
C h a p te r  I I

E x p e r im e n ta l

M a te r ia l s

T he following m a te ria ls  ob ta in ed  from  com m ercia l source 
w ere used  .

M o d e l d r u g

- P roprano lo l hydrochloride BP., B a tch  No 931030 (C hina 
N a tio n a l C hem icals Im  & Exp Corp., C hina)

A d d it iv e s

- Lactose hydrous (H aw era , New Z ealand)
- PVP K30 (GAF, S ingapore)
- C rosslinked  carboxym ethy lcellu lose sodium  (Ac-Di- 

Sol®), (FM C corporation , USA)

L u b r ic a n t

-M agnesium  s te a ra te  (Supplied  by P h a rm a c e u tic a l 
Sciences, T hailand)

F i lm  f o rm e rs

- C h itosan  L, Lot U CPL-L01; C h ito san  M, Lot U CPL-M 01 
an d  C h itosan  H, Lot U CPL-H 01, (U nicord  Pic., B angkok , 
T hailand )

P la s t i c iz e r s

- P ropylene glycol USP.XX, Lot PL  07 (S upp lied  by 
S rich an a  U nited  D ispensary  Ltd, B angkok, T h a ilan d )

- Polyethylene glycol 400 (PEG  400), Lot P ID  09/4 
(Supplied  by S rich an a  U n ited  D isp en sary  L td, B angkok , 
T hailand)

- G lyceryl tr ia c e ta te  (triacetin), Lot 43 H 3404 (S igm a 
C hem ical Co, MO, USA)
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C o m m e r c ia l  d r u g  p r o d u c t

- Inderal® , Lot 16250 (F.E. Zuellig (B angkok) Ltd., 
B angkok, T h ailand )

M is c e l la n e o u s

- A bsolute e th a n o l (E. m erck, D arm stad t, G ernam y)
- Sodium  chloride (E. m erck, D arm stad t, G ernam y)
- G lacial acetic  acid (E. m erck, D arm stad t, G ernam y)
- H ydrochloric acid (BDH  L abora to ry  S uppliers, E ng land)
- M eth an o l AR (BDH L abora to ry  S uppliers, E ng land )

E q u ip m e n t s
A naly tica l-balance (S a to riu s  m odel A200 ร, G erm any) 

B alance (B erkel AG, Z urich, S w itzerland)
D ifferen tia l th e rm a l an a ly ze r (M odel DT-30, S h im adzu ,

Ja p a n )
D isin teg ra tio n  a p p a ra tu s  (H anson  R esearch  m odel QC- 

21, USA)
D isso lu tion  a p p a ra tu s  (H anson  R esearch  m odel SR2,

USA)
F itz m ill (K an  S eng  Lee F acto ry  Ltd., P a rt, B angkok, 

T h ailan d )
H arv a rd  tr ip  balance (O haus F lo rham  P ark , N J., USA) 
H ot a ir  oven (M em m ert type U L 80, G erm any)
Kenwood m ix er (H avan t, H an ts  m odel A701 A, E ng land ) 
M icrom eter (Teclock Co., Ja p an )
O scilla ting  g ra n u la to r  (V iuheng E ng ineering , B angkok, 

T h ailan d )
O sw ald  v iscom eter ( USA)
O verhead  p ro jecto r (Elm o M odel H P-A290 , E lm o Co. 

LTD., Ja p a n )
P an  co a te r (F u ji E lectric  Co. LTD., Ja p a n )
P e ris ta ltic  p u m p  (U ni G la tt L abora to ry  un it, G erm any) 
pH  m e te r (H anson  R esearch  m odel H I 8417, USA) 
S cann ing-elec tron  m icroscope (JSM -T220A, Ja p a n )
Single p u nch  ta b le ttin g  m ach ine (V iuheng E ng ineering , 

B angkok, T hailand )
S pec tro p h o to m eter (Spectronic 2000, B ausch  a n d  Lomb, 

NY., USA)
S pray  nozzle (U ni G la tt L abora to ry  un it, G erm any)
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T ab le t friab ility  te s te r  (E rw ek a-A p p ara teb au  GmbH, 
H eu se n s ta m m  Kr, G erm any)

T ab le t h a rd n e ss  te s te r  (S ch leun iger m odel 2E/205, 
S w itzerlan d )

T herm olyne s t ir re rs  a n d  s tir r in g  h o t p la te  (N uova 7 
m odel No. S P -18420, T herm olyne  Sybron  Corp., D ubuque, IA., 
USA)

U n iv e rsa l ten s ile  te s te r  (In s tro n  4301, USA)
V -shape m ixer (K an S eng  Lee M ach inery  L td., B angkok, 

T h a ilan d )
V iscom eter (H aake  Rotovisco RV20 equ ipped  w ith  H aake 

R heocon tro ller RC 20 a n d  com pu terized  system ) (H aake  Mess- 
T ech n ik  G m bH , K arls ru h e , G erm any)

X -ray d effrac to m ete r (Philips, m odel PW  1130/90, 
N e th e rlan d )

M e th o d s

1. P re p a ra tio n  a n d  ev a lu a tio n  o f p ro p rano lo l HC1 core
tab le ts .

1.1 T he com position o f p rop rano lo l HC1 core tab le ts .

Core ta b le ts  co n ta in in g  a m odel d rug , p rop rano lo l 
HC1, w ith  th e  am o u n t o f 40 m g/tab  w ere p re p a re d  by u sin g  th e  
com positions show n in  T able 8. P rop rano lo l HC1, lac tose , PVP K 
30 a n d  Ac-Di-Sol w ere se p a ra te ly  p assed  th ro u g h  an  osc illa ting  
g ra n u la to r  w ith  a 30-m esh  sieve. M agnesium  s te a ra te  w as 
p assed  th ro u g h  an  osc illa ting  g ra n u la to r  w ith  a  80 -m esh  sieve.
T h en  a ll m a te ria ls  w ere d ried  a t  60 °c for 1.5 h o u rs  before used.
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T a b l e  8  T h e  c o m p o s i t i o n s  o f  p r o p r a n o l o l  H C 1  c o r e  t a b l e t .

S u b s ta n c e m g / t a b
P roprano lo l HC1 40.0
Lactose 195.0
PV P K30 7.5
Ac-Di-Sol 7.5
M agnesium  s te a ra te 2.5

T o ta l 252.5

1 .2  P re p a ra tio n  o f p ro p rano lo l HC1 core ta b le ts

P roprano lo l HC1, lac tose an d  A c-Di-Sol w ere 
w eighed an d  th e n  th o rough ly  m ixed to g e th e r  in  a  V -shape 
b len d er for 10 m in u tes. PV P K30 so lu tio n  (10% w/v in  ab so lu te  
e thano l) w as g radua lly  added  to th e  d ry  m ix tu re  in  a  K enw ood 
m ixer an d  ag ita ted  w ith  a fixed speed  o f No 1 u n til  w et m ass  w as 
ob tained . T he w et m ass w as g ra n u la te d  by p a ss  it  th ro u g h  a  18- 
m esh  sieve. The g ra n u la te s  w ere d ried  a t  60 °c for 1 h r  a n d  th e n  
sieved th ro u g h  th e  osc illa ting  g ra n u la to r  w ith  a  20 -m esh  sieve to 
ob ta in  uniform -size g ran u les . D ried  g ra n u le s  w ere  w eighed  an d  
m ixed w ith  m agnesium  s te a ra te  in  a  V -shape b le n d e r for 5 
m in u tes  an d  th e  lu b rica ted  g ran u le s  w ere co m p ressed  in to  250 
m g tab le ts  u sing  8.6 m m  in  d iam e te r, ro u n d  s ta n d a rd  concave 
punch  on a single p u nch  tab le ttin g  m ach ine . T he com pression  
force as w ell a s  ta b le t w eigh t w ere con tro lled  in  o rd e r to  o b ta in  
th e  ta b le t h a rd n e ss  w ith in  th e  accep tab le  ra n g e  o f 7 + 2 Kp.

a
1.3 E v a lu a tio n  of p rop rano lo l HC1 core ta b le ts

The p ro p ertie s  of core ta b le ts  w ere  in v e s tig a te d  ะ

1.3.1 A verage w eigh t an d  w eig h t v a ria tio n

E ach  of 20 tab le ts  w as accu ra te ly  w eig h ed  on 
an  an a ly tica l balance. T he av erag e  w e ig h t a n d  s ta n d a rd  
dev ia tion  w ere calcu lated .

1.3.2 T ab le t h a rd n e ss

E ach  of 10 ta b le ts  w as su b jec ted  to  th e  
h a rd n e ss  te s te r  w hich ex p ressed  th e  ta b le t  h a rd n e s s  in
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1.3.3 T ab le t th ick n ess

E ach  o f 10 ta b le ts  w as sub jected  to th e  
m icrom eter.T he th ick n ess  w as ex p ressed  in  m icro m eter (pm) 
u n it. M ean  an d  s ta n d a rd  d ev ia tio n  w ere d e te rm in ed .

1.3.4 T a b le t friab ility

A  sam p le  o f 20 ta b le ts  w as w eighed  on an  
an a ly tica l b lalnce. A  sam p le  w as te s te d  w ith  a fr iab ila to r a t  a 
fixed speed  o f 25 rp m  for 4 m in u te s . T he ta b le t  friab ility  w as 
rep o rted  in  p ercen tage .

1.3.5 D is in teg ra tio n  tim e

D is in teg ra tio n  tim e  w as m ea su re d  from  6 
ta b le ts  u sin g  a  d is in te g ra tio n  a p p a ra tu s . B o th  im m ersion  fluids, 
deionized w a te r  an d  d ilu te  H C l (1 in  100) so lu tion  w ere 
m a in ta in e d  a t  th e  te m p e ra tu re  o f 37 ±  2 °c th ro u g h o u t th e  
ex p erim en t. T he te s t  w as p e rfo rm ed  w ith  d isk . D isin teg ra tio n  
tim e w as m easu red  in  seconds. M ean  a n d  s ta n d a rd  dev ia tion  
w ere ca lcu la ted .

1.3.6 D rug  d isso lu tio n

T he p ro ced u re  for s tu d y in g  th e  re lea se  of 
p roprano lo l HC1 ta b le ts  w as b ased  on th e  U S P  XXIII, u sin g  
d isso lu tion  a p p a ra tu s  m eth o d  2 as  follow ing :

O ne th o u sa n d  m illilit re  o f d ilu te  HC1 ( 1 in 
1 0 0 ) so lu tion  w as p re p a re d  a n d  u sed  as  th e  d isso lu tion  m edium . 
I t  w as m a in ta in e d  to  eq u ilib riu m  a t  te m p e ra tu re  of 37 + 0.5° c 
th ro u g h o u t th e  ex p e rim en t. T he ta b le t  w as p laced  in  th e  
a p p a ra tu s  an d  o p e ra ted  for 30 m in u te s  a t  a  ro ta tio n  speed  of 100 
rpm . A 5 m l a liq u o t of d isso lu tio n  m ed iu m  w as w ith d ra w n  an d  
sim u ltaneo u sly  filte red  a t  v a rio u s  p re d e te rm in e d  tim e in te rv a l. 
T h e  volum e w ith d raw n  a t  each  tim e  in te rv a l w as rep laced  by th e  
sam e q u a n tity  o f th e  d isso lu tio n  m ed iu m  a t  37° c.

k i l o p o u n d s  ( K p )  u n i t .  M e a n  a n d  s t a n d a r d  d e v i a t i o n  o f  t h e  t a b l e t
h a r d n e s s  w e r e  d e t e r m i n e d .
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A p o rtio n  o f a  so lu tion  u n d e r  te s t  w as assayed , 
u sin g  a n  u ltrav io le t sp ec tro p h o to m e te r a t  w aveleng th  o f 289 nm . 
T he am o u n t o f p ro p ran o lo l HC1 re leased  w as th e n  ca lcu la ted  
from  ab so rb an ce -co n cen tra tio n  ca lib ra tio n  curve.

C a lib ra tio n  curve of p rop rano lo l HC1 w as 
p re p a re d  as  follow ing p ro ced ure  :

O ne g ram  of p rop rano lo l HC1 w as accu ra te ly  
w eighed  a n d  tra n s fe r re d  to a 100 m l vo lum etric  flask . I t  w as 
dissolved, d ilu ted  w ith  th e  d isso lu tion  m edium  to vo lum e and  
th o ro ug h ly  m ixed. T h is w as u sed  as stock  so lu tion  co n ta in in g  1 
m g of p ro p ran o lo l HC1 p e r  ml. A n accu ra te ly  m easu red  volum e 
o f th e  stock  so lu tion  w as th e n  q u a n tita tiv e ly  p ip e tted  an d  d ilu ted  
to  volum e w ith  th e  d isso lu tio n  m edium . T he fina l co n cen tra tio n s 
o f  each  so lu tion  w ere 10, 1 5 ,2 0 , 25, 30, 35 a n d  40 pg/ml.

T h e  ab so rb an ce  o f know n d ru g  co n cen tra tio n  
w as d e te rm in ed  by a  sp ec tro p h o to m ete r a t  289 nm . The 
d isso lu tion  m ed ium  w as u sed  as  a b la n k  so lu tion . E ach  
co n cen tra tio n  w as d e te rm in ed  in  trip lica te . The ca lib ra tio n  
cu rve o f p ro p ran o lo l HC1 in  d ilu te  HCl (1 in  100) so lu tion  w as 
il lu s tra te d  in  F ig u re  80 in  th e  A ppendix  1.

1.3.7 A ssay  o f active in g red ien t

T h e p ro ced ure  for stu d y in g  th e  d ru g  co n ten t 
w as b ased  on th e  B P 1993 as  follow ing :

T w en ty  ta b le ts  w ere sam pled , w eighed  a n d  
pow dered . A q u a n tity  o f th e  pow der co n ta in in g  20 m g o f 
p ro p ran o lo l HC1 w as sh a k e d  w ith  20 m l o f w a te r  for 10 m in u tes, 
ad d ed  50 m l o f m e th a n o l an d  th e n  sh a k ed  for a fu r th e r  10 
m in u tes . T he su ffic ien t m e th a n o l w as added  to produce 100 m l 
an d  th e  so lu tion  w as filte red . T h en  an  accu ra te ly  m easu red  
volum e, 10 ml, o f th e  f iltra te  w as d ilu ted  to 50 m l w ith  m eth ano l. 
T he abso rbance of th e  re su ltin g  so lu tion  w as m easu red  a t  th e  
m ax im um  a t  290 nm . E ach  co n cen tra tio n  w as d e te rm in ed  in  
trip lica te .

C a lib ra tio n  cu rve of p rop rano lo l HC1 in  
m e th an o l w as p re p a re d  in  th e  sam e w ay as  described  in  1.3.6 
u s in g  m e th an o l as a b lan k  so lu tion . T he ab so rb an ce  w as
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d ete rm in ed  by a sp ec tro p h o tom etry  a t  290 nm . T he ca lib ra tio n  
curve of proprano lo l HC1 in  m e th a n o l w as i l lu s tra te d  in  F ig u re  81 
in th e  A ppindix I.

1.3.8 Surface to p o g rap h y

Surface to p o g rap h y  o f p ro p ran o lo l HC1 core 
tab le t w as observed by sc an n in g  e lec tro n  m icroscope a t  th e  
m agnifications of 75 an d  2000 u sin g  15-20 KV e lec tro n  b eam  an d  
SEM  photom icrographs w ere tak e n .

2. P rep a ra tio n  a n d  e v a lu a tio n  o f film  co a ting  
form ulations

2.1 P re lim inary  s tu d y  o f th e  p ro p e rtie s  of ch ito san
solu tions

2 .1.1 P re p a ra tio n  o f ch ito san  so lu tions.

C h itosan  L M a n d  H  w ere ex am in ed . Som e 
in itia l p ro p ertie s of th ese  m a te r ia ls  a re  given in  T ab le  9.

T a b le  9 Some p ro p ertie s of ch ito san  L, M an d  H.
Chitosan %

deacetylation
0//o

m oistu re
color

L 97.2 12.9 Y ellow ishM 76.4 1 1 . 8 W hiteH 79.6 11.4 W hite

T hree g rad es o f ch ito san  w ere  in d iv id u a lly  
pu lverized  w ith  a F itz  m ill a n d  p a sse d  th ro u g h  a 80-m esh  
screen. R equired  q u an tity  o f ch ito san  w as g rad u a lly  d isp e rsed  in  
h a lf  of th e  requ ired  volum e o f w a te r  for 15 m in u te s  u n til  a ll 
partic les w ere tho rough ly  w etted . T h e  a m o u n t o f g lac ia l acetic  
acid giving 1 %  พ/พ acid in  th e  f in a l so lu tio n  w as d isso lved  in  
a n o th e r p a r t  of w a te r  an d  th e n  ad d ed  in to  th e  p rev io u s 
d ispersion . The m ix tu re  w as m ixed  w ith  a m ag n e tic  s t i r r e r  for 
18-20 h rs  an d  th e n  p assed  th e  so lu tio n  th ro u g h  th e  p o ly este r  
cloth before used.
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2 . 1 . 2  E v a l u a t i o n s  o f  c h i t o s a n  s o l u t i o n s

o f ch ito san
2 .1.2.1 The d e te rm in a tio n  of m olecu lar w eig h t

To d e te rm in e  v iscosity  av e rag e  
m olecu lar w eigh t o f ch itosan , O sw ald  v iscom eter w as u sed  to 
d e te rm in e  th e  tim e requ ired  for a given volum e o f so lu tio n s to 
flow th ro u g h  a  capillary . C h itosan  pow der w as d isso lved  in  
so lu tion  of sodium  chloride(0.2 M) an d  acetic  acid(0.2 M). T he 
co n cen tra tio n  o f ch ito san  so lu tions w as 0.05, 0.075, 0.100, 0.250,
0.500 g/100m l. T he d ensities of p re p a re d  so lu tions w ere 
m ea su re d  by u sin g  a pycnom eter. T he m e a su re m e n t w as m ade 
a t  room  te m p e ra tu re  a t  ab o u t 28°c u s in g  deionized  w a te r  a s  
re la tiv e  so lu tion . T he tim e in  second, for liqu id  to flow from  th e  
u p p e r m ark  to th e  low er m ark  in  th e  cap illa ry  tu b e  w as recorded . 
T he re la tiv e  viscosityCทุ,.61) w as ob ta in ed  by

ๆrel -  Pltl /Poh)
w hen  P! w as a  d en s ity  an d  t i  w as a n  

efflux tim e o f a  p rep a red  solution,Po w as a  d en s ity  a n d  to w as a n  
efflux  tim e o f a re la tiv e  solution.

The in trin s ic  viscosity  w as th e  
in te rc e p t of th e  p lo t betw een  In ทุr e 1 /cone a n d  cone. A ccording to 
th e  M ark-H ouw ink  equation :

[ทุ] =K m va
,th e  viscosity  average m olecular w eigh t o f polym er(M v) could  be 
ca lcu la ted  from  th is  re la tio n sh ip , "w here  th e  p ro p o rtio n a lity  
co n s ta n t (K) o f chitosan=1.8*10 '3 cm 3/g a n d  th e  sh ap e  facto r(a) of 
ch ito san  =0.93 (Q urash i, B lair an d  A llen, 1992).

2 .1.2.2 V iscosity d e te rm in a tio n

A cup an d  bob type v iscom eter, H aak e  
v iscom eter (m odel RV 20 Rotovisco), w as u sed  for th is  p ropose. 
In  all m easu rem en ts , 9 m l of ch ito san  so lu tio n s a t  th e  
co n cen tra tio n  o f 0.25, 0.50, 0.75, 1.50, 2.00 a n d  3.00% by w eig h t 
of ch ito san  L an d  M, and  0.25, 0.50, 0.75, 1.50 a n d  2.00 % by 
w eigh t of ch ito san  H  w ere in d iv idua lly  in v es tig a ted . T he 
rep o rted  d a ta  w ere averaged  from  th re e  d e te rm in a tio n s . E ach
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viscosity  o f th e  so lu tions w as th e n  p lo tted  ag a in s t th e  
co n cen tra tio n  to observe th e  v iscosity -concen tration  re la tio n sh ip .

2.1.2.3 pH  d e te rm in a tio n

C h ito san  so lu tions w ere p re p a re d  as  th e  
m ethod  in  2.1.1 w ith  th e  co n cen tra tion  as described  in  2.1.2.2 
T hey  w ere ind iv idually  m easu red  by a pH  m eter. The re su lts  
w ere th e  m ean s of th ree  d e te rm in a tio n s.

2 . 2  P re p a ra tio n  of film  coating  so lu tions

2 .2.1 T he fo rm u lations of film  coating  so lu tion

The co n cen tra tio n s of ch ito san  so lu tio n s 
p rov id ing  th e  viscosity of 125 m P a.s w ere se lec ted  to be 
p re p a re d  as  coating  solu tions. T hese se lected  so lu tions w ere  
easily  sp ray ed  an d  used  for th is  ex p erim en t. P lastic ize rs  w ere 
also added  to stu d y  th e  effect o f p lastic iza tion  a t  d iffe ren t 
co n cen tra tio n s as show n in  Table 10.



T a b l e  1 0  F o r m u l a t i o n s  o f  f i l m  c o a t i n g  s o l u t i o n s .

C h i to s a n P l a s t i c i z e r C o n c .o f  p l a s t i c i z e r  
(%พ /พ  o f  p o ly m e r )

C o d e

L
P ro p y len e  glycol 
P E G  400 
T ria ce tin

10,20 a n d  30
It tf

L0
LA 10, LA20, LA30 
LB 10, LB20, LB30 
LC10, LC20, LC30

M
P ro p y len e  glycol 
P E G  400 
T ria c e tin

10,20 a n d  30
It !!

MA10, M A20, MA30 
MB 10, M B20, M B30 
M C10, M C20, M C30

H
P ro p y len e  glycol 
P E G  400 
T ria ce tin

10,20 a n d  30
It It

HA10, HA20, HA30 
H B10, H B20, H B 30 
H C10, H C20, H C 30

LH
P ro p y len e  glycol 10,20 a n d  30 LHA10, LHA20, LH A30
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T he film  co a tin g  fo rm u la tio n s  w ere p re p a re d  
by th e  m ethod  described  in  2.1.1. P la stc ized  film  coating  
so lu tions w ere p rep a red  by d isso lv ing  th e  re q u ire d  p las tic ize rs  in 
th e  d ilu te  acetic acid  so lu tion  p o rtio n s before ad d in g  in to  th e  
m ix tu re . T he com bined ch ito san  so lu tio n s w ere  p re p a re d  by 
m ixing  th e  ch itosan  so lu tions o f L an d  H  in  ra tio  1:3 by w e ig h t .

3. P roprano lo l HC1 ta b le ts  co a tin g  a n d  ev a lu a tio n

3.1 P roprano lo l HC1 ta b le ts  co a tin g

C onven tional p an -sp ray  m e th o d  w as u sed  for th is  
pu rpose. T he film coated  ta b le ts  w ere  o b ta in ed  by follow ing 
p rocedure .

2 . 2 . 2  P r e p a r a t i o n  o f  f i l m  c o a t i n g  s o l u t i o n s

A batch  size o f 500 g o f core ta b le ts  w as loaded  in to  
th e  conven tional coating  p a n  eq u ip p ed  w ith  4 baffles. A n air- 
a tom ized  sp ray  nozzle w as a tta c h e d  a n d  a d ju s te d  on th e  u p p e r  of 
th e  ta b le t bed ab o u t 4 inches. T he core ta b le ts  w ere  w a rm ed  by
u sin g  th e  d ry ing  a ir  a t  60-65 °c, th e  e x h a u s t  a ir  a n d  th e  
a tom iz ing  a ir  p ressu re  o f 1.75 bars , for a b o u t 15 m in u te s . T h en  
th e  film  coating  so lu tion  w as app lied  w ith  in te rm it te n t  sp ra y  a t  
feed ra te  No. 0.25 u sin g  a  p e ris ta ltic  pum p . T he  a m o u n t of 
coating  so lu tion  applied  to each  b a tc h es  w as d e te rm in ed  from  a 
p ercen tag e  coating  level in c reased  a t  ab o u t 1.50 % by w eigh t. 
T he coated  tab le ts  w ere allow ed to be d ried  w ith  d ried  a ir  an d  
h e a t on for 10 m inu tes. A b a tch  size o f coa ted  ta b le ts  w as k ep t 
in th e  desiccator.

3.2 E valua tion  of p ro p ran o lo l HC1 co a ted  ta b le ts

The av erag e  w eig h t a n d  w eig h t v a ria tio n , 
h a rd n ess , th ickness, friab ility , d is in te g ra tio n  tim e, d ru g  re lease  
te s t  an d  th e  surface to pography  w ere ex am in ed  a s  th e  m eth o d
described  in  1.3.1-1.3.6. T he d ru g  re lea se  o f In d era l®  ta b le ts  w as 
also ex im ined  an d  com pared  to th e  d ru g  re le a se s  o f co a ted  ta b le ts  
p rep a red  from  th is  experim en t.

T he color an d  gloss o f coated  ta b le ts  w ere 
observed  w ith  n ak ed  eye. T he coated  ta b le t  d efects (cracking ,
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sp littin g  an d  picking) w ere e s tim a te d  by check ing  100 coa ted  
ta b le ts  sam ples.

4. P rep ara tio n  a n d  ev a lu a tio n  of free film s

4.1 P re p a ra tio n  o f free film s

The th in  free film s (50-100 pm) p re p a re d  by 
ev ap o ra tin g  th e  coating  so lu tions on th e  g lass p la te s  w ere  ta k e n  
by following procedure . T he so lu tions in  2 .2 .2  w ere  sp re ad e d  
onto  th e  clean  surface g lass p la te s  w ith  a  d ia m e te r  o f  15 cm. 
T he g lass p la te s  co n ta in in g  film  coating  so lu tio n s w ere  th e n  d ried  
a t  60 °c ( C h itosan  so lu tions o f L a n d  M u s in g  th e  d ry in g  tim e  fo r 
24-26 h rs  an d  48-50 h rs  for ch ito san  so lu tio n  o f H) in  h o t a ir  
oven.

D ried film s w ere co n seq u en tly  rem oved  from  th e  
g lass su rface  an d  s to red  in  th e  desiccator.

4.2 E v alu a tio n  of free film s

4.2.1 P hysical ap p earan ces

Color, tra n sp a re n c y  a n d  b leed ing  o f th e  free  
film s w ere v isually  observed. E ase  o f d e ta c h m e n t from  g lass 
p la te s  w as also obsierved.

4.2.2 The su b s tan ce  ch a rac te riz a tio n

In fra red  sp ectro m etry , X -ray  d iffrac tio n  a n d  
d iffe ren tia l th e rm a l an a ly sis  w ere u sed  to  c h a ra c te riz e  th e  
su b s tan ces  in free films.

4.2.2.1 In fra re d  sp ec tro m etry

In fra re d  sp e c tra  w ere  ex am in ed  by 
u sin g  a F o u rie r tran sfo rm  in fra red  sp ec tro m ete r. V ery  th in  free  
film s ab o u t 10-20 pm w ere p rep a red  a s  th e  m e th o d  d escrib ed  in
3.4.1. T he ob ta ined  film s w ere d irectly  ex am ined . T h ese  sp e c tra  
w ere com pared  to th e  sp ec tra  w hich w ere  ta k e n  from  in it ia l  
ch ito san  pow ders using  K B r disc a n d  th e  sp e c tra  o f p u re  
p las tic izers  w hich w ere ta k e n  by u s in g  m u ltip le  in te rn a l  
re flection  (MIR) techn ique.
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4.2.2.2 Pow der X -ray d iffraction
•

T he pow der X -ray d iffrac to g ram s from  
ch ito san  film s w ere exam ined  by th e  reflex ion  m eth o d  w ith  
n ick le-filtered  C uK a ra d ia tio n  of Jeo l d iffrac to m ete r o p e ra te d  in
th e  (ซ - 20 scan n in g  m ode betw een  4° an d  50.๐

4.2.2.3 D ifferen tia l th e rm a l an a ly sis

DTA curves of ch ito san  pow ders a n d  
ch ito san  film s w ere ob ta in ed  by u s in g  a  th e rm a l an a ly ze r w ith  a
h e a tin g  ra te  of 10 °c /m in, sen siv ity  ±  50 pv an d  c h a r t  sp eed  10 
m m /m in  in  s ta tic  a ir  a tm o sph ere  (a lum in iu m  sea led  cell).

4.2.3 M oisture so rp tion

T he d e te rm in a tio n  of th e  m o istu re  so rp tio n  of 
th e  s tr ip  film s w as ta k e n  by following p rocedure .

T he free film s w hich  w ere care fu lly  c u t in to  
re c ta n g u la r  size 5 x 7  cm 2 w ere p laced  on th e  w atch  g lassed  a n d  
k e p t in  th e  desiccato r w hich  filled w ith  silica gels for 1 w eek  a t  
room  te m p e ra tu re , ab o u t 28 °c. T h en  th e  f irs t s tep  w as to 
d e te rm in e  th e  in itia l d ry  w eigh t (Wo) o f th e  s tr ip  film s an d  
th e se  s tr ip  film s w ere s to red  in a  secu re ly  closed d esicca to r (6 
inches d iam eter) co n ta in in g  th e  s a tu ra te d  sod ium  ch lo ride  
so lu tion  in  th e  well, a t  room  te m p e ra tu re , ab o u t 28 °c a n d  ab o u t 
75% re la tiv e  hum id ity . The h y g ro m ete r w as also u sed  to  r e ­
exam ine th e  re la tiv e  hum id ity . T h en  th e  w eigh ts a f te r  co n tac ted  
th e  m o istru e  ( พ i)  w ere m easu red  a t  7, 10 a n d  15 days.

T he p ercen tage  o f th e  m o istu re  so rp tio n  w as 
ca lcu la ted  by th e  following eq u a tion  a n d  a ll m ean s a n d  s ta n d a rd  
dev ia tion  w ere ca lcu la ted  from  th re e  d e te rm in a tio n s

m o istu re  so rp tion  = W j - W o  X 100%

Wo

W here Wo = th e  in itia l w eigh t of th e  s tr ip  film
พ 1 = th e  w eigh t of th e  s tr ip  film  a f te r  exposed  to 

th e  m o istu re
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4.2.4 T he sw elling  of free film s

T he sim ple  m ethod  to d e te rm in e  th e  sw elling  
o f ch ito san  free film s w as m odified from  th e  tech n iqu e  o f W an 
a n d  P ra sa d  (1987). T he sw elling  va lu es w ere detected  from  the  
change of volum e a n d  w eig h t of film s a t  before a n d  a fte r  
su b m ersio n  in  deionized  w a te r  an d  in  d ilu te  HCl (1 ะ 100) 
so lu tion  a t  rom e te m p e ra tu re . T he d a ta  o f film s sw elling  w ere 
o b ta in ed  by following p rocedure .

T he film  specim ens w ere carefu lly  cu t in to  2.5 
cm X 2.5 cm s tr ip s  an d  k e p t in  th e  desiccato r w hich filled w ith  
silica gels for 1 w eek  a t  room  te m p e ra tu re , ab o u t 28 °c. The 
in itia l w eigh t (Wo) o f each  s tr ip s  w as m easu red . T he th ick n ess 
o f each  film  s tr ip s  w as ta k e n  from  th e  m ean  value  o f five 
se p a ra te  m ea su re m e n ts . T h en  th e  in itia l film  str ip  vo lum e (Vo) 
w as calcu la ted .

T he c ircu la r d ish  w ith  15 cm in  d iam e te r and
1.70 cm in  d ep th  w as filled w ith  deionized  w a te r  up to a  level of
1 . 0 0  cm a n d  placed  on th e  g lass p la te  of th e  o v erh ead  projector. 
Two tra n s p a re n t  scales g rad ed  in  m m  division w ere p laced  u n d e r 
th e  d ish  to m easu re  th e  d im ension  o f th e  film  s tr ip  im age w hich 
w as h e ld  on th e  sc reen  m agnetically .

E ach  film  s tr ip s  w as forced to im m erse  in to  th e  
m edium . A t 5 m in u te s  a fte r, th e  sw ollen  film  str ip  im age w as 
p ro jec ted  on th e  sc reen  a n d  m ea su re d  its  d im ensions. T he 
sw ollen  film  str ip  w as p icked  up a n d  placed  on th e  f ilte r  pap er. 
E xcess w a te r  on th e  sw ollen  film  s tr ip  w as th e n  rem oved  by 
ca re fu l b lo tch ing  o f th e  s tr ip  w ith  filte r p ap er. T h en  th e  
th ick n ess  o f th e  sw ollen  film  str ip  w as ta k e n  from  th e  m ean  
value  of five se p a ra te  m ea su re m e n ts , an d  th e  sw ollen film  str ip  
vo lum e (V i )  w as ca lcu la ted  an d  th e  w eigh t of th e  sw ollen  film  
( พ l) w as m easu red . T h en  th e  o b ta in ed  film  s tr ip s  w ere p laced
on th e  w atch  g lassed  an d  d ried  a t  60 ๐c for 20 h rs  in  a  h o t a ir  
oven. T he d ried  film  s tr ip s  w ere k e p t in  th e  desiccato r for 3 days 
before th e  fin a l w igh t ( พ 2 ) w as m easu red .

T he sw elling  of film  s tr ip s  w as p erfo rm ed  in 
tr ip lica te  an d  ca lcu la ted  by th e  follow ing eq ua tions.
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W eight sw elling  index(w ) = ( พ 1 - Wo)/W0 

V olune sw elling  volum e(v) = (V j - Vo)/V0

4.2.5 T ensile  p ro p e rtie s

T he u ltim a te  ten s ile  s tr e n g th  an d  p ercen tag e  
o f e longation  w ere ex am ined  by u s in g  a n  u n iv e rsa l te s tin g  
m ach ine equ ipped  w ith  100 N ten s io n  load cell. T he re la tiv e  
h u m id ity  of th e  lab o ra to ry  for te s tin g  w as ab o u t 55% an d  
te m p e ra tu re  w as 25 + 1° c. T he d a ta  o f ten s ile  p ro p ertie s  w ere 
o b ta in ed  by following p rocedure .

F ilm  specim ens w ere  c u t in to  sm all s tr ip s  by 
u sin g  a s ta n d a rd  knife. T he th ick n ess  o f each  s tr ip s  w as th e  
m ean  value  of five se p a ra te  m e a su re m e n ts  ta k e n  along  th e  
len g th  of th e  sam ple u sin g  a  m icro m eter. T he accu ra te  2 cm in  
len g th  w as m ark ed  in  th e  m iddle section  o f each  s tr ip s . T h en  th e  
s tr ip  w as carefu lly  c lam ped  by an  u p p e r a n d  low er p n eu m atic  
fla t-faced  grip an d  w as ex ten d ed  by th e  te s t  m ach ine  a t  speed
10.0 m m /m in  u n til i t  w as ce rta in ly  ru p tu re d . T he b rea k in g  force 
from  th e  d ig ita l d isp lay  an d  th e  ch an ge  in  th e  len g th  a t  th e  
m om en t of ru p tu re  w ere recorded . T he accep tab le  d a ta  w ere only 
ones ob ta ined  from  th e  s tr ip  th a t  ru p tu re d  a t  th e  b ila te ra l 
section.

T he la rg e r  film  s tr ip  w ith  0.57 cm of th e  w id th  
o f L0, M0 an d  HO cu t by u s in g  a  b igger s ta n d a rd  knife w ere also 
te s te d  to stu d y  th e  ten s ile  s tre s s -s tra in  cu rve o f th e se  m a te ria ls .

T he u ltim a te  ten s ile  s tr e n g th  a n d  p ercen tag e  
o f e longation  w ere d e te rm in ed  by th e  follow ing eq u a tio n s .

T he u ltim a te  ten s ile  s tr e n g th  = b rea k in g  
force/ cross section a rea .

T he p ercen tag e  o f e lo n g a tio n  = AL / Lo 
; AL = th e  d ifference o f len g th ; Lo = th e  in itia l

len g th

The m ean  an d  s ta n d a rd  d ev ia tion  o f bo th  v a lu es 
w ere o b ta in ed  from  3 d e te rm in a tio n s .
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7. E ffect o f acce le ra ted  cond ition  on th e  p ro p e rtie s  o f 
p rop rano lo l HC1 coated  tab le ts

The coated  ta b le t  w ere k e p t in  a  secu re ly  closed 
desiccato r co n ta in in g  a  s a tu ra te d  sodium  ch loride so lu tio n  in  th e  
well. T h is desiccator w as p laced  in  th e  in cu b a to r s e tt in g  th e
te m p e ra tu re  a t  45 °c for 1 w eek  a n d  inside  d esicca to r h a d  ab o u t 
75% re la tiv e  hum id ity . T he tre a te d  ta b le ts  w ere ex am in ed  for 
th e  vario u s p ro p ertie s as  sam e as th e  coated  ta b le ts  in  3.2 a n d  
u n ifo rm ity  of co n ten t in  1.3.7. T hese  d a ta  w ere  co m p ared  to  th e  
d a ta  o f coated  tab le ts  w hich  w ere ex am in ed  for th e  p ro p e rtie s  
a f te r  coating  and  k ep t a t  room  te m p e ra tu re  fo r 1 w eek.
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