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APPENDIX A

The raw data of viscosity-average molecular weight (MV) of chitosan were

determined by dilute-solution no 2 and 3.

Table 1 Dilute-solution viscosity data and calculated parameters for chitosan solution
at 25.0 + 0.1°C (Run No.2)

Concentration | Flow-time Nred Ninh
MNrel MNsp
(9/dl) (s) (dl/g) (dl/g)
0.000 373.76 - - - -
0.015 441.19 1.1804 0.1804 12.0273 11.0574
0.030 518.72 1.3878 0.3878 12.9281 10.9250
0.045 614.57 1.6443 0.6443 14.3176 11.0513
0.060 703.56 1.8824 0.8824 14.7064 10.5423
0.075 812.50 2.1739 1.1739 15.6514 10.3534
18 -
16 -
14 - >
[77](d|/£) + * Mred
12 C * Ninh
10 - Bl |
8 -
6 T T T T T T T 1
000 001 002 003 004 005 006 007 0.08
C(g/dl)

Figure 1 The reduced viscosity, mrd, and inherent viscosity, mimn, against

concentration. (Run No.2).
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[77] = (nred)c:o (ninh)c:o = 1145d|/g

From Table 1 and Figure 1, the value of [n] is estimated as 11.45 dl/g,
Therefore,

7] = KMy

K = 893x10*dl/g
a = 071

7] = 11.45dl/g

—0.71

11.45 = 8.93x10“ M,

My = 6.03x10°
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Table 2 Dilute-solution viscosity data and calculated parameters for chitosan solution
at 25.0 + 0.1°C (Run No.3)

Concentration

Flow-time

Nrel Nsp Nred Ninh
(9/dl) (s) (dl/g) (dl/g)
0.000 375.20 - - - -
0.015 445,29 1.1868 0.1868 12.4538 11.4178
0.030 527.48 1.4059 0.4059 13.5288 11.3551
0.045 619.73 1.6517 0.6517 14.4829 11.1517
0.060 720.14 1.9193 0.9193 15.3225 10.8664
0.075 834.22 2.2234 1.2234 16.3120 10.6538
18
16
14 4
* red
brl i o
10 S
8 -
6 T T T T T T T ]
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
C(g/dI)

Figure 2 Graphs of reduced viscosity, mrd, and inherent viscosity, min, against

concentration. (Run No. 3).

[7]

(nred )c:O

(ion) e=o

= 11.45dl/g
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From Table 2 and Figure 2 the value of [n] is estimated as 11.45 dl/g.
Therefore:

[7] = KM{

K = 893x10"dl/g
a = 071
7] = 11.45dl/g

—0.71

11.45 = 8.93x10" M,

M, = 6.03x10°




110

APPENDIX B

The raw data of assay validation reports.

Calibration standard vancomycin in y =0.0039x - 0.002| | Calibration standard vancomycin in y =0.0039x - 0.0021
Tears Naturale 11 R? =0.9995 Tears Naturale |1 R2 =0.9998
1 1
0.8 A 0.8
5] S
S 0.6 S 06
2 2
o
2 04 2 0.4 -
< <
0.2 4 0.2
0 ‘ ‘ 0 ‘ ‘ ‘ ‘
0 100 200 300 0 50 100 150 200 250
Conc(ug/ml) Conc(ug/ml)

Figure 1 Calibration curve of standard vancomycin in Tears Naturale 1™ no. 2 and 3

(From left to right).

Calibration standard vancomycin in y = 0.0039x +0.0035| | Calibration standard vancomycin in
Tears Naturale 11 R? =0.9999 Tears Naturale 11 ¥ 3-0036x +0.0059
R? =0.9994
1 1
0.8 0.8 -
S 3
5 0.6 1 S 0.6 -
g g
o
2 044 § 0.4 1
< <
0.2 | 0.2 4
0 EEal : 0 > : > :
0 50 100 150 200 250 0 50 100 150 200 250
Conc(ug/ml) Conc(ug/ml)

Figure 2 Calibration curve of standard vancomycin in Tears Naturale 1I™ no. 4 and 5

(From left to right).
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Calibration standard vancomycin in y = 0.0039x + 0.0007 Calibration standard vancomycin in y=0.0037x- 0.0011
0.1 % chitosan R’ = 0.9995 0.1% chitosan solution R? = 0.9995
1 0.9
0.9 08 1
0.8 q 0.7
. 0.7 1 06 4
£ 04/ 2%
034 0.3 1
0.2 4 0.2 1
0.1 0.1+
0 T T T T 0 T T T T
0 50 100 150 200 250 0 50 100 150 200 250
Conc(ug/ml) Conc(ug/ml)

Figure 3 Calibration curve of standard vancomycin in 0.1% chitosan no. 2 and 3 (from
left to right).

Calibration standard vancomycin in y =0.0038x - 0.0046 Calibration standard vancomycin in y=0.0035x - 0.0043
0.1% chitosan solution R? =0.9991 0.1 % chitosan R? =0.999
0.9 0.9
0.8 0.8
074 0.7
06 1 0.6
@ P
o (=]
& 0.5 & 0.5
2 £
o [}
2 04 2 04+
< <
034 034
02 02 1
0.1+ 0.1
0 : : : : 0 ; ; ; ;
0 50 100 150 200 250 0 50 100 150 200 250
Conc(ug/ml) Conc(ug/ml)

Figure 4 Calibration curve of standard vancomycin in 0.1% chitosan no. 4 and 5 (from
left to right).
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0.3 % chitosan

y =0.0038x - 0.0023
R®=0.9997
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Absorbance

0.3 1
0.2
0.19

0 T T
100

Conc(ug/ml)

150

200 250

112

Absorbance

Calibration standard vancomycin in
0.3 % chitosan

y=0.0038x - 0.0047
R? = 0.9999

0.9 4
0.8
0.7
0.6 4
0.5 -
0.4
0.3
0.2
0.1+

50 100 150
Conc(ug/ml)

200 250

Figure 5 Calibration curve of standard vancomycin in 0.3% chitosan no. 2 and 3 (from

left to right).

Calibration standard vancomycin in
0.3% chitosan solution

y =0.0039x - 0.0011
R® = 0.9992

0.9 1
0.8 q
0.7 q
0.6 q
0.5

Absorbance

0.4 1
0.3 1
0.2 q
0.1

0 T T
100

Conc(ug/ml)

150

200 250

Absorbance

Calibration standard vancomycin in
0.3 % chitosan

y=0.0038x - 0.0035
R =0.9994

0.9 4
0.8 -
0.7 4
0.6 1
0.5 -
0.4
0.3
0.2
0.1

50 100 150
Conc(ug/ml)

200 250

Figure 6 Calibration curve of standard vancomycin in 0.3% chitosan no. 4 and 5 (from

left to right).
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Calibration standard vancomycin in y = 0.0035x - 0.0037 Calbration standard vancomycin in y= 0-3036X - 0.0038
0.9% sodium chloride solution R%=0.999 0.9% sodium chloride solution R =0.9996
0.9 0.9
0.8 q 0.8 -
0.7 0.7
0.6 q . 0.6 -
g g
E 0.5 g 0.5
2 041 2 04
< <
037 0.3 -
024 0.2
014 0.1 1
0 T T T T 0 T T T T
0 50 100 150 200 250 0 50 100 150 200 250
Conc(ug/mli) Conc(ug/mi)

Figure 7 Calibration curve of standard vancomycin in 0.9% sodium chloride no. 2 and

3 (from left to right).

Calibration standard vancomycin in y = 0.0036x - 0.0039 Calibration standard vancomycin in y=0.0035x + 0.0064
0.9% sodium chloride solution R? = 0.9997 0.9% sodium chloride solution R®=0.999
0.9 0.9
0.8 4 0.8
0.7 4 0.7 1
0.6 0.6 1
3 3
& 05 S 05 -
Qo o
S S
2 044 3 04+
< <
0.3 0.3
0.2 4 0.2
0.1 4 0.1 4
0 T T T T 0 T T T T
0 50 100 150 200 250 0 50 100 150 200 250
Conc(ug/ml) Conc(ug/ml)

Figure 8 Calibration curve of standard vancomycin in 0.9% sodium chloride no. 4 and
5 (from left to right).
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Table 1 Interday assay validation of standard vancomycin in Tears Naturale 11™

Standard
vancomycin

concentration

Calculated concentration (ug/ml)

(Hg/ml) day1l | day2 | day3 | day4 | day5 | Mean | S.D. | %CV
100 101.2 | 102.91 | 103.38 | 99.40 | 101.03 | 101.58 | 1.60 1.60
175 180.73 | 171.71 | 178.80 | 175.00 | 180.00 | 177.38 | 3.94 2.21
212.5 219.10 | 218.68 | 220.43 | 219.10 | 219.32 | 219.32 | 0.66 0.30
Average %CV = 1.37
Table 2 Interday assay validation of standard vancomycin in 0.1% chitosan
Standard
vancomycin Calculated concentration (png/ml)
concentration
(Hg/ml) day1l | day2 | day3 | day4 | day5 | Mean | S.D. | %CV
100 103.28 | 103.92 | 99.48 | 103.41 | 103.71 | 102.76 | 1.85 1.80
175 175.08 | 174.0 | 174.65 | 173.71 | 172.34 | 173.96 | 1.05 0.60
212.5 207.77 | 208.97 | 206.49 | 208.88 | 211.83 | 208.79 | 1.98 0.95

Average %CV =1.12
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Table 3 Interday assay validation of standard vancomycin in 0.3% chitosan

Standard

vancomycin Calculated concentration (pug/ml)
concentration

(hg/mi) dayl [day2 [day3 [day4 [day5 |Mean [S.D. [%CV

100 101.91 | 104.69 | 100.24 | 104.18 | 104.5 | 103.10 | 1.95 1.89

175 175.85 | 174.77 | 175.41 | 174.48 | 173.11 | 174.72 | 1.05 0.60

212.5 207.81 | 211.05 | 208.17 | 210.54 | 213.53 | 212.20 | 2.33 111

Average %CV =1.20

Table 4 Interday assay validation of standard vancomycin in 0.9% sodium chloride

Standard
vancomycin Calculated concentration (pg/ml)

concentration

(hg/mi) dayl [day2 [day3 [day4 [day5 [Mean [SD. [%CV

100 101.55 | 102.65 | 104.55 | 100.03 | 104.55 | 102.67 | 1.96 1.90
175 175.06 | 172.35 | 176.02 | 175.66 | 178.55 | 175.53 | 2.22 1.26
212.5 213.50 | 216.50 | 212.00 | 213.00 | 213.00 | 213.60 | 1.71 0.80

Average %CV =1.32
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Table 5 Intraday assay validation of standard vancomycin in Tears Naturale 11™

No. Conc (ug/ml) Vancomycin. Conc (ug/ml) Accuracy (%)
(@bsorbance)
1 100 0.389 98.85 98.85
2 100 0.389 98.85 98.85
3 100 0.393 99.87 99.87
4 100 0.381 96.79 96.79
5 100 0.387 98.33 98.33
6 100 0.384 97.56 97.56
7 100 0.375 95.26 95,26
8 100 0.379 96.28 96.28
9 100 0.380 96.54 96.54
10 100 0.386 98.08 98.08
Mean 97.64
SD 1.45
%CV 1.49
1 175 0.690 176.03 100.59
2 175 0.689 175.77 100.44
3 175 0.695 177.31 101.32
4 175 0.697 177.82 101.61
5 175 0.692 176.54 100.88
6 175 0.696 177.56 101.46
7 175 0.689 175.77 100.44
8 175 0.698 178.08 101.76
9 175 0.697 177.82 101.61
10 175 0.688 175.51 100.29
Mean 176.82
SD 0.57
%CV 0.32
1 212.5 0.840 214.49 100.94
2 212.5 0.845 215.77 101.54
3 212.5 0.838 213.97 100.69
4 212.5 0.839 214.23 100.81
5 212.5 0.841 214,74 101.05
6 212.5 0.847 216.28 101.78
7 212.5 0.845 215.77 101.54
8 212.5 0.846 216.03 101.66
9 212.5 0.847 216.28 101.78
10 212.5 0.839 214.23 100.81
Mean 215.18
SD 0.43
%CV 0.20

Average %CV = 0.67
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Table 6 Intraday assay validation of standard vancomycin in 0.1% chitosan

No. Conc (ug/ml) Vancomycin. Conc (ug/ml) Accuracy (%)
(@bsorbance)
1 100 0.385 98.54 98.54
2 100 0.386 98.79 98.79
3 100 0.377 96.49 96.49
4 100 0.387 99.05 99.05
5 100 0.388 99.31 99.31
6 100 0.390 99.82 99.82
7 100 0.388 99.31 99.31
8 100 0.390 99.82 99.82
9 100 0.384 98.28 98.28
10 100 0.386 98.79 98.79
Mean 98.82
SD 0.97
%CV 0.98
1 175 0.684 175.21 100.12
2 175 0.685 175.46 100.26
3 175 0.670 171.62 98.07
4 175 0.675 172.90 98.80
5 175 0.686 175.72 100.41
6 175 0.687 175.97 100.55
7 175 0.679 173.92 99.38
8 175 0.681 174.44 99.68
9 175 0.684 175.21 100.12
10 175 0.686 175.72 100.41
Mean 174.62
SD 0.81
%CV 0.46
1 212.5 0.811 207.77 97.77
2 212.5 0.809 207.26 97.53
3 212.5 0.820 210.08 98.86
4 212.5 0.797 204.18 96.08
5 212.5 0.795 203.67 95.84
6 212.5 0.790 202.38 95.24
7 212.5 0.789 202.13 95.12
8 212.5 0.805 206.23 97.05
9 212.5 0.820 210.08 98.86
10 212.5 0.816 209.05 98.38
Mean 206.28
SD 1.48
%CV 0.72

Average %CV = 0.72
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Table 7 Intraday assay validation of standard vancomycin in 0.3% chitosan

No. Conc (ug/ml) Vancomycin. Conc (ug/ml) Accuracy (%)
(@bsorbance)
1 100 0.375 99.92 99.92
2 100 0.377 100.45 100.45
3 100 0.369 98.34 98.34
4 100 0.375 99.92 99.92
5 100 0.374 99.66 99.66
6 100 0.374 99.66 99.66
7 100 0.376 100.18 100.18
8 100 0.380 101.24 101.24
9 100 0.379 100.97 100.97
10 100 0.377 100.45 100.45
Mean 100.08
SD 0.81
%CV 0.81
1 175 0.664 175.97 100.55
2 175 0.667 176.76 101.01
3 175 0.665 176.24 100.71
4 175 0.660 174.92 99.95
5 175 0.670 177.55 101.46
6 175 0.660 174.92 99.95
7 175 0.670 177.55 101.46
8 175 0.670 177.55 101.46
9 175 0.660 174.92 99.95
10 175 0.660 174.92 99.95
Mean 176.13
SD 1.17
%CV 0.66
1 212.5 0.799 211.50 99.53
2 212.5 0.802 212.29 99.90
3 212.5 0.801 212.03 99.78
4 212.5 0.798 211.24 99.41
5 212.5 0.801 212.03 99.78
6 212.5 0.799 211.50 99.53
7 212.5 0.802 212.29 99.90
8 212.5 0.799 211.50 99.53
9 212.5 0.798 211.24 99.41
10 212.5 0.797 210.97 99.28
Mean 211.66
SD 0.47
%CV 0.22

Average %CV = 0.56
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Table 8 Intraday assay validation of standard vancomycin in 0.9% sodium chloride

solution
No. Conc (ug/ml) Vancomycin. Conc (ng/ml) Accuracy (%)
@bsorbance)
1 100 0.359 100.81 100.81
2 100 0.357 100.25 100.25
3 100 0.358 100.53 100.53
4 100 0.357 100.25 100.25
5 100 0.357 100.25 100.25
6 100 0.358 100.53 100.53
7 100 0.357 100.25 100.25
8 100 0.357 100.25 100.25
9 100 0.358 100.53 100.53
10 100 0.358 100.53 100.53
Mean 100.42
SD 0.19
%CV 0.19
1 175 0.629 175.81 100.46
2 175 0.628 175.53 100.30
3 175 0.627 175.25 100.14
4 175 0.628 175.53 100.30
5 175 0.627 175.25 100.14
6 175 0.627 175.25 100.14
7 175 0.628 175.53 100.30
8 175 0.627 175.25 100.14
9 175 0.628 175.53 100.30
10 175 0.627 175.25 100.14
Mean 175.42
SD 0.19
%CV 0.11
1 212.5 0.761 212.47 99.99
2 212.5 0.762 212.75 100.12
3 2125 0.761 212.47 99.99
4 2125 0.762 212.75 100.12
5 212.5 0.760 212.19 99.85
6 212.5 0.760 212.19 99.85
7 212.5 0.760 212.19 99.85
8 212.5 0.761 212.47 99.99
9 212.5 0.762 212.75 100.12
10 2125 0.761 212.47 99.99
Mean 211.47
SD 0.23
%CV 0.11

Average %CV =0.14
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I

Table 9 Standard vancomyecin in Tears Naturale I1"™ recovery
Conc
Concentration Absorbance | Conc (ug/ml) | Recovery(%)
(ng/ml)
100 0.390 99.10
100 0.400 101.67
100 0.390 99.10
Low 100 0.390 99.10
100 0.390 99.10
Mean 0.393 99.96 99.96
SD 131 1.32
175 0.681 173.72
175 0.682 173.97
175 0.680 173.46
Medium 175 0.681 173.72
175 0.682 173.97
Mean 0.682 173.85 99.34
SD 0.15 0.15
212.5 0.830 211.92
212.5 0.830 211.92
2125 0.836 213.46
High 212.5 0.835 213.21
212.5 0.840 214.49
Mean 0.835 213.25 100.35
SD 0.54 0.54

Average recovery = 99.88 %
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Table 10 Standard vancomycin in 0.1 % chitosan recovery

Concentration cone Absorbance | Conc (ug/ml) | Recovery(%)
(ng/ml)
100 0.380 97.26
100 0.385 98.54
100 0.388 99.31
Low 100 0.391 100.08
100 0.375 95.97
Mean 0.384 98.24 98.24
SD 1.49 1.49
175 0.710 181.87
175 0.699 179.05
175 0.689 176.49
Medium 175 0.679 173.92
175 0.710 181.87
Mean 0.696 178.24 101.85
SD 1.82 1.82
212.5 0.810 207.51
2125 0.821 210.33
212.5 0.832 213.15
High 2125 0.799 204.69
2125 0.840 215.21
Mean 0.825 211.27 99.42
SD 2.19 2.19

Average recovery = 99.84 %
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Table 11 Standard vancomycin in 0.3% chitosan recovery

Concentration cone Absorbance | Conc (ug/ml) | Recovery(%)
(ng/ml)
100 0.375 99.92
100 0.380 101.24
100 0.375 99.92
Low 100 0.381 101.50
100 0.382 101.76
Mean 0.379 100.87 100.87
SD 0.003 0.88
175 0.680 175.56
175 0.675 174.28
175 0.680 175.56
Medium 175 0.690 178.13
175 0.680 175.56
Mean 0.681 175.82 100.47
SD 0.804 14
2125 0.825 212.74
212.5 0.824 212.49
212.5 0.823 212.23
High 212.5 0.824 212.49
2125 0.825 212.74
Mean 0.824 212.54 100.02
SD 0.001 0.21

Average recovery =100.45%
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Table 12 Standard vancomycin in 0.9% sodium chloride recovery

Concentration cz Absorbance | Conc (ug/ml) | Recovery (%)
(ng/ml)

100 0.358 100.53
100 0.359 100.81
100 0.358 100.53
Low 100 0.357 100.25
100 0.359 100.81

Mean 0.358 100.58 100.58

SD 0.001 0.23

175 0.680 175.36
175 0.679 175.10
175 0.679 175.10
Medium 175 0.680 175.36
175 0.679 175.10

Mean 0.679 175.21 100.12

SD 0.001 0.14

212.5 0.825 212.54
212.5 0.824 212.28
2125 0.824 212.28
High 212.5 0.825 212.54
212.5 0.824 212.28

Mean 0.824 212.38 99.94
SD 0.001 0.140

Average recovery=100.21 %
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No. | Conc (ug/ml) VancomySie Conc (ug/ml) Recovery(%)
(absorbance)

1 75 0.295 74.74 99.66
2 75 0.308 78.08 104.10
3 75 0.289 73.21 97.61
4 75 0.301 76.28 101.71
5 75 0.297 75.26 100.34
6 75 0.297 75.26 100.34

Mean 0.298 75.47 100.63

% CV 2.13 215 215

Table 14 Lower limit of quantitation of standard vancomycin in 0.1% chitosan

No. | Conc (ng/ml) g Conc (ug/ml) Recovery(%)
(absorbance)

1 75 0.288 73.67 98.22

2 75 0.300 76.74 102.32

3 75 0.299 76.49 101.98

4 75 0.290 74.18 98.91

5 75 0.292 74.69 99.59

6 75 0.283 72.38 96.51
Mean 0.292 74.69 99.59
WCV 2.24 2.25 2.25
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Table 15 Lower limit of quantitation of standard vancomycin in 0.3% chitosan

No. | Conc (ug/ml) Vancomyein Conc (ug/ml) Recovery(%)
(absorbance)

1 75 0.283 75.71 100.95

2 75 0.281 75.18 100.25

3 75 0.282 75.45 100.60

4 75 0.282 75.45 100.60

5 75 0.281 75.18 100.25

6 75 0.282 75.45 100.60
Mean 0.282 75.40 100.54
%CV 0.267 0.26 0.26

Table 16 Lower limit of quantitation of standard vancomycin in 0.9% sodium chloride

No. | Conc (ug/ml) oy Conc (ug/ml) Recovery(%)
(absorbance)

1 75 0.269 75.81 101.07
2 75 0.267 75.25 100.33
3 75 0.268 75.53 100.70
4 75 0.268 75.53 100.70
5 75 0.267 75.25 100.33
6 75 0.268 75.53 100.70

Mean 0.268 75.48 100.64

% CV 0.281 0.277 0.277
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APPENDIX C

Storage Temperature (United States Pharmacopeia)

Freezer

A place in which the temperature is maintained thermostatically between -25
°C and -10°C (-13°F and 14 °F).
Cold

Any temperature not exceeding 8 °C (46 °F). A refrigerator is a cold place in
which the temperature is maintained thermostatically between 2 °C and 8 °C (36 °F
and 46 °F).
Cool

Any temperature between 8 °C and 15 °C (46 °F and 59 °F). An article directed
for storage in a cool place may be stored alternatively and distributed in a refrigerator,
unless otherwise specified by the individual monograph.
Controlled Cold Temperature

This temperature is defined as that maintained thermostatically between 2 °C
and 8 °C (36 °F and 46 °F), which allows for excursions in temperature between 0 °C
and 15 °C (32 °F and 59 °F) and may be experienced during storage, shipping, and
distribution when the allowable calculated mean Kkinetic temperature (MKT) is not
more than 8°C (46 °F). Transient spikes of up to 25°C (77 °F) may be permitted if the
manufacturer so instructs, and providing such spikes do not exceed 24 hours, unless
supported by stability data, or the manufacturer instructs otherwise.
Room Temperature

The temperature that prevails in a working area.
Controlled Room Temperature

A temperature maintained thermostatically that encompasses the usual and
customary working environment of 20 °C to 25 °C (68 °F to 77 °F); resulting in a mean
Kinetic temperature calculated to be not more than 25 °C; and thus allowing for
excursions between 15 °C and 30 °C (59 °F and 86 °F), as experienced in pharmacies,
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hospitals, and warehouses. Provided the mean kinetic temperature remains in the
allowed range, transient spikes of up to 40 °C are permitted as long as they do not
exceed 24 hours. Spikes above 40 °C may be permitted if the manufacturer so
instructs. Articles may be labeled for storage at “controlled room temperature” or at
“up to 25 °C”, or other wording based on the same mean kinetic temperature. The
mean kinetic temperature is a calculated value which may be used as an isothermal
storage temperature that simulates the nonisothermal effects of storage temperature
variations. An article for which storage at Controlled Room Temperature is directed
may be stored alternatively and distributed in a cool place, unless otherwise specified
in the individual monograph or on the label.
Warm

Any temperature between 30°C and 40 °C (86 °F and 104 °F).
Excessive Heat

Any temperature above 40 °C (104 °F).
Protection from Freezing

Where, in addition to the risk of breakage of the container, freezing subjects
an article to loss of strength or potency, or to destructive alteration of its
characteristics, the container label bears an appropriate instruction to protect the
article from freezing.
Dry Place

The term “dry place” denotes a place that does not exceed 40% average
relative humidity at Controlled Room Temperature or the equivalent water vapor
pressure at other temperatures. The determination may be made by direct
measurement at the place, or may be based on reported climatic conditions.
Determination is based on not less than 12 equally spaced measurements that
encompass either a season, a year, or, where recorded data demonstrate, the storage
period of the article. There may be values of up to 45% relative humidity provided
that the average value is 40% relative humidity.
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APPENDIX D

Terms describe of the pharmacokinetics

Pharmacokinetics

Pharmacokinetics is one of the two basic areas of pharmacology, in addition
to pharmacodynamics. It deals with the quantitation of the process drug absorption,
distribution, biotransformation, and excretion. These factors, coupled with prescribed
drug dose, determine the time course of drug concentrations in vivo. Pharmacokinetic
studies of drugs are clinically useful in predicting the intensity of drug effects if a
relationship exists between drug concentrations and the pharmacologic or toxic effects
of drugs.

Area under the curve (AUC):

The area under the plot of drug concentration (not logarithm of the
concentration) against time after drug administration is conveniently determined by
the “trapezoidal rule”: the data points are connected by straight line segments,
perpendiculars are erected from the abscissa to each data point, and the sum of the

triangular and trapezoidal areas so constructed is computed.

The trapezoidal rule

The trapezoidal rule is a numerical method used to approximate the integral or
area under a curve. Using the trapezoidal rule to approximate the area under a
curve first involves dividing the area into a number of equally wide strips. Then, the
area of each strip is approximated by the area of the trapezium formed, when the
upper end is replaced by a chord. The sum of these approximations gives the final

numerical result of the area under the curve.
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Area under a curve fromtime=0totimet [AUCO t]

Area under the curve is calculated for concentration vs. time data using the
linear trapezoidal rule, which is used as a widely accepted method for approximating
the area under a concentration-time curve. The accuracy of the approximation for true
area under a curve depends on the number of concentration-time points within the

time interval under consideration. The formula to calculate the area under the curve is

as follows:
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n-1
AUCO_t = >(tj+1 -tj) *(Cj+ Cj+1)/2
i=0

Area under a curve fortime O to t

Where, AUCO _t
t
C = Concentration values, e.g. Cj at time tj

time values

Total numbers of time concentration points

n

i Reference index for ith concentration-time value.
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ABSTRACT

In this study, the physicochemical properties of chitosan and its use in
the ocular drug delivery of vancomycin were evaluated. The physicochemical
properties of the chitosan used were characterized in terms of moisture content,
degree of deacetylation (DD) and viscosity-average molecular weight (M ) and
were found to be 13.5%, 94.0% and 6.03 x 10°, respectively. The vancomycin 50
mg/ml was prepared by reconstituting with Tears Naturale II'™, 0.9% sodium
chioride and 0.1% and 0.3% chitosan solutions. The antimicrobial potency was
measured by the minimum inhibitory concentration against Staphylococcus
aureus. The stabilities of the solutions were evaluated by measuring their UV
absorption and pH.

The results of this study showed that vancomycin 50 mg/ml eye drops
in 0.1% and 0.3% chitosan solutions were stable for 28 days when stored at
2-8°C.

The main conclusion to be drawn from this study is that the 0.1% and
0.3% chitosan solutions may be useful for the ocular drug delivery of vanco-
mycin dune to their biocompatibility, storage stability and cost effectiveness.

Key words: Vancomycin hydrochloride, Chitosan, Eye drops, Storage stability

INTRODUCTION

Bacterial keratitis is one of the most threatening ocular infections (Schaefer
et al., 2001; Keay et al., 2006). Successful therapy of bacterial keratitis must be
able to rapidly attain drug concentrations at the site of infection. Since the cornea
is not vascularized, it is not readily permeated by systemically-administered drugs,
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which are therefore generally not used for the treatment of keratitis. On the other
hand, topical treatment may fail to achicve therapeutically-active drug levels in
the cornea, as continuous tear flow reduces the bioavailability of topically- applied
antibiotics and the corneal epithelium acts as a barrier against drug penctration,
For this reason, the standard treatment of severe bacterial keratitis requires admin-
istration at frequent intervals {every 15 to 60 minutes for 48 to 72 hours) of eye
drops containing fortificd solutions (more concentrated than commercially-available
solutions) of fluoroquinolones or multiple antibiotics, usually a cephalosporin, an
aminoglycoside and glycopeptides (Fleischer et al., 1986, Gangopadhyay et al.,
2000; Schaefer et al., 2001; Ghelardi ct al., 2004). However, this regimen is not
convenient to the patient and usually necessitates hospitalization, Efforts are now
being dirccted at testing vehicles that better deliver antibiotics that can permeate
through the cornea and at developing systems capable of prolonging the contact
time betwecn antibiotics and the corneal tissue, thereby potentially enhancing
intracorneal delivery of ophthalmic medication (Ghelardi et al.. 2004),

Chitosan, a cationic polymer, is biodegradable, biocompatible and non-toxic
and falts into the category of mucoadhesive polymers. When using a mucoad-
hesive material, the clearance of the drug is controlled by the mucus turnover
rate, which is much slower than the tear turnover rate. This prolonged retention
of the drug formulation implies, for a drug with good permeability propertics, an
enhanced ocular drug bioavailability (Alonso and Sanchez, 2003). Chitosan is a
very promising biomaterial in ophthalmology, not only because of its favourable
biological properties, but also because of its inherent biological activity which
together may have an impact on ocular therapeutics (Felt et al., 1999; Alonso and
Sanchez, 2003).

In this study, chitosan has been used in the ocular delivery of vancomycin,
an application which, to the best of our knowledge, has not yet been reported.
The rationale for choosing chitosan for the ocular delivery of vancomycin was
based on its excellent tolerance after topical application, bioadhesive properties,
prolonged retention and good spreading over the entire cornea (Felt and Gumny
2001; Alonso and Sanchez, 2003). The method of preparation of the chitosan
solution was adopted from the literature and modified accordingly (Leesawat ct
al., 2005).

MATERIALS AND METHODS

Materials

Chitosan prepared from sqind chitin was purchased from Ta Ming Enterprises
Co., Ltd., Thailand. Vancomycin hydrochloride for injection and Tears Naturalle
IT™ werc purchased from Lex Pharmaccutical and Alcon Laboratorics, respec-
tively. A pure reference standard of vancomycin hydrochloride was purchased
from Sigma Chemical Co., USA.

Chitosan was characterized by determining its viscosity-average molecular
weight, M, by dilute-solution viscometry using a Schott-Gerate AVS 300 Au-
tomatic Viscosity Measuring System and its degree of deacetylation, DD, by a
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chemical titration method following the procedure described by Hayes and Davies
(1978). An ﬁv of 6.03 x 10° and a DD of 94.0% resulted from the analyses. The
moisture content of the chitosan of 13.5% was determined by heating at 60°C to
constant weight 1n a vacuum oven and noting the weight loss.

Microorganism
The bacterial strain used in this study was Staphplococcus aureus American
Type Culture Collection (ATCC) 29213,

Preparation and characterization of chitosan solution

The method of preparation of the chitosan solution was adopted from the
literature, as described by Leesawat et al. (2005). Chitosan 1% w/v was dis-
solved in 1% aqueous L(+)- lactic acid (Carlo Erba, 88%) at room temperature
with magnetic stirrer. The solution was then diluted to 0.1% and 0.3% w/v,
using Feldman’s ophthalmic buffer pH 7.3 and 7.7, respectively, and sterilized by
autoclaving at 121°C and 15 psi for 15 mins.

Preparation of ophthalmic formulations

Ophthalmic solutions were prepared extemporaneously by dissolving vanco-
mycin (as the hydrochloride salt) sterile powder 500 mg in 10 ml of Tears Naturale
II™ (i.c., to a concentration of 50 mg/ml) and placed into Tears Naturale 1™
containers. Similarly, the vancomycin sterile powder 500 mg was dissolved in 10
mi of 0.9% w/v aqueous sodium chloride and the 0.1% and 0.3% w/v chitosan
solutions to a final concentration of 50 mg/ml and placed into sterile eye drop
containers. The osmolalities of these vancomycin 50 mg/ml in Tears Naturale [1™,
0.9% sodium chloride and the 0.1% and 0.3% chitosan solutions were determined
by an Osmomat 030.

Design of compatibility and stability studies

The compatibilities and stabilities of the vancomycin 50 mg/ml eye drops
in Tears Naturale TI™, the 0.9% sodium chloride solution and the chitosan solu-
tions were examined by absorbance (UV Spectrophotometer, Shimadzu) and pH
at days 0, 3, 7, 10, 14, 21 and 28 (day 0 = immediately following prcparation).
The samples were divided into 2 groups: Group 1 (n=10) was stored at 2-8°C in
a refrigerator and Group Il (n=10) was stored at 30°C in an incubator.

Validation of UV spectrophotometer

A standard stock solution of vancomyein 50 mg/ml was prepared for vali-
dating the vancomycin in the Tears Naturale 1[™ and chitosan solutions. Further 6
solutions were prepared by dilution of 6, 7,9, 10, 13 and 18 pl of the vancomycin
50 mg/ml stock solution with distilled water and the volumes adjusted to 4 ml.
Thus, solution concentrations of 75, 87.5, 112.5, 125, 162.5 and 225 pg/ml were
obtained for construction of a calibration curve. The precision and accuracy of
standard vancomycin determination in Tears Naturale II'™, 0.9% sodium chloridc,
and the 0.1% and 0.3% w/v chitosan solutions were tested by diluting 8. 14 and
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17 ul of their vancomycin 50 mg/ml stock solutions with distilled water and
adjusting the volumes to 4 ml to obtain concentrations of 100, 175 and 212.5 ng/
ml. Each solution was then analysed by UV spectrophotometry by measuring the
absorbance at 282 nm.

Minimum inhibition concentration analysis

Minimum inhibitory concentration (MIC) was determined by a broth dilution
method according to CLSI guidelines (CLSI, 2005). Ophthalmic solutions were
prepared extemporaneously in a Class 100 clean-room environment by dissolving
500 mg of vancomycin hydrochloride sterile powder in 10 ml of Tears Naturale
1™, 0.9% sodium chloride and the 0.1% and 0.3% chitosan solutions to give a
final concentration in each of 50 mg/ml. A control vancomycin hydrochloride 50
mg/ml solution was prepared by dissolving 500 mg of vancomycin hydrochloride
in 10 ml of 0.9% sodium chloride solution.

Each stock solution was divided into two halves for storage at room tem-
perature (30°C) and under refrigeration (2-8°C) with testing on days 0 (day of
preparation), 3, 7, 10, 14, 21 and 28. The vancomycin hydrochloride 50 mg/ml
control was stored in a freezer and also tested on days 0, 3, 7, 10, 14, 21 and
28. On each test day, a bacterial suspension equal to a 0.5 McFarland turbidity
standard (1.0 x 10% CFU/ml) was prepared in a Mueller-Hinton broth and diluted
100-fold (to 1.0 x 10¢ CFU/ml). The vancomycin solutions were further diluted
with water for injection to a concentration of 250 pg/ml before serial dilutions
with the Mueller-Hinton broth were carried out for the tests to be performed in
sterile test tubes closed with cotton plugs. Two-fold dilutions of vancomyein were
prepared in Mueller-Hinton broth, as in Table 1. For each dilution tube, 0.5 m] of
each bacterial suspension and the antimicrobial agent were incubated together at
35°C in an aerobic environment for 24 hours. Standard quality control reference
strain of Staphviococcus aureus ATCC 29213 (CLSL, 200S) with sensitivity to
vancomycin hydrochloride was chosen for this study. The bacteria were transferred
daily to ensure purity and good growth. On each test day, a bacterial suspension
equal to the 0.5 McFarland turbidity standard was prepared in Mueller-Hinton
broth. The minimum inhibitory concentration {(MIC) is defined as the lowest
concentration of antibiotic that yields no growth in the Mueller-Hinton broth.

Statistical analysis

Different significant percentages of the labeled amounts between day (¢ and
days 3, 7, 10, 14, 21 and 28 at 30°C and 2-8°C were determined by using an
SPSS 12.0 for Windows One-Way ANOVA and Multiple-Comparison Post Hoc
Test. Results with p<0.05 were considered to be statistically significant.

RESULTS
The physicochemical properties of the chitosan used were characterized in

terms of its moisture content, degree of deacetylation (DD) and viscosity-average
molecular weight (M,) and were found to be 13.50%, 94.0% and 6.03 x 10°,
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Table 1. Scheme for preparing dilutions of vancomycin to be used in Mueller-
Hinton (MHB) broth dilution susceptibility tests.

Tube Working MHB MHB from Inoculum Final
No. solution (ml) previous tube (ml) concentration
(ml) (ml) of vacomycin
(ng/ml)
1 0.5 0.0 0.0 0.5 125.00
2 0.5 0.5 0.0 0.5 62.50
3 0.0 0.5 0.5 0.5 31.25
4 0.0 0.5 0.5 0.5 15.63
5 0.0 0.5 0.5 0.5 7.81
6 0.0 0.5 0.5 0.5 3.91
7 0.0 0.5 0.5 0.5 1.95
8 0.0 0.5 0.5 0.5 0.98
9 0.0 0.5 0.5 0.5 0.50
10 0.0 0.5 0.5 0.5 0.24
11 0.0 0.5 0.0 0.5 Positive control
12 0.5 0.5 0.0 0.0 Negative control

respectively. The compatibility and stability studies of vancomycin 50 mg/ml eye
drops in Tears Naturale I[I™, 0.9% sodium chloride and the 0.1% and 0.3% chitosan
solutions showed that the solutions of vancomycin 50 mg/ml eye drops in Tears
Naturale [I™ remained clear until day 7 when stored at 2-8°C and 30°C. In 0.9%
sodium chloride, the solutions remained clear until day 14 when stored at 2-8°C
and 30°C. In the 0.1% chitosan solution, the eye drops remained clear throughout
the 28-day study period when stored at 2-8°C but only until day 21 when stored at
30°C. In the 0.3% chitosan solution, the eye drops remained clear throughout the
28-day study period when stored at 2-8°C but only until day 14 when stored at 30°C.
The calibration curve of absorbance versus concentration for standard vancomycin
at six different concentrations over the afore-mentioned range gave a linear plot
(r? > 0.99). All of the within-day and between-day precision and accuracy levels
were determined as coefficients of variation and were less than 5%. The concen-
tration of the vancomycin eye drops was calculated from the standard curves. The
percentage of the labeled amount of vancomycin 50 mg/ml eye drops in Tears
Naturale 1I™, 0.9% sodium chloride and the 0.1% and 0.3% chitosan solutions
stored at 2-8°C showed no loss of stability during 28-day storage. However, at
30°C, there was a statistically significant decrease in the percentage of the labeled
amount from days 28 and 21 onwards for vancomycin 50 mg/ml eye drops in
Tears Naturale II™ and the 0.1% chitosan solution, respectively (p<0.05). The
percentage of the labeled amount of vancomycin 50 mg/ml eye drops in the 0.3%
chitosan and the 0.9% sodium chloride solutions showed statistically significant
decreases in the percentages of the labeled amounts from day 21 (Table 2).
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Table 2. Percentage of the labeled amounts of vancomycin hydrochloride 50
mg/ml eye drops.

Percentage of the labeled amounts®
Day Vancomycin Vancomycin Vancomycin Vancomycin
50 mg/ml in Tears 50 mg/ml in 0.1% 50 mg/ml in 0.3% 50 mg/ml in 0.9%
Naturale [I™ chitosan solution chitosan solution sodium chloride
2-8°C 30°C 2-8°C 30°C 2.8°C | 30°C 2-8°C 30°C
0 108.63 + | 10848 + | 10822+ | 10822+ | 10870« | 10895 | 109.73 + | 109.14 +
1.13 0.95 0.63 0.63 0.98 +0.23 0.48 0.66
3 107.88 = | 109.45+ | 107.78 £ { 108.87 + | 108.93 + | 108.96 + | 109.56 = | 109.85 +
0.87 1.40 1.89 0.46 0.27 0.17 0.76 1.01
7 107.74 £ | 108.75+ | 108.94 + | 108.80 + | 10895+ | 10898 = | 109.14 + | 109.24 =
1.22 0.93 0.46 1.12 0.17 0.24 1.08 0.84
10 | 108.07+ | 108.82+ | 10875+ | 108.74 | 109.00 + | 108.98 + | 109.58 = | 109.62
0.53 1.09 0.38 +0.90 0.16 0.19 0.58 +0.65
14 | 107.73+ | 108.74 + | 10843 + | 108.94 = | 10875+ | 10895+ | 108.88 + | 109.87 &
0.76 0.56 0.49 0.68 0.44 0.46 0.91 0.37
21 | 108.29+ | 108.53 = | 108.15+ | 100 .77 = | 108.96 + | 104.26 = | 109.35 = | 108 .27 &
0.32 0.48 0.67 1.00* 0.2 1.23*% 0.78 0.97*
28 | 10771+ | 102.07+ | 10788+ | 9952+ | 108.86+ | 9925+ | 10992+ | 96.69 &
0.81 0.33* 1.00 0.80* 0.22 1.76* 1.05 0.54*

4mean + SD of 10 samples
*P< 0.05

Table 3. pH of vancomycin hydrochloride 50 mg/ml eye drops.

pH (n=10)
Day Vancorqyéin Vancomycin Véncomycin Vancomyciﬁ ]
: 50 mg/ml in Tears | 50 mg/ml in 0.1% | 50 mg/ml in 0.3% 50 mg/ml in 0.9%
Naturale ™ chitosan solution chitosan solution sodium chloride
B 2.8°C | 30°C | 2-8°C | 30°C | 2-.8°C | 30°C | 2-8°C | 30°C
0 3.23 3.23 3.52 3.52 3.72 3.69 335 340 |
3.57 3.50 3.80 3.90 | 3.6 3.63 3.19 3.32
7 3.45 3.58 371 3.86 3710 | 379 3.49 3.51
10 | 340 3.40 3.78 389 | 3.63 3.79 3.63 3.45
14 | 351 | 366 3.84 403 | 355 | 365 336 3.55
21 | 345 3.73 3.75 4.02 3.70 3.65 3.35 3.63
28 | 341 3.55 3.60 3.86 3.65 3.66 3.45 3.54

The pH values of the vancomycin 50 mg/ml eye drops in Tears Naturale
1™, (0.9% sodium chloride and 0.1% and 0.3% chitosan solutions stored at
2-8°C and 30°C were in the ranges of 3.23-3.73, 3.19-3.63, 3.52-4.03 and 3.55-
3.79, respectively (Table 3).

This study has also been concerned with the antimicrobial potency and the
stability of extemporaneous preparations of vancomycin 50 mg/ml eye drops in the
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various solutions. On examining the minimum inhibitory concentrations (MIC), it
was found that the MIC values at 2-8°C and 30°C on days 0, 3, 7, 10, 14, 21 and
28 for the vancomysin 50 mg/ml eye drops in Tears Naturale 1™, 0.9 % sodium
chloride and the 0.1% and 0.3% chitosan solutions were between 0.5-2.0 pg/ml
(Table 4). According to the Clinical and Laboratory Standards Institute (CLSI,
2005), the standard MIC value of vancomycin hydrochloride is 0.5-2.0 pg/ml.
All positive controls without added vancomycin hydrochloride showed positive
results. Negative controls not inoculated with Staphylococcus aureus ATCC 29213
showed negative results. Thus, this study has demonstrated that vancomycin 50
mg/ml eye drops in the various solutions stored at 2-8°C and 30°C resulted in
no loss of MIC during 28 days.

The osmolalities of vancomycin 50 mg/ml in Tears Naturale II™, 0.9%
sodium chloride and the 0.1% and 0.3% chitosan solutions were determined as
334, 315, 310 and 235 mOsmol/kg, respectively.

Table 4. Minimum inhibitory concentrations of vancomycin 50 mg/ml in Tears
Naturale 1I™, sodium chloride and chitosan solutions stored at different
temperatures over time.

Day 1 Minimum ir}hib_itory- concentration (pg/ml) (n=2) - _]_
i Vancomycin | Vancomycin ‘ Vancomycin I Vancomycin Vancomycin
’ 50 mg/ml | 50 mg/ml in 50 mg/ml in 50 mg/ml in 50 mg/ml in
| in sodium | Tears Naturale | 0.1% chitosan 0.3% chitosan 0.9% sodium |
| chloride m™ | solution 3 solution chloride |
! Freczer | 2-8°C | 30°C | 2-8°C | 30°C , 2-8°C | 30°C | 2-8°C | 30°C |
| 0 o ___Q.9§ 9 0.98 | 0.98 i 0.98 i 0.98 | 0.50 .---0'98 _ 0.50 [ _0.50
3 0.98 098 | 098 | 098 | 098 | 050 | 098 | 050 | 0.50
7 0.50 0.74 0.50 0.74 | 0.0 0.98 0.74 0.74 1.49
10 | 0.50 0.50 0.74 O.SC_I 0.50 2.00 ].49_ 2.00 _ 0.50
14 | 0.74 0.98 2.00 I 1.49 2.00 1.49 1.49 1.49 2.00
L 21 0.98_ 0.98 0.98 0.98 2.00 0.98 0.74 0.74 1.49
I 28 [ 0.98 0.98 1.49 | 0.98 | 0.98 0.74 1.49 0.50 149 |
DISCUSSION

In this study, attention has been focused on chitosan, a polysaccharide that
has not previously been tested for its ocular delivery of vancomycin. Vancomycin
hydrochloride is currently available for the treatment of external ocular diseases,
such as blepharitis, conjunctivitis and bacterial keratitis (Keay et al., 2006).
However, vancomycin hydrochloride eye drops (50 mg/ml) are not commercially
available, instead they are made up by reconstitution in artificial tears (Ahmed and
Day, 1987). Chitosan, a well-known polycationic biopolymer of natural origin,
has shown excellent ocular compatibility, prolonged retention and also the ability
to interact with the negatively charged conjunctiva and cornea (Felt et al., 1999;
Felt and Gurny, 2001). Thus, chitosan was chosen in this study for the ocular
delivery of vancomycin.
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In this work, it has been found that the change in the percent labeled amounts
of vancomycin 50 mg/ml was affected both by storage temperaturc and solvent.
Vancomycin 50 mg/ml in 0.1% and 0.3% chitosan solutions remained clear and
stable throughout the study period (28 days) at 2-8°C.

Table 4 compares the antibacterial activities of vancomycin 50 mg/ml
eye drops in Tears Naturale 1™, 0.9% sodium chloride and the 0.1% and 0.3%
chitosan solutions during storage at 2-8°C and 30°C for 28 days. The growth of
Staphylococcus aureus ATCC 29213 was suppressed by vancomycin throughout
the study period. The potency of vancomyein 50 mg/ml in Tears Naturale [I™
and the 0.9% sodium chloride solution is comparable with that in the 0.1% and
0.3% chitosan solutions. Charlton ct al., (1998) studied the stability of vancomy-
cin 50 mg/ml in artificial tears and found that the drug activity did not vary with
temperature (4°C, 25°C) or storage time (28 days).

The pH range 3.5-10.5 is usually tolerable by the eyes (Lund, 1994). The
pH of vancomycin 50 mg/m] eye drops in Tears Naturale II™ and 0.9 % sodium
chloride in this study are slightly lower than this pH range and are therefore not
well tolerated by the eves. In contrast, the pH values of the vancomycin 50 mg/
ml cyc drops in the 0.1% and 0.3% chitosan solutions stored at 2-8°C and 30°C
are within this range and should be well tolerated by the eycs.

Finally, the osmolality which can be tolerated by the human eye is 160-670
mQOsmol/kg (Charlton et al., 1998). The osmelalities of the vancomyecin 50 mg/
ml in Tears Naturale 11™, 0.9% sodium chloride and the 0.1% and 0.3% chitosan
solutions in the present study are all within a well-tolerated rangc.

CONCLUSION

The results of this study show that the 0.1% and 0.3% w/v chitosan solutions
may be of value for the delivery of vancomycin since vancomycin 50 mg/ml eyc
drops in the chitosan solutions have a stability comparable with or even better
than Tears Naturale 1T™. Furthermore, chitosan offers other potential benefits as
regards to its antimicrobial properties, particularly in the treatment of bactenal
keratitis.
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ABSTRACT

In this study, the physicochemical properties of chitosan and its stability
in solution for potential use as an ocular drug delivery vehicle were studied. The
phlysicochemical properties of the chitosan used were characterized in terms of its
moisture content, degree of deacetylation (DD) and viscosity-average molecular
weight (JWV) and were found to be 13.5%, 94.0% and 6.03 x I0°, respectively.
Chitosan solutions of 0.1% and 0.3% w/v concentrations in 1% aqueous L(+)-
lactic acid were prepared. Sterilization of the solutions by aufoclaving at 121°C
at 15 psi pressure for 15 mins resulted in rapid acid-catalysed hydrolytic chain
scission of the chifosan which, in turn, resulted in a drastic reduction in solution
viscosify. Thereafier, the solutions remained stable during storage at 30°C, slightly
more so at 2-8°C, with only slow and relatively small further decreases in viscosity
over a period of 60 days.

The main conclusion to be drawn from this study is that 0.1% and 0.3%
w/v chitosan solutions may be of value as ocular drug delivery vehicles because
of their low toxicity, good ocular tolerance and storage stability.

Key words: Chitosan solution, Storage stability. Ocutar drug delivery vehicle

INTRODUCTION

Chitosan has found widcspread application in conventional pharmaceutical
devices as a potential formulation excipient due to its suitable binding. disintegrating
and tablct-coating propertics (Singla and Chawla, 2001). The polymer has also been
investigated as a potential adjuvant tor swellable-controlled drug delivery systems.
The usc of chitosan in novel drug delivery as a mucoadhesive. in gene and peptide
drug administration via the oral route. as well as its absorption-enhancing effect
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has been explored by a number of researchers (Singla and Chawta, 2001). Chitosan
is soluble in dilute acidic solutions wherein it becomes protonated. The positive
charges on the protonated chitosan molecule enable it to interact with polyanions, a
process that has been used to obtain complexes as well as micro and nanoparticulate
drug delivery systems. Chitosan is a very promising biomaterial in ophthalmology
because of its mucoadhesive and antimicrobial activity, as recently corroborated by
the findings of Felt ¢t al., (2000).

Chitosan is biodegradable, biocompatible and non-toxic. The chemical struc-
ture of chitosan is shown in Fig. 1. When used as a mucoadhesive material in drug
delivery. the clearance of the drug is controlled by the mucus turnover rate which
is much slower than the tear turnover rate. This prolonged retention of the drug
formulation implies, for a drug with good permeability properties. an enhanced
ocular drug bioavailability (Alonso and Sanchez, 2003). Consequently, chitosan is
a very promising biomaterial in ophthalimology, not only because of the favourable
biological properties mentioned above, but also because of its inherent biological
activity which may also have an impact on ocular therapeutics,

The objectives of this present research were to evaluate the effects of steriliza-
tion by autoclaving and the subsequent storage stability (via intrinsic viscosity, {n})
of chitosan solutions stored at 2-8°C and 30°C for 60 days. The method of prepara-
tion of the chitosan solutions was taken from the literature and modified accordingly
(I.cesawat et al., 2003).

;ﬁ CH
H.0
™o
HO
R=H or COCH,

Figare 1. Chemical structure of chitosan.,

MATERIALS AND METHODS

Materials

Chitosan prepared from chitin (squid type) was purchased from Ta Ming Enter-
prises Co.. L.td., Thailand. L(+)-lactic acid (min. assay 88%) was purchased from
Carlo Erba.
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Determination of moisture content

The moisture content (% by weight) of the chitosan was determined by
heating at 60°C to constant weight in a vacuum oven and calculating the weight
logs. The moisture content was then obtained from:

initial weighi—dry weight

1 0
initial weight x 100% (1)

Moisture Content =

Due to its nature as a hvdrogel, chitosan absorbs a significant amount of mois-
ture when exposed to air, This absorption continues until the chitosan reaches its
equilibrium water content (EWC) according to the ambient conditions (temperature,
pressure, relative humidity).

Determination of degree of deacetylation

The degree of deacetylation, DD, of the chitosan was determined by a
chemical titration method following the procedure described by Haves and Davies
{1978). Pre-dried chitosan was dissolved in 10% agueous acetic acid and chitosan
hydrochloride precipitated by dropwise addition of hydrochloric acid. From the
titration of 10 ml of a solution of a known weight of the hydrochloride dissolved
in 100 ml of distified water with 0.1 M sodium hydroxide solution, the DD of the
original chitosan was calculated from :

(Cx V,x V,x MW x 100)

DD =
(1006xV,x W

% (2)

where C is the exact molar concentration of the sodium hydroxide (=0.1), Vi is
the volume of sodium hydroxide (ml), V, is the made~up volume of the chitosan
hydrochioride solution in ml (=100). MW is the molecular weight of chitosan
hydrochloride (=197.5), V, is the volume of the chitosan hydrochloride solution in
ml (=10) and W is weight of chitosan hydrochloride dissolved in V, (g).

Determination of viscosity-average molecular weight (1\—’[‘,)

The chitosan was turther characterized by determining its viscosity-average
molecular weight (M) by dilute-solution viscometry, using a Schott-Gerate AVS
300 Automatic Viscosity Measuring System. The solvent used was an aqueous
solution containing 0.2 M acetic acid, 0.1 M sodium chloride and 4 M urca. A se-
ries of chitosan solutions were prepared with concentrations of 0.025, 0.050, 0.075
and 0.100 g/di. For flow-time measurements, 15 ml of each solution were accu-
rately pipetted into a Ubbelohde-tvpe viscometer. clamped vertically in a constant
temperature water bath at 25.0 £ 0.1°C. At least 15 minutes were allowed for tem-
perature equilibration before flow-time measurements were made. The value of M,
was calculated from eguation (3) (Rathke and Hudson, 1994):

[n] = 8.93 x 10-4ﬁV 0 gl / g (3)

where [1] is the intrinsic viscosity of the chitosan in units of di/g.
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Preparation of chitosan solutions for storage stability studies

The method of preparation of the chitosan solutions was taken from the
literature and modified accordingly (Leesawat et al.. 2005). Chitosan 1% w/v
was dissolved in 1% aqueous L{+)-lactic acid at room temperature with magnetic
stirring. It was then diluted to 0.1% and 0.3% w/v using Feldman.s ophthalmic
buffer pH 7.3 and 7.7. respectively, and sterilized by autoclaving at 121°C and 15
psi for 15 mins. The osmolalities of these 0.1% and 0.3% chitosan solutions were
determined by an Osmomat 030. The stability of the chitosan solutions was inves-
tigated in terms of their pH and intrinsic viscosity ([n]) changes during storage at
2-8°C and 30°C" .

RESULTS

The physicochemical properties of the chitosan which were characterized,
namely: moisture content, degree of deacetylation (DD) and viscosity-average mo-
Jecular weight (I\_'I‘_) were found to be 13.50%, 94.0% and 6.03 x 10°, respectively.
The storage stability of the chitosan solution was studied at two different tempera-
tures: ambient (Asia) temperature (30°C) and refrigeration temperature (2-8°C)
(Prakongpan, 2540). Stability was monitored in terms of intrinsic viscosity which,
in turn, reflected changes in the chitosan molecular weight.

The decreases in intrinsic viscosity, [n], of the 0.1% and 0.3% w/v chitosan
solutions with sterilization and storage time at two different temperatures are shown
in Figs. 2 and 3. The decreascs are seen to be biphasic with an initial rapid steriliza-
tion phase, followed by a much slower storage phase. As the results show. the effect
of storage is relatively small compared with the effect of sterilization. The effect
of storage time only is seen more clearly in Figs. 4 and 5 on expanded scales. The
intrinsic viscosity docs decrease further on storage but only relatively slowly and
with little difference between the two temperature regimens of 2-8°C and 30°C. The
effect of increasing the solution concentration from 0.1% to 0.3% w/v is mainly to
increase the solution viscosity for practical purposes (e.g., prolonged ocular reten-
tion time) rather than to influence storage stability. Finally, the pH values of the 0.1%
and 0.3% w/v solutions fluctuated between 5.10-5.40 and 3.91-4.19, respectively
(Table 1), with no obvious trend with storage time.

DISCUSSION

Chitosan is well known to undergo acid-catalysed hydrolytic chain scission
of its glucosidic linkages in dilute acid solution. This chain scission, which occurs
at random points along the chain, results in a rapid molecular weight decrease with
a corresponding rapid decrease in solution viscosity. For a random chain scission
process in which there is an equal probability of chain scission occurring at any
glucosidic linkage along the chain. it has been shown that. tor most cellulose deriva-
tives in dilute acid solution, the decrease in average molecular weight M with time
t can be fitted approximately to the second-order rate equation (4) (Haward. 1950),
Le.,
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- 5 (4)
M, ~ M, ~ M
— i 0
where M, = average molecular weight at time t
M, = initial average molecular weight at t=0
k = rate constant for chain scission which is a function of tempera-

ture and acid catalyst concentration

ie. k = f(T [Acid])

To a good approximation, the viscosity-average molecular weight, “ﬁv, from
viscometry of chitosan in dilute aqueous acid solution can be considered to be
directly proportional to the intrinsic viscosity. [n], of the solution (i.e., M, = []).
This is because the value of the exponent a’ in the Mark-Houwink Equation (5) is
approximately equal to I for chitosan in dilutc acid solution. Therefore, since X is
a contant, the equation below

[n] = KM, (5)
approximates to - [f] = Klflv (6)
hence  [n] @ M, (7

Therefore, combining equations (4) and (6) gives

1 1
== 4 R (8)
ol, T, H
which implies that a plot of (1/In]-1/[n],) against time t should yield a lincar graph
of slope k.

In this work, the values of [#], and {¥], were estimated, again to a good
approximation, from a single solution concentration via the Solomon-Ciuta One-
Point Equation (9):

[n] = [2(n,~lnn,, )]/ C )

where 1y is the specific viscosity, 1, is the relative viscosity, and C is the concen-
tration of the solution; in this case, C= 0.1 % or 0.3 % w/v (g dI""). The variations
in [n] with sterilization by autoclaving and storage time (days) at 30°C and 2-8°C
are compared in Figs. 2 and 3. As the results clearly show, the main decrease in [x]
Is brought about by autoclaving during which the solutions are subjected to high
temperature (121°C). The combination of high temperature and the presence of acid
causes rapid hydrolytic degradation of the chitosan in solution, even during only
a short period of time (15 mins). Further degradation then occurs during storage,
although much more slowly and to a much lesser extent. The lower storage tempera-
ture of 2-8°C marginally increases storage stability (Figs. 4 and 5), although this
eftect is overshadowed in Figs. 2 and 3 by the much greater effect of autoclaving.

The pH values of the 0.1% and 0.3% chitosan solutions stored at 2-8°C and
30°C were in the range of 5.10-5.40 and 3.91-4.19, respectively (Table 1). The pH
range 3.5-10.5 is usually tolerable by the human eve (Lund, 1994). The pH values
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of the 0.3% chitosan solution were slightly lower than those of the 0.1% chitosan
solution. At the same time, the osmolalities of the 0.1% and 0.3% solutions were
267 and 193 mOsmol/kg, respectively. The osmolality which can be tolerated by
the eye is 160-670 mOsmol/kg (Charlton and Dalla, 1998).

:
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Figure 2. Variations in, intrinsic viscosity, [n], of the .1% w/v chitosan solutions
with autoclaving and storage time at different temperatures.
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Figure 3. Variations in intrinsic viscosity, [n], of the 0.3% w/v chitosan solutions
with antoclaving and subsequent storage time at different temperatures.

CONCLUSION

The hydrolytic degradation of chitesan in aqueous acid solution is well
documented (Biskup et al., 2007). The fact that this hydrolytic degradation results
in random chain serssion means that the molecular weight of the chitosan decreases
very rapidly. Furthermore, the rate of hydrolysis increases with both acid concentra-
tion and temperature (Varum et al.. 2001).

In this work, the chitosan solutions were prepared in a dilute (1% v/v) aque-
ous solution of a weak acid (L-lactic acid) and stored at moderate (30°C) or low
(2-8°C) temperature. Under these conditions, the rate of hydrolysis of the chitosan in
solution would be expected to be relatively slow over a period of days, if not weeks.
However, chitosan solutions for use in ocular drug delivery need to be sterilized
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Figure 4. Variations in intrinsic viscosity, [n], of the 0.1% w/v chitosan solutions
with storage time only at different temperatures.
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Figure 5. Variations in intrinsic viscosity, [n], of the 0.3% w/v chitosan solutions
with storage time only at different temperatures.

Table 1. Variations in pH of the 0.1% and 0.3% w/v chitosan solutions with storage
time at different temperatures. ”

Day pH (£0.01)

Chitosan solution 0.1% Chitosan solution 0.3%

2-8°C 30°C 2-8°C 30°C
0 5.17 517 3.91 3.91
3 5.18 5.12 4.12 4.16
7 5.20 5.10 4.06 4.02
10 5.27 5.23 411 4.08
14 530 5.20 4.13 411
21 5.26 5.21 4.19 4.13
28 527 5.21 4.12 4.08
60 5.40 5.13 411 3.98
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before use with the recommended method, i.e., being autoctaved at 121°C at 15 psi
pressure for |5 mins. By subjecting the solution to this high temperature, even for
such a short time, it is sufficient to cause the chitosan to hydrolyse rapidiyv with a
resultant drastic reduction in molecular weight. This effect has been observed here
as the large reductions in intrinsic viscosity, [1]. in Figs. 2 and 3. Consequently,
because the chitosan had already been degraded to such a large extent by autoclav-
ing, the subsequent effccts of storage at 2-8°C and 30°C were both small and slow
in comparison. Autoclaving, necessary though it I1s in order to sterilize the solution,
is a highly-degradative process in terms of the chitosan molecular weight. While
this does not adversely affect the sterility of the solution, it does drastically reduce
1LS VISCOSILY.

Irt conclusion. these results need to be viewed within the wider context of this
work which is to examine the potential use of these chitosan sotutions as vehicles
for ocular drug delivery. Bearing in mind the unavoidable eftect of autoclaving,
the main considerations are (a} whether or not the residual solution viscosity after
autoclaving is still sufficicnt for ocular retention and (b) how stable the solutions are
on storage. In answer td these questions, the results of this work have shown that (a)
if the initial molecular weight and solution concentration of the chitosan are high
enough, the residual solution viscosity afier autoclaving is both sufficient and adjust-
able for practical use and (b) the autoclaved chitosan solutions can be stored safely
for extended periods of up to 60 days at 30°C"; storage at 2-8°C' improves storage
stability still further, as would be expected. but only marginally so. On the basis of
these results, it is concluded that chitosan solutions in dilute aqueous L-lactic acid
have considerable potential for use as ocular drug delivery vehicles. Further work
is continuing in order to develop this potentiai.
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