CHAPTER III

MATERIALS AND METHODS

MATERIALS

The following materials were obtained from commercial sources and

deionized water was used through

1. Model drugs

- Propran/ "'- no. 20011111, Jintan
\ ina)

tarch & Chemical (Thailand)

Eudragit® E 'f'gt' Ls 10, 0931138, Rohm Pharma Polymers,

Ge '. h 3
LY

Eudra )

-
R wam i

Eudraglt RL PO (lsot no. 0491136153, Rohm #harma Polymers,

’51 Raadn U ANR1INETAE

Eudragit® RS PO (Lot no. 0420931238, Rohm Pharma Polymers,

ohm Pharma Polymers,

Germany)

- Hydrous lactose, USP/NF/BP/EP 200 mesh (Lot no. 00087527, New
Zealand)

- Microcrystalline cellulose, NF/BP (Avicel® PH =101, LOT no. 1292,
Asahi Kasei corporation, Japan)

- Talcum (Fineness 325 mesh, China)
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Chemicals

Acetone, AR grade (Lot no. 03008156, Lab-Scan Analytical Sciences,

Ireland)

- Hydrochloric acid, AR grade (Lot no. 03020186, Lab-Scan Analytical
Sciences, Ireland)

- Isopropyl alcohol, AR grade (Lot no. 03026154, Lab-Scan Analytical
Sciences, Ireland)

- Methanol, AR ade vy)) 03081139, Lab-Scan Analytical

=

Sciences, Ireland)

orious GMbh, Germany and

co. Ltd., Japan)
1‘-\ odel DSC 7, Perkin Elmer,

- Digital camera (Nikom c 1pix 4300, Japan)
- Dissolution.apparitus (1 anson.Research, USA)

= Extra 't'mm_mw’ d Japan)

- FlmdlZ, be S A 1, Nitro-Aeromatic AG,

2 }h

Switze

%ﬁﬁﬂﬁm WWW‘SFTIR 1760X. Perkin
cPEEThE LIk st AR

Hot air oven (Model UL 80, Memmert, Germany)

- Hot stage microscope (Mettler FP 90 for central processor and Mettler
Toledo FP 82HT for hot stage)

- Image analysis software (Image-Pro® PLUS version 4.5 for windows,
Media Cybernetic, Inc.)

- Incubator (Laboratory Thermal equipment Ltd., Greenfield, WCL-IST)
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- Laser particle size analyzer (Mastersizer®, Malvern instrument Ltd.)

- Magnetic stirrer (Model SP 46920-26, Cimarec 2, Thermolyne, USA)

- Moisture balance Ma 30 (Sartorius)

- Optical microscope (Nikon eclipse 200, Japan)

- Planetary Mixer (Model A701A, Kenwood Ltd., England)

- Scanning Electron Microscope (Model JSM 5800 LV, Joel Ltd., Japan)
- Sieve shaker (Josef Deckehnann Aschaflenberg, Germany)

- Spheronizer (Model S320, Aeromatic-Fielder, England)

- Stereo microscope (Meiji EMZTR, Japan)

- Surface area ¢ ! antaChfOin€ corporation)

- US Standa Ot st ASTM El11, Endecotts, Ltd.,
usa) ” :

- UV-vi de 0, Jasco, Japan)

- X-ray lef diffragtion (Medel JI X 0, Joel, Japan)

U]

AULINENTNEINS
AN ITUNNINGA Y



METHODS

1. Preparation of propranolol hydrochloride pellets

51

An extrusion-spheronization process was utilized to prepare pellets, using the

formulation describes in Table 5.

Table 5 Formulation of propranoela hydrochlorlde pellets

(Coowamtwo g, 19
| .,4«

(Yow/w)

M -~ Amount of solids
Ingr /

Functions

Propranolol hydsChieride / NQ\\\

Active ingredient

Diluent

Lo Illiﬁ 1\\\\\\
\\\\\

Diluent

Microcrystalline cellul

Extrusion aids

Water

Solvent

Five steps of Extru

granulation, extrusiom Spheronization and dry:

chart: v, ‘ )

process consisted of dry mixing,

iding to the following flow

Mix acti.m ingredient illers and extrusionads in planetary mixer

for 1§ minutes

ﬂﬂﬂ?ﬂﬂﬂ‘iﬂﬂqﬂ‘i

R S SF RIS

Extruded into cylindrical segments to obtain the extrudate

7

Immediately rolled into solid spheres on a épinning friction plate of the

spheronizer for 10 minutes

7

Tray-dry at 60 °C for 5 hours
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The screw extruder (model EXKS-1, Fuji Paudal) consisted of a screen that
has a 1.0 mm sieve and with 26 rpm extruder speed. The spheronizer (Niro-fielder,
Model S320) is a laboratory type, which consisted of a friction plate 1.2 mm in height
(H), 1.8 mm in width (W), 3 mm in length (L).

The factors affecting pelletization were the initial load of extruded mass,
spheronization speed and spheronization time. A suitable setting of spheronizing

condition is presented in Table 6

Table 6 The optimal sphe 4\\\ , ition

7.

Spheronizing.e _""". ¥ | === Values
Load of extrudg /2‘ \ 300
i;/m\\\
Spheronizati© / \ \\
111 ‘a¥

i \
ez T
Size distribution lletg ¢ classified by sieve analysis (Millili and

!
§

Schwartz, 1990) which consis ed o '._', _ i dard sieves (Josef Deckehnann

Aschflenberg), rangmg ﬁ'om sn@ﬁ f“ 18, 20 and collector pan (passing the
apertures of 1 400 . One hundred grams of

pellets were accura ighed as “\‘J ves. Sieves were placed

on the sieve shaker an@llowe o shake for 10 minutes.
The pellets that passed through the sigves could be classified into 3 groups.

a The o8] DY BIVEI I 8 D) Frtins o scve N

16 (1,180 um) (called 14/16 mesh cut)
- RALBIHIAN B R i
19 (1,000pum) (called 16/18 mesh cut) )
C. The pellets passed through sieve No. 18 (1,000 um) and retained on sieve No.
20 (850 pm) (called 18/20 mesh cut)

These pellets were collected and will be used in the future experiments.
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2. Preparation of modified surface propranolol hydrochloride pellets
2.1 Pellet’s surface modification (Chopra et al., 2001)
The same formulation and extrusion-spheronization processes as described in
section 1 were used, except in this experiment, spheronizing time was varied to obtain

pellets with different surface roughness.

There were 3 surface types of core pellets produced with various spheronizing
times, ’

a). Normal surface pellets
b). Smooth surface pe

) Rough surface pel

Size distributions sing sieve method as described

in section 1.

2.2 Modified'moi rtent on st

7 X
The same fonrgation and za@l processes as described in
section 1 were used exgept in this expe@ent, drying time of core pellets was

sttt B SR WA B T

There wéfe 3 types of moisture content on surface of core pellets.

? ANIROTTRTmANNaY

b). Pellets with low moisture content

Dried in incubator at 60-65 °C for 12 hr.
c). Pellets with lowest moisture content

Dried in incubator at 60-65 °C for 48 hr.

Size distributions of pellets were classified by using sieve method as described in

section 1.



3. Evaluation of core propranolol hydrochloride pellets

The following physical properties of core propranolol hydrochloride pellets

were evaluated:

3.1  Morphology

Photomicrographs of pellets taken with scanning electron microscope

(SEM). The samples were coa 7 jor to microscopic examination using
ion sputtering. As a resultythe urface of the core pellets were
determined. The core pe Iso osw observe the internal texture

of the pellets.

d and carefully poured into a
10 ml graduate cylinder.

onto a hard surface with 2 g v E} pta et al., 2001). The bulk volume was

ed 3 times at one-inch height
recorded. Division of weight by ume represents the bulk density.

\ﬁ eight of pellets (gm)
_m Bulk volume (ml)

Tappeﬁ ﬂ;ﬂlr‘]m cylinder filled with

pellets on a hardj surface from one-mc helght untll the volume reached a constant

TAWTRY 1RO mied it h

Tapped density (gm/ml) = weight of pellets (gm)

Tapped volume (ml)
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The Carr’s compressibility of the pellets were further calculated by the

following equation

% Carr’s Compressibility = (T-B) x 100
i

B and T were bulk and tapped densities, respectively. All of these factors were

calculated from three determinations.

33 'W)wartz 1990)

Ten grams of pellel 0 sw“ mesh (420 micron) and five
stainless spheres (eac cighihg gm and diameter of 6.34 mm) to
increase the mechani o ¢ pellets, 1 ed into the PVC container. The

container was firmly“€losgt a the ap and rotatec . 5 rpm for 4 min by using
‘ was sieved out. The results

o
\ . ercentage of weight loss.

The moisture, conte peliets wa ined by-using Moisture Analyzer

(Ma30 Sartorius). ;’:’ -------------------- : weighed and uniformly

spread as a thin lay rlon ey were exposed to high

temperature of approxm}ately 100 °C until constant welght was obtained from the

average ofe\l;ﬂ M (ﬂ ﬂ%ﬁrﬁﬁﬁtﬂ ﬁntent was calculated
g equa 10

based on th:

AR NI ’W] ELLLQO

Where Wy is weight after drying and W, is weight before drying.
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3.5  Sphericity of pellets and Surface roughness

The sphericity of pellets was determined by Image analysis software. One
hundred pellets of each formulation were analyzed by the software program called
“Image Pro Plus®’. The data from Image analyzer of sample pellets, e.g. area,
perimeter and feret’s diameter (max, min) were calculated to get the parameters
indicating the shape of pellets as follows: aspect ratio, elongation, fractal dimension
and roundness. These parameters were evaluated as described by Helen et al.

(1993c¢), to obtain the sphericity ess of pellets as compared to the

3.6

This experi : y 4\ face-modified pellets from
section 2. The surfa . " by ni n gas adsorption or BET
adsorption method usin oar alyz samples were placed into a
holder of the surface are the pellets was eliminated by
heating at the temperature . Then, the amount of nitrogen gas
was adsorbed onto the surface o ial. The surface area was calculated
automatically by th ! ecords would usually be

Content o‘[ propranolol hydrochlonde core pellets

Approﬂauya ,36 y]appromma ely Qu:;;ﬂent to propranolol
w0 AT T ‘Tﬁﬁ ik 1015
100 m 336 dissolve ﬁ y the aid of

sonicator about 60 min, then adjusted to volume with methanol and mixed thoroughly.
The solution was filtered through Whatman® filter paper No. 1 and used as a stock
solution. One millimeter of the stock solution was individually pipetted into 10ml
volumetric flasks, then adjusted to volume with methanol and mixed. The resulting
solutions were determined at 290nm by UV/Visible spectrophotometer with methanol

as a blank solution.
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Propranolol hydrochloride content was calculated from the standard curve
from triplicate solution of known concentrations of propranolol hydrochloride in
methanol.

The calibration curves of propranolol hydrochloride in methanol are presented

in Table A1 and Figure A2, in Appendix A.
4 Preliminary study on the dry powder coating process

4.1  Screening of suitabl

The suitable polymerfo d to have low glass transition
temperature (Tg) and good ity at high temperature. The polymers with Tg below
100 °C were preferred andeSelg o el ners pread on glass petridish and
were heated in an inCubaté ; at f 10-20 °C above their glass
transition temperatures elov rer ‘; hr, This study was done to determine

the adhesion properties alyy vhether they could adhere to each other or adhere

4.2  Preparation sui mposition and coating process

i, _F,—'.i

4.2.1 V..; pating Y )
The main composition of coating powder used was pure dry polymer powder

obtained fromﬂ %H@ ’QW@W ‘&}’H'E}‘iéd by sieving through

sieve N0.40 bef@re utilized.

YRR AN -
adhesnoq‘p operties on pellets using conventional coating pan.

4.2.2 Coating process

In this experiment, core pellets were coated by using conventional

laboratory type coating pan with diameter of 14 cm, as shown in Figure 15.
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There were various conditions to adjust the coating pan and are summarized in
Figure 16. And in coating process, it was divided up to several steps and was
summarized in Figure 17. The coating conditions for preliminary study are presented
in Table 7.

The core pellets were heated up with hot air (drying air) blown on the outside
wall of the coating pan (on the middle of pan) to obtain desired pan temperature and,
eventually, desired the product bed temperature,

The coating powder was applied with intermittent strewing, in which case
small portions of polymer was applie ,f als, followed by a non-strew cycle,
Coating powder were strewed %}md siever No. 40 at above the
middle of movable pe? hich is the zone with the fastest
surface motion and the coatiag™she e strewed i is zone if rapid distribution is

this coating formulati@ offecti rying. In preliminary study, feed rate which

consisted of applicatiqa' at (gm)-at-edch applies interval (min) were fixed at

from the mass of pelleis ‘ eb“duf te- Al I pércent coating levels were varied in the

future experiments).

For coating te¢linique, differciit coating techniques in this

preliminary study. The ﬁ?t technique was Cﬁting pellets without heat throughout the
F=N

process. The ﬁﬂﬂ?%ﬂ%?WﬂW until finish applying

dry polymer en eventually using hot air to increase product bed
The se qt ec e'shoul gm. ts' thatiwére d mer particles

more efficiency than others.
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Hot air blown on the outside wall at the middle of pan

Pan angle of 30°

Figure 15 Baffled conventional coating pan with diameter of 14 cm
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INFLUENCING
FACTORS BN
22
= Pan speed (rpm)
44
i 30
Conditions of coating pan =l Pan angle ( °) p 48
Ly 60
—» 200
Mass loads (gm) » 250
Ly 300
Figure 16 Factors affec
A
Table 7  The coating conditi o&‘-‘;__;
: £
pating condition
or preliminary study

¥

cating time (mi

Pan speed (rprs, LY 22 and 44
W 5 i 1 El 3E,|ifdand 60
Mass load (gm) ¢ & 200,250 amw09

URERII=TZ0s

Prolduct bed temperature (°C)

55,65, and 75

Post-heating time (min)

30 and 60
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PROCESS FACTORS L
30
> Pre-heating time (min)
60
1. Pre-heating
55
\Product bed temperature (°C) 65
\\ "// / 75
2. Intermittent
strewing (contact N "-.“h
: ‘ Further
and adhesion of ‘ jin) —_— :
polymer particles to 7 & \m\ ‘ studied
pellets) ) 4

3. Post-heating
(to stabilize the

onto the pellets)

:;fu

5 4 o 30
ili A, WARl W ng time (min)
polymer particles el \ 60

4. Curing (spreading|
and coalescence o

Further
studied

polymerp " ce )

R ’J ‘Vl H?qms(gi —

ARIAINIUNRINYINY

Figure 17 Factors affecting the dry powder coating process
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- 8 Characterization of selected polymers

5.1 Physical characterization of selected polymers

The physical properties of selected polymers such as density and moisture

content were characterized. The methods used were the same as previously described

in section 3.2 and 3.4. The particle size analysis, morphology and flow rates proceed

2

as the methods described below.

5.1.1 Pacdi Dis Smanph ology

Polymers wer/ 4 ,:::\ particle size analyzer and
\ \.\ \:\ svealed morphology of the

confirmed by scanni

particle.

e

The selected polymers Wwere— d" for their size and size distribution

using laser particle . size fyzer” (1 aste {falvern instrument Ltd.). The

r";-—l_

—_ =
samples were dispefs >% edrur 5. Measurement was made

immediately after being dispe oolo e@ion of the particles. The

samples were determined i én triplicate and the average of the three was calculated.

ﬂummmwmﬂ‘i
ARDANNIRIUN VNI AL, s

mlcroscopy (ISM-58000 LV, JOEL®). The method used were the same as described

in section 3.1.
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5.1.2 Flow rate and angle of repose

The weight of 20.0 gm polymer was filled in a glass funnel with 4 mm internal
stem diameter, fixed on the clamp at 4.0 cm height. The time was record when the
polymer start to flow until finish. Flow rate was calculated as gm/min and angel of
repose was also obtained. Angle of repose could be calculated from the following

equation.

Where Alpha is se. H and R aré'the height and radius of pellet
pile, respectively. The

on a heating slide. The selecte ers were applied ¢ ylass slide with fixed area

and weight (area = 1 s 1, wetghit — 0.02 les-were heated in incubator at

constant temperatures - ﬁ Then, heated slides were

evaluated by using mec ‘gm‘;.al forces, whi%l; was done
through the su : 1 1 i t number of strokes.
And the slidcﬂj':J \ﬂ‘g:a:ﬂdﬂem ﬂMe ore ‘and after passing the
mechanica . Relationshi %ﬁe adhesiontpr i d rature of dry
polyn::gﬁmaﬁlﬁ mﬁtﬁiﬁﬁﬁm of the slides.

This result was calculated as “% adhesion”.

y drawing a brush passed

5.3 Solid state characterization of selected polymers and cast films

In order to study the solid state properties of cast films, selected polymers

were carefully spread onto the glass petridish covered the inner side by aluminum foil
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to allow a better peeling of the dried films. Then, the glass petridish were heated in
incubator at 90 °C for 8 and 12 hr. After heated, the dried films were removed from
the glass petridish and kept in a desiccator at ambient temperature prior to use.

The solid state properties of selected polymers and dried films were
determined using the powder x-ray diffraction analysis, infrared spectroscopy and

differential scanning calorimetry.

5.3.1 The powder x-ray diffraction

diffraction angle of the s vhie allﬁietermination of crystallinity

and interplanar spacing 0

The powder x-ray was used to determine the

The crystallinity o ined by powder x-ray

diffractometry. The seléCledspo were lightly ground in a

mortar and firmly packed'in ghe €2 fa rectangular quartz slide. The prepared

samples were exposed tohe ‘\, \:“-s} action chamber. The x-ray

diffraction patterns were regorg dat'tlic speed \*\"i per minute from 5° to 90° in

’fEF\ 4 \
the terms of 20 angle. e :
g i;?j’r_..z-ﬁ-‘-' i

i .‘;;:‘r;l‘_,‘ :P‘J' ] : "
5.3.2 I troscopy

Infrared spec py

groups arrangement in SPoEC of the original ‘z}nd treated polymer films by observing

the positions “ﬂ%ﬁﬁ Z!"E‘jsﬂ ﬁ:‘aeéj;l ﬂ

The IR spectra polymer p cast films were examined

A IR YO SR IAN (11T} D
range of 4000-40 i imately ed ixed with KBr

using mortar and pestle. The mixtures were then compressed into discs by hydraulic

th,i hanges in the functional

pressure.
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5.3.3 differential scanning calorimetry

The thermograms of selected polymers powders and cast films were examined
by differential scanning calorimetry (DSC). The differences in thermal energy
patterns between the polymer powder and treated polymer were evaluated.

Accurately weighed approximately 5Smg sample into the DSC pan. Then, the
DSC pan was placed in the equipment beside the reference pan made by the same

method but without the sample. Perkin Elmer DSC 7 was used to analyze the thermal

FWd the heating rate of 10 °C/min was
applied.
6.  Process deve ry ng of pellets

Following fro ec ion, j, *\ olyn
parameters were obtained, s ! ' peed, ‘?'.
product bed temperaturgfandpg t—hﬂ g/, 1még "hese basic parameters were kept
constant throughout the futyre p‘@l‘ﬁg |

*ﬂi—-“_‘ﬁ ;

However, there were

behavior. Helium was used as a

and various optimal coating

ass load, pre-heating time,

: concerned in this experiment,
such as feed rate, percent coa m 5| d curing condition. The details are

A L
described below. The, re it is se d give a complete suitable

condition to study ,*;7f 1 on pellets i u 7' periments.
Feed rate ¢a
AEnENIn

ich to apply the coating pov:;er) was an important

Feed rathE rate at

I T R

correlated to the time of coating used for each individual formulation and are
presented in Table 8.

In this experiment, the pellet size (14/16 mesh cut), the polymer size
(average 10.75 micron) and percent coating levels (Total amounts of polymer used, 10

percent) were kept constant.
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6.2 Percent coating levels

Various percent coating levels (total amounts of polymer used) were studied.
The amounts of polymer powder used are shown in Table 9. The range consisted of
10, 15 and 20 percent by weight of polymer calculated from the mass of pellets used.

Different percent of coating levels of polymer were implemented in order to
obtain different thickness of the coating films.

In this experiment, the pellet size (14/16 mesh cut), the polymer size

W/’t)btained from section 6.1) were kept
',4’_,
———

(average 10.75 micron) and feed

constant.

4

various temperatures and durafionsswere inv igated by SEM (the method used were

Transformation of d polymer’p at various curing temperatures
were confirmed by ‘Aol-stage-micioscopy—this—iethodwas used to reassured the
" 2 X9

results obtained and py is a thermal analytical

se 0
technique whereby a m‘av milligrams of material is s;gad on a microscope slide
which is then i ‘? : i isothermally heated at
different tempﬂjl;.ﬁ 8 jjg ﬂmo ﬁﬂlﬁﬂﬁe chamber. Changes
in appeara e pol v’a wer cte n ical microscope
equippéﬁqwﬁaﬂjﬁlﬁﬁﬁ m ﬁ ﬁ ﬁdﬁ w ﬁﬁ ﬁ(ﬁ

A selected curing temperature (from this section) was used to determine the
film formation of selected polymer powders by using hot stage microscopy from
50 °C — 200 °C at heating rate 10 °C per min in the hot stage sample chamber.
Changes in appearance of the polymer powders were detected by an optical

microscope equipped with a digital camera.



Table 8

different feed rate
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Details for the coating of propranolol hydrochloride pellets at

Pre- | Post-
Polymer| Amount |Application|Application
Pellet size heating|heating| Time
size |of polymer| amount interval
Rx |(mesh cut) time | time | (hr)
(micron) (gm) (gm) (min)
(min) | (min)
1 14/16 10 23 2.5 15 60 30 4.00
2 | 14/16 10 \ 30 60 30 | 630
3 14/16 10 60 60 30 11.30
4 14/16 10 15 60 30 2.45
5 14/16 10 30 60 30 4.00
6 14/16 10 - 60 60 30 6.30
7 | 1416 | 10 TNy 15 60 | 30 | 145
r
. (1) d
8 14/16 1 e 0 60 30 2.00
9 14/16 1 ’Q‘ﬂ." 60 60 30 2.30
10 14/16 10 253,:5?:1.. 5 0 60 30 1:30
._m-j_.__'*:-‘ ‘._‘-.'f
T A
Table 9 Details for,»f_ ‘ - olol hydrochloride pellets at
different percent coa T ‘_7 -
. et % Amount Application
Pellet size | Polymer size Perce:&poatmg
Rx ymer amount
) mw alkiut: Nfle.
q (gm)
9 14/16 10 £ 257 12.5
r | RND1™ 7S D
11 A ) 176 18.75
12 14/16 10 20 50 25
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7 Parameters affecting polymer adhesion on pellets

Although selected polymers would have a good adhesion property (both
cohesion and adhesion with others) but there are other parameters in the powder
coating process, which could enhance this property. Therefore, parameters affecting
polymer adhesion on pellets are such as the sizes of pellet and polymer, surface
roughness of pellets, moisture content on surface of pellets and the possibility of

secondary coating layer.

7.1  Effect of pellet
Two sizes of selecteg € - posited on various sizes of pellets. As a

\\'( \ ough different sieve sizes.

result from section 1, Pellgis

Thus, there were 3 groups of ~ tln
a. sizes betWeenfl ,400%and 1 ’\\\‘ sh cut)
b. sizes between I 1§ | .“ esh cut)
c. sizes betweeh | 0 i:! n (18/20 mesh cut)

As a result from sectioh 4/and:3, suil: olymer for dry powder coating were

obtained and characterized. Two f:gﬂ‘ polymer were selected to test in this

effect. e Y
According to* b Meis and polymer sizes are
presented in Table 10. @m the results in'section ¢ suita@ conditions were used and

kept constant. The only vafiation in the coatingprocess was pellet and polymer sizes.

ﬂﬂﬂ’.]“flﬁmﬁwmﬂi
QW’]ﬁNﬂ‘iﬂJ 1IN Y
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Table 10 Different size of Propranolol hydrochloride pellets and polymers.

- Pellet size Average polymer size
(micron) (micron)
13 Between 1,400-1,180 Large
14 Between 1,400-1,180 Small
15 Between 1,180-1,000 Large
16 Between 1,180-1, “‘:ll Small
O ()()-

17 Between 1 "M;\“ IH / Large
18 Between1:000-850 . Small

7.2 Effect oi/ ‘

To understand t surface roughness of pellets on the adhesion

between the selected poly. re pellets were modified by
the method previously “des & sectiony 241. \ There ‘were 3 types of modified

surface of core pellets:

a). Normal surface pétle :

Produci

e
i

WY S

b).

ith spheronization time of 20 rm

%Tﬁﬁﬁmmm N9

From the results in section 6, Suitable conditions were used@d kept constant.

The onﬂquna i febating, pivcesk Whs Jurfhct/ olghingsfpefpbilets and are

presentedqin Table 11.
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Table 11 Propranolol hydrochloride pellets with different surface roughness

Rx Surface morphology

Formulation obtained
. normal surface
from section 7.1

19 smooth surface

20 rough surface

7.3 Effect of mois

Moisture conten d by the method previously

described in section 2. uré content on surface of core

pellets.
a).  Normalm
Dried in ho
b).  Low moi
Dried in incubafor at,60-65
c). Lowest moistire (e
Dried in incub ﬁ,_ ‘1-,':‘,.5;;_'
Loss on dryi ;ﬁaﬁﬁ--_ﬁ v ising Moisture analyzer
(Ma30 Sartorius).

From the resultgm'l section 6, suitable conditions are used and kept constant.

oo ). ) ki EWP%‘W ek b A—
ammmmummma ¢
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Table 12 Propranolol hydrochloride pellets with different moisture content

on surface of core pellets

Rx Moisture content on surface of core pellets

Formulation obtained
normal surface (Dried at 60-65 C for 5 hours)

from section 7.1

21 Low moisture surface (Dried at 60-65 C for 12 hours)

22 cat noisture surface (Dried at 60-65 C for 48 hours)

Secondary coat( ‘ \\ \ - ed pellets. This parameter

~\- of core pellets (core and

was used to compare
coated pellets) Preparati s.coated pellets that already
passed the step of curing.

From the results in ditions were used and kept constant.
The only variation in the co e of core pellets used according
to Table 13. .

J . .'-'-' b

Table 13 Propranotoi-hydrochioride—pelets-witit: I imary and secondary

coating layer

coted pllets Rx 1 5 (secndary coatmg layer)
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8. Dry powder coating in comparison with conventional liquid-

based coating

8.1 Coating solution

The compositions of selected polymer as the coating solution are presented in
Table 14. Concentrations of 5 and 15 % W/V were selected to prepare the coating

solution shown in Table 15. The selecte ymer powders were dissolved in acetone:

d into the fluidized—bed

using bottom—spray coating

Known weight
coating apparatus (M

AUIC
Y

process with Wurster cglt cation rate of the coating solution
was adjusted by observi dlefs ‘appearanice and minimized problems during the
coating process.

Coating conditions wegé adjested to obtain optimal coating conditions such as

; : e - . G %
inlet air temperature, outlet air {emperature, ator zing air pressure, fan capacity, air
volume, partition height and feé: ion.
T 1
Table 14 The couﬁ:s 0 l ﬂ ing solution
Y /
i
MR NEITYS
lected polymer 15
e o y v E—

q Isopropyl alcoho s ‘
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Table 15 Propranolol hydrochloride pellets coated with different processes
Rx Process of coating Percent coating levels
13 Dry powder coating 15
24 Liquid based coating 15
25 Liquid based coating 5

Trials were performed using 50 and 55 °C inlet air temperature (based on the

temperature due to faster

Suitable coating : _ B e 16. Upon completion of
applying the coating i el idized for another 5-15 min to
ensure complete removable X nd.i and complete drying.
Table 16 The optimi |didiz Bed' . onditions for pellets using

bl
bottom spra thod W des
spray metho % QEC
_‘P‘Jf‘
i o e n
Inlet air tem SZLTORI - 55-60
Outlet air te 11750
Atomizing air plﬂ}s ﬂ T 2
Fan capa?itz 5-6

. 4 ‘. 5
HE N AN N
Partitipn height (cm) LA
-

Feed ting soluti = _10%
Ilgqu‘lfl? el
! :

The dry powder coating and conventional liquid-based coating of selected
polymers were used to compare the surface appearance of coated pellets, film

thickness and dissolution behaviors.
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9. Other application for dry powder coating

To study the dry powder coating in other dosage forms. Tablet were selected
as a model were coated with the same coating material and conditions of coated
pellets (as mentioned before) by using conventional coating pan. Only the surface

morphology of core and coated tablet were investigated.

10. Evaluation of propr “ v// loride coated pellets

The following physical-prope 1esmd coated pellets such as
morphology, density, friability, dh BN

evaluated. The methods

coating efficiency, film thick i seontent of coated pellets, dissolution studies,

12 ‘the d
core and coated pellets pfocegded as th’l\'_ ]

P
-F-;x;n

10.1 Coating efficie @

TR

calibration curve for d qinatio

Coating efficiep * m‘weight gain (amount of

iy

film deposited determij U&ight loss from pre-heating)

versus the theoretical ag)u app m

Weight loss fromy ;ae—heatmg (gm)qyas calculated from the difference of

weight of coreﬂlu Er"ﬁ z%q %}Fﬁﬁ w%@ﬂ&ﬁm min by using the

same conditions‘ih the coating process and are shown in Table B1, Appendix B. This

e TR A R e

pellets were rotated in coating pan for 60 min with hot air. Therefore, the weight loss
measured in order to determine its friability and moisture evaporation.

The obtained coating levels (%) was calculated from the actual weight gain
(determined by weight gain corrected for weight loss from pre-heating) divided by the

load size of pellets.
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10.2 Film thickness determination

The film thickness of the coated pellets was determined by the difference
between the coated diameter and core pellets. Photographs of each sample were taken
using a digital camera connected with stereo microscope. One hundred sample pellets
of each formulation were analyzed by software program “Image Pro Plus®” of the
Image analyzer. The data from Image analyzer e.g. area (mm2), and diameter(mean)

(mm) of sample pellets were calculated to get the parameters indicating sizes of core

L

and coated pellet.

10.3 Content e

oated pellets

Approximatel equivalent to propranolol
hydrochloride of 20

100 ml volumetric flas

accurately weighed into a
e as previously described

in section 3.7.

10.4 Dissolution s
The dissolution studies weie n 0d fied from | opranolol hydrochloride tablet

USP 26 to meas

evdrug release characteristics of nronrandalol hydrochloride coated
pellets. ,-
An accurate waght portion of the coated pelﬂs equivalent to 40 mg of
propranolol hy lori ¢ ﬁs ed i m ice for release studies. The
dissolution ap@ij‘ﬁe vﬁ\aﬁt baske jﬂ ﬂOO rpm. The dilute
hydrochloric acid (1:100) solution of 900 ml wasatilized as dissolution medium and
the mema’s]aalﬁaﬁ ﬁ]guou’%’hq Qsmlﬂ c’l:l]%aluated from
three samqples of each formulation.

Ten milliliters of specimen was withdrawn at the time interval of 1, 4, 7, 10,
13, 16, 20, 25, 30, 45, and 60 min. The same quantity of medium was added
immediately after each sampling to keep volume of medium constant throughout the

experiment. Each sample was filtered through paper filter (Whatman, No. 1). The
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absorbance of the filtrate was determined by UV/Visible spectrophotometry at
290.0 nm for dilute hydrochloric acid (1:100) solution.

The amounts of propranolol hydrochloride released at any times were
calculated from the calibration curve of propranolol hydrochloride in dilute
hydrochloric acid (1:100) solution. A cumulative correction was achieved for the
previously removed sample to determine the total amount of the drug release. Each of
the dissolution values reported was based on an average of three determinations of

each formulation. The criteria for drug dlSSOlutIOI‘l of propranolol hydrochlorlde was

(1:100) as dissolution medi

Further dissolutio peibrm@mme the surface appearance
of coated pellets. Ther
(1:100) solution, coated™pellg :
20, 30 and 60 min. EachSa 4s/determined b . SEM. The methods used were the

same as previously descgbe

One hundred milligrams 3 ydrachloride were accurately
weighed into 100ml vgumetnc flask. The powder was §' dissolved with 10 ml of
methanol and j‘ fﬂr (1:100) or methanol
depending on mﬂﬂv nﬂﬂ ﬁ:lﬂn t. This solution was
used as the st Wk solution.

e Hick Sébioh ob iil.!zﬁm AR Gt o e

100 ml volumetrlc flask, diluted and adjusted to volume with the same solvent. The
final concentrations of each solution were 10, 20, 30, 40, and 50 pg/ml, respectively.

The absorbance of known drug concentration was determined by double beam

spectrophotometer in 1-cm cell against blank solution. Each concentration was

determined in triplicate. The calibration curves of propranolol hydrochloride in

methanol were presented in Table Al and Figure Al, in Appendix A. The calibration
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curves of propranolol hydrochloride in dilute hydrochloric acid (1:100) solution were

presented in Table A2 and Figure A2, in Appendix A.
10.6  Solid state properties of coated pellets

10.6.1 powder x-ray diffractometer

The crystallinity of propranolol hydrochloride, diluents in the pellets (lactose,

avicel PH 101, corn strach), Eudrag oated pellets was examined by X-ray
diffractometer. The methods reviously described in section
53.1
10.6.2 In

Infrared spectro / d tC nfirm the nge in the functional groups
of the substances and p 3 proeess and dry powder coating
process by observing the p@siti niensi s 0f'] i KS.

The methods us 16 gvious!s e seribed in section 5.3.2.

The thermoggamhs of coated pell ets prepared | fror varied formulations were

]

energy patterns between-the original substances and their@oducts were evaluated.

VR ) L (T
RIAINTUNRINYIAL

examined by differe 4 differences in thermal
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