CHAPTER IV

RESULTS AND DISCUSSION

18 PRELIMINARY INVESTIGATION OF CORE PELLETS

Extrusion-spheronization technology was chosen to prepare of the drug-loaded

transferring to extruder, mz?_ eylindrs nents, and the last step,
charging wet extrudate imW tating plate e spheronizer. The wet
extrudate was then broken int y :
and collisions between par four most significant
variables in this process oncentration, moisture

content, spheronizer speed izef residence tim asznos et al., 1992).

increases plasticity, reduces extrudate

through the wet powderk-ﬂass,z, ai‘&:

-

the other ingredient in the-gRiXTure & onters degr = i which allows it to

be readily extruded. |
microcrystalline cellulose ifnsreases the plasticity and reduces friability of pellets
o /

(Harrison et al., l9ﬂ. EJ ' Qn EJ lj w (-] l] li

Water was ge}Jas a Qending sonnt in orﬂr to fo]'m a suitable dense
cohesive S XLFUSIQN. e‘ t fT et. powd s and its
distributioﬁeﬁﬁﬁﬁﬂﬁmﬁﬁﬂo ﬂﬂ:\jﬁfgj moisture

content in the wet mixture is needed, typically 20 to 30 % w/w. The aim is to produce

5f the concentration of

as dense material as possible and 20-30 % w/w is a suitable characteristics for the
mass to pass through the extruder since a fluffy and incompletely wet mss may feed
poorly. In addition, the incompletely wet mass could cause problems by creating
excessive pressure and friction within the spheronizer. The over-dry extrudate will

result in a dumbbell shaped or ovoid pellets which never form into spheres. On the
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other hand, if the mixture is too wet, it will produce extrudate, which adheres to the
spheronizer plate and to itself. This wet product tends to aggregate uncontrollably and
produce sphere of wide size distribution.

In this experiment, the extrudate was prepared by extruding wet masses
containing various amount of water (125,135 and 145 ml/300gm). The yield of
granules obtained by adding 135ml/300gm of water was much higher than others.
Increasing water content would decrease internal porosity, friability and mechanical

strength of pellets (Otasuka et al., 1994).

As with spheronizer speed, low's pave a higher range of porometric

distribution zone. In general, increasin rease the porosity and the

average diameter of the pores, 3 ! deﬁver w.rdness and spheroid with
a smoother surface (Bat:y . ence time affected an
outstanding decreasing of ameter of 2 .

In this experimen

speeds of 750 and 850 rp : btained sing 750 rpm were t0o

large. The desirable pellet si 12 speed of approximately
850 rpm.

Mechanism of pellet ionumay: b Bhblaine as follows: First, during wet
granulation, a dry powder mix ure 4 hog d with the binding liquid. This
agglomerate was held tog Second, the wet granules
were then fed into the »-'?""1?71“?' rudates. These long

Y

cylindrical extrudates we otces and eventual solid

bridges formed due to msture loss during the process, causing mechanical

interlocking and ﬁﬂiﬁ ﬁ ﬂmﬁ 2‘1 ﬁlﬁwﬁnverted to pellets
upon spheronizati &Ip eroni w ist forced out from
the pellet interior to the exterior and ifiparted plastieity to the pellet.surface. This

e NI i i b o s

the spheromger, allows the formation of spherical pellets.
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Z. EVALUATION OF CORE PELLETS

1. Morphology

In this experiment, there were 3 groups of core pellets that were prepared by
the same extrusion-spheronization technique.

a. Normal pellets

b. Modified surface pellets

& Modified moisture contention Surface of pellets

Figure 18 presents SEM phetomicrograp ropranolol hydrochloride core

pellets (normal pellets) with d eIt S nification. There was no
—
difference in shape and surf: ined from different sieve

fractions.

The surface morph: d by using scanning
electron microscopy at diffej ‘ 00 and x600) and are
presented in Figure 19. Fromgfli 8 and 397 “c\ that the pellets posses

1]

i h are ideal for coating as

their shape allows for the appliCati du ayer of coating material.

Modified pellets were p -r,a‘- 40 “be ‘LISt the future experiments. First,
modifying the fonnulatlon or pr ot ameters of a standardized pelletization of
normal pellets in orderdo different st ‘ ¢ characteristics. In

N Y
Chopra et al. (2001), it wa G" own th prodiice pellets of different

shape from the same solid ; tent by varying the quantity ane I e of fluid and/or the
q Y yp

processing proced d sing parameters
could produce cha@ﬂz ﬁrﬁﬂ‘mﬁﬁﬁ ’Lﬁ ill size) and total
structure of the pellets (internal porosity). Thus, metheds to prepare these modified
e e, S GV 3 AR e
the spheronizgr plate (spheronizing time) was chosen to prepare the modified surface
pellets because this method could be easily done and could prepare the desired size
and shape of the pellets.

There were 3 types of modified surface pellets produced with various
spheronizing times.
a. Pellets produced with spheronizing time of 10 min were standardized pellets

condition. (Normal surface pellets, presents in Figure 2013)
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b. Rough surface pellets (Figure 20A), the spheronizing time was decreased to
2 min which was suitable to produce spherical rough surface pellets. If using
shorter spheronizing times, the shapes of pellet will still be cylindrical or
dumbbells or if using longer spheronizing time, the surface may not be
different than the normal pellets.

G Smooth surface pellets (Figure 20C), the smoothness of pellets surface is
dependent on the wetting liquid, the particle size of the starting materials
(Chatlapalli et al., 1998). And Vertommen et al. (1998) showed that to reduce

the pore volume and smooth th rotor speed should be high and
the spheronization time is experiment, we chose to
increase the spheroni mooth core pellets. The
spheronizing time d tol i ger spheronizing time

resulted in smooth acause it imereased the time centrifugal,

which forced the p

In this experiment, s in 2 different groups of
pellets; dumbbell shape (large palle shape (smaller pellets).
The highest amount of pellets aigec onsieve no. 8. So, small pellets (sieved

on 16/18 mesh cut) were selecte the futu ents. On the other hand,

smooth surface pellets had no effect-on" d were easily to prepare

I

pellets size as in rough surface pellets (16/18 mesh cut) were s

Last, modi i {Lﬁ t %ﬂ‘ﬁ llets was produced by
modifying the dryﬂdalﬂ t sﬁ;ﬁxﬂ]t, 0 Igll;ljﬁiﬁl& 18 mesh cut)
which were dried in hot air oven at 60-65 °C for 5 he=were selected asstandardized
pellets coxatiw ’;}pa&mﬁw Ndﬁ%@rﬂ&?ﬁi&] moisture
content pelle?s. Formerly, low moisture content pellets were produced by drying in an
incubator at 60-65 °C for 12 hr and lowest moisture content pellets were dried at

60-65 °C for 48 hr. And there were no differences in size and shape of the pellets

obtained from different drying time as compared to the normal pellets.
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2. Physical properties of propranolol hydrochloride core pellets.

2.1 Bulk, tapped densities and Carr’s compressibility.

The bulk density was an important parameter used to determine the space
required for the storage of bulk drugs. It can also influence flowability and may
influence certain characteristics of the final product (Foster et al., 1995). On the other
hand, tapped density used to investigate the packing property of material. The

difference between the minimum and m im _bulk density of the pellets is

generally very small indicating free flowing behavie 1opra et al., 2001). The bulk,

tapped densities of each formulation e dl wed-and evaluated for the Carr’s
compressibility index. Carr’s’ il Ammple effective way of

measuring flowability, th e| the “will result in smaller
compressibility. The same se; whic s, the, best known to reflect flow
property of a dry substance -
indicated good flowability. !

From the results presentéd | Pabile | 7 ‘itice seen that all the bulk density
values of the normal pellets vari bj: y en 0.728: 0.73 7 gm/ml, the tapped density
values between 0.7426-0.7538 g y ( 2 ompressibility values between
1:9419-2.927 %. These reuls indic

shape.
The values of bulk;' pped wpressibility of modified

surface and modified moisture pellets are presented in Tabl;m

The results from | l‘lﬁ legs |( - i e similar to the
normal pellets. Fromﬂo ir,ﬂ \mr grﬂlﬂ:j ajof both densities
distributed i OW T . So all of pellets shéald give low cémpressibility.
s AL G0 SH iV V) b o

compressibility than others. Because these pellets have very narrow size distribution

8 and 19, respectively.

resulting from longer spheronizing time than other groups of pellets. It can be
concluded that surface roughness might have contributed to the packing behavior

during tapping.



83
2.2 Friabiltiy

The friability is an indicator of pellets strength or hardness, the lesser the
friability, the greater the hardness (Vervaet et al., 1995). Percent friability of
propranolol hydrochloride core pellets, modified surface and modified moisture
content pellets, are shown in Table 17, 18 and 19, respectively. The values equal to
zero. Because pellets formed by extrusion-spheronization processing, usually have

very low friability (Lindner et al., 1994) and produced spherical, dense and smooth

surfaces.

When friability of the pelle s spheres, it was shown to be
below 0.1 % and thus the peliets were ard d quality with respect to
friability (Krogras et al., 2000) and.were mechanically.accep able for withstanding the
impact during handling and ce 1(/ s | Because during. coating process, pellets
are subjected to appreciable partiele4o-parii \\\ -to-wall frictional force.
Friable pellets will generate sig ﬁ t'of % nes \ or excipient particles)
that can affected adhesion of th€ coating ;ﬁ" enl ited on the core pellets or the
fines may be embedded in the goa ﬁ% L he c0g -- ocess progresses. As a
result, during dissolution testiig fthe embedded d, partiéles can be leached from the

coated film and create pores thatfmagdead 10., ease rates than expected or vary

release rates. Therefore, the core pelie «-q 10 ;“‘ hoth modified pellets) obtained

-
L

are considered as ideal forth

\7_____
2.3 Moisture coEen ;

g 04N (1) ¥ M
modified surface able yﬁ]{ﬁ values are in the
range 2.24-2.67. It was noticed that the mioisture content remaining in glj core pellets

was cepra Y GNP B W S TR DY B
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Table 17 Physical properties of propranolol hydrochloride core pellets (normal

pellets, n=3)
Mean values
(SD)
Physical properties
14/16 16/18 18/20
mesh cut mesh cut mesh cut
0.7282 0.7282 0.7317
Bulk density (gm/ml)
) (0.0062) (0.0062)
S—— ’ 0.7464 0.7538
apped densi ‘
o y " 0 (0.0111) (0.0065)
124371 2.9271
Carr’s compressibility (&
.8493) (0.0246)
Percent friability e 0 0
Moisture content (4 . 6767 2.3000
(LOD) 1 (0.1069) (0.2651)
) gl 42.4980 41.9886
Propranolol hydrochloride conteni(% i ‘
‘A (0.4257) (0.3121)
T, — 94.1307 95.2687
eight of pellets in 1 dose (m A7
| 2% 9469) (0.7059)
i

y

AULINENTNEINS

AMIAN TN ING 1Y




85

Table 18 Physical properties of modified surface propranolol hydrochloride

pellets (16/18 mesh cut, n=3)

Mean values

. . (SD)

s s Smooth Normal Rough
surface surface surface

s e - 0.7177 0.7282 0.7212

ulk densi m

e ) ’ 0060) (0.0062) (0.0060)

\\ 0.7464 0.7390
Tapped density (gm/ml) = :\ (G (0.006)
- L «-—-‘ 2.4371 2.4041
Carr’s compressibili / (0 8493) 0.8250)

Percent friability (% M!g ‘m 0

Moisture content (% \\ 2.6767 2.3700
(LOD) D ({ &\ N\ 0.1069) (0.1323)

6.639

Specific surface area (m"/g l

Table 19 Physical properti

hydrochloride pellets. (16/18 mcsh c :___

A

ik

W\\\ 4440

oisture content propranolol

\ %

Physical prope

NOr'ma

L (sp)

Mean values
-

w moisture

Lowest moisture

n. pdl.:ts pellets
4 ’J ; 0. 1280\ 0.7282
Bulk densnm (g
(0. 0062) | (0.0062)
n '
). LA & E 0.7390
Tapped'dens 1)
q (0 0111) (0.0063) (0.0063)
. 2.4371 1.9419 1.4564
Carr’s compressibility (%)
(0.8493) (0.8307) (0.0123)
Percent friability (%) 0 0 0
Moisture content (%) 2.6767 1.1300 0.6933
(LOD) (0.1069) (0.0954) (0.0874)
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So in the experiment for the product in Table 17 and 18, both parameters were
constant. The moisture content should be very similar.

The drying period was varied in modified moisture content pellets. Thus, the
critical physical property that can classify these pellets is moisture content. From the
data obtained it was found that moisture content of these pellets showed different
values and is presented in Table 19. The values of modified moisture content pellets
were 0.69, 1.13 and 2.68 % LOD. In general, a very dried pellet implied a higher

friability but in this experiment, friability of lowest moisture remained to zero.

2.4 Drug content
The drug contents of ore pellets were reported in
Table 17. Percent differen eptable that there was no
ent experiment drug

significant differences be
| .,, This result indicated

content and the standard de
d e xtrusion-spheronization
technology could produce hom 15 , ctor he ' ‘»~ distribution of drug in
core pellets. _

Because compositions o coated pel {1t fe polymers and other additives that
may absorb UV light at th ¢ lo hydrochloride (290.0 nm)
during the analytical prd G’: '-J:--wl-'_-i'--'-f_-"--mir-: ithout the drug are
shown in Table C1 and C2 ¢Append g UV spectrum are shown

in Figure C1 to C6 (Appendix C) No interference was indica

e e S ﬂ“v'i“%‘w gy
25amaﬂnm mm wma ¢

The experiment was done only with the modified surface pellets. The surface

d. Therefore, polymer

areas of modified surface pellets were measured by BET method and are displayed in
Table 18. This method was done to confirm the surface topography from SEM that

classified the pellets into three groups; normal, rough and smooth surface pellets.
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Vertommem et al. (1998) reported that specific surface area could be
attributed to morphological characteristics such as porosity, surface roughness and
shape of pellets. Since all the pellets were fairly spherical, these large values indicated
that the pellets were not completely smooth but contained roughness and pores. The
specific surface area should decrease as the geometric mean diameter increased. And
Eriksson et al. (1997) supported this result that the difference could be associated with
surface area measurement method and could be related to the surface roughness of the

pellets or the problem related to the effective void of the powder bed. Therefore, if

surface roughness of pellets were t ‘w ed, the geometric mean diameter
should be constant. )
There are correspond@d s;ppo

have higher specific surfa

ct that rough pellets will
size was fixed at 16/18
mesh cut, significant di » normal/rough surface
(4.44/6.64) and normal/s

found that the specific surf; fthese modified pellets could be use to classify

> data obtained it was

including apphcatlon of film coating and p :-' ----------- ;-;.;_r quisite for successful

processing is that the sh n- g © ogars et al., 2000).

Sphericity is an importa ameters as the shape of

particles can affect other ﬁ ﬁ ﬁ’ ility and_co tmg performance
(Heng et al., 2002ﬁhﬁ ﬂtzj ation sess this work,
In this experlment degree of sphericity was aaluated from parameters that

v B T AP T .

mentioned béfore, the degree of sphericity used in this experiment were roundness,

particle characterization pe

aspect ratio and elongation. On the roundness parameter scale of 0.0000-1.0000,
where a roundness parameter of 0.0000 indicates a cylindrical object and 1.0000
indicates a perfect sphere. On the other hand, the aspect ratio and elongation
decreased as pellets shape became more spherical and the value was also close to 1.0.
The spherical shape provides ideal conditions for a uniform application of the coating

film, if the surface of the particles is relatively smooth. Thus, not only the roundness
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of the particles but also their surface texture should be maintained in an appropriate
limit to guarantee a reproducible manufacture of the dosage form (Podczeck et al.,
1994). The surface texture distribution can be characterized by using fractal
dimension, which decreased, as surface of pellets became smooth and the value
should be close to 1.0.

Table 20 shows the values of sphericity and surface roughness of core pellets,
These values are closed to 1.0. Indicating, the shape of core pellets are nearly

spherical and refer to good flow property of pellets And the surface roughness values

1.40 mm, 1.00-1.19 mm and=

#18/20, respectively. Thes
U.S. standard ASTME 11-

have similar surface properties.

alue illustrated that core pellets

m was in the range of 1.19-

esh cut #14/16, #16/18 and

n with the range given in the

Table 20 Sphericity of pfope e pellets. (normal pellets,
n=100) '
r
Mesh cut — Average Average
Roundness| — : Diameter area
' ratio lmensﬂ) %
. (mm) (mm”)
0.92 07 ﬁ 1 ‘ 1.21092 1.19623
14/16 u ‘ w ‘ ﬂ‘i
(0.04 05494 05174 0031 0.04181) (0.08228)
1.08474 1.10921 $05904 1.04310 0.89235
o QUL ANELS AN
Lo ;qh o6247) blo.asdsh) | |pkass)| kelb) | 008070
p— 0 92261 1.09490 1.12103 1.05882 0.87122 0.62563
(0.05199) | (0.06774) | (0.06707) (0.00465) (0.04046) (0.05555)
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Table 21 Sphericity of surface modified propranolol hydrochloride pellets
(16/18 mesh cut, n = 100)

Mean values
(SD)
Rx Average Average
Aspect Fractal
Roundness Elongation Diameter area
ratio dimension 5
(mm) (mm”)
Smooth 0.95290 1.05413 1. 1.05801 1.03356 0.87550
surface (0.02465) | (0.03149) | 0304) (0.02286) | (0.03845)
Normal 0.92312 14 1.10921 04 1.04310 0.89235
surface (0.04525) | (o° .05868) 1(0. ) (0.04732) | (0.08074)
Rough 0.89354 | 1. 136200 |1 | 1.08333 | 0.96013
surface (0.05498) ; d .06 Q\\ (0.03871) | (0.06871)

Table 22 Sphericity of wioi
(16/18 mesh cut, n =100)

Dy 2

A\ Average Average

Rx S P LA g
Roundnes.i pngati rﬁ Diameter area

ratio dimension 5

¢ a 'Y (mm) (mm°®)

Normal 03312l | T 9847 7| 092V [Ffropgop | 104310 | 0.89235

(0.04525) | (0.06247) | (0.05868) | (0.00355) (0.04732) (0.08074)

pellets

Low moisturé, | [0 |

| 111021 ‘algjm 0.88235
pellets 4| (0.07826) | (0.09541) | (0.08751) | (0.00572) | (0.07316) | (0.10032)
Lowest moisture | 0.92112 | 1.08164 | 1.10745 | 1.06078 1.03856 | 0.88645

pellets (0.09424) | (0.07845) | (0.11035) | (0.00612) | (0.12155) | (0.08074)




90

Table 21 showed the values of sphericity and surface roughness of modified
surface pellets. The roundness parameter decreased, the aspect ratio and elongation
increased as the spheronization time became shorter. These values showed that the
pellet shape became less spherical. Because rough surface pellets was produced by
decreasing the spheronizing time to 2 min, the forces set up in the spheronizer were
insufficient to round off the pellets. Thus, these pellets resulted in a wide size and
shape distribution.

The surface roughness was evaluated by fractal dimension, which could

ps. The value of smooth surface

classify the surface modified pellets i
pellets is closest to 1.0, whereas | have the largest value away
from 1.0.

Table 22 shows th » roughness of modified
moisture surface pellets. It ferences in the sphericity
and surface roughness value Because These pellets
were modified by only va ¢ morphology and overall
structure of the pellets did no

The average size of suffage fied and: n\- e modified pellets were

. o . . f ’ -l'.---'JI - M .
investigated, the values indicCate thas!pellct had an aye age size in the range of
I ——— 7 F

1.00-1.19 mm for pellets mesh cut 1648 =

o o i o g
SOV

g 5 PRELIMINA -:__m‘ Y CUWD fE»'w COATING
O A
As mentioned before, the most important property of the polymer used in this

o

process is glass ion|t t jﬁl imi y the aim was to
screen the suitab:ﬂv;nqrmonﬁ dto aﬂﬂmﬁtion temperature
(Tg not exgeedi xC m t. hi tﬁ t ﬁ adhesion
properties, q:ﬁ’ti(aaﬂﬁs ] mmd mﬂﬁ eﬁy powder
coating. Thus, if high temperature (over 100 °C) was used throughout the process
degradation of drugs or polymer might easily occur.

Various kinds of polymer such as Cellulose derivatives (HPMC, HPMCP,
HPC, HEC, EC and CA), PVA, PVAc and Eudragit® were tested for the suitable

polymer. In this experiment, low Tg polymer with good adhesion properties was

determined and selected by using only visual observation of physical properties



Figure 18 SEM photomicrographs of propranolol hydrochloride

pellets with different size.
A: 14/16 mesh cut. (x80 magnification)
B: 16/18mesh cut. (x80 magnification)
C: 18/20 mesh cut. (x80 magnification)

91

core
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D

Figure 19 loride core

SEM photoinidfg’igraphsﬂ—"of;-‘.iﬁropranolol hydroch
pellets at different magnjﬂcation.
A, B:

Sflfapb (at x22, x60 magnification, respé\'c_tively)
' |
C: Surfate (at x300 magnification)

D: Gross, seetion (atax 600 magmification)



| S.EM ghotommrog;?phs of, ptop:;anolol hyquhlorlde core
pellets w1th dlﬁ‘ " en* surfade and shapes ut AISERR. NS

A: Rough surface pellets. (produced with spheronization time of 2 min) (A1, A2 at x

22, x300 magnification, respectively)

B: Normal surface pellets. (produced with spheronization time of 10 min) (B1, B2 at
x22, x300 magnification, respectively)

C: Smooth surface pellets. (produced with spheronization time of 20 min) (C1, C2 at

x22, x300 magnification, respectively)
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(adhesion properties of polymer; adhere with each other or adhere on a glass petridish
or both).

The selected polymers were acrylic polymers (Eudragit® groups) with Tg in
range of 40-60 °C and very good adhesion property and are shown in Table 23,
whereas other polymers has Tg of over 100 °C and did not adhere at desired

temperature.

Table 23 Selected polymers and its properties

Polymer Tg (°C)
EUgSR‘;g"@ \ \ ¢ permeability 50-60
®
EUm‘(;)‘T rmeability | 55-60
n oluble in gastric
EUDI?: ((); it ermeable above 40-45
asking applications
EUDRAGIT® st disintegrating film for aqueous | o5 (o
RD 100 _taste &6dot masking formulations

3.1 Coating comp

3:1.1 Coatmg»composmon

The main c@;u &J ’11 nﬂn‘iﬂ ﬂflnjpolymer powder.

In order to overcome the stickin roblerfis durln curifig, talcum was @valuated as an
anti- tackm&m Ir]lla ﬁefi% f‘] th& f];ﬁw&l prior the
coating of the pellets but was blended w1th the coated pellets just prior to temperature
curing (1 % w/w talcum based on the mass of the pellets). Wesseling et al. (1999)
revealed that blending coated beads with talcum prior to curing it would inhibit fusion
of pellets into cake. The pellets remained free flowing after curing and therefore the
coating was not mechanically damaged. But in our dry powder coating, curing of the
talcum-treated pellets resulted in the interference in the development of a good

polymer network film and was difficult to evaluate the film formation of the polymer.
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As displayed in Figure 21, The surface of pellets coated with Eudragit® E PO alone
and Eudragit® E PO with talcum looked similar (before curing process). On the other
hand when pellets were temperature cured at 90 °C for 8 hr, it was found that the
surface of Eudragit® E PO coated pellets showed a complete film formation that was
easily evaluated (Figure 21 C and 21D). Whereas the surface of coated pellets with
Eudragit® E PO and talcum, the complete film formation was disrupted (Figure 21A
and 21B).

particle (guest particles)

onto the surface of larger core yarticles means of heating without

The agglomeration takes oating olymersu 1 among pellets during

unsuitable coating conditio 0! I 7,.], : ellets (caused by improper

pan speed, pan angle and masg'lo )':a d temperature resulted in
the agglomeration of pellets. Stigking .- o coating when the cohesive
and adhesive forces acting at pell faces are greater than the forces
intended to separate pellﬁf (forces arlsmg of pellets in coating
pan).

In this preliminary ﬁdy, ol @drochloride pellets was
performed using the same prgcedure as descrlb%lm Figure 16 and 17. The speed of

rotation of the panﬁdu.ﬁngg %ﬂ;ﬂﬂfjpw fm ﬂﬁ cascading of the

core pellets, with thgl coating bed in a tu ing motion. So, in this experiment, the

—) (TR 011

The mass loads also have an influence on the movement of the pellets. In this
experiment, three mass loads (200, 250 and 300 gm) were evluated. The movement of
core pellets obtained by 200 gm mass load was so low as to cause cataracting
movement or induce them to fall freely when using 44 rpm pan speed. On the other
hand, mass loads of 250 and 300 gm show the same cascading movement which had a

good correlation with speed of rotation and angle of coating pan, hence we chose low
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mass load (250 gm) as suitable for the future process. A good movement of the pellets
and polymer particles results in good product motion/mixing and initiates particle
collisions between the polymer particle and pellets.

In this coating process, it was divided up to several steps; first the core pellets
were preheated to desired temperature. Product bed temperatures is a critical
parameter in this process because the polymer particles had to adhere on the surface
of heated pellets above the glass transition temperature. In rotating pan, continuous

movement of the pellets should be achieved to reduce agglomeration tendency to each
other and the wall of the coating pan_ ‘i
pellets when the polymeric layer har

e,yld

rocess and prevent sliding of the

ets were heated up with hot

air to obtain desired pan y, desired product bed

temperature. The maximum «75 °C was chosen in this
preliminary study. Becaus rature was used, it will

ime was set at 60 min,

-«

result in a poor adhesion o

which eventually reflected

Second, the polymer intermittent strewing
Feed rate were fixed at 5gm / ng levels (the total amount
of polymer 25 gm). The polym particl S pellet surface were heated thus
promoting adhesion of the pafuclesun surface hd cohesion of polymer particles

7 --"'.f-*"hﬁ

.f

lr.r' '!., g -
Third, after coating _._;.;.;;;_..:;_.:.‘__.7:_::.:_:‘:.:,..‘.‘,, belets were further rotated

for 30 min (post-heating) Tt

to the already adhered paSg:les.
L

stabilize the polymer

particles prior to the curing step Higher temperature were not possible, because the
tackiness of pol m gglomerate and
adhere to the chy:@ulﬂ qwm[ thes :l lymer particles
did not co a ho ﬂ ocess ‘athermal after
treatment (c iﬂaﬁ éﬁﬂﬁ ﬁ,ﬁi] rflla %JGICSCCHCC
of the polymer particles and to impart a good film formation. But in preliminary
study, we evaluate only the adhesion properties of polymer on the surface of pellets,
therefore curing process would be further studied in the future experiments.
Comparison adhesion properties of each selected polymer are presented in

Figure 22. The surface of coated pellets with Eudragit® RS PO, RL PO and RD 100

showed that these polymers could not continually adhered on the surface of pellets.
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On the other hand, Eudragit ® E PO can continually adhered on the surface of pellets.
Because Eudragit ® E PO have a lowest glass transition temperature (Tg) and a
highest adhesion properties. Consequently, Eudragit ® E PO was selected as a “model
polymer” to be used in the future experiments,

The results from using different technique of coating, it was found that pellets
coated with heat throughout the process was the best technique when comparing with
the other techniques (coated without heat throughout the process and coated without

heated until finished apply coating powder and are shown in Figure 23). The

condition of coating process must fav ct between the coating material
and the core pellets. The establisk ment ¢ sive bond depends on many
other factors. Various mechanisins-by whi t mndhere to one another have

been proposed. These mec anical, physt adsorptlon, electrostatic,
chemisorption and diffusion. e, mechanisms. appears to be universally
applicable. Some are vali tances, der other conditions,

If the particles co th tively weak adhesive

particles in such cases, for example 3 emical bond between host and
= --'I"“I .
guest particles of by emﬁddmg the” gﬁéét rface of host particle

(Iwasaki et al., 2002). Fiom=photomicrograpis;-it-was —found! in Figure 23A, dry
‘ m: because it had only
electrostatic forces to hold the polymer. On the other hand, In Figure 22B and 22C,

the polymers firm ? y in Figure 22C,
the polymers can ﬂjgﬁer (m’ ﬁlﬁj m ELWIIJ\ Ese results it was
found that ro ﬁi esi rties of the
polymer. Iﬁ ﬁﬁléiﬂiﬁr i&l ﬁ ﬂﬁ)maﬁ pi al%lj state of

polymer and resulted in an increase adhesion properties to hold dry polymer powder

polymer powder are loo 3

on the surface of pellets.
As a conclusion in this preliminary study, Eudragit® E PO was selected as a
“model polymer”, the coating technique was by using heat throughout the coating

process and suitable coating conditions are shown in Table 24,
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Figure 21 SEiYI photomlcrographs of propranol(l{ hydrochloride coated

pellets with Eudragit® Bﬁmin—the use omﬁ a)l antitacking agent by
mixing talcum with pelletigﬁer finish coating. J\__
A, B: With talcum
A: Before curmg (at x300 ﬁlaljgifiﬁéation)
B: After curitig at condition 90 °C 8 hrs. (at x300 magmﬁcatlon)
C,D: Without fdlcunty) .8 S4191%887 ‘ 1Al
C: Before curing. (at x300 magniﬁcation) |

D: After curing at condition 90 °C, 8 hrs. (at x300 magnification)
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® RS-PO, RIL PO and RD 100; before curing

—

(Each polymer had'the SEM p;hotgminrographs) at x 300 magnification.

B: Coated pellets g1t®'t Pq’g'?ef:ore curing at x 300 magnification.
¥ ' 1
r :J"- “.'J:f-h
a'rf per \
Q Vs
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Figure 23, SEM phqtomlcrog:aphs lof; propranolol hycfrochlondc, coated pellets
with dlffereni coatmg téchniques. ¥ N T
A: Pellets were coated without heat throughout the process. (Al, A2 at x80, x
300 magnification, respectively)
B: Pellets were coated without heat until finished applying dry polymer
powder. (B1, B2 at x80, x300 magnification, respectively)
C: Pellets were coated with heat throughout the process. (C1, C2 at x80, x300

magnification, respectively)
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Table 24 Constant coating condition using conventional coating pan method
Coating condition

Pan speed (rpm) 44

Pan angle (°) 30
Mass load (gm) 250

Pre-heating time (min) 60

Product bed temperature (°C) 4 | 75
Post-heating time (mi ‘ 30

PO

\ S
\\\.- ‘model polymer” for it

From preliminary stud ¢
had good adhesion propefty 2 c .:'f- ?\ his c ventional coating pan
ble. One is Eudragit® E
100 (crystal granule form) and'the/ ud agit | \‘0 (micronized powder form).
Both forms having the same compesitien. In 4 dy, polymer should be in small
dry powder form, hence, Eudragit rvj!{{tf- 31 . duced to smaller size because it

was too large to be used;Mortar and p estle were used fo orind udragit® E 100. The

!.-"‘

portion that passed thro éve no. 325 mesh were

selected and used for the ture experiments. Therefore, be m sizes of Eudragit® E

were charactenzedﬁ waﬁﬁw %’w E] '] ﬂ ‘ﬁ

4.1 Physncal properties of Eudrag it®E

’Wﬂ AINIUUMIANYIAY

Appe ance and morphology of Eudragit® E PO (small size) and ground

Eudragit® E 100 (large size) were characterized.
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4.1.1 Particle size analysis

These 2 groups of Eudragit® E were measured for their particle size using laser
particle size analyzer and the results are shown in Table 25. Size distribution profiles
of the particles of both sizes showed mainly a monodispersed sample with minor
tailing to the left side with the total of less than 5 % as seen in Appendix D, Table D1
and Figure D1-D6. By determining the median size, d (v, 0.5), of Eudragit® E PO and
ground Eudragit® E 100 it was found to be 10 75 and 56.54 microns, respectively.

4.1.2 Scanmng
Figure 24 illustrates . They showed irregular
shape due to shearing fier grindir article sizes from SEM
photomicrographs of bot ' ' . ent with the results

obtained from laser partic
4.1.3 Others p

As presented in Table 26 properties such as bulk, tapped

densities, Carr’s compressibi onsture content were

evaluated. e ‘

There were markeﬂhffer ces and ﬂ)ped densities of both
Eudragit® E (Eudragit® E P and ground Eyiraglt E 100). And the Carr’s

compressibility waﬂalunglq vafied: JF6h e db® [obiidd it was found thar

Eudragit® E PO 1mmed a loosen of paglcle and poorly free ﬂowmg behavior than

et BRRETRN 136U UN1ANLIAY

In thefsame way, the results in flow rate and angle of repose, both Eudragit™ E

can not flow from the funnel method. But angle of repose can be measured from a
powder heap to which a defined vibration has been given to the funnel. In general,
angles of repose are able to provide gross measurements of the flowability of
powders. Most free flowing materials have angles less than 40°. Powders with angles
greater than 50” have flow problem if they flow at all (Foster et al., 1995). It was

found that angle of repose of Eudragit® E PO was higher than of ground Eudragit® E
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100 (41.27 >31.53). From these parameters it could be concluded that ground
Eudragit® E 100 has better flow properties than Eudragit ® E PO because the powder

composed of large particles which was found to flow better than those composed of

small particles. With micronized particles, powder flow is restricted because the

cohesive forces between particles are of the same magnitude as gravitational forces

(Nagel et al., 2003),

Moisture content measured in Eudragit® E (Eudragit® E PO and ground

Eudragit® E 100) were approximately of 2-3 %

also lead to powder flow

the particle. The powder then

problems be

LOD. This values are so high that may

develop.
Table 25 The avera ofand pdragit® E
NE
M‘ﬁ:‘-ﬂl“
d BT ‘ '
0. 1) pm, jr o (v 0.5 - d (v, 0.9) pm
Types of Eudragit® E L g £ Al Appearance
() jiades 2= (SD)
1,368 =20/ 18.72
Eudragit® E PO T o Irregular form

Ground Eudragitg E 100

f=_(0012) ¢+ (0047 —— LJ L 31T)
e )

Vi
o 13"

o161

“

¥

122.5
(2.771)

Irregular form

'.'j"lr'd'f“."ﬂ"‘“ ]

Y

Note: d (v;0. ﬂ
e B NK

qrd

the median

¢ o /

volume distribution 1s below this value

d (v, 0.9)- 90 % of the distribution is below this value
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Table 26 Others physical properties of Eudragit® E (n = 3).

Mean values
(SD)
Physical properties Ground
Eudragit® E PO -
Eudragit™ E 100

) : 0.2480 0.4317
Bulk densit m

y (gm/ml) (0.0047) (0.0053)

\ 26 0.5506
Tapped density (gm/ml) , \ ‘& (0.0087)

21.5878
Carr’s compres31b111W 1 (0.2670)
/ S '
Flow rte (eSS gl B m\ R
'm':‘ 12700 31.5333
Angle of repose ?\\\\\ (2.1159)
L NN :
3 1A5A N 2.8033
Moisture content (o) (0.4812)
42 Minimum polymer-soficping temperature (MST)
hvi-— "
In order to closely from polymer powder,

the minimum polymer-soﬁ%pmg temperature (MST) of Fudragit® E should be

ﬁr particles start to
soften and stick to ﬂs%rléleﬁﬁthe heatm‘?l;trate s mentioned in Pearnchob et

., 2003a, g bench
(Kofler Heamﬁ qﬂjnmmﬁwiﬂrﬂﬂjﬁ El:etal plate

with a variable temperature gradient (30-80 °C) and multisensor for the temperature

evaluated. The ter

measurement. But in this experiment, we modified this technique by heating glass
slide in incubator at elevated temperature (55, 65 and 75 °C) for 30 minutes. In this
experiment, isothermal heating time used was only 30 minutes because when dry

polymer powder contacted with the surface of pellets during actual coating process, it
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should immediately adhere to the surfaces. Therefore, isothermal heating should have
the shortest duration.

Eudragit® E has a low glass transition temperature (Tg) of approximately
4045 °C. As expected, the MST of polymer powder should higher than Tg of
polymer film because the transition from the hard and brittle glass into a softer,
rubbery state occur over a narrow temperature range. At the Tg, it was the beginning
of a softened polymer but it still has low adhesion property and could not stick to the
surface of substrate. But in this dry powder coating, we must obtain sufficiently
softened polymer powder that can i here on the surface of pellets.
Therefore, the temperature used ‘ % g and give a good adhesion

properties.

Relationship betwee temperature of dry polymer

powder were examined by obtaifiing fhe differences eights of the slides before
and after mechanical fore prusiting. The powders, w ich did not adhere, are
brushed off from slides. Thi§ regtil fwa -7 ~,._- ‘% adhesion”. The results from
Figure 25 and Table 27 fo at o ad €108 o‘l .. : oit® E PO was higher than
ground Eudragit ®E 100 at e jer) ‘ s '; . thermal energy can more
powder th; \ egular larger powder, so the

time needed for heating to reach & | temperatures was also shorter for

R gh e
micronized powder. These r ‘that ed powder would convert

from glassy to rubbery j———“"““ FY
2% adl_ﬁion over 80 %. Due to
the lower MST would give pgogolymer adhesigbx on surface. In this experiment, the

temperature of 75 ﬂ\ﬂcﬁsweﬂﬂqmgﬂ E'Tﬂﬁ.is technique,
AR TUNNINGA Y

The criteria for selﬁion 0
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Y L [
Figure 24 SEM phéiomicrographs-of Eudragit™ :

A: Eudragit® E PO (small size polymer, approximately 10.75 micron)
(A1, A2 atx300,,xd,000, magnificationcrespectively)
B: Ground Etflragit® E 100 (large size polymer, approximately 56.54 micron)

(Bly,B2/at x30041x11000 magnificatidnyrespectively)
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% Adhesion

100

- O Eudragit E 100 e

O Eudragit EPO

. =
ad FRUE i
i

5% ; » 433
©
T

Figure 25 Schematig . erature on % Adhesion
of Eudragit® E »
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Table 27
Eudragit® E 100) at 55, 65 and 75 °C 30 min

A. Ground Eudragit® E 100 and
Eudragit® EPO heated at 55 °C 30 min

108

The percentage of adhesion of Eudragit® E (Eudragit® E PO and ground

B. Ground Eudragit® E 100 and
Eudragit® EPO heated at 65 °C 30 min

Mean (SD) Mean (SD)
Ground Ground -
& Eudragit® o |Eudragit
Eudragit I Eudragit
EPO | E PO
E 100 QN e E 100
Weight 49237 |wdB318 | . = cight 48779 | 4.9010
Before heated (gm)| (0.0971 x oig heated (gm) | (0.2994) | (0.0766)
Weight 4.908 \N ot 48679 | 4.8956
After h .0958 =% [ After heated 2984 0.074
er heated (gm)| (0.095 72 AN (gm) | (0.2984) | (0.0747)
Weight 0.0150 /;/ . \\\\\‘ t 0.0101 | 0.0054
diff .0017 ) 1A A diffe 0.0010) | (0.0019
ifferences (gm) | (0.0017) / peo " iffgrehces (gm) | ( Y Il )
25.000 > PR \ 49.6667 | 72.8333
% Adhesion & 2, AAS esion
(8.2614) : \ (5.2042) | (9.3050)

Ground »
9E 100
[ 1
Weig IW Qﬁq f']
Before heated (gm) ’-(I 54 (ﬁm
Weight 4.8502 4.9374
After heated (gm)| (0.1258) | (0.1716)
Weight 0.0064 0.0025
differences (gm) | (0.0013) | (0.0007)
) 68.0000 | 87.6667
% Adhesion
(6.3836) | (3.6856)

NI NYINT
IRINYIA Y
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43  Physicochemical characterization of Eudragit® E and cast films.

It is well known that the grinding process and thermal treatment generally
change the physicochemical properties of drugs and polymer such as crystallinity,
crystalline structure, solubility and stability. In this experiment, we have ground
Eudragit® E 100 and treated cast films by different thermal duration. So, the

physicochemical properties of Eudragit® E

431 Powder xeray diffi l()%é

T,d cast films should be characterized.

The representative x- pa raglt E (Eudragit® E PO
and ground Eudragit® E 100 h e at 90 °C, 8 and 12 hr)
are depicted in Figure 26. ‘ |

The Eudragit® E ure due to the absence of
complete stereoregularity ups. The Eudragit® E PO
X-ray diffraction patterns

agit’ E PO (Table H1, Appendix

demonstrated three broad b
of ground Eudragit® E 100 we
H). This suggested that crystallm 5 OR T ',ﬁ as not affected by the grinding

process.

Films prepared y‘* cated by thermal process

[
produced the same x-ray 1ffract10n pattern as Eudragit® . It could be seen that

oV o) 1111411 T S
crystallinity of Eu T ﬁ g

Finally, it could be concludedf that no sigrificant changes.in the x-ray

oy LG S b e

4.3.2  Fourier transform Infrared spectroscopy (IR)

Infrared spectroscopy was used to confirm if the changes in the functional

groups of the original and treated polymer may occur. The infrared spectra of
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Eudragit® E (Eudragit® E PO and ground Eudragit® E 100) and cast films (thermal
treated at 90 °C, 8 and 12 hr) are depicted in Figure 27.

The principal peaks of Eudragit ® E PO were observed at the wavenumbers of
1143-1176, 1241, 1269, 1384, 1460-1482, 1728, 2768, 2823, 2949 and 3437 cm’”.
The IR peaks show the characteristic bands of the ester groups at 1150-1190, 1240
and 1270 cm™', as well as the C=O ester vibration at 1730 cm’. In addition, CHy
vibrations can be observed at 1385, 1450-1490 and 2950 cm™. The absorptions at
2770 and 2820 cm™ can be assigned to di ethylammo groups. And the IR peaks at

The IR spectra of ground Eudrag t films had peaks at the same

The DSC thermograms Jof Eudragit sowed absence of a sharp melting
peak indicating that they are amor] ous in natures The glass transition temperature
(Tg) of polymer measu e b C proved t 0 detect because only

.lifie shi elthe difficulties, Tg of
Eudragit ® E could be megred by D ween 46—@ °C and are presented in
Figure 28. This measured Tg' @udraglt E wasssimilar to the previous Tg obtained

oy kouyan e, bV £ 91 T WEI D

As descnbea"before although the influence o eatmg rates o e Tg was an
mporunt AYE) QQIFIGEU A “"J%E}"’Tﬁ e
of 10 °C / mth was suitable to detect the Tg of this polymer.

The thermograms of ground Eudragit® E 100 and cast films also shown Tg in
range of 46-48 °C which in good correlation with Tg value of Eudragit® E. (Table H3,
Appendix H).
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A. Eudragit E PO

Lt

dragit E PO
al treated
at 96 C, 12 hr
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S 10

Figure 26

15

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
20

X-ray diffraction of (A) Eudragit® E PO, (B) Eudragit® E PO thermal

treated at 90 °C, 8 hr, (C) Eudragit® E PO thermal treated at 90 °C, 12 hr and (D)
Ground Eudragit® E 100
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A. Eudragit E PO

% T

Eudraglt E 100

f ﬂu&?ﬂﬂﬂﬁ
-mmwmam

4000 93600 3200 2800 2400 2000 1600 1200 400

Wavenumber (cm™)

Figure 27 IR spectra of (A) Eudragit® E PO, (B) Eudragit® E PO thermal treated
at 90 °C, 8 hr, (C) Eudragit® E PO thermal treated at 90 °C, 12 hr and (D) Ground
Eudragit® E 100
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HEAT FLOW

7
T (A) BEudragit BEPO Tg from 40.12-53.69
onset = 40.73 Tg = 48.92
5.5 +
(B) Eudragit EPO cured at 90 C,8 hr
T Tg from 31.96-56.79
onset = 47.28 Tg = 46.91
33 T __/'J.
C) Eudragit EPO cured at 90 C, 12 hr
n34.48-57.44 onset = 34.48 Tg = 46.42
1.7 + i
round by pestle and mortar
onset = 47.55 Tg = 47.13
1 t
. bl Tho
Scanning Rate: 10.0 C/min
---------- 0, (B) Eudragit® E PO thermal

Ground Eudraglt E 10
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5. Evaluation of coated pellets
5.1 Process development of dry powder coating

The results from preliminary study found that model polymer (Eudragit® E
PO) and coating parameters were evaluated to obtain optimal coating condition.
Process of dry powder coating of pellets should further study on other parameters,

such as feed rate, percent coating levels.

5.1.1 Effect of

KNCss and morphology

The polymer po t and fixed at 10%

coating level (25 gm of poif ets had the same normal
surface characteristics. Thergfors the porti \ ting polymer were strewed,
the polymer particles tend tofe g Q:ﬁ. | \n face of pellets. Then the
following intermittent strewing® wpplied until finished in each
formulation.

Feed rate (the ratg at.whiclto apply the" powder) was an important

factor which consisted :f,. ppiication amount - o , ation interval (min).

These two parameters weft per 060 min which

determined the time of coatmﬁ used for each md1v1dual formulation and are presented
in Table 28. First, oating efficiency
and film thlcknessafg ﬂ:}lﬂg m?ﬂmﬁ be explained by
the mecha iﬁj llets with
different fﬁw;‘;‘a ﬁaﬂf pijw Wﬁ Wrgj’i ﬁdgj

In coated pellet with low application amount (2.5 gm in any time interval)
revealed that small portion of coating polymer would first filled the voids of core
surfaces that resulted in smoother surface of core pellets. Next, polymer particles
would attach on the already adhered polymer on top of the void space of core pellets.

This phenomenon may promote the reduction in adhesion of the polymer powders to
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the surface that resulted in the lowest coating efficiency (34.92-37.72 %) and film
thickness (43.99-51.19 micron).

Table 28 Propranolol hydrochloride coated pellets with different feed rate
Pre- | Post-
Polymer| Amount |Application|Application . . .
Pellet size heating|heating| Time
Rx size |of polymer| amount interval . .
(mesh cut) . time | time | (hr)
(micron) (gm) ‘(gm) (min) . .
. (min) | (min)
1 14/16 10 15 60 30 4.00
2 | 14/16 10 ﬂ 60 30 | 6.30
3 | 14/16 10 o 60 30 | 11.30
= e
4 | 14/16 10 I’/‘// h\\\\ 60 | 30 | 245
5 14/16 10 60 30 4.00
6 14/16 10 60 30 6.30
7 14/16 10 60 30 1.45
8 14/16 10 60 30 2.00
9 14/16 10 60 60 30 2.30
10 14/16 10 60 30 1.30

X'}

interval revealed that when

In coated pellet w
larger portion of coating pmymer were strewed, the polymé } particles tend to entirely
filled the voids o 5 particles would
adhere on the surfﬂo I{ﬂ jaﬂﬁﬂ ﬂﬁmrw pellets. Higher
surface roughness hlg,her adhesion of pSlymer on pelet. Then the neXt'strewing, the
AT e bUb G A Dl O E s

A marked dlﬁference in coating efficiency was found between 2 groups of application

enhancem

amounts (2.5 gm and 5 gm). The coating efficiency was increased to 47.48-48.16 % in
coated pellets with 5 gm of application amount. But film thickness was still about
47.92-48.16 micron, except formulation 6 had higher film thickness than others
(72.95 micron).

In coated pellet with feed rate of 12.5 gm in any time interval revealed that

these large portion of polymer powders was sufficient to fill the void space and
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adhered around the surface of pellets. This resulted in higher adhesion of polymer
showed by highest coating efficiency (formulation 8 and formulation 9, 49.64-50.36
%), except formulation 7 had only 44.52 %.

In coated pellet with feed rate of 25 gm where the whole coating polymer were
strewed at one time. This may caused poor powder distribution around the pellet. The
inconsistency of coating layer may occur. The coating efficiency was 49.20 %.

The next parameter to be determined was the application interval. These

durations were desired to achieve proper polymer bed temperature and to stabilize the

polymer particles onto surface of p let. Application interval is correlated with the
coating time (hr) as shown in Figure . High¢ ;é;wlon interval, coating time (hr)
would increase, when the application vm But longer coating times

(hr) would compensate ffe .’Nrocess As shown in
formulations 3 and 2, 6, th€ Coaufig sites wete 11.30 and 6.30 hr, respectively.

insufficient to heat up

to desired polymer bed terup€raiirefa abilize the po articles onto pellet. As

T % ) )
morphology of the coatf:ﬂpellets "ﬂi%-éroﬁ- ect ‘ propranolol hydrochloride

The coating results™ were investigated and are

l
shown in Figures 32-41 ( rmulatlon 1-10). SEM photomlcrographs showed coated

pellets before and ﬂeuﬁ 43 ﬂ W?ﬂcﬂﬁﬂ ?ss-sectloned at x

600 magmﬁcatlon

e S e e

SEM photomicrographs revealed that formulations with low application amount in
any interval showed no differences in surface features of coated pellet. After coating
process, close-packed polymer particles adhered on the surface. Then after curing
process, closed-packed polymers coalesced to form a coating film on the surface. The
surface of coated pellets showed rough and uncontinuous film. But the cross-

sectioned of these pellets showed clear interface between the core and coating film.
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The polymer layer displayed compact but incomplete film formation. Formulation 1
(feed rate 2.5 gm per 15 min) showed less polymer layer than others.

Figures 35-37 (Formulation 4-6) illustrate pellets coated with application
amount 5 gm with varied application intervals (15, 30 and 60 min, respectively).
These pellets showed smoother surfaces than formulations with 2.5 gm of application
amount but the film surface was still incomplete and nonuniform. The cross-sectioned
represented compact feature of the polymer film and showed a distinct interface

between core and the coating,

Figures 38-40 (Formulation 7 s e pellets coated with application

amount of half of the total polym q‘\“-“- application intervals (15, 30

and 60 min, respectively). Lommtla 10n¢ 8 ﬁow smoother and more
homogeneous surface thanﬁ—' cd'rate 12.5 gm per 15 min)
shows rougher and more imiper{ m

Figure 41 (Formuilétion ne-. ith all of polymer at

once (25 gm). It shows roug ane-i imilar to formulation 7.

It can be concludedgthat iy i I istrev .e_.\;_ od had to be carefully
designed in accordance with application amount, and interval. Because high
application amounts with unsuitable ap; licat : al or lower application amount
with suitable interval, could not "-’m- “coat the pellets. In this technique,

substrate surface roug _ess wgg‘f@%’ it in generating an adhesion. In this

experiment feed rate of ha f'_ﬁ-’_:.:-__::__-,._::.-,._:.._::,.‘:._ - n 9) was chosen to be

f Y TETS Ty
e ‘%3 ;ﬁxm BIATAR A Se TR e

changes in bulk tapped densities and Carr’s compressibility after application of the
complete film coating remained nearly the same as core pellets for all formulations. It
could be concluded that the coating film and feed rate had no effect on the bulk,

tapped densities and Carr’s compressibility of coated pellets.
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5.1.1.3 Friability

The friability of coated pellets obtained using different feed rates are presented
in Table 29. Because core pellets have a very compact structure from extrusion and
spheronization process, pellets were then not broken into fine powders eventhough the
coating process took 2-3 hr in the conventional coating pan. The results of friability

test were not apparently different among coated and coated pellets. The friability

results were equal to zero, indicated that the coating film could withstand the impact

during friability testing,

presented in Table 29. ced fate parameter on moisture content was

found to be in the range v B .1t 'was observed that the moisture

content was not apparentliy d pellets. Because pellets
were coated by using only pol tem) and should not affect
the moisture content. But there d during coating and curing
step that may affect on moisture coni d that there was a small number
difference in moisture content.i h as formulation 3 had the
lowest moisture conte and formulation 23 6 was in the second
place from the lowest (2. i-"»"r /.)4n formulations 2 and 6,

the coating process was td6 long (11.30 and 6.30 hr) and may cause higher loss of

povsobes 17111131 () 1101 e
RIANRIMANRINYIAE

Drug contents of coated pellets with different feed rates are presented in Table
29. The drug content averaged from triplicate samples showed that drug content were
not apparently different among core and coated pellets and showed the low standard
deviations. Indicating the uniformity of drug in the coated pellets. It was implied that
the coating process did not affect the drug content within the core pellets, hence also

the stability of the drug within,
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5.1.1.6 Sphericity and surface roughness

Figures 42 and 43 showed the values of sphericity and surface roughness of
coated pellets obtained using different feed rates.

In terms of micro-evaluation for the best spherical uniform pellets, three shape
parameters were established. They are roundness, aspect ratio and elongation. These
parameters were calculated from the equations, which have been mentioned before. It
was found that the parameters are sensitive enough to clearly distinguish the different
shape of pellets. All of the coated pelléts, spherical shaped pellets were obtained. But

M

from the values of these parameters showed thaithe shape of coated pellets were less

1 forf ulﬁveﬁheless, they could be

spherical than core pellets
otomicrographs of each
\ bressibility still similar.

/ i IS

0 d

| 5 O

The three-dimensional shépe 2) 1 \\\ \ ‘group suggest that all
spherical pellets become g8 ¢ err-afilm ‘is ‘app jed. after the first sampling

ore \ d, although they could not

accepted to be spherical,

formulation and the valué

time, whereas the non-spheri€a
be considered spherical (Chopu et l'év\i(ﬁ} 5

In this experiment showsg th ¢

hat the coated pellets became less

spherical in shape. Because dry pol vould adhere to the heated surface

i,

of the pellets, and film formation flien oceurs after o

On the other h -,:-_—r»---—- ---------- ;#' found that surface
roughness of coated pellet fias pellets. Because polymer powder

would fuse or coalesce together to form contmuous film of coated pellets (after
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Values

100
920
80
70

60 -
50 -

40
30
20
10

120

B coating efficiency (%)

EFilm thickness (micron) |

80.65 B1.62

sy 5228 5291
”,‘ 47,

47.92  48.16

125gm 12.5gm 25gm
per 30 per 60 per 0
min min min

2.5gm 2.5gm
per 15 per 30
min min

Rx1 Rx2 Rx8 Rx9 Rx 10
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& Coating efficiency (%)

I
|
H Film thickness (micron) J

Values

11.30 (Rx3)

Rx 10 Rx7

Figure 31 The influ of coating times o
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coat thickness of coated pel_ﬂzt with ¢ :
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Figure 32_SEM, photomicrographs ef prepranolohhydrochleridescontedipellets with
Eudragit® EPO from formulationd (tddyhy of feed rate).

Condition: Application amount = 2.5 gm., Application interval = 15 min, 10 %
coating level

A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8 hr. (Bl, B2 at x80, x300 magnification,
respectively)

C: Cross-section at x 600 magnification.
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Figure 33 SEM, photomictographs jofi propranplol hydrochloride, coated pellets
with Eudragit®E'PO from formulatioh'2 (Studying of féed rat€).

Condition: Application amount = 2.5 gm., Application interval = 30 min, 10%
coating level

A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8 hr. (BI, B2 at x80, x300 magnification,
respectively)

C: Cross-section at x 600 magnification.
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Figure 34 SEM-phatomicrographs pf)préptafiols] hydrachlonide \cbated pellets
with Eudragit® E PO'ff6m formulation 3 (studying of feed rate).

Condition: Application amount = 2.5 gm., Application interval = 60 min, 10 %
coating level

A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8 hr. (BI, B2 at x80, x300 magnification,
respectively)

C: Cross-section at x 600 magnification.
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Figure 35~ oSEM, photomicrographs jof propranolol hydochlorida codted pellets
with Eudragjt® E PO ffom folntulftish' (Studying of feed rate).
Condition: Application amount = 5 gm., Application interval = 15 min, 10% coating

level

A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8 hr. (B1, B2 at x80, x300 magnification,
respectively)

C: Cross-section at x 600 magnification.



Figure 36 SEM photomicrographs ofiprapranaloll hydrachloride fcéated pellets
with Eudragit® E PO from formulation 5 (studying of feed rate).

Condition: Application amount =5 gm., Application interval = 30 min, 10% coating
level

A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8 hr. (BI, B2 at x80, x300 magnification,
respectively)

C: Cross-section at x 600 magnification.



Figure 37~ oSEM, photomicrographs [off propratiolol hiydrochlorids) dodted pellets
with Eudrag_it®E PO ffom formulation 6 (studying of feed rate).

Condition: Application amount = Sgm, Application interval = 60 min, 10 % coating
level

A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8 hr. (B1, B2 at x80, x300 magnification,
respectively)

C: Cross-section at x 600 magnification.
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Figure 38 _ _SEM v;:‘thotomic,rog,raphs «of propranoloh hydrochloridegcoated pellets
with Eudragif@E PO*ront formilatioty 7(studying of feed'rate).

Condition: Application amount = Half (12.5 gm), Application interval = 15 min, 10 %
coating level

A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8 hr. (B1, B2 at x80, x300 magnification,
respectively)

C: Cross-section at x 600 magnification.



Figure 39 SEM-pbatomierographs ofyprepramaleh hydrochlorideceated pellets
with Eudragit®E PO from formulation 8 (studying of feéd rate):

Condition: Application amount = half (12.5 gm), Appllication interval = 30 min, 10 %
coating level

A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8§ hr. (B1, B2 at x80, x300 magnification,
respectively)

C: Cross-section at x 600 magnification.
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Figure 40 . SEM, photomiesographs of; propranelot lhydrechloridey coated pellets
with Eudragit®E"PO' frdom formulitich 9 (studying of féed rate):

Condition: Application amount = Half (12.5 gm), Application interval = 60 min, 10 %
coating level

A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8 hr. (BI, B2 at x80, x300 magnification,
respectively)

C: Cross-section at x 600 magnification.
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Figure 41 . SEM. photomictographs of prepranelol, hydrochloridey coated pellets
with Eudragit® E'PO!frém formuldtion 10 (Studying of feed rate).

Condition: Application amount = Whole (25 gm), Application interval = 0 min, 10 %
coating level

A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8 hr. (B1, B2 at x80, x300 magnification,
respectively)

C: Cross-section at x 600 magnification.
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different feed rate
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Physical properties of coated propranolol hydrochloride pellets with

Weight of

Bulk Tapped Carr’s Friability Moisture | Propranolol pellets in

Rx density density Compressibility %) content | hydrochlorid .
(gm/ml) (gm/ml) (%) (%) e content (%) (mg)

Core | 0.7282 | 0.7426 1.9419 2.2400 422489 | 94.6828
pellet | (0.0062) | (0.0063) (0.8307) 0 (0.1249) | (0.3455) | (0.7749)
, 0.7282 | 0.7426 51 2.2300 412379 | 97.0142
(0.0062) | (0.0063) (0.2900) | (0.6522) | (1.5226)

. 0.7282 | 0.7390 . 2.1100 41.3001 | 96.8578
(0.0062) | (0.0063) 0012 | (02536) | (0.3878) | (09127)

. 0.7317 | 0.7500 @5\\\ .9400 40.9910 | 97.5885
(0.0062) | (0.006 0.2406) | (0.3929) | (0.9373)

o | 07317 | 07504 ' / m\‘ 722200 | 412590 | 96.9524
(0.0062) | (0.0065) : mﬁ- 1 (0.3387) | (0.3192) | (0.7505)

. 0.7212 | 0.7426 A ) | 2.1933 42.4548 | 94.2189
(0.006) | (0.0063) (0.3329) | (0.1812) | (0.4031)

. 0.7282 | 0.7317 2.0867 41.0625 | 97.4180
(0.0062) %581) (0.3824) | (0.9089)

7 0.7212 20167 43.1218 | 92.7708
: (0.006) , (0.5580) | (1.1938)
! 0.7212 | 0.7390 } 2.4041 : 41.4759 | 96.4541
(0.006) ﬁ% ’n(ﬁﬁzﬂ)ﬂl’j W 'Q_J "]oﬂs@ (0.5795) | (1.3414)

n 0.7282 | @7317 09662 2.1800 40.6709 | 98.3686
(qu;ﬁ-zﬂ ) g)|6813) (1.6322)

5 0.7212 7317 22100 1" 403936 | 99.0413
(0.006) | (0.0062) (1.4286) (0.2425) | (0.6235) | (1.5345)
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The influence of feed rate on the fractal dimension of coated pellets
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5.1.2 Effect of percent coating levels
5.1.2.1 Coating efficiency, film thickness and morphology
This study was done to investigate the influence of % coating levels on the

surface morphology and the adhesion of polymer on pellets. Because from the

previous sections, coated pellets with 10% coating level by suitable conditions still

showed rough and uncontinuous features that may result from insufficient polymer

wﬁ vestlgated and are shown in

w1th various % coating

powders to spread over the pellets.
Coating with different 9 '
Figures 44 and 45. In this
levels of 10, 15 and 20 %
in Table 30. From the SE

resulted in smoother and ty of the filr "At the same magnification, the

Table 30 Propranolol hydr ide coated pellets with various coating levels

Amount Application
Pellet size ‘
Rx amount
(mesh cut)
(gm)
9 14/16 =10 10 25 12.5
I 14/16ﬂu_ﬁi§¥ 15, ~ 37 18.75
12 14/16! | 00 %0 25
U

ARSI UBAINENR S e

more homoggneous film formation. The imperfection surface on the coated film were
found less than in formulation 9 (10 % coating level).

At 20 % coating level, the surface film appeared to be smooth and
homogeneous. They could entirely coat the pellet and give an ideal film formation
(smooth and continuous film). No sign of cracking or agglomeration was observed in
the coated pellets. Although amount of polymer increased to 20 % coating level, but

% coating efficiency and film thickness of these coated pellets remained identical to
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10 and 15 % coating levels and are presented in Figure 47. These results can be
explained by mechanism of film formation at different % coating levels and are
presented in Figure 48.

The pellets coated with 10 % coating level had insufficient polymer particles
to entirely coat the core pellets. This low level coating influenced a rough and
uncontinuous characteristic for the film and the smoother and more continuous was
obtained when increasing % coating level up to 15 %. Because higher amount of
polymer would distribute and fill on the imperfection surfaces, resulted in smoother
and more homogeneous film eventhough W d minor uncontinuous features.

e the smoothest and most

continuous film. The imperfg ed by excessive polymer

particles and entirely coay aAv M
These coated pell : of film layer. Because

film layer obtained from t level, however the

coating film illustrated so i A " i cog evel (higher amount of

level of over 20 % might achiev and film thickness
In addition, the average diameter ¢ ¢ and coated pellets was randomly
B s P
calculated for film thic‘gless. fromi00= p that “the e indistinctive values.
|

Although the surface ap

thickness remained the samt

Peaiaice-or-coated-ti-showed-marked difference, but film

Consequently, 15 coating level was chosen as an Optimum level to use in

the future experim ﬁﬁﬁtjj‘ m Al v\inot complete but
it was acceptable, @ 1*Coul continuous film
but the amount of polymer used was too

wmmmﬂmwmaa

5.1.2.2 Bulk, tapped densities and Carr’s compressibility

In this experiment, the bulk, tapped densities and Carr’s compressibility index
of coated pellets with various percent coating levels are presented in Table 31. The
changes in bulk, tapped densities and Carr’s compressibility after application of the

complete film coated remained nearly the same as core pellets for all formulations. It
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could be concluded that percent coating level had no effect on the bulk, tapped

densities and Carr’s compressibility.
5.1.2.3 Friability
The friability of coated pellets with different percent coating levels are

presented in Table 31. The results of friability test were not apparently different

among core and coated pellets. The friability results equal to zero, indicated that the

The moisture con(b/ ets with diffe; ercent coating levels are

presented in Table 31. moisture content was found
in the range of 2.07-2.1

among core and coated pellt A er difference in moisture

as mot apparently different

The effect of coating levgls :..; J. / tent was found that higher percent
coating levels are lower moist “the coating time was the same.
Because good polymer parti ity of film formation was
improved by increasinellets with complete

film formation (formulatis

ing vel) should have less

andll

ﬂuﬂﬁﬂﬂﬂ‘mmﬂ‘i
o] o AR U NN s

presented m Table 31. The drug contents calculated from triplicate samples

moisture than formulation

represented that drug contents were not apparently different among core and coated
pellets and show the low standard deviations. Indicating the uniformity of drug in the
coated pellets products. It was implied that the coating process did not have an affect

on drug content,



5.1.2.6 Sphericity and surface roughness
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Figures 49 and 50 showed the values of sphericity and surface roughness of

coated pellets at different percent coating levels.

In this experiment showed that the coated pellets become less spherical shapes

similar in the coated pellets using different feed rates. And the results from fractal

dimension analysis found that surface roughness of coated pellet was smoother than

core pellets. Because polymer powder would fuse or coalesce to form continuous film

of coated pellets (after suitable curing. \\ H //1/ smooth and glossy film.

rochlonde pellets with

Table 31

Physical propeiti¢

different percent coating IV

Bulk Tapped

Rx density density

(gm/ml) | (gm/ml)

Core | 0.7282 | 0.7426
pellet | (0.0062) | (0.0063)

5 0.7282 0.7317
(0.0062) | (0.0062)

i 0.7282 0.7390
(0.0062) | (0.0063)

- 0.7212 0.7317

(0.0060)

(0.0062)
< ¢

ARIAIN TS

Propranolol Weight of
hydrochloride | pellets in one
content (%) dose (mg)
42.2489 94.6828
(0.3455) (0.7749)
40.6709 98.3686
(0.6813) (1.6322)
42.7147 93.6946
(1.2014) (2.6735)
42.4586 94.2257
é0.6799) (1.5223)
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Figure 44 SIEM | photemicrographs lof! propranolol hydrochloride! coated pellets

with Eudragit® E PO from formulation 11 (studying of % coating levels).

Condition: Application amount = Half (18.75 gm), Application interval = 60 min, 15
% coating level

A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8 hs. (B1, B2 at x80, x300 magnification,
respectively)

C: Cross-section. (C1, C2 at x80, x600 magnification, respectively)
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Figure 45 SEM photomicrographs, of propranofel hydrechleride gpated pellets
with EudragitQE PO fiom formulation24(studying of% coating levels).

Condition: Application amount = Whole (25 gm), Application interval = 60 min, 20
% coating level

A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8 hr. (B1, B2 at x80, x300 magnification,
respectively)

C: Cross-section. (C1, C2 at x80, x600 magnification, respectively)
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Figure 46 SEM photomicrégraphs of propran6lé] hydrochloride coated pellets with
Eudragit® E PO at diffdrent % ceating Ievels.

A: From formulation 9; 10 % coating level. B: Fromeformulation 11345 % coating
level.

C: From formulation 12, 20 % coating level.

(Al, B1 and C1: Before curing at x 80 magnification)

(A2, B2 and C2: After curing (condition 90 °C, 8 hr.) at x 80 magnification)

(A3, B3and C3: Cross section at x 600 magnification)
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Coating efficiency (%)
O Film thickness (micron)
100 == e =

{

82.62 83.1 83.13

52.92

Values
2

20% coating level

thickness of coated
A N

qmmnim IING1A Y

70 coating levels

Figure 48 Mechanism of film formation of propranolol hydrochloride coated

pellets with different coating levels.
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Figure 50 The influence of % coating efficiency on the fractal dimension of

coated pellets
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5.2 Curing condition

After adhesion to the pellet surface, the polymer particles could already
partially coalesce during the coating process. In order to promote complete film
formation, coated pellets had to be cured at elevated temperature. During the curing
step, the coated dosage forms are subjected to heat treatment at temperature above the
glass transition temperature of the polymer.

A thermal after-treatment (curing) was a necessary process for the coalescence

and interdiffusion of polymer particle omogeneous continuous film. This

stage of the film formation procéss is w rature dependent. (Bodmeier
et al., 1994). The time neces&ﬂ ) sced film has been shown
to be dependent on the plaﬂf—-’ iporated |

post-coating storage temperé

yating formulation, and the
e shown that post-coating

thermal treatment or curig§ ated’ solids imay acce , decrease or have no

at varied curing temperature - *sented in Figures 51 and 52,

(A

.:_..:;_--.-'_;_.._-, .................. .; atures were varied. It

respectively.

First, the curing
was found that at curing te articles could partially

coalesce and complete film formatlon did not occur This surface shows rough surface

similar to an o ﬁed to 80 °C, the
polymer particl m?T‘?{ogJ:::?.‘azjlgjmcomplete iy formation occurred but the
surface of ti m(‘ﬂ\owed the
best comp@ lﬁ:w]ra iﬁmymg ﬁrﬂ’l} @7 ealed that
if one applies latex onto a substrate and subsequently dries it below a certain
temperature, the resulting film would consist of non-transparent, powdery film.
However, if one dries the latex above this temperature, the result will be a
homogeneous, transparent film. In this experiment, it was found that coated pellets

were cured at 70 °C and 80 °C showed non-glossy, powdery film, but coated pellets

were cured at 90 °C presented glossy and transparent film. The curing temperature is
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generally set at a temperature that is higher than the glass transition temperature of the
film. The higher the curing temperature and/or plasticizer level in the polymer film
formulation, the shorter time that is required to obtain complete coalescence of the
colloidal polymer particles to form a homogeneous film. However, sticking of the
pellets may simulaneously occur during the coating and curing processes. Curing the
coated pellets at a lower temperature may reduce the pellet sticking phenomenon, the
pellets were free flowing and were not sticking to the petri-dish or to each other and
this curing temperature was too low to cause complete coalescence of polymer
t’ 1., 1999). And adversely effect the

jima et al., 2001). Therefore,

particles into a homogeneous film (W

stability of the drug release rates'd
curing temperature of 90 °C &

Next, the curing te

to qﬁalu ng time in the next step.

1 curing time were varied.

It was found that only 2 ymer particles could coalesce
similar as curing at 80 ° “Phlis, i i ‘ increased, the polymer
particles should give mor | ati 1 (continu and smooth surface).

Consequently, Fro i | , " that curing temperature
was more important paramete 1 .l Het ly‘ 2 hr at 90 °C could give

more appropriate coalescence of pol ser particl hr at 70 °C and 80 °C. In

#

this experiment higher curing temp::ﬁ

complete coalescence qt:ﬂw coat;ng fﬁm f(fm -?

duration increased. So

ive a shorter time (8 hr) to obtain
peratures (70 °C and

the curing condition were Bed at 90 °C for 8 he futuré éxperiments,
Furthermore, the results, obtained fromy SEM photomicrographs were later

confirmed by hot ﬂag‘un%} ’}m %Jy%q weﬂw}ﬂftﬁemmy heated at

different temperatuus (70, 80 and 99. °C) for 90 mm The t sformation of
s S ] 1016136 84 G o
presented in Figures 53 and 54, respectively. It was found that there was no change in
Eudragit ® E PO and ground Eudragit® E 100 at 70 and 80 °C throughout the process
(90min) but heated Eudragit® E PO at 90 °C showed significant difference from the
original material at the time of 15 min. At 90 min, polymer particles converted to a
transparent film. For heated ground Eudragit® E 100 at 90 °C shows slight difference.

The polymer particles only converted to a translucent film. Figure 55 presents film
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appearance of Eudragit ® E PO and ground Eudragit ® E 100 after isothermal heating
at varying temperature for 90 min.

From these results, it could be concluded that heat can efficient passed through
the micronized powder (Eudragit® E PO) better than larger powder (ground
Eudragit® E 100) that would lead to a good film formation.

Moreover, Figures 56 and 57 present the film formation of Eudragit® E PO
and ground Eudragit® E 100 by using scanned heating rate of 10 °C per min from
e of polymer particle were evaluated.
100 °C but ground Eudragit® E

50-200 °C. The transformation in appeara

Eudragit® E PO started to changek_
100 started at 115 °C. There waSa.s

particles. And when tempera MSe polymers changed to
complete transparent film, 77/ 'S \

In addition, techni cess uld be evaluated. In this

parency of both polymer

experiment, there were 3 First was the curing in
perature at only 70-75 °C
e. The surface of coated

pellet showed uneven inc i . Eventhough, higher curing

conventional coating p

and was found to be as

temperature was used while ¢ > coated pellets would adhere

together and adhere around the chqxgﬁ

d‘l"#',

)écause the increase in tackiness of
ess (curing) had to be

polymer at higher tem

separated from the coating/drying of the pols  to-avoid agglomeration in
the machine. D |
Second method wasecuting in fluidizedsbed coating, which could provide

wider emperaturfilld SIS SIOHEVS s, e come

pellets adhered to tﬂll. hopper and aroung the chambe For the tempegature at 80 ',
o oo FEROE R Y161 1) Ao
coalesced pdlymer showed breakage at surface of coated pellets. This result was due
to the long duration and high airflow velocity in fluidized bed coater that may
increase the mechanical force and break the coated film. The same results occurred
when using temperature at 70 °C, so this technique was not chosen.

Lastly, curing in an incubator, this is a basic and efficient technique for the
curing process. Although coated pellets after curing may adhere on the container but

in this experiment, we use aluminium foil covered the inner side of the container to
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Cl C2
Figure 51 _ SEM photomigrographs of prapranalol hydrochloride cqatedypellets with
Eudragit® ‘B! PO fron{\formaplatioh (11 (studying of curing dondifion at different
temperature,fixed time at 8 hrs).
A: After curing at condition 70 °C, 8 hrs. (Al, A2 at x80, x300 magnification,

respectively)

B: After curing at condition 80 °C, 8 hrs. (B1, B2 at x80, x300 magnification,
respectively)

C: After curing at condition 90 °C, 8 hrs. (C1, C2 at x80, x300 magnification,

respectively)
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Vil - Z6onr L TREC 15kU SBum

Cl C2
Figure 524, SBIV photdmierographs of propranolol hydrochleride cgated pellets with
Eudragit® EXPO from formulation’ 11 (studying of curing condition at different time,

fixed temperature at 90 °C).
A: After curing at condition 90 °C, 2 hr. (Al, A2 at x80, x300 magnification,

respectively)

B: After curing at condition 90 °C, 4 hr. (Bl, B2 at x80, x300 magnification,
respectively)

C: After curing at condition 90 °C, 6 hr. (C1, C2 at x80, x300 magnification,

respectively)
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F1 F2

Figure 52 (contmued) SEM.phatomicrographs of propsanolol hydrechloride coated
pellets with! Eudragit® E"\PO from founulation] 11 (studying of ¢uming condition at
different tintg, fixed temperature at 90 °C).

D: After curing at condition 90 °C, 8 hrs. (D1, D2 at x80, x300 magnification,

respectively)

E: After curing at condition 90 °C, 12 hrs. (E1, E2 at x80, x300 magnification,
respectively)

F: After curing at condition 90 °C, 24 hrs. (F1, F2 at x80, x300 magnification,

respectively)
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AS BS cs
70 °C 80 °C 90 °C
Figure 53 The transformation of Eudragit® E PO at varied curing temperature

(isothermal heating).
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AS B5 €5
70 °C 80 °C 90°C

Figure 54 The transformation of ground Eudragit® E 100 at varied curing

temperature (isothermal heating).
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Al Bl
A2 B2
A3 B3
a_f. | i —1': s
Figure 55 Appearance of Eudragit™ E PO (Al-ﬂ)“aﬁd_‘éjound Eudragit® E 100
(B1-B3) | lf

Al, Bl Isothermal heated at 70 °C for 90 min
A2yB21sothermal héated ati0 °C for90 min
A3, B3 Isothermal heated at 90 °C for 90.min
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50 °C 60 °C 70.°C 15°C

180.°G

190 °C 200 °C

Figure 56  Film formation of Eudragit® E PO when heated at scanning rate of 10 °C/min
from 50-200°C
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50 °C 60 °C 70°C 80 °C

85°C 90°C ) =TI 100 °C

170 °C 180 °C 190 °C 200 °C
Figure 56 Film formation of ground Eudragit® E 100 when heated at scanning rate of 10 °

C/min from 50-200 °C.
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Figure 580, SEM phgtomicrographs ofipropranolol hydrachloridel coated pellets
with Eudragit® E PO from formulation 13 with difference techniques of curing.

A: Cured in conventional coating pan at 70-75 °C for 8 hr. (A1, A2 at x80, x300
magnification, respectively).

B: Cured in fluidized bed coater at 80 °C for 8 hr. (B1, B2 at x80, x300
magnification, respectively).

e Cured in an incubator at 90 °C for 8 hr. (C1, C2 at x80, x300 magnification,

respectively).
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protect the adhesion of coated pellets. This technique could markedly reduce the adhesion
of coated pellets to the container and produce an acceptable film appearance.

From Figure 58, it could be concluded that suitable condition and equipment for
curing process were curing in an incubator at 90 °C for 8 hr and was selected to be used in

the future experiment.
5.3  Parameters affecting polymer adhesion on pellets

In this experiment, there were 4 cted parameters to study polymer-pellet

adhesion, such as size of pellet e roughness, moisture content of

pellets and the possibility of coating. effect of these parameters may

= BN
2 [é? \ \
rs-affecting polymer adhesion on pellets. The

There are several criti eters7af

i« 0.0 il

effect of size of pellet and p rpdrticles ot 4 1 properties of coated pellets were
— . . PIAII ;
investigated by using 2 sizes of p@lymerparticlésand 3 sizes of core pellets, as mentioned

[
in section 4 and are summarized in Table-3:

7 __,/,w‘u*‘.f
Table 32 Propraneic! _________________ : ‘o different pellet and

polymer sizes

T Mﬁ‘mw Py

(fiicron)
> QRN IRl
14 1210 56.54 » 21.40:1
o O 1040 10.75 96.74 : 1
16 1040 56.54 18.39:1
17 870 10.75 80.93:1
18 870 56.54 15391
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The size of polymer particles could influence the behavior of the final film
characteristics (such as thickness and smoothness) and coating efficiency.

Polymers could be classified in two size groups:

Group A: Polymer having average size of 10.75 micron obtained from Eudragit®
E PO (formulation 13, 15 and 17).

Group B: Polymer having average size of 56.54 micron obtained from ground
Eudragit® E 100 and classified by sieving (formulation 14, 16 and 18).

Group A, was used to coat 3 sizes of core pellets (14/16 (1.21 mm), 16/18 (1.04
mm) and 18/20 (0.87 mm) mesp | hown in Figures 59, 61 and 62,

80.93: 1, respectively.

From the observation th 0 marked- i e‘rcnce in surface appearance,
eventhough the ratio o 3 _h
photomicrographs ill ace and had similar cross-
sectioned that clearly reprgger 15 gne compac _ ting layers. But the results

of % coating efficiency sug formul % coating

Pttt 2 4 ' .
presented in Figure 63. These results can be- d that for polymer-pellet adhesion to

-
-

g-"-'_,-l“r A e J—'
occur, there should be wpﬁmum value of's

the coating polymer must z2iWways be si

Throughout the cqﬁiﬁ proc : ad tﬂcontinuomly rotate in the

coating pan, which represegted the cascadin%Jmovement of pellet. In general, pan
F-S

provides a favom%ﬂo?ﬂﬁlﬂ?wgqﬂﬁ coating process. The
subdivided into partial m

main tumbling motipn can movements. The coating bed is
processed agai 7 u 't‘ 1 tﬁ fﬁﬂ d gravitation
forces thatﬁmﬁﬁﬁh fim H(ﬁ‘jll sﬁﬂja A lﬂ). Therefore,
polymer particles on surface of coated particles may be loosened due to the mixing and
tumbling motion in the coating pan. Thus, there is a tendency that higher pellet size,
increased the detachment of polymer particles. Therefore, formulation 13 coated pellets
should have lower coating efficiency because they had the highest size ratio.

On the other hand, formulation 17 had the lowest size ratio. The Lower of the size

difference between the pellet and polymer would result in the lower polymer adhesion on
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pellets (lower % coating efficiency). In accordance to the fact that small particles adhere
more on the large particles than small particles.

Formulation 15 was an optimum size ratio of pellet and polymer (approximately
96.74:1) suitable for this technique due to forces of tumbling motion in core bed might be
reduced in this ratio and resulted in no effect on the polymer adhesion.

Formulation 13, 15 and 17 showed significant difference in film thickness
although the coating efficiency presented only a slight difference due to larger pellet size,

amount of film proportional to the

smaller surface area. Some researchers (Wesdyk et al., 1990) suggested that various sizes
of pellets dispersed in a single bed woul¢ ‘{?

1 mount per unit surface area) of
a u

But in this dry po coatir it was found that the larger core

than the smaller core pellets. It can béexp
it

These results cou}ﬂbe concluded that in’thi L
L :

demonstrated that the film fHicl

Group B, was used to ot,‘oat 3 sizes of cor%.gellets similar as in group A. Ratio size
o
1

of pellet and pol ‘ ﬂtﬂ Wﬁ ‘ G]S'r?]) Formulation 14 was
coated and had Y:ﬁ]ﬁm size ratio thatﬁg from ‘?adhesion of ground
Eudragit® EA0 section 42. ¢ ﬁ A2it®iE 100 at 75 ©
C for 30 nf%ﬁlagﬁiﬁ mﬁ)ﬁ:‘i& rﬂzlj ﬂdﬁy %). Because

heat can easily and efficiently passed through the small particles better than large
particles, so the time needed for heating to reach a desired temperature has also shorter
for small particles. In this process, the product bed temperature used was only 70-75 °C.

Hence, the large polymer particles would hardly adhere on the pellets. But if using higher

product bed temperature, polymer adhesion may increase. On the other hand, the low
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coating efficiency of this formulation would be contributed to a low size ratio. Lower
difference in pellet and polymer size, reducing polymer adhesion on pellets (Figure 65).
The SEM photomicrographs (Both of before and after curing process) (Figure 60)
exhibited very rugged, like a knob all around the pellets. In the same way, the
stereomicrographs of the images of formulation 14 (Figure 66) presents irregular surface
that probably lead to higher friability and the deviation in sphericity values. The cross-
sectioned of this formulation shows that the polymer layer could not be clearly observed.

Hence, film thickness of this pellet was so small (58.37 micron) when comparing with the

same core pellet size in formulation 13

ive the same results as in this

ratﬂ sxz%td 15.39: 1) than formulation

in the future experiment.

Consequently, formulati
formulation. Because, there

14. Therefore, the formulati

roughness and to classify them accorc .’ core pellets were modified

by using various spheromzmg times. Modified surface pellets consisted of normal,
smooth and rough ﬁ phs could be used to
characterize surfac@ ﬁgmﬁa e'r ﬂgmﬁo look at individual
features on coate piﬁ 0 u ed surfaces of
o B AN o ST VTR Y
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Table 33 Propranolol hydrochloride coated pellets with different surface

roughness
Specific surface area
Rx Surface morphology 3
(m“/gm)
15 normal surface 4.440
19 smooth surface 3.221
20 rough surfa 6.639

In general, the degree&rou@ne@mple surface may also affect

adhesion by altering the co g particles and sample surface
(Felton et 1., 1999 and Lo

that resulted in increasing v ion on pellets (Packham et al., 2003). According

ace roughness, higher surface area

to the previously determi e polymer particles may

tarea with a rough surface.

Figure 67 summarizes j€o i film thickness. Aspiration data

. This relation is shown in %

Jﬁi ot i

The formulation 20 coated-pétet (roug
(67.60%) and the formlation 19 coated ;
S ,_
efficiency (41.04%) that cﬁ ated

normal > smooth).

The difference i aﬁwr mﬁ,ﬁﬁﬁ Tulaﬁon 19 and 20
were attributed to Iqsﬂp ﬁ ess. ion 19'were expected to have a
smoother surface compared to the formdlation 20, resalting in smallet.contact area and

sl pofppf bl ot bl ok bilhrodd il ol b aphined by he

mechanism o? film formation with different surface roughness of core pellets in Figure
68.

Y-had the ighest coating efficiency

u:':?r had the lowest coating

-area of core pellet (rough >

On the other hand, film thickness of formulation 20 (rough core) had the lowest
values (21.17 micron). It could be assumed that the size of asperities on pellet would be
large enough to occupy a lot of polymer particles. Therefore, most polymer particles tend

to fill on the asperities until the coated pellet gave smoother surface and then the
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remained of the polymer particles would slightly adhere on the pellets that resulted in
lower film thickness.

Formulations 15 (normal one) and 19 (smooth one) gave similar results in film
thickness (54.11 and 55.18 micron, respectively), eventhough formulation 19 had lower
coating efficiency. Because the smoother surface resulted in lower polymer adhesion on
pellet. However, the coating layer might give the same thickness but different in
consistency of film layer.

Formulation 15, 19 and 20 showed significant differences in the coating

efficiency, although the applied coating | ulation appears to be nearly the same

results in surface morphology a: , 69 and 70, respectively. The
roughness increases substantia thewlumﬁymer particles deposited. The
roughness is also affected b cr particles on pellets. But the

polymer particle coverage e, already afte ished strewing. Therefore,

Various modified mois ol * o4 et are summarized in Table 34.

with different moisture

% LOD (SD)

Rx Moisture-gontent of coregpellets
& (Residual moisture)

15 nognal surface (Drie at 60-65 C for S hr)
F-N

2.68 (0.11)

" RS H T IR A H

22 Eowest moisture surface (Dried at 60-65 C for 48 hr) 0.69 (0.09)
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From the results obtained it was found that the formulation 21 (low moisture
surface) had the lowest coating efficiency (45.98%) but the formulation 15 (normal
surface) and 22 (lowest moisture surface) had identical results in high coating efficiency
(54.13 and 55.95%, respectively) and are presented in Figure 71.

Film thickness correlated with a similar profile to coating efficiency for these
formulations and are presented in Figure 71. The film thickness were shown in lowest
moisture> normal> low moisture surface (58.29> 54.11> 50.31 micron).

It could be explained by comparing in 2 groups (Figure 72):

pellets during coating process.{with-heat (ﬁcess). Hence, normal moisture
pellets should have higher 1 oisture pellets. The higher

o, T N
moisture on the surface mig| anee thg pol .‘w~\. the pellets.

2. Low and lowe igtlirg / 3 AR\ )

During coating prog g b !n ‘_ s Had\to\be & ontinuously rotated in the
coating pan with long duratiof. c, cléotrS atic ehargesimight be occurred higher in
lowest moisture pellets than lgWw fhoistur e lets? The higher electrostatic charge, the
higher polymer adhesion was occgirred A7 J?"{ 2

However, the observation frem micrographs, it was found that the

surface morphology shoﬁed, simil: . A smooth, compact and homogeneous
e

characteristic films wers et s clearly represent the

layer of film that showed simiilz s in Figure 61, 73 and 74,
respectively. - o
. ¢ o . QJ
Consequen 1nﬂ m ﬁ ﬂ vﬂﬂl nt on the surface of
core pellets might resu igher ‘polyme si , However, these results were still
indistinctive.

ARIANN TN INAE
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5.3.4 Secondary layer coating

It is of special interest to obtain good adherence between the layers. In order to
improve the adhesion of the polymer particles onto the pellets, the pellets should to be
changed such as, core coated pellets had to be coated at once by the same method.

The primary true dry powder coating is compared with that obtained by secondary
layer coating with the aim of improving the adhesion of polymer particles on pellets and
proved the possibility of producing secondary layer coating by this technique for the

future of controlled drug release.
In this true dry powder f core pellet becomes important
because poor movement wo gg@atx@s But in the formulation 23,
core coated pellets had i pVement. durin heating process. Because the
higher temperature above gla Ansition erature (T ulted in more tackiness of
polymer film on the primary pellets tend to adhere on

the chamber of the coatinggpangand adhered- o each other and became dumbbell shape

(Figure 66)

If the stability of the p h, attrition of the core material
may occur during the coating pr essﬂ;'éf’” idé parti es get embedded in the coating
layer. In addition, abrasion of the p e F aterial can occur during the process
(Lehmann et al., 1989) 4=

In this .:._.::.-.__‘.. aicdd poilcs weie iuiaic ifi coating pan for 60 min

during preheating process | me abrasion of the polymer

]
material. Because the Eug
embedded on the 1; ﬂr/;-w % fnablllty of primary
coated pellets equ ﬁ y co d the tumbling and
centrifugal }jo Iﬁic ﬁg‘lﬁ

Ok el R [Tkl uma | —

(formulatlonq15) as being higher than secondary layer coating (formulation 23) and are

® E films are brittle and easy to break, it might get

shown in Figure 76. The weight loss might come from the abrasion of polymer coating
during preheating. Small fragment might be embedded on the coating layer but large
fragment could not adhere on the pellets. And the shapes of coated pellet became wide
distribution (sphere and dumbbells) and resulted in lower surface area. Lower surface

area, lower polymer adhesion on pellet.
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Film thickness measured in formulation 15 and 23 revealed identical values (54.11
and 55.24 micron, respectively) and are shown in Figure 76. But average diameter of
formulation 23 was not appropriate, because it was calculated from different shapes and
sizes of pellets (sphere and dumbbell). Therefore, film thickness measured was not
suitable.

The first layer of primary coated pellets showed smooth and homogeneous

surface. The cross section showed a clear interface between the core and the coating, as

and film layer showed no distur i
presents approximately ZO-Mthat!highq-_—:more uniformity than primary

coating layer. But surface of coatedhellet v ‘have some defects.

mentioned before in formation 15. And when primary coated pellets were coated again by

the same method, the film layer still layer. The interface between pellets

ess from SEM photomicrograph

It could be assumed that the addi er polymer layer could bring
: ot il iformity of film layer. On
the contrary, it could induce crye o ce ape morphology.

b 24,
The values of bulk, tapped d‘éﬁiﬁes ’s compressibility of coated pellets
‘w
with different parameteibemg stﬁ'dj g
5

roughness, moisture coftent-ot-petets-and-secondary i yer Goating are presented in
Tables 35-38, respectively.r| ‘

The results were obsex;yed that there were not apparently different among core and
coated pellets, ex lm studied in effect of
pellet and polyme ﬂrmm E;n ?ﬂ m lete coated pellets. A few of
polymer partic ul Sur ? ﬁ! esented very
rugged, nza lﬁ mg h ‘im msj sﬁeﬂfj e in Carr’s
compressxblllty Formulation 23 (secondary coating layer) showed different shapes of
pellets coating (sphere and dumbbells) that may also increase Carr’s compressibility.

Although Carr’s compressibility of coated pellets were increased but they still
have acceptable good flow property. Chopra et al. (2001) showed that if pellets have an
extreme shape such as the cylindrical, the bulk density values are significantly lower than

for the roundish pellets. Otherwise, the minimum and maximum bulk density values do

not differentiate grossly between the pellet shape.
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5.3.6 Friability

The values of friability of coated pellets with different studying parameters, size
of pellet and polymer, surface roughness, moisture content of pellets and secondary layer
coating are presented in Tables 35-38, respectively.

The results of friability test were not apparently different among core and coated
pellets. The friability results equal to zero indicated that coating film could withstand the

impact during friability testing. Except ulation 14 coated pellets showed 0.09 %

friability. From the observation, i be i at the rougher and more irregular
surface of these pellets will t i friability. However, the pellet

friability index of this formulati

5.3.7 Mois

ts with different studying

noisture content on surface of

The values of moj
parameters, size of pellet
pellets and secondary laye -38, respectively.
Moisture content was apparently different among core
and coated pellets, except formulati " ‘ isture content of formulation 21 and
22 presented higher than coa > these coated pellets were very dry
pellets. When coated pe ool , the moisture may be
entrapped on the surface s'still have lower moisture

content than others.

53ﬂwerwﬂmwmm
s e D BV SO S T2

layer coatmg are presented in Tables 35-38, respectively.
Drug content from the triplicate samples represented that drug content were not
apparently different among core and coated pellets. Except, formulation 23 represented

the drug content of coated pellets was lower the internal of the nominal content + 5 %.
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5.3.9 Sphericity and surface roughness

The values of sphericity and surface roughness of coated pellets with different
studying parameters, size of pellet and polymer, surface roughness, moisture content of
pellets and secondary layer coating are presented in Figure 77-84, respectively.

The results were observed that the coated pellets appear to be nearly spherical
when compared to coated pellets. Although the values showed the shape of core pellets

were more spherical than coated pellets but they could be accepted to spherical shape.

And the results of fractal dimension sho ”f/t e coated pellets were smoother than
core pellets, as mentioned before, \\

Some formulations showe Crentd ers Formulation 14, studying
of ratio of pellet and pol coated pellets were less

of coated pellets were lower but th c toughness was higher than core pellets.
Because this formulatio:  differ i coated pellets, such as sphere and

dumbbells and are pre' ji

-

different in size and shape of coated pellets that would show higher fractal dimension.
Nevertheless, it ¢ ﬁ lrjo?rm ﬁﬁglve more spherical
coated pellets thmﬁyﬂ ﬂm

QW’IMﬂ‘iﬂJ UNIAINYIAY

spherical. Coated pellets s pellets because there was a
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Figure 59 . SEM-pbatomierographs ofipropranoloFhydroghioride~goated pellets with

Eudragit® E PO ffom formulation 3 (to'study the size fatio of Pellet and polymer).
Condition: Application amount = Half (18.75 gm), Application interval = 60 min, 15 %
coating level Pellet size = 14/16 mesh cut, Polymer size = 10.75 micron

A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8 hr. (BI, B2 at x80, x300 magnification,
respectively)

C: Cross-section. (C1, C2 at x80, x600 magnification, respectively)



Figure 60 ., SEM-pbatomicrographs ofpropraneloFhydroehloride~goated pellets with
ground Eudragit® E' 100 from fSrmtuldtion’ 14 (to study "th€ size rati6” of pellet and
polymer).Condition: Application amount = Half (18.75 gm), Application interval
=60 min, 15 % coating level, Pellet size = 14/16 mesh cut, Polymer size = 56.54 micron
A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8 hr. (B1, B2 at x80, x300 magnification,
respectively)

C: Cross-section. (C1, C2 at x80, x600 magnification, respectively)
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Figure 61 SEM photomlcrographs of-propranelokhydsoehloride~coated pellets with

Eudragit® E'PO ﬁom formulation ¥5¢t6"study the size fatio of pellet and polymer).
Condition: Application amount = Half (18.75 gm), Application interval = 60 min, 15 %
coating level, Pellet size = 16/18 mesh cut, Polymer size = 10.76 micron

A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8 hr. (BI, B2 at x80, x300 magnification,
respectively)

C: Cross-section. (C1, C2 at x80, x600 magnification, respectively)
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Figure 62 .. SEM. photomigcrographs of-propranelgkhydroehloride coated pellets with
] = | |

Eudragit® E PO fron formualtion 17(t6*study the size Tatio of'pellet and polymer).
Condition: Application amount = Half (18.75 gm), Application interval = 60 min, 15 %
coating level, Pellet size = 18/20mesh cut, Polymer size = 10.76 micron

A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8 hr. (B1, B2 at x80, x300 magnification,
respectively)

C: Cross-section. (C1, C2 at x80, x600 magnification, respectively)
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B Coating efficeincy (%)
@ Film thickness (micron)
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Influence of surface area on film thickness

ron Core 18/20 : 10 micron

ickness of coated pellets

—p Higher film thickness

> Lower film thickness
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Smaller polymer particles ﬂ polymer particles
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Figure 66 Stereomicrogranhs of the images of core and coaifbd pellets

A:  Normal coatéd pellets gl
B: Formulation 4 (irregular surface) -

C: Formulation 23 (dumbbells shape)



100.00 -

90.00 -

80.00

70.00 |

60.00 -
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Normal core g

Figure 67 Comparison 0

with different modified surfac€ rogg
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B Coating efficiency (%)
@l Film thickness (micron)
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|
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Rough pellets
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Smooth pellets
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Figure 68

with different modified surface roughness of core pellets

Mechanism of film formation of propranolol hydrochloride coated pellets
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Figure 69 SEM photomlcrographs of proprano]dk hydrochloride~Coated pellets with

Eudragit® E'PQ/ from formulation 19 \otstiidy the surfdée roughhess of pettets).
Condition: Application amount = Half (18.75 gm), Application interval = 60 min, 15 %
coating level, core pellets = smooth surface pellets

A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8 hr. (Bl, B2 at x80, x300 magnification,
respectively)

C: Cross-section. (C1, C2 at x80, x600 magnification, respectively)
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Figure 70 SEM photomlcrographs of ppropranolol-hysro¢hlofidernodted pellets with

Eudragit® E PO from formulation 20 (to"stidy the surface roughness of pellets).
Condition: Application amount = Half (18.75 gm), Application interval = 60 min, 15 %
coating level, core pellets = rough surface pellets

A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8 hr. (B1, B2 at x80, x300 magnification,
respectively)

C: Cross-section. (C1, C2 at x80, x600 magnification, respectively).
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& Coating efficiency (%)
| B Film thickness (micron)

100.00 R —————————
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with different modified moist

Values

Figure 72 Comparison of the coating efficiency and film thickness of coated pellets

with different in 2 groups
A: Normal and low moisture pellets.

B: Low and lowest moisture pellets.
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Figure 73 SEM.phatomiciographs, of propranelo} hydrochlorideeoated pellets with
Eudragit® BIPOfiom| formulation 21 (tostudy the residpal mojsture|ofipellets).

Condition: Application amount = Half (18.75 gm), Application interval = 60 min, 15 %
coating level, core pellets = low moisture pellets (1.13 % LOD) (dried in n incubator at
60— 65 °C for 12 hr)

A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8 hr. (Bl, B2 at x80, x300 magnification,
respectively)

C: Cross-section. (C1, C2 at x80, x600 magnification, respectively)
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Figure 74 .. SEM.pbetomierographs, of propmneloFhydrochloridersoated pellets with
Eudragit® BPO/ftom fotmulation 22 (tocstudy the residgal imoisturelofipellets).

Condition: Application amount = Half (18.75 gm), Application interval = 60 min, 15 %
coating level, core pellets = lowest moisture content pellets (0.69 % LOD) (dried in an
incubator at 60 — 65 °C for 48 hr)

A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8 hr. (Bl, B2 at x80, x300 magnification,
respectively)

C: Cross-section. (C1, C2 at x80, x600 magnification, respectively)
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Figure 75 SEM-plotomierographs ¢f ‘propranololr hydro¢hloridé-goatdd pellets with
Eudragit®é PO ffom formulation 23 (stud)‘/ing of secoﬁdary layer coating).

Condition: Application amount = Half (18.75 gm), Application interval = 60 min, 15 %
coating level, Core pellet = primary coated pellets from formulation 15

A: Before curing. (A1, A2 at x80, x300 magnification, respectively)

B: After curing at condition 90 °C, 8§ hr. (BI, B2 at x80, x300 magnification,
respectively)

C: Cross-section. (C1, C2 at x80, x600 magnification, respectively).
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B Coating efficiency (%) |
@ Film thickness (micron) }
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2

Figure 76 Comparison ickness of coated pellets

between primary and secon
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Table 35

the effect of pellet and polymer size)
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Physical properties of coated propranolol hydrochloride pellets (studying

Bulk Tapped Carr’s Moisture Propranolol Weight of

Rx density density Compressibility content hydrochloride | pellets in one
(gm/ml) (gm/ml) (%) (%) content (%) dose (mg)
Core | 0.7282 0.7426 1.9419 2.2400 42.2489 94.6828
14/16 | (0.0062) | (0.0063) (0.8307) (0.1249) (0.3455) (0.7749)
0.7282 0.7390 1.4564 2.1100 41.6506 96.0415
= (0.0062) | (0.0063) (0.0123‘ \ (0.2691) (0.343 4) (0.7924)
it 0.7410 0.7721 41.7996 95.6950
(0.0087) | (0.0094) (0.0862) (0.1972)
Core | 0.7282 0.7464 42.4980 94.1307
16/18 | (0.0062) | (0.0111) (0.4257) (0.9469)
is 0.7212 0.7317 41.1078 97.3057
(0.0060) | (0.0062) (0.1134) (0.2680)
Core | 0.7317 0.7538 41.9886 95.2687
18720 | (0.0062) | (0.0065) (0.3121) (0.7059)
= 0.7067 0.7104 41.4431 96.5335
(0.0063) | (0.0063) (0.6441) (1.5136)

Table 36 Physical pfopé ties ot coated propranolot t g ride pellets (studying
the effect of surface roughnﬁ

Bulk Ta ¢ £Carr’s Moisture Propranolol Weight of

Rx | - density dﬁ:tu }H ’} w B ‘: hydrochloride | pellets in one
(gm/ml) | (gril/ml) (%) content (%) dose (mg)
Cors | 072 ;-T X0 TR o 980 94.1307
16/18 (o.ooa m.o Za mm u ihél) a(ﬂzsn (0.9469)
i 0.7212 0.7317 1.4424 41.1078 97.3057
(0.0060) | (0.0062) (0.0120) (0.1900) (0.1134) (0.2680)
i 0.7177 0.7282 1.4355 2.1967 41.0151 97.5588
(0.0060) | (0.0062) (0.0120) (0.2454) (0.9387) (2.2057)
55 0.7212 0.7354 1.9327 2.2133 42.3762 94.4092
(0.0060) | (0.0108) (0.8428) (0.3066) (0.6836) (1.5359)




Table 37

the effect of moisture content of core pellets)
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Physical properties of coated propranolol hydrochloride pellets (studying

Bulk Tapped Carr’s Friability Moisture Propranolol Weight of

Rx density density Compressibility content hydrochloride | pellets in one
(gm/ml) (gm/ml) (%) b (%) content (%) dose (mg)
Core | 0.7282 0.7464 2.4371 2.6767 42.4980 94.1307
16/18 | (0.0062) | (0.0111) (0.8493) . (0.1069) (0.4257) (0.9469)
v 0.7212 0.7317 1.44 \XA 2.1700 41.1078 97.3057
(0.0060) | (0.0062) A(O. 1900) (0.1134) (0.2680)
51 0.7212 0.7317 .8133 41.3989 96.6311
(0.0060) | (0.0062) ' i | \ 0.1436) (0.5205) (1.2069)
- 0.7177 | 0.7282 /@]? /é h\ 1.7033 41.4277 96.5675
(0.0060) | (0.0062) \\ 080) (0.6042) (1.4174)

Table 38 Physical properties ochloride pellets (studying

Weight of
Bulk Propranolol
pellets in
Rx density hydrochloride
one dose
(gm/ml) content (%)
(mg)
Core | 0.7282 }fﬁ 42.4980 94.1307
16/18 | (0.0062) & J (0l ﬁ (0.4257) (0.9469)
T 0.7212 0.7317 1.4424 ¢ o 21700 | g41.1078 97.3057
ooom Jik@ | Ficaa 8] 11 W80 Adive | oz
55 0.7104 0.7246 4.2658 " 2.2233 39.1208 102.2639
(0.0058) | (0.0063) (1.3885) (0.3253) 0.6067 (1.5972)
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Figure 78 The influence of pellet and polymer sizes on the fractal dimension of

coated pellets
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pellets
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5.4 Dry powder coating comparison with conventional liquid-based coating

for Eudragit® E PO

This experiment was used to compare efficiency of coating of dry powder coating
and conventional liquid-based coating. The ingredient in coating solution should be the
same as in coating powder of dry powder coating. Therefore, coating solution was

composed of only Eudragit® E PO, which used 1:1 ratio of acetone: isopropyl alcohol as a

solvent mixture that could dissolve the polymers to a clear solution.
For the organic solvent, solvent mi ‘ ween acetone and isopropyl alcohol
ingle solvent. The mechanism

gave better dissolution properties he pc / !
of the film solubility is indicat ng step, @iscous layer formed around

in are prolong, resulting in a

the polymer particles, rapidly
high cohesive strength in implement the organic
solvent system is that, the d acetone. And organic
solvents have lower boiling much higher evaporation
numbers, which means that ra@e. | ‘than water, resulting in the
n J:;:n o f

The fluidized bed apparatustor M udva

spray system contributed a smoot \ous filim. It is because the coating solution

spray system. The bottom

was dried before pellets re ~iive another coating solution, resulted a complete

For air supply, a fas solvent evaporation is essential for the formation of the

stable film on the ¢ % eached the core and
spread on the surf ﬁ\ﬂ mm‘f %ﬁﬁrﬁal specially during the
coating of small 1cles there was strong tendency toward agglomeration when the core
pellets was ﬁ ﬁ"q a\aﬂ ;m Nw ’1'% wyw ‘& E}l high sticky
phase. High levels even an excess of drying air was thus very important for effective
coating. In fluidized-bed system, a strong stream of air was essential to keep the particles
fluidized, so that an interparticular contact was kept to a minimum.

The temperature of drying air can be relatively low, in the range of 20 to 40 B

For an organic coating solutions containing highly volatile solvents, such as acetone and

isopropyl alcohol, may require temperature around 30 to 50 °C. For this experiment, the
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temperaturc of the inlet dry air was 50 °C, in order to prevent tackiness which occurred if

the temperature increased to 55 °C.

The spray rate of a coating solution depends on several parameters; the drying air
capacity of the machinery, the mixing intensity of the cores, and the spray area. To obtain
of approximately 20 micron, an atomization air pressure of about 2 to 4 bars was
sufficient, and the spray rate could be regulated with spray nozzles approximately 0.8 to
1.5 mm in diameter. The coating solution could be fed to the nozzle by a peristaltic pump.

The spray rate must be reduced if the level of tackiness was too high, and more

al movement of the particles in the

machine. In this experiment, the spra rate was ) ml/min. Due to the dilute solution

§based coating (Formulation 24 and
and 59.60 %, respectively) than

Because dry powd e:. ati the coating process. First,

l w = s .
dry polymer partlclcs wereV‘-ry bulky and may be expelled in-the air when it was strewed

e Mﬂﬁmi oo
out of polymer p s te lﬁ und the chamber of
the conventional coatmg pan that was hicated by hoteair. These drawbacks resulted in

AL YKL IEIT) Gl Ty T

Althoﬂgh the fluidized bed coating technique is a well-known technique for

coating pellets that would give the best coating efficiency than others. but since the
researchers have been desperately trying to replace solvent-based coating technique with
a non-solvent method. Thus, this dry powder coating techniques are being developed as

an alternative coating technique to serve the future trend.
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Figure 85 shows film thickness of coated pellets with different coating process.
Formulation 24 (15 % expected coating level) showed the highest film thickness (101.29
micron). These results correlated with results from coating efficiency that this formulation
also showed the highest coating efficiency.

But formulation 25 (5 % coating levels) gave higher coating efficiency but
showed lower film thickness than formulation 13.

Figure 86 (formulation 24) presents the quality and surface characteristics of
pellets coated with Eudragit® E PO solution of 15 % expected coating levels by fluidized

‘ ugh surface filled with flakes. The
film surface showed non-glossy but | ‘ & achieved. These results was
explained by Chungcharoenwaua&), sQme @ revealed that the structure
of Aquacoat® films with 12 % L o

ed granular structure due

to incompletely coalescenct o icles. P structure  without visible

uncoalesced particles was same phenomenon was

reported by Govender et al. increasing the plasticizers

the surface of coated pellets was impr@ ther and continuity of the polymer

AT TR
- v"l’_n i'.- ' _,f.

film. In this experiment, pgfr film formation and ace_film were found. These
§ il |

should be used to enhance t - oalescenc lymeric solution. Curing
temperature used was the same as for curing coated pellets by dry powder coating at 90 °

¢ o

C. Suitable coating | ‘ Y. mooth surface. The
cross section of coﬂdﬁﬁs?ﬁﬂiﬁiﬂﬁnﬂ;ﬁme film layer and
surface of tﬁ ’l;ﬁd' tinct ﬁfr layer appedfed as continuof@is’dense film and
smooth. Mor qiﬁ ?—h] ﬁﬁvﬁo %:j Qmeﬂltﬂ@ pgider coating
pellets at the same expecting % coating levels.

Figure 87 (formulation 25) showed pellets coated with Eudragit® E PO solution of
at 5 % expected coating levels by fluidized bed coating. The surface morphology of
coated pellets were similar to the formulation 24. Also, these pellets should be cured

under condition of 90 °C for 3 hr. The cross section showed a distinctive interface .

between core and the coating. The polymer layer displayed compact, smooth and uniform
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features but outer appearance are less attractive than pellets from true dry powder coating
process.

5.4.2 Other physical properties.
The bulk and tapped densities were not different (0.70-0.74 gm/ml) and showed
low values of Carr’s compressibility (1.41-1.46 %) with a good flow property. The

percent friability equals to zero like all other formulations. The moisture content of coated

pellets was about 2.18-2.20 % LOD. The values of every physical property were not

pellets.

arface roughness of coated

\

Figures 88 and 89
pellets with different . same results as other
formulations. The coated pellgt: powder coating had less
] ets. But \;vhen compared the texture
of the surface (only SEM ob v pelelstobtai ‘

“surface than when fluidized-bed was

d from dry powder coating

technique demonstrated better overall

used. i

“‘

Iﬂ g
ﬂ‘L!U'J“/lEWI‘iWEJ’]ﬂ‘i
ammmmumawmaﬂ
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Physical properties of coated propranolol hydrochloride pellets (studying

of comparison of dry powder coating and conventional liquid-based coating for Eudragit®

E PO)
Bulk Tapped Carr’s Moisture Propranolol Weight of
Friability
Rx density density Compressibility %) content hydrochloride | pellets in one
(gm/ml) (gm/ml) (%) A (%) content (%) dose (mg)
Core | 0.7282 0.7426 1.9419 5 2.2400 42.2489 94.6828
14/16 | (0.0062) | (0.0063) (0.8307) (0.1249) |  (0.3455) (0.7749)
I 0.7282 0.7390 1.4564 2.1100 41.6506 96.0415
(0.0062) | (0.0063) |  (0.012 91) | (0.343 4) (0.7924)
s 0.7076 0.7177 1. 41.5359 96.3306
(0.0058) | (0.0060) | (1. " % | (0.8657) (2.0317)
5 0.7317 0.7426 42.3496 94.4599
(0.0062) | (0.0063) 4 2473 A \I\© (0.4814) (1.0694)
“' | d \“
l & Coating efficiency (%) l
E Film thickness (micron)
[ - ]
100.00 -
80.00 -
£ 6000
s
40.00 -
20.00 ,;q
000 + 9 E -
15 % powder coating 15 % liquid coating 5 % liquid coating
Formulations
Rx 13 Rx 24 Rx 25
Figure 85 Comparison of the coating efficiency and film thickness of coated pellets

between dry powder and liquid-based coating




Cl : — /c
Figure 86 q %’—}@ﬁﬁ%m N%&@yﬂc&l@%e&a&ﬁ pellets with
Eudragit® E 190 from formulation 24 (study on the comparison with liquid-based coating
by Fluidized bed coater). Condition: 15 % coating level.
A: Before curing. (A1, A2 at x80, x300 magnification, respectively)
B: After curing at condition 90 °C, 3 hr. (B1, B2 at x80, x300 magnification,
respectively)

C: Cross-section. (C1, C2 at x80, x600 magnification, respectively)
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. 2
Figure 87 ﬁ] % qh@hﬁc;‘o? raélﬁ Q gdp%ol 1 &gclc c;leg% gd pellets with
Eudragit® E PO from formulation 25 (study on the comparison with liquid-based coating
by Fluidized bed coater). Condition: 5 % coating level.
A: Before curing. (A1, A2 at x80, x300 magnification, respectively)
B: After curing at condition 90 °C, 3 hr. (Bl, B2 at %80, x300 magnification,

respectively)

C: Cross-section. (C1, C2 at x80, x600 magnification, respectively)
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5.5 Other application (Dry powder coating for tablets)

The majority of this experiment was to investigate the adhesion of polymeric film
to other pharmaceutical solid other than spherical pellets, such as tablets. The sharp edges
of tablets might create difficulties during the coating process (Felton et al., 1999).

In the case of coating tablets, the same conditions as dry powder coating for
pellets were used. Evaluation was made only the surface morphology of coated and

coated tablets.

W coating process. Product bed
when pellets were used at

Ithe fact that tablets had

There were some problems
temperature of these tablets sho
approximately 67-69 °C after t
larger size than pellets, whi ing to reach a desired
temperature. In addition, poor enhance the aggregation
of tablets during the process.

Figure 90 presents and coated tablets at
and contain a few pores.
n both sides of the tablets.

After curing process, surface of atég tablets are glossy and smooth film. The cross-

different magnifications. The

Coated tablets before curing sh

sectioned clearly represents the laygdx?@.ﬁf : displayed compact and uniform
A |

No apparent differen

features.

‘dosage form model as all
xhibited g]@y and smooth surface.
Polymer layer could clearly be ©bserved from thegpicture. However, the conditions used

AR T O CTT T T S—

distribution and may cause inconsistency bn film formation. The movement of tablet in

i o AGMRER TN A9 Y2

Product bed tehperature should be heated up to suitable temperature of 70-75 °C by

coated pellets and tablets E this xpe

increasing the pre-heating time. Percent coating levels and feed rate had to be adjusted for

each dosage form.
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e T
:'3- Q/ "-"- gl

Figure 90 J of t(}att:dlﬁb'let w:lh EJuerlgi;é@ E PO by using dry

powder coatmg techmque

A:  Corcd 1351% (i‘\, Ai?, A3s.-

respectlvely).

i

!

Lt{, o7} 473

B: Coated tablet; before curing. (B, B2, B3, B4 at x0.7, x0.7, x4.5 and x300

magnification, respectively).
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-

Figure 90 (continued) SEM photomicrographs @f coated tablet with Eudragit® E PO by

using dry powder c@iﬂg}eﬁjn%ew ﬂ V] ﬁ W EJ r] ﬂ ‘3

C: Coated tablet; aﬁgll curing at conditiom 90 °C, 8 hrs..(C1, C2, C3, G4sat x0.7, x0.7, x

esad oRRRRRNFFTI NN1INETREY

D: Cross section. (D1, D2 at x19, x600 magnification, respectively).
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5.6 Dissolution studies
From the experimental data, the dissolution or the release profiles could be
plotted between amount of drug release against time. Each point represents the

average value obtained from three determinations at the given sampling time.

5.6.1 Core pellets

The releases of propranolo

hydrochloric (1:100) are shown graphically in Fi : pd the dissolution data are

tabulated in Table F1, Appendix I, The obta ne«%}ﬁbited rapid release of
active drug, approximately pranolol hyd rochloride was released
completely within 30 min. \

The mechanism of rele. d be explained in 2 ways.
First, the extraction of by a s ¢, diffusional process through the
homogeneous matrix and secofd, Jeaghi , y the solvent phase which able to
enter the drug-matrix phase througl ( ¢k and agranular space. In the
former case, drug presumably pagfitiope " f stal structure into the uniform
matrix and out into the bathing digfg vhich acts as a perfect sink. In

latter case, however, drug ¢ 1 id phase and diffuses

-
from the system along thg eracks : llary léd jwith the extracting
dissolution medium (Dryer %l., 199 m

AU INENITNYINS

5.6.2 9Coated pellets

» AR IR NI e

into 4 groups; the effect of percent coating levels, curing condition, secondary layer

coating and the process of coating used.
A. The effect of percent coating levels

The dissolution data of propranolol hydrochloride from coated pellets with
various percent coating levels of Eudragit® E PO at 10%, 15% and 20 % coating
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levels in dilute HCl (1:100) are shown in Table F2, Appendix F and shown
graphically in Figure 92.

Eudragit® E PO is a film-forming material that insoluble in the mouth but
dissolves rapidly in gastric juice and in the stomach in a slightly acidic environment
(up to pH 5). This material give very specific taste masking effects with layers
approximately 10 micron thick. Due to its good solubility in gastric fluid, thicker film
layers can also be applied without greatly affecting the release.

In neutral or slightly alkaline environs this polymer swells and within a

few minutes forms a very permeable film. If ift the stomach is above 5, due to
a low secretion of gastric fluid by the paf A uffering capacity of food
ingested, it is possible that the coated-patticles reached-the place by permeation of the

drug and mechanical disintegraion of 6 chati p. membrane, This has to be verified
by testing the coated particles in' A Buftet solu (Lehmann, 1994).

The obtained profile indiCaiéd ' ign ificantly difference in
g levels. However, as
mentioned above, Eudragit® E'PQfis y, iSola 2 layer that would dissolves rapidly
1‘ on the drug release. As
seen in the SEM photomicrographs guﬁ' FOPrang ydrochloride coated pellets at

only 1 min during disso.lution (FW _P ing film of Eudragit® E PO

disappeared. -4 ‘)
Yoo : )
B. The e&t of curing condition m

The dlssolutlﬂd%(ﬂrgg’a%}ﬁ)mlg WY B b fokcbetiets obizined

using various curing es (0, 2, 8 and 24 hr) at 90 °C are shown i in; Table F3,
st G SO BB 912 V1 £ 6 2

It seem§ to be that the drug release profiles of coated pellets obtained at the
curing times of 0, 2, 8 and 24 hr for 90 °C were similar. It is indicated that the rate of

drug release was not affected by the duration of curing.
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Cs The eftect of secondary coating layer

The dissolution data of propranolol hydrochloride from coated pellets with
primary layer and secondary layer coating are shown in Table F3, Appendix F and
shown graphically in Figure 94.

No differences in release patterns were observed from primary and secondary
coating layer. It is indicated that secondary coating layer did not affect on the rate of

drug release, although the secondary coatir

yer gave higher film thickness than
primary coating layer. ,

D.
The dissolution data o coated pellets with
different process of coating (d ased coating) are shown
in Table F4, Appendix F an

No different release pellets with different

E.

The percentages v—'— ————— €1 (1:100) from all
ithin 30 min. This
dissolved level passed the cr‘te ia for percent‘grug dissolved from propranolol

hydrochloride tablet'ﬂa%é HJ%ZV] EJ ﬂ ‘j W EJ\ r] ﬂ ‘i

In this study, thiee model of drug ?lease kinetic: Zero order, Flrst order, and

e R TR AR o

formulation were constructed. The highest coefficient of determination (r*) was

formulations were approxuﬁely cqual or me an /5 9

accepted as the model for drug release.
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Table 40 The drug relcase kinetic models
Model Equation
Zero order Q= Qotk
First order In Q= In Qo+ k
Higuchi Qu=kt"”
Q, was the amount of drug release in time,t as the initial amount of drug in the

\

solution (most time, Q; = 0)

caused a constant drug release. MW reatdd with it o all formulations, the
highest coefficient of determifiatign (I : ed. The results indicated that drug

The indication of differenf didsolution p &8 was tough to justify by using

only visual observation from dissolut pa tern s arison. In this experiment, we
I o < ' o S

lysis, many researchers

Ve

Empirically from thg

agree that an average differgc
the batches of the same formuldtien may be acceptable that mean f> become approach

——— mp.mt,ﬂou 29 BT INE ALV, smitr 10t

reference batch, if the > value of the two true profiles i isn not less than 5 hah et al.,

o e G Y SRR AT B

experiment.

v .sample time point, of

E The effect of dry powder coating on surface morphology of

coated pellets after dissolution test

When pellets were subjected to dissolution testing (dilute HCI (1:100) as the

medium), the model drug was promptly released. The experiment revealed no visible
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swelling or increase in sizc of the pellets which detected by SEM photomicrographs.
And the pellets did not disintegrate during dissolution, pellets were observed to be
intact, the integrity of the structure was visually maintained. Surface morphology of
coated pellets after dissolution tests arc presented in Figure 96 and showed rough
surface filled with cracks and pores. Figure 97 present comparison of coated pellets
before and after dissolution test. There was significant difference between surface of
these pellets. The surface of coated pellets after dissolution test showed very rough

and filled with cracks and deep pores just like gore pellets after dissolution test. The

coating layers did not adhere to the surface core &
Further studies, coated pe ets"were i ne interval of 1, 7, 13, 20,

30 and 60 min during dissolution {cst-and are showna.Ligure 98. From this result, it

was found that only 1 min ai starting dissolution™ est, there was a marked
difference from coated pelle 2 \ \ sores on the surface of
coated pellets. And longer durg v fac ~\\ llets were rougher and
filled with larger and deeperpores thas

These results correlate l e relea ,' f coated pellets. Because, this
polymer could dissolve rapidly d& 3?5;{9_« nly 1 min in dilute HCI
(1:100), Eudragit® E PO could digso ye.1apidly pating layers should disappear
as in Figure 97 and some cracks and p #??w After tht the release of drug

could be explained the samelas

ﬂ
ﬂUH"JWHﬂ‘ﬁWMﬂ‘i
ﬂmmmmwwwmaﬂ
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Figure 91  The dissolutioapr ' 0 core pellets in dilute
HCl acid (n=3)

120 o ]

100! 0 o et - - - - -

% Release
=S

. efUIneninens
- AanIGIETNaY

60

0 1 4 7 10

Time (min)

Figure 92  The dissolution profiles of propranolol HCl from core and coated
pellets with Eudragit® E PO at different % coating levels in dilute HCI acid (n=3)
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Figure 94 The dissolution profiles of propranolol HCI from coated pellets
with Eudragit® E PO from formulation 15 (primary layer coating) and formulation 23
(secondary layer coating) in dilute HCI acid (n=3)
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Table 41 The coefficiency of determination (') aand kinetic constants (k)
between (A) percent drug release versus time (zero order), (B) percent drug release
versus square root of time (Higuchi order) and (C) log percent drug remained versus

time (first order) of coated formulation in dilute HCI (1:100)

Zero order Higuchi First order
Formulations 5 5 5
r k r k r k
Core 14/16 0.9158 4.5279 0. 22.078 0.9950 0.0564
Core 16/18 0.8689 4.6974% [0 23.369 0.9986 0.0708
Formulation 9 0.9191 4. 0. ‘9 21.644 0.9983 0.0513
Formulation 12 | 0.9269 09889 20,804 | 09993 | 0.0432
Formulation 13 | 0.9190 . . ' 0.9989 0.0525
Formulation 13 = |
0.9243 2 0 0.9999 0.0481
cured 2 hr ;
Formulation 13 VN '
0.9248 i 09888 : 0.9993 0.0505
cured 24 hr % 7T
Formulation 13 Az
) 0.9190 4391, i 09D 349 0.9997 0.0478
before curing s e
Formulation 15 0.8718 4.6941- 1 A 23.274 0.9988 0.0639
Formulation 23 0.883 ‘ 0.9995 0.0599
Formulation 24 0.9242 0.9985 0.043

Note : Calculated fr ﬁﬁﬁ%
 was coefficiency aof ﬁ g VI ‘j w ﬁ ’] ﬂ ‘i
k was coefficiency constant

’QW’W\‘JﬂiEUNMTW]EI’mEI
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Figure 96  SEM photomicrographs of propt¢
dissolution in dilute HCI (1 in 100)Solution -

e —

A2 B2

Figure 97 SEM photomicrographs of propranolol hydrochloride coated pellet
with 15 % coating level (formulation 13) before and after dissolution test in dilute
HCI (1 in 100) solution

A: Al and A2 (x80, x300 magnification, respectively) are before dissolution test.

B: B1 and B2 (x80, x300 magnification, respectively) are after dissolution test.
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with Eudraglt E PO from formulation 13 at different time intervals during dissolution
in dilute HCI (1 in 100) solution.

A: at 1 min (A1, A2 at x80, x300 magnification, respectively)

B: at 7 min (B1, B2 at x80, x300 magnification, respectively)

C: at 13 min (C1, C2 at x80, x300 magnification, respectively)
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Figure 98 " (continued) SEM photomicrographs of propranolol hydrochloride

coated pellets with Eudragit® E PO from formulation 13 at different time intervals
during dissolution in dilute HCI (1 in 100) solution.

I at 20 mins (D1, D2 at x80, x300 magnification, respectively)

E: at 30 mins (E1, E2 at x80, x300 magnification, respectively)

) at 60 mins (after dissolution) (F1, F2 at x80, x300 magnification, respectively)
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5.7 Physicochemical property

The thermal treatment of coated beads did not only positively affect the
coalescence of the colloidal polymer particles in a homogeneous film, but could also
adversely enhance the interaction of the drug core with the polymer coating

(Bodmeire et al., 1994).

5.7.1 Powder x-ray diffracti

\"4

Representative x-ray dif] lol hydrochloride, lactose,
Avicel® PH 101, corn starc
Figures 99 and 100.

The x-ray diffractio
characteristic peaks at 7.000,
23.580, 24.980, 27.020 and 2
peaks were distributed thro scam u ; g \\

of lactose are crystalline in chara: A.M ] 01 d corn starch showed halos

d pellets are shown in

" \ londe alone showed
3 9460 21.140, 21.960,
‘_ . N dix H) and many small

x-ray diffraction patterns

x-ray diffraction patterns of
6 and 17.22° 26.

of amorphous characteristics.

"TF ay
Eudraglt E PO demonstrated tw broad-hal alo

There were some“ind """’""‘"‘"""”"““"\ w/diffraction patterns
of propranolol hydrochlorid oride core pellets and
proprnolol hydrochloride coated pellets. The peaks showed“as a combination of
propranolol hydroc w { ula. Therefore,
propranolol hydroch m ﬂrﬂqrﬁ stalllmty was
reduced due to a dllutlon effect by other excipients.

wvic 310} Ghl kbl (Talal (TP CTH

of core pe]lets and coated pellets. It might be due to the low amount incorporated in
the formulation.
Thus, no change in solid state structure was seen even when it went through

the extrusion-spheronization and coating process.
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5.7.2 Infared spectroscopy (IR)

IR spectra were used to confirm if chemical interaction of drug and excipient
in the products had occurred. The infared spectra of propranolol hydrochloride,
lactose, Avicel® PH 101, corn starch, Eudragit® E PO, core and coated pellets are
shown in Figure 101.

The principal peaks of propranolol hydrochloride were observed at the
* wavenumbers of 770, 797, 1105, 1240, 1267, I 1453 and 1579cm’™ (Table H2,
Appendix H). The peaks at 770 and-797 ¢n Ited from aromatic ring =CH
ed from C-OH stretching

out of plane bending. The IR peal j
T —
secondary alcohol. The IR

R-O-R asymmetric stretchi

esulted from aromatic
79 cm™ were resulted
from C=C cyclic stretching.

The IR spectra of Avi se showed broad band
of OH stretching at the waven f{ cm™.

As mentioned before, PO were observed at

the wavenumbers 1143-1176, 13847 82,1728, 2363, 2768, 2823,
2949 and 3437cm”". =z 7
PR TTIT
The IR spectra of core and eaated pell ning 42.5 % propranolol
hydrochloride showed the ¢omb f propranolol hydrochloride peaks with other
excipeints, whereas the p f1cipe drochloride was also still

present. Some positions of | peak were slightly shifted froi
But they have no si ﬁ m ce in the range
of 800-1000 cm™ ﬁ ﬂlﬁ ﬂﬂ%ﬂ E“ﬁ»ﬁ ch and lactose.
And the em'eﬁence of additional band odturred at 1733.cm” for the coated pellets.

i g b o bl V8 P o i, i

peak of Av1cel% PH 101, corn starch and lactose in the core and coated pellets in the

the original material.

range of 3300-3400 cm™ disappeared because there were only a small quantity in the
formulations.

Some of the positions of these peaks were shifted from single materials of not
over 5 cm’, hence, the interaction between drug, polymer and other excipient was

unlikely to occur.
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5.7.3 Differential scanning calorimetry (DSC)

The major use of the thermal analysis in evaluating coated pellets was to
identify the changes in physical state and identify any incompatibilities of propranolol
hydrochloride and excipients. The DSC thermograms of pure propranolol
hydrochloride, lactose, Avicel® PH 101, corn starch, Eudragit® E PO and coated

pellets are shown in Figures 102 and 103. The endothermic peaks of all components

whereas lactose showed twow and 217.4 °C. As

mentioned by Prinderre lactose showed an

endothermic peak at 143 ° er molecules, and a

second peak at 209 °C due t nd_th 0 confirmed by TGA
for checking the temperature, évent rcent weight loss of the
substance. The weight loss of e of 143 °C and was
found to be a monohydrate by )

In this experiment, there 3 difference between the DSC

] -
thermograms pattern of }fﬁprléf"hy’“ : physical mixture of core
L IR

mixture of core and

-anolol h sical
coated pellet were slightlylgiﬁed to lower temperature (16@26 °C and 161.31 °C,
o

respectively). The %ﬁe w 1Wmoferch and lactose

disappeared from ﬂﬂermogram of core and ccze pellets. But in physical mixture,

thermogr il e i ‘ 1 ?\ﬁ t } g
C::\saum:a‘ ﬁeﬁmﬂsﬁfﬂ«e ﬂn‘a’ﬂeaks of

propranolol hydrochloride remained visible and unchanged. Therefore, there was no

The melting point of prop

interaction, since position of the major peaks remained relatively unchanged.
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A: Propranolol hydrochloride

Intensity

L
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[ 1 F: Coated pellets B
T rqr T T ) T T T i i T T T I B ) T T
S 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

20

Figure 99 X-ray diffractograms of (A) Propranolol hydrochloride,
(B) Lactose, (C) Avicel PH 101, (D) Corn starch, (E) Eudragit® E PO and
(F) Coated pellets
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A: Propranolol
_ hydrochloride

Intensity

i

C: Coat llets
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Figure 100  X-ray diffractograms of (A) Propranolol hydrochloride,
(B) Physical mix (core pellets) and (C) Coated pellets
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A: Propranolol
hydrochloride

B: Avicel PH 101

% T

1"".l""".f

.

J?‘ﬁl - ' ’

G: Coated pellets

ammnmumwa ﬂEl

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumbers (cm-1)

Figure 101 IR spectra of (A) Propranolol hydrochloride, (B) Lactose, (C) Avicel
PH 101, (D) Corn starch, (E) Eudragit® E PO, (F) Physical mix (core pellets) and (G)
Coated pellets
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Figure 102  DSC thermogram

‘ ) AVicel PH 101, (C) Lactose,
(D) Eudragit® E PO, (E) Proprailo}jiyioch

) Coated pellets
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