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ENCAPSULACAO POR PROCESSOS FISICOS

Spray drying

Spray chilling / cooling / congealing

Spray freeze-drying

Leitos moveis (spouted beds, fluidized beds, wurster system, rotary fluid bed)
Milling and micronization

Microfluidization and high pressure homogeneization

High shear + Leitos moveis

Supercritical fluid based process (Green Technology)

E]ectrospinning e e]ectrospra)/ing
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PROCESSOS AMPLAMENTE UTILIZADOS NA FARMACIA

* Spray drying

*  Spray chilling/cooling/congealing

*  Spray freeze-drying

* Leitos moveis ( spouted beds, fluidized beds, wurster system,
rotary fluid bed)

*  Microfluidization and high pressure homogeneization

* High shear + Leitos mdveis

*  Supercritical fluid based process (Green Technology)

PROCESSOS AMPLAMENTE UTILIZADOS NA FARMACIA
* Spray drying/Spray chilling /Spray freeze-drying
~dp < 100 tm

* Leitos moveis (spouted beds, fluidized beds, wurster system,
P 4

rotary fluid bed)
~100 pm < dp < 5.000 pim

| High shear + Leitos modveis

~500 pm < dp < 1.500 pim

* Supercritical ﬂuid based process ( Green Technology)

~Particulas micro e submicromeétricas
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APLICACOES EM PROCESSOS DE ENCAPSULACAO

o Spra)/ dryin g / Spray chillin g / Spray freeze—dryin g

- Aromas, extratos Vegetais, corantes, ativos farmacéuticos, sistemas de ]iberag&o, ..

* Leitos moveis ( spouted beds, fluidized beds, wurster system,

rotary fluid bed)

- Granulagdo e revestimento de particulas

* High shear + Leitos moveis

- Granulagao, peletizagdo e revestimento

° Supercritical ﬂuid based process ( Green Technology)

- Micro e nanopartfcu]as

SPRAY-DRYING OU SECAGEM POR ATOMIZACAO.
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% Sistemas de Atomizacéo

Atomizador ultrasonico
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Spray drying/cooling
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oFormulacao

Ponto de Fuséao entre 45° a 90°C

MP < 45°C maior probabilidade de
ocorrer agglomeracéao

MP > 90°C Dificil processamento

o Materiais usados Ponto de Fuséo
— Polietileno glicol 44°-63°C
- Acido Esteérico 69°-70°C
- Parafina 50°-57°C
—Oleo de Mamona hidrogenado 86°-88°C
—Cera de Carnauba 82°-86°C
—Cera de Candelila 68°-70°C

—Oleo de semente algod&o hidr. 64°-67°C
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SPRAY FREEZE-DRYING

Spray freezing s Freezedrying

Suspension Air _~ Vacuum
_l l—

Atomisation ' m’:: Sublimation
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‘ Frozen T

Instant || granules 1 l l

freezing||s * * 4
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Liquid nitrogen (- 196°C)

PROPRIEDADES DO PRODUTO
 Densidade bulk

« Tamanho de particulas
* Forma

* Fluidez

« Adesividade

» Higroscopicidade
INSTANTANEIZACAO

« Molhabilidade

» Dispersibilidade

« Solubilidade

* Imersibilidade
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FORMA E PROPRIEDADES DAS PARTICULAS

Host component
+ .

Daisy

AGENTES DE ENCAPSULACAO

0 Amidos e Amidos modificados
O Maltodextrinas

O Goma Arabica

O Proteinas

O Dioxido de silicio coloidal (ex. Aerosil 200)
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AGENTES DE ENCAPSULACAO

O Polimeros derivados celulose
O Copolimeros acido metacrilico (Eudragits)
O Quitosana

O Ciclodextrinas

APLICACOES:

<20 h:

100% cetoprofenc livre
70% mistura fisica
30% microparticula

QUITOSANA MICROPARTICULA
S0 3.080x

£ 83888

-~
=}

e dw Hiberacio du cetaprofumno
=

e
e S S

QUITOSANA 50 MICROPARTICULA
S.008x 15,000

Encapsulagéo cetoprofeno em quitosana para aplicagdo odontologica.
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APLICACOES:

Milled rosemary leaves

%

Extraction
Dynamic maceration

O Encapsulation by spray drying

Lyophilization of extract ﬁ

: Ethanobic Bpid

solution

C>' - e f—
3 Aqueocus LE
disporsion

Polyphenol rich LE of Uposomal composition Bioactivity testing
rosemary by solvent evaporation

Producéo de Prolipossomas de antioxidantes de Rosmarinus officinalis

APLICACOES:
\\ulg;;

ILLL

LAPROFAR

[
Herbal
Extract Preparation of

Encapsulating

Spray drying Essential Oil Loaded
Oil Microparticles

Compositions
(Addition of Carriers)

Lippia sidoides

Inclusdo molecular de extrato e EO de Lippia sidoides em ciclodextrinas.

11



25/11/2020

APLICACOES:
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Anti-inflamatdrios ndo esteroidais (AINES) de liberagdo modificada.

APLICACOES:

Clovebuds  Extraction Lipid formulations development Spray drying

xe L

a

| N

VP P P PP Rl ZA

Secagem de particulas lipidicas contendo antioxidantes de Syzygium aromaticum
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APLICACOES:

Enzima imobilizada em microparticulas magnéticas de quitosana produzidas por Spray drying

APLIGAGOES:
GRANULAGHO, REVESTINNENTO DE PGS, GRANULOS £ CONPRINIOS

13
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Coating operations

(dry coating) (wet coating)

melt coating

Fig. 2. Classification of coating processes.

Coating and Encapsulation Processes in Powder Technotogy 325
Coating Process Raw materials End Products
Core particies Coatng agent

wet and mak coating

Encapsulation

Fig. 1. Survey of coated products.

— @ W
L] u
filen coated (i} o powaar comed (j) acplats
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Revestimento/aglomeracéo em Leitos Moveis

~~

Tecnologia alternativa ao spray drying para encapsulacdo de extratos vegetais

~~

Processo ajustavel e robusto, ocorrendo simultaneamente, em um Unico passo, mistura,
- encapsulacdo, aglomeracéo e secagem

~~

Reducéo de tempo e custos operacionais, condi¢cdes mais brandas de processo, \

obtencdo de produtos com propriedades fisico-quimicas adequadas, melhora na fluidez,
maior facilidade de manuseio, mascarar sabores e odores indesejados, controle de
dosagem, liberacdo controlada.
Processo utilizado nas industrias farmacéutica,

Atomizagdo Umidificagdo Solidificagdo Aglomerado

Goticulas Particulas Pontes liquidas
da posica Alid
do alimentagdo

Figura 3. Processo de aglomeracao (Srivastava e Mishra, 2010).

15



25/11/2020

Solidificagao/
Formagao de Gréanulos
revestimento

Molhagem/

Atomizacao S
Distribuicao

'\
¢
A

X3

Goticulas Particula
da composicdo sdlida
de atomizagdo

r’\ \

Primeira camada Estrutura de cebola

Figura 4. Processo de revestimento (Srivastava e Mishra, 2010).

APLIGABOEY DAS DREdAblE DE AGLDMERAGHD
» Revestimento de comprimidos
> Revestimento de balas e confeitos
> Revestimento de sementes
» Revestimento de pesticidas
> Revestimento de fertilizantes

> Peletizacao

» Granulagao

16
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REVESTIMENTO DE FORMAS FARMACEUTICAS

»Com suspensdes a base de acgucar;
»Com suspensdes poliméricas;

» Compresséao (ndo muito usado);
»Solidificacdo de Materiais Fundidos;

»Microencapsulacéo.

EARAS b0 REVESTINENTO A BASE BE ACURA

- Impermeabilizac&o ou Selamento (proteger contra umidade, opcional)
- Sub-revestimento (aumento de tamanho, opcional)
- Revestimento grosso

- Revestimento liso (acertar imperfeicdes e preparar para etapa de

coloracgao)
- Coloracéo
- Polimento

- Gravacdo (opcional)

17



Revestimento por Pelicula

“Film-coating”

25/11/2020

INTRODUCAO

|mpl gemant
Droplet Droplet
formation travel
o e, -
N et e .
Fim formation
nea,
adhe son&
cohesion
Watting Spreading

2 4.1 Schematic representation of the stages m spray film coating
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Caracteristicas do Revestimento por Pelicula

 Revestimento liso e fino;

 Produz formas farmacéuticas com pequena
variacdo de peso, forma e tamanho quando
comparadas as originais;

« A pelicula é mais resistente a abrasao
guando comparado com revestimento com
acucar;

* Solugbes de revestimento podem ser
aquosas ou nao.

Materiais utilizados em processos de aglomeragéo/Revestimento.

MATERIAIS COMPOSTOS USOS FREQUENTES

Amido, amido pré-gelatinizado

. Proteinas :
POLIMEROS . Revestimento
Gelatina

NATURAIS . _ Aumento da fluidez
Goma acécia (goma Arabica)

Acido alginico, alginato de sddio

Hidroxietilcelulose, hidroximetilcelulose,
hidroxipropilcelulose
Etilcelulose, metilcelulose, carboximetilcelulose

POLIMEROS Acido acrilico. metacrilico Liberacéo sustentada Liberagao
ACRILICOS ’ controlada
POLIMEROS L Liberac&o controlada
SINTETICOS Pelivlpelieema ) Revestimento

Revestimento
Mascarar odores e sabores

Revestimento
Liberagéo controlada

POLIMEROS DE
CELULOSE

ACUCARES Maltodextrina, sucrose, glucose, sorbitol

19
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Classificacao dos polimeros
filmoégenos

Gastro solaveis:
HPMC;MC; HPC;PVP; Amido Modificado

Gastro resistentes ( Entero soluvel):

HPMCP;CAP; PVAP; copolimeros do acido Metacrilico
(Eudragit L/S)

Insoluveis ( Permeavel ):

- EC (Surelease); copolimeros do acido Metacrilico
(Eudragit RL/RS).

Fatores que influenciam para a formacao
de uma boa pelicula de revestimento

 Plastificacdo interna e externa;
« Temperatura de transicao vitrea (Tg ) ;
 Plastificantes agua - soluvel : PEG ; PG ; Glicerina.

 Plastificantes agua insoluvel :Tributil citrato ; 6leo
de Castor ; acetil trietil citrato ; 6leo de ricino .

* Antiaderentes ;
* Opacificantes ;

* Antiespumantes, ex. Simeticone é um produto que
reduz a tenséo superficial das bolhas gasosas;

* Corantes.

20
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4. Revestimento Hot-Melt

Revestimento a Base da Solidificacao de Fundidos

O Aspectos Gerais:

* O material é atomizado no estado fundido
* Geralmente ndo se usa solvente

* Retira-se o calor de solidificacao.

EXx.
*Revestimento de fertilizantes muito soliveis com enxofre ou polimeros

21
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Particula Revestida (100x)

DOVANTAGENS
Curto tempo de processo (100% solidos)

Menor Custo

Sem risco de exploséo

DDESVANTAGENS
0 Equipamento Sofisticado

Bloqueio de linhas de alimentacao

Elevadas temperaturas do Material

22
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PROCESSOS DE LEITOS MOVEIS

* Leitos Auidizados, Jorro, Warster, Drageadeiras
» Hligh-Shear Mixer

23
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Curva caracteristica de um leito fluidizado (Gomezplata e Kugelman, 1975).

Diferentes projetos de distribuidor de gas (Saleh e Guigon, 2007).
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Leito

Leito

Leito

= = - - -

Leito

Leito
incipiente borbulhante pistonado em ebuligdo canalizado

Figura 6. Regimes de fluidizacéo.

Leito
de jorro
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DAYING AR

SLEITO VIBRO FLUIDIZADO
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% LEITO FLUIDIZADO
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% 5.4 — Fendmeno do Jorro.

LEITO DE JORRO
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(a) spouted bed coater (b) spouted-fluid bed

Fig. 12. Spouted-bed coating apparatus.

Puise al

Casting solution

Flg. 13, Wurstar coating apoaritus
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Figura . Leitos fluidizados e de jorro comercializados no setor
farmacéutico. a) leito com atomizacdo no topo; b) leito tipo Wurster;
c) leito fluidizado rotativo e d) leito de jorro bidimensional (GLATT).

Coating solution

<&—— Inlet air <&—— Inletar ——>

Top-spray fluidized-bed coating Bottom-spray fluidized-bed coating Tangential-spray fluidized-bed coating
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APLICACOES:

Fluidized bed

Herbal
wei W N

composition

Granules of Cassava
flour + herbal

extract composition

Granules of sugar
pellets = herbal

Seed
particles u extract composition

Aglomeracdo/Revestimento de grénulos inertes com polifendis de Rosmarnnus officinalis
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» Drageadeiras Industrials (Freund Vector “VHC® Hi-Coater Pan)
Uniform Curtain of Spray

i{i»a E'ii '3 - &53.&:?4&-3 *,’3'53;*3‘:: 5 ﬁ';ﬂ TR et P n e
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Figura 7. Diagrama de Geldart (1973).

p, = densidade da particula; p, = densidade do gas; d, = diametro da particula.
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Pressure (P, MPa)—>
U

Triple point
T
° T.

Temperature (T, 'c) —>

Table 1 Critical Pressure and Temperature of Supercritical Fluids (Examples)

Type of fluid P. (MPa) T (K)
Trifluoromethane 4.7 299

CO, 7.4 304.1
Ethane 4.8 305.3
N,O 7.2 309.6
Propane 4.2 369.8
Norflurane (R134a) 4.0 374.2
n-Hexane 3.0 507.5
Water 22.1 647.1

Abbreviations: P, critical pressure; T, critical temperature.
Source: From Refs. 7-10.
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Supercntical fluid
Supercritical solution

Supercritical
solution

Figure 2 Function scheme of the

Drug

Expansion unit rapid expansion of supercritical solu-

Collection of particles tions process. The drug is dissolved in a
Extraction unit Removal of gas high-pressure chamber. The resuiting
-High pressure cell -Temperature controlled  supercritical solution is afterward
-Temperature controlled -Pressure controlled expanded through a nozzle into an
-Pressure controlled expansion chamber.

Table 2 Examples ol Drugs Processed by Superctitical Fluid Technology
Drug Technque used Reference
Acetylsalicylic acid RESS 28
Beclometasone dipropionate RESS 29
Carbamazepine RESS 22
Caelpodoxime proxetil ASES 30
Ceturoxime axetl RESS 31
Cyclosporin PGSS 32
Dexamethasone acetate SAA a3
Dihydroartemisinin RESS 34
Felodipine RESS 35
Griseofulvin RESS 18, 36
Hydrococtisone SEDS 37
Insulin ASES 38, 39

GAS 40
Ibuprofen RESS 41
Levofolxacin hydrochloride SAA a2
Meloxicam RESS 43
Naproxen RESS 44
Nifedipine PGSS a5
Tolbutamide RESS 46
Abbreviations: RESS, rapid expansion of supercrtical solutions; ASES,
aerosol solvent extraction system; PGSS, particles from gas-saturated
solutions/suspensions; SAA, supercritical assisted atomization; SEDS,
solution-enhanced dispersion by supercritical fiuid technique: GAS, gas
antisolvent,
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Supercritical fluid

Supercritical
fluid

Drug meit

Expansion unit

Figure 3 Function scheme of the
particles from gas-saturated solu-
tions/suspensions process. The
drug is molten in a high-pressure

; Collection of particles !
Melting and mixing unit Removal of gas melting chamber and saturated with
-High pressure cell SCF-saturated melt 1 o ature controlled the supercritical fluid. The mixture is
-Temperature controlied -Pressure controlled then expanded through a nozzle into

-Pressure controlied

an expansion chamber.

SEDS

Supercatical fiuid  Drug solution
A
(Cosolvent) i

Expansion unit
Collection of particles
Removal of gas
-Temperature controlied
-Pressure controlled

Figure 5 Function scheme of the ASES/SEDS
process. ASES: A solution of the drug is sprayed
info a supercritical atmosphere. SEDS/SAA: A
solution of the drug is sprayed together with a
supercritical fluid into the expansion chamber. The
mixture is created either at the tip of the nozzle
(SEDS) or before going through the nozzle (SAA).
Abbreviations: ASES, aeroso! solvent extraction
system; SEDS, solution-enhanced dispersion by
supercritical fluid technique; SAA, supercrifical
assisted atomization.
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Supercntical fluid Supercritical
solution
Pressure
release
= =™ |
Extraction unit Impragration unit
-High pressure cell -High pressure cell
-Temperature controlled -Temperature controlled
-Pressure controlled -Pressure controlled

Figure 7 Function scheme of the dynamic impregnation process, The drug is dissolved in a high-pressure cell
The supercritical solution s pumped through a carrier bed in a loading cell. Particles are generated during
depressurization.

OUTROS PROCESSOS DE ENCAPSULACAO
- Moagem e micronizagéo:
- Eletrofiagdo
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