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RESuUMO

A gquantificacdo de substancias farmacologicamente ativas em matrizes biolégicas
pode ser obtida através de estudos de bioequivaléncia. Hoje em dia, os estudos
de bioequivaléncia com drogas de acdo cardiovascular sdo pontos critico na
comunidade cientifica, usando detectores tais como a espectrometria de massa
acoplada com cromatografia liquida de alta eficiéncia; o HPLC-MS-MS vem sendo
aplicado progressivamente para quantificacdo de farmacos em vérias partes do
mundo inclusive no Brasil. Muitos aspectos diferentes, tais como uma
sensibilidade mais elevada, precisdo, explicam certamente este fato: a
substituicdo com farmacos genéricos dos farmacos de referéncia, transformou-se
uma prética difundida em nosso pais. Apos aprovacao pela ANVISA estas drogas
sendo bioequivalentes, sdo uma opc¢éo aos pacientes e as seguradoras de saude
as quais procuram maneiras para baixar custos do sistema de saude. Os
interesses foram levantados, entretanto, com o0 uso descontrolado de tal
substituicdo pode certamente ser prejudicial em determinados casos. Neste
estudo, ndés analisamos 6 (seis) diferentes estudos de bioequivaléncia. As
amostras do plasma foram extraidas e quantificadas pelo HPLC-MS-MS na
unidade analitica de Cartesius (SP de Sao Paulo I). Os estudos aqui apresentados
sdo praticos, precisos com elevada significancia e exatiddo na avaliacdo de tais
drogas de acao cardiovascular, podendo contribuir desta forma com a comunidade
de médicos, profissionais da saude e com o0s pacientes portadores de doenca

cardiovascular na determinacédo se tais sdo bioequivalentes.

Palavras  chave: Medicamentos, Plasma, @ Medicamentos  genéricos,

Farmacocinética, Espectometria de massa.
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SUMMARY

The quantification of pharmacologically active substances in biological materials
can be performed through bioequivalence studies. Now-a-days, bioequivalence
study of cardiovascular drugs is critical point in scientific community, using
detectors such as mass spectrometry with HPLC; HPLC-MS-MS have been
progressively applied to this drugs quantifications in worldwide, including Brazil.
Many different aspects, such as higher sensitivity, precision, surely explain this
fact, specially generic substitution for drugs has become a widespread practice as
ANVISA approves bioequivalent drugs, and patients and payors seek ways to trim
healthcare costs. Concerns have been raised, however, that uncontrolled use of
such substitution may indeed be harmful in certain cases. In this study, we analyze
6 different bioequivalence studies. Plasma samples were extracted and quantified
by HPLC-MS-MS at the Cartesius Analytical Unit (ICB/USP - Sédo Paulo - SP). The
herein presented studies practical with significantly high precision and accuracy in
evaluation of such drugs to contribute of physician’s community with cardiovascular

patients in determination if all of them are bioequivalence.

Key words: Drugs, Plasma, Generic drugs, Pharmacokinetics, Mass spectrometry .
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1. Aplicacdes dos estudos farmacocinéticos

O comportamento farmacocinético de uma nova droga €, normalmente,
determinado em animais antes de ser utilizado em humanos. Os testes em
animais de laboratério seguem até o ponto em que se faz necessario obter
resultados em experimentos clinicos envolvendo seres humanos, pois existem
variagbes nos parametros farmacocinéticos quando comparamos resultados
obtidos em animais e em humanos (ROBERTS et al.,1988). Um numero cada vez
maior de novas substancias com potencial terapéutico, bem como a
comercializacdo de produtos similares por diferentes empresas, tem estimulado o
desenvolvimento de novos métodos para o controle de qualidade. Os ensaios
clinicos tomaram-se importantes ferramentas para avaliar isolada ou de forma
comparativa as propriedades farmacocinéticas e farmacodinamicas (ATKINSON et
al., 2001).0 desenvolvimento e a regulamentacdo destes ensaios clinicos
tornaram-se reconhecidamente mais importantes a partir da década de 50, quando
passaram a ser conduzidos de acordo com os interesses cientificos e éticos. Em
1959 BULL introduz o conceito de estudo duplo cego, onde nem médico nem
paciente tinham conhecimento prévio da formulacdo administrada. Sir Austin
Bradford Hill foi o principal pesquisador envolvido com ensaios clinicos no
"Medical Research Council" tendo organizado varios estudos clinicos e publicado
diversos artigos sobre conducéo destes protocolos, demonstrando a importancia
da escolha dos pacientes, randomizacao, avaliacdo objetiva e andlise estatistica
(ATKINSON et al., 2001). Os motivos que retardaram o progresso dos ensaios
clinicos foram "reveréncia a autoridade, relacionamento entre médico e paciente,
poucos registros, falta de facilidades para investigacao e falta de remédios ativos".
A razao mais importante para o desenvolvimento de novos estudos foi a crescente
preocupacdo com o tratamento de doencas ndo transmissiveis (BULL et al., 1959).
A industria farmacéutica sofreu uma enorme expansao nos ultimos 40 anos, e com
isso, novas drogas foram descobertas e sintetizadas. Antes da Il Guerra Mundial
ndo havia qualquer controle para que uma droga fosse livremente comercializada.

Contudo nos Estados Unidos ja existia, desde 1938, legislacdo para uso de drogas
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em animais. Foi apenas na década de 60, com a catastrofe da talidomida, que
tanto os Estados Unidos como a Inglaterra, intensificaram as regulamentagcdes
para execucado de ensaios em humanos. A partir de 1963 € obrigatéria uma
aprovacao oficial para que a droga inicie um ensaio clinico e posteriormente, nova
aprovacao para ser comercializada no Reino Unido. Nos Estados Unidos, o FDA
(FOOD AND DRUG ADMINISTRATION) desenvolveu e aplicou diretriz (a partir da
década de 70) para a elaboracdo de um modelo seguro de pesquisa clinica,
seguido por muitos outros paises, diferindo do modelo britanico, principalmente
por valorizar sobremaneira a documentacdo dos dados obtidos (ATKINSON at al.,
2001).

Em 1964, a Associagdo Médica Mundial aprova em Helsinque um
documento com principios para protecdo de individuos em pesquisa biomédica.
Sao introduzidos conceitos de responsabilidades do investigador, comités de ética
e consentimento livre e esclarecido. Com revisfes periddicas posteriores (1975,
1983, 1989 e 2000), a Declaracdo de Helsinque constitui-se, atualmente, no
documento universal que rege os parametros para o desenvolvimento cientifico e

tecnoldgico envolvendo seres humanos.

Em 1977, o FDA publica as primeiras diretrizes para pesquisas clinicas
com o objetivo de garantir qualidade dos dados e proteger os participantes das
mesmas. Ente 1977 e 1981, novas diretrizes sobre Boas Préticas Clinicas sé@o
publicadas. Em 1988, uma consolidacdo de um codigo de Boas Praticas Clinicas
(BPC) é publicada pelo FDA.

As Boas Praticas Clinicas também foram adotadas em outros paises:
x 1985 — Japdo e Canada

x 1986 — Inglaterra

x 1991 — Australia e Comunidade Européia

x 1995 — Publicacdo do codigo de Boas Préticas Clinicas (GCP) pela
OMS.
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Em 1996, a realizacdo da Conferéncia Internacional de Harmonizacao
(ICH) e posterior introducdo das alteracdes propostas serviram de alicerce para
que os estudos clinicos pudessem ser conduzidos de acordo com as normas e
regulamentos similares em diferentes paises e em conformidade com elevados

padrdes éticos e cientificos.

No Brasil, a implantacdo de normas definindo a pesquisa em seres
humanos deu-se com a Resolugdo n°® 01/88, através de iniciativa do Professor
Elisaldo Carlini. Em outubro de 1996, esta foi revogada pela resolugdo n°
196/MS/CNS, sendo posteriormente completada pela Resolugdo n® 251/97. Por
meio destas Resolucdes, o Ministério da Saude define diretriz e normas
objetivando promover a protecdo de sujeito de pesquisas envolvendo seres

humanos.

A Resolucdo 196/96, baseada nos quatro referenciais basicos da
bioética, autonomia, ndo maleficéncia, beneficéncia e justica, traz a comunidade
cientifica, bem como a sociedade brasileira, reflexdes sobre os aspectos éticos da
pesquisa envolvendo seres humanos e estabelece as diretrizes para a
implantacdo de um sistema de revisao ética em pesquisa, composto por Comités
de Etica em Pesquisa (CEP) e pela Comissdo Nacional de Etica em Pesquisa
(CONEP), do Conselho Nacional de Saude.

Assim, a Resolugédo 196/96, bem como as demais que complementam,
traz ao pesquisador as orientacdes para que 0 mesmo possa desenvolver, de

forma ética, pesquisas envolvendo seres humanos.

Esta Resolugcao estabelece que todas as pesquisas desenvolvidas com
seres humanos devem ser submetidas & apreciagdo de um Comité de Etica em
Pesquisa (CEP), credenciado pela CONEP (Comissdo Nacional de Etica em
Pesquisa). A resolucdo também preconiza que todas as instituicbes que realizam
pesquisas implantem o CEP, a fim de se promover em toda a rede o
desenvolvimento cientifico e tecnoldgico fundamentado nos principios de ética e

do respeito a cidadania. Na impossibilidade de constituir um CEP de outra
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instituicdo ou o pesquisador principal devera submeter o projeto a apreciacao do

CEP de outra instituicao, dentre os indicados pelo CONEP.

2. Genéricos

Medicamento genérico é um medicamento similar a um produto de
referéncia ou inovador, que pretende ser com este intercambiavel, geralmente
produzido apOs expiracdo ou renuncia da protecdo patentearia ou de outros
direitos de exclusividade, comprovada a sua eficacia, seguranca e qualidade, e
designado pela Denominacdo Comum Brasileira ou, na sua auséncia, pela

Denominacdo Comum Internacional.

No Brasil, a questdo dos genéricos comeca a tomar folego, a partir da
Lei 9.787, sancionada pelo presidente da Republica Fernando Henrique Cardoso,
em 10 de fevereiro de 1999, que estabelece o que € medicamento genérico e
dispde sobre a utilizacdo de nomes genéricos em produtos farmacéuticos, sob
fiscalizacdo da ANVISA (Agéncia Nacional de Vigilancia Sanitéria). Essa
legislagdo foi revista e atualizada com o objetivo de melhor esclarecer as
exigéncias, em relacdo aos medicamentos genéricos através da RDC 10 de
janeiro de 2001. Posteriormente, foi editada a RDC 84, de margco de 2002, com o
intuito de detalhar as regulamentagcdes ja previstas na RDC 10. Esta nova
resolugdo transforma os anexos da RDC 10 em Guias publicados na forma de
resolucbes (RE), como por exemplo, a RE 478-Guia para provas de
bioequivaléncia de medicamentos Genéricos (RIBEIRO, 2000). O objetivo dessa
Legislacdo é aumentar a oferta de medicamentos, o que resultara numa maior
concorréncia entre os fabricantes e na diminuicdo dos gastos da populagdo com
0s mesmos (ABIFAM, 2001). O surgimento dos produtos denominados genéricos
aparece como uma alternativa aos produtos tradicionais e podem revolucionar as
questdes inerentes a falta de recursos dos governos para subsidiar a populagéo
de baixa renda (ABIFAM,2001).
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Do ponto de vista econémico, fala-se de um bem substituto a altura dos
concorrentes, tendo sua intercambialidade garantida pelos estudos de
bioequivaléncia, com precos competitivos e que podem mudar o cendrio atual de
consumo da populacdo brasileira, principalmente referindo-se aos menos
favorecidos (RIBEIRO, 2000).

A adocdo de uma politica de medicamentos genéricos, envolvendo a
producdo, a garantia de qualidade, a prescricdo, a dispensacdo e o uso dos
mesmos € parte fundamental de uma diretriz para promog¢éo e o uso racional de
medicamentos em nosso Pais. A promocéo do uso racional de medicamentos €,
também, uma das principais diretrizes preconizadas pela Organizacdo Mundial da
Saude - OMS. A fim de alcancar esse objetivo, é fundamental a realizagdo de
estudos de farmacocinética comparada de farmacos, para verificar se existe
bioequivaléncia entre 0 medicamento teste e o0 medicamento referéncia adotado
como padrdo pelo Ministério da Saude. Também se torna necessario o
desenvolvimento de metodologias de baixo custo e facil aplicagdo, com
sensibilidade e seletividade adequadas para realizagéo desde tipo de estudo.

Considerando a importancia dos estudos de biodisponibilidade/
bioequivaléncia no contexto da estratégia da politica de implantacdo de
medicamentos genéricos no Brasil, os pesquisadores deverdo estar atentos as

diretrizes estabelecidas pelo Ministério da Saude na area de ética em pesquisas.

Pode-se afirmar que a cerca de estudos de biodisponibilidade iniciou-se
a partir de 1945, com a primeira publicacdo do conceito de disponibilidade
biolégica. O desenvolvimento, durante a década de 1960, de técnicas analiticas
possibilitou o desenvolvimento de métodos sensiveis o suficiente para permitir a
quantificacdo de drogas ou metabdlitos, inicialmente a urina, e posteriormente no
plasma, o que possibilitou a avaliacdo e comparacdo de biodisponibilidade de
diferentes formula¢cdes em voluntarios, bem como a demonstragdo de que

diferencas significativas entre estas podem ocorrer.

ApoOs a legislacdo de registro compulsério de medicamentos em 1969,

que facilitou a entrada de medicamentos genéricos no mercado canadense, 0
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“Drugs Directorate” do “Canadian Federal Department of Health and Welfare”
comecou a utilizar bioequivalencia como uma medida para aprovar o registro de
um medicamento durante a década de 1970. Este programa, juntamente com
outras informacdes, foi analisado pelo FDA, o6rgao a editar as primeiras diretrizes
para a realizacdo de estudos de bioequivaléncia em 1977 A aplicacdo destas
diretrizes foi ampliada no “Drug Price Competition na Patent Term Restoration Act”
de 1984, o qual concedia ao FDA poderes para autorizar a aprovacao de drogas
genéricas sem evidéncias clinicas de seguranca ou eficacia, desde que a droga

seja bioequivalente ao produto inovador.
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Objetivo



O presente trabalho teve por objetivo principal avaliar o desempenho de
6 (seis) farmacos com acao cardiovascular através de estudos de bioequivaléncia
realizado em voluntarios sadios de ambos os sexos e em hospital brasileiro, pela
Unidade Analitica Cartesius - do Instituto de Ciéncias Biomédicas (ICB) da
Universidade de Sao Paulo (USP). Os estudos apresentados sdo os dos seguintes
medicamentos: (ticlopidina, gemfibrozil, carvedilol, verapamil, ramipril e

citalopram).
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Fublished cmling in Wiley InterScience (www.interscience wiley com ). DOL: 10,1002/ jms 708

Ticlopidine quantification in human plasma

by high-performance liquid chromatography coupled
to electrospray tandem mass spectrometry. Application
to bioequivalence study

Ney Carter do Carmo Borges,! Gustavo Duarte Mendes,?? André Borges,??
Sandro Evandir de Oliveira,2® Rafael Eliseo Barrientos-Astigarraga? and
Gilberto De Nucci'#3*

' Cepartment of Pharmacology, Stats University of Campinas, P.O. Box 6111 Campinas, 2P, Brazil
? Cartasius Cevelopment of Clinical Ressarch, Jesuing Marcondss Machado Awe. 415, 13092-320 Campinas, SP, Brazil
4 Department of Internal Madicing, State University of Campinas, Campinas, 5P, Brazil

Recened 26 April 2004; Accepted 13 August 2004

A rapid, sensitive and specific method to quantify ticlopidine in human plasma using clopidogrel as
the internal standard (15) is described. The analyvte and the 15 were extracted from acidified plasma by
liquid-liquid extraction using diethvl ether-hexane (80: wivl. The extracts were analvzed by high-
performance liquid chromatography coupled to electrospray tandem mass spectrometry (HPLO/MMS/MS).
Chromatography was performed isocratically on a Jones Genesis Cg 4 um analytical column (150 > 4.1 mm
iL.d.. The method had a chromatographic run time of 3.0 min and a linear calibration curve over the
range 1.0-1000 ng m1=" (r? = 0.999427). The limit of quantification was 1.0 ng m1—'. This HPLC/MS/MS
procedure was used to assess the bioequivalence of two ticlopidine 250 mg tablet formulations (ticlopidine
test formulation from Apotex do Brasil, Brazil, and Ticlid from Sanofi-Synthelabo, standard reference
formulationy. A single 250 mg dose of each formulation was administered to healthy volunteers, The study
was conducted using an open, randomized, two-period crossover design with a 2 week washout interval.
Since the 90% confidence interval for Cpge and area under the curve ratios were all inside the 80-125%,
interval proposed by the US Food and Drug Administration, it was concluded that ticlopidine formulation
from Apotex do Brasil is bioequivalent to Ticlid formulation with respect to both the rate and the extent
of absorption. Copyright © 2004 John Wiley & Sons, Lid.

KEYWORDS: ticlopidine; bioequivalence; plasma; pharmacokinetics

INTRODUCTION test formulation from Apotex do Brasil, Brazil, and Ticlid
fram Sanofi-Synthelabo, standard reference formulation. The
bicequivalence study was conducted as a single-dose, two-
way, open, randomized crossover design with a 2 week
washout period between the deses and 54 healthy volunteers
were included.

Ticlopidine, 5-[(2-chloro phenylymethyl]-4,5,6,7-tetrahyd ro-
thieno[3 2-clpyridine hydrochloride, an inhibitor of platelet
aggregation, proved to be endowed with potent antithrom-
botic activity in several animal models, and is used therapet-
tically in the prevention of stroke and myocardial infarction
in high-risk patients.! = Ticlopidine acts primarily by selec-

tively blocking ADP-induced platelet agg regation.” EXPERIMENTAL
Herewe present a fast, sensitive and selective method for

measuring plasma ticlopidine by high-performance liquid Chemicals and reagents

chromatography coupled 1o tandem mass spectrometry Ticlopidine was provided by Apotex do Brasil, Brazil, lot
(HPLC/MS /MS) o quantify ticlopidine in human plasma number 08BHOBEL Clopidogrel was obtained from Bristol-
using clopidogrel as the internal standard (15, Fig. 1) Myers-5quibb, Brazil, lot number 01/03. Acetonitrile and
This method was employved in a bicequivalence study methanol (HPLC grade), ammonium acetate, diethyl ether,
of two tcopidine 250 mg tablet formulations: ticlopidine hexane and deonized water (analysis grade) were purchased

from Mallinckrodt (Paris, KY, UsA). Ultrapure water was
) . . . obtained from an Elga UHQ system (Elga, UK. Blank human
*Cormespondence to: Gilberto De Nucd, Cartesins Devel opment of * BN S Qs L : i

Clinical Research, Jesuino Marcondes Machado Ave, 415, 13092-320 blood was collected from healthy, drug-free volunteers.
Campiras, 5P, Brazil. E-mail: denucci@dglnet.com.br Plasma was obtained by centrifugation of blood treated

Copyright & 2004 [ohn Wiley & Sons, Lid.
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Hat:

Cl

& B
Figure 1. Structures of (A) ticlopidine and (B) clopidogral.

with the anticoagulant sodium heparin. Pooled plasma was
prepared and stored atapproximately —20°C until needed.

Calibration standards and quality control
Stock solutions of ticlopidine and the 15 (clopidogrel) were

prepared in methanol-water (30: 50, v/v) at concentrations

of Tmg ml-'. Calibration curves for ticlopidine were pre-
pared by spiking blank plasma at concentrations of 1.0, 2.0,
S50, 2000, 5000, 100.0, 20000, 5000 and 1000.0 ng ml I The
analyses were carried oot in duplicate for each concentra-
tion. Cuality control samples were prepared in blank plasma
at coneentrations of 2.0, 600 and 800.0 ng ml ! (C A, QCB
and QCC, respectively). The spiked plasma samples (stan-
dards and quality controls) were extracted ineach analytical
batch along with the unknown samples.

Sample preparation

All frozen human plasma samples were previously thawed
atambient temperature and centrifuged at 2000 g forl min at
470 to precipitate solids. A 200 pl volume of sample human

plasma was introduced into a glass ibe followed by 50 pl of

. - 1
the IS solution (80 ng ml

{3050, v vy and the samples were vortex mixed for ~10s.
Driethyl ether—hexane (80 20, v/v) was added (4 mily to all
the tubes and extraction was performed by vortex mixing for
40 5 The tubes were frozen for 15 min at —70°C. The upper
organic phase was transferred to ancther set of clean glass
tubes and evaporated o dryness under Ny at 50°C. The dry
residues were dissolved in 0,200 ml of acetonitrile—water
(9010, v/ + 1T ma ammonium acetate solution, vorkex
mixed for 15 s to reconstitute the residue and transferred o
Se-well plates using an automatic pipette with a disposable
plastic tip.

of clopidogrel in methanol —water

Chrematographic conditions

A0 pl aliquot of each plasma extract was injected inko a
Jones Genesis Cg 4 pmanalytical column, (150 x 4.1 mm i.d.)
operating at room temperature, The compounds were eluted
by pumping the mobile phase (acetonitrile—water (9010,
vAVE containing 1 ma ammonium acetate at a flow-rate
of L5 ml min-!. Under these conditions, typical standard
retention times were 1.8 min for ticlopidine and 2.1 min

for clopidogrel, and back-pressure values of ~60 bar were
observed.

The column eluate was split1: 1550 thatonly 10ul min
entered the mass spectrometer. The temperature of the
autosampler was keptat 8°C and the run time was 2.0 min.

Copryright & 200 [ohn Wiky & Sons, Lid.
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Mass spectrometric conditions

The mass spectrometer  (Micromass  Quattro Ullima)
aequipped with an electros pray source run in the positive ion
mode (BS54 was set up in the multiple reaction monitoring
{MEN) mode, monitoring the transitions m/ =
and 3227 — 212.0 for ticlopidine and the |

Figure 2 shows the full-scan spectra (upper trace) and the

21 — 1539

spectively.

product ion spectra (lower tracey obtained for ticlopidine (A)
and clopidogre] (B). The proposed fragmentation pathways
for ticlopidine and clopidogrel (Fig. 3) show in both cases a
simple proton abstraction from the methylene atom yielding
the most abundant fragiments of » 154 for ticlopidine and
/2 212 tor clopidogrel and a neutral loss of chlorobenzene
under the conditions of the experiment (collision energy).
In order o optimize all the MS parameters, a standard
solution of the analyte and 15 was infused into the mass
spectrometer. For both ticlopidine and clopidogrel, the
optimized parameters oblained were dwell Hme 0.2 s, cone
voltage 235V and collision energy 15 eV, Data acquisition
and analvsis were performed using the software MassLyn
{version 3.5) running under Windows NT (version 4.0) on a
Pentivm 11 1°C.

Bioequivalence study
Fifty-four healthy volunteers of both sexes aged between 18
and 50 years and within 157 of the ideal body weight were
selected for the study after assessment of their health status
by clinical evaluation (physical examination, ECG) and the
following laboratory tests: blood glucose, urea, creatinine,
AST, ALT, alkaline phosphatase, p-GT, total bilirubin,
albumin and total protein, triglyvceride, total cholesterol,
hemoglobin, hematocrit, total and differential white cell
counts and routine urinalysis. All subjects were negative
for HIV, HCV and HBY {except for serological scar). All
stubjects gave written informed consent and the Institute
of Biomedical Sciences Ethics Committee of the University
of Sao Paulo approved the clinical protocol. The study
was conducted in accordance with the provisions of the
Declaration of Helsinki (1964), Tokyo (1975), Venice (1983),
Homg Kong (1939, Somerset West (19965 and  Edinburgh
(2000) revisions.

The study was begun with 48 healthy volunteers. Three
volunteers dropped out of the study for personal reasons and

three volunteers dropped out of the study on the decision of

the clinical investipator (adverse effects). The six volunteers
who dropped out of the study were replaced by another
sin volunteers and the same corresponding sequence was
applied as defined in the clinical protocol.

I'he wvolunteers had the following clinical character-
istics, according o gender and expressed as mean +
SO (range): males: age 296+ 5.6 vyears (21-43), height
1800+ 0 Tem (17000-1900), body weight 7h2+£78kg
(60.5-97.1); females: age 294 £ 4.9 years (22-40), height
16004+ 33cm (150.0-170.0), body weight 591 £6.0kg
(47.2-72.00, The study was a single-dose, two-way random-
ized crossover design with a 2 week washout period between
the doses,

During each period, the volunteers were hospitalized at
2 pume and had anormal evening meal, and afteran overnight

. Muss Spectrom, 2004; 39: 15621564
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Figure 2. Full-scan mass spectra (Upper traces) and product ion spectrailower traces) of (4) ticlopidine and (B) clopidogrel.
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Figure 3. Proposed fragmentation pathways for (A) ticlopidine
and (B} clopidogral.

fast they received (at ~7 a.m.) a single dose of ticlopidine
(250 mg of either tablet formulation). Water (200 ml) was

Coparight & 20 John Wiley & Sons, Lid.

given immediately after the drog administration and the
volunteers were then fasted for 4 h, after which period a
standard lunch was served; an evening meal was provided
1T h after dosing. A standard meal consisted of rice, beans,
vepetables and fried chicken meat plus a fruit as dessert.
Mo other food was permitted during the “in-house” period
and liquid consumption was allowed ad fibitum after lunch
{with the exception of xanthine-containing drinks, including
tea, coffee and colay. At 0, 2,4, 6, 8 12, 18 24, 458, 72
and % h, systolic and diastolic arterial pressure (measured
non-invasively with a sphygmomanometer), heart rate and
temperature were recorded.

The fllowing formulations were employed: ticlopidine
(st formulation from Apotex do Brasil, Brazil, 1ot Mo,
GFe6GZ, expiry 092004y and Ticlid (standard reference
formulation from Sanofi-Synthelabo, ot Mo, 2083363, expiry
date 10,/2004).

. Murss Specdrom. 2004; 39: 15421564
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Blood  samples 4 mly from a suitable  antecubital
vein were collected by indwelling catheter into heparin-
confaining tbes before and 083, 1, 1.33, 1.67, 20, 233 267,
204,06, 8 12, 16, 20, 24, 458, 72 and % h post-dosing. The
blood samples were centrifuged at ~2000 g for 10 min at
room temperature and the plasma was stored at —20°C until
assayed for ticlopidine content.

Pharmacokinetics and statistical analysis

The First-order terminal elimination rate constant (k) was
estimated by linear regression from the points describing the
elimination phase in a log-linear plot. The half-lite (ty2) was
derived from this rate constant {tyz = In 2/ks).

Bioequivalence between the two  formulations  was
assessed by caleulating individual test /reference ratios for
the peak of concentration (T, ), area under the curve (AUC)
of plasma concentration until the last concentration observed
(AU, ) and thearea under the curve between the first sam-
ple (pre-dosage) and infinite (AUCo_ng). Cmax and the time
taken to achieve this concentration {Tmas) were obtained
directy from the curves, The areas under the ticlopidine
plasma concentration vs time curves from 0 w0 the last
detectable concentration { A UC ) were calculated by apply-
ing the linear trapezoid rule. Extrapolation of these areas to
infinity (AUCy_ ) was done by adding the value Gk, to
the calculated AL, iwhere Oy = the last detectable con-
centration). The AUC and Cmae data for the two formulations
were analyzed by ANOVA to establish whether the 907
confidence interval (C) of the ratios was within the 80 -125%
interval indicating bioequivalence as proposed by the LS
Food and Drug Administration. Parametric analyses of In-
transformed arithmetic means between fest and reference
formulations were also performed.

The software used included WinNonLin Professional
Metwork Edition (Scientific Consalting, version 1.5). Bioe-
quivalence Program for Two-Period Crossover Studies { Her-
man P. Wijnand, version 3.4), Microsoft Excel (version 7.0)
and GraphPad Prism (version 2.02).

Assay performance
Linearity
Linearity was determined to assess the performance of the

method. A quadratic regression with a weighting index of

I /v and second order was performed on the peak area ratios
of ticlopidine and 15 vs ticlopidine concentrations of the nine
plasma standards (1.0, 2.0, 5.0, 2000, 50,0, 100.0, 200.0, 500.0
and 1000.0 ng ml 1 in du plicate to generate a calibration
curve.

Recovery

The recovery was evaluated by calculating the mean
of the response of each concentration and dividing the
extracted sample mean response by the unextracted (spiked
blank plasma extract) sample mean of the corresponding
concentration. Comparison with the unextracted samples,
spiked on plasma residues, was done in order to eliminate
matrix effects, giving a true recovery. The matrix effect
experiments were carried out using the ratio between spiked
mobile phase solutions and unextracted samples, spiked in
plasma residues.

Copyright © 200 John Wiley & Sons, Lid.

Ticlopidine quantification in human plasma

Precision and accuracy

Within- and bebween-run precision were determined as
the relative standard deviation, RSD (%) = 100050 M),
and the accuracy as the percentage relative error, RE
(%) = (E—THlon/T), where M is the mean, S0 is the
standard deviationof M, E is the experimentally deter mined
concentration and T is the theoretical concentration.

Stability

Stability  quality control plasma samples (2.0, 600 and
5000 ng ml Y were subjected to short-term (8 h) room
temperature, three freeze—thaw (—20 to 25°C) cveles, 24 h
autosamplerstability (12 °C)and long-term stabilivy at —20°C
(268 days) tests, Subsequently, the ticlopidine concentrations
were measured compared with freshly prepared samples,
The significance of the results obtained was analyzed by
Student’s test (p < 0.05).

Ion suppression

A procedure o assess the effectof ion suppression on MS/MS
was performed. The experimental set-up consisted of an
infusion pump connected to the svstem by a “zero volume
tee” before the split and the HPLC system pumping the
mobile phase, which was the same as thatused in the routine
analysis of ticlopidine, i.e. acetonitrile—water (90:70, v/v)
+ 1 mm ammonium acetate ab 1.5 ml min~'. The infusion
pump was set o transfer (30l min by of a mixture of
analyte and 15 in mobile phase (both 50 pg ml 'y a sample of
human pooled blank plasma was extracted by the extraction
procedure. The reconstituted extract was injected into the
HPLC system while the standard mixture was being infused.
In this system, any ion suppression would be observed as a
depression of the MS signal.

RESULTS

Assay performance

The simplest regression method for the calibration curves
of the ticlopidine was ¥ = A+ Br+ ' from 10
o 1000 g ml U jcalibration curve —8.405% = 10-% 1% +
007244850 + 0000467302, 7 = 0.999427). A quadratic
regression with a 1/x weighting and second order was
carried out on the peak area ratios of ticlopidine and 15
versus Helopidine concentrations of the nine human plasma
standards {in duplicate) to generate a calibration curve. In
the case of ticlopidine and its 15, clopidogrel, there was no
significant ion suppression in the region where the analyte
and internal standard are eluted, as shown in Fig, 4.

The recovery of ticlopidine was 91.8% (£CV 3.5), 85,005
(E£CV 95y and 90.3% (£CV 555 for the 3.0, &0.0 and
800.0ng mI-! standard concentrations, respectively. The
recoveries of the IS were T024% (2CV 37), 96.0% (£CV
A5 and T00.5% (£=CV 3.7 for the 3.0, 60,0 and 800.0 ng ml :
standard concentrations, respectively. No significant matrix
effect was observed. The limit of quantification {LOCY vali-
dabed was 1.0 ng ml b defined as the lowest concentration
at which both the precision and accuracy were <20%,. Sta-
bility tests performed indicated that there was no significant
degradation under the conditions described. The within- and

. Mirss Spectrom, 2004; 39:; 1562- 1560
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Figura 4. lon suppression procedure: (4) mobile phase infusion; (B) analyte (30 pug ml"] infusion and () blank sample injection.

between-run precision and accuracy for the LOC and QCs
are summarized in Table 1.

As shownin Fig. 5, no endogenous peak was observed in
the mass chromatogram of blank plasma. The chromatogram
for the standard LOQ sample is shown in Fig. 5, in which the
retention times for Helopidine and 15 were 1.8 and 2.1 min,
respectively.

Bioequivalence study
Ticlopidine was well tolerated at the ad ministered doses and
no significant adverse reactions were observed or reported.,
Moclinically relevant change was observed in any measured
biochemical parameter.

Table 2 shows the values of the pharmacokinetic param-
eters, Table 3 summarizes the bicequivalence analysis for

Copneright & 200 John Wiley & Sons, Lid.

ticlopidine formulations. Mo period effect was observed for
the: pharmacokinetic parameters studied (data not shown),
The mean ticlopidine plasma concentration vs time curves
obtained after a single oral dose of each ticlopidine formula-
tion are shown in Fig, &

DISCUSSION

The HPLC/MS/MS method described here for drug quan-
tification conforms to the requirements for high sensitivity,
specificity and high sample throughput for pharmacokinetic
studies. Ticlopidine has been determined in plasma and other
bivlogical tluids by using HPLC coupled to spectropho-
metric detection® HPLC coupled o gas chromatography

. Mirss Specdrom. 2004; 39: 1562- 1560
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Figure 5. MRM chromatogram of the LOG (1 ng mI™): (4 clopidogrel and (B) ticlopidine. MRAM chromatograms of blank normal

human plasma: IC) clopidogrel and (D) ticlopidine.

(GC) /WS

T GC with thermoionic detection,’ GC with nitro-
gen—phosphorus detection (GC/NPD) 1 GC/MS,™ HPLC
coupled to UV detection™"* and LC coupled with positive
ion electrospray M5 (LC/{HES-8MS) 1

[his is the first reported study of plasma measurement
of ticlopidine using HPLC /Ms /M5 Our method allows a
suitable sensitivity (LOC 1.0ng ml Y and can be carried
out in a shorter time (retention Hme 1.5 min for ticlo-
pidine compared with 4.8 min for GC/NPD, 95 min for
GC/MS and 10.5min for LC/(+)ES-MST21018

method as described by Langana et al.

The last

also shows good

Copreright © 200 John Wikey & Sons, Ltd.

sensitivity but a longer retention time (105 miny for the
measurement of ticlopidine in human plasma. Furthermore,
our method involves a simple liquid-liquid extraction as
opposed to the solid-phase extraction described by Langana
etal.

As demonstrated here, this method i well saited for
routine high-throughput analyses, such as in a bicequiva-
lence study . Tt was developed in order to make the extraction
step as simple as possible. Other jonization process could
have been applied in this assay (eg. atmospheric pres-

sure chemical ionization). However, the best results in

§. Muass Spectrom. 2004; 39: 1542-15¢9
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Table 1. Accuracy and pracision data for ticlopidine from the pre-study validation in human plasma

Intra-batch Naminal concentration (ng ml by 1.0 3.0 L0 s00.0
Mean 1.14 316 635 o
Range 0e3-1.24 282-3 57.0-650 787 925
Accuracy 1138 105.3 105.8 1113
Precision | 5.5 1.7 23 24
Inter-batch Mominal concentration (ng ml I] 1.0 a0 B0 s00.0
Mean 1.11 306 60,9 243
Range 097 -1.24 .31 -1.67 14.2-16.2 13163
Accuracy 110.7 101.8 1016 1053
8.0 37 38 4.8
Tabla 2. Mean pharmacokinetic parameters obtainad from 48 Ly -t Ticlid ®
volunteers after administration of a 250 mag ticlopidine tablet B % —=— Ticlopidine
fo mulation 'E .
Pharmacokinetic parameter Ticlid Ticlopidine E E -
-]
AUCh (ng h ml™ !} ce
Geometric mean 2248 2168 5 -
S0 10592 1180 [ in
AUCws ing b ml Iy & —ee &0
Geometric mean 2393 2311 0 4 I 12 16 - 4 4 0 Ta o
sD 1158 1241 Tima (h}
% AUCG o extrapolated ) Figura &. Ticlopidine plasma mean concentration vs time
L e AL profiles obtained after the single oral administration of 250 mg
Range : L7124 200-15.17 of ticlopidine formulation.
Conae t1g il ™)
;E""mm frean ,'1:3: ::; L:‘ill'IL"I' was observed under ||'IL‘: l1L‘.‘\'L'I'il'|l'l1 L'l'lHlli.il.il'll'lh. :I here-
) | fore, we conclude that the time was insufficient for the
K (b decomposition of the analyte and 15,
Median 0021 0.020 -

Range 0,010 -0.068 0.070-0.120
Tz (h)

Median EEN N M08
Range 10126769 R.A2-71.54
Tmax (h)

Median 167 1.67
Range 100300 (LB3-3,00

Table 3. Geometric mean of the individual AUC 3, AUC, iy
and Cram ratios (test/referance formulation), the respective
a0% Cls and power

Bl

Parametric

Geometric

Ticlid /ticlopidine mean a1 Power
ALC) . " ratio 94,12 87.17-101.62 100
AUCy pp Yo ratio G40 75510177 100
Crnae o ratio 9309 848410212 0.98

terms of sensitivity and reproducibility were obtained using
electrospray ionization and a 4.6 mm i.d. HPLC column.
Although it is well known that ticlopidine and clopido-

grel are not stable at low pH, no perceivable degradation of

Copyright & 2004 John Wiley & Sons, Lid.

liclopidine peak plasma concentration (Cup,., ) values and
the times taken for them o be achieved [T, weresimilar o
those reported in the literature!™ and equivalent between
the formulations (Tables 2 and 3.

For future studies, we propose collection for 0-48h
instead of 0-96h, since the AUCR for the former period
represents =907 of the latter,

CONCLUSION

The HPLC /MS/MS method described here for ticlopidine
quantification in human plasma agrees with the require-
ments for high sensivity, specificity and high sample
throughput in pharmacokinetic assays such as bicequiva-

lence studies,

Since the 90% C1 for O, and AUC ratios were all inside
the 80-125% interval proposed by the US Food and Drug
Administration "1 it was concluded that the ticlopidine
formulation from Apotex do Brasil, Brazil, is bioequivalent
to Ticlid formulation with respect to both the rate and the
extentof absorption.
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a0
Jﬂz Borges et al. - Gemlibrozil

Ciyjective: To assess the bloequivalence of
gemflbrozil (CAS 25812-30-0) 900 mg tab-
let formulatlon from EMS Farmacentlca
as test formulation versns a 900 mg tab-
let formulatlon as reference In 36
healthy volunteers of both sexes.
Methods: The study was conducted
using an open, randomized, two-perlod
crossover deslgn with a 1-week washout
Interval. Plasma samples were obtained
over A 24-h perlod. Plasma gem flbrozll
concentrations were analyzed by Hquid
chromatography coupled to tandem
mass specirometry (LC-MS-MS) with
negatlve lon electrospray lonlzatlon us-
Ing multiple reaction mondtoring (MRM).
From the gemilbrozil plasma concentra-
tion vs time curves, the following
pharmacokinetic parameters were
obtalned: AUC,,,,, AUC, | cand C_ ..
Resufts: The limit of quantlflcatlon
was (.05 pg/mlL for plasma gemflbrozil
analysls. The geometric mean and respec-
thve 90 % confldence interval (CI) of Test/
Reference percent ratlos were 90.29

Zusammenfassung

(B1.30- L00.1T) for Coeo 96.26 (90,33
102.59) for AU, 96.04 (90.21-102.23)
for AUC, 5y, and 9662 (90.82-102.78) for
MTC, .

Conclusion: Since the 90 % CI for AU-
Cligis AUCo_jop 80 C oy Fatlos were
within the 80- 125 % Interval proposed
by the US FDA, It was concluded that
gemflbrozill 904 mg tablet (test formunla-
tion) was bloequivalent to the 900 mg
tablet reference formulation for both
rate and extent of absorption.

Verglelch der RBlotiqnivalens zweler Gem-
flbrozil- Tablettenformullerungen an ge-
sunden Probenden

Ziel: Beweriung der Blotguhalens
von Gemflbrozl (CAS 25812-30-0) 900
mg-Tabletten von EMS Farmacentlca als

Areneim.- Forsch.iD

Testformullernng gegen elne 900 mg-Ta-
blettenformulierung als Referenz.
Methodik: Fur die Studle warde eln of-
fenes, randomisiertes Zwelperioden-
Crossover-Dieslgn verwendet mit elner
elmwtichlgen Auswaschphase mwischen
den belden Perloden. DHe Plasmakonzen-

Bes. 55, Mo, 7, J82-306 (2005
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trailonen von Gemflbrozil wurden mit el-
ner valldierten LC-MS5-M5 Methode mit
negathver Ionenspray-Detektion nnd Mul-
tiple Reaction Monitoring (MEM) be-
stimmt. Auns den erhaltenen Plasmakon-
zentratlons-Zelt-Knrven wurden folgende
pharmakokinetlschen Parameter be-
stimmi: AUC, . AUC, o rund C . Te
Plasmaproben wurden fiber elnen Zelt-
raum von 24 h nach Tablettengabe ent-
NOMIME.

Ergebnisse: Die untere Bestimmungs-
grenze fiir Gemflbrozil In Plasma lag bel
0,5 pg/ml. e parametrischen 90 % Ver-
traunensintervalle des geometrischen Mit-
tels des Quotlenten Testpriparat/Refe-
renz betrugen 81,39 bis 100,17 (Punkt-
schitzer 90 28] fur C,,,., 90,33 bis 102,53
(Punktschiitzer 96.26) fur AUC, . 90,21
bis 102,23 (Punkischiizer 96,04) filr
AUC, uyy, und filr AUC, . 90,82 bis 102,78
(Punktschiitzer 96,62) und lagen somit in-

Lipid Reducers

nerhalb der von der FDA filr Blotigquba-
lenz vorgeschlagenen Alzeptanzkriterien
(B0-125 %).

Schituffolgernng: Es wird vermutet,
dali Test- und Referenzpriparat sowohl
hinsichelich des Ausmafies als anch der
Geschwindigkelt der Resorption blotqui-
valent sind.

1. Introduction

Gemfibrozil (5-(2,5- dimethylphenoxy)- 2,2 -dimethyl-
pentanoic acid, CAS 25812-30-0) is an oral lipid lower-
ing agent, which is classified as a fibric acid derivative
[1-3]. Gemfibrozil is associated with reductions in total
plasma  trighyeerides, cholesterol, low density lipo-
protein (LDL) and a significant increase in high density
lipoprotein (HDL). Mechanistically, gemfibrozil acts as
an agonist for peroxisome proliferation activated recep-
tors (PPARs), [4-7] and has been effective in reducing
the incidence of coronary heart disease by 34 % [4]. The
ernpirical formula is C, ;H,04 and the molecular weight
is 250.35. More than 90 % is absorbed following oral ad-
ministration [11] and a peak plasma concentration
about 20 pg/ml is attained 1 to 2 h after a single GO0
mg dose. In vitro gemfibrozil is highly bound to human
serum albumin (97 % to 98.6 %) at therapeutic concen-
trations [3]. The aim of this study was to compare in
healthy volunteers of both sexes, the pharmacokinetic
profiles and to evaluate the bioequivalence of two gem-
fibrozil 900 mg tablet formulations, Gemfibrozil plasma
levels were measured by high performance liquid chro-
matography coupled to tandem mass spectrometry
(LC-MS-MS).

2. Subjects, materials and methods

2.1. Clinlcal protocol

Thiny-six healthy volurteers of both sexes, between 18 and 50
years old and within the 15 % ange of the ideal body weight
were selected for the study. The volunteers were free from sig-
nificant cardiac, hepatic, renal, pulmonary, neumlogical, gas-
trointestinal and hematological diseases, as assessed by phys-
ical examination, ECG and the Tollowing labomtory tests: blood
glucese, urea, creatinine, AST, ALL alkaline phosphatase, v,
total bilirrubin, uric acid, total cholesteral, trighcerides, albu-
min and total protein, hemoglobin, hematoerit, total and dif-
ferential white cell counts, erythmcyle sedimentation rate and
routing urinalysis. All subjects were negative for HIV, HBY [ex-
cept for semlogical sear) and HCV. The study was begun with
32 healthy volunteers. Three volunteers dropped out by per-
sonal reason before the first
dropped-out by decision (tonsillitis) of the clinical investigator
after the first confinement. The four volunteers that dropped
oul af the study were replaced by other lour volunteers and the
same corresponding sequence was applied as defined in the

confinement. One volunteer

clinical protocal.

Arenein-ForschoTirug Res, 55, No. 7, J82-308 (2005)
© ECV - Editio Cantor E‘u lagr, Aulendorf (Cermany]

The male group was composed of 19 volunteers (3002 + 1.21,
mean £ s.d.m; range 21-28 years), height between 153 and 189
em (171.0 + 1.8 em), weighing between 52.3 and 955 kg (T1.6
+ 241 kgl The female group was composed by 17 volunteers
(298 + 1.62 year; range: 21-42 years), height between 151.0 and
181.0 cm (1608 + 2.13 cm), weighing between 53.1 and 694 kg
(600 £ 1.33 kgl All subjects gave a written informed consent
and the protocol was approved by the Ethics Committee of the
Institute of Biomedical Sciences-University of San Paulo. Ay
major changes mequired approval from the Committee. The
study was conducted in accordance with the provisions of the
Declaration of Helsinki (1954), Tokyo (1975), Venice (1983),
Hong Kong (1988), Somersel West (1996) and Edinburgh (2000
revisions. After the sereening and a wash-out period (of at least
2 weeks), the individuals who qualified were confined for 2
perinds of approzimately 40 h. The confinements were sepa-
rated by an interval of 1 week. The study was conducted in an
open, randomized, two-period crossover design. During each
period, the volunteers were hospitalized at 10:00 p.m., having
already eaten a normal evening meal, and after an overnight
fast they received at 700 a.m. a single 300 mg dose of the ap-
propriate gemfibrozil tablet formulation along with 200 ml. of
tap water. No food was allowed during 3 h bllowing drug ad-
ministration, after which a standard breakfst was consumed.
Lunch and an evening meal were provided 5 and 10 h after
dosing, respectively. No other [ood was permitted during the
'in-house’ period. Liquid consumption was permitted ad libi-
tum after lunch, but zanthine-containing drinks including tea,
coffes ar coca cola were avoided. AL 0, 30, G0, 120, 240, 360,
480, 510, 600, and 720 min, the systolic and diastolic arterial

pressures (measumed non-invasively with a sphygmomano-
meter) and hean rate were recorded.

2.2, Formulatlons

The following fonmulations were employved: gemfibrozil 900 mg
from EMS Indistia Farmacéutica Lida. Hortolindia (Brasil)
flot number GEN 900101, expiry date June 20043 as the test
formulation and - as the standard reference — gemfibiroedl (Lot
number 202861, expiry date May 2004) 900 mg which was pur-
chased from commereial source.

2.3. Drug analysls
Blood samples (10 ml) from a suitable antecubital vein were
collected into ED'TA-cantaining tubes before and 0.25, 0.5, 0.75,
1,1.25, 1.5, 1.75, 2, 25,3, 2.5, 4,5, 6,7, 8, 10,12, 16, and 24 h
post-dosing, alier the administration of each dose of gemfibra-
zil. The blood samples were centrifuged at 2500 g for 10 min
at mom temperature and the plasma decanted and stored at
20 °C until assayed for their gemfibrozil contents. Gemfbibrozil
and the internal standard (15} were extracted from vohanteers
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A Blank Plasma 11-AU7-2003 0457208
&403TRED1001 Sm (Mn, 44) . MAM of 2 Channels E3-
£ 350.7 5 274.2
100 0.42 Q80 142 121 24 an 11863
o
-15 T T T . T T T T T . T T T Y
5403TRED1 001 Sm (Mn, 4u4) MRM of 2 Channels ES-
1002 02 05 179 250 241 345 papEs 1211
1.10e3
o]
-15 T T T T T T T T T T T T T T ) Time
050 100 150 200 250 200 250 400
B oL - Gemibrozll GOSIGML N pIasma exir, 13-A17-2003 oz4a: 1
BA0AVADIDEE Sm (Mn, 424) MAM of 2 Charnels ES-
— 208 350.7 = 274.2
1 11384
Area
o]
A5 T e e e e
EA0AVADIDEE Sm (Mn, dxd) MAM of 2 Channels ES-
100 248.8 = 121.1
405 3.02:3
Area
o]
-13 T T T T T T T T T T T T T T T Time
050 100 1.50 2.00 2.850 300 .50

Flg. 1: Selected lon chromatograms (MRM) of 2 channels ES-. (A) blank human plasma for bezaflbrate and gemflbrozil (B) 359.7=274.2
for bezaflbrate and 248.9=121.1 for gemflbrozil. The peaks Indlcate the retention times and Integeated areas.

plasma samples and quantilied by liquid chromatography tan-
dem mass spectrometry (LC/MS/MS) with negative  elec-
trospray ionization using multiple reaction monitoring (MBEM).
Drug plasma estraction was performed using a liquid-phase
estraction. Briefly, 100 pl. of each plasma sample were intro-
duced into glass tube following by the internal standard (50 plL
of 1 pg/mL) plus 2 mL of the organic solvent mix (diethylether /
dichloramethane/ethylacetate: 30030040, viv/v) Alter centrifu-
gation, the supernatant was transferred 1o another tibe, in
which the arganic solvents were evaporated under Nz at 50 °C,
The residue was then dissolved with 200 ul of mobile phase
(80 %% methanol/20 % water + 6 mmol/L formic acid + § mmol/
L ammuonium acetate), and transferred into microvials. An ali-
quot (20 pl) of each plasma extract was injected into the ana-
lytical column at a Now rmte of 1 mLSmin of the mobile phase.
Typical standard retention times were 3.3 min for gemfibrozil

384
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and 2.1 min for the 18 and the total run-time was 4.0 min. The
mass spectrometer (Micromass model Quatiro LC) equipped
with an electrospray source using a crossflow count er electrode
was run in negative mode (E5-] with multiple reaction moni-
toring (MEM). The mass spectrometer was set as follows: 248.9
= 121.1 and 359.7 = 274.2, for gemfibrozil and bezafibrate, as
the precursor ions mJ/z and the respective product ions.

The quality control samples were prepared in blank plasma
at concentrations of 0L15, 1.50 and 7.50 pefml (QCA, QCR,
QCC, respectively).

2.4, Stability

Stability analysis was carried out with plasma (.15, 1.50, 6.0,
20 pgimly. They were subjected to short-term (14 h) at room
temperature, three freeze-and-thaw (-20 10 25 °C) cycles and
to 51 h autosampler (10 °C) stability tests. Subsequently, the

Arzneim.-Forsch.iD s, 55, No. 7, J82-306 [2005)
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-~ Reference formulation
—— Test fonmulation

Time {h)

Fig. 2: Mean concentrations vs. time curve for gemflbrozil.

gemlibrozil concentrations were measured compared 1o freshly
prepared samples, The significance of the obtained resulls was
analyzed by Student’s t-test (p= 0.05).

2.5. Pharmacokinetics and statlstical analysls

Bioequivalence between the two formulations was assessed by
caleulating individual test/reference ratios for the peak of con-
centration (Cyy,l, area under the curve (AUC) of plasma con-
centration until the last concentration observed (AUCL), and
the area under the curve between the first sample {(pre-dosage)
and infinite (AU Caar). The Caay and the time taken to achieve
this concentration [Ty, were obtained directly fom the
curves. The areas under the gemfibrozil plasma concentration
v, lime curves from zemo 1o the last detectable concentration
(AU Ci) were caleulated by applying the linear-log trapezoidal
rule. Extrapolation of these areas to infinity (AUCy .y ) was
done by adding the value Cpg/ke 1o the calculated AUCL,
{where g = the last detectable concentration). The AUC and

Table 1: Data for quantified concentration (pg/mL) of indhkddual
)¢ samples for Intra-batch and inter-batch validation.

Intra-beateh validation for gemfibrmeil

Sample Code Mean [ Accuracy

LOG) — 006 pgdml. 0,048 67 95.5
QCA - 015 pgdml. 0,151 1.3 1005
QCR - 15D pgiml 1.5 52 9.4
QCC - 7.50 pgiml a.02 EX:] 106.9
LOG) — 006 pgdml. 0.0495 6.7 9.1
QCA - 015 pgiml 0,154 k.1 16,1
QCR - 15D pgiml. 1.56 57 1M

QCC - 7.50 pgiml 7.86 1 14,8

Crpax data for the two formulations were analyzed by ANOVA 1o
establish whether the 90% Cl's of the matios wene within the
A0-125% interval indicating bicequivalence as proposed by
the US Food and Dnig Administratian,

Farametric and non-parametric analyses of ln-transformed
arithmetic means and individual Tiew differences between test
and reference formulations were also performed.

3. Results

The tolerance of both formulations was good. Three
volunteers complained of abdominal pain and one vo-
lunteer complained of headache. All biochemical para-
meters monitored presented no clinically relevant al-
terations. No significant changes in laboratory results
were observed. The mass chromatograms of a sample
are shown in Fig. 1, in which both the retention times
of Gemfibrozil and 15 were 2.3 and 2.1 min, respectively.
Table 1 shows the precision and accuracy for the LOGQ
and QCs.

The mean gemfibrozil plasma concentrations vs time
profiles after a single oral dose of each 900 mg tablet
formulation of gemfibrozil is shown in Fig. 2. Table 2
shows the mean pharmacokinetics parameters ob-
tained from 32 volunteers after the administration of
900 mg gemfibrozil tablet. Table 3 shows the geometric
mean of the individual pharmacokinetic parameters
(Case AIC)qep AUC )y testé reference formulation), the
respective 90 % confidence intervals (CI), the power,
and the intra-subject CV for the 32 volunteers and sepa-
rated gender.

Table 2: Mean pharmacokinetic parameters obtained from volunteers after oral administration of 900 mg gemflbrozil tablets.

Gemfibrozil - Reference formulation Gemfibrozl - Test formulation

Mean .00, (£ Min Max Mean S0 Min Max
T [h1 213 0.94 L0 5.00 1.88 0.69 0.7 250
e 1EmL) 4643 13.97 2340 770 12.18 13.21 19.50 TE.70
AU, (g hliml) 16248 81LAT 75 A8.89 10139 24254
AUC,, (lng*h]l/mLj 164.76 84,35 GE q0.32 10303 245.42
AU Cpg*h]/mL) 165.10 HZ.18 55 A8.80 10235 245.32
K, (17h) 0.17 0.6 17 n.o7 0.07 0.24
Tz (h) 5.01 228 91 2.08 247 9.6
Arzneim.-Forscho/Dirug Res. 55, Nou 7, J82-306 [2005) I =
i ECV - Editio Cantor Yerlag, Anlendorf (Germany] Borges et al. - Canlibrozil ?NE;]
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Table 3: Geometric mean of the Individual Cue AUC 0 AUC 050
(test/reference formulation), the respective 90 % confldence In-
tervals (CI, power, Intra-subject CV and for each gender.

Parametric (n = 32)
Test/Reference | . -
(ST - o Intra-subject
Moan a0 % 1 Power OV (%)
ALIC),,,, ratio 9626 | 90.33-102549 0.94 51
AL, ratio 9662 | 90.HZ-10Z.74 [ 048 5.6
e TALID 90.29 | BL.3%9-100.17 [ 0489 271
Men - Parametric (n = 16)
Test/Reference | :
Gream., ChEA ey | IDA-SUbjECE
Mean a0 %, 1 Powver oV [
AUC), rakio 9942 | BR25-112000 [ 0BG 19.2
AL, ratio 99.83 | BR.GE-112.39 0.87 19.1
(e TELID 90.52 | 75.68-108.26G [ 052 318
Wiomen — Parametric (n = 16)
Test/ Reference | . )
Gream. ChC — Intra-subject
Mean (e S OV %)
AUC % ratio 7.50-99.27 088 10.9
AL ERR: HH.43-98.85 088 1.6
s o TaLLD 90.06 | 7R.A1-102.74 0.78 23.6

4, Discussion

Gemfibrozil has been determined in plasma and other
biological fluids by several methods such as gas chro-
matography-mass spectrometry (LOQ 0.5pg/mL; RT 3.8
min) [8], high-pressure liquid chromatography coupled
to fluorimetric detection (LOQ 0.1 pgimL; RT 7 min) [9];
(LOQ 0.05 pgémL; BT 5.9 min) [10]; spectroflucrimetric
detection [LOQ 0.02 pgimL) [11], high-pressure liquid
chromatography coupled to ultra-violet detection (LOQ
0.05 pg/mL; BT 9 min) [12]; high-pressure liquid chro-
matography coupled to ultra-violet detection (LOQ 0.5
pg/mL; RT 10.4 min) [13] and liquid chromatography
coupled to tandem mass spectrometry (LOQ 0.001 pg/f
mL; BT 1.3 min) [14]. Our method has a suitable LOQ
{0.05 pg/mL) for a bicequivalence study coupled to a
short retention time (3.3 min), employing an easy li-
quid-liquid extraction procedure.

After the oral administration of the gemfibrozil tab-
lets to the volunteers, the observed gemfibrozil peak
plasma concentrations (C,,) and the times taken to
achieve the peak plasma concentrations (T, were
similar to those reported in the literature [10, 17] and
equivalent for the two formulations {Table 2).

In addition, the calculated 90 % CI for mean Cp .
AUC,, and ALIC, ,; Test/Reference individual ratios
were within the 80-125 % interval defined by the US
Food and Drug Administration [15, 18], thus establishing
the bioequivalence of the two formulations. No gender
related differences of the parameters were detected.
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Abstract

A rapid, sensitive and specific methed to quantify carvedilol i human plasma using metoprolol as the internal standard (15) i
described. The analyte and the 1S were extracted from plasma by liquid-liquid extraction using a diethyl-cther salvent. After removed
and dried the organmc phase, the extracts were reconstituted with a fixed volume of acetonitrile—water (50/50; v/v), The extracts were
analyzed by a high perfonmance hquid chromatography coupled to electrospray tandem mass spectrometry (HPLC-MS/MS). Chro-
matography was performed i1socratically on Alltech Prevaill Cpx 5 um analytical column, (150mm x 4.6 mm i.d.). The method had a
chromatographic run time of 3.5 min and a linear calibration curve over the range 0.1-200ngml ' (7 =0997992), The limit of quan-
tification was 0.1 ngml-'. This HPLC-MS/MS procedure was ussd to assess the biosquivalence of two carvedilol 25 mg tablet formula-
tions (carvedilal test formulation from Laboratorios Biosintetica Ltda and Coreg™ fram Roche Quimicos e Farmacéuticos 5.A standard
reference formulation). A single 25mg dose of each formulation was administered to healthy volunteers. The study was conducted
using an open, randomized, two-period crossover design with a 2-week wash-out interval. Since the 90% CI for Cp,, and AUCs ratios
were all inside the 80-125% interval proposed by the US Food and Dmug Administration Agency, it was concluded that carvedilol
formulation elaborated by Laboratérios Biozintética Ltda iz bioequivalent to Coreg® formulation for both the rate and the extent of
absorption.

2 2005 Elsevier BV, All nights reserved.

Kepwornds: Healthy woluntser; Plasma; Phanmacokinetics; Carvadilol: LO-MS/MS; Bicequivalence

1. Introduction

Carvedilol is a nonselective B-blocking agent [1.2] and
italso has vasodilating properties that are attributed mainly
to its blocking activity at receptors. Carvedilol is a racemic
compound and the nonselective p-blocking activity resides

Y Comesponding author, Fax: +55 [ % 3252 1516,
Femarid avldress: denuceii@dgInetcombr (G De Mocei).

I5T0-0232/% — see front matter © 20035 Elsevier B Al rights reserved.
doi: 10,1016/, jehromb, 2005, 06.01 2

mainly in the (§)-carvedilol, while the a-blocking activity
is shared by (R} and (S)-enantiomers [3.4], but this drug
is used clinically as a racemic mixture of both enantiomers.
Carvedilol is used in the treatment o fmild to moderate hyper-
tension and angina pectoris [ 5] and is often used in combina-
tion with other drugs. Carvedilol is a anti-hypertensive agent
with non-selective (- and e l-adrenergic receptor blocking
activities [6] which is also being used in the treatment of con-
gestive heart failure [7.8] and presents antioxidative effects
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in vivo [9]. Carvedilol has been determined in plasma and
other biological fluids such as high performanee liquid ¢hro-
matography coupled to fluorometric detection |6, 10-18],
high performance liquid chromatography coupled to ultra-
violet detection [18], capillary electrophoresis coupled to
ultra-violat detection [18.19], capillary electropharesis cou-
pled with laser-induced flucrescence [20], high performance
liquid chromatography coupled to electrochemical detec-
tion [21], lquid chromatography coupled to tandem mass
spectrometry [22.23]. Carvedilol is rapidly and completely
absorbed after oral administration, but its absolute bioavail-
ability is rather low due to an extensive first-pass metabolism
[24].

Here we present a fast, sensitive and selective method for
measuring plasma carvedilol using liquid chromatography
coupled to tandem mass spectrometry (LC-ME/MS) with
positive ion electrospray ionization using multiple reaction
monitoring | MREM) mode to quantify carvedilol in human
plasma using metoprolol as the internal standard (IS, Fig. 1),
This method was employed in a bioequivalence study of
two carvedilol 23 mg tablet formulations: carvedilol test for-
mulation from Laboratdrios Biosintética Lida and Coreg®
from Roche Quimicos ¢ Farmacéuticos 5.4 standard refer-
ence formulation. The bioequivalence study was conducted
using a single dose, two-way, open, randomized erossover
design with 2-week wash-out period between the doses and
36 healthy volunteers were included.
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2. Experimental
2.0 Chemicals awd reagenis

Carvedilol (99.6%) was provided by Heatwell S.A.
Metopralal (100.2% ) was obtained from, Novartis, respee-
tively. Acetonitrile, methanol (HPLC-grade ) and ammonium
acetate, analytical grade, were purchased from I. T. Baker
{Phillipsbung, NI, USA), diethyl ether {analysis grade) was
purchased from Mallinckrodt (Paris, KY, USA), deonized
water (analysis grade ) was purchased from Millipore (Brazil )
and formie acid (86%., analytical- grade y was purchased from
Cetus { Brazil). Ultra pure water was obtained from an Elga
LTHO system (Elga. UK). Blank human blood was collected
from healthy drug-free volunteers. Plasma was obtained by
centrifugation of blood treated with the anticoagulant sodium
heparin. Pooled plasma was prepared and store at approxi-
mately —20°C until needed.

2.2, Calibration standards and quality control

Stock  solutions  of  carvedilol  were  prepared
methanol—water (70:30, v/v) and internal standard (meto-
prolol) were prepared in methanol—water (50:50, v/v) at
concentrations of 1 mg/ml. Calibration eurves of carvedilal
were prepared by spiking blank plasma at concentration of
0.1,0.2,0.5,2.0,10.0,20.0, 50.0, 100.0 and 200.0ng/ml. The

N
o
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Fig. 1. Proposad fragmentation pathways for the Carvedilol (A and Metoprolol (B
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analysis was carried out in duplicate for each concentration. 2.3 Sample preparation
The quality control samples wera prepared in blank plasma
at concentrations of 0.60. 9.00 and 150.0ng/ml (QCA. All frozen human plasma samples were previously thawed
OQCB and QCC, respectively). The spiked plasma samples at ambient temperature and centrifuged at 2000 g for4d min
{standards and quality controls) were extracted on each at —15°C to precipitate solids. Two hundred micraliters of
analytical batch along with the unknown samples. sample human plasma were introduced into glass tube fol low-

Carvedilol 10ug/mL in mp CONE 35
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82,0 5.k a 1508 190.1%*‘-9
[ L LEZ'.. Jﬂ-ﬂ. .“JJ-L — 2 mT
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Fig. 2. Full scanmass specira in upper trace and product ion spedra in lower race of (panel A} carvedilol and (panel By metoprolol.
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ing by 50 il of the internal standard solution (300 ng/ml of
metoprolol in methanol—water 30050, v/v solution) and the
samples vortex-mixed for approximately 5s. Diethyl-ether
was added {4ml) to all the tubes and performed the extrac-
tion by vortex-mixing during 40 s. The tubes were frozen for
[0 min at —70°C. The upper crganic phase was transferred
to another set of clean glass tubes and evaporated to dry-
ness under Nz at 530°C. The dry residues were dissolved
with 0.200ml of a solution of acetonitrile—water (50050,
wviv), vortex-mixed for 10s to reconstitute the residues and

N.C. o Carmo Borges et al, / . Chromalogr, B 822 (25 253-262

transferred to 96-well plates using automatic pipettes with
disposable plastic tips.

2.4 Chromatagraphic conditions

An aliquot of each plasma extract was injected
into a Alltech Prevail Cjg 5 um analytical column,
(1530mm 3 4.6mm id.) and guard column Alltech Pre-
vall Cpg 5 um (7.5mm x 4.6mm i.d.) operating at room
ternperature. The compounds were eluted by pumping

lon sup. expt. MP infusion 21:08:09 15-Mar-2004
14303TSI02-001 S (Mn, 2x2} MAM of 2 Channels ES+
= 3 F 3.35 43 556 268.3= 1181
100 5 040 0.74_0.85 171 221 235 245 417 agg o126 =K, 820 6.6
MM&WJL\;WLQ-%JPL\}E% A PP BT
o —
S I i o e i S e — " — -
14305TSI02-001 Sm (Mn, 2x2) MFEM el 2 Channels ES+
__D1B 077 222 3.55 s 4.TB. 4.99 531 4072 =998
100 =" 1.42 150 283 306 417 446 5.6B §.92
AT i, e ki «,;ﬁmﬂ“uwﬁﬁwﬂ~m 563
-
e T T — Time
I'n‘H 1.00 2.00 3.00 4.00 5.00 .00 7.00
lon sup. expt. analyte (50 ugfmL) infusion 21:21:08 15-Mar-2004
MSIJBTSIDE-I:ID%?;T (MR, 2x2) i - MEAM i|5:-I5230hanruala ES+
100 811 OTL I N W N SN C
=0 -
a T T T T T T T T T 1
1d-9lJ:3TS:Ij-’.‘(1ZEIIZIDE Sg'la[}:'ln. 2E2) MAM of 2 Channgls ES+
- Lelg 1 287 .92 4.02 5.84 B.85 40721998
UL Sl - N L A~ - S - - W= S * -t
-
a T T T T T T T T Tifrue
(B) 1.00 2.00 a.00 4.00 5.00 G.00 .00

Fig. 3. lon suppression procedure: (A) Mobile phase infusion, (B)

analyte { 30ug/ml) infusion and (C) blank sample injection.
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Bon sup. expl. blank sample Injection 21:38:19 15-Mar-2004
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Fig. 3. (Contirwed).

the mobile phase {acetonitrile—water (80/20; v/v)+ 12 mM
formic acid+20mM ammonium acetate at a flow-rate of
L& mlmin. Under these conditions, typical standard reten-
tiontimes were |.6min =+ 0.3 for carvediloland | 6min £ 0.3
formetoprolol and back-pressure values o fapproximatehy 90
bar were observad.

A split of the column eluant of approximately 1: 10 was
included so that only 180 | Llmin entered the mass spectrom-
eter. The temperature of the auto-sampler was kept at 13 °C
and the run-time was 3.5 min.

2.5, Mass-spectrometric condictions

The mass spectrometer (Micromass, UK, model LC)
equipped with an electrospray source using a cross flow
counter electrode run in positive mode (ES+), was sat up in
Multiple Reaction Monitoring { MEM ), monitoring the transi-
tions 40720 = 9980 and 268.30= 11610, for carvedilol and
[, respectively. Fig. 2 shows the full scan spectra {upper
trace) and the product ion spectra (lower trace) obtained
for carvedilol (panel A) and metoprolol (panel B). The pro-
posed fragmentation pathways for carvedilol and metoprolol
{Fig. 1). In order to optimize all the MS parameters, a stan-
dard solution of the analyte and 1.5, were infused into the
mass spectrometer. The following optimized parameters were
obtained: the dwell time, the cone voltage and the collision
energy were 0.3s, 35V and 30 eV and 0.3 5 30V and 18eV
for carvedilal and metoprolal, respectively. Data acquisition
and analysis were performed vsing the software MassLynx
(v 3.5) mnning under Windows NT (v 4.0) on Pentium [1 PC.

2.6, Linearity

Linearity was determined to assess the performance of the
method. A linear least-squares regression with a weighting

index of | /xand second order was performed on the peak area
ratios of carvedilol and IS vs. carvedilol concentrations of
the nine plasma standards (0.1, 0.2, 0.5, 2.0, 10.0, 20.0, 50.0,
100.0 and 200.0ng/ml.} in duplicate to generate a calibration
curve.

2. 7. Swability

Stability quality control plasma samples (0.60, 9.00 and
I 50,0 ng/ml) were subjected to short-term (10 h) room tem-
perature, three freeze/thaw (—20 to 25°C) cycles, 48h
autosampler stability (13 °C) and long-term stability 58 days
tests. Subsequently, the carvedilol concentrations were mea-
sured compared to freshly prepared samples. The signifi-
cance of the results obtained was analyzed by Student’s r-test
ip=0.05).

2.8 Recovery

The recovery was evaluated by calculating the mean
of the response of each concentration and dividing the
extractad sample mean by the unextracted (spiked blank
plasma extract ) sample mean of the comresponding concen-
tration. Comparison with the unextracted samples, spiked
on plasma residues, was done in order to eliminate matrix
effect, giving a true recovery. The matrix effect experiments
were carried out using the ratio between spiked mobile
phase solutions and unextracted samples, spiked on plasma
residues.

2.8 Jon supression

A procedurs to assess the effect of ion supression on the
ME/MS was performed. The experimental set-up consisted
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aof an infusion pump connected to the system by a “zero vol-
ume tee” before the split and the HPLC system pumping
the mobile phase.which was the same as that used in the
routine analysis of carvedilol, 1.e. acetonitrile—water | 80/20,
viv) +12mM formic acid +20mM ammonium acetate at
I.& mlfmin. The infusion pump was setto transfer (50 L/ min)
aof a mixture of analyte and internal standard in mobile phase
ibath 50 g/ml). A sample of human pooled blank plasma
was extracted by the extraction procedure. The reconsti-
tuted extract was injected into the HPLC system while the
standard mixture was being infused. In this system any ion
supprassion would be observed as a depression of the MS
signal.

200, Bisequivalerce study

The method was applied to evaluate the bioequivalence of
two tablets formulations of Carvedilol (test formulation from
Laboratorios Biosintetica Lida, Brazil; lotNo. 352/03, expiry
Octaber 2005 and Coreg® —25 mg tablet (standard reference
formulation from Roche Quimicos e Farmaceuticos 8.4, ot
Moo 1148933, expiry date April 2005).

The study consisted of an open study of 36 healthy vol-
unteers. After screening and wash-out period (of at least 2
weeks), the individuals who qualified were confined for two
periods of approximately 32 h. Each confinement was inter-
valed by a periodof | week. Study Schedule Pre-study period:
Medical history, General physical examination, Electrocar-
diogram, Clinical laboratory examination, Confined period:
a4 mL blood sample was collected befare dosing and 0:20,
0:40, 1,1:20, 1:40, 2, 2:20, 2:40, 3, 3:30, 4, 4:30, 5, :
6, 7,8, 10, 12, 14, 16, 20, 24, 28, 32 and 36 h post-dosing.
Poststudy period: General physical examination, Electrocar-
diogram. Clinical laboratory examination.

3. Results

The simplest regression method for the calibration curves
of the carvedilol was y=a+ bx from 0.1 to 200ng/ml {cali-
bration curve 0.0335816 w x +0.000520367, /7 =>0.097992),
A linear least-squares regression with a weighting index of

Table 1

Tahle 2
Mzan phanmacokinetic parameters obtained from 36 voluniears after admin-
istration of each 25 mg carvedilo] tablet formulation

Carvadilol

Cong® Carvadilol

Blean LAEE Wlean s
AT (g h]mlj 18720 101 45 154.67 12105
AL r ([ h]amly 198.59 108,29 194.53 12461
ALC o sak) ([ng h)'mly 188.28 102.22 183,74 12160
[a— TR T 5201 34.70 5384 4510
Tiathy 10,16 476 .96 538
Median {Ranpe) Madian {Range)

Tnax (h-median 100 0.33-3.50 067 .67 400

I/x was carried out on the peak area ratios of carvedilol and
[.5. versus carvedilo]l concentrations of the 9 human plasma
standards (in duplicate) to generate a calibration curve. In
the case of carvedilol and its internal standard, metopro-
Iol, there was no significant ion suppression in the region
where the analyte and internal standard are eluted as shown in
Fig. 3.

The recovery of carvedilol was 808 (CV &.2%), 81 4(CV
BO%)and 83.9 (CV 2.0%) farthe 0.60, 9.00 and 150.0 ng/ml
standard conecentrations, respectively. For the recovery of
LS. were B2.7 (CV 3.2%), 882 (CV 5.9%) and 882 (CV
2.0%) for the 0060, 9.00 and 150.0 ng/ml standard concentra-
tions, respectively. No significant matrix effect was observed.
The limit of quantification (LOQ) validated was 0.1 ng/ml
defined as the lowest concentration at which both the pre-
cision and accuracy were <20%. Stability tests performed
indicated that there was no significant degradation under the
conditions described ( Table 4). Within- and between-run pre-
cision and aceuracy for the LOCY and QCs are summarized in
Table 1.

Asshown in Fig. 4, no endogenous peak was observed in
the mass chromatogram of blank plasma. The chromatogram
for the standard LOQ sample is shown in Fig. 4, in which
the retention times for carvedilol and 1S were 1.6 min4 0.3,
respectively. The mean Carvedilol plasma concentrations ver-
sus time profiles after a single oral dose of each 25 mg tablet
formulation of Carvedilal is shown in Fig. 5.

Accuracy and pracision data for carvedilol from the pre-study validation in human plasma

Intra-batch o =8

Mominal concentration (ng ml~ '} ol

Maan range 0,103 (0, 004-0,116)
Accuracy (#} 103.1

Pracizion (%) 8.2

Inter-hatch n=24

Nominal concentration ing ml-') 0.1

Bean range 0105 (0. 0850, 126)
Accuracy (% 1055

Precision (% a7

Q60 9,00 1500

Q622 (0.582-0.707) 074805102 153 (144167
105.7 108.2 1015

18 4.1 4.2

Q60 9,00 150.0

0644 (0.596-0.719) 973 {8.95-10.3) 157 (1441673
1066 1081 1045

4.5 30 EX
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Fig. 4. MEM chromatogramol the LOGQ (0] ng/mLY: { &) metoprolal and carvadilol By MEM chromatograms ofblank normal human plasma: (Cymeatoprolol

and (1) carvadilal.
4. Discussion

Although it is well known that Carvedilal and Metopro-
lol are not stable at low pH. no perceivable degradation of
the analyte and .5 was observed under the described liquid
chromatographic conditions. The fact that the mobile phase
contained a low amount of formie acid did not interfere with

the analysis, since the total run time (3.5 min), under these
condition of acidity. was not long enough to cause signifi-
cant degradation. The presence of the acid was necessary in
order to improve the detection of the compounds in positive
electrospray.

The limit of quantification { LOC)) in published procedures
for plasma or serum varies from 0.2ng/ml to 0.02mg/L.
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Table 3

N do Carmo Berpes of al,

T Clhromi

gr B 822 ¢ 20N5) 253

o

242

Geometric mean of the individual AUC g, AU - and O mtios (testreference fonmulation), the respective 90% confidence intarvals (C1) and power

Percent geometric mean a0 1 Power Percent intra-subject C%
]
a0.58-99.15 1.00 1101
W ratio 00,38-99.30 1.00
alio 87.93-107.47 083
Bale (n = 16}
T 91,66 a6, 16 0,09
91.32 8393 0,56
HE44 7542 0,62
97.62 91.27-104.42 0.99 11.56
97.88 AL14-105.11 0,99 12.25
105,74 26612066 2268

The LO-MS/MS-CID method described by Gregov et al.
23] shows a poor sensitivity (LOQ of 0.02mg/l
10 min. ), however Varin et al. [10] using HPLC-UV deman-
strated in human plasma LOQ o f0.25 ng/ml with RT-3 8 min.

Table 4

and RT-

Recently, Yang et al.

Slability test (post-procassing stability test, freeze-and-thaw stability, shom-term stability, long-temm stability tesis)

26], deseribed in plasma using chiral
HPLC-API-MS/MS emploved liquid-liquid extraction the
LOG) 0.2 ng/mL, the retention time of Carvedilol was shorter
than our methad (0.5-0.7min). The method LC-MS/MS,

Poat-processing

slability test (values in ng‘'ml)

Reference values

Values after 24 h

Refermce values

Vilues after 24 h

Refermce values

Vilues after 24 h

Low sampla

Medium sampla

High sample

blean Da48 0.66% 10.5 164 171

O (%) 4.1 1R 6.1 2.4 42

Variation 32 3.7
Refernoe values Vilues after 48 h Referace values Wilues after 45 h Referace values Walues after 485 h
Low samp e Medium sample sample

Mean 0648 0646 10.4 171

OV (%) 4.1 33 ER 2.1

Variation —03

Freeze-and-thaw stability test (values in nginl}

Referenca values

Values after 3 cycles

Refiorence values

Values after 3 cycles

Refierence values

Values after 3 cycles

Low sample

Madium sample

High sample

bean IRSEH]
[ i3
Variation 1.7

0.649
-

Shori-term stability test (valoes in ngml.)

9,34
16
L&

Q.49

21

152
4
L&

LA
Lh Ln

(]

Reference values
Liwe samp e

Values after 10h

Refermice values
Medium sample

Vilues after 10h

Reformce values
High sampla

Values after 10h

blean 0638
(S| 13
Variation 08

[INER)

55

Long-temm stahility test {values inng/ml.}

Py}

Reforence valoes

Values after 58 days

Refarenca values

Values after 38 days

Low sampla

Medium sample

4.42
3
Variation -2

44
28

-5

418

70
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Fig. 5. Carvadilo]l plasma means concenirations vs. time profile obtained after the single oral administration of 23 mg of carvedilo] fonmulation.

employed liquid-liquid extraction, it was chosen, bzcause
is faster, cheaper and has an appropriated recovery with a
low variability.

A new method was developed to analytical runs until 48 h,
as observed in the post processing stability tests. However,
others analityeal runs were made within a maximal time
of 131 i210 samples/day), due to our limited capacity of
extraction. Herein is presented a more sensitive assay. com-
pare to many others, it was proved to be rather effective
(LOQ of 0.1 ng/ml). therebwy, it is simple, straightforward and
also shows a pood retention time (1.6 min). As demonstrated
in this assay, this method is perfectly suitable for a high-
throughput routine such as bicequivalence studies.

After the oral administration of the Carvedilal tablets to
the volunteers, the observed carvedilol peak plasma concen-
tration { Cpgs | values and the time values taken to be achieved
{ Toney) were similar to those reported in the literature [16]
and equivalent between the formulations { Tables 2 and 3). In
addition, the caleulated 90% C1 for mean Ciag. AUC)5 and
AUCq_jpr CarvedilolCoreg individual ratios were within the
80-125% interval defined by the US Food and Drug Admin-
istration [ 16,25] ( Table 4).

Carvedilolis commonly regarded asdrug with highly vari-
able pharmacckinetics primarily due to its high first pass
metabolism [24.27,28], for this reason, it was required to
employ a higher number of volunteers (w=2364) in order Lo
assure proper statistical power.

5. Conclusion

The HPLC-MS/MS method described here for carvedilol
guantification in human plasma agrees with the concepts
of high sensivity, specificity and high samples throughput
required for pharmacokinetic assays such as bioequivalence
studies.

Since the 0% C1 for Cigg and AUCs matios were all inside
the 80-125% interval proposed by the US Food and Drug
Administration Ageney. it was coneludad that carvedilol for-

mulation elaborated by Laboratérios Biosintética Lida is
bioequivalent to Coreg® formulation for both the rate and
the extent of absorption [25].
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Abstract

An analytical method based on liquid chromatography with positive ion eleetrospray ionization (ESI) coupled to tandem mass spectrometry
detection (LC-MS/MS) was developed for the determination of Verapamil in human plasma using Metoprolol as the internal standard. The
analyte and internal standard were extracted from the plasma samples by liquid-liquid extraction and chromatographed on a Cy analytical
column. The mobile phase consisted of methanol-water (70:30: v/v)+ 12mM formic acid. The method had a chromatographic total run
time of 3.5 min and was linear within the range 1.00-500 ng/mL. Detection was carried out on a Micromass Quattro Ultima tandem mass
spectrometer by multiple reaction monitoring (MRM). The intra-run imprecision was less than 5.1% calculated from the quality control (QC)
samples, and 16.3% from the limit of quantification (LOQ). The accuracy determined from QC samples were between 92,9 and 103.1%,
and 95.2 and 115.3% from LOQ. Concerning the inter-batch analysis, the imprecision was less than 5.8% and 17.3% from QC samples and
LOQ, respectively. The accuracy varied between 98.2 and 100.8% from QC and it was 103.1% from LOQ. The protocol herein described was
employed in a bioequivalence study of two tablet formulations of Verapamil.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Verapamil; Bioeguivalence; LC-MS/MS; Metoprolol

1. Introduction

Verapamil, benzenacetonitrile, (£ )-(alpha)[3-[[2-(3.4-di-
methoxyphenyl)ethyllmethylamino]propyl]-3.4-dimethoxy-
(alpha)-(1-methylethyl) monohydrochloride is a caleium
ion influx inhibitor (slow channel blocker or calcium ion
antagonist) [1-2], and it has demonstrated to be effective in
the treatment of angina, arrhythmia, essential hypertension,
certain cardiomyopathies and recently modifying agent in
tumors which express P-glycoprotein [3-5]. Verapamil is

* Corresponding author, Tel.: +55 19 3251 6923; fax: +55 19 3252 1516.
E-mail address: denucci@dginet.com.br (G. De Nucei).

1570-0232/5 — see front matter © 2005 Elsevier B.V. All rights reserved.
doi: 10,1016/, jchromb,2005,07.012

administered as a racemic mixture of the R and § enan-
tiomers and is not chemically related to other cardioactive
drugs. The empirical formula is Cy7H3gN204 HCI with
a molecular mass is 491.08 g/mol [1-2]. Verapamil has
been determined in plasma and other biological fluids
using several types of analytical techniques such as gas
chromatography—mass spectrometry (MS) [6], mass frag-
mentography [7], high-pressure liquid chromatography
(HPLC) coupled to fluorimetric detection [8-12], high-
pressure liquid chromatography coupled to ultra-violet
detection [14-17], hiquid chromatography coupled to mass
spectrometry with electrospray ionization (LC-ESI-MS)
[13,18], chiral high-pressure liquid chromatography coupled
mass spectrometry-mass spectrometry with APl ionisa-
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tion (HPLC-API-MS-MS) [19], In tube SPME-liquid
chromatography coupled mass spectrometry with elec-
trospray ionization (SPME-LC-ESI-MS) [20]), liquid
chromatography coupled mass spectrometry-mass spec-
trometry with RAM and MSPD} [21], liquid chromatography
coupled mass speclrometry-mass spectrometry (LC-MS-
MS) [22.27], molecularly imprinted polymer coupled
ligquid chromatography-mass spectrometry (MIP-LC-MS)
[23].

Walles et al. [22], using solid phase extraction in
HPLC-MS-MS, observed a LOD 0.5-2.5 ng/mL in cell cul-
tures, however the RT was between (15.3—49.8 min).

In this work, we describe a rapid, sensitive and selective
high-performance liquid chromatography coupled to tan-
demn mass spectrometry (HPLC-MS/MS), method for the
quantitation of Verapamil using Metoprolol as the inter-
nal standard (Fig. 1). The method was developed for a
study of bicequivalence of two formulations of Verapamil
(80mg tablet formulation tablet from Apotex do Brasil

HaCO’
OCH,

N OCH;  H*
L
OCH3

Ltda. as test formulation and Dilacoron® from Knoll Pro-
dutos Quimicos e Farmacéuticos Ltda. as reference formula-
tion).

2. Experimental
2.1. Chemicals and reagenis

Verapamil hydrochloride (lot CGO960, 99.9%) was pro-
vided by Apotex Ltda., Brazil, and metoprolol tartarate (lot
139777, 100%) was a generous gift from Novartis, Brazil.
Methanol (HPL C-grade) and diethyl-ether (analytical-grade)
were purchased from Mallinckrodt (Paris, KY, USA). Formic
acid (88%, analytical-grade) was purchased from Merck
(Rio de Janeiro, R, Brazil). Ultra-pure water was obtained
from an Elga UHQ system (Elga, UK). Blank human blood
was collected from healthy, drug-free volunteers. Human
plasma was obtained by centrifugation of blood treated with

rr“r OCH;
CN H\/C(
OCH;
OCH,
miz= 455

*
Ha C/UOC Ha

OCH

miz = 165

(a) Proposed fragmentation pathway for Verapamil (m/z = 455 > 165).

+
OH I'I'.l |;| OH II'I
+
o_A_ N\r L O’Q)\/NY
HSC\O HiC. o
m'z = 268
OH I;l +
N - |
HEC/J\/ \[/
miz=116
(b) Proposed fragmentation pathway for Metoprolol (m/z = 268 = 116).
Fig. 1. Chemical structures and pathways p 1 for il () and Metoprolol, the internal lard (b}.
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the anticoagulant sodium heparin. Pooled human plasma
was prepared and stored at approximately —20°C until
needed.

2.2. Calibration standards and guality control

The master solutions prepared at 1000 pg/mL for the Ver-
apamil and Metoprolol were prepared in methanol-water
{ 50:50 wiv). Calibration curves of Verapamil were prepared
by spiking the pooled blank human plasma at concentra-
tiens of 1.00, 2.00, 5.00, 10.0, 20.0, 50.0, 100, 500 ng/mL
and the analysis was carried out in duplicate for each con-
centration. The quality control samples were prepared in
pooled blank human plasma at concentrations of 3.0, 40.0
and 400 ng/mL (QCA, QUB and QCC, respectively). The
spiked human plasma samples (standards and quality con-
trols) were extracted on each analytical batch along with the
unknewn samples.

2.3. Sample preparation

All frozen human plasma samples were previously thawed
at ambient temperature and centrifuged at 2550 » g for 5 min
at 8°C to precipitate solids. 50 L. of the internal standard
solution (1 pg/mL Metoprolol in 50/50: v/v methanol-water
solution) were added to a 200 pl. aliquot of plasma sample.
The tubes were briefly vortex-mixed and the compounds
of interest were extracted with 4mlL of diethyl-ether. The
mixture was vortex-mixed for approximately 40s, and
the organic phase was removed and evaporated under Na
at 40°C. The dry residues were reconstituted to 200 plL
with a solution of mobile phase and vortex-mixed for 10s.
The solutions were then transferred to the appropriate
96-well plates and placed them into the auto-injector
racks.

2.4. Chromatographic conditions

We used a liquid chromatograph Shimade Corpora-
tion (Model LC-10AD) and auto injector CTC Analytics
(MXY01-01B). An aliquot (20 pL) of each plasma extract
was injected into a guard column Alltech Prevail Cg analytical
column, 5 pm(7.5mm x 4.6mml.D.) and Alltech Prevail Cyg
analytical column, 5 pm (150 mm = 4.6 mm LD.) operating
at room temperature. The compounds were eluted by pump-
ing the mobile phase (methanol/water; 70/30; v/v+12 mM
formic acid) at a flow-rate of 1.25 mL/min.

Under these conditions, typical standard retention times
were 2.3min for Verapamil and 2.0min for Metoprolol,
and back-pressure values of approximately 105 bar were
observed. The split ratio selection was performed so as to
make detection response ideal. The evaluated ratios were 1:2,
1:5,1:10, 1:15 and 1:20. Based on the results, it was observed
that the split of the column eluant of approximately 1:15,
which allows an entrance volume of 83 pl./min into the mass
spectrometer, was the most suitable one. The temperature of

the antosampler was kept at 8 °C, the injection volume was
10 L. and the total run-time was 3.5 min.

2.5. Mass-spectrometric conditions

The mass spectrometer (Micromass model Quatiro
Ultima) equipped with an electrospray ionization source run-
ning in positive mode (ES™), was set up in multiple reaction
monitoring ( MRM), monitoring the transitions 268.5>116.4
455.4>165.2, for Metoprolol and Verapamil, respectively.
Fig. 2 shows the full scan spectra (upper trace) and the
product ion spectra (lower trace) obtained for Metoprolol
(panel A) and Verapamil (panel B). In order to optimize all
the MS parameters, a standard solution of the analyte and
L5, was infused into the mass spectrometer. For both Vera-
pamil and Metoprolol, the following optimized parameters
were obtained: the dwell time and the collision gas 23 pres-
sure (argon) were 0.2 sand 0.20s x 1.0 = 10 3 mbar, respec-
tively, The cone voltage and the collision energy were 60V
and 25 eV for Verapamil and 17V and 45 eV for Metoprolol,
respectively. Data acquisition and analysis were carried out
using the software MassLynx (v 3.5) running under Windows
NT (v 4.0) on a Pentiwn T PC.

2.6. Linearity

Linearity was determined to assess the performance of the
method. A linear least-squares regression with a weighting
index of 1/x* was performed on the peak area ratios of Vera-
pamnilMetoprolol versus Verapamil nominal concentrations
of the eight plasma standards (1.0, 2.0, 5.0, 10.0, 20.0, 50.0,
100.0 and 500.0ng/mL) in duplicate to generate a calibration
curve.,

2.7, Stabiity

Stability quality control plasma samples (3.00, 40.0 and
400ng/mlL) were subjected to short-term (6h) room tem-
perature, three freeze-and-thaw (—20 to 25°C) cycles and
to 62.5h autosampler (8°C) stability tests. Subsequently,
the Verapamil concentrations were measured compared to
freshly prepared samples.

2.8. Recovery

The recovery was evaluated by calculating the mean
of the response of each concentration and dividing the
extracted sample mean by the unextracted (spiked blank
plasma extract) sample mean of the corresponding con-
centration. The comparison between the unextracted sam-
ples, spiked on plasma residues and the extracted sam-
ple was done in order to eliminate matrix effects, giv-
ing a true recovery. The matrix effect experiments were
carried out using the ratio between spiked mobile phase
solutions and unextracted samples, spiked on plasma
residues.
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(b} Full-scan mass spectra (CID) and product ion spectra of Metoprolol.

Fig. 2. Full sean mass gpectra in upper trace and product ion gpectra in lower trace of (a) Verapamil and {b) Metoprolol.

2.9, Ion supression

Supression of the MS signal (“ion supression™) can be
caused by contaminants (e.g. salts) in the LC eluant enter-

ing the M3. Thus, a non-specific extraction procedure may
produce ion suppression that could interfere with the anal-
ysis of the samples. The effect of the sample preparation
method (for the matrix that is being analyzed) on the vari-
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Capitulo 4



N.C.de C. Borges etal. / J. Chromatogr. B 827 (2005) 165-172 169

ability of the electrospray ionization response should be
determined.

To assess the effect of ion suppression on the MS/MS3
signal of the analyte, Verapamil, and the internal standard,
Metoprolol, was evaluated. The experimental consisted of an
infusion pump connected to the system by a “zero volume tee™
before the split and the HPLC system pumping the mobile
phase, which was the same as that used in the routine anal-
ysis of Verapamil, i.e. methanol/water (70/30; v/v)+ 12 mM
formic acid at 1.25mL/min. The infusion pump was set to
transfer (50 pl/min) ofa mixture of analyte and internal stan-
dard in mobile phase (both 50ng/mL). A sample of human
pooled blank plasma sample was extracted, The reconstituted
extract was injected into the HPLC system while the standard
mixture was being infused. Inthis system any ion suppression
would be observed as a depression of the MS signal.

2.10. Bioeguivalence study

The method was applied to evaluate the bioequivalence
of two tablets formulations of Verapamil in healthy volhmn-
teers: Verapamil (test formulation from Apotex do Brasil
Ltda.; lot no. GF 5927 expiry date September 2004) and
Dilacoron®—80mg tablet (standard reference formulation
from Knoll Produtos Quimicos e Farmacéuticos Ltda.; lot no.
910098 F 02 expiry date January 2006). The study consisted
of an open study of 35 healthy volunteers. After screening
and wash-out period (of at least 2 weeks), the individuals
who qualified were confined for two periods of approxi-
mately 30h. Each confinement was intervaled by a period
of 1 week. Study schedule pre-study period: medical his-
tory, general physical examination, electrocardiogram, clin-
ical laboratory examination, confined period: a 4 mL blood

lon sup. blank sample injection 26-jun-2003 14:58:17
49037511003 Sm (Mn, 4x5) MRM of 3 Channels ES+
100+ 1.29 2.93 4.63 6.49 B27 268.49 > 116.39
i I 1.6585

=15

4803TEI11003 Sm (Mn, 4x5)

MAM of 3 Channels ES+

1.29 293 4.67 6.41 B.25 45543 > 165.2
1004
10986
"]
e —_— e
2.00 3.00 4.00 5.00 6.00
Verapamil 1.00 ng/mL in Plasma extr. 26-Jun-2003 18:19:34
4003VAD1005 Sm (Mn, 4x5) MAM of 2 Channels ES+
100+ 2,03 26848 » 116,38
3166, 1 5Red
Area
%
-15

4803VAD 005 Sm (Mn, 4x5)

MRAM of 2 Channals ES+

235 45543 = 1652
100+ 182, 12763
Area
L LS
15 T T T T T T T T T T T T T Time
025 060 075 100 126 160 176 200 225 250 275 300 326
Fig. 3. lon supy T (baseline profile afler blank plasma extract injection and standard peak at the LOGQ level).
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sample was collected before dosing and 0.25, 0.5, 0.75, 1,
1.25,1.5,2,2.5,3,3.5,4,5,6,7, 8, 10 and 12 h post-dosing.
Post-study period: general physical examination, electrocar-
diogram, clinical laboratory examination.

3. Resulls

As shown in Fig. 1 the proposed fragmentation route
for Verapamil. The method was linear for Verapamil
into the range from 1.00 to 500ng/mL (calibration curve
0.0565320x+ 000281062, 2 >0.998151). A linear least-
squares regression with a weighting index of 1/x* was carried
olit on the peak area ratios of Verapamil/Metoprolal ver-
sus Verapamil concentrations of the eight plasma standards
(1.0, 2.0, 5.0, 10,0, 20.0, 50.0, 100.0 and 500.0ng/mL) in
duplicate to generate a calibration curve. In the case of Ver-
apamil and their internal standard, Metoprolol, there was
no significant ion suppression in the region where the ana-
lyte and internal standard eluted (Fig. 3). As we can see
in Fig. 4, no endogenous peak was observed in the mass
chromatogram of blank plasma. The chromatogram for the
standard limit of quantification (LOQ) sample is shown in
Fig. 5. in which the retention times for both the internal stan-
dard and Verapamil were 2.0 and 2.3 min, respectively can be
observed.

The recoveries observed (value £ C.V.%, n=35) were
94+3, 91+ 13 and 96 +2.7% (3.00, 40.0 and 400ng/mL,
respectively) for Verapamil, and 93+ 5% for the LS.
(180ng/mL ). Nosignificant (i.e. less than 10%) matrix effect
was observed. The lower limit of quantification, defined as
the lowest concentration at which both precision and accu-
racy were less than or equal to 209, was 1.00ng/mL. Table 1
shows the between-run calibration quality data, LOQ, aceu-
racy and precision.

Blank Plasma
4903VADI002 Sm (Mn, 4x5)

26-Jun-2003

Table 1
Data for quanbfied ation {ng/mL) of indradual QC ples and
L0} for intra-batch and inter-batch validation

Mominal eoncentration {ng mL™'} Lo 3.00 40.0 400

Intra-batch
Mean 0,950 305 412 407
Accuracy (%) 95.2 1015 103.1 1018
Precision {C.V.%) 15.0 31 44 29
Inter-batch
Mean 1.03 2.98 403 393
Accuracy (%) 103.1 992 1008 982
Precision {C.V.%) 17.3 58 44 4.5
Table 2

Mean pharmacokinetic parameters ob 1 from 35 vol after adnmin-

istration of each 80 mg Veraparmil tablet formulation

Dilacoron® Verapamil

AUCj ((ngh)/mL) 2079 880 2321 999
AUCyr ((ng hy/mL) 2313 992 2604 1120
AUC,,; (0-121) {((nghy/mL} 2089  §84 2332 1003
Cnee (ng/mL) 663 354 738 409
Tia(h) 381 080 391 102
T e (—mechian 075 050-2.50° 075 0.50-2,00°

@ Median,

L Range.

Stability analysis was carried out with plasma quality con-
trol samples (3.0, 40 and 400 ng/mL). All samples showed
no significant degradation under the conditions previously
described in Section 2.

The mean Verapamil plasma concentrations versus time
profiles after a single oral dose of each 80mg tablet formu-
lation of Verapamil is shown in Fig. 6. Table 2 shows the
mean pharmacokinetics parameters obtained from 35 volun-
teers after the administration of 80mg Veraparmil tablet.

19:08:25
MRM of 2 Channels ES+
529268.40 > 116.39

Tt R e E . TR

1a s s

AE e r e
903VAQ1002 Sm (Mn, 4x5)

TR T e ] e e ey

MRAM of 2 Channels ES+
208 236 543> 165.2

o e o R N e T

R R R N e N A R S e R e R R R N e e e e 17

025 050 075 100 125 150 175

200 225 250 275 300 325

Fig. 4. MEM chromatograms of blank normal pooled human plasma: Metoprololol and Verapamil.
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Verapamil 1.00 ng/mL in Plasma extr, 26-Jun-2003 18:19:34
A03VAD1005 Sm (Mn, 4x5) MAM of 2 Channels ES+
100 2.03 268.49 > 116.39
o 1.58a4
Area
o]
-15 T T T T T T T T T T T T T
4903VAD1005 Sm (Mn, 4x5) MAM of 2 Channels ES+
1004 235, 455.43 > 165.2
1 1.27e3
Area
-l
-15 T T T T T T T T T T T T T Time
(A} 025 050 0.75 1.00 125 1.50 1.75 200 225 250 275 3.00 325
vm;aﬁ-zpn ::hase -501 :Ishsd 02-ul-2003 i CMO?:f%gg
Y nnels B
. 903 13025 Sm (Mn, 4x5) 197 B6R 48 > 116,38
1.6784
Area
% ]\
¥
4903 13025 Sm (Mn, 4x5) 257 MRM of 2 Channels ES+

455.43 = 1?55.2

100 1935 5.7004
Aroa
L

A8 %0 00 060 080100 130 140 180 180 2,00 230 240 280 280 500 350340
(8)
Fig. 5. (A) MEM chromatogram of the LOC) sample (1.00 ng/mL) and (B) a tep ive vol ipl
c 70 Dilacoron
'% 60 _—:\rmpmil 4. Discussion
£ _ 50
§'§ 40 Although it is well known that Verapamil and Metopro-
3? a0 lol are not stable at low pH, no perceivable degradation of
E“ i the analyte and LS. was observed under the described lig-
& uid chromatographic conditions. The fact that the mobile
LR phase contained a low amount of formic acid did not inter-
fere with the analysis, since the total run time (3.5 min), under
Time (h) these condition of acidity, was not long enough to cause sig-
nificant degradation. Kolbah and Zavitsanos [19], described
Fig. 6. Mean plasma concentrations versus time curve for two Verapamil in plasma using chiral HPLC-API-MS-MS employed sim-
tablet formulations (n=35). ple liquid-liquid extraction the LOQ 1 ng/mL, the retention
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time of Verapamil was longer than our method (6.1 min) as
expected for chiral separation.

The method (LC-MS/MS), herein presented is less sen-
sitive than many other available assays. On the other hand
one should say that it is simple and straightforward. How-
ever, this level of sensitivity was sufficient to perform the
bicequivalence study. The LC-ESI-MS method described
by Richter et al. [13] has showed a LOQ of 0.500 ng/mL,
however it has a longer retention time 12.9min and that
method employs a solid phase extraction, which one require
SPE cartridges becoming more expensive, laborious than
liquid-liquid extraction, as employed in our method.

Recently Hedeland et al. [27], using LC-MS/MS method
with liquid-liquid extraction in human plasma has demon-
strated a sensitivity (LOQ of 50pg/mL), but the retention
time of Verapamil (RT—15min) was extremely higher than
our method (RT-—2.3 min).

It is worth say that in current pharmacokinetics studies, it
is very desirable to increase the throughtput having shorter
analytical run-times [27]. As demonstrated in this assay, this
method is perfectly suitable for a high-throughput routine,
such as in a biceguivalence study.

After the oral administration of the Verapamil tablets to
the volunteers, the observed Verapamil peak plasma con-
centration {Cpyy,) values and the time values taken to be
achieved (Tiyay) were similar 1o those reported in the liter-
ature [9] and equivalent between the formulations (Fig. é;
Table 2). In addition, the calculated 90% CI for mean Crya,
AUC e and AUC.ipr Verapamil/Dilacoron individual ratios
were within the 80-125% interval defined by the US Food
and Drug Administration [25].

Verapamil is commonly regarded as drug with highly vari-
able pharmacokinetics [26] primarily due to its high first pass
metabolism [24]. For this reason, it was required to employ a
higher number of volimteers (n = 35) in order to assure proper
statistical power.

5. Conclusion

The HPLC/MS/MS miethod described here for Verapamil
quantification in human plasma agrees with the concepts
of high sensitivity, specificity, high samples throughput and
straight forward required for pharmacokinetic assays such as
bicequivalence studies.
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Summary

Objective: To assess the bioequivalence of one ramipril 5 mg tablet formulation
(ramipril test formulation from Laboratérios Biosintética Ltda and Triatec® from
Aventis Pharma standard reference formulation) in 26 healthy volunteers of both
sexes. Methods: The study was conducted using an open, randomized, two-period
crossover design with a 2-week washout interval. Plasma samples were obtained
over a 36 h period. Plasma ramipril and ramiprilat concentrations were analyzed by
liquid chromatography coupled to tandem mass spectrometry (LC-MS-MS) with
positive ion electrospray ionization using multiple reaction monitoring (MRM). From
the ramipril and ramiprilat plasma concentration vs time curves, the following
pharmacokinetic parameters were obtained: AUCq.36h AUCjast, AUCo_ins and Crax.
Results: The limit of quantification was 0.2 ng.mL™ and 1.0 ng.mL™ for ramipril and
ramiprilat, respectively. The geometric mean and respective 90% confidence
interval (Cl) Ramipril/Triatec® and Ramiprilat/ Triatec® percent ratios were
respectively: 104.69% (90% Cl= 93.21%-117.59%) for Cmax102.49% (90% Cl=
92.76%-113.24%) for AUC,s102.97% (90% Cl= 93.21%-113.74%) for AUC,.
36n,103.60% (90% Cl= 93.56%-114.73%) for AUCi,;108.48% (90% Cl= 98.86%-
119.03%) for Cmax,105.88% (90% Cl= 101.55%-110.39%) for AUCs105.81%
(90% Cl= 101.53%-110.27%) for AUCg.36n, 97.30% (90% Cl= 90.17%-104.99%) for
AUC;y.. Conclusion: Since the 90% CI for AUC\ast, AUCo.36n, AUCq_inf and Cpax ratios
were within the 80-125% interval proposed by the US FDA, it was concluded that
ramipril formulation elaborated by Laboratérios Biosintética Ltda is bioequivalent to

Triatec® formulation for both the rate and the extent of absorption.

Introduction

The ramipril, 2-[N-[(S)-1-(ethoxycarbonyl)-3-phenylpropyl)]-L-alanyl]-
(1S,3S,5S) 2-azabicylclo(3-3-0) octane carboxylic acid, is an angiotensin-
converting enzyme inhibitor (ACEI) [1], that regulates the hypertension and

treatment of congestive heart failure [2,3,4]. It is a prodrug [1,2], that acts on the
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renin-angiotensin aldosterone system by inhibiting the conversion of the inactive

angiotensin | to the highly potent vasoconstrictor, angiotensin II.

The aim of this study was to compare in healthy volunteers of both sexes,
the pharmacokinetic profiles and to evaluate the bioequivalence of two ramipril 5
mg tablet formulations. Ramipril and ramiprilat plasma levels were measured by
high performance liquid chromatography coupled to tandem mass spectrometry
(LC-MS-MS) in human plasma using enalapril and enalaprilat as the internal
standards.

Materials and methods

Clinical protocol
Twenty six healthy volunteers of both sexes aged between 18 and 50 years

and within 15% of the ideal body weight, were selected for the study after
assessment of their health status by clinical evaluation (physical examination,
ECG) and the following laboratory tests: blood glucose, urea, creatinine, AST, ALT,
alkaline phosphatase, JGT, total bilirubin, aloumin and total protein, triglyceride,
total cholesterol, hemoglobin, hematocrit, total and differential white cell counts,
and routine urinalysis. All subjects were negative for HIV, HCV and HBV (except
for serological scar).

The study was begun with 26 healthy volunteers and finished with 24
healthy volunteers. Two volunteers dropped out of the study for personal reasons.
The volunteers had the following clinical characteristics (according to gender and
expressed as mean r SD [range]): male: age: 30.7 r 8.8 yr. [20 — 44], height: 172.0
r 8.0 cm [160.0 — 185.0], body weight: 68.1 r 7.8 kg [55.0 — 81.5]; female: age:
32.4 r6.2 yr. [22 — 39], height: 157.0 r 6.0 cm [144.0 — 165.0], body weight: 58.7 r
5.7 kg [49.5 — 68.2]. All subjects gave written informed consent and the State
University of Campinas - Unicamp approved the clinical protocol. The study was
conducted in accordance with the provisions of the Declaration of Helsinki (1964),
Tokyo (1975), Venice (1983), Hong Kong (1989), Somerset West (1996) and
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Edinburgh (2000) revisions. After screening and wash-out period (of at least 2
weeks), the individuals who qualified were confined for 2 periods of approximately
48 hours.

The study was a single dose, two-way randomized crossover design with a
two-week washout period between the doses. During each period, the volunteers
were hospitalized at 03:00 p.m. and after an overnight fast they received (at
approximately 7:00 a.m.) a single dose of ramiprii (5 mg of either tablet
formulation). Water (200 mL) was given immediately after the drug administration
and the volunteers were then fasted for 2 h, after which period, a standard lunch
was served; an evening meal was provided 10 h after dosing. Standard meal was
constituted by rice, beans, vegetables, and fried chicken meat plus a fruit as
dessert. No other food was permitted during the "in-house" period and liquid
consumption was allowed ad libitum after lunch (with the exception of xanthine-
containing drinks, including tea, coffee, and cola). At each time O, 2, 4, 6, 8, 12, 18,
24 and 36 hours, systolic and diastolic arterial pressure (measured non-invasively

with a sphygmomanometer), heart rate and temperature were recorded.

Formulations

The following formulations were employed: ramipril (test formulation from
Laboratérios Biosintética Ltda, Brazil; lot N° 273/03, expiry 07/2005) and Triatec®
(standard reference formulation from Aventis Pharma, lot N° 204971, expiry date
06/2005.)

Drug analysis
Blood samples (4 mL) from a suitable antecubital vein were collected by

indwelling catheter into EDTA containing tubes before and 0.33h, 0.66h, 1h, 1.33h,
1.66h, 2h, 2.5h, 3h, 3.5h, 4h, 4.5h, 5h, 5.5h, 6h, 7h, 8h, 10h, 12h, 14h, 16h, 18h,
24h, 32h and 36h post-dosing. The blood samples were centrifuged at
approximately 2000 x g for 1 min at 4°C and the plasma decanted stored at -20°C

until assayed for ramipril and ramiprilat contents.
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Drug plasma extraction was performed using a solid-phase extraction.
Briefly, 500 R of each plasma sample were introduced into glass tube following by
the internal standards (50 R of 0.1 RyYmL of Enalapril/Enalaprilat in
methanol/water 50/50; v/v solution) and vortex-mixed the samples for
approximately 10s. The HLB Oasis SPE cartridges for the assay were pre-
conditioned by washing with 1 mL methanol and with 1 mL of deionized water. All
samples were applied to individual HLB Oasis SPE cartridges, then washed (5
times) the cartridges with 1 mL of washing solution (aqueous hydrochloric acid
solution (10 mM)). Cartridges were then eluted with 0.5 mL of the methanol and the
solvent was evaporated using a flow of nitrogen. The residue was dissolved with
0.2 mL of pure deionized water and vortex-mixed for 15 s. All solutions were
transferred to 96-well plates and placed them into auto injector racks. Typical
standard retention times were 2.1, 1.6, 1.7 and 1.3 min for ramipril, ramiprilat,
enalapril and enalaprilat, respectively. The mass spectrometer (Micromass model
Quattro Ultima) equipped with an electrospray source using a crossflow counter
electrode was run in positive mode (ES+), was set up in Multiple Reaction
Monitoring (MRM), monitoring the transitions 417.00 > 234.0, 389.00 > 206.00,
377.00 > 234.0 and 349.00 > 206.0 for ramipril, ramiprilat, enalapril maleate and

enalaprilat, respectively as the precursor ions m/z and the respective product ions.

Stability

Stability quality control plasma samples (0.6, 4.0 and 40.0 ng/mL for ramipril
and 3.0, 9.0 and 16.0 ng/mL for ramiprilat) were subjected to short-term (6h) room
temperature, three freeze/thaw (-20 to 25°C) cycles, 73h autosampler stability
(room temperature) and long-term stability (116 days) tests. Subsequently, the
ramipril and ramiprilat concentrations were measured compared to freshly
prepared samples. The significance of the results obtained was analyzed by
Student’s t-test (p<0.05).
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Pharmacokinetics and statistical analysis

Bioequivalence between the two formulations was assessed by calculating
individual test/reference ratios for the peak of concentration (Cnax), area under
curve (AUC) of plasma concentration until the last concentration observed
(AUCas1), and the area under curve between the first sample (pre-dosage) and
infinite (AUCo.inf). The Chax and the time taken to achieve this concentration (Tmax)
were obtained directly from the curves. The areas under the ramipril and ramiprilat
plasma concentration vs. time curves from 0-to the last detectable concentration
(AUCas) were calculated by applying the linear trapezoid rule. Extrapolation of
these areas to infinity (AUCo.inf) wWas done by adding the value Ci.s/ke to the
calculated AUC st (Where Ciast = the last detectable concentration). The AUC and
Cmax data for the two formulations were analyzed by ANOVA to establish whether
the 90% CI of the ratios was within the 80-125% interval indicating bioequivalence
as proposed by the US Food and Drug Administration. Parametric and non-
parametric analyses of In-transformed arithmetic means and individual Tmax
differences between test and reference formulations were also performed.

Results

The ramipril was well tolerated at the administered doses and no significant adverse
reactions were observed or reported. All biochemical parameters did not present any
clinical relevant alterations.

The mass chromatograms of a sample are shown in Figure 1, in which both the
retention times of Ramipril, Ramiprilat, Enalapril and Enalaprillat were 2.1, 1.6, 1.7 and
1.3 min respectively. Table 1 shows the precision and accuracy for the LOQ and QCs.
The mean ramipril plasma concentrations vs time profiles after a single oral dose of
each 5mg tablet formulation of ramipril is shown in Figure 2. Table 2 shows the
mean pharmacokinetics parameters obtained from 26 volunteers after the
administration of 5 mg ramipril tablet. Table 3 shows geometric mean of the
individual Cpax, AUCjast, AUCossn, AUCiy, (test/reference formulation), the
respective 90% confidence intervals (Cl), Intra-subject CV for the 26 volunteers
and separated gender.

Discussion
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Ramipril has been determined in plasma and other biological fluids by
several methods such as reversed-phase high-pressure liquid chromatography
guantified by radioimmunoassay (LOQ 0.25 - 0.4 fmol/mL RT 6 min) [2,3], gas
chromatography-mass spectrometry (LOQ 10 ng/mL; RT 10 min) [6], UV
spectrophotometry (LOQ 23000 ng/mL) [8], reversed-phase high-pressure liquid
chromatography (LOQ 500 ng/mL; RT 8.5-30 min) [9], polarography (LOQ 20
ng/mL) [7], high-pressure liquid chromatography coupled with UV detection (LOQ
180 ng/mL RT 7.36 min) [10] and liquid chromatography coupled to tandem mass
spectrometry (LOQ 0.5ng/mL RT 1.0-1.5 min for both ramipril and ramiprilat) [11].
Our method has a suitable LOQ (0.2 ng/mL,1 ng/mL ramipril and ramiprilat) is
sufficient for bioequivalence study and can be performed in a short time (RT 2.1,
1.6 min for ramipril and ramiprilat, respectively), employing a high yield solid-phase
extraction (mean recovery 93.4%).

After the oral administration of the ramipril tablets, the observed ramapril
and ramiprilat peak plasma concentration (Cmax) values and the time values (Tmax)
were similar to those reported in the literature [12,13] and equivalent between the
formulations (Table 2 and 3).

In addition, the calculated 90% CI for mean Cpmax, AUCq.36n, AUCjast and
AUC.irs Ramipril/Triatec® and Ramiprilat/Triatec® individual ratios were within the
80-125% interval defined by the US Food and Drug Administration [14,15], thus
establishing the bioequivalence of the two formulations.

For future studies, we proposed the quantification of the ramipril only, since the
intra-subject variability of the metabolite is much lower than of the parent, making it

less discriminative for bioequivalence.
Conclusion

Since the 90% CI for Cyax and AUCs ratios were all inside the 80-125%
interval proposed by the US Food and Drug Administration Agency, it was concluded
that ramipril formulation elaborated by Laboratorios Biosintética, Brazil is bioequivalent
to Triatec® formulation for both the rate and the extent of absorption [14,15].
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Figure 1 - Selected ion chromatograms (MRM) of 2 channels ES+. 1A: blank
human plasma for monitoring the transitions 417.00 > 234.0, 389.00 > 206.00,
377.00 > 234.0 and 349.00 > 206.0 for ramipril, ramiprilat, enalapril maleate and
enalaprilat, respectively. The peaks illustrate the retention time and integrated

area.

Figure 2 - Mean concentrations vs. time curve for ramipril and ramiprilat.

Table 1 - Quantified concentration (ug/mL) of individual samples for intra-batch

and inter-batch validation.

Table 2 - Mean pharmacokinetic parameters obtained from volunteers after oral

administration of 5 mg Ramipril tablets.

Table 3 - Geometric mean of the individual Cnax, AUCiast, AUCi, (test/reference
formulation), the respective 90% confidence intervals (Cl) and Intra-subject CV and

for each gender.
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Figure 1: MRM chromatograms of blank normal human plasma: (A) ramipril, (B).
ramiprilat, (C) enalapril and (D) enalaprilat; MRM chromatogram of the LOQ: (E)
ramipril, (F). ramiprilat, (G) enalapril and (H) enalaprilat.
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Figure 2: Ramipril and ramiprilat plasma means concentrations vs. time profile

obtained after the single oral administration of 5 mg of ramipril formulation.
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Table 1: Accuracy and precision data for ramipril and ramiprilat from the pre-study
validation in human plasma.

Intra-batch - Ramipril

Nominal
concentration 0.2 0.6 4.0 40.0
(ng.mL ™)
Mean 0.22 0.63 4.32 42.54
Range 0.20-0.24 0.57-0.68 414 -4.41 40.50 - 45.00
Accuracy (%) 111.69 104.96 107.91 106.34
Precision (%) 5.29 5.51 2.08 3.79
Inter-batch — Ramipril
Nominal
concentration 0.2 0.6 4.0 40.0
(ng.mL ™)
Mean 0.21 0.61 3.95 39.57
Range 0.18-0.24 0.52-0.68 3.45-4.41 32.60 — 45.00
Accuracy (%) 105.56 100.86 98.67 98.92
Precision (%) 8.33 7.00 7.48 7.30
Intra-batch — Ramiprilat
Nominal
concentration 1.0 3.0 9.0 16.0
(hg.mL ™)
Mean 1.20 3.04 9.31 16.8
Range 1.15-1.25 2.85-3.21 8.83-9.76 16.10 - 17.50
Accuracy (%) 119.50 101.42 103.40 105.08
Precision (%) 2.79 422 3.24 2.47
Inter-batch - Ramiprilat
Nominal
concentration 1.0 3.0 9.0 16.0
(hg.mL ™)
Mean 1.14 3.02 9.24 16.7
Range 1.02-1.25 2.82-3.21 8.52 -9.76 15.50 - 17.60
Accuracy (%) 113.96 100.58 102.63 104.48
Precision (%) 5.38 3.78 2.72 3.56
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Ramipril Ramiprilat
. ® - . ® ..
Pharmacokinetic Parameter Triatec Ramipril Triatec Ramipril
5mg 5mg 5mg 5mg
Auge'ag‘ngnﬁﬂgg TL) 12.77 12.84 105.95 112.18
' 5.09 458 25.22 21.70
SD
A%%gngn?\ﬂsz) 1333 13.59 187.02 184.48
' 5.15 4.72 42.78 39.56
SD
g"éagn(]”?\g;)] 12.82 13.00 9.81 10.45
' 5.87 4.99 6.34 5.80
SD
;e(;{;z 0.52 0.57 0.02 0.03
0.03-1.29 0.01-2.40 0.01-0.05 0.01-0.06
Range
,\;Zal(;)] 1.33 1.22 35.08 26.73
0.54 — 23.52 0.29 — 61.69 13.30-80.64 | 11.65-75.66
Range
,\TA“:élgz 0.33 0.67 3.00 3.00
0.33-1.00 0.33-1.00 1.33-10.00 1.33-6.00
Range

Table 2: Mean pharmacokinetic parameters obtained from 26 volunteers after

administration of each 5 mg ramipril tablet formulation.
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n=24 Ramipril Ramiprilat
. « Parametric Parametric
Triatec  / - =
Ramipril ntra ntra
5 mg fﬂeg;?] 90% Cl subject (iﬂeg;?] 90% Cl subject
CV% CV%
AUC o 10249 | 92.76 - 113.25 19.57 105.88 | 101.56-110.39 7.92
AUC 103.60 | 93.56-114.73 19.79 97.30 90.17 — 104.99 15.71
Crnax 104.69 | 93.21-117.59 22.31 108.48 98.86 — 119.04 17.21
Man-n=11 Ramipril Ramiprilat
. « Parametric Parametric
Triatec  / - it
Ramipril ntra ntra
5mg GMe;;: 90% ClI subject (';/?é);?]' 90% ClI subject
CV% CV%
AUC o 114.39 | 95.43-137.12 19.50 104.39 98.85-110.26 6.43
AUC 116.44 | 96.85-139.99 19.47 96.17 84.17 - 109.89 17.05
Crnax 116.55 | 97.75-138.98 18.58 110.90 98.72 - 124.58 12.91
Woman - n =13 Ramipril Ramiprilat
. . Parametric Parametric
Triatec / - it
Ramipril ntra ntra
5 mg Geom. 90% ClI subject | SeOM 90% C| subject
CV% CV%
AUC o 93.06 82.74 - 104.67 17.88 105.63 98.99 -112.7 8.69
AUC ¢ 93.60 83.04 - 105.50 18.10 98.52 88.21 - 110.04 15.88
Crnax 96.22 80.79 - 114.61 25.71 103.86 89.48 - 120.54 20.30

Table 3: Geometric mean of the individual AUCs, AUCo.¢, and Cpax ratios
(test/reference formulation), the respective 90% confidence intervals (Cl) and CV.
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tandem mass spectrometry
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Abstract. Objective: The aim of this study
was to comparc the bioavailability of two cita-
lopram formulations (citalopram from Euro-
farma Laboratdrios Ltda., as the test formula-
tion, and cipramil from Schering-Plough,
Brazil, as the reference formulation) in healthy
volunteers. Methods: The study had an open,
randomized, two-period crossover design with
a two-week washout interval between doses.
The samples were obtained over a 168-hour in-
terval after each oral administration of citalo-
pram (one 20 mg tablet of each formulation).
The analyte and the internal standard were
extracted from plasma using diethylether : di-
chloromethane (70 : 30, v/v) and the extracts
were analyzed by high-performance liquid
chromatography coupled to electrospray tan-
dem mass spectrometry. Chromatography was
done isocratically using a Genesis C8 analytical
column (4 um, 2.1 mm i.d. x 100 mm). The
method had a chromatographic run time of
three minutes and a linear calibration curve
over the range of 0.5 — 200 ng x ml-! (r?
>(0.999887). The limit of quantification was
0.5 ng x ml !, Results: The geometric mean
and 90% confidence intervals (CI) for the
citalopram/cipramil ratio were 98.28%
(94.24 — 102.49%) for AUC,,, 96.44%
(90.20 - 103.11%) for AUC;,s, and 98.54%
(94.70 — 102.54%) for C,ax Conclusion:
Since the 90% CI for Ca, AUC,, and
AUC g, ratios were all within the 80 — 125%
interval proposed by the US Food and Drug
Administration, we concluded that the citalo-
pram formulation elaborated by Eurofarma
Laboratorios Ltda. was bioequivalent to the
cipramil formulation in its rate and extent of
absorption.

Iﬂt_roduction

Citalopram (MW = 405.35) [Nissen 2002]
is a selective inhibitor of serotonin reuptake

with strong antidepressant properties, and of-
fers a similar therapeutic efficacy but a more
favorable tolerability than tricyclic antidepres-
sants [Baumann and Larsen 1995, Milne and
Goa 1991]. Citalopram is a racemic mixture,
the pharmacological action of which resides
mainly in the S1 enantiomer and, to a lesser de-
gree, in S1 desmethylcitalopram. However, for
bioequivalence studies, the current guidelines
recommend measurement of the racemate us-
ing an achiral assay [Kosel et al. 1998]. A tab-
let formulation of citalopram was approved by
the US Food and Drug Administration in 1998
for the treatment of depression [Gutierrez and
Abramowitz 2000].

In this report we describe a fast, sensitive
and specific method for the quantification of
citalopram in human plasma using high-per-
formance liquid chromatography coupled to
tandem mass spectrometry (HPLC/MS/MS),
with fluoxetine as the internal standard (Fig-
ure 1). The method was subsequently used in
a bioequivalence study of two citalopram
20 mg tablet formulations: citalopram from
Eurofarma Laboratorios Ltda., as the test for-
mulation, and cipramil from Schering-Plough
as reference formulation. The bioequivalence
study had an open, randomized, two-period
crossover design with a two-week washout
interval.

Aim

The aim of this study was to assess the
bioequivalence of two citalopram 20 mg
tablet formulations in healthy volunteers. The
citalopram levels were measured using
HPLC/MS/MS.
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Figure 1. Fragmentation mechanism for citalo-
pram (A) and fluoxetine (B).

Methods

Clinical protocol

Thirty-one healthy volunteers of both
sexes, aged between 18 and 50 years and
within 15% of the ideal body weight were se-
lected for the study after an assessment of
their state of health based on a clinical evalua-
tion (physical examination, ECG) and the fol-
lowing laboratory tests: blood glucose, urea,
creatinine, AST, ALT, alkaline phosphatase,
v-GT, total bilirubin, albumin and total pro-

tein, triglyceride, total cholesterol, hemoglo-
bin, hematocrit, total and differential white
cell counts, and routine urinalysis. All sub-
jects were negative for HIV, HCV and HBV
(except for serological scar), and all provided
written informed consent prior to admission
to the study. The study began with 26 healthy
volunteers, but three dropped out for personal
reasons and two were excluded by the chief
clinical investigator for medical reasons (ad-
verse effect and p-HCG+). The five volun-
teers that dropped out were replaced by an-
other five and the same evaluation and criteria
for admission were applied, as defined in the
clinical protocol. Hence, of the 3! healthy
volunteers enrolled, 26 completed the study.

The clinical protocol was approved by the
Ethics Committee of the Institute of Biomedi-
cal Sciences of the University of Sdo Paulo.
Any major changes required approval from the
Committee. The study was done in accordance
with the provisions of the Declaration of Hel-
sinki (1964), as revised in Tokyo (1975). Ven-
ice (1983), Hong Kong (1989), Somerset West
(1996) and Edinburgh (2000).

The volunteers had the following clinical
characteristics (according to gender and ex-
pressed as mean + SD (range)): male: age:
28.6+ 8.4 years (21 — 44), height: 171.6+8.2
cm (163.0 - 194.0), body weight: 72.1 = 10.4
kg (54.7 — 90.0); female: age: 33.5 = 7.3
years (21 - 44), height: 159.6 + 6.1 cm
(146.0 — 170.0), body weight: 60.9 £ 6.8 kg
(46.8 — 69.8).

The study had a single-dose, randomized,
two-way crossover design with a two-week
washout period between doses. During each
period, the volunteers were hospitalized at
7:00 p.m., having already had a normal eve-
ning meal and, after an overnight fast, they re-
ceived (at approximately 7:00 a.m.) a single
dose of citalopram (20 mg of cither tablet for-
mulation). Water (200 ml) was given immedi-
ately after administration of the drug and the
volunteers were then fasted for three hours,
after which a standard lunch was served: an
evening mcal was provided ten hours after
dosing. The standard meal consisted of rice,
beans, vegetables, and fried chicken plus a
fruit as dessert. No other {ood was permitted
during the “in-house™ period and liquid con-
sumption was allowed ad libitum after lunch
(with the exception of xanthine-containing
drinks, including tea, cotfec, and cola). Sys-
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Figure2. Full scan mass spectra (uppertrace) and product ion spectra (lowertrace) of citalopram (panel A}

and fluoxetine (panel B).

tolic and diastolic arterial pressure (measured
non-invasively with a sphygmomanometer),
heart rate and temperature were recorded at 0,
1.5,3.5,5,7, 10, 16, 28, 32, 36, 48, 72, 96,
120, 144 and 168 hours after dosing.

The following formulations were used:
citalopram (lot number 0001/02, expiry date:
April 2004) from Eurofarma Laboratérios
Ltda., Brazil, as the test formulation, and
cipramil (lot number B 914D, expiry date:
October 2004) from Laboratérios Schering-
Plough, Brazil, as the standard reference.

Blood samples (4 ml) from a suitable ante-
cubital vein were collected via an indwelling

catheter into heparin-containing tubes before
andat0.5,1,1.5,2,2.5,3,3.5,4,4.5,5,5.5,6,
6.5,7,8,10,12. 16, 20, 24, 28, 32, 36, 48, 72,
96, 120, 144 and 168 hours post dosing. The
blood samples were centrifuged at approxi-
mately 2,000 = g for ten minutes at room tem-
perature and the plasma was stored at -20 °C
until assayed. Citalopram and the internal
standard were extracted from the plasma sam-
ples and quantified by HPLC/ MS/MS with
positive electrospray ionization using se-
lected product ion monitoring. All
quantifications were done at the Cartesius
Analytical Unit (Sdo Paulo, Brazil).
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Figure 3. lon suppression experiment (baseline profile after the injection of a blank plasma extract and the

standard peak at the LOQ level).

Chemicals and reagents

Citalopram (lot number 7105553001)
was provided by Industriale Chimica S.R.L.,
[taly. Fluoxetine (lot number FHFPO10) was
obtained from Eurofarma Laboratorios Ltda.,
Brazil. Acetonitrile, diethyl ether, dichloro-
methane and methanol (HPLC grade) and gla-
cial acetic acid (analytical grade) were pur-
chased from Mallinckrodt {Paris, ST, USA).
Ultrapure water was obtained from an Elga
UHQ system (Elga, Bucks, UK). Blank hu-
man blood was collected from healthy, drug-
free volunteers. Plasma was obtained by
centrifugation of blood treated with sodium
heparin. Pooled plasma was prepared and
stored at approximately -20 °C until needed.

Calibration standards and quality
controls

Stock solutions of citalopram and internal
standard (fluoxetine) were prepared in metha-
nol : water (50 : 50, v/v) at concentrations of 1
mg/ml. Calibration curves of citalopram were
prepared by spiking blank plasma at concen-
trations of 0.5, 1.0, 2.0, 5.0, 20.0, 50.0, 100.0
and 200.0 ng/ml and each concentration was
analyzed in duplicate. The quality control sam-
ples were prepared in blank plasma at concen-
trations of 1.5, 15.0 and 150.0 ng/ml (QCA,
QCB, and QCC, respectively). The spiked
plasma samples (standards and quality con-
trols) were extracted in each analytical batch
along with the unknown samples.
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Sample preparation

Briefly, 200 ul of each plasma sample
were placed in glass tubes followed by the in-
ternal standard (50 ul of a stock solution of
fluoxetine — 100 ng/ml) plus 2 ml of an or-
ganic solvent mixture (diethyl ether : dichloro-
methane; 70 : 30, v/v). After centrifugation,
the supernatant was transferred to another tube
in which the organic solvents were evaporated
under nitrogen at 50 °C. The residue was then
dissolved in 200 ul of mobile phase (aceto-
nitrile : water, 70 : 30, v/v + 10 mM acetic
acid) and transferred to microvials.

Chromatographic conditions

An aliquot (10 pl) of each plasma extract
was injected into a Genesis C8 analytical col-
umn (2.1 mmi.d. x 100 mm). The compounds
were eluted by pumping the mobile phase
(see above) at a flow rate of 0.2 ml/min. Un-
der these conditions, typical standard reten-
tion times were 1.6 minutes for citalopram
and 1.8 minutes for fluoxetine, and back-
pressure values of approximately 100 bar
were observed. The temperature of the
autosampler was kept at 6 °C and the run-time
was three minutes.

Mass-spectrometric conditions

The mass spectrometer (Micromass model
Quattro Micro) equipped with an electrospray
source using a crossflow counter electrode
run-in positive mode (ES+), was set up for
multiple reaction monitoring (MRM) to mon-
itor the transitions 325.17 > 108.50 and
310.12 > 43.10, for citalopram and the inter-
nal standard, respectively. Figure 1 shows a
proposed mechanism of fragmentation mech-
anism for citalopram and fluoxetine, and Fig-
ure 2 shows the full scan spectra (upper trace)
and the product ion spectra (lower trace) ob-
tained for citalopram (panel A) and fluoxetine
(panel B). To optimize all of the MS parame-
ters, a standard solution of the analyte and
internal standard was infused into the mass
spectrometer. For both citalopram and flu-
oxetine, the following optimized parameters
were obtained: for citalopram the dwell time,
cone voltage and gas pressure (helium) were

0.2 s, 35 V and 1.26 x 10 mBar, respec-
tively. The corresponding values for
fluoxetine were 0.2 s, 20 V and 1.26 x 1073
mBar, respectively. The collision energy was
25 eV for citalopram and 10 eV for
fluoxetine. Data acquisition and analysis
were done using the software MassLynx (v.
3.5) running in Windows XP on a Pentium IV
PC.

Pharmacokinetics and statistical
analysis

The first-order terminal elimination rate
constant (ke) was estimated by linear regres-
sion from the points describing the elimina-
tion phase in a log-linear plot, and the
half-life (t,,,) was derived from this rate con-
stant (t;, = In(2)/ke).

Bioequivalence between the two formula-
tions was assessed by calculating individual
test/reference ratios for the peak of concen-
tration (C,,q,), the area under the curve (AUC)
of the plasma concentration until the last con-
centration observed (AUC,,), and the area
under the curve between the first sample
(pre-dosage) and infinity (AUCg. 7). The
Cinax and-the time taken to achieve this con-
centration (t,,,,) were obtained directly from
the curves. The areas under the citalopram
plasma concentration vs. time curves from
time zero to the last detectable concentration
(AUC,,,) were calculated by applying the lin-
ear trapezoid rule. Extrapolation of these
areas to infinity (AUC_,r) was done by add-
ing the value Cjq/ke to the calculated AUC,
{where C,,, = the last detectable concentra-
tion). The AUC and C,,,, data for the two for-
mulations were analyzed by ANOVA to de-
termine whether the 90% CI of the ratios was
within the 80 — 125% interval indicative of
bicequivalence as proposed by the US Food
and Drug Administration. Parametric and
ncun-pﬂ{ametric analyses of In-transformed
arithmetic means and individual t,,, differ-
ences between test and reference formula-
tions were also done.

The software used included WinNonLin
Professional Network Edition (Scientific
Consulting, v. 1.5). Bioequivalence Program
for two-period crossover studies (Herman P.
Wijnand, v. 3.4), Microsoft Excel (v. 7.0) and
GraphPad Prism (v. 3.02).
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-o- Cipramil ® Assay performance
—&—Citalopram

Linearity

Linearity was determined to assess the
performance of the method. A linear
least-squares regression with a weighting in-
dex of 1/x was applied to the peak arca ratios
of citalopram and internal standard vs. the
concentrations of the eight plasma standards

LR L of citalopram (0.5, 1.0, 2.0, 5.0, 20.0, 50.0,
T ) 100.0 and 200.0 ng/ml) in duplicate to gener-
Figure 5. Mean plasma citalopram concentrations ~ ale @ calibration curve.
vs. time curves obtained after the single oral admin-

istration of 20 mg of each citalopram tablet formula-
tion.

_Recovery

The recovery was evaluaied by calculat-
ing the mean response of each concentration
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Table 1. Accuracy and precision data for citalopram from the pre-study validation in human plasma.

Intrabatch
Nominal concentration
(ng x mi™") 0.500 1.50 15.0 150
Mean 0.486 1.44 15.1 150
Range 0.326 - 0.584 1.31-1.58 14.7-154 136 - 163
SD (%) (n=8) 0.09 0.08 0.21 8.09
Accuracy (%) =29 —4.3 0.5 -0.3
Precision (%) 18.5 58 1.4 54
Interbatch
Nominal concentration
(ng x mI™) 0.500 1.50 15.0 150
‘Mean 0.484 1.47 15.1 147.5
Range 0.326 - 0.653 1.31-1.67 14.2-16.2 136 — 163
SD (%) (n=24) 0.08 0.10 0.48 7.24
Accuracy (%) -3.2 =21 09 -1.7
Precision (%) 17.0 6.5 3.2 4.9
Table 2. Mean pharmacokinetic parameters of the citalopram formulations in 26 volunteers.
Cipramil Citalopram

Mean sSD Mean SD
AUCu;4 ((ng x h)/ml) 920.68 282.34 892.45 261.37
AUCqi ((ng x h)/ml) 997.64 32717 969.72 296.72
Crmax (ng/ml) 24,42 6.71 y 2342 6.96
tiz (h) 42,64 12.43 T, 41.36 10.31

Median Min Max Median Min Max

tmax (D) 3.00 1.00 6.50 4.00 1.00 6.50

and dividing the extracted sample mean by
the unextracted (spiked blank plasma extract)
sample mean of the corresponding concentra-
tion. Comparison with the unextracted sam-
ples, spiked on plasma residues, was done to
eliminate matrix effects and provide a true re-
covery. The matrix effect experiments were
done using the ratio between spiked mobile
phase solutions and unextracted ‘samples,
spiked on plasma residues.

Precision and accuracy

Within- and between-run precision was
determined as the relative standard deviation,
RSD(%) = 100(SD/M), and the accuracy
as the percentage relative error, RE(%) =
(E — T)(100/T), where M is the mean, SD is

the standard deviation of M, E is the experi-
mentally determined concentration and T is
the theoretical concentration.

Stability

. To assess stability, quality control plasma
samples (1.5, 15.0 and 150 ng/ml) were sub-
jected to short-term (8 h) incubation at room
temperature, three freeze/thaw (-20 °C to
25 °C) cycles, 113 hours in the autosampler
(6 °C) and a long-term incubation (91 days).
Subsequently, the citalopram concentrations
were measured and compared with freshly
prepared samples. The results were compared
statistically using Student’s t-test (p < 0.05).

Capitulo 6

101



lonic suppression

Suppression of the MS signal (*ion sup-
pression”) can be caused by contaminants
(e.g. salts) in the LC eluant entering the MS.
Hence, a non-specific extraction procedure

may produce ion suppression that could inter- .

fere with the analysis of the samples. To as-
sess the effect of ion suppression on the
MS/MS signal of the analyte (citalopram) and
the internal standard (fluoxetine), the extrac-
tion procedure described before was evalu-
ated. The experimental set-up consisted of an
infusion pump connected to the system by a
“zero volume tee” placed before the split and
the HPLC system pumping the mobile phase,
which was the same as that used in the routine
analysis of citalopram, i.e. 70% acetonitrile/
30% water, 10 mM acetic acid at 0.2 ml/min.
The infusion pump was set to transfer (50
pl/min) a mixture of analyte and internal stan-
dard in the mobile phase (both 50 pg/ml). A
sample of human pooled blank plasma was
extracted as described above and the reconsti-
tuted extract was injected into the HPLC sys-
tem while the standard mixture was being in-
fused. In this system, any ion suppression
would be observed as a depression of the MS
signal.

LUC ICLUYCLY UL Lildiuplaul was 1iv.l

+ 5.6%, 102.6 + 4.8% and 104.9 £ 3.3% for
the 1.5, 15.0 and 150 ng/ml standard concen-
trations, respectively. The recovery of inter-
nal standard was 96.3 + 8.8%, 86.4 £ 9.7%
and 79.5 £ 1.9% for the 1.5, 15.0 and
150 ng/ml standard concentrations, respec-
tively. No significant matrix effect was ob-
served. The limit of quantification (LOQ), de-
fined as the lowest concentration at which
both the precision and accuracy were < 20%,
was 0.541‘gjml. The stability tests indicated
that there was no significant degradation un-
der the conditions described. The within- and
between-run precision and accuracy for the
LOQ and QCs are summarized in Table 1.

No endogenous peak was observed in the
mass chromatogram of blank plasma. Figure
4 shows a chromatogram for the standard
LOQ sample in which the retention times for
citalopram and the internal standard were 1.6
and 1.8 minutes, respectively.

Bioequivalence study

Each citalopram formulation was well-
tolerated at the doses administered and no sig-
nificant adverse reactions were observed or
reported. There were no relevant clinical al-
terations in ariy of the biochemical parame-
ters.

Table 2 shows the values for AUC .1,
AUC(M),CM, i]n and tnaxs and Table 3 sum-
marizes the bioequivalence analysis of the
AUC(g.1a5ty» AUC(g.ec) and Cppo for the citalo-
pram formulations. No period effect was ob-
served for the pharmacokinetic parameters
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O objetivo final dos estudos de bioequivaléncia é o tratamento ou
prevencdo de doencas com farmacos de padrdes farmacocinéticos e qualidades
comprovados. No presente trabalhos foram utilizados como matriz biologica o
plasma humano para quantificagdo farmacocinética dos farmacos através do
método de cromatografia liquida acoplada a espectrometro de massa (LC-MS-
MS). A quantificacdo de farmacos através de LC-MS-MS é geralmente baseada na
razdo de areas de picos do analito e do padrdo interno (resposta). A utilizacdo do
padréo interno determina uma compensacao de diferencas no comportamento do
analito na extracdo, eventuais falhas no processo de injecdo e em diferencas na
eficiéncia da ionizacdo. Padrdes internos mais utilizados sdo farmacos de
estrutura quimica semelhante ao analito ou o proprio analito que contenha alguns
dos seguintes isotopos estaveis: 2H, 13C, 180 ou 15N. A Anamnese e Exames
Laboratoriais vinculados ao Processo de Selecdo dos Voluntarios incluindo
avaliacao clinica, eletrocardiografica e laboratorial s&o demonstrados na Tabela 1.
A quantificacdo das amostras de medicamentos foi realizada de acordo com os
parametros apresentados na Tabela 2 e Capitulos 1 a 6. Nesses capitulos
encontram-se os dados e resultados, graficos, tabelas e andlise estatistica
correspondentes. Foi apresentado no Capitulo 1 e 3 pela primeira vez na literatura
mundial, o limite de quantificacdo (LOQ) no LCMSMS de 1 ng/mL e 0.1 ng/mL,
garantindo maior velocidade no processamento das amostras de plasma, maior
acuracia , maior sensibilidade e especifidade associado com menor custo por
estudo realizado. A biodisponibilidade e o bioequivaléncia entre duas formulacoes,
e a selecdo das formulacdes, emergiram como temas criticos na medicina durante
0s ultimos anos em nosso pais. O interesse em baixar custos do cuidado de saude
resultou em um aumento tremendo no uso de genéricos; atualmente
aproximadamente mais da metade de todas as prescricbes escritas € para as
drogas que podem ser substituidas com um produto genérico (MILLER e
STRONG 1990). Sobre 80% das aproximadamente 10.000 drogas da prescrigao
disponiveis em 1990 (U.S.A)) ja estavam disponivel em mais de uma fonte (The
Food and Drug Letter 1990). Com a disponibilidade e o uso crescentes de

produtos genéricos, os profissionais de saude sdo confrontados com uma
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disposicdo sempre maior dos genéricos produzidos por varios laboratorios
nacionais e internacionais, tendo como principal tarefa a de selecionar aqueles
gue sao terapeuticamente equivalentes. Este crescimento fenomenal da industria
farmacéutica dos genéricos e da abundancia de produtos oriundos de diferentes
laboratorios chamou-nos a atencdo para algumas perguntas que muitos
profissionais e cientistas de saude tém a respeito da equivaléncia terapéutica
destes produtos, particularmente daqueles em determinadas categorias
terapéuticas, criticas tais como 0s genéricos como 0s de acao cardiovascular
(MILLER e STROM, 1990; LAMY, 1985; FOSTER, 1991). Inerente aos guidelines
nacionais e internacionais, atualmente aceitos, para a substituicio de uma
formulac&o inovadora, € a suposicdo de que a droga genérica seja considerada
bioequivalente a formulac@o inovadora ou de marca, produzira o mesmo efeito
clinico. Tao direto como esta indicacdo a respeito da bioequivaléncia, parece ser
que gerou a controvérsia de muitos entre os cientistas e profissionais no campo do
cuidado a saude. As numerosas publicacdes, indicam que ha um interesse de que
0os padrdes atuais para a aprovacdo de drogas genéricas ndo podem sempre
assegurar a equivaléncia terapéutica (MEYER, 1985; LEVY,1960; LAMY, 1986;
DETTELBACH, 1986; SCHWARTZ, 1985; BERGER, 1980; LAMY, 1986;
HORWITZ, 1985; GOTTSCHALK, 1986;BARONE e COLAIZZI, 1985; STROM,
1987; WEAVER, 1987; NUWER, 1990).

Estudos de bioequivaléncia sao realizados como substitutos da
equivaléncia terapéutica, com o objetivo de demonstrar que a eficacia, seguranca
e qualidade de um determinado medicamento ndo apresentam diferencas
clinicamente significativas em relagdo a um medicamento referéncia no mercado
nacional. Segundo a legislacdo brasileira em vigor (RDC nol135, de 29 de maio de
2003), dois medicamentos serdo considerados bioequivalentes, quando eles forem
equivalentes farmacéuticos e, ao serem administrados, na mesma dose molar, nas
mesmas condicbes experimentais, ndo apresentem diferencas estatisticamente
significativas em relacdo a biodisponibilidade, a qual é determinada pela

quantificacdo dos seguintes parametros farmacocinéticos: area sob a curva de
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concentracdo plasmatica versus tempo (ASC), pico de concentracdo plasmatica

(Cmax) e, eventualmente, tempo para se atingir Cmax (Tmax).

A equivaléncia farmacéutica entre dois medicamentos relaciona-se a
comprovacgdo de que ambos contém o mesmo farmaco (mesma base, sal ou éster
da mesma molécula terapeuticamente ativa), na mesma dosagem e forma
farmacéutica, o que pode ser avaliado por meio de testes in vitro (SHARGEL e
YU, 1999; WHO, 1999). Portanto, pode ser considerada como um indicativo da
bioequivaléncia entre os medicamentos em estudo, entretanto ndo é o suficente
para garantir a bioequivaléncia. A legislacdo brasileira, tendo como base a
regulamentacdo técnica e a experiéncia de diversos paises na area de
medicamentos genéricos, estabelece que, para um medicamento ser registrado
como genérico, € necessario que se comprove sua equivaléncia farmacéutica e
bioequivaléncia (mesma biodisponibilidade) em relacdo ao medicamento de
referéncia indicado pela Anvisa (RDC nol35, de 29 de maio de 2003). Tal fato,
aliado ao cumprimento das Boas Praticas de Fabricacdo e Controle de Qualidade
(BPFC), fornece as bases técnicas e cientificas para a intercambialidade entre o
genérico e seu medicamento de referéncia, uma vez que, nesse caso, ambos
podem ser considerados equivalentes terapéuticos, ou seja, medicamentos que
apresentam a mesma eficicia clinica e o mesmo potencial para gerar efeitos
adversos (MARZO e BALANT, 1995; MEREDITH, 1996; WHO, 1996; BENET,
1999; MARZO, 1999; MEYER, 1999). O medicamento de referéncia é, geralmente,
o inovador cuja biodisponibilidade foi determinada, durante o desenvolvimento do
produto, e que teve sua eficacia e seguranca comprovada por meio de ensaios
clinicos, antes da obtencdo do registro para comercializagdo. Nesse caso, a
empresa fabricante desenvolveu a formulagéo e a forma farmacéutica adequadas
a via de administracdo e ao objetivo terapéutico do medicamento, estabelecendo e
validando os processos de fabricacdo, bem como as especificacdes que deverao
ser reproduzidas posteriormente, lote a lote (STORPIRTIS, 1999). Para o
medicamento genérico, o fabricante deve investir no desenvolvimento
farmacotécnico de um produto que cumpra com as mesmas especificacdes in

vitro, em relacdo ao medicamento de referéncia. Entretanto, aceita-se que a
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formulacdo e o processo de fabricagdo ndo sejam idénticos, o que geralmente
ocorre devido aos diferentes equipamentos e fornecedores de matérias-primas
empregados por distintos fabricantes, desde que essas diferencas néao
comprometam a bioequivaléncia entre os produtos (DIGHE, 1999). Nesse
contexto, € fundamental ressaltar que diferencas em relacdo a caracteristicas
fisicas e fisico-quimicas do farmaco e demais componentes da formulacéo, bem
como nos processos de fabricagdo, podem gerar diferengas na biodisponibilidade
que, no caso do genérico, podem comprometer a bioequivaléncia. Portanto, as
preocupacfes em termos de biodisponibilidade, bioequivaléncia, recaem sobre
medicamentos apresentados sob formas farmacéuticas para as quais existem
muitos fatores que podem alterar a liberagdo, a dissolucdo e a absorcao do
farmaco no organismo. Tais fatores devem ser amplamente estudados durante o
desenvolvimento farmacotécnico do produto, o que, no entanto, ndo exclui a
necessidade da realizacdo do teste de bioequivaléncia (BANAKAR, 1992;
MARQUES et al., 2002).

Desse modo, o teste de bioequivaléncia realizado, de acordo com as
Boas Préaticas de Clinica (BPC) e de Laboratério (BPL), empregando-se
voluntarios sadios, é fundamental para garantir que dois medicamentos que
comprovaram a equivaléncia farmacéutica apresentardo o mesmo desempenho no
organismo em relacdo a biodisponibilidade, expressa em termos da quantidade
absorvida do farmaco, a partir da forma farmacéutica administrada, e da
velocidade do processo de absorcao (SHARGEL e YU, 1999).

A Sociedade Brasileira de Cardiologia através do FUNCOR criou o0 Selo

de Medicamentos da SBC/FUNCOR  (http://prevencao.cardiol.br/selodeaprovacao/)

que é a certificacdo para orientar o consumidor que determinado medicamento
apresenta qualidade comprovada e esta indicado para o tratamento ou prevencao
de doencas cardiovasculares, segundo evidencias técnico - cientificas. A
certificacdo, dada através do Comité do Selo de Aprovacdo da SBC/FUNCOR, é
baseada nos seguintes requisitos: Satisfacdo das leis e portarias vigentes:
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x Leis que regulamentam a entrada de medicamentos "referéncia” no
pais;
x Leis que regulamentam a producéo de "similares" no pais;

x Lei 9787/99, publicada em 10/08/99 que trata da regulamentacéo dos

medicamentos genericos.

Habitualidade de uso internacional e nacional, fazendo parte do
consenso da Sociedade Brasileira de Cardiologia e da AHA (American Heart

Association).

Aprovacdo pela comunidade cientifica brasileira — uso habitual, de
preferéncia fazendo parte do bulario de servicos universitarios e hospitais de

referéncia.
Atender as exigéncias da ANVISA — Ministério da Saude

Exigéncia de testes de bioequivalencia e biodisponibilidade para
produtos que nao sao "referéncia” (realizados em laboratérios nacionais,

credenciados pelo Ministério da Saude)

O Comité do Selo de Aprovacdo da FUNCOR é formado por médicos
cardiologistas, farmacologistas, bioquimicos e se necessario um convidado
especialista no assunto, que se reanem para deliberacéo, analise e aprovacao do
produto. Os padrdes de referéncia usados sdo submetidos as revisées periodicas
de acordo com estudos e trabalhos cientificos publicados em revistas
especializadas. A SBC/FUNCOR, por meio de seus profissionais especializados,
esta apta a fornecer laudo técnico - cientifico a produtos relacionados a prevencéo

de doencas cardiovasculares e promog¢ao ou manutencao da saude.
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Tabela 1 - Anamnese e Examaes Laboratoriais vinculados ao Processo de
Selecado dos Voluntéarios

Alergias; olhos, nariz e garganta; sistemas respiratério,
cardiovascular, gastrointestinal, genito urinario, nervoso

Histéria Médica central, hematopoético-linfatico, enddcrino; dermatologico,
musculoesquelético; estabilidade emocional, histéria familiar,
cirdrgica.

Olhos, orelhas, nariz, garganta, pescoco(incluindo tiredide),
Exame Fisico coracédo, pulmdes, abdomem (incluindo figado e baco), pele,
linfonodos, urogenital, sistema nervoso, esqueleto e musculos

Pressdo arterial (medida 5 minutos apds descanso), na
Dados antropométricos | posi¢do sentada, pulso, altura, peso (roupas leves), indice de
massa corporea, temperatura em °C

Categoria Exames

ECG ECG padrdo com 12 derivagtes

hemoglobina, hematdcrito, contagem total e diferencial de
Andlise hematolbgica leucécitos, contagem de glébulos vermelhos, contagem de
plaguetas

Ureia, creatinina, bilirrubina total, proteinas totais, albumina,
Analise Bioquimica glicose em jejum, fosfatase alcalina, SGOT, SGTP, colesterol
total, triglicérides, acido Urico, IT, potassio, sédio .

Urina Sumario de Urina (urina I)

Fezes Protoparasitologico

Andlise Sorolégica para: hepatite B, hepatite C e HIV(1+2)

Sorologia EHCG para mulheres
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Tabela 2 - Caracteristicas gerais da metodologia empregada através de cromatografia liquida de alta
eficiéncia acoplada a espectrometro de massa (LC-MS-MS) para quantificagao dos diferentes

medicamentos

Ramipril/
Ticlopidina Gemfibrozil Carvedilol ar,""?” Verapamil Citalopram
Ramiprilato
50 i Enalapril/
Nome _do padréo interno (IS) Clopidogrel Bezafibrato Metoprolol p Metoprolol Fluoxetina
escolhido Enalaprilato
Matriz bioldgica Plasma Plasma Plasma Plasma Plasma Plasma
Tipo de extragéo Liquida/liquida | Liquida/liquida | Liquida/liquida | Sdlida/liquida | Liquida/liquida | Liquida/liquida
. Quattro . Quattro Quattro
Modelo micromass . Quattro LC Quattro LC Quattro Ultima . .
Ultima Ultima Micro
Tipo de electrospray + _ + + + +
Transicao analito (m/z) 264,1>153,9 248,9>121,1 407,2>99,8 417,0>234,0 455,4>165,2 325,1>108,5
Q 1 1 1 L 1 1 389,0>206,0 1 1 1 1
- - 377,0>234,0
Transicéo padréo interno (m/z) 322,1>212,0 359,7>274,2 268,3>116,1 268,5>116,4 310,1>43,1
349,0>206,0
Volt. Cone analito/IS (V) 35/35 20/15 35/30 30/30 60/17 35/20
Energia colisdo analito/IS (eV) 15/15 30/15 30/18 15/15 25/45 25/10
Dwell time (s) 0,3/0,3 0,2/0,2 0,3/0,3 0,5/0,5 0,2/0,2 0,2/0,2
Tempo de corrida (min) 3,0 4,0 3,5 2,5 2,3 5,0
~ , ) 2,1/1,6
Tempo de retengao (analito/IS; 1,8/2,1 3,4/2,1 1,6/1,6 2,3/2,0 1,6/1,8
min) 1,7/1,3
Limite quantificacdo (LOQ; ng/ml) 1,0 50,0 0,1 0,2/1,0 1,0 0,5
Preciséo % (LOQ) 55 6,7 8,2 5,212,7 15,0 18,5
Exatidéo % (LOQ) 113,8 95,5 103,1 111,6/119,5 95,2 -2,9
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Os estudos apresentados demonstram uma grande aplicabilidade dos
estudos de bioequivaléncia com drogas de acdo cardiovasculares aplicados com
uso de cromatografia liquida de alta eficiéncia acoplada a espectrémetro de massa
para a determinacdo de medicamentos em plasma humano. Essa aplicabilidade
pode ser utilizada com vantagens devido a alta confiabilidade dos métodos em
determinar com precisdo e exatiddo as concentracdes de farmacos aliados com
custo por amostra quantificada menor. Deve-se ressaltar que um pais como o
Brasil de dimensfes continentais com parcos recurssos destinados a saude, os
medicamentos genéricos Sdo seguramente uma opc¢ao extremamente viavel, para

o tratamento de patologias que tém alto indice de morbi-mortalidade.
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