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IntFOdUCtlon Shin-Etsu AQOAT (pronounc_ed Ay—coat ),_

Hypromellose Acetate Succinate is an enteric

coating material which was first approved in

Japan in 1987. . )

As of January 2004, this product has been R=-H CHZCH(CH3)OCOCH3

approved in Korea, several countries in Europe, -CH3 -CH,CH(CH3) OCOCH,CH,COOH

and USA as well as in Japan. In 2000, the

production plant located in Japan was inspected CHzCH(CH3)OH

by the FDA. -COCHs3

The characteristics of this material suggest

-COCH,CH2COOH

several applications in addition to conventional
enteric coating.

This brochure briefly describes the properties of
Hypromellose Acetate Succinate.

If you have any gquestions, please contact us for
further information.




Manufacturing Process

Physicochemical Properties

There are six grades available as shown on the

The raw material of Shin-Etsu AQOAT is
highly-purified pulp, which is available from previous page. They have different particle sizes and
chemical substitution levels. The following data

shows only typical values and not specifications.

natural trees.

The first step of production is to manufacture
“Hypromellose” (also known as HPMC = The numbers vary slightly depending on lot, grade,
Hydroxypropyl Methylcelulose) from the and determination method. For specifications, see page
pulp. Hypromellose is a non-toxic material 17 of this brochure.

which has been used in pharmaceutical,

food, and cosmetic industries for many

years. Appearance | White to yellowish powder or granules with a faint,
acetic acid-like odor. Tasteless.
Based on Hypromellose, acetyl and True density 1.27 - 1.30 g/cm® (measured with helium pycnometer) SO|Ub|I|f)’
succinoyl groups are introduced to the . o dens Micronized grade: 0.2 - 0.3 g/ml, ASLF ASME ASHE
hydroxyl groups of the backbone, and this vieeensly | Granular grade: 0.2 - 0.5 g/ml ASIG  ASMG  ASHG
constitutes Shin-Etsu AQOAT, Hypromellose PUIP
Acetate Succinate (P ” | ) Tao densi Micronized grade: 0.3 - 0.5 g/mL, Acefone S S S
‘ ure cellulose ap density Granular grade: 0.3 - 0.6 g/mL Methanol S S S
Molecul 99 % Ethanol I [ I
Chloromefhane w:igﬁr r 18000 (weight-average, measured with SEC-MALLS) CH2Cl2 | P P
Propylene oxide b F Ethqno|-Wc1fer (82)* S S S
psgl::zr?zaﬁon 70 (weight-average, measured with SEC-MALLS) Ethanol - Water (1:1)* S P P
CH2Clz2- Ethanol (1:1)* S S S
Thermal Diethyl ether | I I
Hyprome"ose degradation 200 € Purified
femperature uritied water | | |
(H)’d rOX)’prOp)/I Mefh)’ke”UIOSG) 10%- NaOH S S S
10%-Na2COs S S S
i i Viscosity vs concentration
Acetic anhydrlde 10000 Iy S = Soluble (solution may be slightly opaque) | = Insoluble
Succinic onhyd ride P = Partly soluble or swelling * Weight ratio
Equilibrium moisture content
(Hypromellose Acetate Succinate) S 2 10 25¢C Phhalate (FP-55]
. S € V4
Available grades* i 100 S g 8 AS-LF / ) AS-MF
y 4 4 fud
Acetyl Succinoyl | Mean Particle Labeled 2 /S 2 //
Grade o o . O S / : 5 6
% % Size Viscosity 32 /| [— ASiGin | 5 / AS-HF
> / Ethanol/Water (1:1) 1S . AS-
AS-LF 8 15 10 // — AS-MG in - g 4 ,/7
Micronized AS-MF 9 11 5um . igj:g/.wo'er 73 5 %
AS-HF 12 6 3 mmz/s Ethanol/Water (8:2) | | _g 2 - 2 ‘A
AS-LG 8 15 o
Granular AS-MG 9 11 Tmm 1 0
AS-HG 12 6 0 2 4 6 8 10 12 14 16 0 20 40 60 80 100 120
*The data shows only typical values and not specifications. For specifications, see page 17. Concentration (wt %) Relative humidity (%)




Film Properties

Film strength (ASTM)

Glasstransition temperature* AS-LG  AS-MG  AS-HG
bk 5251 89
AS-LG 120 (°C)
AS-MG 130 Elongation (%) 8.4 7.2 4.3
AS-HG 135

Hypromellose phthalate 145

H Il 165
ypromellose Water vapor permeability (0% / 75 % RH)

*Film softening temperature in thermo - mechanical
analysis

AS-LG 165 (g/m?/ 24hrs)
The fi . AS-MG 185
e film specimens were
cast from organic solvent. AS-HG 210

Film solubility at various pH Cast films were cut into 1 cm x 1 cm pieces of 100um thickness and
put into a test buffer in a USP disintegration tester.
Disintegration time of the film specimens was then measured.
The disintegration time is dependent on grades, pH, and buffer

solutions.
USP Phosphate Buffer Mcllvaine’s Buffer
(NaOH - KH2PO4) (Citric acid - Na2HPO4)
120 120
100 | 100
£ g 80
£
S 60 60
=
(o))
E ol 0
é’
20 20
0 1 1 1 1 1 1 0 1 1 1 1 1 1
5 6 7 8 5 6 7 8
pH pH
_5_

Applications

Conventional Aqueous Dispersion Coating

variety.
Enteric G
with

The polymer powder is dispersed in water and sprayed onto the
core tablets or granules. Plasticizer is required for film formation.
To avoid nozzle clogging, if necessary, chilling of coating
dispersion is recommended.

Aqueous Dispersion Coating using
"Concentric Dual-Feed Spray Nozzle"

This is an improved method to avoid the drawbacks in the
conventional method. By spraying the plasticizer and polymer
separately with a specially-developed spray nozzle, you avoid the
nozzle-clogging problem encountered with spraying the
dispersion at room temperature. In addition, you can increase the
polymer concentration which achieves shorter coating time.

Solvent-Based Coating

This is the usual way of coating using organic solvents.
A typical solvent is a mixture of ethanol and water. Plasticizer is

Shin E"SU AQOAT not necessary in most cases. Thisis the simplest method and

,'. Other

. applications
y

Solid Dispersions

This technique significantly

enhances bioavailability of

poorly-soluble drugs by

increasing solubility.

gives the most uniform and continuous films.

Ammonia-Neutralized Coating

If you want uniform and continuous film coating as in the solvent
coating but do not want to use organic solvents, this procedure is
available (There may be some limitation in gastric resistance and

stability).

Dry Coating

This is a unique coating method using Shin-Etsu AQOAT.

The powder is applied directly onto tablets or granules. while
plasticizer is sprayed separately. The polymeric powder and
plasticizer coalesce into a film by heat curing. This process does
not require solvents or water, which is especially important when
working with water-sensitive drugs. Another benefit is the
shorter processing time compared to conventional coatings.



Conventional Aqueous Dispersion Coating

100-kg scale This is the conventional aqueous dispersion coating
method for which Shin-Etsu AQOAT was originally
developed. Micronized polymeric powder is
dispersed in water and sprayed onto core.
Plasticizer is required for the film formation. The
following parameters are based on 5-kg scale
laboratory operation using a side-vented pan coater
for tablets. Since the polymeric powder dispersion
has a low viscosity and is less sticky, it should be
sprayed in a high speed. Shin-Etsu has technical
information in more detail pertaining to the use of
other apparatus such as fluidized bed and lab-scale
equipment. Ask your sales representative for further

information.
Nozzle diameter 1.8 mm Feed speed .
Atomizing pressure 200 kPa 25 - 45 g/min Coating Fluid
Distance to tablet bed 16 cm Shin-Etsu AQOAT (AS-MF) 7.0 wi%
Triethyl citrate 1.96
PUMP Talc 2.1
Sodium Lauryl Sulfate 0.21
Water 88.73
(Total 100)

Keep the coating fluid below 25°C
to avoid nozzle clogging.
(Chiller recommended)

Air flow 2.5 -3.0 m3/min
Inlet 75-80°C

Outlet 40-44°C

Pan speed 16 - 20 rpm

. ; o= Strainer (60 — 80 mesh)
Post drying 30 min. at 70°C (inlet)

is recommended.

100-kg scale

After coating, the inside of pan is very
clean compared to other enteric coating
agents. You can save time for cleaning.

®Ingredients

For aqueous dispersion, use a micronized grade.
Maximum polymer concentration is 7 %. Greater
concentrations may clog the spray nozzle.

Triethyl citrate (TEC) is the only compatible
plasticizer for Shin-Etsu AQOAT. The optimum
amount of TEC depends on grade (See the following
table on this page). Sodium lauryl sulfate is a
wetting agent that facilitates the dispersion of the
polymer in the suspension.

Talc is added, typically 30 % based on polymer, for
anti-tacking.

- i

Minimum Film-Forming Temperature of
Aqueous Dispersions

@®Preparation of Coating Fluid

Prior to adding ingredients, water should be below
25C. Under stirring, dissolve TEC and sodium lauryl
sulfate in the water first. After TEC is completely
dissolved, add Shin-Etsu AQOAT and talc gradually.
After the powder is uniformly dispersed, the coating
fluid is ready to use. To prevent nozzle clogging, it
is recommended to chill the coating fluid with ice
bath or electronic chiller, if necessary, to keep under
25C. Keep stirring gently.

Minimum film-forming temperature (MFT) of
the aqueous dispersion with Shin-Etsu

70
O
09.’ 60
"E 50 AS-HF
o)
Qo
g 40
S AS-MF
£ 30
£
L 201 AsF
(S
& 10
S
g 0 | | |
§ 0 10 20 30 40

% Triethyl citrate
(based on polymer weight = 100)

AQOAT is dependent on the substitution type
of the polymer and the content of plasticizer.
The graph shows MFT of aqueous dispersions
with various contents of TEC for each grade.
The dispersion contains 7.0 % of Shin-Etsu
AQOAT, various amount of TEC, and 0.21 %
of sodium lauryl sulfate in purified water.
Based on these characteristics, the regular
level of plasticizer is set for each grade, as
shown in the following table.

Regular TEC level for aqueous dispersion

coating*
AS-LF 20 %
AS-MF 28 %
AS-HF 35%

*based on the polymer weight = 100 %




Concentric Dual-Feed Spray Nozzle

Air cap Plasticizer

72 \

,,,,, Z %2z

Polymer
Dispersion

Nozzle B

Since the nozzle clogging was found to be
caused by the strong binding of the polymer
and plasticizer, this technique was developed.
The key of this method is to spray the two
components separately. Using this technique,
you don't have the clogging problem, and you
don't need to chill the dispersion asin the
regular method. As the polymer can be
applied in greater concentrations than the
regular method, you can achieve shorter
processing time.

A newly-developed Concentric Dual-Feed
Spray Nozzle is used in this method. Ask
your sales representative about the nozzle for
your laboratory test.

Nozzle diameter

(A)3.0mm (B)1.2mm
Afomizing pressure 300 kPa
Distance to fablet bed 16 cm

Nozzle A Ajr inlet

Air flow 2.5 -3 m3/min
Inlet 70-82C
Outlet 40-45°C
Pan speed 16 — 20 rpm
Post drying

30 min. at 60 C (inlet)

The parameters are based on a 5kg

laboratory scale side-vented pan coater.

)
PUMP 1
- J
Polymer feed rate
25 - 50 g/min Coating fluid
k)  shinEisu AQOAT
(AS-MF) 15.0 wi%
Tale 4.5
Sodium lauryl sulfate  0.15
PUMP 2 Water 80.35
(Total 100)

Plasticizer feed rate
1.1-2.1 g/min

Dispersion
. . pump
Triethyl citrate 5§ o

i

Adjust the feed speed so that the polymer and
TEC is a proper proportion (See page 8) .

Solvent-Based Coating

For preparing a solution with organic solvents,
use the granular grades (AS-LG, -MG, or -HG)
because the micronized grades may cause
lumping.

Dichloromethane mixture used to be a typical
solvent, but nowadays ethanol-water mixtures are

Nozzle diameter 1.2 mm Feed sp<'aed
Atomizing pressure 200 kPa 55 g/min
Distance fo tablet bed 16 cm

PUMP

%

Air flow 2.5 m3/min

Inlet 60-65C

Outlet 32-40C

Pan speed 16 rpm

Post drying 30 min. at 60°C (inlet)

preferred due to the environmental issues.
Plasticizer is not necessary in most cases. The
coating layer is the most uniform and continuous
of all the methods described here.

Coating Fluid
Shin-Etsu AQOAT (AS-MG) 6.0 wt%

Ethanol 75.2
Water 18.8
(Total 100)

The parameters are based
on a 5-kg scale laboratory
side-vented pan coater.

Ammonia-Neutralized Coating

Ammonia-neutralized coating fluids can also be
applied. A typical formulation for the coating fluid
is as follows:

Shin-Etsu AQOAT (AS-MG) 7.0 wit%

Talc 2.1
Ammonia 0.13 (as NH3)
Water 90.77

The optimum level of ammonia depends on the
grade. For AS-LG, regularly add ammonia-water so
that the pure NHs is 2.6 % with regard to the
polymer weight. For AS-MG and AS-HG, the
optimum level of NHs is 1.9 % and 1.1 %,
respectively. As the pH of formulation is
approximately 7.0, there is no smell of ammonia.
Plasticizer is not necessary in most cases.

The processing parameters are similar to regular
aqueous coating such as hypromellose (typically,
for a 5-kg batch: inlet 80-83°C, outlet 42°C, spray
rate 30 g/min). During the drying process,
ammonia is evaporated gradually. Compared to
other enteric polymers like hypromellose
phthalate, ammonia is more rapidly removed.
The coating layer is uniform and continuous like
the one from the solvent-based coating, but the
layer absorbs greater amount of acidic media
although the tablets appear intact during the
gastric resistance test. The coating layer also
tends to have a color change during the storage
test.

Therefore, please test carefully when applying this
method to your core dosage forms before
commercializing your product.

— 10—



Dry Coating

“Dry coating” isa unique technique in which the

d polymer powder is directly applied to tablets or
O POIYmer powder granules and the powder layer coalesces to form a
o Plasticizer droplef film quickly by curing. In 2000, a Japanese
pharmaceutical company commercialized this
technique using Shin-Etsu AQOAT for the first time.
@) o O Greater amount of plasticizer is required, and
O Cp 0 therefore more coating amount is necessary
o O OOo @] compared to other coating methods. However, this
technique is beneficial especially when your active

‘ ingredient is water sensitive and you don't want to

SR,

Curing ‘ <—Heat
~—

use organic solvents.

This technique is applicable for both tablets and
granules using a regular apparatus with a powder
feeding system. Ask your sales representative for
further information.

Basic formulation

Powder Shin-Estu AQOAT (AS-MF) 100 parts
Talc 60

Liquid Triethyl citrate 35
Acetylated monoglyceride 20

Powder nozzle

Nozzle diameter 11 mm Powder blend

Compressed air pressure 200 kPa Siffii 2 ACORTASN
Distance fo tablet bed & cm Quantitative powder feeder and Tale (5:3)

Liquid nozzle Supply rate 10 g/min

Nozzle diameter 1.2 mm

Atomizing pressure 200 kPa X_X_X_X_X_X_X_X_X
Distance to tablet bed 6 cm

| == Compressed air
PUMP
, Spray rate
3.7 g/mi .
g/min Plasticizer
Triethyl citrate and
Air flow 1.5 i Acetylated monoglyceride
Curing Inlet 60°C (35:20)
30 - 60 min. Outlet 40C
at 60°C (inlet), Pan speed 20 rpm The parameters are based on a 5-kg laboratory

scale side-vented pan coater.

— 11—

Pictures of Dry Coating In the Laboratory

Tablet coating
(Side-vented pan coater)

Powder feeder .
. Granule coating
(Fluidized-bed)

Powder feeding Granule coating
l (Centrifugal granulator)

——=———— Plasticizer nozzle

— 12—



Coating Performance

Data is based on a 5-kg laboratory test using a side-vented
pan coater for placebo tablets with a diameter of 8 mm.

Comparison between methods

Standard  Standard coating amount

polymer for gastric resistance  Processing
Coating method concentration (% wt gain) time Advantage Disadvantage
in coating fluid (min
(%? Polymer  Total solid
Aqueous (conventional) 7 7 11 1547 No solvent Nozzle clogging
Aqueous (dual-feed) 15 9 14 96" No solvent, faster Special nozzle required
Ethanol-water 6 8 8 1497 Simple, no plasticizer Cost, residual solvent

Ammonia-neutralized 7 8 11 220" No solvent, no plasticizer Color change

Dry coating (100) 10 22 1357 No water, faster Powder feeder required
*1 Includes 30-minute post drying time.
#2 Includes 60-minute curing time instead of post drying.
Stability
Aqueous Aqueous Ethanol- Ammonia- D
(conventional) (dual-feed) water neutralized  coating™
Gastric resistance™ 3.5 34 5.8 11.0 1.9
Initial Disintearation fime (min)
isintegration time (min
at pH 6.8 10 11 9 10 13
After 6 months at Gastric resistance™ 3.4 3.9 5.5 4.4 1.5
40°C 75 % RH
(closed package) Disintegration time (min) 9 12 9 10 14
atpH 6.8

— 13—

*1 Percent uptake of acidic media (pH 1.2) aftera 2-hr
disintegration test. (All tablets wereintact after the test.)
*#2 Over-coated with carnauba wax.

@®Drug release at pH 6.8

Riboflavin tablets were coated with
various enteric coating materials.
The coated tablets were intact at
pH 1.2 for 2 hrs, and there was no
drug release. The right graph
shows the drug release at pH 6.8
from the tablets. The coating
amount was 9 % for all samples.

@ Drug release vs pH

Riboflavin granules were coated
with various enteric coating agents
using a fluidized-bed. Percent
release of riboflavin at 30 minutes
was measured using a dissolution
tester (paddle 100 rpm). USP
phosphate buffer and phthalate
buffer were used as the test fluids.

The three grades of Shin-Etsu
AQOAT show different patterns of
the pH dependency in drug release.
AS-LF shows a similar profile to
Eudragit L30D-55 or HP-55
(hypromellose phthalate). Other two
grades release the drug at higher
pH. These characteristics enable
this material to be used in a
controlled-release dosage forms for
targeting of drug release at a
specific gastro-intestinal site.

100
pH 6.8
80
_§ 60 —@— Core
o
_:LJJ 40 Hypromellose
32 phthalate (HP-55)
Shin-Etsu AQOAT
20 (AS-MF)
0 —@— Eudragit L30D-55
0 10 20
Time (min)
100 —8— AS-IF
—&— AS-MF
80
, —o— ASHF
c
E Hypromellose
g Or phthalate (HP-55)
—,; 0| Eudragit L-100
o
%; Eudragit L30D-55
® 20 |
o L L
45 50 55 60 65 70

pH
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Solid Dispersions

Physical mixture Solid dispersion

©
38
® 0§

O Drug (Crystal) o Drug (Molecule)

_——~__~ Carrier (Polymer)

X-ray diffraction spectra (Nifedipine)

ettt e

Solid dispersion with Shin-Etsu AQOAT

Nifedipine only

0 10 20 30 40
Degrees 26 (°)

“Solid dispersion” is a technique to enhance
bioavailability of poorly-soluble drugs by increasing
solubility. For a typical method of preparation, the
drug and polymer (carrier) are dissolved together
in a common solvent and the solution is spray-dried
or coated on some core formulations. The resulting
solid is a “molecular matrix” of the polymer and
the drug, which demonstrates a significantly
greater solubility compared to the original
solubility of the drug. It has been reported that in
this application Shin-Etsu AQOAT enhances
solubility of a poorly-soluble drug more effectively
than other pharmaceutical polymers (Tanno et al,
2004).

The present graphs show data on solid dispersions
of Nifedipine, a poorly-soluble drug. The solid
dispersions were prepared by spray drying. In the
solid dispersion, the crystalline peaks of Nifedipine
disappeared in the X-ray diffraction analysis. The
solid dispersion using Shin-Etsu AQOAT released
the greatest amount of the drug compared to the
ones with different carriers.

Dissolution of Nifedipine from Solid Dispersions with Various Carriers (pH 6.8)

40

Shin-Etsu AQOAT

Hypromellose phthalate

Hypromellose

Dissolution of Nifedipine ( xg/mL)

Povidone
Eudragit L
Nifedipine only
0 60 120 180 240 300
Time (min)
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Product Specifications

Test item Grade AASSILCFB i\\SS'\I:\ACIE AA%HH? Method
Identification (1R) Conforms

Viscosity 2.4-3.6cP

Loss on drying Not more than 5.0%

Residue on ignition Not more than 0.20%

Heavy metals Not more than 0.001% USP/NF
Free acetic acid succinic acid Not more than 1.0 %

Acetyl content 50-9.0% 70-11.0% | 10.0-14.0%

Succinoyl content 140-18.0% | 10.0-14.0% 40-8.0%

Methoxyl content 200-240% | 21.0-250% | 22.0-26.0%

Hydroxypropoxyl content 50-9.0% 50-9.0% 6.0-10.0%

Particle size Average : Not more than 10 um Shin-Etsu Laser
(For AS-LF, MF, and HF only) 90 % cumulation : Not more than 20 xm Diffraction Method

Package

25 kg - Fiber drum with polyethylene double bag inside

1 kg - Polyethylene double bag

-

1SO 9001
1SO 14001
Naoetsu Plant
JCQA-0018
JCQA-E-0064

COA AN

The Manufacture of Shin-Etsu Celluose
derivatives are based on the mentioned
registered quality standard and
JAB environmental management system.

08 EMS

Accreditations
JAB-R003,RE003

— 17—

Precautions for Safe Handling

Warning: May form flammable or
explosive dust-air mixtures.
When handling in large quantities or bulk, avoid
accumulation and suspension of dust in the air.
Store away from heat sources, sparks and flame.
Do not permit grinding, welding, or smoking near this
material.
General precautions outlined in the National Fire
Protection Association's NFPA 654 "Standard for the
Prevention of Fire and Dust Explosions from the
Manufacturing, Processing, and Handling of
Combustile Particulate Solids' and NFPA 77
"Recommended Practice on Static Electricity” are
recommended.

Dust explosivity parameters hazard class of AQOAT :
- F grades: St 3

Caution: May cause eye irritation.
Avoid contact with eyes, skin, and clothing.
Wash thoroughly after handling.

Wash contaminated clothing before re-use.
Use only with adequate exhaust ventilation.
Follow an organized housekeeping plan.
Keep floors and equipment clean.

Emergency and first aid procedures

If inhaled: Remove to fresh air. Give artificial
respiration if breathing stops. Get immediate medical
attention.

In case of eye contact: Flush eyes with water for at
least 15 minutes while holding eyelids open. Get
immediate medical attention.

In case of skin contact: Wash off with flowing water.

In case of material spills and leakages
The following steps should be taken.

- Wear an approved respirator, rubber gloves,
rubber boots and safety goggles.

- Vacuum or sweep up spillage. Prevent dust
generation. Place spillage in an appropriate
container for waste disposal.

- Ventilate area and wash spill site.

- Wash contaminated clothing before re-use.

Storage
Keep dry. Store away from excess heat and sunlight.
Store in sealed containers.

Disposal

Contents: Dispose of unused contents in accordance
with all applicable federal, state, and local laws.
Consult the distributor for further information.
Container: Do not re-use container. Dispose of
empty container by the procedures approved by
federal, state, and local authorities.

3k 3k 3k ok 3%k 3k ok 3%k 3k ok 3k 3k ok 5k 3k 3k ok % 3k ok 3k 3%k >k %k 3%k 3k ok 3%k 3k %k % 3%k >k %k 3%k %k %k %k %k %k % % %k %k % *k

Carefully read and understand the material safety
data sheet (MSDS) before using this product

All the information and data in this brochure are accurate and reliable to the best of our knowledge, but they are
intended only to provide recommendations or suggestions without guarantee or warranty. All of our products are sold
on the understanding that buyers themselves will test our products to determine their suitability for particular
applications. Buyers should also ensure that use of any product according to these data, recommendations, or
suggestions does not infringe any patent, as Shin-Etsu will not accept liability for such infringement.

Any warranty of merchantability or fitness for a particular purpose is hereby disclaimed.
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