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Determination of Degree of Deacetylation of chitosan

Method of calenlation
Sample : CS2(see Table in following page)

Sample solution

Weight of sample (chitosan hyds i 1.008 gn

N 250 ml

.
Titration
Chitosan hydrochlor e 5 -. 50.0 ml
Volume of standard NEOH(D/0E79) N 6.99 ml
Calculation 4 "= |
Chitosan hydrochlorifle Al fol. (197961672 gn) \, =  NaDH 1 mol
The amount of monome , _ "- ] . ample 1.008 gm
= 0.003422 mol
= 0.6762 gn

The amount of -r lmving b ﬁ_f‘ ple 1.008 gm
0.3318 gm

(monomer ha‘ﬂgm ﬂﬂmﬁaﬁ ﬂﬂ ﬂ ‘i 0.001632 mol
The tﬁalqﬁ;ouna éﬁ? ﬂ]j W,ﬂ WE];J] ﬁd 022::2 m:l

The degree of deacatylation =(0.003422/0.005064)x100 ¥

1.008-0.6762 gm

= 67.7 Zmonomer : 100 monomer



M

By this method, the degree of deacetylation of various chitosans was

calculated and the values are given in the table in the following page

Determination of degree of deacetylation of chitosan

Chitosan wt. of CS H
(9

CS2 1

CSs3 5

GSY

Cs10 1.0

Deacetylation mean
(%) (%)
76 67.69
7
F1.75
72.35
2
8.43 78.61
78.43
6
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Calibration Curve

The concentration versus absorbance of propranolol

buffer pH 6.8 at 290 nm were

hydrochloride in buffer pi

| linear relationship with the
[ g

correlation coeff»iri k. — =0.888973, respectively.The

presented in Table - )

standard curve of s illustrated in Figure 32.

The congefitr us \ sbserbance of  propranolol
hydrochloride in gbuf / P n pH 7.5 at 290 nm were
presented in Tablg relationship with the

correlation coefficie 0.883782, respectively. The

standard curve of pror llutrated in Figure 33.

X

U
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Table 20 Absorbance of propranolol hydrochloride in buffer pH 1.5

determined at 290 nm

Concentration(ncg/nl-) Absorbance
o 0
10 0.1965
15 0.2340
20 0.3825
25 ~0.4880
30 0.5875
35 0.8785
40 0.7795
45 0.8760

]
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Table 21 Absorbance of propranolol hydrochloride in buffer pH 6.8

determined at 280 nm

" [Bexicentes o /Ty Absorbance
0 0
10 0.1915
15 0.2885
20 0.3885
25 ~0.4840
30 0.5835
35 0.8820
40 0.7775
45 0.8770

]
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(A)

06 +

Absorbance

bufferpH 1.5

i
T

40 50

Absorbance

U AINUREI NN

q‘lﬁf N fﬁumqﬁﬂﬂqa"’ﬂﬂerpme

4
1

0

Concentration (mcg/ml)

Figure 32 Calibration curve of propranolol HCl in
A) buffer pH 1.5
B) buffer pH 6.8



Table 22 Absorbance of propranolol hydrochloride in buffer pH 1.2

determined at 280 nm

Concentration (meg/ml)

Absorbance

10
15
20
25

35
40

45

\Z
1

AULINENINYINT
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Table 23 Absorbance of propranolol hydrochloride in buffer pH 7.5

determined at 280 nm

Concentration (mcg/ml)

Absorbance

‘ El - g
AULINENINYINg
AU INAE

0.1850
0.2925
0.3820

0.4820

WS 0.5795

0.6780
0.7735

0.8825




Absorbance

08 +
08 +
0.7 +
06 —+
05 +
04 —

o5l

Absorbance

19

(A)

buffer pH 1.2

-
i 5

50

Y INATINYINS

RN IUNMINNEY =

50

Concentration (mcg/ml)

Figure 33 Calibration curve of propranolol HC1 in
A) buffer pH 1.2

B) buffer pH 7.5
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Table 24 Amount of Propranolol Hydrochloride Releasing from Formulation | - 1l
in butfer pH 1.5 and butfer pH 6.8

Dissolution medium
Butfer pH1.5 Butfer pH6.8

Formulalioq 'ﬁme(hr) Time1/2 Mean(%, S.D. LOG%drug Mean{%) S.D. LOG % drug

remained remained
0 000 000 000 2.00 000 000 200
05 071 1688 107 182 2083 287 1.90

121 . 3556 461 181
4783 512 172
5686 517 163
7056 4.84 147
8003 398 130
8652 327 113
9061 273 097
9323 226 083
9490 183 071
9636 167 060
9717 141 045
9818 140 026
8892 123 003
000 000 200
2875 336 185
4581 454 173
5734 507 163
6599 513 153
8052 295 129
8951 191 102
9483 126 070
9792 08 032
: ) 9065 068  -046
8 .26 / - 053 s

S 049 =

- 049 ,

Augingninwens:
RN ENB NGRS 12

52.10 1.68 5296 569 167

2 141 6229 222 1.58 6230 639 158
n 3 173 7850 238 133 76.02 645 138
4 200 8594 092 112 8651 433 113
5 224 9401 275 0.78 8320 215 083
6 245 9736 175 0.42 9677 144 051
7 265 10014 140 - 93.08 093 -0.04
8 283 - 093 - - - -
9 3.00 - 0.77 - - - -
10 3.16 - 0.59 - - - -
1 332 - - - - - -

12 3.46 - - - = = =
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Table 25 Amount of Propranolol Hydrochloride Releasing from Formulation IV
in buffer pH 1.5 and in buffer pH 6.8

Dissolution medium )
Buffer pH1.5 Buffer pH6.8

Formulation  Time(hr) Time1/2 Mean(%, S.D. LOG % drug Mean(%) S.D. LOG % drug
: remained remained
0_ 0.00 0.00 0.00 200 0.00 0.00 2.00
1.84 26.10 376 1.87
~an! A6 1.74 3844 534 1.79
' 122 | /30,08 o 161 4916 348 171
145 5677 290 164
1.09 6783 277 151
0.66 7637 282 1.37
8248 274 1.24
8651 264 113
8951 262 1.02
9124 245 094
8285 243 0.85
8385 231 0.79

AULINENINYINT
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Table 26 Amount of Propranolol Hydrochloride Releasing from Formulation V -VII
in buffer pH 1.5 and in buffer pH 6.8

Dissolution medium
Buffer pH1.5 Butfer pH6.8

Formulation  Time(hr) Time1/2 Mean{%. S.D. LOG %drug Mean(%) S.D. LOG % drug
N remained remained
0 0.00 000 000 200 0 0.00 2.00
05 071 1643 073 192 2116 218 1.90
1 100 2686 113 186 3601 357 181
1:5 1.82 4717 507 1.72
2 5628 485 1.64
7005 5.16 1.48
7968 458 1.37¢
8623 299 1.14
90.13 214 0.99
9262 164 0.87
9435 127 0.75
9529 102 0.67
96.15 086 0.58
9713 085 0.46
9896 082 0.02
0.00 0.00 2.00
20.06 150 1.90
3448 155 1.82
4124 448 177
53.06 3.59 1.67
67.36 266 151
77.38 251 135
8461 221 1.19
8549 183 102
8302 182 0.84

["

ﬂuﬂﬁwav‘i‘%’ﬂﬂ Ageme
awmﬂw%mgwmg};ﬂ

2 141 348 100 181 5517 644 165

3 173 4389 083 1.75 6845 587 1.50
Vil 4 200 5151 085 1.68 7782 344 1.34
5 224 5807 075 1.62 8380 236 1.21
6 245 634 068 1.56 8776 182 1.09
7 265 688 078 1.49 9043 149 0.98
8

283 7354 080 142 8210 134 0.90

9 300 8378 7.07 121 93588 126 0.81
10 316 8403 613 0.78 9435 117 0.75
iR 332 9922 224 -0.11 9518 1.17 0.68

12 346 10102 1.09 - 9592 115 0.61
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Table 27 Amount of Propranolol Hydrochloride Releasing from Formulation V-VIi in pH Change Method

Formulation Time(hr) Time1/2 Mean(% S.D. LOG % drug
0 000 0.00 0.00 200
0.5 071 1715 0.68 1.92
1 100 2745 115 1.86
1:5 122 3509 155 1.81
2 141 4628 0.25 173
Y 3 173 6022 348 1.60
4

80.40 ] 1.29
30.20 ! 0.99

5 064
0.10

1.93
1.89
185
177
168
150
1.25
1.00
059
-0.34

12 346

ﬂ‘tJEJ’J VI"EJVIﬁﬂEJ”m‘Sw

122 2872 0.90 185
1.41 1.78F

QW’]Nﬂ‘ﬁNmﬂﬂﬂﬂﬁlﬁﬁﬂ

224 0.72 1.25
6 245 89.39 0.66 1.02
it 265 9412 092 0.77
8 283 97.35 0.99 0.42
S 300 9896 11 0.02
10 316 9988 1.04 -0.82
1 332 10035 091
12 346 - 1.20
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Table 28 Amount of Propranolol Hydrochioride Releasing from Formulation VII in pH Change Method

Formulation Time(hr) Time1/2 Mean(% S.D. LOG % dremained
0 000 0.00 0.00 2.00
05 071 1290 0.18 194
1 1.00 19.06 018 1.91
1.5 122 2820 056 1.86
2 141 3469 024 1.81
i 3 173 4456 058 174

pH(12,75) 4y j 4200 5815 394 162
A% : 72.84 261 1.43

"~ 8178 1.33 .1.26

122 107 .

1.81 096

111 078

1.04 071

091 064

1.20 060

AULINENINYINS
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Table 29 Release rate of propranolol hydrochloride from Formulation | - VIi

in buffer pH 1.5

129

Release Rate (%/hour)

Mean - | ] n v v Vi Vil
Time

025 3376 5180 5352 61.61 32.86 239.02 27.52

0.75 2164 2338 2384 29.16 2086 18.70 17.68

15.98 Q0! ) ;2684 : 14.90 1464 13.70

R0k 12.58 11.14 11.18

10.28 .80 8.09

837 7.89 762

7.42 6.83 6.56

10.79 6.46 533

12.16 595 5.40

8.31 538 474

6.96 10.24

8.66 10.25

519

2.20

Table 30 Relefse fdie i ptopra ydrochloride from Formulation | -VII
in buffer

- Mean \ Vi Vil
Time

025 186 57.50 5520 5220 4232 40.12 46 82

29.70 28.84 27.36

, %E] ﬂgm E]?jAf] 2232 1352 19.86

18’ 18 22 2364 16.30

e 1388 1453 1372 11.06 1430  13.28

10.02 9.47

IR ERIBOIVTIRNGRY 5 i

3.90 488 3.96

2 62 1 73 2 31 3 oo 2.49 353 267

7.5 167 1.16 1.38 1.73 178 2.42 167

85 1.46 1.6 0.94 214 1.48

85 0.81 1.04 0.86 1.30 0.77

105 1.01 0.98 0.89 0.83

115 0.74 1.83 074
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Table 31 Release rate of propranolol hydrochloride from Formulation V- Vi
in pH change method

Release Rate (%/hour)

Mean \Y% Vi Vil Vi
Time (pH1.2,7.5)
0.25 34.30 27.82 26.42 25.80
075 : 17.60 12.32
125 13.42 18.28
1.75 12.98
9.87
13.59
1469
8.94
6.54
265
- 298
0.94
0.78
0.31

AU INENTNEINS
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Table 32 Percentage of labeled amount of propranolol hydrochloride
dissolved at the various time

Time (hours) Amount dissolved
1 not more than 20%
3- between 20% and 45%
6. between 45% and 80%

12 " not less than 80%

AuEINENINeINS
MR TN NG
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Table 33 Value for rate, amount released, 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
3376 16.88 0.058 41.86 20.93 0.048
2164 27.70 0.036 29.32 35.59 0.028

1598 35.69 0.028 24.48 47.83 0.02
11.72 41.55 0.024 18.06 56.86 0.018
861 51.16 0.02 .13.70 70.56 0014

8.47 80.03 0.012
6.49 86.52 0.012
4.09 S0.61 0.011
< 2.62 83.23 0011 ¢

751

&)

1.67 G490 0.01
86.36 0.01
87.17 0.01
88.18 0.01
88.82 0.01
28.75 0.035
45 81 0022
57.34 0.017
65.99 0.015
1 80.52 0012
88 51 0.011
84 83 0.01
g7.82 0.01
83865 0.01
...... "~ 8620 2760 0036
41.66 0.024
'!l l'" 52.86 0.019
0 83 0 S : 62.30 0.016
1 78. 50 0 013 13.72 76.02 0.013
86.51 0012
ﬂuﬁ;‘é ﬂﬂ‘ﬂjﬁg’ﬁﬁjgsm
86.77 0.01
278 10&4 0. 01 231 0.01
0038
QW’] NMMQJW’W ﬁ&l’]aﬂ
27.78 53805 0.017 21.44 4916 0.02
I\ 2546 1178 0014 1522 56.77 0.018
15.86 87 .64 0.011 11.06 67.83 0.015
7.5 9538 0.01 8.54 76.37 0013
325 9864 0.01 6.11 82.48 0012
1.38 100.02 0.01 403 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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Table 34  Value for rate, amount released, and the corresponding
reciprocal for the release of Formulations V-VII

Formulation Dissolution medium
buffer pH1.5 buffer pH6.8
dQ/dt Q 1/Q dQ/dt Q 1/Q
32.86 16.43 0.061 4232 21.16 0.047
20.86 26.86 0.037 28.70 36.01 0.028
14.80 34.31 0.028 22.32 4717 0.021

0.025 18.22 56.28 0.018
13.77 70.05 0.014
8.63 79.68 0.012
6.55 8623 - 0.012
3.80 80.13 0.011

12.58

9262 0.011

84.35 0.01

95.29 0.01

96.15 0.01

97.13 0.01

{ 98.96 0.01

27 82 13.91 0.072

23.05 0.043

2953 0.034

4051 0.025

. 3 Jap 55 5158 0.019
D . 5444 0 ‘ 68.41 0.015
v 6.83 w 0016 13.83 82.24 0.012
6.46 421 B 1. 13 015 80.08 0.011
HJW) 96.08 0.01
— 99,54 0.01

101.27 0.01

o 2704

0074 Lkesz 2341 0.043
41168 2236 0045 2736 3709 0027

8 4702 0021
UM & B
4389 6845 0015
7 62 €151 047 @F792 0.013
RS RN A o
0.011

5.40 68 80 0.014 267 90.43 0011

474 7354 0014 167 9210 0011

1024 8378 0.012 1.48 9358 0011

1025 94,03 0.011 0.77 9435 0.01

519 99 22 0.01 0.83 95.18 0.01

2.20 101.42 0.01 0.74 95.82 0.01




Table 35 Values for rate, amount release, and the corresponding
reciprocal for the release of Formulation V-VIl from pH change

Formulation dQ/dt Q 1/Q
34.30 17.15 0.058
20.60 27.45 0.036
1528 35.09 0.028
: 22.38 46.28 0.022
vV 13.94 60.22 0.017
20.18 80.40 0.012

9.80 90.20 0.011.
Y. 95.62 0.01

0.01

0.01

- 98.73

0.072 r
0.043
0.034
0.025
0.018
0.015
0.012
0.011
0.01
0.01
0.01

0076
0.045
0.035
0.025
. . 0.02
m 51 6618 0.015
y — X J 0012
- 0.011
Il 4 s412 0.011

323 9735 0.01
0.01

ﬂum%mﬂﬁwm oo

a8

0.029
9.87 44.56 0.022
13.58 58.15 0.017
Vii(1.2.7.5) 1469 72.84 0.014
894 81.78 0012
6.54 88.32 0.011
265 90.97 0.011
298 93.95 0.011
0.94 94.89 0.01
0.78 95.67 0.01

0.31 9588 0.01
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Table 36 Comparison of linearity between plots of rate of release
against reciprocal amount and amount of propranolol
hydrochloride releasing from the matrices in buffer pH 6.8

: Correlation coefficient of rate
Formulation Matrices versus Q versus1/Q
1 0.9871 0.7523

. 0.8839 0.8387

4 0.9454 0.8113
. - 0.9927 08202
/ 09154 0.9366 -

' 09818 08672
— 0.8744
0.8162
0.8836
0.7374
0.9568
08032
0.8846
0.8704
0.8831
0.9828
0.8651
0.8545
0.8802
0.9408
] 0.8759
QLROS ! 0.8201
; 0.8384
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Table 37 t-test of linearity between rate of release against
reciprocal amount and amount (data from Table 36 )

products - t-value Significance
) test
Formulation | 4651 Sily
Formulation V 2 S
Formulation VI NS

Formulation Vi
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Figure 368 High pressure liquid chromatogram of propranclol
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hydrochloride standard
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Figure 37 High pressure liquid chromatogram of propranolol
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Figure 38 High pressure liquid chromatogram of propranolol
hydrochloride from co-spray dried powder of Formulation IX
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