Chapter III

Results

1 ~ Evaluation of Physicochemical Characteristics

1.1 Determination &tylation of chitosan

chitosan products was
determined and described in Appendix A.
time produced chitosan in

different degree of déacéfvlatin in Table 8

- .
&h Jproducts from various

Table 8 .
- - -fe Fw._1 v 1 | [
AN TN AL
Chitosan Q.I . ction' time v 4 Daéetylation
¢ o v
AN NI VIFINAN &
cs & ' 2 67.70
€S 3.5 3.5 71.75
CsS 7 7 72:35
CS 10 10 78.61

* CS was abbreviated from chitosan, the number indicated reaction tim

using
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Chitosan products having different degree of deacetylation were
obtained by varying reaction time. It was found that an increasing

reaction time could increase degree of deacetylation.

1.1.2 Infrared spectrometry

\

Infre employed in this study to

E‘Qchltosan products. The IR

\"q spectra show a peak at about

determine the resi
spectra were depictg
1700 em™l  for : #Lehi N blending. The majority
was from C=0 s : ‘ \ iS seen that the following
spectra were appgfre ‘rom this observation, the
absorption peak f‘ each chitosans associated
with the degree ofdesfe colloidal titration except
Ccs2. ) Ly

1.2 Viscosit%easu reme @

vflll,mnnﬂ NAWHINI. + e
Mmﬁ SN EN 11 s b
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Table 8 Viscosity values of 1 ¥ (w/v) chitosan in 2% acetic acid

Chitosan | Viscosity(cps)+s.d.

Cs 2

: Vy 370x103:l:008
s 8.5 : / 65x103+016

cs 7 \,g.ax 103 + 0.18
cs 10 \\\\
\
The visc with increasing reaction

time. It could be having higher degree of

deacetylation (chitosan j‘-',"—; deac ated using higher reaction time)
exhitibed lower wisc

|

s

2. Evaluation of sical Propertiw of Co- y Dried Powder

‘mﬂ?ﬂHWQWHﬂﬂi

powder propranolol hydrochlor ide and

cmtoa]wmf mﬁwﬂdv] 61(}%&';6] a Bavaluated for

their physical properties as follows:

The

2.1 Morphology of Powder

Figure 6 showed the scanning electron photomicrograph of

propranolol hydrochloride powder. Propranolol hydrochloride are varied
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in sizes. Each large crystal consisted of small rods.

The photomicrograph of Formulation I-IV were shown in Figure 7
-10. The co-spray dried powder of Formulations I-IV exhibited various

sizes of microspheres. The surface of microsphere were smooth. The

The pho X 1 of l'? alat V-VII were shown in Fogure

11-13. The agg » ted of various sizes of

microspheres . The \\ of Formulation V were looser

than Formulation =d particles of Formulation
VII were relatively la g* er formulations.

2.2 Hoisturemeternina on

AUzl anmm r IR
R T IT T

range 1.60-2.85 ¥ after collection from spray dryer.
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Figure 7 Photomicrograph of co-spray dried of Formulation I
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Of co-spray\dried of Formulation II

Figure 9 Photomicrograph of co-spray dried of Formulation III.
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Figure 10 Phg jic ograph ocE co-Spray dried of Formulation I

LAAS A7

Figure 11 Photomicrograph of co-spray dried of Formulation V
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Figure 13 Photomicrograph of co-spray dried of Formulation VII
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Table 10 The percentage of moisture content and drug content

Formulation % Moisture contentt+s.d. % Drug content+s.d.
I ' 2.34+0.26 104.37+0.27
II 105.78+0.50
T1I 105.72+0.58
IV 102.58+0.21
'/ 100.28+0.60
VI 104 .46+0.60
VII 102.10+0.37
2.3 Drug conte
The perce drig - 9y dried powder prepared

‘; \“ & 10. Chromatograms from

from wvarious

high pressure ) shown in Figures 36-38

oo} eimm T
AWIaNN lﬂJ UAIINYAY

stribution

The particle size distribution of co-spray dried powder
were shown in Table 11 . The particle size distribution was depicted
in Figure 34-35 (Appendix c¢). Formulation II and IIi showed higher

percentage of fine particle than of Formulation I and IV. When
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cellulose polymer was added in the Formulation, the particle size of

co-spray dried was increased.

Table 11 Particle size distribution of co-spray dried powder

% Welght Retained on

Preparation ~ Sieve Size( }nn)

75 45 Pan
I 117 1.43 0.65
11 43.45 17.46 4.68
111 39.84 11.44 20.53
v 10.77 12.81 2.44
v 11.70  7.50 3.40
VI 4.62 0.58 1.08
VII 3.28 0.98 0.78

vi,
2.5 X-Ray DiEraction

ii}uﬂ ?J,Ylml AN e e
. AN TR N T ey e

raction pattern of propranolol HCl-chitosan (Formulation

IT) and propranolol HCl-chitosan-HPMC (Formulation V-VII) were shown
in Figure 15. In co-spray dried powder of Formulation I and V were in
the form of amorphous whereas Formulation VI and VII some of co-spray

dried powder were in the form of crystal.
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Figure 15 X-ray diffraction spectra of propranolol HCl-chitosan and propranolol
HCl-chitosan-HPMC

A: Propranolol HCl-chitosan (Formulationl)

B: Propranolol HCl-chitosan-HPMC 2% (FormulationV)
C: Propranolol HCl-chitosan-BPMC 3.5% (FormulationVI)
D: Propranolol HCI-chitosan-HPMC 5% (Formulation: VII)
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3. Evaluation of The Matrix

The co-spray dried powder were compressed into matrices and

physical properties were observed.

Although - _tablet was not an official

test in quality nily of teblet thickness
could predict ion force. The mean and
standard deviatig esented in Table 12.The
standarddeviation:s 0.03 for all tested

matrices.

3.2 Matrix Hardn
The memm and standard eviationm)f tablet hardness were

o A N e
RO R TS N A e e

But inporporating HPMC into the Formulation I caused increases in
hardness values. The tablet hardness of Formulation VI-VII were
exceed 40 Kp at compression force of 3000 pounds but the hardness the
value at compress force 1000 pounds were 14.5 and 15.8, respectively.
In this study Formulation VI-VII were compressed at a compression
force of 1000 pounds whenthey were selected to determine the physical

property and the release behavior.
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3.3 Disintegration study

The means and standard deviations were presented in Table 12.
Most of the preparations had disintegration times that were longer

than one hour exceét Formulation IV.

Table 12 Physical trix tablet from different

degree

Formalation | \\\\\ ies of The Matrices

Disintegration Time

[minute+(SD)]

I 81.02(11.22)
II 71.33(3.73)
I1I 61.47(4.62)
Iv Q27.93( 48.47(4.02)

uﬂq m EJ VI 5 m’lﬂ i 87.24(11.25)
VQ‘W sl aIAneiag

¥ the hardness values in parenthesis were obtained at the

compression force of 1000 pounds
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3.4 Dissolution study
3.4.1 Dissolution Profiles and Release Rate Profile

From the experimental data, the dissolution or the

between amount percent of drug

release profiles could

release against time.) 1, A’ iznge of release rate profile was
- E -' .‘ ]

constructed from the.dissolut it p%elucldate the release rate

‘du ?"';" rse of drug dissolution from

the matrices. The' ditich and. velesSe rate profiles of each

ilcuated by dividing the

difference of perce arious time interval certain

amount of the d 28-31 Appendix D). The rate,

6Chec térval. It was shown that

tmn I} was p ._y-._ e e e

the rate of releag decreasec ; = time. L'J

AULININTNEINS
ARIAINTAUNM TN



3.4.1.1 Formulations I - IV Matrices

The dissolution profiles of propranolol
hydrochloride from propranolol hydrochloride-chitosan matrices with

different degree of deacetylation in buffer pH 1.5 and phosphate

W-e 16(A) (table 24-26 appendix D).

‘ buffer pH 6.8 were sh
Each point repr value obtained from six
determinations at . The convex curves were
turned to the decreased with time as
shown in Figur due to an increase in

diffusional path

opranolol hydrochloride fram
matrices containing ' different di > of deacetylation of chitosan

were affected by _dis dtion/me Chitosan in Formulation I-III

except Formuls if i gel at bufferpH 1.5 but

showing a poormgel—fom ing ability at mhosphate buffer pHGE.8.
Increasing 1 f a corresponding
increase vﬂj ﬁa ﬁﬁwa e mer 1 5 &s displayed in
FlgunaJWl] arqﬂljmeﬁﬁ Wnﬂ ‘?ra ﬂbuffer pPH 6.8
did correspond with the increase degree of deacetylation.Only

Formulation I could sustained release until 12 hours both in buffer pH

1.5 and buffer pH 6.8.
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Figure 16 Release profiles of propranolol HCl-chitosan

matrices in
A) buffer pH 1.5
B) buffer pH 6.8
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Figure 17 Release rate profiles of propranolol HCl-chitosan

matrices in
A) buffer pH 1.5
B) buffer pH 6.8
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3.4.1.2 Formulation V-VII Matrices

These formulations contained propranolol HC1
—-chitosan(CS2)-HPMC but samount of HPMC in each formulations
was adjusted differently in order to modify the release rate.In buffer

" pH 1.5, the dissolution of propranolol hydrochloride from

propranolol hydrochloride with various amount of HPMC
were shown in F 1@& D). The drug released
until 12 hours obtained 5¥0n formlation WAL that had 5% w/w of HPNC.

er than others as shown

dissolution profiled of formulations V-¥iTlwere shown in Figure 18(B)
Sl - ‘

Y e '
(data in Table 26, App ‘. . Thy 2 released of these formulation

ST .
a_-,-.,'t.-;;., e, rate of formuletion V-VII

obtained until 12

decrease with ‘tle—time—incresse &S &hown i Figurel9(A) and 18(B)

)
F;JJ u EI?J m m{ﬁﬂ,’]m indicated that the
o TRl T e

profile. The concentration of HPMC affected the percentage of drug

(data in table 3o,mappe 413

released.
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‘Figure 18 Release profiles of propranclol HCl-chitosan-HPMC

matrices in
A) buffer pH 1.5
B) buffer pH 6.8
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3.4.1.3 Release studies in pH change method

From the release study as previously
described the formla-tims V, VI, and VII were better than the other
formulations. Cméequently, these formltitions were selected to
H change method. The release rate

ﬂ)’mn the pH was changeed to pH
J

8.8 run for anothe \ .r» s. ‘Qreleased and release rate

determine the release be

was tested in pH 1.5

Figire (Table 27, Appendix D).

\\ \ d according to USP XXIII

opranolol hydrochloride

profile were shownd
release charactera

andcompared to
extended release céps \- 2, Appendix D). The drug
released and releas - + ined were presented in Figure 2
2and Figure 23, respecdtiv Gt M Table 28, Appendix D). The

amount of drug released if Grs was B1.78% that is slightly higher

3. ﬁ Elu&mﬁ ij ﬁ 1
YO EaNSWE4HS
AR rr“s’m UHTINRY = =
deacet)qlatlon gchltosan and concentration of HPMC on the model of
drug release . Therefore, analysis of all dissolution data were
carried out to elucidate what model (zero order, first order, Higuchi

model) could be fitted by the data. The plots between percentage of

drug release versus time (zero order), percentage of drud remained

versus time (first order), and percent of drug versus square root of
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time (Higuchi model) were constructed and determined theone which was

the most linear and to be the accepted model of drug release.

: '_3..4.2.1 Formulations I-IV Matrices

he test in buffer pH 1.5, the Higuchi

plot and first order plot were gin Figure 24(A) and Figure 25(A)

first order mode Higéchi m Rere interesting. In further
treatment, the cor i ient of the rates of release against
1/Q were higher t radés against\Q as presented in Table 14

As a result, the Hi BedeT 'prebebly be operative.

these formulat: —- : R R \‘ bwn in Figure 24(B) and
; —
Figure 25(B) res;ﬁ:t ;

of correlation coefficient of the, relationship shown in Table 13

pointed Oﬂ uEJ ’}ﬂxﬂtm w&m:& Higuchi model were

interested. In further trﬁatment the correlatidd coefficients of
rategwflﬁ iﬂj w&m’g uﬂ]geafﬂte against Q.

This was true for Formulation II-IV but Formulation I was opposite as

ares _ﬂ(s) and 25(B), the value

presented in Table 14. Thevalues for the Formulation I showed
statistically significant difference (Table 37, Appendix E). The
Formulations II-IV would probasbly follow Higuchi model , while

Formulation I would possibly exhibit first-order model.
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Table 13 Correlation coefficient of the relationship between percent drug release
versus time (A), log percent drug remained versus time (B), percent drug
release versus square root time (C)

Correlation coefficient

buffer pH 1.5 buffer pH 6.8
Formulation A B C A B C
! 0.8080 0. 979 09958 0.7641 0.9973 0.9309

Bl 0.8514 0.7957  0.8906 0.9576
i 0.8604 . 2 , 08320 09900 09728
v 0.8267%, 0.981 o 0. 0.9844 0.9579
v : 0.9848 0.9311
Vi 0.9877 0.9540
Vil 0.9757 09333

Table14  Compa , ‘telease against reciprocal amount
(1/Q)e it (¢ Yo pro 8| hydroehioride released from the matrices

Formulation

versus Q, i, versus Q versus 1/Q
I 0.8101 0.8887 0.8866

I 0.8717 - gioaca/s 09337 09764
i 01860 09104 5 0.9816

Vv 9SS paig ————oapre
\' .

Vi ; s @ 0.8670
Vi : 08865 0.901 0.9746

ﬂUEJ’JVIEWﬁWEJ’lﬂ‘E
QW']Nﬂ‘iﬂJ UNIAINYAY
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3.4.2.2 Formulations V-VII Matrices

The Higuchi plots and first-order plots were

shown in Figures 26 and 27 , respectively. In buffer pH 1.5, the

highest correlation coefficient were 0.8877 , 0.8348 and 0.8858 for

Formulation V , VI and tively that obtained from Higuchi

plot (Table 13 ). ent, the release profile of
Formulation V-VII in 1.5 would probebly follow Higuchi model
with correlati ‘ ole ’I 3 of , release against 1/Q was
higher than tha
pH 6.8, the Higuehi .
(B) and 27(B) reafecfivély. Fromithe Figure|26(B) andz7(B) the values
of correlation coéf ationship shown in Table 13
pointed out that and the Higuchi model were

interested. In-furthér trestment, the Gormelation coefficient of rate

of release agaifist | ose of rates egainst 1/Q.

This was true fonmornulation v-V1 but Fom.wntion VII showed opposite

results as ﬁcu,ﬂ msﬁlﬁh ificant difference
of Fornulat:q\ I were o SErv t-value of Formulation VI
g WY ﬂﬁfﬁﬂmﬁﬁﬂﬂfﬁeﬁ cebie o

Appendix E). Therefore, the release profile of Formulation V would

probably follow first-order model, while the model of Formulation VI

-VII were unclesared.
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3.4.2.3 Formulation V-VII in pH Change Method

The Higuchi plots and first-order plots were
shown in Figures 28-31.Table 15 showed that the first-order model and
Higuchi model were interesting. In further evaluation the correlation
Q was higher than that the rate

@ieated that first-order model

—VII .

coefficient wvalue of r te
versus 1/Q@ as sho

would probably be
e Mechanism

analyzed to clarify drug
release mechani ,eguation = kth (Mg My, <0.6 ) as
previously discuss of the analysis of drug relesse

mechanism. The omput ~_.--:, wat, 1831) was employed. The

d correlation coefficient
ﬂ ufﬂ Ilrﬂ m m&qﬂism and propranolol
T T T e

q‘ parts accordmg to t

-4 B
release exponent-Xfi); Kinetic conste

(rz) were shown ﬂT o

characteristics in dissolution medium
In buffer pH 1.5 , most of the formulation were formed a gelatinous
matrix and swelled. The release exponent value would be compared with
the value of cylindrical sample in Table 2. The release mechanism was

anomalous (non Fickian) transport. In buffer pH 6.8, Formulation I-VII

were not formed a gelatinous matrix and swelled. The release exponent
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value would be compared with the value of cylindrical sample in

Table 3. The release mechanism was anomalous (non-Fickian) transport. . .

AULINENINYINT
ARIANTAUNNING 1A Y
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Table 15 Correlation coefficient of the relationship between percent drug release
versus time (A), log percent drug remained versus time (B), percent drug
release versus square root time (C) in pH change method

Fomulation A B C

\" ) 0.8231 , 0.9448 0.8748
Vi ' 0.8641 0.8241 0.89743
Vil . 0.8537 0.8940 0.9659
Vil(1.2,7.5) 0.8860 0.8864 0.9672

Table 16 Comparison y'b ,-_,,-'; alots of release against reciprocal amount
(1/Q) and_ame (Q) of prepfaael®! hydrochloride released from the matrices

A—_x‘
from pH.ehange-metho

Formulation #Coir€ 207 Qo mp;\ ent of Rate dQ/dt
s f. \\\\\""‘ us

V n

Vi

Vi

vii2.75)  # & F sy L 4\ \oen

ﬂﬂﬂ’J'ﬂﬂ'ﬂiWﬂ’lﬂ‘i
QWWNﬂ‘iEUNWTmEJ’IMJ
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Table 17The value of kinetic constant (k) release exponent (n) and correlation
coefficient (r2) following linear regression of dissolution data for values of
MtYMo in pH 1.5

Formulation n k r2
(release exponent)  (kinetic constant (coefficient of correlation )

r 0.56 0.275 0.9941
[ 0.61 0.387 0.9938
mo- 062 0.400 0.8915
\Y 061 0.459 0.8974
v 089 4 + 0.265 0.9975
Vi ) 6 ‘ 0.224 0.9976
Vil W L060I /S 0.239 0.9966

- | J i
netiefco nmse exponeny(n) and correlation

ETE R / ‘fo owing s»on of dissolution data for values of

Table 18 T

Formulatig g ”\\ \ k r2
Glezse eXpe \, (kinetic constan: {coefficient of correlation )

| % 035 0.9975
I / Ay 039 0.9938
1 ' 0.42 0.9999

v 0.39 0.8980
\ 035 0.9%65
Vi 0.37 0.9882
Vil 038 09229

= ponent (n) and correlation

8fop of dissolution data for values of

Formulation ¢ n k re
e . ipetic constan! (coefficient of correlation )
0.8808
0.8923
0.9935

0.8966




Table33  Value for rate, amount release, and the corresponding
reciprocal for the release of Formulations I-IV

Formulation - Dissolution medium
buffer pH1.5 buffer pH6.8

dQ/dt Q 1/Q dQ/dt Q 1/Q

. 33.76 16.88 0.058 41.86 20.83 0.048

2164 27.70 0.036 29.32 35.59 0.028

15.98 35.69 0.028 24.48 47.83 0.02

11.72 4155 0.024 18.06 56.86 0.018

961 002 1370 70.56 0.014

9.47 80.03 0.012
6.49 86.52 0.012
4.09 80.61 0.011
262 83.23 0.011

84.90 0.01
96.36 0.01
97.17 0.01
98.18 0.01
98.92 0.01
28.75 0.035
45.81 0.022
57.34 0.017
65.99 0.015
Il 80.52 0.012
89.51 0.011
8483 0.01
87.92 0.01
98.65 0.01
27.60 0.036

41.66 0.024

2
: @2.60 5206 0019
0016 8 6230 0016

ID

20 83 6229
n 7850 @y 0013 1372 7602 0013
ﬂ U Ueg N &Y 5 MR = oo
9320 0011
335 97.36 0.01 357 9677 001
278 160 14 ooh 231 @608 001

25.46 71.78 0.014 21.44 48.16 002

v 31.72 87.64 0.011 15.22 56.77 0.018
7.78 95.39 0.01 11.06 67.83 0.015
3.25 98.64 0.01 8.54 76.37 0.013
1.38 100.02 0.01 6.11 82.48 0.012

4.03 86.51 0.012
3.00 89.51 0.011
1.73 91.24 0.011
1.61 92.85 0.011
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Figure 29 First-order plot of propranolol HCl-chitosan-HPMC

matrices in pH change method
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