CHAPTER 111

RESULTS

Preliminary Invesbigation on Suilable Coaling Comdilions

Suilable coaling ceadi

i , Wigon  which had composilion as
previously presenl8@™n Tahle fétuﬂe coaling condilions

using top spray WEL hod mie & :‘:‘ribad‘. in Table 4 .

ions were investigated by coaling

Uniform ugar crysbals was simply

Lested by obsery Smooth 2Lon, 0ferybhrosine and loss of
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The sucrese crystals were coated wilh coaling solulion
having composit.ion as previously described in Table 3 bul only
the amount and Lype of plasticizers were varied as presenlLed in

Lthe Ffollowing Table 5 and 6.



Table 5 Composilion of Coabing Formulalions 1-4
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Tuble 6 Composilion of Coaling Formulalions 5-10
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Physical property evalualion of beads coaled wilh

formulabion 1-10

The sucrose eryztals coated wilh differenl Formulalion
of coabing solubion were examined using  scanning eleclbron

microscope (SEM) al differp gaginification ¢ x 35 and x 500 ).

The cross-scetion 5 was also observed for Lhe

film morphology a sl Wl [ 1 Gk on

Figure ol lﬂLLl‘Dﬁ photomicrograph
‘of uncoaled sucr . I \\ surface Lopography of
coaled swerose h ‘ &k, Lype and  conlent of
, surface of bonds  was

plaslicizers is s

covered wilh roug | * POT O wer bul some of Lhem had

rather smooth surfa P il

l~'nruu]ul.§u_‘_ gizer)  gave ralher  smoolh

Stll'f e ﬂ.".d. % L.p._-__r:'mn—ll_—uutl e ‘ ). Hnre rnugh n‘nd

Y
porous coaling mu

coal.ing anlut.mn‘. r rurnulat. -4 which containing 1-3%

wc»rﬂ-ﬂs%ﬂ’mrﬂﬂiﬁr%&ﬂﬂ drormutitions 5.7

(1-3% cas!.nr 0il) gave Lhinfier coatingsfilm than f@wulalions 2-4
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was incraaaed (Figure 16-18). Formulalion B-10 (1-3% PEG 4000)

ﬁea obtained when using

provided the thickesl coating filw and when PEG 4000 contenl was
increased, wore rough surface was observed (Figure 19-21).

The physieal properties of the beads formulation 1-10
are shown in Tauble 7. The mean size of Lhe coaled beads using

formnlation 1-10 was aboul 700 um. Size of sucrose beads



Figure 11 Pholomicrographs of uncoaled sucrose crystal

(Key: A sucrose beads x100 , B sucrose surface x 500)
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Figure 12 Photomicrographs of coated sucrose beads formulation 1

(Key: A coated beads x 35 , B coalting surface x 500

C cross-seclion x 100)



Figure 13
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Pholomicrographs of coated sucrose beads formulation 2

(Key: A coated beads x 35 , B coaling surface x 500

T

C ereoss-seclhion x 100)
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Figure 14 Photomicrographs of coated sucrose beads formulalion 2

(Key: A coated beads x 35 , B coal.ing surface x 500

*

C cross-seetion x 100)
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Phol.omicrographs of coated sucrose beads fFormulation 4
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Figure

B coating surface x 500 ,

L

(Key: A coated beads x 2

100}
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Figure 16

I 898 ¢ oy

Photomicrographs of coated sucrose beads formulation

(key: A coated beads x 35 , B coating surface x 500

€ cross-section x 100)
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Figure 17 Photomicrographs of coated sucrose beads formulation &

(Keyz A coated beads x 35 , B coating surface x 500

C cross-seclion x 100)
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Figure 18 Photomicrographs of coated sucrose beads formulation
(Key: A coaled beads x 35 , B coaling surface x 500

C crosas-gsection x 100)
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Figure 19
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Pholomicrographs of coaled sucrose beads Tormulalion 8

(Key: A coated beads x 35 , B coaling surface x 500

»

C crosg-secltion x 1000
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Figure 20 Photomicrographs of coated sucrose beads formulabion 8

(Key: A coaled beads x 35 , B coaling surface x 500

C cross-zecbion x 100)
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Figure 21 Photomicrographs of coabed suerose beads formulation 10
(Keys A coaled beads x 35 , B coating surface x 500 ,

C eross-section x 100)
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Table 7 The Physical Properties of Lhe Beads Formulal.ions 1-10

Formulation

Tapped Carr’s Friabilily

Densily  Index (L)
(g/ml)
68.95% 0.60
g.12 0.80
5.56 0.50
7.41 0.40
G4 0.G0o
| 5,26 .50
«Bb 0,60
7.02 0.80
T.04 0.70
5. 05 0.90

R
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conled by couling solution which composed of several plasticizers
wius nol apparenlly different.

The bulk density , tLapped density and  Corr’s
compressibilily index of coaled beads are also presenled in

Table 7. The cowpressibility was interpreled Lo predict Lhe

[Mowability of Lhe beads ier compressibilily was oblLained

4“:_.i-'Fnr suerose beads, il was

observed thal Lhoresw il dppa ;_” ferenl. among Torwsulakion

from beads with b

1-10. The produels g Lhe formulations 1-10

were nol apparen

Formululions 8-1040 (b plasticizer showed Lendency
Lo increase lriabi

Pissolol i opdautly ' [ Torsululions 1-10

v, Y
The rﬂuu. PO LL e Huds were sbudicd by

basket melhod in different wedingas 0.1 N NCT, phosphale buffer

woe AUBARENTHEANT o o
- ARSI T TR

The Lype of plasticizers was investigaled including
glycerylmonosbearale , easlor oil and polyethylene glycol 4000,
IThn dissolution rates of Lhe coated beads which were composed of
plasticizer and non-plasticizer and were studied by baskel melhod
in 0.1 N NCl, phosphate buffer pll 6.8 and pll change method are

Labulabed in Tables 28-22, 83-38 and 37-40 (Appendix A) wnd are
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shown graphically in Fignres 22-25, 26-29 and 20-3%.

Conled  beads  conlaining  plycery lwonosbonrabe  and
casbor oil  as plasbicizer  when wsing 0.1 N 0C1T us Lhe sedion
relvased approximalely 58 % of Lhe drug in 1.5 hr. (Fignre 25, 24
Talbe 20, 310, Non-plasbicizer coabed beads e logse Gd 4 ol Lhe

Lo Lhe  beads  wsing  1'REG d000

drug in 1.5 hres whivch was i
tFignres 22, 25 Tablo S A\ Mo Lhe conled beads  ean b

i ﬁ]mmu rabe in 0.1 N NCL.

les i (750 | phulelTrazer - nodrug i lease
I ‘ ReCSReLs o1 drug Frim

elnaniliod in 2

coaled beads were gl 80 eddi| phosplnle, b ffer pll 6.0 and  pi

chanpe  meLhod oy

o vonbod beads ool g i el gfbhocnrale, casbor oil und

non=plashicizer wep el 6.8 and  Lhe rcelease

rabe in phosphale b noacid mediom.

tmth-MMWﬁ&ﬁ“%{ oo leane ol enalaed beads

which conbaincdfBEGE 006 T ol phapre ot oo - higher Lhan Lhe
!-.J 'y ‘

\7 h

dig=olulion fu p ' dl TR TN ) meddinm,
| g '

e conbenl of each Licizer Lype woere inveshipaled
J-ﬁ nyy ¥l e slip

g I U T TS S——

conlent, of L”yt-c ry lwonosbeamibe und cughor oil showad tendency Lo
{lm'ﬂQ Wllaﬂmimjumr](q mzlj rlluaaﬂ b ol
prupr¢nulnl hydrochloride when iLs amount in coaling  Tormalalion
waz inereased.  The effect of  plasbicizer conbent,  on Lhe drig
relase were nolo differest when asing differenl dissololion wodia.
The release profiles in pll chanpe nebhod  oxhibibod

biphasic curves which could be seperaled in 2 peeciml belyeen

W e, and 2-12 hee And il was  observed Lhal ib had rel leclive
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point. Lo be a plabean phase al. 1.5-2 hy.

Frow Lhe drug release profiles, Lhe voaled bLoads which
conbained 34 glycery lmonoslearale gave Lhe lowesl release profilp.
sy Lhis Forwulalion was wsed Tor Further modiliculion of relegse
characlerisbie Lo comply wilh  Lhe USP standard Tor drup release

ol proprimelol

susbained reloase capsulos by

hydrochi
viuLerconling Lhe cogle prlhe conling solulion which wags
conposed of Lhe p# n of  Lhe drag as shown in

Table # Lo have™e T .? “.uf *hhu]uL;uuﬂ 11-13,

Mhysie of Tormulalions 1114

Coabed 11 exhibited vouph surface

and  Lhinner Tl Lion 12 (Figure 244250, When
couled bieadsLeof S Poruulalion 4 il _mdarcouled  wilth coaling

solubion  con L NPHE and 14 PG

¥

(lormulal ion Ii 'rjpuru i, Lhuy were Tounded Lo have more smoobh

surface ﬂ ‘Hrtl q wﬂ % @w Iﬂf}ﬂaﬁruruu labion 12. In

Ll uuiurﬁuxlﬂﬂ Formulalign, drup rlense  couldashe robard nnil
-Q RIAIDIRUUU LR D
Houn  size of  couled beads wore increased  inoall
Formulabions which prepared by oulercoal ing process. 11, was Found
Lhal. Lhe ouloreonld Formulalion  have a Lrend Lo decrense Lhe
compressibilily. Howvever, affer vubercoaling process, il wis Cownd
bl bulk densily  had Lendeney Lo decline, and higher Friabilily

kas obaervied, excepl Formnlalions 12 e 12, Csoe fable o
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Table 8 Composilion of Coaling Formulations 11-13

SRS TrSsISSsnSssssssssssssssssEsSSEISSISSSsssssgss
Fofmulation
Componegnl. —;eeccccemcccdmecsae e
(iw/v) 11 12 13

Propranolol Hcl

Ethyleel lulose

ELhanel qs.
Oulercoated
Ethyleellulose
HPHE
"G

KLhunol qs.

i¥

Tuble 9 The Physi gnl Frﬂpﬂﬂ.i&s Lhe Beads Formulalicss 11-12

T AT T a—

Fur-uluL:un Henn Bulk Tapped Carr’sgs Friabilily
o VTG0l ) 35bastd Voeledol | BBV E) - o
: () (g/ml) ;{gfll! i ;;
NI 792.11 0.37 = 0.89 5.50 0.80
12 836.05  0.35 0.87  5.20 0.30
13 839.27 0.9 0.42 6.49 0.20



Figure 34
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Photomicrographs of coated sucrose beads formulation 11

(Key: A coaled beads x 35 , B coating surface x 500

C crosz-seclion x 100)
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Figure 35 Photomicrographs of coated sucrose beads formulation 12

(Key: A coated beads x 35 , B coaling surface x 500

C cross-section x 100
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Figure 36 Pholomicrographs of coated sucrose beads formulation 12

Ak

(Key: A coaled beads x 35 , B coaling surface x 500

C cross-section x 100)
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Dissolulion study evaluation of formulationa 1113

The dissolubion profiles (in pll chunge meLhod) of Lhe
touled © beads of formulation 1, 4 when oulerconled wiLlh

vulerconling solution as presented in Table & were illusbraled in

Figure 27,

.ulﬂ-L‘Iﬂn 11(outercoal.ing on
dﬁ hr.but formulalion 12

WHS Shown 35% release in Lhe same

(ouLercoat ing on’
Lime period (Figﬁ

To invedl i 5_1 4" 0 hydrephillic file Tormer on
drug release ﬁrm 1185 l i-f, Ton Nere coated by 104 ke
eonling solution ax - k ; 5% HPMC and 1% PG as
plasticizer as describe u? oTE - and 18, respeclively,

L was  seen Lhul Lhe ;;. of formululion 12 wus 35%

L

release ab t.“l¢5=;55=-~-;:.am.a-.;—-;n:;lf with hydrophillic

filn former gn. se | ) Table 4.
AN NN
ARAINA THNMIIN s i

Lhe  outercoaling solutions 14-18 which conbunined different
concenlration of eLhyleellulose in the range 5, 7, 15%,

respecLively as presented in Table 10. The composition of coaling

solulion forsulalion 17 was shown in Table 10,
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Figure 38 Release profile of coated sucrose beads Tormulubion 14-18
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Table 10 Composilion of Coating Formulations 14-17

B e L o e
Formulabion
Componenl e e e
(dwiv) 14 15 16 17

e T T ——— S i T o

PFropranclol NCI 5 10
ELhy leellulose 5 110
Glycery lnonos|of 3 i
ElLhanol qs. 100 100

COulercoaled
IELhyIuﬁT]uJund 15 10

Ethanol gs. 100 100

]
Table 11 The Phy f?“43 Formulalions 14-1%

it g
l ¥

¥

'Fﬂr-umhﬂu&}’m‘ﬁlﬂﬂW’lﬂ? sty
Size Dengily  Den gily  Tndex qu (%)
QW'] MNTRRAINTAY
K BEG. B3 D.50 0.56 10.24 0,30
15 651.84 0.40 0.43 10.00 0.50
16 728,758 0,84 0,37 G.80 0.70
17 764,13 0.32 0,34 B.45 .70
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Physical properly evaluation of formulalions 14-17

Comparison of Lhe epaled beads from formulalion 14, 15,
12 andd 16 prepared by oulercoaling Lhe g}nads of formulalon 4 with
out.ercoaling solution containing ethyleellulose ul 5, 7, 10 and 15%

a2 andl more Lhickness of coated [ilp

were  seen (Figure @11.

ik < -=-: de& the coalted bheads of
| ¥ 1.&*"1._ "q, Bl

compressibililty  index

respectively, more rough s

formulalion
decrease in  corrg yef willh & intrpase of Lhe EC contenl
in outercoating s@Tufioh £ TCWs Sahpieonbythal Lhe Friability of

conbed beads of  §iry Clom -6 ' Based (see Table 11 ).

hissolut ign i ion of formulalions 14-17

To% ] pnvestigate tho offact o JZGJ fermer conbtent on
drug  release ﬂ ; -’J Ls was kepl al 5 %
Formulations 14, ;‘,_ 12 and 186 were wodified from lFormulalion 4 hy

conting ﬂnummmmwmm

The release dula of formedation 14, 18/ 12 and 16 in
pH cﬂlﬂl&ﬂﬂ ‘iﬁu uM rlra malaﬂud di. 40 %
rE]EEhE, respeclively (Figure 37 and 38 Table 42, 41 and 43).

The coaled beads of Formululon 12 gave Lhe slowesl
drug release, followed by Lhe beads of formulalion 16, 15 and 14,
respeclively.

In order Lo show thal Lhe conlent of drugs and file

Forwer had un effect on drug release, coaling solubion nccording
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Figure 38 Photomicrographs of coated sucrose beads formulation 14
(Key: A coated beads x 35 , B coaling surface x 500 ,

C cross-seclion x 100)
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Figure 40 Pholomicrographs of coated sucrose beads formulation 15

{key: A coated beads x 35 , B coating surface x 500

C cross-section x 100)



Figure 1

Pholomicrographs of coated sucrose beads formulation 18

(Key: A coated beads x 35 » B coating surface x 500

*

€ eross-seclion x 1003

i
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Figure 42 Photomicrographs of coated sucrose beads formulalion 17

(Key: A coated beadz x 35 , B coating surface x 500

C ecross-secltion x 100)
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Lo formulation 17 was developed by increasing the amounl of the
drug and film former from 5% up Lo 10% and after Lhal oulercoaling
by 104 EC coabing so]ution. was performed as shown in Table 10.
JL wus observed that when the amount of drugs and EC

vere increased, more smoobth surface and higher thickness was lound

on 12) and Figure 42(Formulation 17).

al.ion 17 was 76.89% in pll

3 B whi m beads of formulation 12
was only 41.?37L> L a-..ﬂﬁ: 42, 40). The relpase

wraulabtion 12 in pi change

as shown in Figure 35(Formpls

rale of Formulal i
nethod, 0.1 N HCl Mingd puf pil 6.8. This indicaled the

effecl. of Lhe dragfan ent in Lhe inner coaling

solution on Lhe drily

y ' 520 2/ 4
FORMULAT TONS 150 78

— 5
In o i| drug@ release of the coated
i i

beads in formulal ]Pn 14, 12 and 6, so0 additional outercoating

procedure ﬂﬂ%ﬁ}%rﬂﬂlnﬂiﬂ@t‘w sxq ﬂ @ Lhe same amount

of 54 EC cualr.lng solubion (£200 ml.) as, described dw formulations

o HRIAN B AN TINETRE

Fhysical properly evalualion of formulations 18-20

Formulalions 18,19 and 20 gave rough surface and more
Lhickness coaled film, so the double overcoaling might not be

switable in preparving Lhe producl (Figure 45-47).
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Tuble 12 Composilion of Conling Formulalions 108-20

B SsEsEssssEEssoTEnrsssscocaamrosscoIsscoosssswnassSsssssas
i Formulation

Componenl e /

(dwlv) 18 18 20 .

R R A —— ! e

Propranolol HCI 5

ELhylcellulose 5

Glycerylmonoshe 3

ELhanol gs. 1010
Oulerconted

ELhyleellulose 15

Ethunol qs. 100
Oulercoated

ELhy leel Talose 5

Ebhunol . 1o

'i -
Table 13 The thukmu] Pruper}:un f Lhe Beads Formulalions 16-20

- U IRBATNEIRT

Fur-uluan Mean Bully Tapped Carr’s @/ Friabilily
’Q WINN UGN RN ELNE
(u) (g/ml) (g/ml)
18 GEG. B3 0.43 0.45 6.30 0.60
19 651. B4 0.41 0.43 5,48 0.90

20 TE9.75 0.39 0.41 1.58 1.00

N R RSN E e i e . s i e B i o e o B i



Figure 45

i

Pholomicrographs of coated sucrose beads formulation 18

(Key: A coaled beads x 35 , B coating surface x 500

C cross-seclbion x 100
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Figure 46 Photomicrographs of coated sucrose beads formulation 19
(Key: A coaled beads x 35 , B coating surface x 500 ,

C erosa-zeclion x 100)
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Figure 47 Tholomicrographs of coated sucrose beads formulalion 20

(Hey: A coaled beads x 35 , B coating surface x 500

C croas-seclion x 100)
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In double oulercoaling process, bulk and Lapped density

ws well ws  Lhe compressibility was [urlher decreased. The
: friability of Lhe coated beads increased (formulalion 18-20),

formulalion 20 gave highest Friability conbed beads,

Dissolulion sludy, evaluation of formulalions 18--20

Thi .;_W et in Tormnlalions 18, 19
and 20 al Lhe ( JPL 1, 657.268 and 68.21%,

respeclively (Fig o The dissolubion rate of

Formnlalion 108 wa ¢ dalu of Foroulalion

19 was lower Lhanghf
g =
FORMULATIQNS , 23—

plaslicizer on

L -
I'.’ --.ﬂ.rj.l‘-ri B Ay ¥ |

.‘ﬂf“‘* - *l
Lhe release rutﬁln or @il was incorporaled in
i i¥

Lhe coaling sulnh*un replacing neryllunuqtunrute as presented

. fwwhﬂn‘”ﬂfﬂm sbmw 8IN3
o WG SUURITNYARY ..

1L was  found GLhat the easlor oil could reduce Lhe

relense rale of Lhe drug when compared wilth glycerylmonostearate,
Lhe release of coaled beads in formulabion 21 at 1.5 hr was 57.68%
The voaled beads of lorsulalion 21, was Turther obercoaled wilh 5%

EC coaling soluLion conbaining 1% castor oil as  shown in
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Table 14 Composilion of Coaling Formulalions 21-22

= ::-.-.::::::-:.::;:::::—::::::::"====::=-—=====:==-====:

C('HIDOHBI'I N - —=¢ == | ¥ TV oy Y Sy g 0T S S, 8 B TV

(dwlv) 21 22

o . o o -

Propranolol HCI
Ethyleellulose
Castor oil
ELhanol gs.
Oulercoaled
Ethyleellulose
Casbtor oil

ELhanol gs.

Table 15 The Phykics _ he BBads Formulations 21-22
TRy a N A Re LT a—:-_-'—'::'-‘--::.;‘!3:::3:@.‘.:2:'—:;’::1:‘_‘:'-:-‘.':‘,‘.!-. e e e S o, £ pie - =~
rormutatidd] ) VhELY) D MR ) b peimininy
Y Size Dexsity Dengily Index o/ (%)
JRIANNIWUNNAINETIR Y
q
21 705.50 0.28 0.33 16.67 0.10

e 734.10 0.30 0.32 4.57 0.20

T L e e e e e s . . D 4 . e e Bk e B e B e e o P . M s
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Figure 49 Release profile of coaled sucrose beads formulabion 23-27
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Cc

Figure 50 Pholomicrographs of coated sucrose beads formulation 21

(Key: A coated beads x 35 , B coaling surface x 500

C cross-section x 100



Fiyure 51

Pholomicrographs of coated Bucrosze beads

formulalion 22

(Key: A coaled beads x 35 » B coaling surface x 500

C eroszss-seetion x 100)

21
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forsulabion 22. Bul it was found thal the release of Lhe drug was

increase Lo 62.23%4 in 1.5 h;; (Figure 48 Table 47).

Mhysical property evalualion of formulalions 21-22

decreased. When gy *f:f_; alo s substituled by caslor oil

us plasticizer, ,i‘_:'.; dhow he  loweslh Triabilily

I urdekutn adjust Lhe o lease rale of Lhe proprancolol

waroshior 81148 I STITATC M,

release nharncherisLlrﬁ was € invesbigaked. As Tormu@sibion 21 guve

e bl TGV Bl VL L EE B B compine

with uther formulalions (such as Formulubions 12 and 17) which had
salisfactory drug release approaching Lhe USP specilicalion ab
Lhe First 2 hrs. (nol more than 30% release).

The coated beads.of formulation 12 and 21 were conhined
in the ratio of 1:1, 1:2, 1:3, 134, 1:5, 2:1, 3:1, 4:1 and §:1

(as presenled in Forounlalions 28-31 Table 16).



Table 16 Composilion of Coaling Formulations 28-31

Combination Formulation
rabio belween  —cecemmme e e s — e -
Formulalion 22 24 25 28 27 28 25 30 31

e D L L L L L L T T T e ————

T T e ———

Table 17 Composii@iow’ | - ;:. i;w,',g'V alions 32-36

Combination ' ,“ ‘ : rmilabion

ralio belween G - = ot o S A

i e el b L T T ————

17 and 21 1:1 1:9

---------- -l uﬂlﬂ&m SWenns..
A AINTUNRIINYINY
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Dissolulion study evalualion of formulalions 29-11

The release rates al 1.5 hr of Lhe forsulations 23-31
were  33.04, 41,03, 34.30, 48.24, 3B.82, 39.66G, 41.85, 41.25 and
d8.70%, respeclively (Figure 49, 52-55 Table 48-52). The relesse

26 and 27 al 4 hrs were B0.39,

1raLu of forwulalions 23, 24

57.47, 49.68, 59.44 g ¢ amount of the drug release

given by Toroolg * 20 E ﬁﬂl were  nol apparenlly

different, approxiunnl gdd G0 - e:l beads of forwelalion
"

26-31 shoved no di
FORMUTAZT ONE

The conleg ablon 17 and 21 were combined

in Lhe rulio of 1 und 1389 (as  presenloed in

Formulations NEEE Table $7y —— —————3
-' |=~' ‘

iF

msaulukmu sludy nuul Lion of formulalions 32-136

ﬂ'LJEl’JVIEWITWEI’]ﬂ‘i

u release rdle of Lhe mpated beads @ [ormulalion

oo UL I BV S EIAR KL o

{ngre 56 Tuble 52-54). L was found Lhat as Lhe rutio of
Formulalion 21 was inereased, the percenlage of drug release

tended Lo decline al 4, 14 and 24 hrs.
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FORHULATTONS 17-44

As  easbor o0il was found to relard Lhe release of the
drug  so il was invesltigated by incorporation inblo ouberconling

solution in cosbination wilh ethyleellulose.

Formulal ion

1 Mgy chosen Lo be  oulercouled by
vulercoaling solulion .yl | $6U# of 5% FC and 3% castor 0il
al the volume 2000 ml as shown in
formulation 37,
The
Lhe Lhichkness of drug release profile.
The  release formulalion 37 Lo 40
alb 1.5 hr were 7.58 £ , respeclively
(Figure 57, Table 5505 n;f—F-%; ays al 4, 8, 14 and 24 hr,

il wns Tound Lhnl 3 VBT outerconling  solulion  wng

37-40 and Lhe US ‘HKII rEquxrnnent For propranolo) hydrochloride

R T D XTIt A—

profile of ﬂu'lllhiLluh i wus fnuml& be higher ghbun  USP XXTT
sLunawaa ﬁuﬂﬂﬁm u m:lr]lam"ﬂﬂa alﬂluwer Lhan
USE XX11 requirement. So thal, the volume of ontercosbing solution
between 1000-1500 al  were expecled Lo be suilable overcouling in
order Lo have Lhe release rates conform to Lhe USP sbandard.
So Lthe Tormulalion 4 was oulercoaled wilh same oulerconbing
solulion in Lhe range 1100, 1200, 1200 and 1400 ml. (as presented

in Formulalions 41-44 Tuble 19).
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Table 18 Composilion of cﬁnt}ng Formulalions 37-40

Formulalion
Componenl. e e
(dw/v) ar a8 38 A0

e e e I e R S s A e = e R T T R S S S e

Propranclel 1]

A
L]
ta ]

ELhylcellulose

Glycerylmonosbe: 8 3
ELhanol gs. 100 100
Oul.ercoaled
: ELhvleellulose 5 5
Castor oil 3 3
Ethanol 'gs. 100 100
Oulercoaling Yolume (mlld 1500 2000

AULINENINeINg
ARIAINTAUUNINGIAY

.
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Table 19 Composilion of Conting of Formulalions 41-44

CORBDIRBIL. e o o mnn i  v

Chwlv) 41 iz 13 J i

S RS e e e e e e - e S RS e S S e e S S e S

Propranolol Nl

Ethyleellulose 5 5 8§
Glycerylmonoslears 3 3

ELhanol qs, 100 100
Oulercoated

ELhy leellulose 5 g

Castor oil 3 3 3

ELhanol qs. 100 100 100
Oubercoaling VYolume (m _{E"’.{._,- 1200 1300 1400
e N .;i e s R e

ﬂ'lJEI’J‘VIEWI?WEI’]ﬂ’i
ammnmumwmaa
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The release rate of the coaled beads of formalalion 47

Lo 44 al 1.5 hr were 16.11, 14.49, 16.35 and 11,19%, respectively
(Figure 58 Tables 58 and 59). A1l formulalions gave Lhe release
:raLe in  limil of USP standard except Lhe release rate al 24 hr
ef fermulabion 42, 43 and 44 were Jower Lhan Lhat of Lhe USP X171

Appendix A)

standrad (Tables 35 and 30 sae

ul 'HHS found Lo be the most
‘ @ A1 guve Lhe relense of

the drug within LI , AVLOE HﬁlnLarvuls as required

S0 Lhat,
similar, The
by Lhe USP XX11 slg 8 af lformulation 41 were
prepured in order 1 drv e Ehi epradugdbility and varialion
wits shown in  Figure

of coating process

58 and Table 20.

Tuble 20 Comparison amglig i Vg ) gquirement. and  Three lLols

ﬂr _‘I_;;--;T:'T'I zlr‘

SSs==zuzso=Esas ==y T EE TSNS S s e
| i

RELEHBE

o U IRUNIHEIAT

: USP ranged A1 lotgl 41 1ol @ 11 loi 3

51 W]ﬁ ﬂﬂ‘iﬂiillﬂ'lﬂ nenag

-5 16.11 11.5% 1727
Ul B5-00 52.03 G5.56 57.42
0 55-00 73.30 75.80 73.94
14 TO-95 00.05 #1.02 B2.23

& B1-110 81.43 nz.12 B3.09

T S R e R S A S N T I D - B i 1 o e S S e i ko e o i o . . B B e
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Figure 59 Release profile of coated sucrose beads formulalion

41 lobl- 41 loL3 in pl change melhod
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188K m Gaazars

Figure 60 Photomicrographs of coated sucrose beads formulation 41 Jot.1

(Key: A coaled beads x 35 , B coating surface x 500

»

C crosz-seckion x 100)
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B

Figure 61 Pholomicrographs of coabled sucrose beads formulabion 41 lol.2
{Key: A coated beads x 35 , B coaling surface x 500 ,

C cross-section x 100)
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183K m g0zam1

Figure 62 Photomicrographs of coaled sucrose beads formulation 41 lot.3

(Keys A coaled beads x 35 , B coating surface x 500

C eross-section x 100}
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Figure 63 Photomicrographs of coaled sucrose beads forsulalion 42

{Key: A coaled beads x 35 , B coating surface x 500

C crozs-seclion x 100)
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1 B by DRZaaT

Figure 64 Pholomicrographs of coated sucrose beads formulation 12

(Eey: A coaled beads x 35 , B coaling surface x 500

C eress-section x 100)
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B>

n

Figure 65 Pholomicrographs of coated sucrose beads formulation 44

(Key= A coated beads x 35 , B coating surface x 500

C crosz-seclion x 100)
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Ithysieal properly evalualion of Formulalions 27-44

For FTormulolions 41-44, il was (ound  Lhal Lhere  wers
Pikiedy surfaee bl Che Chicknes: of conled Tile wis jacreased when
Lo volume of oslerconling solullon was raised (Fignre G0-65).

For varialion Lercoaling  solubion  voluwe i

Foronlabions 37-44, Lhog® parenl ly differenl.  helween

each  Cormulal ion aisily amdl Triabilily

v Palsle 200,

(HERNTETRY By OCH TR wlbl i on, Lhee  pellels  were

O === cegsbol in order Lo ohserve

used as Lhe wores

Lle  dolFerenee in H*|J" Delween Lvo Lypes o Lhe

Cores. O Geduire in Lhie e
A J

it crysbal.,

e el

procedares as pr

s ¥

)l n.nu#n!.. uml Lype ui‘ plasbicizer were varied as

et G AN TG o

ns Tormulalions 1=-10.

ammﬂimumwmaﬂ

Physical properbty evaluablion of formulalions A5-54

fhe  scanning  eleebron  phoLomicrographs  of nneoated
pellebs were shown in Fignree 66, The shape and surface Lopography
of coaled pellels which prepared al different. Lype and conleal of

plasbad by ers wirne seen in Figures g7-10.
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Table 21 The Physiecal Properlies of Lhe Beads Formulalions 17 44

Formn lal jon Misin

Hizoe

Cud

Table 22 {.'ultpu::'l

Bull

Densily

(g/ml)

Tapped Carr’sa
Densily  Index

(g/ml)

4.80
.61
d4.53
1.29
]t
d.78
Jd. 76

467

LEmons A5-408

i

ﬂumwamw gIN3

i nmmm*nl

wwmﬂmuﬁwwmaa

£ ] o g 4 i e i e e e i i e

Fropranolol el
ELhy leellulose
Glyvcory lmonestearale

ELhanol gs.

=

2

5 5

5 5

2 :
1o 100

Friabilily

(L)

0,

(.

[

0.1

1)

3

it

T
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Table 23 Composilion of Coaling Formsulalicss 49-454

Compounenl, 8 1 e o e b e
Liwlv A i 51 he 54 G4

'roprans ol Hel 5 5
ELhy Teol Tulose 5 5

Caslor il
Pl i

Flhanol qs. [its 3:% O 100 100

AULINENINeINg
ARIANTAUNNIINGIAY
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Figure 66 Pholomicrographs of uncoated pellels

(Key: A beads x 100 , B beads surface x 500 )

i1z



113

Figure 67 Photomicrographs of coated pellels formulation 45

(Key: A coaled beads x 35 , B coating surface x 500

C eross-section x 1om)
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Figure 68 Photomicrographs of eoaled pellets formulation 4¢

{Keyz A coaled beads x 35 , B coating surface x 500

C ecreoas-section x 100}

i

114
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Figure 69 Photomicrographs of coated pellets formulation 47

(Key: A coaled beads x 35 , B coaling surface x 500

ﬂ cross-seclkion x 100)

115



Figure 70

k

Photomicrographs of coated pellets formmlation 48

(Key: A coated beads x 35 , B coating surface x 500

C cross-section x 100)

»

116
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Formulalion 45 gave smoolh serface and mnilformily of

el ing (Figure 677, For forosulalions AG-48, Lhere were more rough

surface when  plyeerylnonosbearale  conbonl. was inereased e
Bl=-T00,

Mosn size  of spads using Tormo labl jons 4554 was

aboul, B30 u. Sizen ‘ft,; ,_,i = pellels wilh differesl

I;@L. When comparing wilh

ed pellebs was  larger

plasbicizers wergspn
swerese  crysbal,
Lhian of conlod o e —eow N wias ol apporeenl. |y
RPN O Lol ions 4554 vxuoepl,
3 "" ""l. N

\\\: i ressibiliby,  And, Lhe

dilTevenl among L

Formelalion 47

"

cospressibilly of o RISEaTT 0 s Lhan of conbed swerose,
e Ghos indicalod o WLLEFF oW Yy There were nol apparenlly

il Ceenl, fn b lh dvuﬁl;ﬂi of all Tormalalions, and

]
iLowis lower NS e - .
AX

v,

W
i

thnulukluu sloadly ﬂuﬂlllLlnn of Tormulalions a5 54

AULINNINYINS

he dissolulion® rale  of gbhe coalaod Hebs which

m,@mn ANIUIRAINLINLL s

'muLhnd in 0.1 N nel, phosphale buffer pll 6.8 and pl chanpe melhod.
IﬂnLu are Labulaled in Tables 6770, 7174 and 7578 (Appendix A).
wnd wre dMeskrabed graphically in Figures 71-74, 75-78 and 70-82.

The release rake in D01 N Hﬂ{ and bnffer pn 6.8 could
e elassificd dnle 2 prowps. The, Firsh  wos compased ol

plyvery loonosbearabe  and castor vil.  The olber was comnposed of
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Table 24 The Physical Properbies of Lhe Bemds Formulalions 45 54

Formulal fon Hean Bulk Tappid Carr™s Friabilily
Sive Densily DensiLy Pinelex ()
[978) (g/ml) Cgfml )

45 Bei.49 3.6 fh, 30
I z.5h 0.2
A 1.75 0,40
Jh 3.3 .20
14 wont fi. 10
)] 2.59 o0
3 (REMT) 2.54 b.10
L IHE I 2,61 .70
bt AT AL ({1
Y M -——--——-— JH ] .41

AULINENINYINg
ARIANTAUUNINGIAY
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Figure 78 Release profile of tnuteﬂ p&llets formulation 52-54

in phosphale buffer pll 8.8
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Figure 80 Release profile of coabed pellels formulalion 46-48

in pll change method
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PEG 4000 and non-plastiecizer. IL gave the similar profiles of
release dala in each group and at various Lime intervals (1.5, 4,

B oand 12 hri,
On the other hand, Lhe release daobta in pll change

method can be classified in 3 grouwps. The first were

glycerylmonostearale and ca

pil. The other was composed of

- PEG 4000. The lasl ne Wa o dcizor ul 1.5, 4, 8 and 12 hr,

The Lhrgl [pes o @er were invesbigaled al

"3 levels of 1%, conLkenl, of plasticizer,

glycerylmonosteary oved a Lrend Lo decrease
drug releasc. Bl release, And Lhe same

resulbs conld be tiu, al all sampling Lime

amd all levels of @
The rele ebe(in pll change wedinm)

exhibiled Dbiphasic eu 2f Teelive poinl al 1.5-2 hr.

Formulabion A48 PR e ,..m‘_-;.::;:;;si ofiles. 9o, il was
i 10

refease producl.
i¥

ﬂﬂ%’&#@%’lﬁ%ﬁw gIN3
AR I NBVIN YA Y e

nthyicu]luluse in vulercoating solution on drug release profiles,

chosen for wodifre:

formulation 48 was chosen Lo be coated wilh oulercoaling solulion
contains 54, 7% and 10% EC (as presenled in Formulalions 55, 56

and 57 Table 25y,
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Table 25 Composition of Coaling Formulalions 55-57

Formulalion
Componenl, e ———_——
(AR 56 58 57

A e S S e e e S o e o

Propranoloel nel
ELhyleellnlosn
dlycery luonoslon
ELhanol gs.
OuLereoaled
Ethyeel lulose

Ethanol qs.

Table 26 The PRYZICA] Proanspl fos afr b ' .;"Drlu]ntiuns 5587

TR RN IR -
_.--.a_ma”\miﬁmmi'imﬂm g

Y B34.10 0.48 0.49 3.17 0.80

T S B e e e A R A e e e e
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Physical property evaluation of formulalions 55-57

JL was [oumd GLhal as the ethylcellulose conbLenl in
oulercoaling solulion was  increansed, coabing surface had  wore
rough bul  Lhe Lhiclness of film was not apparenlly differeat

(Figures 83-85). The highes riabilily was  albtained  when

formulabion 57 was 26). The density and

compressibilily e corresponding Lo Lhe

increase of KC conleg wiercoal Linn.

The dissgl { Lhese conted pellets

of Tormulations 55, !ré—tﬁ ), 54, T7.62 and 84,64 %,

respeclively {Fiuuru Uiy Sl The coaled pollels
formulalLion 57 y-::::m;:;..,::m:.—,:_;-;...,,\, dale and the coaled

pellels l‘urnu]u‘u : i of Formuelalion 55.

¥

ﬂummlmwmn's
Qmmmmumawmaﬂ
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Figure 83 Tholomicrographs of coaled pellets formulation 55

(hey: A coaled beads x 35 , B coating surface x 500

r

C cross-zeclkion x 100
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Figure 84 Photosicrographs of coated pellels formulaltion 58

(Key: A coaled beads x 35 , B coating surface x 500

C cross-section x 100)



A
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Figure 85 Photomicrographs of coated pellets formulation 57
(Key: A coated beads x 35 » B coaling surface x 500

C eress-seclion x 100)
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Figure 87 Release profile of coaled pellels formulalion 58-61

in pll change method
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FORKULATTONS 58-0G5

Formplalion 48  was overcvoabed by cosling solulion
which composed of 5% EC and 3% castor oil al Lhe volume of 500,
1000, 1500 and 2000 ml as shown in formulation 58, 59, 80 und 61,

respectively (see Table 27 Lib was oubercoaled by  coaling

solubion which composis ' aa | oy % easLlor oil al Lhe volume

of 1100, 1200, b 04 in formulalions 62, 83,
m, of formulalions 58-65
L was f '  ‘_1 e g Bhe volume of outerconling

solubion resulled inglide—wi .:

Formu Lol ion 63 gave L Loy ,Tg'

ugh surfnce and Lhickness,

iLy eonbed pollels.

Hemimioe ol Phe cosiod noiis s us aboul 830 4 and

\7

inerensed in w' ol oubercoating solulion
i - i ¥

incrensed,  and :Jo ad larger gAY size Lhan couled sucrose. The

pelﬂuw@m&maﬁ PN Feer o dcrms

in Lhe Ln:prusmhiljty and frianbilityssee Table 26

ama\mmummﬂmm —

and Li}lpl essibility of the coated pellets were lower Lhan of
econked  swerese. IL means an increase in [lowabilily. The coaled

pellels were less fCriable GLhan coabed sucrose.



. Table 27 Composilion of Coating Formulalions 58-61

Formulalion

Componenl, cecccccccccccaramane- ER

1l 59 i) Gl

S e ek s R S — - — T o o

Propranolol 5

ELhyleellulose 5

Glycerylmonosbenrs 3

Ethanol qs. 100
Oul.ereoaled

ELhy lee  nTose
Caslor oil

ELhanol qs. . 100
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Table 28 Cemposilion of Coaling Formulalions 62-65

Componenl. 0 srerrmm e e

e e e e R EE T ORE Em Em R R R i

Propranoloel

Ethyleellulose

ELhanol qs.
QuLeruuuLEd
ELhyleellulose
Caslor oil

ELhanol qs.

Oulercoating Yolume fn,wgﬁiggﬂf; 200 1400

| v: 'n,"d‘ 3

) ::
ﬂumwﬂmwmm
| ’QWWMﬂ‘iﬁNﬂJﬁTmmﬁEl
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Table 29 The Physical Properlies of Lhe Beads Formulalions 58-66

Formulation Hean Bulk Tapped Carr’s Friabilily
Size Density  Densily  Tndex (1)
) (g/ml) (g/ml)

58 830. 30 3.57 0.60
69 631.1 3.54 0.50
60 B35. 0 i 0.20
61 035. 38 2.69 0.10
62 832.9 R, 3.54 0.50
63 633. 2 8.54 0. 40
G4 B34. 16 2.78 0.40
65 B34, 88 2.78 0.30

P "
o s T N s i o S v S o 8 o S i B e e e e

& b - :_“_b'? ;l .

e 4R e A

.;;
4
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Figure 88 Pholomicrographs of ceated pellets formulation 60
(key: A coaled beads x 35 , B coaling surface x 500

¢ cross-section x 100)



Figure 89 Photomicrographs of coaled pellels formulation 61
(key: A coated beads x 35 , B coaling surface x 500

C cross-seclion x 100)
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i

198 K m BBZa92

Figure 30 Pholomicrographs of coaled pellels formulation 82 loi.l
(Key: A coaled beads x 35 , B coaling surface x 500 ,

C crogs-secltion x 100}
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1 B3 m

Figure 91 Pholomicrographs of coated pellels formulation 62 lot.2
{Key: A covated beads x 35 , B coaling surface x 500 ,

 cross-section x 100)
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C

Figure 92 Photomicrographs of coabed pellets formulation 62 lot.2

{(Key: A cosled beads x 35 , B coating surface x 500

C cross-section x 100)



141

Figure 92 Pholomicrographs of coated pellels formulalion 63

(Key: A coated beads x 35 , B coating surface x 500 :

C e¢ross-section x 100)
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Figure 94 Pholomicrographs of coated pellets fermulation 64

(Key: A coaled beads x 35 , B coating surface x 500

C cross-seclion x 100



Figure 95 Pholomicrographs of coated pellets formulation 65
{Kkey: A coated beads x 85 , B coating surface x 500

¢ cross-section x 100)
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Dissolubion sbudy evaluaLkion of Formnlalions 5i-65

From Lhe relense daba of formulations 58 Lo 61, il was
found Lhal as Lhe volume of Lhe outercoaling solubion was increased,
Lhe release rate was decreased (Figure 87 Tables G0-61).

Comparison of Lhel frele rate awong formulations

56-61 wiLth Lhe vap propranolol hydrochloride

extented release mibes, L 1'11& ol formulabion 59
wus  Tound Lo De Laghoe® Vitan \USP X1 standurd while the release

Lrequiremnenl. Therefore,
Lhe volume of oyl ol "?u Bon Delwien  1000-1500 ml. were
2 %,

expecled Lo be s -'n~$\ in order Lo have Lhe

release rale conlo ndard.

The releag® Ak 1.5 I Formulabions 62 Lo 65 were

aT 07, 24.40, 24,0 s igure 96 Tubles 62-60),

respeclively. v’—"’“"’""""—”“"‘""’“""““—" J in Lhe limil of Lhe
usp Xx11 sanlruﬂux pl L sednla ﬂ 24 hr of formululion

63, 64 and 85 which were loweny than of Lhe USP XXTT stundard

caste 30 MY AN ITHYALTe - 1 e
suiLluble i‘nrnulul.inn in Eﬁ]mn gP rd.  Afler

R NPT IR, e
Lo observe Lhe reproducibilily and variation of coaling process,

which might affect Lhe relesse patlern as shown in Figure 97.
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table 30 Comparison among USSP XXIT Requiremenl and Three Lols

of  Forsulalion 62

______________ ot s e e e e e e e e e e e e e e T N T T N T T T N G a e e e —————

% RELEASE

L1

TINE (WF.)  mesmmecess————— o cms e e

62 lob 2 62 lol 2

P S ——— L e e e B S S 1 e S e

1.5 27.01 27.21
4 54_20 5i.00
[0 Ti.69 Ti.02
11 B0.19 B 29
24 B1.69 B1.0%

R ——————_ e S L S Y e 1 R e o e 48 B G

7 Y]
-

iyt ¥
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'!."Hr i -'-:E g 25
B4 a B85
Figure 96 Relea formulalbion G2-65
buhd - rrr—— -
o i . )
“ 1Pl % EI’J‘VIEWI?WEI']ﬂ’i

’Q mnimummmaa
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a T 5 a4

TiE(HR,
n a2 10T + 62 ng @ B2 LOTE

Flgurn 87 Release profile of coated pellels lormalalion

62 lotl - 62 lobtd in pl change melbhod
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