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1. CONTEXTUALIZACAO

Produtos genéricos devem demonstrar, em primeira instancia, equivaléncia
farmacéutica em relacdo ao medicamento referéncia para serem aprovados pelos
orgdos reguladores. A avaliagdo da bioequivaléncia geralmente é realizada através
de estudos farmacocinéticos em humanos, entretanto, entre outras formas, é possivel
utilizar os testes de dissolucdo in vitro para demonstrar a equivaléncia entre um

produto teste e seu comparador.

Testes de dissolucdo sdo ferramentas Uteis no processo de desenvolvimento
de medicamentos. Eles auxiliam na identificacdo de problemas relacionados aos
excipientes utilizados na formulacdo e ao processo produtivo. Inicialmente, os testes
de dissolucéo in vitro foram desenvolvidos para serem utilizados no controle de
qualidade de medicamentos, de forma a garantir a consisténcia lote a lote. H4 uma
diferenca evidente entre os testes de dissolucdo utilizados no controle de qualidade e
agueles que evidenciam a equivaléncia in vitro. O primeiro envolve a andlise de um
anico ponto de coleta do meio de dissolucdo, enquanto o segundo, envolve a
comparacao de perfis de dissolucdo de um medicamento referéncia e um teste, na

faixa de pH fisiolégico relevante para a absorcdo no trato gastrintestinal.

Bioisencao consiste na dispensa do teste de bioequivaléncia in vivo solicitado
pelas autoridades sanitarias para novas capsulas, comprimidos ou novas formulagées
de formas farmacéuticas orais de liberacdo imediata j& existentes e aplicavel a
determinadas situacdes. O produto € considerado bioequivalente através da

realizacdo de um estudo comparativo de dissolugéo in vitro (VOGELPOEL, 2004).

No contexto da crescente popularizacdo do uso de medicamentos genéricos, a
isencdo de estudos de bioequivaléncia/biodisponibilidade € uma forma de facilitar o
registro de produtos, facilitando o seu acesso para a populagédo e a0 mesmo tempo

evitando problemas éticos e de custo que envolvem os estudos em humanos.

A bioisencdo pode ser aplicavel em alguns casos, dependendo da legislacéo

de cada pais:



- quando um mesmo medicamento possui diferentes dosagens, as quais apresentam
perfis de dissolucdo semelhantes, € possivel a realizacdo de apenas um estudo in

vivo que demonstre bioequivaléncia, utilizando uma Unica dosagem;

- em alteracdes no processo produtivo e pos-registro o teste de dissolugédo in vitro
pode ser utilizado para demonstrar que o produto permanece semelhante a sua

versao anterior e ao produto referéncia.

- para novos produtos, utilizando como critério de avaliacdo o Sistema de

Classificacéo Biofarmacéutica.

O Sistema de Classificacédo Biofarmacéutica (SCB) foi proposto por Amidon e
colaboradores, em 1995, e classifica os farmacos em quatro classes diferentes com
base nas caracteristicas de solubilidade e de permeabilidade através da membrana
intestinal (AMIDON, 1995), conforme demonstrado na Tabela 1. Essa sistematizagéo
permite estimar a absorcao de farmacos administrados via oral e tem sido empregada
pelas agéncias reguladoras, em conjunto com dados de estudos de dissolucéo, para
a avaliacdo dos candidatos a isengdo de estudos de biodisponibilidade (BD) e/ou
bioequivaléncia (BE) (DAVIT, 2016).



Tabela 1. Sistema de Classificagcdo Biofarmacéutica, adaptado de Amidon e
colaboradores (1995).

Classe Solubilidade Permeabilidade Correlacgéo IVIV Esperada

Correlacéo se a taxa de dissolucéo for
mais lenta do que a taxa de
I Alta Alta ) o .
esvaziamento gastrico, caso contrario,

limitada ou sem correlagao.

Correlacao esperada se a taxa de
_ dissolugéo in vitro for semelhante a
Il Baixa Alta , o
taxa de dissolucao in vivo, a menos

gue a dose seja muito alta

A absorgéo (permeabilidade) é
_ determinante e correlagéo limitada ou
I Alta Baixa .
sem correlacdo com a taxa de

dissolucao.

\Y Baixa Baixa Limitada ou ndo esperada

Em 2000, a Food and Drug Administration (FDA) foi a primeira agéncia
reguladora a publicar um guia com orientagbes para a isencdo de testes de
bioequivaléncia baseado no SCB para formas farmacéuticas solidas orais de liberacéo
imediata contendo substancias pertencentes a Classe I. Alguns anos mais tarde, a
Organizacdo Mundial da Saude (OMS) (2006) e a Agéncia Europeia de Medicamentos
(EMA) (2010) também permitiram a bioisencdo para substancias da Classe lll. Em
2011, uma diretriz brasileira sobre o assunto foi publicada pela Agéncia Nacional de
Vigilancia Sanitaria (ANVISA). Ela permite a isengdo de estudos de BD e/ou BE
exclusivamente para os medicamentos descritos na lista que faz parte do documento
(RDC 37, 2011). Inicialmente, a lista continha 9 substancias e, atualmente,
compreende 21 farmacos: acido acetilsalicilico; cafeina; capecitabina; cloridrato de
doxiciclina; cloridrato de memantina; cloridrato de propanolol; cloridrato de
venlafaxina; dicloridrato de pramipexol; dipirona; estavudina; fluconazol; fumarato de
bisoprolol; hemitartrato de rivastigmina; isoniazida; levofloxacino; metoprolol;

metronidazol; paracetamol; pregabalina; sotalol e temozolomida (IN 10, 2016).



Somente em 2015, a FDA comecou a considerar os medicamentos de Classe Il como
candidatos a bioisencao (FDA, 2015).

Monografias de bioisencéo de farmacos séo revisdes da literatura cientifica que
relnem dados e avaliam se os mesmos permitem ou ndo que uma determinada forma
farmacéutica oral, contendo uma determinada substancia ativa, pode ser isenta dos
estudos de biodisponibilidade e/ou bioequivaléncia in vivo com base na classe a qual
pertence a substancia no SCB. As informacgdes pertinentes a serem compiladas para
a elaboracéo dessas monografias incluem dados sobre solubilidade, permeabilidade,
dissolucdo, farmacocinética, indicacdo terapéutica, indice terapéutico, excipientes
empregados nos diversos produtos registrados mundialmente e problemas com

biodisponibilidade e/ou bioequivaléncia.

Uma iniciativa da Federacao Internacional de Farmacéuticos (FIP) em conjunto
com a Organizacdo Mundial da Saude vem publicando essas monografias de
medicamentos presentes na lista de Medicamentos Essenciais da OMS, desde 2004,
no Journal of Pharmaceutical Sciences. O projeto esta sob a lideranca da Professora
Jennifer Dressman da Universidade de Goethe, Frankfurt am Main, na Alemanha e
permite que pesquisadores de diversos paises participem da elaboracdo das
publicagcBes. O projeto € uma acao que visa prover acesso universal a medicamentos
de qualidade e, para isso, € necessario promover uma reducdo dos custos de
desenvolvimento e registro de produtos. A bioisencdo € uma conduta que visa facilitar
a insercdo de medicamentos genéricos no mercado e ainda reduzir 0os custos com
pesquisas, mas com a preocupacado de garantir que os produtos apresentem bom
desempenho. A intencdo é publicar monografias para todos os medicamentos
presentes na Lista de Medicamentos Essenciais da OMS, assim como para alguns
outros gque ndo estdo presentes nela, mas sdo considerados de grande importancia.

Atualmente, 45 monografias estédo disponiveis para acesso na pagina da FIP.

O farmaco escolhido para realizar a monografia de bioisen¢éo apresentada foi
o fosfato de oseltamivir, um farmaco utilizado na prevencéo e tratamento da influenza
tipo A e B, utilizado em mais de 100 paises e presente na Lista de Medicamentos
Essenciais da OMS. Essa infeccdo € altamente contagiosa e esta associada a altas
taxas de hospitalizacdo e mortalidade devido as complicac6es que ela acarreta.

Embora a vacinacéo venha sendo utilizada como uma forma de prevencdo da doenca,
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problemas relacionados ao seu acesso e a sua eficacia justificam o uso dos
medicamentos antivirais para o tratamento da influenza. O medicamento referéncia
Tamiflu® foi langado em 2000, pela fabricante Roche. Em alguns paises, como Brasil
e Canada e na Unido Europeia, versbes genéricas foram aprovadas, o que pode
significar um beneficio para a saude publica em termos de reducdo de custos para o
tratamento da doencga (Smith, 2011). Nesse contexto, a bioisengdo baseada no SCB

pode ser Util para incentivar o registro de novos produtos contendo este ativo.



Este artigo foi elaborado de acordo com as normas do Journal of Pharmaceutical
Sciences apresentadas em anexo.



2. PROPOSTADE ARTIGO

Biowaiver Monographs for Immediate-Release Solid Oral Dosage

Forms: Oseltamivir Phosphate — a Draft Document

MARCIA N. DA SILVA, NADIA M.VOLPATO

Faculty of Pharmacy, Federal University of Rio Grande do Sul, Porto Alegre, Brazil *

ABSTRACT: Literature data relevant to the decision to allow a waiver of in vivo
bioequivalence (BE) testing for the approval of immediate release (IR) solid oral
dosage forms containing oseltamivir are reviewed. Available data suggest that
oseltamivir is highly soluble and exhibits low permeability, hence, it would likely be
assigned to BCS Class lll. No BE studies comparing oseltamivir capsules formulations
were identified in the literature. It is concluded that a biowaiver for oseltamivir IR solid
dosage forms could be justified provided that (a) more replicates of the solubility data
demonstrating high solubility are generated; (b) the test and reference product show
very rapid dissolution profiles; (c) the test product formulation is qualitatively the same

and quantitatively very similar to the reference.

Keywords: oseltamivir; dissolution; absorption; Biopharmaceutics Classification

System (BCS); permeability; regulatory science; solubility.

INTRODUCTION

A monograph based on the literature data is presented for oseltamivir with
respect to its biopharmaceutical properties. The purpose and scope of these
monographs have been discussed previously. 1 To illustrate the various aspects that
are considered to determine whether the biowaiver procedure can be recommended
or not, biowaiver monographs for active pharmaceutical ingredients (APIs) belonging
to all biopharmaceutics classification system (BCS) classes have been published

(www.fip.org/bcs). The monographs have no formal regulatory status but they provide
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a summary of relevant information found inthe scientific literature and based on these
data the authors discuss whether IR dosage forms containing a given active substance
could be eligible for a biowaiver. This recommendation is dependent on the drug BCS
class, molecule characteristics, formulations available in the international market which
contain the drug and the risks to the patient associated with an incorrect biowaiver
decision. Oseltamivir is a drug used in the treatment and prevention of influenza types
A and B and is present in the World Health Organization (WHO) Model List of Essential
Medicines. 2 This work aims to present biopharmaceutical characteristics of oseltamivir
phosphate based on the literature data and discuss them in the context of
pharmaceutical biowaiver, evaluating the possibility of exemption from bioequivalence

testing for new immediate release capsules containing oseltamivir as the single API.

EXPERIMENTAL

A literature search was performed in the Pubmed, Web of Science and International
Pharmaceutical Abstracts databases. Documents of international regulatory agencies
were also consulted.

The keyword "oseltamivir® was used alone and/or in combination with one or more
of the following terms: "bioequivalence", "bioavailability’, "pharmacokinetics",
"solubility”, "permeability’, "dissolution”, "polymorphism", "log P", “intestinal
absorption”, "toxicity", "pKa" and "lipophilicity". There was no restriction to the

publication period.

GENERAL CHARACTERISTICS

Oseltamivir phosphate (OP) chemical name is ethyl (3R,4R,5S)-4-acetamido-5-
amino-3-(1-ethylpropoxy)-1-cyclohexene-1-carboxylate, phosphate (1:1), 3* its
molecular formula is CisH28N204.H3POs, its molar weight is 410,4 g/mol 345 and its
melting range is 192-195°C, with degradation. The active drug oseltamivir carboxylate
(OC) has its carboxylic group changed to ethyl ester to generate the prodrug OP which

results in certain lipophilicity. The structure of oseltamivir is shown in Figure 1.
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Figure 1. Chemical structure of oseltamivir and oseltamivir carboxylate.

Therapeutic Indications, Therapeutic Index and Toxicity

OP is an antiviral agent, it is supplied as a prodrug which, through its active
form, OC, acts as an inhibitor of neuraminidase, a surface glycoprotein responsible for
the release of progeny virions from infected host cells. Oseltamivir is indicated for the

treatment and prevention of infections caused by influenza A and B viruses.”?

Commonly observed adverse effects are mild to moderate in intensity and
involve especially the gastrointestinal tract and include nausea and vomiting. 21911 |n
clinical studies, oral doses up to 1000 mg daily of oseltamivir were well tolerated,

resulting in no serious adverse effects. 1213

PHYSICOCHEMICAL PROPERTIES
Salts, Isomers and Polymorphs

Oseltamivir phosphate is a salt, each 1.3 mg is equivalent to about 1 mg of
oseltamivir. The enantiomer (3R, 4R, 5S) is employed as the active substance. It is
reported that oseltamivir phosphate may exhibit polymorphism, ° nevertheless no more
information in the literature was obtained as to whether the polymorphic form affects
bioavailability. The production method is validated to ensure that the substance is the
(BR/4R,5S)-enantiomer and that less than 100 ppm of the impurity ethyl-
(1R,2R,3S,4R,5S)-4-acetamido-5-amino-2-azido-3-(1-ethylpropoxy)



cyclohexanecarboxylate is present, when determined by a suitable method such as

liquid chromatography combined with mass spectrometry. °

Solubility

Oseltamivir phosphate is freely soluble in water (a partis soluble in 1to 10 parts
of solvent) 3% and its aqueous solubility is >250 mg/mL 14 and 588 mg/mL at 25°C. 15

No data on its solubility over the physiological pH range was found in the literature.

Experiments were conducted by our research group to evaluate oseltamivir API
saturation point in agueous media over distinct pH values, the results are shown in

Table 1. Details of the procedure are presented in Appendix I.

Table 1. Solubility of oseltamivir phosphate over different pH values.

Solubility Dose/Solubility Ratio
pH Aqueous solvents

(mg/mL) Calculated (mL) 2
1.2 0.1 M HCI 618 0.121
4.5 0.05 M acetate buffer 581 0.129
6.8 0.025 M phosphate buffer 559 0.134

aCalculated for WHO highest recommended dose (75 mg)

Partition Coefficient

The partition coefficient (P) between octanol and water is commonly used as
measure of lipophilicity. The distribution coefficient (log D) is appropriate to represent
the partition of an ionized compound between octanol and phosphate buffer saline (pH
7.4). The active form of oseltamivir (OC) is highly polar, hence, the prodrug is

administered to improve intestinal permeability and oral bioavailability. 16

The following log P values have been reported to the prodrug in the literature
0.36 17,0.54 8 and 1.1 15, Other studies reported a log D value of 0.36 at pH 7.4. 1416
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pKa

An acid dissociation constant (pKa) value of 7.7 has been reported in the
literature for oseltamivir. 414 The prodrug prevents the ionization of the carboxylic acid
group present in the active form, the only ionized group in the intestinal pH is a

protonated amine.

Dose and Dosage Forms Strenghts

In Brazil, oseltamivir phosphate is commercially available in the form of 30, 45
and 75 mg capsules. 19 In the US, capsules are available atthe same doses, and a

powder for oral suspension resulting in 6 mg/ml is also marketed. 2°

PHARMACOKINETIC PROPERTIES
Absorption and BA

After oral administration, oseltamivir is absorbed from the gastrintestinal tract
and extensively converted to its active form, OC, by carboxylesterase 1 present in the
liver. The drug exhibits bioavailability of 80%. 13 Another study showed approximately
93% of the orally administered dose is converted to OC in healthy Thai volunteers. 2!
The pharmacokinetic profile of the active metabolite is linear and dose-proportional.
Maximal concentrations of OC occur at approximately 3-4 hours after oral dosing. The

plasma half-life of OC is 6-10 hours. 13

Permeability

Oseltamivir phosphate is converted to its active form predominantly after
permeation through the intestinal membrane, therefore the permeability of the prodrug

should be evaluated.

It is reported that OP has moderately low coefficient of permeability in Caco-2
cells (1.2 £ 2.2 x 10-5cm/s). 17 In a physiologically based pharmacokinetic modelling
study the absorption of oseltamivir in monkeys cells was predicted to be 1.5 x 104 cm/s

which is considered a relatively high permeability, nevertheless, the same study
11



reports these results were calculated based on a permeability in LLC-PK1 cells of 40

nm/s (0.4 x 10->cm/s) which is considered intermediate. 14

Distribution

OC exhibits low protein binding of 3% and 42% for the prodrug. The volume of
distribution of the active form after intravenous administration is 23 L to 26 L. 13

Metabolism and Excretion

The prodrug undergoes extensive metabolism to its active form through ester
hydrolysis, the metabolite is then eliminated through glomerular filtration and renal
tubular secretion. Elimination occurs mainly through renal excretion, approximately 60
to 70% of the oral dose is found in the urine as OC and less than 5% as OP. Fecal
excretion of less than 20% of the oral dose also occurs (50% as OP and 50% as OC).
Hence, up to 80% of an oral dose of OP can be excreted as OC. The half-life of the
active form is 6 to 10 hours and 1 to 3 hours for the prodrug. No observed oxidative
metabolites of OC have been reported in humans. 12 Studies have shown oseltamivir
is suitable for use in diverse patient populations such as critically ill patients, 22:23.24
obese subjects. 252627 lts use has also been studies in Asian populations, such as the

Japanese. 28

A study that investigated the effect of hepatic impairment on the
pharmacokinetics of oseltamivir and its active form showed differences in Cmax and
AUC(0,«) but they were considered within safety limits for the drug. Oseltamivir was
considered adequately metabolized and no dose adjustment was indicated for patients
with mild and moderate hepatic impairment. 2° Studies suggest dose reduction in

patients with moderate levels of renal impairment 3° and severe renal failure. 1330

Elderly individuals are exposed to approximately 25% higher levels of OC at
steady-state when compared with young individuals; however, no dosage adjustment

is necessary. 1213
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Food Effect and Interactions

Oseltamivir phosphate may be administered with or without food. The
administration under altered gastric pH conditions do not change the rate or extent of
absorption. 13 A study showed oral absorption of oseltamivir was not impaired in the
presence of antacids containing magnesium, aluminium or calcium. 3! Another study
showed coadministration with milk reduces the rate of absorption but has little effect
on the overall extent of absorption of the drug. 18 There is no evidence of clinically

relevant drug interactions based on invitro and in vivo studies. 13

DOSAGE FORM PERFORMANCE
Excipients

Oseltamivir phosphate is available as Tamiflu® capsules, manufactured by
Roche in many countries. In our search, we found some similar and generic products
which are also approved for use in Brazil 1°, Canada 22 and in the European Union. 32
All dosage forms found until the moment are constituted by the same capsule core
excipients: pregelatinized starch, povidone, croscarmellose sodium, sodium stearyl

fumarate and talc.

In Vivo BE Studies

No publications were identified in the literature reporting results from
bioequivalence studies between different oseltamivir capsules formulations.
Nevertheless, it is reported by regulatory agencies that approved generic versions of

Tamiflu® have demonstrated to be bioequivalent to the reference medicine. 3233

Dissolution

The US Pharmacopoeia specifies in the monograph of oseltamivir capsules that
not less than 75% of the dose should be dissolved in 900 ml of 0.1N HCI, in 20 minutes,
using the apparatus 2 at 50 rpm. 3 Comparative dissolution studies between reference

and test products have not been identified.
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A document regarding Tamifu® 45 mg capsules equivalence to 75 mg capsules was
published on EMA’s website. It states that the lower dosage complies with the
requirements for a fast dissolving immediate release dosage form (more than 85% of
drug substance is dissolved in 15 minutes). 45 mg capsules are also considered
equivalent to the 75 mg regarding their in vitro performance, which means they are

both very rapidly dissolving. 34

DISCUSSION
Solubility

Data show oseltamivir has a high solubility in water. Solubility tests over the
physiological pH range indicate oseltamivir is highly soluble and were performed in our

laboratory in small scale due to drug amount available.

The FDA 35 considers an APl is highly soluble ifits largest dose is soluble in 250
ml or less of aqueous media over a pH range of 1 to 6.8, at 37 °C. European Medicines
Agency (EMA), 36 WHO 37 and Brazil National Health Surveillance Agency (ANVISA)
38 use the same definition, except that the pH range is 1.2 to 6.8. EMA also requires
investigation at the pKa, if it is within the specified pH range. Three replicate

determinations at each pH condition are indicated.

Dose/solubility ratio over the pH range of interest is around 0.1 mL, calculated
based on 75 mg of oseltamivir as the highest dose strength. Thus, oseltamivir can be
considered highly soluble, however tests should be carried out in triplicate in order to

fulfill conditions described in current guidelines.

Permeability

Oseltamivir phosphate is a prodrug and its conversion to the active form is
shown to occur predominantly after intestinal membrane permeation, in the liver, thus

the permeability of the prodrug should be measured.

The FDA, EMA and OMS consider a highly permeable substance when its
extent of absorption in humans is 85 percent or more of an administered dose based

on human studies. Supportive data may include results from in vitro studies.
14



Data suggest oseltamivir exhibits low-intermediate permeability based on in
vitro studies. The bioavailability of 80% also fails to meet FDA criteria of a highly
permeable substance. Hence, oseltamivir cannot be typically classified asa BCS class

| drug.

BCS Classification

It is not possible to establish with absolute certainty the BCS class of oseltamivir
phosphate according to current guidelines. However, data suggest it belongs to BCS
class Il (high solubility, low permeability).

Surrogate techniques for in vivo BE testing

Compendial dissolution tests have been designed for quality control purposes
and are not suitable to demonstrate bioequivalence between products. It is desirable
that class Il drugs display rapid dissolution profile to maximize the time of contact

between the drug and the absorption membrane.

The FDA, EMA and WHO require that a candidate to a biowaiver which API
belongs to BCS class Il demonstrate that test and comparator products display very
rapid in vitro dissolution characteristics, which means at least 85% of the labelled
amount is released from the product within 15 minutes. Comparative in vitro dissolution
should ensure similar dissolution profiles over the pH range considered relevant for
absorption in the gastrointestinal tract. Test parameters to establish a very rapid
dissolving profile vary for each guideline. FDA is the most conservative agency
regarding this aspect and requires a lower volume of dissolution media, 500 mL, in
contrast with up to 900 mL allowed by EMA, OMS and ANVISA.

Risk of Bioinequivalence Caused by Excipients and/or Manufacturing

Excipients in a pharmaceutical formulation may affect drug dissolution and,

consequently, its absorption rate and bioavailability.
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The FDA, EMA and WHO determine that IR solid oral dosage forms containing
Class Il drugs may be candidates for a biowaiver if the excipients used in the
formulation do not significantly affect the absorption of the active ingredient. There is
a concern that the excipients may have a greater impact on the absorption of low
permeability drugs. Therefore, the product composition must be very similar
guantitatively and qualitatively equal to the reference product. The generic products
approved contain the exact same excipients as the reference medicine, hence,
provided that they are present at the approximate same amounts, composition should

not affect absorption.

Patient Risks Associated with Bioinequivalence

Considerations regarding potential risks to patients must be taken into account

in case of an inappropriate decision with respect to bioequivalence.

A treatment using a bioinequivalent drug could expose the patient to
subtherapeutic or overtherapeutic doses, which are related to therapeutic failure and

adverse events, respectively.

Oseltamivir phosphate is not considered a narrow therapeutic index drug, its
use has been shown to be safe and the adverse effects observed are mostly mild to
moderate. Therefore, the risk to patients appear to be greater in the case of exposure

to subtherapeutic drug levels which may result in low antiviral efficacy.

CONCLUSIONS

Solubility data were generated for oseltamivir over distinct pH values of interest.
The results showed that OP fulfills the criteria of is a highly soluble drug. Proper
permeability data are lacking, but the APl show no evidence of high permeability
through the intestinal membrane. Thus, itis suggested that oseltamivir belongs to BCS
Class lll. In summary, solid oral dosage forms of oseltamivir phosphate could be
granted a biowaiver of BE if dissolution profile assays comparing the reference and
test drug products demonstrate very rapid dissolution and if the composition of both

products are qualitatively the same and quantitatively similar.
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Appendix | — Solubility test procedure

Oseltamivir phosphate (OP) saturation point was evaluated in usual agueous
dissolution media over different pH values. Three distinct aqueous media usually
applied to drug dissolution assessment: 0.1 M HCI, 0.05 M acetate buffer pH 4.5 and
0.025 M phosphate buffer pH 6.8 were prepared according Brazilian Pharmacopoeia
5th edition to determine OP solubility.

OP chemical standard 100.3%, from Roche®, was kindly donated by
Farmanguinhos Laboratory (Rio de Janeiro, Brazil), was used to obtain the UV
spectrum of the drug and applied to construct three standard curves for analytical
guantitation. OP standard stock solution was prepared in water to achieve 1.0 mg/mL
and dilution in each aqueous media was performed to reach concentrations from 50 to
150 pg/mL of the drug. Solutions were analyzed on UV spectrophotometer (Shimadzu)
and the absorbance was initially measured at 240 nm, once USP 39 preconizes this
wavelength in dissolution tests of OP capsules, even though in this region a maximum
of energy absorption was not observed. In all media, the slope of the standard curves
obtained was around 0.0061 UA.ugl.mL and R2> 0.9999.

For the solubility procedure, sequential additions of weighted amounts of OP bulk
material (Farmanguinhos, Rio de Janeiro, Brazil) was added to 1 mL of each media in
duplicate, until saturation was visually observed. An increase of solution viscosity was
noticed at each addition, as a considerable amount of solute (over 0.5 g) was

incorporated to only one mL of each medium.

After visual observation of OP precipitation, systems were kept under agitation for
24 hours at 37°C . Next, samples were centrifuged for 10 min and the supernatant
filtered with 0.45 um syringe filters. Aliquots were diluted (5000 fold) with respective
medium and analyzed by UV spectrophotometer. Concentration of samples solutions
were assayed through the standard equation. Taking into consideration the dilution
factor of the samples, the exact amount of solubilized OP in 1 mL of each medium

studied was calculated.
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Article structure

Text

Submit your text in DOC format (preferred font size: 10 pt Helvetica). Do not
embed figures or tables in this document. These should be submitted as separate
files.

(c) Title. Titles are of great importance for current awareness and for information
retrieval. The wording of titles should be chosen carefully to provide information
on the contents and to function as "points of entry" for information retrieval.
Symbols, formulas, or arbitrary abbreviations should not be included in the title,
except chemical symbols to indicate the structure of isotopically labeled
compounds.

(d) Abstract. The abstract should briefly (80-200 words) present, in one
paragraph, the problem and experimental approach and state the major findings
and conclusions. It should be self-explanatory and suitable for reproduction
without rewriting. Footnotes or undefined abbreviations may not be used. If a
reference must be cited, complete publication data must be given.

(e) Keywords. Please provide up to 10 keywords that reflect the scientific content
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keyword list. In addition to facilitating indexing of articles, our keyword system
assists in the assignment of qualified reviewers for your manuscript. In addition,
each member of our Editorial Advisory Board has selected keywords that are
applicable to their own work.

(f) Abbreviations. Abbreviations are used without periods. Standard
abbreviations should be used throughout the manuscript. All nonstandard
abbreviations should be keptto a minimum and must be defined in the text
following their first use and in a footnote atthe beginning of the manuscript.

(g) QSAR/QSPR. All manuscripts dealing with quantitative structure activity
relationships (QSAR) and quantitative structure property relationships (QSPR)
must identify individual chemical structures using Chemical Abstracts Service
(CAS) SciFinder. To aid authors in the use of CAS SciFinder for structure
searching, please click here for a Commentary written by Dr. Christopher Lipinski
describing the procedure. This Commentary appears in Journal of Pharmaceutical
Sciences 91(12):2470-2472.

(h) Experimental Section. The experimental procedures should be described in

sufficient detail to enable others to repeat the experiments. Names of products
and manufacturers [with city, state, and country (if other than the U.S.)] should be
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included only if alternate sources are deemed unsatisfactory. Brand names may
be used only once in the manuscript. For subsequent designation, use
"formulation A", product B", etc. Novel experimental procedures should be
described in detail, but published procedures should merely be referred to by
literature citation of both the original and any published modifications. The purity
of key compounds and descriptions(s) of the method(s) used to determine purity
should be included in this section. For buffers, use terminology such as "20 mM
potassium phosphate buffer (pH 7.7) containing...". Also, state w/v or viv when
appropriate.

Identification of and precautions for handling hazardous chemicals and dangerous
procedures should be placed at the beginning of the section. An example would
be "Caution: The following chemicals are hazardous and should be handled
carefully; (list of chemicals and handling procedures or references)".

Manuscripts containing data generated from animal and/or human studies must
specify the committee and the institution that approved the experimental protocols
used to generate these data.

() Results. The results should be presented concisely. Tables and figures should
be designed to maximize the presentation and comprehension of the
experimental data. Attention should be paid to the matter of significant figures
(usually, no more than three). The same data should not be presented in more

than one figure or in both a figure and a table. As a rule, interpretation of the
results should be reserved for the discussion section of a Research Article, but

under some circumstances it may be desirable to combine results and discussion
in a single section.

(j) Discussion. The purpose of the discussion is to interpret the results and to
relate them to existing knowledge in the field in as clear and brief a fashion as
possible. Information given elsewhere in the manuscript should not be repeated in
the discussion. Extensive reviews of the literature should be avoided.

(k) References. Literature references must be numbered in one consecutive
series by order of mention inthe text, with numbers as unparenthesized
superscripts. The accuracy of the references is the responsibility of the author.
The complete list of references should be typed double-spaced on separate
page(s) at the end of the manuscript and follow the format shown. All references
should include titles.

For journals: Yoneto K, Li SK, Higuchi WI, Jiskoot W, Herron JN. Fluorescent
probe studies of the interactions of 1-alkyl-2-pyrrolidones with stratum corneum
lipid liposomes. J Pharm Sci 1996;85(5):511-517.

For edited books: Rall TW, Schleifer LS. Drugs effective in the therapy of the
epilepsies. In: Gilman AG, Goodman LS, Rall TW, Murad F, eds. The
Pharmacological Basis of Therapeutics, 7th ed., New York: Macmillan Publishing
Co.; 1985:446-472.

Forweb references: Health Care Financing Administration. 1996 statistics at a
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glance. Available at: hitp:/mww. hcfa.gov/stats/stathili.htm. Accessed December
2, 1996.

As a minimum, the full URL should be given and the date when the reference was
last accessed. Any further information, if known (DOI, author names, dates,
reference to a source publication, etc.), should also be given. Web references can
be listed separately (e.g., after the reference list) under a different heading if
desired, or can be included in the reference list.

For submitted manuscripts: List as "in press” only if formally accepted for
publication; otherwise, use "unpublished results" after the names of authors.

() Supplementary material

Elsevier accepts electronic supplementary material to support and enhance your
scientific research. Supplementary files offer the author additional possibilities to
publish supporting applications, high-resolution images, background datasets,
sound clips and more. Supplementary files supplied will be published online
alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://mww.sciencedirect.com In order to ensure that your
submitted material is directly usable, please provide the data in one of our
recommended file formats. Authors should submit the material in electronic format
together with the article and supply a concise and descriptive caption for each file.
For more detailed instructions please visit our artwork instruction pages at
http:/Amww.elsevier.com/artworkinstructions. The Supplementary material format
of this journal can accommodate and make readily available almost any type of
supplementary figures or data (e.g., reproductions of spectra, experimental
procedures, tabulated data, expanded discussion of peripheral findings, etc.). The
author should include a Supporting Information Available statement that describes
the material at the end of the printed manuscript text. Consult a current issue of
the Journal for the proper wording of this statement. Supporting Information
should be clear and of high contrast (suitable for direct photoreproduction) and
submitted in quadruplicate on 8.5- 11-in. paper. All pages of Supporting
Information must be consecutively numbered. Captions or legends for figures,
spectra, etc., must appear directly on the figure.

(m) Acknowledgments. This section should acknowledge financial support,
technical assistance, advice from colleagues, gifts, etc. Permission must be
received from persons whose contribution to the work is acknowledged in the
manuscript.

(n) Spectral Data. It may be desirable to include such data for representative
compounds in a series, for novel classes of compounds, and in structural
determinations. Usually, it is not desirable to include routine spectral data for
every compound in the manuscript. Papers where interpretations of spectra are
critical to structural elucidation and those in which band shape or fine structure
needs to be illustrated may be published with spectra included. When such
presentations are deemed essential, only pertinent sections should be
reproduced.
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(o) Experimental Data. Experimental methods must be referenced or described
in sufficient detail to permit the experiments to be repeated by others. Detailed
descriptions of experimental methods should be placed in the experimental
procedures section. Data may be presented as numerical expressions in tables or
in graphical form with no duplication of information in the text. If tables or figures
include a minimal number of experimental values (< four), the data should be
presented in the text. Units should be abbreviated without punctuation and with
no distinction between singular and plural forms (e.g., 1 mg, 25 mg).ff possible,
statistical significance of the experimental data should be provided. Statistical
probability ( p ) in tables, figures, figure legends and text should be expressed as
*p <0.05, * p<0.01, and *** p <0.001. For multiple comparisons within a table,
footnotes italicized in lower case, superscript letters should be used and defined
in the table legend. References to statistical methods of calculation should be
provided. If statistical limits cannot be provided, the number of determinations and
some indication of the variability and reliability of the results should be provided.
For animal experimental data, doses and concentrations should be expressed as
molar quantities (e.g., mmol/kg, mM) when comparisons are made between
compounds having large differences in molecular weights. The routes of
administration of test compounds and vehicles used should be indicated. For
animal and human studies, authors must specify the committee and the
institution that approved the experimental protocols used to generate these
data.

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's
requirements:

Funding: This work was supported by the National Institutes of Health [grant
numbers xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant
number zzzz]; and the United States Institutes of Peace [grant number aaaal.

It is not necessary to include detailed descriptions on the program or type of
grants and awards. When funding is from a block grant or other resources
available to a university, college, or other research institution, submit the name of
the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following
sentence:

This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

If experimental data on proprietary compounds (i.e. compounds whose chemical
structures are not available in the public domain) and/or using proprietary
procedures (i.e. experimantal procedures and/or components of procedures that
are not described in the public domain) are provided in a manuscript, authors
should carefully read the next two paragraphs.

Traditionally, scientific papers must reveal sufficient information for the work to be
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repeated by others. That tradition led to the policy that JPharmSci has applied to
manuscripts that contain information on proprietary small molecules. This policy
essentially states that information pertaining to proprietary (small molecule)
compounds can be published providing that, in the opinion of the reviewers and
editors, the paper would be publishable based solely on the information derived
from studies of known compounds. Thus, information on proprietary compounds
has been considered to be supplemental while the decision to publish or not has
relied on compounds for which structures were disclosed.

Studies of proprietary proteins and other biologicals pose a difficult situation for
JPharmSci. In some cases, complete structures may not have been determined
or, even if the structure is available, compounds having identical structures may
be difficult for others to generate (e.g., the amino acid sequences of
immunoglobulin hypervariable regions). Yet, interesting studies of proprietary
biologicals can nevertheless be envisioned that may be deemed to have sufficient
value that the failure to reveal detailed structural information should not be a
deterrent to publication. Therefore, the journal will determine the acceptability of
such papers on an individual basis. Decisions of acceptability will be made using
the following criteria: (a) the structural information provided is adequate for the
purpose of evaluating the paper using rigorous scientific standards; (b) the
structural information provided is sufficient to enable others to verify the results by
conducting essentially the same experiments; and (c) the work is judged to be of
sufficient importance that a lack of complete structural information does not
significantly detract from its scientific contributions.

(p) Tables. Tabulation of experimental results is encouraged when this leads to
more effective presentation or to more economical use of space. Please submit
tables as editable text and not as images. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the
table body. Be sparing in the use of tables and ensure that the data presented in
them do not duplicate results described elsewhere in the article. Please avoid
using vertical rules. Tables should be created with a word processor and saved in
either DOC or RTF format. Do not embed tables in your text. Tables should be on
separate pages and saved as one file in DOC format. Provide a brief title with
each table and a brief heading for each column. Clearly indicate the units of
measure (preferably SlI). Data should be rounded to the nearest significant figure.
Explanatory material referring to the whole table is to be included as a footnote to
the title (a). Footnotes in tables should be given lower case letter designations
and cited in the tables as italicized superscripts. Tables that require special
treatment, such as insertion of arrows or other special symbols under or over
alphanumeric characters, or contain many structures should be submitted as
camera-ready copy.

(q) Artwork. The quality of the illustrations printed in your paper depends on the
guality of the originals you provide. Electronic submission of illustrations is
required.

Electronic artwork

General points
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* Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New
Roman, Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the published version.
» Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information
are given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply ‘as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your
electronic artwork is finalized, please 'Save as' or convert the images to one of the
following formats (note the resolution requirements for line drawings, halftones,
and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum
of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a
minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep
to a minimum of 500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG);
these typically have a low number of pixels and limited set of colors;

* Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

For best results, submit illustrations in the actual size at which they should
appear in the journal. Original illustrations which do not need to be reduced to fit
a single or double column will yield the best quality. Lettering should be no
smaller than 6 points. (Helvetica type works well for lettering.) Lines should be no
thinner than 0.5 point. Lettering and lines should be of uniform density. f you
must submit artwork that must be reduced, use larger lettering and thicker lines so
that, when reduced, the artwork meets the above-mentioned parameters. Avoid
using complex textures and shading to achieve a three-dimensional effect. To
show a pattern, choose a simple cross-hatch design.

Color artwork. All color figures will be reproduced in full color in the online edition
of the journal at no cost to the authors. Authors are encouraged to submit color
illustrations that highlight the text and convey essential scientific information. For
best reproduction, bright, clear colors should be used. Dark colors against a dark
background do not reproduce well; please place your color images against a
white background whenever possible.
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Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG),
EPS (or PDF) or MS Office files) and with the correct resolution. If, together with
your accepted article, you submit usable color figures then Elsevier will ensure, at
no additional charge, that these figures will appear in color online (e.g.,
ScienceDirect and other sites). Further information on the preparation of
electronic artwork.

In addition to the above resolution guidelines, color figures must be submitted in a
CMYK color. Do not submit color figures as RGB.

lllustration services

Elsevier's WebShop offers lllustration Services to authors preparing to submit a
manuscript but concerned about the quality of the images accompanying their
article. Elsevier's expert illustrators can produce scientific, technical and medical-
style images, as well as a full range of charts, tables and graphs. Image 'polishing'
is also available, where our illustrators take your image(s) and improve them to a
professional standard. Please visit the website to find out more.

Chemical Structures. Structures should be produced with the use of a drawing
program such as ChemDraw. Authors using the current versions of ChemDraw,
Chemintosh, and ChemWindows will find the necessary parameters incorporated
into these programs ("JOC Document" under the Windows menus for ChemDraw
and "Reduce 60% for JOC Style" under the Options menu for
Chemintosh/ChemWindows). In ChemDraw version 4.5, files should be saved in
TIFF format to allow use of electronic files in production.

(r) Nomenclature. It is the responsibility of the authors to provide correct
nomenclature. All nomenclature must be consistent and unambiguous and should
conform with current American usage. Insofar as possible, authors should use
systematic names similar to those used by Chemical Abstracts Service, the
International Union of Pure and Applied Chemistry, and the International Union of
Biochemistry and Molecular Biology.

The chemical names for drugs should be used. Iif the terminology is unwieldy,
nonproprietary names of drugs may be used throughout the manuscript after the
first mention and identification. Formally adopted nonproprietary names listed in
United States Adopted Names (USAN) should be used. In cases in which a name
has not been assigned by USAN, the International Nonproprietary Names (INN),
approved by the World Health Organization, should be used. Trade names and
laboratory codes should not be used except as additional information.

(s) Analyses. Adequate evidence to establish identity and purity should be
provided for new compounds. When possible, this should include elemental
analysis. The purity of compounds used for biological testing should be stated
with a description of the method used to evaluate it.

(t) Hazardous Materials. All hazardous chemicals should be clearly identified as
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such. Precautions for handling dangerous materials or for performing hazardous
procedures should be explicitly stated and referenced.
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