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PARABOLA DO SEMEADOR,

“O semeador, saiu a semear; e, enquanto
semeava, uma parte da semente caiu ao longo
do caminho, e vindo os pdssaros do céu a
comeram.

Outra caiu em [ugares pedregosos, onde ndo
havia muita terra; e logo nasceu porque a terra
onde estava ndo tinha profundidade. Mas o
Sol tendo se erguido, em sequida, a queimou; e,
como ndo tinhas raizes, secou.

Outra caiu entre espinheiros, e os espinhos,
vindo a crescer, a sufocaram.

Outra, enfim, caiu em terra boa, e deu frutos,
alguns grdos rendendo cem, outros sessenta e
outros trinta por um.”

(Sdo Mateus, cap. 13, v. de 3 a 8)
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RESUMO

RESUMO

As concentracdes de amoxicilina (AMO) em plasma e saliva e seus
efeitos na microbiota oral de voluntarios sadios foram analisados, em um estudo
aberto, de forma aleatdria, cruzado com dois periodos. AMO 875 mg (Amoxicilina -
EMS - medicamento teste e Amoxil® - medicamento referéncia) foi administrada
para todos os voluntarios com 1 semana de intervalo entre as doses. Amostras de
plasma e saliva foram colhidas em um intervalo de até 12h ap6s a administragao.
As concentracoes plasmaticas de AMO foram obtidas por cromatografia liquida e
espectrometria de massas com ionizacao por electrospray (LC-ESI-MS). As
concentragdes de amoxicilina em saliva foram analisadas por cromatografia liquida
de alta eficiéncia (HPLC). As contagens dos microrganismos totais, anaerobios e
estreptococos foram obtidas em diferentes condicoes de cultura. ASC foi calculada
pelo método de extrapolacdo dos trapezdides. Cmax € Tmax foram compilados dos
dados de concentracao-tempo. Andlise de variancia foi realizada usando dados
logaritmicamente transformados para ASCo-inf, ASCo-12h, Cmax € Nao transformados
para Tmax. As médias (+dp) para ASCo-12n (Hg.h.mL™), ASCouins (Hg.h.mL™), Crmax
(ug.mL?) and Tmax (h), foram respectivamente: 55,42(+16,85), 55,42 (+16,85),
18,59 (+6,3), 2,04(+0,75) para o medicamento teste e 51,11 (£18,9), 51,29
(£19,12), 17,83 (%5,86), 2,02 (+£0,87) para o medicamento referéncia. Intervalos
de confianca (90%) para a razao das médias de AMO (teste/referéncia) para
ASCo-12h € Cmax foram: 0,961 — 1,149 e 0,914 — 1,142, respectivamente. Tanto para
as concentragbes plasmaticas quanto para as salivares ndao foram observadas
diferencgas estatisticamente significantes entre os dois medicamentos (Teste ¢
pareado, p>0.05). As contagens de microrganismos provindos da saliva nao
mostraram diferencas estatisticas (ANOVA de medidas repetidas, p>0.05) entre as
duas formulagdes durante cada tempo. A partir de 60 min, uma reducao

estatisticamente significante (ANOVA de medidas repetidas, p<0.05) foi observada
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para todos os microrganismos. Os dois medicamentos foram considerados
bioequivalentes baseado na razao e extensao de absorcao e foram eficazes na

redugao dos microrganismos da microbiota oral avaliados até 12 horas.



ABSTRACT

ABSTRACT

The plasmatic and salivary concentration of amoxicillin (AMO) 875mg
and its effects on oral microbiota in healthy volunteers were assessed in an open,
randomized, two-period crossover design. A single 875 mg oral dose of AMO
(Amoxicillin-EMS — test formulation and Amoxil® - reference formulation) was
administered to all volunteers observing 1-week interval between doses. Blood and
saliva samples were collected from pre-dose to 12 h. The concentrations of AMO,
in plasma and saliva, were quantified by LC-ESI-MS and LC method, respectively.
AUC was calculated by the trapezoidal rule extrapolation method. Crax and Tmax
were compiled from the plasmatic concentration-time data. Streptococci, anaerobe,
and total microorganisms’ counts were obtained in different culture conditions. The
mean values (£ SD) for AUCy.1on (Hg.h.mL™), AUCq.int (ug.h.mL™), Crax (ug.mL™)
and Tmax (h), were respectively: 55.42(+16.85), 55.42 (£16.85), 18.59 (£6.3),
2.04(£0.75) concerning the test formulation and 51.11 (£18.9), 51.29 (£19.12),
17.83 (£5.86), 2.02 (£0.87) concerning the reference formulation. Confidence
intervals (90%) of amoxicillin means of AUCo-12n and Chax ratios (test/reference)
were: 0.961 — 1.149 and 0.914 — 1.142, respectively. No statistically significant
differences were observed between the two formulations (¢ test, p>0.05)
regarding AMO plasmatic and saliva concentrations. Saliva microorganisms counts
did not show statistical differences (ANOVA repeated measures, p>0.05) between
the two groups during each sampling time. Starting at 60 min, a statistically
significant decrease (ANOVA repeated measures, p<0.05) was also observed for all
microorganisms. Both formulations were bioequivalent based on both the rate and

extent of absorption, and were effective in reduce microorganisms until 12 hours.
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1. INTRODUCAO

A ineficacia clinica observada com o uso de alguns medicamentos, além
de episddios de intoxicacdo, deram origem as investigacdes relacionadas a
biodisponibilidade de produtos farmacéuticos (STORPIRTIS & CONSIGLIERI,
1995).

Diversos trabalhos foram realizados com diferentes medicamentos e
mostraram  que  variagbes nas formulacdbes promoviam  diferentes
biodisponibilidades. A partir destas constatacOes, a Food and Drug Administration
(FDA/USA) promoveu estudos que resultaram na regulamentagdao de critérios
relativos a biodisponibilidade e bioequivaléncia de medicamentos, tendo sido, a
versao mais conhecida, publicada oficialmente em 1992 e que esta atualmente
revisada (FDA, 2004); ainda que, os medicamentos genéricos tenham surgido
muito anteriormente nos EUA na década de 60, com um maior desenvolvimento
destes a partir de 1984, com condices politicas e técnicas mais ideais.

No Brasil, estudos de biodisponibilidade e bioequivaléncia ganharam
destaque somente a partir da Lei 9787/99 e resolugdes complementares que
propiciaram o desenvolvimento de medicamentos genéricos no Brasil (BRASIL,
1999, 2003); embora desde 1976 as industrias tenham sido autorizadas a
produzirem medicamentos similares e em 1991, com o projeto de Lei nimero 2002
que posteriormente deu origem ao Decreto 793/93, o qual nao foi totalmente
implantado, esbocavam os medicamentos genéricos no pais. Estas resolugoes
atuais seguem parametros técnicos semelhantes aos dos Estados Unidos e Europa
e permitem assegurar a qualidade, eficacia e seguranca do medicamento genérico
e garantir a sua intercambialidade com o produto de referéncia.

A biodisponibilidade relaciona-se com a quantidade de farmaco
absorvida a partir de uma forma farmacéutica e a velocidade pela qual este

processo ocorre (FDA, 2004).
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Produtos bioequivalentes sao equivalentes farmacéuticos cuja
velocidade, avaliada pelo Cmax (pico da concentragdo maxima do farmaco), e a
extensao de absorcdo, avaliada pela ASC (area sob a curva da concentragao
sangliinea versus tempo), ndao mostram uma diferenca significativa quando
administrados na mesma dose molar, pela mesma via, em um mesmo individuo,
sob condicbes experimentais semelhantes e em dose Unica ou mdltiplas doses
(BENET, 1999).

Duas formulagdes cuja velocidade e extensao de absorcao diferem
entre -20% até +25% sao geralmente consideradas bioequivalentes, porém esta
regra sO é satisfeita e aceita utilizando o critério estatistico, o qual deve mostrar
que o intervalo de confianca (IC) de 90% para as razoes dos parametros
farmacocinéticos deve estar entre 80 e 125%, critério este adotado pela maioria
dos drgaos de regulamentacao em medicamentos genéricos (BENET, 1999).

Medicamento Genérico é definido pela Agéncia Nacional de Vigilancia
Sanitaria (ANVISA) como sendo o medicamento similar a um produto de referéncia
ou inovador, que se pretende ser com este intercambiavel, geralmente produzido
apos a expiracao ou renuncia da protecdo patentaria ou de outros direitos de
exclusividade, comprovada a sua eficacia, seguranca e qualidade, designado pela
DCB (denominagao comum brasileira) ou, na sua auséncia, pela DCI (denominacao
comum internacional). O medicamento de referéncia é classificado como sendo
aquele produto inovador registrado no 6rgao federal responsavel pela vigilancia
sanitaria e comercializado no Pais, cuja eficacia, seguranca e qualidade foram
comprovadas cientificamente junto ao érgao federal competente, por ocasido do
registro (BRASIL, 2003).

Dentre as diretrizes para os medicamentos genéricos, ha a existéncia da
determinacao que somente centros autorizados pela Agéncia Nacional de Vigilancia
Sanitaria podem realizar os testes de biodisponibilidade/bioequivaléncia (BRASIL,
2003). A Bioagri Laboratérios Ltda., a Faculdade de Odontologia de Piracicaba
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(FOP-UNICAMP) e o Hospital dos Fornecedores de Cana de Piracicaba estao
certificados pela ANVISA/MS para a realizacdo das etapas clinica, analitica e
estatistica de estudos de biodisponibilidade/bioequivaléncia.

A farmacocinética em estudos de bioequivaléncia e biodisponibilidade é
geralmente baseada na determinacao das concentracdes do farmaco no sangue.
Entretanto, para alguns farmacos, como isoniazida (SURYAWATI & SANTOSO,
1986; HUTCHINGS et al, 1988), trimetoprima (WATSON & STEWART, 1986),
metronidazol (MUSTOFA et al, 1991) e claritromicina (WUST & HARDEGGER,
1993), a concentracao salivar tem sido mostrada como sendo proporcional aos
niveis sanguineos e foi entdo proposta para ser usada em estudos
farmacocinéticos para estes farmacos.

Goddard et al. (1996) e Ortiz et al. (2002) nao conseguiram quantificar
a amoxicilina em saliva, entretanto Fricker et al (1979) encontraram
concentracdes em 2 horas e Squinazi (1980) quantificou em 2, 6 e 8 horas apds a
administracao de 500mg de amoxicilina.

A saliva tem sido apontada como um indicador da microbiota oral,
sendo um reservatério de microrganismos normalmente derivado de biofilmes da
placa dental, do periodonto, do dorso da lingua e outras superficies da mucosa
oral (van der VELDEN et al., 1986, DAROUT et al., 2002).

Meylan et al. (1986) sugeriram que estudos /n vivo, avaliando os efeitos
de antimicrobianos que atuam na parede celular sobre a contagem de
microrganismos viaveis, poderiam refletir melhor a eficacia clinica destes
compostos do que os tradicionais métodos /n vitro, como concentracdao bactericida
minima (CBM) ou a razdo CBM/CIM (concentracao inibitéria minima).

A amoxicilina é um antimicrobiano da classe das penicilinas,
amplamente prescrito por décadas em diversos tipos de infeccdes. Diversos
medicamentos contendo amoxicilina estdo disponiveis no mercado farmacéutico

brasileiro. S3ao apresentacdes em capsulas, suspensdes orais, injetaveis e
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comprimidos, incluindo concentracdes de 125, 250 e 500mg, utilizadas
normalmente a cada 8 horas e ainda 200, 400, 875 mg e 1g, cujas doses podem
ser utilizadas a cada 12 horas (GRISETTI et a/,, 1999).

A posologia da amoxicilina ndao tem sido limitada pelos seus efeitos
colaterais. As justificativas para o acréscimo nas concentracdes das dosagens
seriam para melhorar a adesdo ao tratamento com a utilizacdo de duas ao invés de
trés doses diarias (CRAIG & ANDES, 1996), e menos explicados, pelo aumento da
tolerancia de alguns microrganismos ao farmaco e o aparecimento de algumas
cepas mais virulentas (DHAON, 2004).

Além dos parametros farmacodinamicos do farmaco, para escolha de
uma oOtima posologia é essencial avaliar também os parametros farmacocinéticos,
principalmente de farmacos como a amoxicilina que tem meia-vida relativamente
curta de cerca de 1,7 h (CORTVRIENDT et al/, 1987, MOLINARO et al., 1997).

Portanto, verificar a concentracdo sangliinea torna-se bastante
importante para determinar novas doses de medicamentos e um critério exigido
para determinacdo de bioequivaléncia entre medicamentos. Uma alternativa, a fim
de ndo utilizar um método mais invasivo, como a colheita de sangue, poderia ser a
determinacdo das concentracdes do farmaco em outros fluidos bioldgicos, como
por exemplo a saliva. Além da facilidade da colheita, para farmacos que possam
ser utilizados para infeccoes da cavidade oral, como a amoxicilina, as
concentragdes salivares da amoxicilina poderiam estar diretamente relacionadas a
sua atividade antimicrobiana, avaliada, dentre outros métodos, pela reducdo da

microbiota oral.
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2. PROPOSICAO

1. Comparar a biodisponibilidade relativa de duas formulagdes de amoxicilina,
amoxicilina 875mg EMS Sigma Pharma (medicamento teste) e de
amoxicilina BD 875mg — Amoxil® GlaxoSmithKline (medicamento referéncia)

administradas em regime de dose Unica em voluntarios sadios.

2. Avaliar as concentracoes plasmaticas e salivares destas formulagoes,

correlacionando-as com o efeito sobre a microbiota oral.
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3. CAPITULOS

Esta tese estda baseada na Deliberacado CCPG/001/98/Unicamp e na
aprovacao pela Congregacao da Faculdade de Odontologia de Piracicaba em sua
105 Reunido Ordinaria em 17/12/2003, que regulamenta o formato alternativo
para tese de Doutorado e permite a insercao de artigos cientificos de autoria do
candidato.

Assim sendo, esta tese € composta de dois capitulos contendo artigos
que se encontram em fase de submissdo para publicacdo em revistas cientificas,

conforme descrito a seguir:

Capitulo 1

Artigo “Comparative bioavailability of 875mg amoxicillin tablets in
healthy human volunteers”

Este artigo foi submetido ao periddico: International Journal of Clinical

Pharmacology and Therapeutics (vide Anexo 2).

Capitulo 2

Artigo “Plasmatic and salivary amoxicillin concentrations: the effect
against oral microbiota’
Este artigo estarda sendo submetido ao periddico: Archives of Oral

Biology.
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3.1 Capitulo 1

Comparative bioavailability of 875mg amoxicillin tablets

in healthy human volunteers.

S. Baglie”?, P.L. Rosalen’, L.M. Franco®, A.P.D.B. Ruenis’, R.C.C. Baglie’, G.C.N. Franco’, P.

Silva® and F.C. Groppo’

'Piracicaba Dental School, State University of Campinas (UNICAMP), SP, Brazil:
2Depan‘ment of Pharmaceutical Sciences, Ponta Grossa State University, PR, Brazil;
3Faculty of Health Sciences, Methodist University of Piracicaba, SP, Brazil;

4Bioagri Laboratories Ltda, Piracicaba, SP, Brazil.

Running Title: Comparative bioavailability of 875mg amoxicillin

Correspondence to:

Francisco Carlos Groppo

Faculdade de Odontologia de Piracicaba
Universidade Estadual de Campinas

Av. Limeira 901

Piracicaba, SP, Brazil

Zip-code 13414-903
fcaroppo@fop.unicamp.br

10



Comparative bioavailability of 875mg amoxicillin

Abstract. Objective: To compare the bioavailability of amoxicillin 875mg
tablets (EMS Sigma Pharma used as test formulation) and Amoxil® BD 875mg tablets
(GlaxoSmithKline used as reference formulation) in 26 healthy volunteers. Material and
methods: Twenty-six healthy volunteers (13 males and 13 females) received each
formulation in an open, 2x2 crossover, randomized study with 7 days of washout period
between doses. Plasma samples were obtained over a 12h interval after administration.
Plasmatic amoxicillin concentrations were obtained by combined reversed-phase liquid
chromatography and mass spectrometry with positive ion electrospray ionization using the
select ion monitoring method. AUC was calculated by the trapezoidal rule extrapolation
method. Cax and Ti.x were compiled from the plasmatic concentration-time data. Analysis
of variance was carried out using logarithmically transformed AUC.inr, AUCy.12h, Cimax and
untransformed Tp.x. Results: The mean values (£ SD) for AUCy.12n (ug.h.mL'l), AUCp.inf
(ug.hmL™), Cmex (ngmL™") and Tna (h), were, respectively: 55.42(+16.85), 55.42
(£16.85), 18.59 (£6.3), 2.04(£0.75) concerning the test formulation, and 51.11 (£18.9),
51.29 (£19.12), 17.83 (£5.86), 2.02 (£0.87) concerning the reference formulation.
Confidence intervals (90%) of amoxicillin means of AUCy o, and Cyax ratios
(test/reference) were: 0.961 — 1.149 and 0.914 — 1.142, respectively, agreeing whit the
bioequivalence criteria established by the Brazilian National Health Surveillance Agency.
Conclusion: Both formulations were bioequivalent based on both the rate and extent of
absorption.

Key words

Amoxicillin - comparative bioavailability — bioequivalence — pharmacokinetics.

11



Comparative bioavailability of 875mg amoxicillin

Introduction

Amoxicillin = [[2S-[2a,5a,6B(S*)]]-6-[[ Amino(4hydroxyphenyl)acetyl Jamino]-
3,3-dimethyl-7-o0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxilic acid] is an oral semi-
syntheticpenicillin structurally related to ampicillin [Nathwani and Wood 1993]. A benzyl
ring in the side chain of the molecule is responsible for the extended antibacterial activity
against gram-negative bacteria [Tomas, 1979]. The amoxicillin mechanism of action has
not been completely established, but it is usually accepted that penicillins may interfere
with peptidoglycan bacterial cell-wall synthesis of the sensible organisms [Sutherland and
Rolinson 1970, Neu 1974, Waxman and Strominger 1983].

Currently, numerous amoxicillin formulations are available in capsules, tablets
or suspensions, offering a variety of doses such as 125, 200, 250, 375, 400, 500, 750,
875mg, and 1g [Brundusino et al. 1999].

The common oral dose of amoxicillin for adult ranges from 250mg to 500 mg
tid [Langan et al. 1997, Georgopoulos et al. 2001], and the pediatric dose ranges from 25 to
50mg/kg/day [Garbutt et al. 2001, Agarwal et al. 2004]. The higher doses formulation has
been widely prescribed twice a day, with 12 hours interval, which the same therapeutics
efficacy for both adults and children [Lan et al. 2000, Bantar et al. 2000, Georgopoulos et
al. 2001].

Bioavailability studies of amoxicillin have been previously reported. Oliveira et
al. [2001] evaluated the bioavailability of two oral suspensions of 250mg/5mL and two
500mg capsules of commercial amoxicillin, in healthy subjects. A LC-MS-MS

quantification method showed plasmatic amoxicillin levels of 4.94pg/mL (test medication)
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and 5.31pg/mL (reference medication) and 7.11pug/mL (test) and 7.7ug/mL (reference),
respectively for 250mg and 500mg doses. Similar results were observed by Pires de Abreu
et al. [2003], which found plasmatic amoxicillin levels of 8.1pg/mL (test) and 8.15ug/mL
(reference) after a single 500mg oral dose.

There is no data about bioequivalence of 875mg amoxicillin formulations in the
indexed literature. The purpose of the present study was to compare the bioavailability of

two formulations 875mg amoxicillin.

Subjects, material and methods

Test and reference medications

The test medication was Amoxicillin - 875mg tablets (EMS Sigma Pharma, lot
n° AMO875LGO02, Sao Paulo, Brazil), and the reference medication was Amoxil® BD -

875mg tablets (GlaxoSmithKline, lot n° DC0024, Rio de Janeiro, Brazil).

Clinical protocol

Twenty-six healthy volunteers (13 males and 13 females), ranging in age from
19 - 40 years (22.65 + 4.08 years), in weight from 52.4 - 87.2kg (68.11 £ 10.44kg), and in
height from 1.55 - 1.94m (1.72 = 0.09m) completed the study. The volunteers were selected
after passing a clinical screening procedure, and were free from significant cardiac, hepatic,
renal, pulmonary, neurological, gastrointestinal and hematological disease as well as

psychiatric disorders, as determined by their medical history, physical examination, ECG
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and routine laboratory tests (blood glucose, urea, creatinine, AST, ALT, alkaline
phosphatase, y-GT, total bilirubin, albumin, total protein, triglyceride, total cholesterol,
hemoglobin, hematocrit, total and differential white cell counts, erythrocyte sedimentation
rate, and routine urinalysis). All subjects were negative to HIV, HBV, HCV and addictive
drugs. In female volunteers, BHCG was performed as pregnancy test and all were negative.
Volunteers were excluded if they were possibly sensitive to penicillins, had a history of any
illness of hepatic, renal, or cardiovascular systems, or had taken alcohol or other
medications for a long period of time. This was done to ensure that the existing degree of
variation would not be due to an influence of illness or other medications [Lerner et al.
20001].

This study was performed according to the revised Declaration of Helsinki for
biomedical research involving human subjects and the rules of Good Clinical Practice. The
protocol of this study was approved by the Ethical Committee of Piracicaba Dental School
of State University of Campinas (SP, Brazil). All participants signed a written informed
consent after they had been informed of the nature and details of the study.

All subjects avoided using other drugs for at least 2 weeks prior to the study
and until after its completion. They also refrained from alcoholic drinks and xanthine-
containing foods and beverages; including tea, coffee, and cola, 48 hours prior to each
dosing and until the collection of the last blood sample [Kim et al. 2001].

The study was conducted in an open randomized two-period crossover balanced
design with a one week washout period between doses. During each period, the volunteers
were hospitalized at night preceding the drug administration until last blood collection.

After fasted 12 hours before dosing, the subjects received a single oral dose of either
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amoxicillin medication with water (200 mL). Standard meal was provided 4, 8, 10 and 12
hours after drug administration. No other food was permitted during the hospitalization
period. Water consumption was permitted ad libitium 2 hours after drug administration.
Subjects were not allowed to remain in a supine position or to sleep during the whole blood
collection period. Every 2 hours, body temperature, systolic and diastolic arterial pressure
and heart rate were recorded. The volunteers were instructed to inform any adverse event
during whole study.

Blood samples (8 mL) from antecubital vein, via heparinized cannula, were
collected into sterile tubes with 100uL. of 10% EDTA solution, at pre-dose (0), and
0h30min, 1h, 1h20min, 1h40min, 2h, 2h30min, 3h, 4h, 6h, 8h and 12 hours after the drug
administration. The heparinized normal saline injection solution, 1 mL, was flushed into the
cannula to prevent blood clotting, after each blood sampling. Right after each blood
collection, the samples were centrifuged 2000 g during 15 min in a cooled centrifuge (4°C)

and immediately the plasma samples were frozen at -70°C until analysis.

Bioanalytical assay of amoxicillin in plasma

Amoxicillin and cefadroxil (internal standard) were extracted from plasma by
solid-phase extraction using C-18 cartridges (Oasis, Waters Corp., USA). Samples were
prepared by vortex-mixing (1min) 400uL of plasma, ImL of sodium phosphate monobasic
(pH 3.2), and 20uL of internal standard (360pg/mL). These samples were eluted in the

preconditioned cartridges with 2mL of methanol and 1mL of phosphate buffer (pH 3.2).
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Cartridges were washed by using 1mL of phosphate buffer and 1mL of water, drying the
columns by vacuum (15min/5psi). The extraction were performed eluting 6mL of
methanol:isopropanol (40:60) through the cartridges, which were dried under nitrogen flux
at 40°C. Ammonium acetate buffer (40uL - pH 5.4) was added to eluate.

The samples were analyzed by a Hewlett Packard 1100 Series chromatography
system (LC-ESI-MS), set in positive mode (ES+).

The chromatography was performed by using a reverse phase analytical column
RP-18 (250mm x 2.Imm x 5um) and reverse phase guard column RP-18 (4.0mm x 3.0mm
x Sum), with a flow rate of 0.3 mL/min at 40°C. The mobile phase involved a mixture of
ammonium acetate buffer pH 4.0 (A) and acetonitrile (B), using a gradient of 95% A and
5% B (from t=0 to 3 min); 20% A and 80% B (from t=3 to 5 min); 20% A and 80% B
(from t=5 to 7 min); and 95% A and 5% B (from t=7 to the end of the run time - 8 min).

Amoxicillin’s ions were monitored at 366m/z and cefadroxil at 364m/z.

Pharmacokinetic analysis

The maximum observed plasma concentration (Cp.x) and the time taken to
achieve this concentration (Ty,.x) were obtained directly from the curves. The areas under
the amoxicillin plasma concentration vs. time curves from 0-12h (AUCy.12n) were
calculated by applying the linear trapezoid rule. Extrapolation of these areas to infinity
(AUCjyr) was determined by using computer software calculation (PK Solutions, Non-
compartmental Pharmacokinetics Data Analysis Excel Template, 2001, Summit Research

Services, Montrose, CO, USA).
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Statistical analysis of data

The statistical analysis was performed by using computer software (SAS 1999-
2001, SAS Institute Inc., Cary, NC, USA). Analysis of variance (ANOVA) was performed
on all variables (log transformed values), except for Ty, Confidence interval (CI) was
obtained from ANOVA data, except for Tp.x. The treatment, sequence, study period and
subject within sequence were considered in the ANOVA. The 90%CI of the geometric
mean for the individual test/reference ratios for AUC.inr, AUCq.12n and Cpax Were used to
determine the bioequivalence between the formulations, observing the acceptance range of
80 to 125% (0.8-1.25), which is established for the Brazilian National Health Surveillance

Agency.

Results and discussion

The method for amoxicillin quantification used in the present study was
validated and provided high sensibility and specificity, as required by pharmacokinetic
studies [Benet 1999]. Briefly, three amoxicillin solutions (0.90, 17 and 35ug/mL) were
used as quality controls. The intra-day variabilities were 5.21, 9.38 and 7.80%,
respectively. The inter-day variabilities were 9.65, 8.38, and 6.88%, respectively. The mean
absolute recoveries of amoxicillin/cefadroxil were 75.67/94.45% at 0.90ug/mL, 58.15/85%
at 17pug/mL, and 61.42/82.50% at 35pg/mL. Both the detection limit (0.2pg/mL) and the
quantification limit (0.3pug/mL) were similar to other liquid chromatography methods, such

as HPLC coupled to UV [Muth et al. 1996] or column switching ion-pair HPLC [Carlqvist
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and Westerlund 1985]. However, the present method showed lower retention time for both
amoxicillin and internal standard.

Twenty-six volunteers completed the study in good health conditions as
confirmed by post-study clinical anamnesis and laboratorial tests. Both amoxicillin
formulations were well tolerated after oral administration. Adverse effects related were
headache 9.6% and nausea 1.9% of subjects considering both medications. These effects
were not considered clinically significant since they were similar to the ones previously
reported on medical literature [Grover and Tyagi 1993]. The fasting period could also
contribute to the observed adverse effects. The sample size (n=26) assured reliable results
for statistical analysis, providing 100% of power analysis (f=100%).

The mean of amoxicillin plasma concentrations regarding test and reference
formulations are presented in the Figure 1. The T, observed in present study result was
similar to results reported by Pires de Abreu et al. [2003] and Oliveira et al. [2001] both
using capsules of 500mg amoxicillin. The authors observed a Ty,.x between 1.7h and 2.0h.

It is well established that the dose affects the C.x and the area under the curve.
The dose of amoxicillin in our study (875mg) provided, as expected, higher Cy,.x than the
ones observed in studies using 500mg amoxicillin [Pires de Abreu et al. 2003; Oliveira et

al. 2001].
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Figure 1. Mean (= SEM) plasma concentration-time profiles of amoxicillin after single oral
administration of 2 amoxicillin 875mg tablets (amoxicillin EMS as test and Amoxil as

reference).

Table 1 shows the means of each pharmacokinetic parameter (AUC.zp,
AUCqinf, Cmax and Tpax) of 875mg amoxicillin tablets. Pires de Abreu et al. [2003]
observed mean values of AUCy.g, and AUC.jn¢ of 21.7 (range 14.1 - 33.8) and 24.3 (range
15.6 - 38.8)ug/mL.h, considering 500mg amoxicillin capsules. In this study, higher values
(more than two times higher) were observed (mean AUCy o, = 53.3 pg/mL.h and mean
AUC.inr=53.4pg/mL.h) certainly due to the use of 875mg amoxicillin. Similar comparison

is valid considering the results observed by Oliveira et al. [2001].
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Table 1. Mean (£ SD) pharmacokinetic parameters after oral administration of

amoxicillin 875mg tablets (test and reference) to 26 healthy volunteers.

Pharmacokinetic parameters Amoxicillin EMS Amoxil
(test) (reference)
AUCq.12 (ngh.mL™) 55.42(+16.85) 51.11 (£18.9)
AUCq.int(pgh.mL™) 55.42 (£16.85) 51.29 (£19.12)
Crnax (Rg.mL™) 18.59 (+6.3) 17.83 (+5.86)
Tinax (h) 2.04(%£0.75) 2.02 (£0.87)

Confidence interval (90%) ratio considering test and reference formulations
was 0.914 — 1.142 for Cpax and 0.961 — 1.149 for AUCy_12.

Amoxicillin/Amoxil 875mg tablets showed the 90% confidence interval similar
to described by Oliveira et al. [2001] using Amoxicillin/Amoxil 500mg capsule. These
authors observed an IC 90% range of 0.850 - 1.023 for AUCy.gy and 0.801 - 1.027 for Cpax.
The results demonstrated are within the 80 to 125% confidence, which is the interval
recommended the by regulatory agencies [ANVISA/Brazil 2004, FDA/USA 2004] for

bioequivalent formulations.
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Conclusion

Both formulation - amoxicillin 875 mg tablets (amoxicillin 875 mg tablets -
EMS Sigma Pharma and Amoxil® BD — GlaxoSmithKline 875 mg tablets) are
bioequivalent, based on rate and extent of absorption, and thus may be prescribed

interchangeably.
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Abstract

Obijective: To quantify both plasmatic and salivary concentrations after a
single 875mg oral dose of two amoxicillin (AMO) formulations. In addition, to
assess the effect of amoxicillin against oral microbiota. Design: Twenty healthy
volunteers were evaluated in an open, randomized, two-period crossover design.
Tablets of AMO (Group 1 — Amoxicillin-EMS and Group 2 - Amoxil®) was
administered to all volunteers observing 1-week interval between each
administration. Saliva and blood samples were collected previously and after 0.30,
1, 2, 4, 8 and 12 hours of drug administration. Blood and saliva samples were
quantified by liquid chromatography methods (LC-ESI-MS and LC, respectively).
Streptococci, anaerobe, and total microorganism counts were obtained on different

culture conditions. Results: No statistically significant differences were observed

between the two formulations (¢test, p>0.05) regarding AMO plasmatic and saliva
concentrations. Salivary microorganism counts did not show statistical differences
(Repeated Measures ANOVA, p>0.05) between the two formulation during each
sampling time. Starting at 60 min, a statistically significant decrease (Repeated
Measures ANOVA, p<0.05) was also observed considering all microorganisms.
Conclusion: Both formulation of amoxicillin in a single 875mg dose were effective

in reduce oral microorganisms until 12 hours.

Key words: amoxicillin, saliva, microorganism, plasmatic concentration
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Introduction

Amoxicillin is widely prescribed penicillin, which is mainly used due to its
extended spectrum, a rapid and extensive oral absorption, unhindered by food and
good tolerance by patients’.

Penicillin  kills susceptible bacteria by specifically inhibiting the
transpeptidase catalyzing the final step in cell-wall biosynthesis, the cross-linking of
peptidoglycan®. Previus studies using time kill assay have shown that the
bactericidal activity of amoxicillin is more effective than other betalactam
antibiotics.>*>

The oral daily recommended dosage to adult patients is usually 250 to
500mg tid.*>’ For pediatric patients depending on the infection severity and the
etiological agent, the dosage is usually 25 to 50mg/kg tid.®° Higher doses has
been widely prescribed twice a day, with 12 hours interval, which the same
therapeutics efficacy for both adults and children.”*%!

Amoxicillin has been used as the first choice in several odontogenic
infections and bacterial endocarditis prophylaxis.!? Viridans streptococci (alpha-
hemolytic streptococci) and S. aureus are the most common cause of endocarditis
following dental or oral procedures, upper respiratory tract procedures,
bronchoscopy with a rigid bronchoscope, surgical procedures involving the

respiratory mucosa, and esophageal procedures.’*!*? The standard bacterial

endocarditis prophylaxis regimen includes 2g single dose of amoxicillin, one hour
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before the procedure.'?

Measurement of amoxicillin in body fluids can be performed using high
performance liquid chromatography (HPLC) techniques previously described®?.
Also, reversed phase liquid chromatography coupled to tandem mass spectrometry
(LC-MS-MS) was used to quantify the compound.*®

The aim of this study was to compare both plasmatic and salivary
concentration of two amoxicillin formulations and their effect against oral

microbiota of healthy volunteers.

Materials and methods

This study enrolled 20 healthy volunteers (50% of males), ranging in
age from 19 to 40 years (22.4 £4.6), in weight from 52 to 87 kg (69.38 + 11.36
kg) and in body mass index from 21 to 25 (22.8+1.98). The clinical trial was
conducted according to the I.C.H Harmonized Tripartite Guideline for Good Clinical
Practice (1996) and the Declaration of Helsinki (1965).

The subjects were informed of the purpose, protocol and risks of the
study. Individuals using any medications 14 days prior to or throughout the study,
including over-the-counter products, and showing hypersensitivity to amoxicillin
were excluded. The FOP-UNICAMP Ethics Committee approved the protocol and all

subjects provided written informed consent.
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The volunteers were hospitalized and fasted 12 hours before dosing.
The subjects received a single oral dose of either Amoxicillin EMS (875mg tablets,
EMS Sigma Pharma, Sao Paulo, Brazil), and the Amoxicillin - Amoxil® BD (875mg
tablets, GlaxoSmithKline, Rio de Janeiro, Brazil) in an open, randomized, two-
period crossover design with 1-week wash-out period between doses.

Standardized meals were given 4, 8, 10 and 12 hours after drug
administration. No other food was permitted during the sampling period. Except
xanthine-containing drinks including tea, coffee, and cola derivatives, liquid
consumption was permitted ad /ibitium 2 hours after drug administration. All the
volunteers were instructed not to perform tooth brushing and dental flossing from
the beginning of the fasting period to the final saliva sampling (12 h).

Non-stimulated saliva samples and blood samples were collected at the
following time periods: pre-dose, 30 minutes, 1, 2, 4, 6 and 12 hours after drug
administration in order to assess pharmacokinetics parameters.

The blood samples were centrifuged at 2000 g during 15 minutes (4°C)
and plasma was stored at -70°C for further LC-ESI-MS analysis. Aliquots of saliva
samples were stored at -70°C for further LC analysis.

Amoxicillin and cefadroxil (internal standard) were extracted from
plasma by solid-phase extraction using C-18 cartridges (Oasis, Waters Corp., USA).
Samples were prepared by vortex-mixing (1min) 400uL of plasma, 1mL of sodium

phosphate monobasic (pH 3.2), and 20uL of internal standard (360ug/mL). The
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samples were analyzed by a Hewlett Packard 1100 Series chromatography system
(LC-ESI-MS), set in positive mode (ES+).

The chromatography was performed by using a reverse phase analytical
column RP-18 (250x2.1mmx5um) and reverse phase guard column RP-18
(4.0x3.0mmx5um), with a flow rate of 0.3 mL/min at 40°C. The mobile phase
involved a mixture of ammonium acetate buffer pH 4.0 and acetonitrile (run time -
8 min). Amoxicillin’s ions were monitored at 366m/z and cefadroxil (internal
standard) at 364m/z.

Saliva samples added of cefadroxil (30pL of 200ug/mL) as internal
standard were submitted to liquid-liquid extraction by using perchloric acid.®
Aliquots of 50uL were injected in the liquid-chromatography device (9012 HPLC
pump, UV-VIS detector 9050 and Star 9050 integrator software - Varian Inc.
Corporate, Palo Alto, USA) using a 5-um particle size Lichrocart column 100 RP18
(250x4 mm 1.D., Merck, Darnstadt, Germany). Samples were eluted with a mobile
phase consisting of 0.01 M aqueous solution of sodium monophosphate (pH=4.8)
and acetonitrile (99:1). The flow-rate was 2.0 mL/min and the wavelength was set
at 229 nm. Total analysis time was 6 min. All analyses were performed at room
temperature.

Aliquots of saliva were diluted right after collection and 50 uL of each

sample were logarithmically plated by an automatic spiral plater (Whitley
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Automatic Spiral Plater, Don Whitley Scientific Limited, Shipley, UK) on three
different culture conditions, in duplicate.

Total microorganisms were recovered from 5% Blood Sheep Agar (BSA)
after 24 hours of incubation at 37°C, 10% CO,, and afterwards at 37°C in aerobic
conditions. Streptococci were recovered from Mitis Salivarius Agar (MSA) after 48
hours of incubation at 37°C, 10% CO,. Anaerobes were recovered from 5% Blood
Sheep Agar (BSA), after 7 days of incubation at 37°C in anaerobic environment
(80% N, 10% CO, and 10% H,).

Paired t test (alpha=0.05) was performed to verify differences between
the two formulations considering plasmatic and salivary concentration.

The number of colony forming units (cfu/mL) was obtained by manual
counting device, considering each time of saliva collection and each amoxicillin
formulation. ANOVA repeated measures test (alpha=0.05) and Tukey's Studentized
Range (HSD) was used to analyze the microorganisms counts comparing the time
periods for each formulation and comparing both formulations considering each

time period.

Results

No statistically significant differences were observed between the two

formulations (p>0.05) considering the amoxicillin plasmatic and salivary
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concentrations. The concentration (mean + SEM) observed considering both

formulations at each sampling time points are illustrated in Figure 1.

18 — O = Amoxicillin - EMS (plasma)
16 —{— Amoxicillin - Amoxil (plasma)

—&8— Amoxicillin - Amoxil (saliva)

—

n

N
/
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=

Time (hours)

Figure 1. Concentration versus time curves. Mean plasmatic
concentrations (ug/mL £ SEM) and mean salivary concentration (ug/mL £ SEM) of

the two amoxicillin formulations obtained from 20 volunteers.

There were no statistically significant differences (p>0.05) between the
formulations regarding each microorganism (streptococci, total microorganisms or
anaerobe) counts considering each sampling time. However, a comparison among
the time points regarding each formulation showed statistically significant
differences from 1hour to 12 hours (p<0.05) for all studied microorganisms.

The Figures 2, 3 and 4 present, respectively, the log of mean (£SEM) of
streptococci, total and anaerobic microorganism counts from saliva sampling after

the administration of both amoxicillin formulations tested.
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Figure 2. Mean values (£SEM) of streptococci counts (log cfu/mL) from

saliva sampling (black-dashed line represents the regression curve). Different letters

means statistically significant differences (p<0.05).
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Figure 3. Mean values (£SEM) of total microorganism counts (log

cfu/mL) from saliva sampling (black-dashed line represents the regression curve).

Different letters means statistically significant differences (p<0.05).
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Figure 4. Mean values (£ SEM) of anaerobic microorganism counts (log

cfu/mL) from saliva sampling (black-dashed line represents the regression curve).

Different letters means statistically significant differences (p<0.05).

Discussion

Several methods have been described to assay amoxicillin in body fluids.
High performance liquid chromatography (HPLC) techniques were previously
described.’®!” Also, reversed phase liquid chromatography coupled to tandem
mass spectrometry (LC-MS-MS) was used to quantify the antibiotic.’® In the
present study, we validated a LC-ESI-MS assay to quantify amoxicillin plasmatic
concentrations which showed linearity, specificity, precision, accuracy (data not
shown) after a solid extraction procedure. Quantification in saliva samples were
performed by a slightly modified HPLC method'” resulting in a good

chromatographic separation and quantification.
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There is no similar data regarding both plasmatic and salivary
concentrations of 875mg amoxicillin in the literature. As expected, the results
obtained in the present study for plasmatic concentration were higher than those
reported in previous studies using healthy volunteers submitted to a single 500mg

17,18

oral dose of amoxicillin'’*® and lower than those using 1000mg of amoxicillin'®.

However, the Tmax parameter was similar to the previous reported studies.'®!’:18 In
addition, both formulations tested showed the same profile either considering
salivary or plasmatic concentration, i.e., both could be considered therapeutically
equivalent.

Previous studies have showed undetectable concentrations in saliva
after an intravenously single-dose of 500mg amoxicillin.’®?' However, in the
present study it was possible to quantify the antimicrobial agent until 8 hours after
administration, probably due to the higher dose of amoxicillin used. The salivary
concentration certainly had influenced the decrease of all microorganisms in the
saliva samples.

Although whole saliva has no distinctive microbiota of its own?’, it
harbors as much as 10® bacteria/mL?® and is a reservoir of microorganisms
regularly derived from dental plaque biofilms adhering to gingival crevices,

periodontal pockets, the dorsum of the tongue, and other oral mucosal surfaces®*,

reflecting the oral microbiota.
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The study of the /n vivo effect of amoxicillin over viable microorganism
counts is more accurate to reflect clinical efficacy than the traditional in vitro
methods, such as MBC or the MBC/MIC ratio.”> Both amoxicillin formulations
demonstrated effectiveness against the microorganisms, since a decrease in
bacterial counts were observed starting from 60 min after drug administration,
which was maintained over the sampling period for all microorganisms evaluated.
Streptococci showed the largest decrease among the microorganisms.

A previous study using a single dose of three grams of amoxicillin
observed a marked drop in the concentration of streptococci after four hours but
almost all subjects substantially recovered the microorganisms after 48h of drug
administration. All subjects recovered the initial number at seven days.?® The
present study showed that the number of streptococci was keep lower than the
initial number after 12 hours showing a tendency to increase the number after this
period.

It is currently accepted that oral streptococci, especially viridans group
isolated from dental infections, are still susceptible to many antimicrobial agents. A
previous study showed a range between 0.016 to 3ug/mL considering the MICsg
for S. mitis, S. oralis and S. sanguis isolated from aspirates of pus of dento-alveolar
infections.?”*?8 In the present study, we showed that amoxicillin remained very
closed to these MIC values until 6 hours, which could explain the reduced levels of

streptococci until 12 hours after drug administration.
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Beta-lactam antibiotics are still considered to be the antimicrobial of
choice for orofacial endodontic infections, which are caused mainly by anaerobe
microbiota.”>*° Despite some penicillin-resistant anaerobe species have been
reported (especially Gram negative anaerobes), the prevalence of these bacteria is
still considered low.”® This low resistance could be also responsible for the
significative reduction of anaerobes strains verified after 8 hours of both drug
administration in the present study.

In conclusion, both formulations of amoxicilin showed similar
pharmacokinetics in plasma and in saliva, and were effective in reduce the oral

microbiota.
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CONCLUSAO

4. CONCLUSAO

1. Os medicamentos teste e referéncia de amoxicilina 875mg em
comprimidos foram considerados bioequivalentes, podendo ser
intercambiaveis.

2. Os medicamentos nao mostraram diferengas entre as concentragoes
plasmaticas e nem entre as concentracgdes salivares.

3. Os medicamentos mostraram eficacia antimicrobiana similares, pois
ambos foram capazes de causar reducao significativa da microbiota

salivar.
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