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BIOFARMACIA
Origem: Anos 1960

Ciéncia que estuda a relacao e a influéncia das

propriedades do Farmaco, da Forma Farmaceutica
e da Via de Administracao sobre a Velocidade

(Cmax) e a Extensao da Absorcao (ASC)

do Farmaco. ‘

. r T Shargel, Wu-Pong, Yu, 2005
BIOdISpOﬂlblIldade Storpirtis et al., 2009



MODELAGEM PK/PD - FARMACOCINETICA - FARMACODINAMICA

Desafios
Analiticos

@

Modelos
Farmacocinéticos

MODELD FARBACOCIHETICD TRICOMPARTIMERTAL
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ENTRACAO

CONCENTRACAO
PLASMATICA

Storpirtis, S. et al., Farmacocinética Basica e Aplicada, 2011.
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ABSORCAO ORAL, n
SOLUBILIDADE, FATORES BIOFARMACEUTICOS

PERMEABILIDADE E Farmaco, Formulacéo, Processo

BIODISPONIBILIDADE '
DE FARMACOS

Medicamento
Farmaco Estbmago ‘ .

Absorcéao

- ‘.' [ )
I Transporte
c R0 )y ———
0 ) J=P-C

, e LLAL L ER RS e
Tamanho de Particula Liberacéo _ _
Estrutura cristalina e Intestino Intestino

Grau de hidratacdo Dissolugao delgado grosso
Sal/ester 3 \ ]

Quantidade de desintegrante
Permeabilidade
Intestinal (P)

Quantidade de lubrificante Solubilidade
*adaptado de AMIDON, G. Dissolution in vitro and ex-vivo: implicatios for bioequivalence standards

Polimeros/Revestimentos -
Natureza dos diluentes eém agua

DHAS et al., 2013


Apresentador
Notas de apresentação
Em geral, a absorção oral de fármacos pode ser dividida em duas etapas. Primeiro, o composto deve dissolver-se no meio aquoso no local de absorção, seguido por sua translocação através da barreira intestinal para o sangue, em uma segunda etapa (Keldenich, 2009). 
A dissolução pode ser considerada a partir de duas perspectivas, sendo que o comprimido deve se desintegrar a certa velocidade e em certa extensão. A velocidade de dissolução depende da superfície do sólido a ser dissolvido e de sua capacidade de penetração das moléculas de água; ambos sendo manipulados pelo processamento e formulação dos compostos em desenvolvimento. A extensão da dissolução do composto é dependente de sua solubilidade, a qual, por sua vez, depende de seu estado físico (cristalino ou amorfo), da lipofilicidade, e da ionização do composto em questão. Somente o estado cristalino de um composto pode ser manipulado por determinadas formulações muito sofisticadas e caras, geralmente evitadas em desenvolvimento. Portanto, a solubilidade e as suas três perspectivas são, ou deveriam ser, os principais parâmetros considerados durante o aprimoramento da estrutura de um composto visando à melhor solubilidade (Keldenich, 2009). 



ESTUDOS IN VITRO E IN VIVO MAIS
EMPREGADOS EM BIOFARMACIA

DESENVOLVIMENTO FARMACOTECNICO

NOVAS FORMAS FARMACEUTICAS

DISSOLUGAO LIBERACAO MODIFICADA DE FARMACOS

e FARMACOCINETICOS |VAL|DAc;Ao DE METODOS ANALITICOS

« SOLUBILIDADE QUALITY-BY-DESIGN

ASSUNTOS REGULATORIOS

e PERMEABILIDADE
CIENCIA DA REGULACAO

s/

e CORRELACAO In Vitro-In Vivo Sharguel, Wu-Pong, Yu, 2005

Storpirtis et al., 2009



Progressive Applications of Dissolution, Its Impact,
and Implications in the Pharmaceutical World Shah/adAPHETRCSMETIE

VINOD P. SHAH

Pharmaceutical Consultant, North Potomac, Maryland 20878

Test/
concept Dissolution test 1995 [‘vy

Dissolucao In Vitro e a8

s Process control =
= Biowaiver for
i :'u:?*mtch BCS Class 1
ty control i
* quality assurance (FDA, 2000)
= SUPAC related = Biowaiver for
changes— BCS Class 1, 3,
assurance of

Predicao da

Absorcao Oral In Vivo

==

Solubilidade
Permeabilidade Daousani, C. & Macheras, P. Int. J. Pharm., 2015




ESTUDOS DE SOLUBILIDADE E PERMEABILIDADE
- IN VITRO

Solupbilidade

SISTEMA DE
Classe Il CLASSIFICACAO
V¥ Solubilidade BIOFARMACEUTICA

| e (BCS)
) Perrneapllicdade AMIDON, G. et al., 1995
Classe I ClasseN N
BIOISENCAO

A Solubilidade WV Solubilidade BIOEQUIVALENCIA
V Permeabilidade orrneciiliclacle IN VITRO
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8/2000
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BIOISENCAO - Food and Drug Administration - FDA

;

Research - FDA, Michigan, Uppsala, and Maryland Univ.
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Waiver of In Vivo
Bioavailability and
Bioequivalence Studies for
Immediate-Release Solid Oral
Dosage Forms Based on a
Biopharmaceutics Classification

System
Guidance for Industry

DRAFT GUIDANCE

This guidance document is being distributed for comment purposes only.

Comments and suggestions regarding this draft document should be submitted within 60 days of
publication in the Federal Register of the notice announcing the availability of the draft
guidance. Submit electronic comments to http://'www regulations gov. Submit written
comments to the Division of Dockets Management (HFA-305), Food and Drug Administration,
5630 Fishers Lane, rm. 1061, Rockville, MD 20852. All comments should be identified with
the docket number listed in the notice of availability that publishes in the Federal Register.

For questions regarding this draft document contact (CDER) Mehul Mehta 301-796-1573.

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)

May 2015
Biopharmaceutics

Revision 1

Draqft Guidanece Temp
0504415

B. Permeability

The permeability class boundary 15 based indirectly on the extent of absorption (fraction of dose
absorbed, not systemuc BA) of a drug substance i humans, and directly on measurements of the rate
of mass transfer across human infestinal membrane. Alternatively, other systems capable of
predicting the extent of drug absorption m humans can be used (e.g., tn sitn ammal, i vitro epithelial
cell culture methods). A drug substance 15 considered to be highly permenble when the extent of
absorption in humans is determined to be 85 percent or more of an adnunistered dose based ona
mass balance deternunation (along with evidence showing stability of the drug tn the GI tract) or in
comparison to an infravenous reference dose.



SISTEMA DE CLASSIFICACAO BIOFARMACEUTICA
COM BASE NA DISPOSICAO DO FARMACO - BDDCS

Predicting Drug Disposition via Application of BCS: Transport/Absorption/
Elimination Interplay and Development of a Biopharmaceutics Drug

/W Disposition Classification Systenn

Classe 1 Classe 2 Chi-Yoan Wo® and Leshe 7, Benet™
ALTA Solubilidade BAIXA Solubilidade

Pharmaceutical Research, v. 22, n.1, 2005

ALTO Metabolismo ALTO Metabolismo p
Minimo Efeito de Efeitos de Transportadores il
Transportadores de Efluxo

%
Classe 3 Classe 4 o =

ALTA Solubilidade BAIXA Solubilidade

BAIXO Metabolismo BAIXO Metabolismo

Efeitos de Transportadores Efeitos de Transportadores . e é
de Influxo e Efluxo de Influxo e Efluxo e '

Leslie Benet



BIOISENCAO - European Medicines Agency - EMA

Available online at wwwsciencedirect. com
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Registro de Sotalol Genérico por
N Bioisencao na Europa com base em
Biopharmaceutical characterization of sotalol-containing oral estu d OS d ="

immediate release drug products
Axel Alt**, Henrike Potthast”, J uergen Moessinger®, Barbara Sickmilller, Helga Oeser” “1:
v | « Solubilidade

o e Permeabilidade - Ceélulas Caco-2
Received & August 2003; accepted in revised form 20 February 2004 Y D i SS O I u g é. O

Available online 2 April 2004

N T T AT European J. Pharm. Biopharm., v. 58, p. 145-50, 2004

Eurospean Journal of Prarmaceutics and Biopharmace 2004 143150
comdli pb

nal membrane. Thus, evaluation of solubility

o hleride to be i jopharmace ssification system class 1 drug. In vitw dissolution

files demonstrale comparable rapid .di.'umlutiun {mawe than in 15 min) for test and reference products. Summarizing, relevant C i é n C i a n a R e g u I ag éo
: ) /

are fulfilled to wa BE studies.
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hs for Immediate Release Solid Oral Dosage
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Number of drugs sampled

° Estudos Submetidos Class 1 Class 2 Class 3 Class 4

 Estudos ndo submetidos o e
é ANVIS A - Figure 1. Distribution of drugs sampled between BCS

and BDDCS classes.
e N = 500




Table 4. Similarities Between in vitro and in vivo Results Inside Each Class of BCS and BDDCS

Non-BE and

System Classes BE and DS DS BE and DNS DNS Total
138

BCS 1 12 12
2 a5 G0

Z2a 13

3 91

: T4
BDDCS ’ 123
: ap
79

Table 5. Predictablity of BC5 and BDDCS over the Sloequivalence Cutcome

temg Classes & 5 LR+
BCS 0196 (0.91-0.99) 0.45 (0237-065) 1.77 (1.21-2.60)
0,85 [0.78-0.90) 0.14 [I Ei-—[l.ﬂ-l 1.00 (0.86-1.12)
3 0.53) 0.12 (0.02-0.47) 1.07 (0.7%-1.43)

0. :I..- (0.54-0.95) 0.30¢ [I 11-0.60) 1.3 [0.87-1.97)
0,75 (0.65-0.62) 0.7 El-ﬂ-[l—[lﬂ':ll 2.49 (0.96-6. 12

0.97 [0.92-0.99) 043 {0.26-063) 1.71 [1.20-2.46)
086 [0.78-0.91) 0.14 {L07-0.24) 0.99 (0.85-1.12)
0.91(0.83-0.95) 0.33 (0.12-064) 1.36 (0.85-217)

CRISTOFOLETTI, R.; CHIANN, C.; DRESSMAN, J.; STORPIRTIS, S.

J. Pharm. Sci., 2013
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0.07 (DU03-022)
1.03 |I] 502 1"‘:-
0.53 (D.04-7.24)
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O risco relativo de obter
um resultado nao-
bioequivalente foi 4 vezes
menor para farmacos das
Classes | e Il

(BCS ou BDDCS) quando
comparado a farmacos
da Classe |II.

O resultado final de um
estudo de bioequivaléncia
e fortemente influenciado
pela solubilidade do
farmaco, mas nao pela
permeabilidade ou pela
extensao do metabolismo.
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PERMEABILIDADE

Diversidade dos meétodos para
determinacao

Vantagens e Desvantagens

Aspectos tecnicos, cientificos e
éticos
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ESTUDOS DE PERMEABILIDADE - IN VIVO, IN SITU e IN VITRO

Extensao da Absorcao em Humanos

Estudo PK —balan¢o de massas e Permeabilidade Intestinal

Biodisponibilidade Absoluta a - Perfus&o (humanos) - In Vivo

b - Perfusao (animais) - In Situ

c - Cultura de Celulas In Vitro (Caco—2)

—T T g F10 Atodl (4F) Bl Bagalabndd (BL)

Tempo (h)

Storpirtis et al., 2009
Storpirtis et al., 2011

y.
%




ESTUDOS DE PERMEABILIDADE

e Cultura de Ceélulas Caco-2
Modelo In Vitro

o o a
e

(di
s

OA

Dnig scovary Tday

Basolateral

Compartimento apical

Suporte permeével

Compartimento basolateral

Human Absorption (%)

10
Papp (10-¢ cm/sec)

Fig. 2. Correlation of the Papp values for marketed compounds from the 7-day
Caco-2 assay at Roche Nutley and data from Artursson and Karlsson (1991) with %
human absorption.

Peng et al. Eur. J. Pharm. Sci., 2014



ESTUDOS DE PERMEABILIDADE

e Cultura de Celulas Caco-2
Modelo In Vitro

X

(A CO) dt

Papp = cm/s
Lab Estudos Permeabilidade de Farmacos

FCF-USP




ESTUDOS DE PERMEABILIDADE

e Cultura de Celulas Caco-2
Modelo In Vitro

Principails Limitacoes:
e Tempo de crescimento das celulas

e Uso de co-solventes

Baixa permeabilidade de compostos hidrossoluveis

Variacao no numero de transportadores

Variabilidade Inter laboratorial



ESTUDOS DE PERMEABILIDADE

e Cultura de Celulas Caco-2
Modelo In Vitro

Avaliacao da Citotoxicidade e da

Permeabilidade de Farmacos e

Medicamentos
Inovadores

SCREENING - Triagem Medicamentos
Geneéricos

Bioisencoes

Candidatos a Farmacos

Estratégia de Formulacoes



Toxicology in Vitro 26 (2012 535=540

Contents lists available at SciVerse ScienceDirect

Toxicology in Vitro
Trlagem ey journal homepage: www.elsevier.com/locate/toxinvit
Novos

Férm aCoSsS Caco-2 cells cytotoxicity of nifuroxazide derivatives with potential activity
against Methicillin-resistant Staphylococcus aureus (MRSA)

Mariane B. Fernandes **, José E. Goncalves? Marcus T. Scotti®, Alex A. de Oliveira®, Leoberto C. Tavares €,
Silvia Storpirtis ?
? Pharmaceutical Sciences Foculty, Pharmacy Department, University of Sdo Poulo, Av. Profl Linew Prestes, 580, bl 13, Cidade Universitdria, 05508-200 Sdo Paulo, SP, Brazil

®Center of Applied Sciences and Education, Federal University of Paraiba, Campus IV, 58297-000 Rio Tinto, Brazil
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ME Femandes er al Toxicalagy in Vitm 26 (2012) 535-540
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Hg. 1. (A) Molecular structure of nitrofurantoin (B) Meolecular structure of nifuroxazida.

R’@ﬂj{ -NT 2N
MH b

Substance Nickname
S-nitrg-2-furfurilydenabhenzy drazide HFUR
Senitrg-2-furfurilydened-methy henzydrazide MeFUR
Senitrg-2-furfurilydened-soxibenzydrazide EwFUR
Senitrg=2-furfurilydenad-aminghentydrazide  AmmaFUR
Senitrg-2-furfurilydened-hromahenzy drazide HrFLUR
Senitrg-2-furfurilydened-soay Ihenzydrazide AcFUR
Senitrg-2-thiophi lydenahenzydrazide HTIZ
Senitrg-2-thiophilydene domethy lhenzydraride  MeTIO
Senitrg=2-thigqhily dened-210% thengy drazide EwTIE
S-nitrg=2-thiophilydene d-aminobenzydrazide AminaTIO =NH: 35,10
Senitro-2-thiophilydened-tromaben rydrazide BrTI0 =Br EENE
S-nitro-2-thiophilydens -scety henzyd razide ACTIO 5 SC0CH, 9541

“Purity values wers calculated by using NMR 2nd elementa] analysis data,

R Purity (%"
-H 4708
97 47
-0 HCH. 9993
=MH2 gy RS
-Br 9977
SO0 Hy 9581
-H 94 94
“CHy 9884
- HAH 97 &9

g

oEe W oGe W00 000 0|

Flg. 2 Chemical structure of the S-nitre-heterogyclic derivatives used in this study and their purties.

Gl cell viability

G ol cell viability

MEB Fermandes et al/ Toxicology in Vitro 26 (2012) 5335-540

E i

M nifuroxazide
O nitrofurantoin

. . :

Positive DMS0 2up/ml 4 pg/mL 6pgml B pg/mL 10 gg/ml
comtral - control

B ACTIO
OBrTIO

B AminoTIO
B EwTIO
EHTIO

B MeTIO

Positive DMS0 2upml £ pp/mL 6 pg/mL B ug/mL 10 pg/mL
wntral  control
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European Journal of Medicinal Chemistry 82 (2014) 418425
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Original article

Design, synthesis and biological evaluation of hybrid bioisoster

derivatives of N-acylhydrazone and furoxan groups with potential and
selective anti-Trypanosoma cruzi activity

Ricardo Augusto Massarico Serafim 2, José Eduardo Gongalves °, Felipe Pereira de Souza ¢,
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Table 3
Permeability and cytotoxicity in vitro assays of the most active compounds.

Compounds Permeability screening x Cytotoxicity assay \ Selectivity

(x10~%, cm/s, A-B/B-A)3 (ICsq — uM) index"

Benznidazole ND 28.1
5] 4317 + 7.60/37.63 + 445 80.9
14 0.82 + 0.09/0.52 + 0.03 455

ND — Not determined.
¢ A-B/BA = apical to basolateral/basolateral to apical.
bS] = Cytotoxicity assay ICso/Trypanocidal activity 1Csg.

Potential

cruzain _ _ /
inhibition Derivado n° 6 - Promissor

Fig. 1. General scaffold of hybrid bioisoster derivatives with potential dual mechanism
of action.

Menos toxico

Melhor indice de seletividade



European Journal of Pharmaceutical Sciences 56 (2014) 120-130
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Farmacos Applications of a 7-day Caco-2 cell model in drug discovery

and development

Ying Peng?, Preeti Yadava®, Aki T, Heikkinen ", Neil Parrott”, Aruna Railkar **

* Hoffmann-La Roche Led., Pharma Research & Early Development, Clobal Formularion Research, Nutley, N[ USA
" Hoffmann-La Roche Lid, Fharma Research & Early Development, Non-Clinical Safety, Basel, Swizerind
* University of Ezstem Finlond, Faculty of Health Sciences, School of Fharmacy, Kuopio, Ainlmd




Caco-2 Papp vs % Human Absorption

=~ g 100 =
Correlacdo de c RTINS
dados: g ™ . .

2 60 -
ﬁ TN

Permeabilidade g ¥ . fwpecsiCaese |5
= 20 BRache Nulley 7 cljas

= T

Fracao
absorvida em
humanos

10
Papp (10-° cm/sec)

Fig. 2. Correlation of the Papp values for marketed compounds from the 7-day
Caco-2 assay at Roche Nutley and data from Artursson and Karlsson (1991) with %
human absorption.




Effect of apical pH on A to B Papp of a compound with acid pKa
Input conc-50 uM

E55/74 WM65/74
07474

Efeito do pH

Camara apical

Papp (10E-6 cm/sec)

sobre a

permeabilidade ——
Donor pH

Fig. 3. Effect of apical buffer pH on Papp of an acidic compound (calculated pKa
4.22) indicating the importance of pH during the experiment. This data is critical for
modeling and simulation for prediction of the compound performance in preclinical
species or in human.




Importancia do
experimento de

permeabilidade

Caco-2
Estratégia de
Trlagem
NOVvOos

Farmacos

5:";“”’“ Unidirectional
modification Low/Borderline :
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2.4.6. Transcellular transport of curcumin-loaded PEG-PLA/FLGA
nanoparticles across Caco-2 monolayer

Caco-2 cells were seeded onto polycarbonate membrane fil-
ters (3.0 um pore size, 0.33cm?® growth area) inside Transwell®
cell culture chambers (Corning Costar, Cambridge, MA) at the
density of 1« 10° cells/cm?. The culture medium was replaced
every two days for the first week and everyday thereafter.
After cultured for 21 days. the cell monolayers were sub-
jected to transepithelial electrical resistance (TEER) determination
and only cell monolayers with TEER higher than 350%2/cm?
were used for the transport experiment. The curcumin-loaded

pegylated nanoparticles with different core material and PEG

length were diluted in HBSS to the curcumin concentration of
21 pg/ml (nanoparticles concentration 974, 821, 663, 747 and
626 pg/ml for the PEGsn00-PLA4o00, PEGanoo-PLALoang, PEGsoog-
PLA 0000, PEG2000-PLGAsnqnp and PEGspaq-PLGA4g00p formulations,
respectively). The experiments began by adding 0.1 ml of the
nanoparticles solution into the apical side, 0.6 ml HBSS into
the basolateral one, followed by the incubation at 37°C. Two
hours later, samples were taken from the basolateral sides
with the concentration of curcumin determined as described in
Section 2.3.2.3.

g
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Permeated curcumin (ng/ml)
-
2

Fig. 9. Transcellular transport of curcumin-loaded nanoparticles with the polymer

matrix of PEGxop-PLAspoo0. PEGa000-PLA4000. PEGsmon-PLAsooog. PEGaoog-PLGAwoog
and PEGegpon-PLGAsmon, respectively, The cells were incubated with the nanopar-

ticles {curcumin concentration 21 pg/ml) at 37 =C for 2h, "p=<0.05, **p<0.01,

significantly different.
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