wavelength range, the F-statistic based on the Haaland and Thomas criterion was
applied to avoid the overfitting results for choosing the optimal number of PCs which
corresponding to a probability of less than 75%. In calibration step, some statistical
parameters such as the root mean square difference (RMSD), the correlation coefficient (%)
and the relative error of the prediction (REP) were computed for comparing between models.
In addition, the independent set of plasma samples containing different composition of LPV
and RTV was employed in order to evaluate the proposed calibration model. The one

statistical parameter which is expressed the predictive applicability of a regression model was



standard error of prediction (SEP). All relevant statistical parameters of optimal PCR and
PLS-1 models for LPV and RTV determination were acceptable for all proposed calibration
models as shown in Table 2.

On the other hand, the proposed models were validated in terms of linearity, accuracy
and precision in order to show that these chemometrics methods were appropriate to
investigate LPV and RTV in plasma samples by using different concentration of LPV and
RTV spiked in plasma. From Table 3, it was seen that all parameters were met the

requirement of Bioanalytical method validation guideline.
Table 2: The statistical parameter values for the optimum PCR and PLS-1 models of LPV and RTV

LPV RTV
Parameters? PCR PLS-1
PCR PLS-1
Multivar Unscrambler® Multivar Unscrambler®
Spectral
210 - 249 205 - 224 215 -259 215 - 249 240 - 279 240 - 279
range (nm)

PCs 12 4 11 9 13 8
PRESS 0.4955 2.5248 0.1292 0.3813 0.0350 0.0213
RMSD 0.1760 0.3972 0.0899 0.1544 0.0468 0.0365

r? 0.9981 0.9904 0.9995 0.9986 0.9977 0.9986
REP (%) 2.20 4.95 1.12 1.93 2.33 1.82
SEP 0.3380 0.3762 0.3118 0.3324 0.2095 0.2144
a
PRESS = .
% REP =

where C is the actual concentration, C is the predicted concentration and C is the average concentration, N is

total number of calibration samples and n is total number of validation set.



Table 3: The validation results for LPV and RTV when applying PCR and PLS-1 models®

LPV RTV
Parameters? PCR PLS-1
PCR PLS-1
Multivar Unscrambler® Multivar Unscrambler®
Spectral range
210 - 249 205 - 224 215 -259 215 - 249 240 -279 | 240-279

(nm)

PCs 12 4 11 9 13 8
Linearity 0.9992 0.9990 0.9971 0.9973 0.9980 0.9975
Accuracy 103.97 103.34 103.58 104.60 95.72 96.09

Repeatability 3.33 3.01 3.16 3.33 6.38 5.85
Inter-day

o 3.33 2.44 2.60 2.85 3.73 4,73
precision

® Linearity present as correlation coefficient (R%), the accuracy present as average of % recovery (n=15). For
precision present as %RSD (relative standard deviation) composed of repeatability (n=15) and inter-day

precision (n = 5).

3.3 Comparison of the results of derivative spectrophotometry, chemometrics with HPLC

HPLC condition used in this study was optimized and validated in terms of system
suitability, linearity, accuracy and precision (Data were not shown here) in order to apply as
reference method for comparison the mean recovery of LPV and RTV investigation in human
plasma with first derivative and chemometrics methods. Mean recovery results of LPV and
RTV spiked in plasma which were obtained from first derivative spectrophotometric,
chemometrics and HPLC methods are presented in Tables 4 and 5, respectively. The mean
recovery of each method was compared by using t-statistic with confidence interval of 95%
which the first derivative and chemometrics methods were comparable with HPLC for RTV
determination in plasma. In case of LPV determination, only PLS-1 models obtained from
PC9 with spectral range between 215 — 249 nm provided no significant difference between
the results with HPLC method.



Table 4

Percent of recovery results for LPV spiked in plasma obtaining from PCR and PLS-1 methods compared with

HPLC method

Added concentration PCR PLS-1

(MgmL™) HPLC Multivar Unscrambler® Multivar Unscrambler®
2.0 96.94 105.50 112.00 99.00 111.01
3.2 105.29 99.38 100.31 100.94 104.06
3.2 104.85 103.13 113.44 97.81 103.68
4.0 111.16 97.75 101.25 100.25 101.59
6.0 105.86 88.50 93.33 94.00 93.09
8.0 107.10 99.50 90.25 100.88 101.77
10.0 106.11 101.00 101.00 102.00 102.40
10.0 106.16 101.00 100.00 98.60 101.68
12.0 107.81 104.17 102.50 101.67 104.44
12.0 106.11 104.17 103.33 103.33 104.93

Average 105.74 100.41 101.74 99.85 102.87

%RSD 3.37 4.85 6.98 2.65 4.29
Table 5

Percent of recovery results for RTV spiked in plasma obtaining from PCR and PLS-1 methods compared with

HPLC method

Added ) PCR PLS-1
concentration HPLC FlrSt_
derivative Multivar Unscrambler® | Multivar | Unscrambler®
(ugmL™)
3.6 89.80 95.28 100.28 100.34 100.00 100.13
2.0 97.87 96.50 98.50 98.31 97.50 97.71
4.0 92.94 95.64 91.50 91.47 90.75 90.86
1.0 95.86 95.35 102.00 102.26 99.80 99.82
3.6 96.32 110.47 113.61 113.69 113.61 113.71
2.0 96.41 99.42 96.50 96.62 98.00 98.17
1.0 100.26 98.84 89.40 89.37 91.30 91.32
24 98.37 112.40 94.58 94.64 94.58 94.52
1.2 97.71 86.24 100.00 100.01 100.00 100.03
1.6 98.57 93.02 95.63 95.62 94.38 94.35
Average 96.41 98.32 98.20 98.23 97.99 98.06
%RSD 3.15 7.95 6.83 6.86 6.61 6.63




4. Conclusions

In this study, the developed first derivative spectrophotometry with zero-crossing
technique was not successful for LPV determination spiked in plasma. However, this method
could be used to investigate RTV in a presence of LPV in plasma samples and was
comparable with HPLC method. On the other hand, PCR and PLS-1 models were optimized
and validated for simultaneous determination of both drugs spiked in plasma. Only PLS-1
model acquired from wavelength between 215 — 249 nm with PC 9 provided no significant
difference of LPV results with HPLC method. Additionally, RTV recovery obtained from all
aforementioned optimal PCR and PLS-1 models were not significantly different from HPLC
method. Even the concentrations of LPV and RTV used in this study were out of range in
pharmacokinetic profiles, but the simple and rapid methods as derivative and chemometrics
methods have been very useful for the simultaneous determination of binary analytes in

plasma samples.
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