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aging.

equipment

Ideal characters of coating material

1. Solubility in the coating solution

2. Solubility required for intended use- Free water
solubility, Slow water solubility, pH- dependent solubility

3. Capacity to produce elegant looking product

4. Stability in presence of water, heat, moisture, air, and
substrate being coated and no change in properties with

5. Essentially no color, odor, or taste
6. Compatibility with common coating solution additives
7. Nontoxic and ease of application

8. Resistance to cracking and should act as barrier

9. Ease of printing procedure on high-speed equipment
10.Low cost & Ease of application without specialized
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= There are three main types of tablet

coating: ‘ @
= Film coating
= Sugar coating .

= Press coating
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Film Coating

m This is the more modern of the two major
coating processes.

m First introduced to the pharmaceutical
industry in the 1950°s
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= Standard coating pan

INLET AIR SUPPLY

EXHAUST

TABLET BED

FIG. 12-5. Diagram of standard coating pans.
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Core

Powders, granules, pellets, tablets,
capsules
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Core

Properties

Hardness
- Sufficient hardness ( > 8 kg) and
less friability ( < 0.5 %) or (< 0.1 %)

- Less hardness is require for sugar coating

1 Y bl o< 13

1- Polymer

2- Plasticizer

3- Colorants and Pigments

4- Solvent (vehicle):quiis ¢ gae Jaa gl slall
s g Adaia Gapalil) 3 ga ¢ 5S0
(Solution or Suspension)
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N Monomer Oligomer (30—-100 mers)
@RV Dimer RO,
_ NN N N NN N NN NN AN
N Trimer 59, 9,0,2,9,0,4,0,9,4,0,9,4,0,2 .4
R R R R R R R R IR RIS

Polymer (over 200 mers)

Degree of Polymerization (DP) = Number of monomers in a chain
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Homopolymer
OOOOOOOOOQQO
mmmmo Random copolymer
mwdmmo Alternate copolymer

Block copolymer
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Block Copolymeres

: Diblock copolymers 4l 43 pad sy JiS -1
: Triblock copolymers 4536 4 g2 JiS -2
: Tetrablock copolymers 4l 43 jradd g3 JiS -3
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Methacrylic acid

CH,
0. 0.
HO 0 H
Poloxamer s
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Ethyl acrylate

Fig. 5
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Aqueous Dispersion Deposited on Surface

l Water evaporation

Close Packed Spheres With Water Filling Voids

Water evaporation +
polymer deformation

THIPTFTL 7T IR 7T T T LT L O LSS LS

Continuous Polymer Coating

Film formation from pseudolatex. (From Ref. 7)
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Dispersion aqueuse de polymére

upport

Evaporation progressive de l'eau
Empilement/Déformation
des particules de polymeére

2.0, 0,000,009
09 202090

&
0026202 20%2e2
Support

Evaporation de I'eau interstitielle
Déformation/Coalescence
des particules de polymeére

Formation de film continu

[ Support ] 21

Fig. 6

Film Formation Al Jsd

Force exerted on three spheres
wet by water film

Force exerted on two spheres
wet by water film

Water evaporation brings
spheres together

T e P

Water evaporation fuses
deformable spheres

D

Particle coalescence durijln&il;ﬁa;eporative phase.
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Film Coating

m Polymeric films can be produced from:

A. Organic solutions of polymers

polymer particles (10-500 nm).

1 Y bl o<

B. Aqueous pseudolatex Colloidal dispersions of

23

o) 3 jgal ciuiual

Perforated pan Accela Cotay’
Gliia (uli 8 Hi Cotav’
Standard pan Driam Coatig Panv’
G4l Gl a8 Pellegrine Cotav’

Air Fluidize Coater Panv’

(o) o edly Qi)
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PERFORATED PANS

XA

rar
s PERFOTATED COATING PAM
EXHAUST PLNG R

TAME MO

Interior of VHC-66L 1000L Coating Pan
Showing mixing baffles, anti-slide baffles,
and slotbed.pesforations
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Fluidized bed coaters
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Film Formation Al Js&s
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(Post coating thermal treatment)
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Film Formation Al Js&s
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Film Formation Al Js&s

Pseudolatex system :slall 3 jasall & padsd) B
SN 398 sug Al Al il Jglaa 315,05
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Film Formation i) Js&5
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Non-functional Coating (-4 $3U) Gunlil) -1
Functional Coating & s!) (unalil) -2

1 Y bl o< 32

Jin sihiaey -1 Adana L ol 63 16



Film Formation i) Js&3
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1- Cellulose derivatives:
> Hydroxypropyl Methylcellulose HPMC,
> Hydroxypropylcellulose HPC,
> Hydroxyethylcellulose HEC,
> Methylcellulose MC,
> Ethylcellulose EC,

>Sodium carboxymethyilcellulose
NaCMC

1 Y bl o< 33

Polymers for conventional coating
- cellulose ethers

CH,0R
0, o
OR
o
OR

ccccc

R=H, CH3, CH3CH(OH)CH2 HPMC
R =H, [CH3CH CH3 O], H) HPC
R =CH2CH3 EC
R =CH2COONa NaCMC
1 i n L 0 34
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Table 15 Commonly Used Polymers

Polymer

Comments

MC
EC

HEC
MHEC

HPC

HPMC

NaCMC

Soluble in cold water, Gl fluids, and a range of organic solvents.

Soluble in organic solventsinsoluble in water and Gl fluids.JUsed alone in modified-release
formulations and in combinatior] with water-soluble celluloses for immediate-release
formulations.

Soluble in water and Gl fluids.

Soluble in water and Gl fluids. Has similar film-forming properties to HPMC, but is less
soluble in organic solvents, which limited its popularity when solvent coating was the
norm.

Soluble in cold water, Gl fluids, and polar solventsj Becomes tacky when dried, so isl
unsuitable for use alone, often used in combination with other polymers o opfimize
adhesion of coat.

Soluble in cold water, Gl fluids, alcohols, and halogenated hydrocarbons
former{ and the most widely used polymer| Can be used with lactose to improve
adhesiVeress:

Soluble in water and polar solvents.

Abbreviations: MC, methylcellulose; EC, ethylcellulose; HEC, hydroxyethylcellulose; MHEC, methyl hydroxye-
thylcellulose; HPC, hydroxypropyl cellulose; HPMC, hydroxypropyl methylcellulose; NaCMC, sodium carbox-
ymethylcellulose; Gl, gastrointestinal.

T 4 ana ba 9l iS5 35

CMC.Na A
CMC-HEC
HEC AN ala 3
MC ey

HEMC
HPMC
HPC

¢ MEC
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Film Formation Al Js&s

2- Vinyls (Polyvinyl pyrrolidone, PVP)
3-Glycols (Polyethylene glycols, PEG’s
4000-20000)

4-Acrylic polymers Eudragit E pH<S5

s elall QAM&\H&J\ 53a alina

Ol oSas Ally (EC and acrylate derivatives)
o) ARd,) Lunli A0 aladiuly Adig ¥ (unli ol
Alaie 3 g g ga
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Film Formers

s &) Functional Coating Al Gundil) -2
cilay iy (Modified release )il (lSa s
slad (e sl USP I (33
1. Extended release: One that permits at
least a twofold reduction in the dosing
frequency as compared to the situation in
which the drug is presented as a
conventional dosage form.

2. Delayed release: One that releases the
active ingredient at some time other than
promptly after administration (enteric
coated products for example).

1 Y bl o< 38
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Extended-release Oral Dosage Forms

il ghudaaS apaiill ALY Allad) Salall Adlial) ciliual gall
- ) Al glaa
They exhibit neither very slow nor very fast rates of
absorption and excretion

They are uniformly absorbed from the G.L.T.

They are administered in relatively small doses.

They possess a good margin of safety i.e. Therapeutic
Index (TI)

1 4Yana L sl S 39

Film Formers
(il o) il A Aasiioiall i jrand gl (e AdLiA) 1 o5
sdadd (g gaeall

= Enteric polymers (s saa) (unlil)

1. Natural polymers (Shellac)

2. Cellulosic :

» Cellulose Acetate Phthalate CAP

» Cellulose Acetate Trimellitate CAT

= Hydroxypropyl MethylCellulose Phthalate HPMCP,

= Hydroxypropyl Methylcellulose Acetate Succinate
HPMAS

3. Acrylic (Poly (Methacrylate — Ethylacrylate) 1:1,
Poly (Methacrylic acid — methyl methacrylate) 1:1)

1 Y bl o< 40
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Table 17 Commonly Used Enteric-Coating Polymers

Polymer Solubility profile Comments

Shellac Above pH 7 The original enteric-coating material, originally

used in sugar-coated tablets. The high

pH required for dissolution may delay drug

release. Natural product that exhibits

batch-to-batch variability.

CAP Above pH 6 The high pH required for dissolution is a
disadvantag. Forms britte films, so must

be combined with other polymers.

PVAP Above pH 5
HPMCP Above pH 4.5 |0ptima| dissolution profile for enteric coating.
Polymers oll methacrylic Vanpus gradeg available HP50 z & HP55
acid and its esters with dissolution
occurring above pH 6

Abbreviations. CAP, cellulose acetate phthalate; PVAP, polyvinylacetate phthalate; HPMCP, hydroxypropyl
methylcellulose phthalate.

T 48¥a a5l 55 41

R, R, R,

| I I

el Hy el cnilCHy il e (gl e

| I
C=0 R, C=0

| l
OR, ORI

R, = -CHy, Ry = -CH, and R, = -COOH (Eudragit® L and §)

R, =-CH;, Ry= -CH;-CHy and Ry= -COOH (Eudragit” L100-35 and L30D-55)

R, =-CHy, Ry = -CH, and R, = <COOCH, (Eudragit® NE30D)

R, =-CHy, R; = -CH, and R, = -COOCH;CH;N"(CH,)sCT (Eudragit® RL and RS)

Figure 17: Structure chimique de I'Eudragit” (Vandamme et al., 2002).
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Table 1  Chemical Structure and Characteristics of Soluble Methacrylate Copolymers I

CH,
CH, CH, 1 CH,
H | I C=CH, I
I C=CH, C=CH, | C=CH,
C=CH, | I C=0 I
| Cc=0 Cc=0 | C=0
C=0 | | O-C,H-N(CH,), |
| O-CH, O-CH, OH
O-CH, Dimethyaminoethyl
Methylmethacrylate Butylmethacrylate methacrylate Methacrylic acid
Monomers Methylacrylate (MA) (MMA) (BMA) (DMAEMA) (MAA)
Scientific name (IUPAC) Structure Solubility Eudragit® types Commercial forms
Poly(butyl methyl methacrylate-co- MMA-BMA-DMAEMA = Below pH 5.0 E 100 Granules
(2-dimethylamincethyl)methacrylate- EPO Powdir
co-methyl methacrylate) 1:2:1, - ) )
150,000 EI25 Organic solution
Poly(methacrylic acid-co-ethyl acrylate) EA-MAA =50:50 Above pH 5.5 L 30 D-55 Agqueous dispersion
1:1, 250,000 L 100-55 Powder
Poly(methacrylic acid-co-methyl MMA-MAA = 50:50 Above pH 6.0 L 100 Powder
methacrylate) 1:1, 135,000 L1125 Organic solution
Poly(methacrylic acid-co-methyl MMA-MAA =70:30 Above pH 7.0 S 100 Powder
sthacrviate) 1:2
methacrylate) 1:2, 135,000 S125 Organic solution
Poly(methylacrylate-co-methyl MMA-MA-MAA = Above pH 7.0 FS30D Aqueous dispersion
methacrylate-co-methacrylic acid) 25:65:10

1 Y bl o<

43

@88  Which of the following can be used as a binder in aqueous and non-
agueous systems?

1 polymethacrylates

m g 0w >

L acacia

3 starch

1 sucrose

2 alginic acid

1 Y bl o<
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cellulose acetate phthalate

HO

CH20—C—CH3

i ||
CHzo—C_CH3
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Figure 1.4
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(3]
(=]
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Therapeutic threshold

Key:

A Immediate release
B Sustained release
C Controlled release
D Delayed release

36 48

Time (hours)

A Al b B A el e )
A Ba e b A0 G (e e
04 (controlled release) g a0
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Drug release and abSerptiorispatterns 46
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Film Formers

(il gl i) (B Aasiicual) i yaand gl (ha Adlidal) £1 63Y)
:dadi Jadl) J shaa
= Polymers used in extended release film
coating include
1. Natural polymers (Zein),
2. Cellulosic polymers (Ethylcellulose)
3. Silicone elastomers
4. Acrylic esters.

1 Y bl o< 47

TABLE 33.15 Examples of common materials used in

extended-release coating formulations

Coating material Membrane characteristics

Fats and waxes * Permeable and erodible
(beeswax; carnauba

wax; cetyl alcohol;

cetostearyl alcohol)

Shellac * Permeable and soluble (at high pH)
Zein * Permeable and soluble (at high pH)
Ethylcellulose * Permeable and water-insoluble
Cellulose esters * Semi permeable and water
(e.g., acetate) insoluble
Acrylic ester * Permeable and water insoluble
copolymers

1 4 L gl i 48
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Table 2 Chemical Structure and Characteristics of Insoluble Methacrylate Cupul)‘ltu:nl

CH,
H CH, |
I | C=CH,
C=CH, C=CH, |
I | C=0
C=0 C=0 |
I | O-C,H-N+(CH,),CI
0-C,H, O-CH,
Trimethylammonioethyl methacrylate clorid
Monomers Ethyl acrylate (EA) Methyl methacrylate (MMA) (TMAEMA)
Scientific name Structure Permeability Eudragit® types Commercial forms
Poly(ethyl acrylate-co-methyl methacrylate) MMA-EA = 30:70 Medium NE30D Aqueous dispersion
2:1, 800,000 NE40D Aqueous dispersion
Poly(ethyl acrylate-co-methyl methacrylate) MMA-EA = 30:70 Medium NM30D Aqueous dispersion
2:1, 600,000
Poly(ethyl acrylate-co-methyl methacrylate- MMA-EA-TMAEMA = High RL 100 Granules
co-trimethylammonioethyl methacrylate 60:30:10 RLPO Powder
chloride) 1:2:0.2, 150.000 RL30D Aqueous dispersion
RL 125 Organic solution
Poly(ethyl acrylate-co-methyl methacrylate- MMA-EA-TMAEMA = Low RS 100 Granules
co-trimethylammonioethyl methacrylate 65:30:5 RS PO Powder
chloride) 1:2:0.1, 150.000 RS30D Aqueous dispersion
RS 125 Organic solution
1 Y bl o< 49
EUDRAGIT® E PO
EUDRAGIT L 100-55
EUDRAGIT RS 100
EUDRAGIT E 100
EUDRAGIT NE 30D
EUDRAGIT RL 100
HPMC
) 1 T 1 ]I
0 200 400 600 800 1000

Water Vapor Permeability (g water/m 2*d)

Figure 2 Water vapor permeability of pharmaceutical coating materials, measured ac-
cording to DIN 53122 with isolated films of 25 um thickness. Abbreviation: HPMC, hy-
droxypropyl methylcellulose.
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55

2 EUDRAGIT® L 30 D-55
EUDRAGIT®* L 100-55

lleumn, Colon de livery pH> 7.0
4 EUDRAGIT* S 100
EUDRAGIT*S 12,5

Bl AL « B

I
!
[z'
u

[3]

Jejunum pH 67

EUDRAGIT® L 100

stained-Re leasIormulations

Folymer Threshold pH
Endragt® L100 6.0
Endragd® 5100 10
Endragd® L-30D 56
Endragt® FS 30D 6.8
Endragt® L100-55 55
Poly varyl acetate phthahte 50
Hydrcscypropylm ethyk elulose phthaite 4548
Hydroecypropyl methykelblose phfhalate S0 5.2
Hydroecypropy] methykelbolose phdhalate 55 54
CeInlos: acetats trmellate 43
Cellubse acetate phthakte 50

1 Y bl o<
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3V 81 A g Ao A b JISE) piant) AliSal) (3

< gand) Jlia ?\.E.'d\
sladyl LS ie pH ) 4lis* | Eudragit®L (pH=6)| aie) Jali sy
0819l A g A38M|  Eudragit®S (pH=7) pH ) =

PH U 4 gl g 380 cilédiay)** | Eudragit®FS (pH=7)| pH —dependent
HPMCP (pH=Y5)

S OV sy sund) 5 b Eudragit® RL| (A& siai¥ jads:
Al Eudragit® NE pH J
S8 Qg8 Gaa gl B Eudragit® RS pH -
o ) dis de yu independent
LAl o Jig apall g aluall® Amylose| daul g % padd gy
S S Chitosan Ol sRl L sy
i) o U sy 8 e Dextran
Adladl) 3 gal) (lany Pectine

4 5o\ | [ a2
LRl B el Iy

Formulation Components

In addition to the film — forming polymers, other
components may be included in the coating
formulation for different purposes.
= Some of these components may be added
to improve the film quality in terms of
coalescence and/or facilitate large-scale
production (e.g. plasticizers, surfactants
and Antiadherents agents).

= Others are added to modify the film
permeability properties to achieve a target
release profile from the dosage form (e.g.
pore formers or channeling agents).

1 Y bl o< 54
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200 -

180
160 i\ -+ Propylene Glycol [ |
140 x - PEG 200 —
120 \\ —— Glycerol -
100 \Q\
80
60 \\\
40

20
0

Glass transition temperature (°C)

(o} 10 20 30 40 50 60
Quantity of plasticizer added (% w/w)

FIGURE 33.9 Effect of plasticizers on the glass transition tem-
perature of HPMC

1 Y bl o< 55

3- Plasticizers

m Plasticizers are usually high — boiling point organic
solvents that are used to impart flexibility to the
otherwise hard or brittle polymeric materials.

m Plasticizers generally cause a reduction in the
cohesive intermolecular forces along the polymer
chains resulting in various changes in polymer
properties, such as reduction in tensile strength,
increase in flexibility and reduction of polymer
Tg therefore enhancing the coalescence process
and improving the integrity of the coat.

L aany o Sy b 30 JEEYI 551 A 3 cand A s Al (3555 iyl ol 231 5all a1 J gl 5518 Aa 2 (Tg)

5oshiall g Al e sl e WeTg leie el 5 )all da o oS5 Leie (plastic deformation) o » s
14 ana L sl S 56
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Film Formation Al Js&s

3-Plasticizer «uld);
v Swells and softens the polymer
spheres,

v'Facilitating coalescence

v'Reducing minimum film formation
temperature (MFT).

v'The plasticizer reduces the glass
transition temperature (tg) of the
polymer.

el i o s rala 3 QG 5 5o ip 3 cind iy T (55 5y ) 13 gall b 30 a2l 5,1 a3 (Tg)
5oshiall g Al e sl e WeTg leie el 5l uallds o oS5 Leie (plastic deformation) o s s
1 &iVaua La 1 55 57

Film Formation

= Glass transition temperature (Tg) maybe defined
as the temperature at which a polymer undergoes
a marked change in material properties.

m Below Tg, the polymer is said to exist in the glassy
state and is usually characterized by a somewhat
ordered structure in which there is minimal polymer
chain movement.

m Above Tg, the polymer is in a rubbery state, which is
characterized by amorphous portions or regions with
increased polymer chain movement and polymer
elasticity.

1 Y bl o< 58
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Plasticizers

s slll & 4dsiaWater soluble: Glycerin,
propylene glycol, low molecular weight
polyethylene glycols (PEG 200 and 400).
Triethyl citrate (TEC) (Citroflex®) and
surfactants such as Tweens.

m skl b daia p£Water insoluble: Acetyl

triethyl citrate (ATEC), Acetyl tributyl
citrate (ATBC), Dibutyl phthalate (DBP),
Diethyl phthalate (DEP), Tributyl citrate
(TBCO).

1 Y bl o< 59

i Tributyl c1trate
SO _\ ﬁ% '

° Dibutyl phthalate Triethyl Citrate

7  Applications in Pharmaceutical Formulation or
Technology

Tributyl citrate is used to| plasticize | polymers in formulated

pharmaceuticaljcoatings.[The coating applications include capsules,

tablets, beads, and granules for taste masking, immediate release,
" . . bk L (1-6)

sustained-release, and enteric formulations.

Ui ihasy -1 Alasa L ) 9S8 30
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Plasticizers

m Water insoluble: Oils such as oleic acid,

caster oil and coconut oil. Surfactants such
as Spans.

= With aqueous polymer dispersions, water-
soluble plasticizers dissolve whereas water-

insoluble plasticizers have to be emulsified in
the aqueous phase of the dispersion.

1 Y bl o< 61

Plasticizers

= Surfactants can be “endogenous” to the
polymeric aqueous dispersion since they are used
in the synthesis of some coating polymers (e.g.
Nonoxynol 100* in Eudragit® NE 30D) by
emulsion polymerization.

» "Exogenous” surfactants may be added to the
coating formulation to facilitate the spreading
of the coating droplets on the surface of the
substrate. They lower interfacial tension
between organic polymer solution and the
aqueous phase during pseudolatex
formation.

* series of polyoxyethylene ethers with lauryl side 1 isys 62
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Pore Formers <l il JSéia

m Film coats made of impermeable or semi-
permeable polymers may be combined with
water-soluble pore formers such as
micronized sucrose, sorbitol, lactose,
NaCl and Calcium phosphate.

= Upon contact with dissolution fluids, the pore
former leaches out rapidly to form a
multiporous rate-controlling membrane through
which the drug diffuses in a zero order fashion.

= pH dependent pore forming agents are used
in enteric coated substrates.

1 Y bl o< 63

Filler 52l
Jraadl) dalua Jas
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18: Type of capsule, disintegration time limits,
disintegration medium and temperatures

Water (unless
otherwise
mentioned)
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Table 4.5 Components of Nonaqueous Film-Coating Solutions
Component Example
Film former Cellulose acetate phthalate
Alloying substance Polyethylene glycol
(less valuable material)
Plasticizer Caster ol
Surfactant Polyoxyethylene sorbitan derivatives
Opaquant Titanium dioxide
Colorant Dyes
Sweeteners Saccharin
Flavors Vanillin
Aromas Vanillin
Glossant Beeswax
Volatile solvent Alcohol-acetone mixture
' o 1 ¥300m L 0 ' N

Table 4.6 Components of Aqueous Film-Coating Solutions

Component
Film forming polymer

Plasticizer

Opacifier
Colorant
Vehicle

Example

Cellulose ether polymers (methylcellulose, hydroxypropylcellulose,
hydroxypropylmethylcellulose)

Glycerin, glyceryl triacetate (triacetin), dimethyl (or ethyl or butyl)
phthalate, di-(2-ethylhexyl) (or butyl) adipate, dibutyl cebacate,
dibutyl subacetate, propylene glycol, polyethylene glycol, oleic
acid

Iron oxide pigments
Dyes
Water
143 La s 72
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