CHAPTER III

RESULTS AND DISCUSSION

1. Evaluation of Propranolol HCI Core Tablets

The physical appearance of the ropranolol HCI core tablets was white with
rather smooth surface. It was d //n the natural of the raw material and

their color.
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gIAOn ir g
e maximal deformation

of NaCl especially g&tablet hardness, )
hardness of NaCl wg5/mo ' H.'1982). The final hardness

of tablets was often 9‘1 . the.ﬁ)nding between particles,
which was the building lﬂocks of tablets (V B.V. et al., 2002). Strength reduction

could be con rﬂﬂ ? FIﬁdmg. The decreased
hardness of lﬁts compressed from the addition of NaCl indicated that the adhesive
forces i dﬂ' ly, the high
yield ﬁtﬁ%ﬁ;ﬁ:@ﬁaﬂmﬂﬁ m ﬁﬁi ET t was found

by Veen et al (2000) for a blend of NaCl and pregelatinised starch. This was also the

reason for the increasing of % friability when increasing the amount of NaCl.

The values of bulk density and tapped density of NaCl were more than lactose
(Arthur, 2000). Hence, the volume of NaCl under pressure was less than lactose. It

was a reason that increasing the amount of NaCl tended to decrease the thickness and
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diameter of tablet. The decrease of disintegration time when increasing the amount of
NaCl was caused from its solubility. The solubility of NaCl in water (1 in 2.8 at 25°C)
was higher than lactose (1 in 4.63 at 25°C) at the same temperature (Arthur, 2000).

Table 4 The physical properties of propranolol HCI core tablets containing different

amount of sodium chloride

Properties : =
e f ﬂ‘\ Core 4 Core 5
e 4‘ ﬂ —
SR 301.97(4 ‘ "“\\L \ 302.03(5.49) | 302.33(4.04)
(mg) \\\\
2 Friability —
(%) = '
LRI 9.53(0.02) , : E \ 9.52(0.02) 9.51(0.02)
(mm)
4.Thickn ! : A _—
R 3.97(0.09) S40: 3.34(0.07) 3.17(0.07)
(mm) —
5.Hardn TR T
=8 11.41(0.94) ol “, 6.33(0.35) 3.56(0.57)
(kp) ' ,
6.Disintegra- — f
tion time 1 7.70(0.38) 8.1(0.39)
(min)
7.Uniformity
of Dosage u(%’) W 8(%‘] S(W(ﬁr ﬂl@(ssz) 96.36(1.42)
units (%)
3. "
A 'rzwﬁ TRyl TEre e
Cont 9 -
q

The uniformity of dosage units and the percent of labeled content of every

formulation were within the range of 90-110%, which followed the USP standard.
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2. Evaluation of Osmotic pump Tablets

The coated tablets exhibited smooth and uniform colored film. Color
migration did not occurred on surface of coated tablets. This came from the partial
ionic bond between chitosan and dye (Phaechamud et al., 2000).

Moist heat treatment at 60°C enhanced color intensity of tablets coated with
chitosan acetate film. The increase in time of moist heat treatment, the increase in the

color intensity visually observed. The coloration of coated tablets was intensified

radiative infrared.

2.1 Average We ATi

The weight va
Weight variation values/0f

CV <17.5).

'F"'J"J'

J‘:’:'.r e, | ,-7_'_

After exposure to &ccglérated cond the weight of coated tablet in which
core tablets containing NaC 33 3%6w/w (Core 3, 4, 5) was increased,

probably due to wate

4;.! with a less amount of
NaCl, less than 16.67%w/w, (Co . nded&) decrease in weight after
exposure to accelerawg condltlon ThlS due to the decrease of highly soluble

material an me.gjmﬁ ﬂ. ount of lactose, the
adsorption was una oreover, the mmsture content of coated tablets
gﬁ i ok ﬁ SHET PR 105}

), thus subsequentli I;
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Table 5 The physical properties of propranolol HCI tablets (Core 1-5) coated with
different chitosan film (A, B, C) freshly prepared and after exposure to

accelerate condition for 1 to 24 hours.

Mean (SD)
Formulation Weight Hardness Diameter Thickness | Disintegration
(mg) kp) (mm) (mm) time (min)

Al 361.77(826) | 2 9:89(0.02) | 4.36(0.06) >30
Bl 371.49(4.50) 20 02) | 4.41(0.05) >30
Cl 352.55(8.59 ' | 4.33(0.09) > 30

Al:24 359.20(8 : , 9.88(0:4 4.38(0.01) > 30

B1:24 363.62(4 4.32(0.08) >30
Cl:24 353.10(8 ) [ 4.35(0.06) >30
Bl:1 | 362.18(9.08 BT N 02) . | 4.30(0.03) >30
BI:3 364.16(7.4 207 1 2.89(0.02), 144.28(0.05) >30
Bl:4 366.26(564) L 0.890.08) | 4.30(0.09) >30
BI:5 362.85(9.43 2 4.30(0.07) >30
B1:6 366.66(6.63) 56 (4618400 4.26(0.08) >30
BI:12 364.91(7.14) | 450 1 4.30(0.12) >30
B1:24 363.62(4.38) |7 =20 | 0 432(0.08) > 30
B2 5 1i11.94) | 13.86(0.95) 10.04(0.01) 1 52.29(0.09) >30
B3 6. ) '19(0.06) >30
B4 . 453034y | 9.98(0.02) 1L14.00(0.09) > 30
BS 368.72(4.39). | 15.53(0.80) | 9.940.02) | 3.81(0.10) >30
BI:5 : | V ?WE}” ﬂ@'.on >30
B2:5 B72.57(8.73) | 1127(0.69) | 9.98(0.02) | 4.46(0.10) >30
B3:5 83.68(27 ) a(j ) % ! @’ >30
) RN RV IERIN Y oo
BS:S 369.39(6.24) | 11.22(0.68) | 9.97(0.02) | 3.919(0.05) >30

B1:24 mean that coated tablets used chitosan B as film former for coated core tablet /

and after exposure to accelerate condition for 24 hours.




2.2 Friability

Most coated tablets were not friable. Their weight was slightly changed during
friability test (< 0.01 %). The friability was also negligible in case of coated tablets
after exposure to accelerated condition. The minute friability of coated tablets was

due to the ability of film to protect the core from abrasion during friability test.

2.3 Diameter and Thickness

The diameter and
thickness of most coate hanged ﬂto their core tablet. NaCl had
tapped density value : ; ' , thereby the volume of NaCl
under pressure was e amount of NaCl in coated
tablets was incre ecreased of thickness was

obtained.

2.4 Hardness

was the maximum luﬂ of art clesEd adhesive force lower than
lactose. Incorporation Qf NaCl and decr ount of lactose affected the hardness

of core an I? ﬁﬁ% wwﬁj ‘qwﬂ ﬂ%dness was obtained.
However, the@amount of NaCl was less influenced in coat lets due to the higher
abil ﬁrﬂ ﬁ ted condition
wouﬁ:ﬁﬁnanﬁlﬁ i ﬁﬁ m ’re exposed to

atmosp eres with high relative humidity, multimolecular adsorption of water could
occur followed by condensation of water in the pore of the tablets. It has been
suggested by Ahleck and Alderborn (1989) that the presence of condensed water in
the pores of a tablet will reduce the bonding forces, between particles in the tablet and
thus decrease the tablet strength. A less pronounced effect was obtained from

saccharose. An increase in %RH during storage resulted in an increase in tensile
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strength up to a certain level. This was probably a result of a rearrangement of
molecules at the particle surfaces by the action of adsorbed water leading to a
formation of solid bridges. Whereas no such effect was obtained for calcium

hydrogen phosphate.
2.5 Disintegration Time

The disintegration time of coated tablets in deionized water is shown in Table
5. The coated tablets exhibited apparer igher disintegration time than core tablets.

Because of the gel formin i , the greater amount of film
would provide the thicker.ge aroﬂd cmfore its dissolution and this
was resulted in longe ater. The chitosan-coated
films were changed tosi

of treated film coated

thus the disintegration time

2.6 Labeled Content

From the determ —P fag : drug content, it revealed that
Fidblets was. ange of 90-110% as shown in
Table 6. All of themr were also _g@@ 9 the o ograph in USP 26.

Owing to acid soh,lble property of chggrsan film, incorporation of magnesium

stearate could rﬂﬂ'ﬁ ﬁteractlons between
protonated aming groups on chitosan and stearate molecules from magnesium stearate
'““"e?’-i“ﬁ"i"é‘w frynd ﬁiﬁ"ﬁw Ry

yplcal calibration curve for propranolol HCI data as determined by using
linear regression is shown in Table 1A to 7A and Figures 1A to 7A (Appendix A) The
dissolution data and profiles were demonstrated in five categories: firstly, showing the
effect of molecular weight of chitosan; secondly, showing the effect of moist heat
treatment; thirdly, showing the effect of passageway; fourthly, showing the effect of

osmolality of dissolution medium and finally, showing the effect of osmotic agent.
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Flgure 8 Hardness of core tablet with different amount of NaCl and tablet coated

with chitosan B freshly prepared and after exposure to accelerate condition

for 5 hours.
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Table 6 The average of percent label amount of propranolol HCI coated tablets with
core tablets containing different amount of sodium chloride (Core 1-5)
coated with chitosan film (B)

Formula %Label amount SD %CV
Bl 95.30 0.55 0.58
B2 1:72
B3 1.93

B4 49, | § 3.08

BS

R

N

2.7.1 The Effectof |

eté“were repared from three grades of

Propranolol HCI fily
: (earate; castor oil and brilliant blue). Three

chitosan and other additives (mag
grades of chitosan which used ’f ‘are n.in Table 3. The formulation A,
B and C were the ¢z a.._,f,..-r:m{-, osan A, B and C as a

polymer. _
I j
The drug release prefiles of propranofol HC1 from A, B, C and core tablet are
itk el o G e e et o

core tablet. Cofé tablet exhibited tbe highest drg release at ea@ time interval.
Fomalmﬁgﬁﬂmtﬁ %ﬁ?x%ﬂ%ﬂﬁmt of drug
releasequor formulation B, the percentage of drug dissolved was lower than those of
A and C. Generally, the permeability of membranes prepared from high molecular
weight chitosan was lower than that from those of low molecular weight. The
permeability increased with the increasing swelling index of the membranes. Swelling
index was proportional to the amorphous region. Crystallinity increased with the

increasing molecular weight of chitosan (Huei and Hwa, 1996). However, this lower
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drug release from B could be caused by the lower molecular weight of the polymer.
Tsaih and Chen (1997) attributed that larger molecular weight chitosan should have a
larger degree of polymerization, therefore the molecular entangle easier than smaller
molecular weight ones; in turn larger molecular weight chitosans should have more
intra-molecular hydrogen bonding and/ or more even charge distribution. As the
molecular weight decreased, more amino groups might become available for ionic
interaction with the oppositely charged ions (Rege et al., 1999). Additionally, the
chain flexibility of higher molecular weight chitosan were higher than those of lower
molecular weight ones. Thus, the iﬁ all molecular weight chitosan was
more than that of hlgher sa1h and Chen, 1997). More

stiffness and ionic mtelweenjchlt@aceuc acid and magnesium

stearate with chitosan a release of formulation B.

Therefore, the lower B) was selected to apply as

coating material for thy

The release pro g ifter exposure to accelerated
condition at 60°C 759
retardation of drug rel

that of freshly prepared. Q@ﬂ'e‘, 1S o
exposure to accelerated condition }}ﬁﬁb' cdif ower drug release than the others.
A revealed that tablets

RDT values of dlss‘gh:tlon proﬁies were M
A were not-si iffefent (P > 0.05) from those

B were@gmﬁcantly different from
those of A and C both ﬁ'eéhly prepared and aﬁer moist heat treatment for 24 h.

2.7.2 @uﬂog«:{l E’Janreatment on Dr.ﬂlj}ase
el el souid ‘3@4:34 BAANLIRL e

water re%nstance of chitosan film (Lim and Wan, 1995). The effect of moist heat

10. The more apparent

condition was greater than

ith film formulation B after

treatment was more dominant as presented in Figure 11. Moist heat at 75% RH 60°C
could promote sustainable release. The capability to sustain drug release also
depended on the treatment period. The longer period of treatment, the more prolonged
drug release was obtained. The long lag time was more prominent in release profile of

coated tablets especially at high treatment period. The drug release from coated
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tablets after exposure to accelerated condition for 1 h was conformed to the
monograph in USP 26 that not more than 30% of drug dissolved in 90 minutes. In
addition, after exposure to accelerated condition for more than 4 h, the release pattern
of these treated coated tablets were close to linear. Therefore, the treatment period for
5 h was chosen to apply for the later study.

Longer or higher temperature and %RH of moist heat treatment could greater
prolong drug release due to the water-soiuble solid comprised of ionic complex

ed into chitin. The thermally-induced

between chitosan and acetic aci A\

conversion of a water-solubie ¢ \\‘ \ / cqn film form into a water-insoluble

chitin film was concluded ""‘" ey et-al. ( schamud (1999) and Nunthanid

et al. (2004). Phaechamud (19 SO p u ¢Chanism of amide formation

between chitosan and*Carbex / b\\ \; ino group and carboxylate
17

ion could bind at ele ater in atmosphere of 75%

RH promoted exten;i y. , ﬁ" ﬁ\\\s\\ 7

ﬁf\\' eneratlon of the linkage was

N e decrease of hydrophilic
group after amidation le he dgcrease ‘ 1sso ion of treated film and related to

the alteration to insoluble ¢

boxylic groups to readily
react with each other. D

formed and water molécu

1S mechanism was

Y

;
ﬂ‘lJEJ’J“fIHﬂ‘ﬁWﬂ’]ﬂ‘ﬁ
ﬂW']ENﬂ‘iﬂJ UAIINAY



50

Figure 9 The dissol /‘ Ic ICl.from core tablet and tablets

c ange system
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Figure 10 The dissolution profiles of propranolol HCI from tablets coated with

different grade of chitosan after moist heat treatment at 60°C in pH

change system



51

a)
100 - —3
b
80
——BI
g“’ —=—Bl:
B ——BI3
X4 ——Bl4
—x—BI35
——BIl®S
20 ——BIL12
——BI124
0 )
1600
30
—s—BI:1
= ——BI3
——BIl4
20 A
B —x—BI15
2 ——BI1:12 AN,
X
(e ——— -~ —
v A
i E _J
Fosit i é/

120

ﬂ‘ﬂEJ’J"fI &mniW’Eﬂﬂ“ﬁ
ARIAINTUURIINYIA Y

Figureqll The dissolution profiles of propranolol HCI from tablets (Core 1) coated
with chitosan B after moist heat treatment for different time interval in

pH change system a) during 0 to 1440 min and b) 0 to 120 min of testing

interval
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Figure 12 sHoi tive dissolution time (RDT
value) and the time in\E/al of a 60°@>f propranolol HCI coated

tablets in pH change syit::én. The longer psl}od of treatment had the higher RDT

value, which i cﬁi fg\'ﬂ mwmﬁ tween the first 5 h
of moist heat ﬁtmengere mcmﬁ rapidly, whereas after more than 5 h, the RDT
values were.minimally_raised.. T & iﬁi r:ﬁ’ ominant to
decfeﬁ rﬁr Lﬁm‘m ﬁn mm }Iined by the

inﬂuenc?: of the ionic interaction. Within 5 h, more amino groups might be free to

become available for ionic interaction with the oppositely charged ion. More ionic
interaction between chitosan with acetic acid and magnesium stearate could occurred.
Therefore, the remained free amino groups was lower, the release rate were minimally

decreased afterward.
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2.7.3 The Effect of Passageway

The film coated tablets that contained 200, 400 and 600 pm of passageway at
various interval of moist heat treatment was used in this study. The comparison of
release profiles of osmotic pump tablets using three sizes of passageway is
represented in Figure 13-19. An enhancement of passageway had a tendency to
increase drug release. The orifice could increase the water intake and outflow rate

through the membrane. Most osmotic devices with a passageway had the drug release

higher than those without a pass%\ Hy)y after treatment for more than 4 h.

o¢t tamd that the apparent retardation
ter than that from without
treated tablets after testing

Drug release fro

of drug release from
orifice. This same ¢
interval of 5 h. In cog ation ¢ RDTS th release rate with passageway

was slower than those passa way i A t for 1 and 3 h as shown in

the system without orifice vased the volt mé of drug solution inside the system,
which would generate hydrostattc]:rgssu '€ that could deform and expand the film. At

..-' e

the critical point, {fig continuous water ‘Mﬁ could be equilibrated

and, for @ system with passageway,
orifice could decrease Rressure from infl water Therefore, membrane with less

W°"PT’1:'1°EJ"‘3“?‘1%? ﬂ“‘ﬁ’w 1N
hwaa’amiafﬁmaﬁmmﬁﬁ:m o

12 and 4 h), the one-way ANOVA showed statistically significant difference (P <
0.05) between coated tablet with and without orifice. This result indicated that for

without orifice was ta'lil;it 1~

long treatment interval on coated tablets, the orifice had more effect on drug release.
It might be due to more integrity coated film and less membrane relaxation after

treatment. Thus, long treatment period, drug diffusion through the membrane was
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Figure 13 The dissolution profiles of propranolol HCI coated tablets after moist heat

treatment for 1 hr with different size of passageway in pH change system
a) during 0 to 1440 min and b) 0 to 120 min of testing interval
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Figure 14 The dissolution profiles of propranolol HCI coated tablets after moist heat

fl'me(um)

treatment for 3 hr with different size of passageway in pH change system
a) during 0 to 1440 min and b) 0 to 120 min of testing interval
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Figure 15 The dissolution profiles of propranolol HCI coated tablets after moist heat
treatment for 4 hr with different size of passageway in pH change system
a) during 0 to 1440 min and b) 0 to 120 min of testing interval
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Figure 16 The dissolution profiles of propranolol HCI coated tablets after moist heat

treatment for 5 hr with different size of passageway in pH change system
a) during 0 to 1440 min and b) 0 to 120 min of testing interval
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Figure 17 The dissolution profiles of propranolol HCI coated tablets after moist heat

treatment for 6 hr with different size of passageway in pH change system
a) during 0 to 1440 min and b) 0 to 120 min of testing interval
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Figure 18 The dissolution profiles of propranolol HCI coated tablets after moist heat
treatment for 12 hr with different size of passageway in pH change
system a) during 0 to 1440 min and b) 0 to 120 min of testing interval
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Figure 19 The dissolution profiles of propranolol HCI coated tablets after moi-t heat
treatment for 24 hr with different size of passageway in pH change
system a) during 0 to 1440 min and b) 0 to 120 min of testing interval
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treatment ey

decreased, whereas the 05 ?ﬂg with " \\ as more influenced. For this

'f‘l

reason, the orifice of long perig —_ ied coat tablet had more affected on drug release.

penetrated throu 1

material. Moist heat trez

4 blet and dissolved active

tment could promote the lag tini€ before drug delivery began

Wﬁqwﬂmwmm

The lag times of film coated'tablet after treatment for 5 h (Ls) were decreased

oGRS TIH Yo ¥3 1B Y 400 na o

um, réspectively, whereas the drug release were increased from 2.73 to 6.38, 7.78,

as previousl

and 10.90 % at acid stage (after 90 minutes of testing interval). The difference of
release profile at the initial period from coated tablet with difference size of orifice
was clearly observed with treatment period of less than 24 h. Most small size of
orifice had longer lag effect and lower drug profile during the initial period than the

large one.
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For the coated tablet after treatment for 24 h, the lag times (L,4) were
decreased from 90 to 30 minutes in all sizes of passageway, whereas the drug release
were increased from 0.23 to 7.82, 7.46 and 8.12 % at acid stage with the orifice of
200, 400 and 600 um, respectively. Different orifice size from 200 to 600 um had
little effect both on lag time and % increased drug release at acid stage. The result was
related to coated film properties. The short period of treatment, the conversion of a
water-soluble film form into a water-insoluble chitin form was not complete. The

polymer relaxation of coated film could occur. Thus, swelling and diffusion was main

mechanism to control drug release. Size ¢ fice had influence to increase the water

more than smaller one, hence

'mr than that with small one.

fice had smaller lag time and

polymer relaxation of tablet.
Consequently, the lo

more initially drug r

For long peri 3k e e could obtain. Therefore,
swelling and diffusion i _- s snfa cted the drug released. Osmotic
system could be the aj cha m governing - release characteristic. Drug
release from osmotic sy; as nn ed : of the delivery orifice within

certain limits (Verma et in the initial release profile and

lag effect of 24 h treated tablet that was 10

L Ny

Moreover, the diffétgncé of the entire testing il

d by the size of the delivery orifice.
ised profile from different

size of orifice ten ) lower these was also explained

by this reason.

Bon 41 b 1720 R M At
ARTRRTIN TRy

2.7.4 The Effect of Osmolality of Dissolution Medium

The dissolution study were conducted on propranolol HCI coated tablets after
moist heat treatment at 60°C for 5 hr with 400 pm of passageway in water or in

glucose aqueous solution with different concentrations to vary osmotic pressure as
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represented in Figure 21. Assessment of drug release pattern in dissolution fluids
which were different in osmotic pressure was the convenient method to evaluate the
release mechanism (Narisawa et al., 1997). Figure 22 clearly demonstrated that the
osmotic pressure difference across the film was reduced by increasing the glucose
concentration in the test fluid while the lag time was prolonged and the drug release
rate was decreased. This evident could be explained that the increase in osmotic
pressure of dissolution medium could decrease in osmotic water influx. Therefore,

rate of solvent to dissolve the core component was decreased. The formation of inside

osmotic pressure was slower.. e was prolonged. In addition, the

decrease of amount of out ter Y j ugh the film coat with increase
in osmolality of dissoléhls iltua mased the drug released rate.
There have b/

across the membran

P
smotic pressure difference

ase behavior (Zhang, et al.,

where dM/dt was the's y-state release rate, A e surface area; C; was
the drug solubility; s Aa was the osmotic pressure

difference across the mea;nbranc L, was the mechamcal permeability which should be

:i‘i;ii‘:;“ qm:m mﬁ“mﬂ T e o
‘iﬁ’“ FSEMIInynaY

or equation, it was evident that the release rate of drug (dM/dt) was directly
proportional to the osmotic pressure difference across the membrane (Ax). A lower
osmotic pressure difference across the membrane (A7) would give a lower osmotic
flux, as this would reduce the release rate by diffusion through the membrane. For
controlling the drug release from this system, it was important to optimize the osmotic

pressure gradient between inside compartment and the external environment.
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Figure 22 The relationship between the relative dissolution time (RDT value) and

the molality of glucose solution medium from propranolol HCI coated

tablets after moist heat treatment at 60°C for 5 hr with 400 pm of
passageway
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However, drug solubility was also decreased as the osmolality of glucose solution was
increased (Phaechamud, 1999). It might be due to water being solvent that dissolved
both glucose and propranolol HCI. The increase of osmolality of glucose solution by
increasing glucose concentration in solution might mean that the solvent which was to
dissolve glucose was increased. Therefore, the dissolved solvent for propranolol HCI
was decreased. The increase of osmolality of glucose solution was result in decrease

propranolol HCI solubility.

It could be concluded 3\ ‘ > in drug release rate might be from two
factors: a decrease in the osmoti .g, ' across the film, and a decrease

in propranolol HCI solubility in gl cos;*ollﬁ.

—
2.7.5 The :

23. Osmotically active ag X 1u1? > , added to the core tablets in

different concentration increase in nt was affect tablet crushing

strength and disintegration'ti *f “core tablet. iThe physical properties of core tablet

are shown in Table 4. It coulda;@l | en. that tablets containing NaCl could
o T, :

prolong lag time arid their release rate‘gras wn in Figure 23 and 24.

d by the change of chitosan
brane coulﬁiecrease the water influx to

the system to produce a .glaé..'me and decrea%the release rate

ne LR A NN ANENNI.. o o 000w
MY ot K iotarh 11 o N 1A AT: 1

conceniratnon of Cl was raised by adding NaCl which screens the protonated amino
group. The bond joining together the water molecules bonded to chitosan which
caused polymer relaxation and swelling became split. The counter ion increased the
distances among chitosan and water molecules. In this situation, the lower swelling
could occur and caused to decrease permeability of membrane. Tsaih and Chen

(1997) also reported that in high ionic strength solution, the conformation of chitosan
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Figure 24 The relationship between the relative dissolution time (RDT value) and
the percentage of sodium chloride in core tablet of propranolol HCI
coated tablets after moist heat treatment for 5 hr with 400 pm of

passageway in deionized water
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~ became contracted. Comparison to the coat tablet without NaCl (B1:5:400), showed
that those with NaCl (B2:5:400, B3:5:400 and B4:5:400) had slower release rate and
prolonged lag time. When ionic strength was increased to infinity, the protonated
amine group was totally neutralized resulting in no electrostatic repulsion forces. The
intra-molecular hydrogen bonds were destroyed. Chitosan conformation became
extended (Tsaih and Chen, 1997). With this reason, the polymer relaxation of film
would increase and, as a consequence, could increase the permeability of membrane.

These results provided greater drug of coat tablet with NaCl 66.67 %w/w

2.8 The evaluation ¢

The determination g e, math n\ \ del was required to explain
the drug release chara€teristi \\ s of dissolution profiles was
performed to elucidate aodel f 'i perimental release data. The
determination values 01 ye fittis zero order, first order, Higuchi’s and
Weibull model were obtiined. The & or rug release model are shown in
Table 7. - -

Table 7 Tha rele v

- ’
ﬂ Equation
— -
i Ao v
10/’ = InQ, + kt
F=> = 172
| ; N ¢
: gl /1 bxXlogt—loga
: O/Qa = k"
Power law expression
In Q/Qs=Ink+nint
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O, was the amount of drug released in time 7, O, was the initial amount of drug
in the solution (most times, Q,= 0), Q, was the amount of drug released at infinite

time.

The drug releases were analyzed during 20-80% of drug release. The highest
coefficient of determination (R*) was accepted as the model for drug release. The

values of coefficient of determination from curve fitting with different equation of

core and coated tablets are shown in Table 8 and 9.

te film, correlation coefficients

(R?) of kinetic model could-i ly d‘:emmblhty of models. However,
perimental data was first

In case of tablets

the most suitable ma

order. This linear rela e properties of the film

coated tablets were in.good agre .: b Diffusion was caused by
the initial hydration ofpx g 1 Non medium, followed by
chain relaxation which jed annels or pores which drug
molecules could pass tht

The release mechaniSm 0 $ Stue = bine with another mechanism

due to low correlation of detcmjiﬁﬁi)n-« stems (r* = 0.9055-0.9997). The
e

é:\ as different in osmotic

assessment of drug gﬁhase pattern in dissol

pressure was the copyenient method f : echanism (Narisawa et
al.,, 1997). From the gdy of t ' ity oﬂiissolution fluids on drug

release behavior demon?rated that the dru; elease was decreased as the osmotic

pressure of mﬂ g]: ﬂ ﬁ effect with beads
containing propranolol HCI coated w1th aqueous polymeric dispersion was found by

?:‘t;ma”fﬁmﬁizma“ﬁv BT

osmotlc pumping had been reported that they possible enabled drug transfer through a

very low osmotic permeable membrane such as ethyl cellulose (Lindstedt et al., 1989;
Ozturk et al., 1990).

The release mechanism of film coated tablet was investigated by fitting the

dissolution data into the power law expression as shown in Table 8 and 10, when
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Q1 /Q, was the fraction of drug release (0.0-0.6), t was the release time, k was a kinetic
constant incorporating structural and geometric characteristics of the release device
and n was the release exponent indicative of the mechanism of drug release. In case of
swelled tablet, n = 0.45 for Case I or Fickian diffusion, n=0.89 for Case II transport,
0.45 < n < 0.89 for anomalous or non-Fickian transport and n » 0.89 for super Case II
transport.

The comparisons of the values of release exponent (n) revealed that
drug release data of treated tablets

anomalous transport was mo:

coated with chitosan fi drug release mechanisms were a

enklaxmver the drug release pattern in

various osmolality di i€ ™ tic pressure had an effect to

combination of diffusi
control the release

The drug rel 1S} melol HCI film coated tablet was
investigated. The eff oist - passageway, osmolality of

dissolution medium and hanism were discussed.

——— .
2.8.1 The effect of mggﬁ at t on drug release mechanism
- ol R

ol @605-3 1271, indicating the
mechanism of supercaie II transport. This re Uult pointed out that the untreated tablets

released theﬂn Eﬂ ﬁﬁ lxﬁlw 1 ﬂﬁon acted as dominant
mechanism n drug release from the tablets. The reason for this finding might be due
tot ar. id condition
aﬂdhﬁrmyfﬁ ﬁﬁﬁmﬂﬁgmviﬂiﬂc and thus its

permeablllty was enhanced (Berger et al., 2004). However, the similar mechanism

chitosan untreated Eblets v

was also responsible for drug permeation through most of the swollen hydrogel
membranes (Frohoff-Hulsmann, Schmitz and Lippold, 1999; Sujja-areevath et al.,
1996).
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Table 9 The coefficient of determination and release rate from curve fitting of drug

release from tablets coated with chitosan film after moist heat treatment at

60°C between 1-24 hours in pH change system and different equations

Zero order First order Higuchi model Weibull model

Formula = 3 5 Z

R k R k R k R
Bl:1 0.9753  0.1125 | 0.9995 0.0011 | 0.9969 3.9745 0.9991
B1:1:200 | 0.9508 0.0778 | 0.9961 0.0008 | 0.9904 3.1346 0.9978
B1:1:400 | 0.8794 0.0789 | 0.9689. ,0.0009 | 0.9439  3.0488 0.9697
B1:1:600 | 0.8699 0.0764 0.9376  3.1990 0.9630
B1:3 0.9591  0.0770 3.5434 0.9945
B1:3:200 | 0.9717 0.0 2.4783 0.9968
B1:3:400 | 0.9536 0.0533 -0 2.5479 0.9971
B1:3:600 | 0.9683  0.0448#| 00" 2.2034 0.9963
Bl:4 0.9874 “0.057" | 0 " 2.5943 0.9988
B1:4:200 | 0.9741 0430 2.1958 0.9986
B1:4:400 | 09518 0 2.2232 0.9984
B1:4:600 | 0.5686 #0.04 2.1271 0.9980
B1:5 0.9941 0042 2.3479 0.9965
B1:5:200 | 0.9816 19996 22828 0.9973
B1:5:400 | 0.9872  0.0447| 0.99 jf._.?' o",, 2.2190 0.9911
B1:5:600 | 0.9845 0.0407 |,09987 .99 1.9869 0.9922
Bl1:6 0.9880 0.0389 | O 0. 0.9992 22070 0.9998

Fm WA A

B1:6:200 | 0.9792__ 0.0444 | 09987 . 0.000 0 ,2.2590 0.9951
B1:6:400 | 0.973 :}.04)464— 213529 0.9980
B1:6:600 | 0.9764%.40.0429 | 0.9987 ) 252.1017 0.9941
Bl1:12 | 0.9952 Emm ' 9992/ 1.8393 0.9996
B1:12:200 | 0.9817 0.0333 | 0.9961 0.0002 | 0.9964 1.8898 0.9966
B1:12:400 33 g 0.9850
B1:12:600 ﬁm 934 mgjw wgﬁ ﬂ ﬁ 0.9888
B124 | 08979 00186 0.9983  0.0001 &9967 1.2023 0.9962
B1:24 p. 2 . 0.9883
BI: 24@%@%% ﬁoﬁﬁ ;mM2 ‘gm Hm 80.9878
B1:24:600% | 0.9900 0.0186 | 0.9943 0.0001 | 09958 1.0512 0.9946

*B1:24:600 mean that coated tablets used chitosan B as film former for coated core
tablet / after exposure to accelerate condition for 24 hours and containing

600 pm of passageway.
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For the release of treated tablet at difference time interval, the mechanism of
drug release was anomalous transport as shown in Figure 25 and Table 10. This
indicated that the drug release mechanisms were a combination of diffusion and
polymer relaxation. The alteration from polymer relaxation to combination of
diffusion and polymer relaxation after moist heat treatment was noted. Usually,
hydrophobic film coat was more effective than the hydrophilic film coat to retard the
penetration of permeating solvent. Therefore the more hydrophobic nature by greater
extensive amide linkage formation of the treated chitosan film, the slower was the

penetration of permeating solv ' er the inside viscosity and drug
O

diffusivity were increased and . Such diffusion mechanism was

typically observed in

materials (Sutinen et a],,y _

2.8.2 The effe

For both with
of drug release in pH ch
of diffusion and polymer r ion ni
tablets. The addition of orifice l@}xg reast _@_ release exponent (n) as shown in

—-"r'“r’

Flgurc 26 and Table:jO. It might be regarc i€ swelling effect. Adding

from the osmotic presgre inside t . € osﬁ)ﬁc pressure could induce
the expansion of the coa‘ed tablets and resu t further pore formation and/ or pore

enlargement i Hﬁeﬁ?’nm ﬁﬂ n mentioned by Li
and Pack (19@ ce also potentially enhanced the absorption of water, water
pene ore. an ﬁ‘%ﬁ ? oﬁ" on release
Proﬁnﬁﬁgo :Jya Qﬁ W"T Wﬁ rge
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Table 10 The values of release exponent (n), coefficient of determination () and
kinetic constant (k) of drug release from tablets coated with chitosan film
after moist heat treatment at 60° C between 1-24 hours in pH change

system
Power law expression model
Formula >
R n k

B1:1 0.9980 0.7814 0.0059
B1:1:200 0.7092 0.0081
B1:1:400 0.0074
B1:1:600 0:9667 ’ ' 0.0021
B1:3 0,.9958 . 0.0007
B1:3:200 9986 0.0067
B1:3:400 0.0069
B1:3:600 0.0149
B1:4 0.0025
B1:4:200 0.0091
B1:4:400 0.0066
B1:4:600 0.0125
B:5 0.0030
B1:5:200 0.0080
B1:5:400 0.0116
B1:5:600 0.0176
Bl:6 0.0017
B1:6:200 0.0081
B1:6:400 0.0078
B1:6:600 0.0146
BI:12 % 0.0017
Bl1: lZ:ZOﬂ u 0.0032
B1:12:400 4 ¢ 68 o 00039
ul 24 'y 0054
Bl 54:200 0.9929 0.6242 0.0046
B1:24:400 0.9929 0.6503 0.0039
B1:24:600* 0.9961 0.4968 0.0107

*B1:24:600 mean that coated tablets used chitosan B as film former for coated core

tablet / after exposure to accelerate condition for 24 hours and containing
600 um of passageway.
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Figure 26 The relationship between the release com
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between 5-24 hr in pH system.
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The decrease of lag time by passageway was the primary drug release of tablet
with orifice. The initial drug release of tablet with orifice during lag times of those
without passageway, the influence on drug release was mainly from passageway.
Later, drug release was influenced by several factors such as pore that was generated
from polymer chain relaxation, passageway from drilling and changed of permeability
of hydrated membrane from polymer relaxation. The effect of passageway on the
initial drug release of film coated tablets after treatment for 6-24 h was evaluated as
shown in Table 11. The lower interval of treatment (0-5 h), the lower lag time was
obtained that resulted not enough dat c ine. It revealed that the release kinetic

passageway was a function of

interval of moist heat treatment. C lati ﬂns (R?) of kinetic model could
not solely determine | t of this study showed that
when the interval of eased, th -45¢ mechanism was changed,

toward making havi v tlease with 24 ment. Increase of treatment
i of chitosan film. It might
decrease of diffusion . , v crés S sn ect was more dominant that
might be the reason ‘_ rele ase. The results obtained in this study
confirmed that the proper » J_ i€/ changed By moist heat treatment and

The dissolution Qroﬁles of treated ta&pt with 400 pm of passageway in 3 M

glucose solut ﬁﬁt ﬂ%% w ﬂgf?rﬁﬁmm these less than
e value

35% of rele release exponent (n) of treated tablet with 400

HEAL 0} RN 1

to supercase II after dissolution medium was 2 M. The similar effect was found by
Narisawa et al (1997).

This finding demonstrated that the release mechanism was controlled by a

combination of both diffusion and polymer relaxation.
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Table 11 The coefficient of determination and release rate from curve fitting of
initial drug release from tablets coated with chitosan film after moist heat
treatment at 60°C between 6-24 hours in pH change system and different
equations

Initial : : ; Weibull |
sulance. Zero order First order Higuchi model S
Formula tiiiie
. R k R? k R’ k R’
(min)

B1:6:400 | 45-75* | 0.9766 0.9643 1.2851 0.9891

B1:6:600 | 30-75 | 0.9847 0.9940 2.7980 0.9553

B1:12:200 | 45-90 1.8562 0.9966

B1:12:400 | 45-90 2.6925 0.9861

B1:12:600 | 45-90 2.6762 0.9850

B1:24:200 | 45-90 1.3644 0.9941

B1:24:400 | 45-90 2.1077 0.9887

' . N
1:24: 45- R : 0.9 ) . -
B1:24:600 90 |0 _ A\ 2.1674 0.9935
B1:24:600 mean that coatedfablets used chitosan B as film former for coated core
tablet / after exposure ), erate/condition for 24 hours and containing
600 pm of passagg — —
*45-75 45 minutes ed tablet with orifice had drug
release mon ‘
75 minutes Was the lag time blet without/passageway
0.9 T Y] *
NaWEINS
=1
0.45 ‘
¢ o s
| 16
r)q 1 v 2 L '

Figure 27 The relationship between the release component (n) and the molality of

glucose solution medium from propranolol HCI coated tablets after moist

heat treatment for 5 hr with 400 pm of passageway.



78

ol
°@
~
— 3
od (co
uw -
™~ =
- Z000'0 ‘0 | $6T00 980 W
8000°0 £000'0 0 | 18600  YISE0 | T
08000 1 §000°0 @660 | 000 6560 | WL
¥P00'0 €880 796600 fgo 60660 | 85610 Sv66'0 1a
¥ u A A BY 2 & ¥ S
[opow uoIssaIdXa me[ Jomod [opow [[nqIap Jopour 1yon3iy ﬂnl‘_o 19pIo 0137

wnipaw JudIayIp ul Aemoafessed ww () yym Inoy ¢ homo

Uk

n_.,
009 1B Juauneal) jeay jsiow

Io)e W1 UBSONYD YIIM PaJeod | SIO[qe) 2109 WOy asea[as Snip Jo Suiniy sAIND WOy djel ISLS[al PUE UOHBUIULIDIAP JO JLAIDIJJI00 Y] T dqEL




79

When osmotic pressure of dissolution fluid was increased, it would be concluded that
the diffusion mechanism was decreased. The capacity of permeating medium to
penetrate through the film coat to dissolve the encapsulated core component was
dependent on the film component and film property after moist heat treatment which
affected to the viscosity of surrounding environment of remained core tablet. The
permeating solvent entered the polymer, dissolved the drug and enabled the drug in
solution out of the coated tablet. The diffusivity of drug was strongly affected by the
concentration of the liquid and naturally it increased largely when the concentration of

amount of outer water would penetrate thruthfhefilm coat, thus this situation also

e of dissolution medium
increased as previously shown i <71 This\de monstrated that osmotic pressure
of medium obviously aff; ’I 4 , S ag time was the initial phase where
coated tablet was in '
through the film coat, di
inside tablets. The dec

permeating fluid penetrated
ind built up osmotic pressure

influx by increasing the osmotic
e

pressure of dissolution mediumgg_ﬂ?jgb

A {1.';; Y

component and the fogmation of inside osmoti

rate of solvent to dissolve the core

was prolonged.

AR IREN T NEIN T
AT St o

passageway are shown in Figure 28 and Table 13. The drug release mechanism of
prepranolol HCI treated tablet without osmotic agent in deionized water was
anomalous transport An increase in osmotic agent content caused an increase in

release exponent (n). This result presented that the release mechanism was supercase
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1.80 A
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090 ¢
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0.00 T v — T T T T 1
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Figure 28 The relatio it (n) and percentage of
sodium ch 1 coated tablets after
moist heat eway in deionized
water
II. Incorporation of Na ssure inside coated tablet
However, the release rate uence of the prolonged lag
time as shown in Figure 24. Whe _ ] e lag time, the release mechanism of
coated tablet with NaCl was sup: rcase TL. This r firmed that the osmotic
pressure influenced .f: echanism of drug T de diffusion and polymer

relaxation mechanism. m

The re i ﬁ)’ obviously evident
after incorpom m ﬂ-ﬁm‘j attributed to the
change of chitosan conformation b ibnic strength &ffect. Inco of NaCl, led
oA KBTI alaX i ifaY-X T

ionic s gth concentration (core 2, 3, 4), the conformation of chitosan became
contracted. The related effect with small molecular weight chitosan in solution with
ionic strength between 0.01-0.3 M was reported (Tsaih and Chen, 1997). This result
could indicate the decrease of permeating medium to penetrate through the film coat.
When amount of NaCl was more increased, the ionic strength and osmotic pressure

inside coated tablet was also increased. When ionic strength increased to infinity (core
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5), the protonated amine group was neutralized. Chitosan conformation became
extended. The increase of ionic strength with increased osmotic agent of more than
66.67 %w/w would raise the release rate. The increase of osmotic pressure and
change of chain conformation provided the greater drug release than those with lesser
amount of NaCl. This demonstrated that osmotic mechanism and ionic strength

affected the drug release profile.

Wy,
hs QOWQM topography of coated

rough and homogeneous.

2.9 Surface Topography

Scanning electro
tablets are illustrated i
However, several repe wed Ah | embrane. ed from chitosan was
transparent, integral, hef | s
1995; Qurashi, Blair 2 : :
film-coating formulation sd- _ , th < particles dispersed in the film
texture (Ritthidej, et al. ter my “ heat tre tat 60°C for 5 h, smoothner
film could be observed, as ’

The cross-section topog_%:pf coated tablets which core tablets containing
different amount of @1 betw M?F’ e 1-5) are displayed in
Figure 30. The scannijg otomicr ed that the film was rather
loosely adhered to thegre tablet su were vo@spaoes as boundary layer

between core surface and aﬁlm coat. An additi o of NaCl into core tablets resulted in

thickener film. %fjgnhur 2000). Thus,
the volume of @uﬁ pressure wasnjmacto | incorporation in core
tablets ic e?k i volume of

film SO Wﬁﬁ‘fwlﬁmmm m ﬂs resulted.

In addman the process of coating was concerned. Higher amount of NaCl would

diminish the void spaces in the cross-section especially coated tablets which
containing NaCl 66.67 % (core 5). It might be due to the lower strength of coated
tablets. NaCl particles had lower adhesive force than lactose. Adding NaCl led to a
decrease in the amount of lactose that affected the hardness of core and coated tablets.

Weak tablet would have low resistance to pressure from cross-section method. The
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lower void space in the cross-section while increasing amount of NaCl was obtained.
The inferior void space of NaCl containing coated tablets after moist heat treatment
had the same reason which concerned hardness of tablets. After treatment, the tablet
strength was lower. When tablets were exposed to atmospheres with high relative
humidity, multimolecular adsorption of water could occur followed by condensation
of water in the pore of tablet. Ahleck and Alderborn (1989) suggested that the
presence of condensed water in the pore of tablet would reduce the bonding force
between particles in the tablet and thus decrease the tablet strength. Moreover, the

cross-sectioned clue on film and SMOC b blet content in cross-sectioned area

Z

were clearly observed on t as shown in Figure 31 B, C, D
and E. It might be due to.the.

[OWLst eng? of @pressurc from cross-sectioned
method produced the( ition 10

content in cross-secti

her. The smooth core tablet

In case of pas: ifip ¢ ¢ ‘ hs showed the surface and

round shape and un ALEW 1y edg e WETE C ta ed. There was only minute
dissimilarity on two in, ] _ _J_ i : Figure 32 A and B which
indicated the reproducibili drillingopidecss It could be suggested that the
drilling was suitable method to prp@bda(}

O Al "‘;

2.10 Physicochemicg I;ro

1o ‘ﬂ"uﬁ“%’mﬂ‘m NEIN?
o L T A e

in Fi lgu 33. The diffraction characteristic of chitosan powder was composed of a
large reflection at 20°260 and a minor reflection at 10.6°20, respectively. Ogawa
(1991) had proposed chitosan into three forms: non-crystalline, hydrated crystalline
and anhydrous crystalline. The hydrated crystalline structure showed one of reflection
at 10.4°26 and anhydrous crystalline showed one of reflection at 15°20.
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Figure.29, .Sucface marphology ef tablets.coated.with ehitosan, agetate film: freshly
prepated (A)and &fter'éxposure to moist heat at+60°C for 5+ (B) (1:

surface area x 500; 2: surface area x 1000)
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Figure 30| Scanning electron photomicragraphs of the crogs.section oficoated tabiets
that core tablets containing sodium chloride 0% (A) 16.67% (B) 33.33%
(C) 50% (D) and 66.67% (E) w/w (cross section x 100)
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108 Py L 481
A1HE %3

Figure317 /Scanning electron photomicragraphs of the Eross sectiofiof edated tablets
after exposure moist heat at 60°C for 5 h that core tablets containing
sodium chloride 0% (A) 16.67% (B) 33.33% (C) 50% (D) and 66.67%

(E) w/w (cross section x 100)
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Figuré 32 /Surfade'morphology bf passageway of tablets coated with chitosan acetate
after exposure to moist heat at 60°C for 5 h (passageway size 400pm x
100)
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Since the diffraction pattern of chitosan powder exhibited reflection at 10.6°20, the
chitosan used this study was hydrate form. In addition, Yui et al. (1994) and Ogawa et
al. (2004) claimed that anhydrous crystalline became insoluble in acidic solvents
which involved the noncrystalline region whereas hydrated crystals were easily
dissolved in acidic medium. Hence, it was strongly evident of the existence of

hydrated crystalline form of chitosan in this experiment.

By comparison, the crystallinity of salt form of chitosan was less than neutral

tearate, stearic acid and

brilliant blue are display; iguge 34 e domin of magnesium stearate

by Ertel and Cartensen ( icular interest was the region near 20 = 21°.
The diffractogram of the dih ratvmlhy ate magnesium stearate exhibited several
distinct peaks while in the case o ﬁhy

= ".—F

This type of peak way indicative of a struc | g[é magnesium atoms of

Cartensen, 1988). It wqa of diffraction peak of chitosan
acetate film after incorpé)ration of additive tsmagnesium stearate, castor oil and

brilliant blue) ﬁonger than that of
chitosan acetatﬂyﬁp?mfgﬂe new peaks that were different froin cast
film pe mﬁ oat prised of
main Cﬁ?ﬁiaﬁﬁg %‘ﬂﬁﬂ% zﬁﬁ of peeled

off film gmtosan were corresponded to stearic acid peak characteristic (at about 9.5,
21.5 and 28.66°26) which resulted from the transformation of magnesium stearate to
stearic acid under acidic condition. However, the reflection at 5.32°20 still presented
in the diffraction of coated film which indicated the existence of magnesium stearate.

After moist heat treatment for 5 h, it was found that there was no change in X-ray
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Figure 33 X-ray diffractograms of (A) chitosan powder; (B) chitosan acetate cast
film; (C) film peeled off from coated tablet; and (D) film peeled off from
coated tablet after exposure to moist heat at 60°C for 5 hrs.
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Figure 34 X-ray diffractograms of (A) magnesium stearate; (B) stearic acid and (C)

brilliant blue
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diffraction pattern. It could be concluded that moist heat treatment did not affect the

structural arrangement of coated film.

2.10.2 Fourier Transform Infrared (FT-IR) studies

The IR spectra of chitosan powder, chitosan acetate cast film, film peeled off
from coated tablets and after exposure to moist heat treatment are illustrated in Figure

1670, 2990 and 3436.8 cn

1595.9 cm™ representi

0 cm™. The NH, deformation at

i moup and the C=0 stretching
(amide I) peak was senting the structure of N-
8 cm” was assigned O-H

acetylglucosamine d .
stretching indicatin ; r hydrogen be *f d the peak nearly to 2990

The evidence CHEMOE chitofaMcetate cast film exhibited the
peak at 1566.1 cm” whichiverg dadic ted and (Osman and Arof, 2003) but
> deformation was disappeared.
 C=0 stretching vibration
of free carbomc acid ‘Yamamoto et al four d. The disappearance of NH;
- cetate S prob bl)Diue to interaction between
NH;" of chitosan and —COO— of acetic a01d molecules to form the amide linkage

mmﬂumwsmwmm
-4 WAL TAIRIY Wial 1 jav: 11 e

should r peak at 1746 cm™ indicating of the carbonyl of esters which were the

component of castor oil. The dominant peaks of coating film at wavelengths of

deformation in the ﬁt :

2919.77 and 2852.21 cm™ were from C-H symmetric and symmetric stretching of
hydrocarbon chains in stearic molecule of magnesium stearate. The shift of peaks to
the lower wavelength from 1566.1 to 1544.1 cm™ after incorporation of several

additives in chitosan acetate film was observed. This evidence might be the ionic
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film peeled off from coated tablet and (D) film peeled off from coated
tablet after expose to moist heat at 60°C for 5 hrs.
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Figure 36 FT-IR spectra of (A) brilliant blue; (B) magnesium stearate; (C) stearic
acid; (D) castor oil and (E) film peeled off from coated table
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interaction between protonated amino groups on chitosan and carbonyl group of
stearic acid liberated from magnesium stearate molecule. This was the suggestion by
Phaechamud (1999). While the longer duration of moist heat treatment, the sharper of
peak of C=O stretching (1655 cm™) was found in coating film. This evidence
indicated to the amide formation. Ritthidej (2002) suggested that moist heat treatment
at the temperature of 60°C and 75 %RH could change ionic interaction to rather
homogeneous amide formation in chitosan film. In other words, the sharper peak of

C=0 stretching represented the structure of N-acetylglucosamine of chitin, while the

strong peak at 1550-1600 cm” rc' -.- i e acetate salt form were absent. The

incidence of the conversio: chitc
Nunthanid, et al. (2004) qhe

The FT-IR I
Figure 36. The domina cak irred at 2920.2 ar 2851.7 cm™ in FT-IR spectra

to chitin was also reported by
aric acid are displayed in

stretching of hydroca hding in stea cule. The broad peak around 3100-
3600 cm™ was the pea the zation in magnesium stearate.
, of stearic acid. The small
peak at about 1467 cm™ wz ﬂmﬁﬁs ﬁ r g found both in spectra of magnesium

stearate and stearic acid. The peak 2) 7 P at,_1577.6 cm™ in FT-IR spectra of

carbonyl group was ,,,- onized state. In ot s, this’broad band at 1577.6 cm™
s ' DOXY! stretﬁng vibration. These peak
characteristics of metal ?mrate were 1dent1fied by Antony et al (1999). The C=0

ol (1713 ¥ mw as“?f,:;g:‘: e
ammgm NRINYINY

CH;3(CH>);6C00

was assigned to the

The differences between the infrared absorption spectra of stearic acid and
magnesium stearate are mainly due to change in absorption bonds association with the

carbonyl group. The peak shift of magnesium stearate from 1577.6 to 1704.6.6 cm’
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of stearic acid indicated that the carbonyl groups had changed from an ionized to an
unionized state in forming stearic acid. The stearate chain could liberate from
magnesium salt in dilute acetic acid, as confirmed by Ritthidej et al, 2000. The
breakdown product of magnesium stearate molecule, stearic acid that containing
carbonyl group in its structure could interact with protonated amino group on chitosan
by electrostatic charge. The peak at 1544.1 of coated film was CO, symmetrical
stretching. This might be the result of partial ionic interaction between protonated

amino groups on chitosan and carbonyl group of stearates in stearic acid and

e l////

2.103 Dlifer mg‘lal@SC) studies

.—-"’
The DSC ma/

peeled off from coatet €T €Xpos " \ : st heat treatment are shown in
Figure 37. The endo ‘ 100°C, attributable to water
loss, represented the e

acetate cast film (Li

e water that present in the chitosan
L : 002; Nunthanid et al., 2004).
Chitosan molecules ha . nity.for er molecules. Chitosan acetate films

vder, probably because the chitosan
g the film more hydrophilic than the

_-, ¥ % ; -
powder (Cervera % il 2004). Hence, _cﬂtgg film still exhibited the

endotherm near 1007C. J

The endotherm&c k of magnesmm stearate appeared at 110.2°C as showed

in Figure 3 m ('Tﬂﬁlogram obtained from
the anhydro ﬁHﬂmagn ﬂa xhibited a single endothermic transition
that ﬁf;gjteamle in this
Stud s\ﬁ'ﬁhﬁl ﬁ ﬁrsl mﬁlﬁﬁﬁa’%’ﬂﬂi’ power X-ray

dlffrac ogram. DSC analyses of chitosan acetate coating film that containing additives

showed that there was no endothermic peak of magnesium stearate and/ or stearic acid
but the new endothermic peak was appeared at 87.1°C. This endothermic peak should
be the characteristic of hydrate form of magnesium stearate since the anhydrous form
of magnesium stearate changed to trihydrate form during coating process. When the

relative humidity exceeded 50% the anhydrate rehydrated to form a trihydrate as
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Figure 3‘8 DSC thermogram of (A) stearic acid and (B) magnesium stearate
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reported by Ertel and Cartensen (1988). Moreover the endothermic peak represented
the loss of water from dihydrate and trihydrate magnesium stearate at about 100.1°C
and 82.9°C respectively (Ertel and Cartensen, 1988). For coated film after moist heat
treat for 5 h, the lower endotherm peak at 87°C was noticed. The lower endotherm
peak that represented the loss of water from hydrate form might be caused by the
lower quantity of hydrate form of magnesium stearate. This finding might be
attributed to the generation of anhydrate by moist heat treatment. Ertel and Cartensen
(1988) revealed that the anhydrate could be regenerated by drying the trihydrate at
105°C. Thereby after treatment, t\% peak at 87°C was shown.

As previously meéntione trolled by diffusion and
b ility and the nature of the
polymer membrane were if 8 h table ng and change of passageway

size might be the usefu g expl j n the di oM g release rate of the film

*r ,,,,,,
Propranolol HCI film c%atgf'_@nl; cont: _,_|_ various amount of NaCl with

400 pm of passagevygxaﬁer moist Beat <;5 hours were chosen for

investigated in deionized water. The percent Swel

swelling tests was m eriment a{yjepresented in Figure 39.

During the first 6 h, the maxlmum percenta e of tablet swelling was from those
without NaCl. ed when NaCl was
incorporated 1@mm§c y co mn tained NaCl of 16.67-50
Yow/w :fﬁ g f chitosan
confoﬂ %ﬂ(ﬁﬁeﬁ;% m ﬁﬁ%m Zf increased.

In hlgh onic strength, the conformation of chitosan become contracted (Tsaih and
Chen, 1997). Hence, chitosan film coated tablet with NaCl 16.67-50 %w/w
(B2:5:400, B3:5:400 and B4:5:400) was less swelling than those without NaCl
(B1:5:400). This result was corresponding to the prolonged time lag and decrease the
drug release when NaCl was incorporated into the coated tablets. However, while the

amount of NaCl was sufficiently increased (B5:5:400), the tablet swelling was also
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Figure 39 The percent s | film coated tablets containing
different ametint loride a 1st heat treatment at 60°C
for 5 h in deig
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Figure 30 The size change of passageway of propranolol HCI film coated tablets

containing different amount of sodium chloride after moist heat

treatment at 60°C for 5 h in deionized water
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increased. It was obvious that coated tablet with NaCl 66.67 %w/w (B5:5:400) was
more swelling than those with lower amount of NaCl (B2:5:400, B3:5:400 and
B4:5:400) and also more than those without NaCl (B1:5:400) after 12 hours. This
characteristic was also affected by the ionic strength. While ionic strength increased
to infinity, the protonated amino group was totally neutralized. The destruction of
intra-molecular hydrogen bonds was occurred. The conformation of chitosan would
dilate (Tsaih and Chan, 1997), thus high swelling of tablets with NaCl 66.67 %
(B5:5:400) was obtained. Moreover, the increase of NaCl amount was also increased

osmotic pressure inside coated ic,pressure would be another important

ount NaCl tablets. The percent
st @omﬁaut NaCl was decreased after 6

osmotic agent of more than

factor that affected to inc

swelling of coated tab?

h. The increase of os

33.33 %w/w (B3:5: ing until 24 h. Furthermore,
coated tablet containi _ 00), exhibited different of
swelling. This eviden ine : ; ti sure had influence on the

The change of p containing various amount of
NaCl was evaluated, as re sﬂﬁ’ln ‘ ) change of passageway size was
not clearly distinguished in some‘pa;es bly. due to the smali amount of sampie

and other factor sqc‘:has unsmooth edge{)f w e drilling, the swelling of

anges of passageway size of

treated tablets within 2 h C less tﬁn 30%. During first 6 h, all

treated tablets showed Hacreascd tablet sw%mg and the smaller size of passageway

were noti %%ﬂ ﬂ of coated film. The
polymeri::ﬂm hydrated m [tg}:valh e dissolution medium,
follo gﬂ ﬁe’ elling. The
expa W &mﬁn illﬁﬁlmﬂﬂ used smaller

size o passageway. This step could also prolong the lag time in drug release
characteristic. Therefore. the membrane swelling could affect the aiteration -

passageway size.

During 6-12 h, the passageway size of treated coat tablets containing NaCl

tended to increase, whereas those without NaCl had decreased size of passageway.
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Adding NaCl led to increase osmotic pressure inside tablets. The increase of osmotic
pressure inside tablet provided the increase of water intake and driven off which
might influence the passageway size. Thus, osmotic pressure would affect the change
of passageway between dissolution tests. However, the decreased size of passageway
from coated tablets without NaCl might be caused by the higher swelling behavior
during this period. After 12 h, most coated tablets with NaCl had larger size of
passageway than these without NaCl. Moreover, coated tablet with lower amount of
NaCl (B2:5:400 and B3:5:400) exhibited slight alteration of passageway size, whereas
B5:5:400 showed an increased in pass gsize until 24 h. The coated tablets with
highest NaC! quantity (B5:5:400), pressure could cause erosion of weak

explained that osmoti Cl was important factor influenced the change
of passageway. Thi e \ -\:\ ic pressure inside tablets

together with memb. of passageway size.
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