
Table A-2: Chitosan particles size distribution. Chitosan Concentration^ 3 mg/ mL, CS:TPP =4
Radius

(nm)
Distribut on Fracl ion

Trial 1 Trial 2 Trial 3 Average
3.953 0 .0009 0.0009 0.0009 0.0009

4 .3 4 3 0 .0033 0.0036 0.0036 0.0035

4.771 0 .0073 0.0078 0.0078 0.0076

5.241 0 .0122 0.0131 0.0131 0.0128

5 .757 0 .0173 0.0186 0.0185 0.0181

6 .324 0 .0217 0.0233 0.0232 0.0227

6 .948 0 .0246 0.0265 0.0264 0.0258

7 .632 0 .0255 0.0275 0.0274 0.0268
8 .384 0 .0243 0.0262 0.0261 0.0256

9 .2 1 0 0 .0212 0.0228 0.0227 0.0222

, 10.12 0 .0166 0.0178 0.0178 0.0174

11 .12 0 .0113 0.0121 0.0121 0.0119
12.21 0 .0063 0.0068 0.0068 0.0066
13.41 0 .0025 0.0027 0.0027 0.0027
14 .74 0 .0005 0.0005 0.0005 0.0005

16.19 0 .0000 0.0000 0.0000 0.0000

17.78 0 .0000 0.0000 0.0000 0.0000
19.54 0 .0000 0.0000 0.0000 0 .0000
21 .4 6 0 .0000 0.0000 0.0000 0.0000
2 3 .5 8 0 .0000 0.0000 0.0000 0.0000
2 5 .9 0 0 .0000 0.0000 0.0000 0.0000

28 .45 0 .0000 0.0000 0.0000 0.0000
31 .25 0 .0000 0.0000 0.0000 0.0000

34 .33 0 .0000 0.0000 0.0000 0.0000
37 .72 0 .0000 0.0000 0.0000 0.0000
4 1 .4 3 0 .0000 0.0000 0.0000 0.0000
45 .5 2 0 .0000 0.0000 0.0000 0.0000
50 .00 0 .0000 0.0000 0.0000 0.0000
54 .93 0 .0075 0.0081 0.0080 0.0079
60 .3 4 0 .0296 0.0319 0.0318 0.0311
66 .2 9 0 .0702 0.0755 0.0753 0.0737
72 .82 0 .1300 0 .1398 0.1394 0.1364
79 .99 0 .2075 0.2231 0.2225 0.2177
87 .88 0 .2992 0 .3218 0.3208 0.3139

96 .54 0 .4005 0 .4307 0.4295 0.4202

106.0 0 .5060 0 .5442 0.5426 0.5310
116.5 0.6101 0.6562 0 .6543 0.6402
128.0 0 .7073 0 .7608 0 .7586 0.7422
140.6 0 .7929 0 .8528 0 .8503 0.8320
154.4 0 .8627 0 .9279 0.9252 0.9053
169.7 0.9138 0 .9828 0 .9799 0.9588
186.4 0.9441 1.0155 1.0125 0.9907

Radius
(nm)

Distribut on Fraction
Trial 1 Trial 2 Trial 3 Average

204.8 0.9530 1.0250 1.0220 1.0000

224.9 0.9407 1.0117 1.0088 0.9871

247.1 0.9084 0.9771 0.9742 0.9532

271.4 0.8584 0.9233 0.9205 0.9007

298.2 0.7934 0.8533 0.8508 0.8325

327.6 0.7167 0.7708 0.7686 0.7520

359.9 0.6320 0.6797 0.6777 0.6631

395.3 0.5429 0.5839 0.5822 0.5697

434 .3 0.4531 0 .4874 0.4860 0.4755

477.1 0.3661 0.3938 0.3926 0.3842

524.1 0.2849 0.3064 0.3055 0.2989

575.7 0.2119 0.2279 0.2273 0.2224

632.4 0.1491 0.1604 0.1599 0.1565

694.8 0.0977 0.1050 0.1047 0.1025

763.2 0.0580 0.0624 0.0622 0.0609

838.4 0.0299 0.0321 0.0320 0.0313

921.0 0.0121 0.0130 0.0130 0.0127

1012 0.0030 0.0032 0.0032 0.0032

1112 0.0000 0.0000 0.0000 0.0000

1221 0.0000 0.0000 0.0000 0.0000

1341 0.0028 0.0030 0.0030 0.0029

1474 0.0081 0.0087 0.0087 0.0085

1619 0.0155 0.0167 0.0166 0.0163

1778 0.0241 0.0260 0.0259 0.0253

1953 0.0331 0.0356 0.0355 0.0347

2146 0.0414 0.0445 0.0443 0.0434

2357 0.0480 0.0516 0.0515 0.0504

2590 0.0522 0.0562 0.0560 0.0548

2845 0.0534 0.0575 0.0573 0.0561

3125 0.0513 0.0552 0.0550 0.0538

3433 0.0459 0.0494 0.0492 0.0482

3772 0.0376 0.0404 0.0403 0.0394

4143 0.0273 0.0293 0.0292 0.0286

4552 0.0162 0.0175 0.0174 0.0170

5000 0.0064 0.0069 0.0068 0.0067
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Table A-3: Chitosan particles size distribution. Chitosan
Radius

(nm)
Distribution Fract on

Trial 1 Trial 2 Trial 3 Average
2 .249 0 .0000 0 .0000 0.0000 0 .0000
2.471 0 .0000 0 .0000 0.0000 0.0000
2 .714 0 .0000 0.0000 0.0000 0 .0000
2 .982 0 .0000 0.0000 0.0000 0 .0000
3 .276 0 .0000 0.0000 0.0000 0 .0000
3 .598 0 .0022 0.0022 0.0025 0 .0023
3 .953 0 .0067 0.0069 0.0078 0.0071
4 .3 4 3 0 .0102 0.0104 0.0119 0 .0108
4 .7 7 0 0.0101 0.0103 0.0117 0 .0107
5.241 0 .0066 0.0067 0.0076 0 .0070
5 .757 0 .0022 0.0023 0.0026 0 .0024
6 .3 2 4 0 .0000 0.0000 0.0000 0 .0000
6 .9 4 8 0 .0000 0.0000 0.0000 0 .0000
7 .632 0 .0000 0.0000 0.0000 0 .0000
8 .384 0 .0000 0.0000 0.0000 0 .0000
9 .210 0 .0000 0.0000 0.0000 0.0000
10.12 0.0000 0.0000 0.0000 0.0000
11.12 0 .0000 0.0000 0.0000 0.0000
12.21 0 .0000 0.0000 0.0000 0.0000
13.41 0 .0000 0.0000 0.0000 0.0000
14.74 0 .0000 0.0000 0.0000 0.0000
16.19 0 .0085 0.0087 0.0099 0.0091
17.78 0 .0262 0.0268 0.0305 0.0278
19.53 0.0471 0.0482 0.0548 0.0500
21 .4 6 0.0632 0.0646 0.0735 0.0671
23 .57 0.0681 0.0696 0.0791 0.0722
25 .9 0 0 .0595 0.0609 0.0692 0.0632
28 .4 5 0 .0408 0.0418 0.0475 0.0434
31 .25 0 .0195 0.0199 0.0227 0.0207
34 .33 0 .0043 0.0044 0.0050 0.0046
37 .72 0 .0000 0.0000 0.0000 0.0000
41 .4 3 0 .0000 0 .0000 0.0000 0.0000
45 .52 0 .0000 0.0000 0.0000 0.0000
50 .00 0 .0000 0.0000 0.0000 0.0000
54 .93 0 .0000 0.0000 0.0000 0.0000
60 .34 0 .0000 0 .0000 0.0000 0.0000
66 .29 0 .0000 0 .0000 0.0000 0.0000
72.82 0 .0000 0 .0000 0.0000 0.0000
79.99 0 .0000 0 .0000 0 .0000 0.0000
87 .88 0 .0000 0 .0000 0.0000 0.0000
96 .54 0 .0000 0 .0000 0 .0000 0.0000

106.0 0.0194 0.0198 0 .0226 0.0206

Concentration 3 mg/ mL, CS:TPP =5
Radius

(nm)
Distribution Fract on

Trial 1 Trial 2 Trial 3 Average
116.5 0.0971 0.0993 0.1129 0.1031

128.0 0.2377 0.2430 0.2763 0.2523

140.6 0.4220 0.4314 0.4906 0.4480
154.4 0.6177 0.6315 0.7181 0.6558

169.7 0.7888 0.8064 0.9169 0.8374
186.4 0.9038 0.9240 1.0506 0.9595
204.7 0.9420 0.9630 1.0950 1.0000
224.9 0.8968 0.9168 1.0425 0.9520
247.1 0.7769 0.7942 0.9031 0.8248
271.4 0.6045 0.6179 0.7026 0.6417

298.2 0.4109 0.4201 0.4777 0.4362

327.6 0.2311 0.2362 0.2686 0.2453
359.8 0.0950 0.0971 0.1104 0.1008
395.3 0.0197 0.0201 0.0229 0.0209

434 .3 0.0000 0.0000 0.0000 0.0000
477 .0 0.0000 0.0000 0.0000 0.0000
524.1 0.0000 0.0000 0.0000 0.0000
575.7 0.0000 0 0 0 0 0 0.0000 0.0000
632.4 0.0000 0.0000 0.0000 0.0000
694.8 0.0000 0.0000 0.0000 0.0000
763.2 0.0000 0.0000 0.0000 0.0000
838.4 0.0000 0.0000 0.0000 0.0000
921.0 0.0000 0.0000 0.0000 0.0000
1012 0.0000 0.0000 0.0000 0.0000
1112 0.0029 0.0030 0.0034 0.0031
1221 0.0207 0.0212 0.0241 0.0220
1341 0.0504 0.0515 0.0586 0.0535
1474 0.0813 0.0831 0.0945 0.0863
1619 0.1018 0.1041 0.1183 0.1080
1778 0.1042 0.1065 0.1211 0.1106
1953 0.0873 0.0892 0.1015 0.0927
2146 0.0574 0.0587 0.0667 0.0609

2357 0.0259 0 .0265 0.0302 0.0275
2590 0.0050 0.0051 0.0058 0.0053
2845 0.0000 0.0000 0.0000 0.0000
3125 0.0000 0.0000 0.0000 0.0000
3433 0.0000 0.0000 0.0000 0.0000
3772 0.0000 0.0000 0.0000 0.0000
4143 0.0000 0.0000 0.0000 0.0000
4552 0.0000 0.0000 0.0000 0.0000

5000 0.0000 0.0000 0.0000 0.0000
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Table A-4: Chitosan particles size distribution.
Radius

(nm )
Distribut on Fracl ion

Trial 1 Trial 2 Trial 3 Average
2 .047 0 .0000 0 .0000 0.0000 0.0000
2 .249 0 .0000 0 .0000 0.0000 0.0000
2.471 0 .0000 0.0000 0.0000 0.0000
2 .714 0 .0007 0.0008 0.0007 0.0007
2 .982 0 .0018 0.0021 0.0019 0.0019
3 .276 0 .0028 0.0033 0.0029 0.0030
3 .598 0.0031 0.0037 0.0033 0.0034
3 .953 0 .0027 0.0031 0.0028 0.0029
4 .3 4 3 0 .0016 0.0019 0.0017 0.0018
4 .7 7 0 0 .0006 0.0007 0.0006 0.0006
5.241 0 .0000 0.0000 0.0000 0.0000
5 .757 0 .0000 0.0000 0.0000 0.0000
6 .3 2 4 0 .0000 0.0000 0.0000 0.0000
6 .9 4 7 0 .0 0 0 0 0.0000 0.0000 0.0000
7 .632 0 .0000 0.0000 0.0000 0.0000
8 .384 0 .0000 0.0000 0.0000 0.0000
9 .210 0 .0000 0.0000 0.0000 0.0000
10.12 0 .0000 0.0000 0.0000 0.0000
11.11 0 .0000 0.0000 0.0000 0.0000
12.21 0 .0000 0.0000 0.0000 0.0000
13.41 0 .0000 0.0000 0.0000 0.0000
14 .74 0 .0000 0.0000 0.0000 0.0000
16 .19 0 .0000 0.0000 0.0000 0.0000
17 .78 0 .0000 0.0000 0.0000 0.0000
19 .53 0 .0000 0.0000 0.0000 0.0000
21 .4 6 0 .0095 0.0112 0.0101 0.0103
23 .57 0 .0352 0.0417 0.0374 0.0381
25 .9 0 0 .0804 0.0952 0.0852 0.0869
28 .4 5 0 .1449 0.1715 0.1535 0.1567
31 .25 0 .2265 0.2681 0.2399 0.2448
34 .33 0 .3209 0.3799 0.3400 0.3469
37 :72 0 .4230 0.5008 0.4482 0.4573
41 .4 3 0.5271 0.6240 0.5585 0.5699
45.51 0 .6275 0.7429 0.6649 0.6784
50 .00 0 .7190 0.8511 0.7617 0.7773
54 .93 0.7971 0 .9436 0.8445 0.8617
60 .34 0 .8584 1.0161 0.9094 0.9280
66 .29 0 .9007 1.0662 0.9542 0.9737
72.82 0 .9229 1.0925 0.9777 0.9977
79 .99 0 .9250 1.0950 0 .9800 1.0000
87 .88 0.9081 1.0750 0.9621 0.9818
96 .53 0 .8742 1.0348 0.9261 0.9450

Concentration^ 2 mg/ mL, CS:TPP =3
Radius

(nm)
Distribut on Fraction

Trial 1 Trial 2 Trial 3 Average
106.0 0.8256 0.9773 0.8747 0.8925

116.5 0.7653 0.9059 0.8108 0.8273

128.0 0.6964 0.8244 0.7379 0.7529
140.6 0.6222 0.7365 0.6592 0.6726
154.4 0.5455 0.6458 0.5779 0.5897
169.7 0.4691 0.5554 0.4970 0.5072
186.4 0.3954 0.4681 0.4189 0.4275
204.7 0.3263 0.3862 0.3457 0.3527
224.9 0.2631 0.3115 0 .2788 0.2844
247.1 0.2070 0.2450 0.2193 0.2237
271.4 0.1584 0.1875 0.1678 0.1712
298.2 0.1175 0.1391 0.1245 0.1270
327.6 0.0841 0.0996 0.0891 0.0909
359.8 0.0578 0.0684 0.0613 0.0625
395.3 0.0379 0.0449 0.0401 0.0410
434.3 0.0235 0.0279 0.0249 0.0254

477 .0 0.0138 0.0164 0.0146 0.0149
524.1 0.0078 0.0093 0.0083 0.0085
575.7 0.0046 0.0055 0.0049 0.0050
632.4 0.0034 0.0040 0.0036 0.0037
694.7 0.0034 0.0040 0.0036 0.0036
763.2 0.0039 0.0046 0.0041 0.0042
838.4 0.0045 0.0053 0.0048 0.0049
921.0 0.0049 0.0058 0.0052 0.0053
1012 0.0048 0.0057 0.0051 0.0052
1111 0.0044 0.0052 0.0046 0.0047
1221 0.0035 0.0041 0.0037 0.0038
1341 0.0025 0.0029 0.0026 0.0027
1474 0.0014 0.0017 0.0015 0.0015
1619 0.0006 0.0007 0.0006 0.0006
1778 0.0001 0.0002 0.0001 0.0001
1953 0.0000 0.0000 0.0000 0.0000
2146 0.0000 0 .0000 0.0000 0.0000
2357 0.0000 0.0000 0.0000 0.0000
2590 0.0000 0.0000 0.0000 0.0000
2845 0.0000 0.0000 0.0000 0.0000
3125 0.0000 0.0000 0.0000 0.0000
3433 0.0000 0.0000 0.0000 0.0000
3772 0.0000 0.0000 0.0000 0.0000
4143 0.0000 0.0000 0.0000 0.0000
4551 0.0000 0.0000 0.0000 0.0000
5000 0.0000 0.0000 0.0000 0.0000
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Table A-5: Chitosan particles size distribution. Chitosan
Radius

(nm)
Distribut on Fraction

Trial 1 Trial 2 Trial 3 Average
2 .249 0 .0000 0.0000 0.0000 0.0000
2.471 0 .0000 0.0000 0.0000 0 .0000
2 .714 0 .0000 0.0000 0.0000 0 .0000
2 .982 0 .0008 0.0008 0.0009 0.0009
3 .276 0 .0028 0.0028 0.0030 0.0029
3 .598 0 .0055 0.0056 0.0059 0.0056
3 .953 0 .0083 0.0084 0.0089 0.0086
4 .3 4 3 0 .0106 0.0107 0.0114 0.0109
4 .7 7 0 0 .0117 0.0119 0.0126 0.0121
5.241 0 .0115 0.0117 0.0124 0.0119
5 .757 0 .0100 0.0101 0.0107 0.0102
6 .3 2 4 0 .0075 0.0076 0.0080 0.0077
6 .9 4 7 0.0046 0.0047 0.0050 0.0047
7 .632 0.0021 0.0021 0.0023 0.0022
8 .384 0.0005 0.0005 0.0006 0.0005
9 .210 0.0000 0.0000 0.0000 0.0000
10.12 0.0000 0.0000 0.0000 0.0000
11.11 0.0000 0.0000 0.0000 0.0000
12.21 0.0000 0.0000 0.0000 0.0000
13.41 0.0000 0.0000 0.0000 0.0000
14 .74 0.0000 0.0000 0.0000 0.0000
16 .19 0 .0000 0.0000 0.0000 0.0000
17 .78 0 .0000 0.0000 0.0000 0.0000
19 .53 0 .0000 0.0000 0.0000 0 .0000
21 .4 6 0 .0000 0.0000 0.0000 0 .0000
23 .57 0 .0018 0.0018 0.0019 0 .0018
25 .9 0 0 .0126 0.0128 0.0135 0.0130
28 .45 0 .0373 0.0378 0.0401 0.0384
31 .25 0 .0784 0.0795 0.0841 0.0807
34 .33 0 .1363 0.1382 0.1463 0.1403
37 .72 0 .2098 0.2126 0.2251 0.2159
41 .4 3 0 .2962 0 .3002 0 .3179 0.3047
45.51 0 .3919 0.3971 0.4205 0.4032
50 .00 0 .4925 0.4991 0.5285 0.5067
54 .93 0 .5934 0 .6013 0.6368 0 .6105
60 .34 0 .6899 0.6991 0.7403 0.7098
66 .29 0 .7776 0 .7880 0.8344 0.8000
72.82 0 .8525 0 .8639 0.9148 0.8771
79 .99 0 .9114 0 .9236 0.9779 0.9376
87 .88 0 .9517 0 .9645 1.0213 0.9791
96 .53 0.9720 0 .9850 1.0430 1.0000

106.0 0 .9715 0 .9845 1.0425 0.9995

Concentration 2 mg/ mL, CS:TPP =4
Radius

(nm)
Distribut on Fract on

Trial 1 Trial 2 Trial 3 Average
116.5 0.9506 0.9633 1.0200 0.9779
128.0 0.9103 0.9225 0.9768 0.9365

140.6 0.8527 0.8641 0.9149 0.8772
154.4 0.7803 0.7908 0.8373 0.8028

169.7 0.6965 0.7058 0.7474 0.7166
186.4 0.6049 0.6130 0.6491 0.6223
204.7 0.5094 0.5162 0.5466 0.5241
224.9 0.4139 0.4195 0.4442 0.4258
247.1 0.3224 0.3267 0.3459 0.3317
271.4 0.2383 0.2415 0.2557 0.2452
298.2 0.1648 0.1670 0.1768 0.1695
327.6 0.1041 0.1055 0.1117 0.1071
359.8 0.0578 0.0585 0.0620 0.0594
395.3 0.0260 0.0263 0.0279 0.0267

434.3 0.0077 0.0078 0.0083 0.0080
477.0 0.0005 0.0005 0.0005 0.0005
524.1 0.0000 0.0000 0.0000 0.0000
575.7 0.0000 0.0000 0.0000 0.0000
632.4 0.0000 0.0000 0.0000 0.0000
694.7 0.0000 0.0000 0.0000 0.0000

763.2 0.0000 0.0000 0.0000 0.0000
838.4 0.0000 0.0000 0.0000 0.0000
921.0 0.0000 0.0000 0.0000 0.0000
1012 0.0000 0.0000 0.0000 0.0000
1111 0.0000 0.0000 0.0000 0.0000
1221 0.0000 0.0000 0.0000 0.0000
1341 0.0000 0.0000 0.0000 0.0000
1474 0.0000 0.0000 0.0000 0.0000
1619 0.0000 0.0000 0.0000 0.0000
1778 0.0000 0.0000 0.0000 0.0000
1953 0.0000 0.0000 0.0000 0.0000
2146 0.0000 0.0000 0.0000 0.0000
2357 0.0000 0.0000 0.0000 0.0000
2590 0.0000 0.0000 0.0000 0.0000
2845 0.0000 0.0000 0.0000 0.0000
3125 0.0000 0.0000 0.0000 0.0000
3433 0.0000 0.0000 0.0000 0.0000
3772 0.0000 0.0000 0.0000 0.0000
4143 0.0000 0.0000 0.0000 0.0000
4551 0.0000 0.0000 0.0000 0.0000

5000 0.0000 0.0000 0.0000 0.0000
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Table A-6: Chitosan particles size distribution. Chitosan Concentration 2 mg/ mL, CS:TPP =5
Radius

(nm)
Distribut on Fraction

Trial 1 Trial 2 Trial 3 Average
4 .3 4 3 0 .0000 0 .0000 0.0000 0.0000
4 .770 0 .0000 0 .0000 0.0000 0.0000
5.241 0 .0000 0 .0000 0.0000 0.0000
5 .757 0 .0000 0 .0000 0.0000 0.0000
6 .324 0 .0000 0.0000 0 .0000 0.0000
6 .947 0 .0000 0.0000 0.0000 0.0000
7 .632 0 .0000 0.0000 0.0000 0.0000
8 .384 0 .0000 0.0000 0.0000 0.0000
9 .2 1 0 0 .0029 0.0029 0.0023 0.0027
10.12 0 .0127 0.0128 0.0103 0.0119
11.12 0 .0272 0.0275 0.0220 0.0255
12.21 0.0411 0.0414 0.0332 0.0386
13.41 0.0491 0.0496 0.0397 0.0461
14.74 0 .0484 0.0489 0.0391 0.0455
16 .19 0 .0393 0.0396 0.0317 0.0369
17 .78 0 .0250 0.0252 0.0202 0.0235
19 .53 0 .0109 0.0110 0.0088 0.0102
21 .4 6 0 .0020 0.0020 0 .0016 0.0019
23 .5 7 0 .0000 0 .0000 0.0000 0.0000
25 .9 0 0 .0000 0.0000 0.0000 0.0000
2 8 .4 5 0 .0000 0.0000 0.0000 0.0000
31 .2 5 0 .0000 0.0000 0.0000 0.0000
34 .33 0 .0000 0.0000 0.0000 0.0000
37 .72 0 .0000 0.0000 0.0000 0.0000
4 1 .4 3 0 .0204 0.0206 0.0165 0.0192
45.51 0 .0838 0.0846 0.0677 0.0787
50 .00 0 .1966 0.1985 0.1588 0.1846
54 .93 0 .3519 0.3552 0.2842 0.3304
60 .3 4 0 .5330 0.5380 0.4304 0.5005
66 .2 9 0 .7173 0.7241 0.5793 0.6736
72 .82 0 .8810 0 .8893 0.7114 0.8272
79 .99 1.0022 1.0117 0.8093 0.9411
87 .88 1.0650 1.0750 0.8600 1.0000
96 .54 1.0610 1.0709 0.8567 0.9962

106.0 0 .9908 1.0001 0.8001 0.9303
116.5 0 .8640 0.8721 0.6977 0.8113
128.0 0 .6976 0.7042 0.5633 0.6550
140.6 0 .5135 0 .5184 0 .4147 0.4822
154.4 0 .3354 0 .3386 0.2709 0.3150
169.7 0 .1848 0 .1866 0 .1493 0.1736
186.4 0.0772 0 .0779 0.0624 0.0725
204 .7 0.0181 0 .0183 0 .0146 0.0170

Radius
(nm)

Distribut on Fraction
Trial 1 Trial 2 Trial 3 Average

224.9 0.0000 0.0000 0.0000 0.0000
247.1 0.0000 0.0000 0.0000 0.0000
271.4 0.0000 0.0000 0.0000 0.0000
298.2 0.0000 0.0000 0.0000 0.0000

327.6 0.0000 0.0000 0 .0000 0.0000
359.8 0.0000 0.0000 0.0000 0.0000
395.3 0.0000 0.0000 0.0000 0.0000
434 .3 0.0035 0.0036 0.0029 0.0033

477 .0 0.0108 0.0109 0.0087 0.0101
524.1 0.0189 0.0191 0.0153 0.0178
575.7 0.0243 0.0246 0.0197 0.0229
632.4 0.0247 0.0249 0.0199 0.0232

694.7 0.0198 0.0200 0.0160 0.0186
763.2 0.0117 0.0118 0.0095 0.0110
838.4 0.0041 0.0041 0.0033 0.0038
921.0 0.0000 0.0000 0.0000 0.0000
1012 0.0000 0.0000 0.0000 0.0000
1112 0.0000 0.0000 0.0000 0.0000
1221 0.0000 0.0000 0.0000 0.0000
1341 0.0000 0.0000 0.0000 0.0000
1474 0.0000 0.0000 0.0000 0.0000
1619 0.0000 0.0000 0.0000 0.0000
1778 0.0000 0.0000 0.0000 0.0000
1953 0.0000 0.0000 0.0000 0.0000
2146 0.0000 0.0000 0.0000 0.0000
2357 0.0000 0.0000 0.0000 0.0000
2590 0.0000 0.0000 0.0000 0.0000
2845 0.0000 0.0000 0.0000 0.0000

3125 0.0000 0.0000 0.0000 0.0000
3433 0.0116 0.0117 0.0094 0.0109
3772 0.0328 0.0331 0.0265 0.0308
4143 0.0514 0.0519 0.0415 0.0483
4551 0.0533 0.0538 0.0430 0.0500

5000 0.0320 0.0323 0.0258 0.0300
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Table A-7: Chitosan particles size distribution. Chitosan Concentration 1 mg/ mL, CS:TPP =3
Radius

(nm)
Distribut on Fraction

Trial 1 Trial 2 Trial 3 Average
3 .953 0 .0000 0 .0000 0.0000 0.0000
4 .3 4 3 0 .0000 0 .0000 0.0000 0.0000
4 .770 0 .0000 0 .0000 0.0000 0.0000
5.241 0 .0000 0 .0000 0 .0000 0 .0000
5 .757 0 .0000 0.0000 0 .0000 0.0000
6 .324 0 .0000 0.0000 0 .0000 0.0000
6 .947 0 .0000 0.0000 0 .0000 0.0000
7 .632 0 .0000 0 .0000 0.0000 0.0000
8 .384 0 .0000 0 .0000 0.0000 0.0000
9 .210 0 .0000 0.0000 0 .0000 0.0000
10.12 0 .0000 0.0000 0.0000 0.0000
11.12 0 .0000 0.0000 0.0000 0.0000
12.21 0 .0000 0.0000 0.0000 0.0000
13.41 0 .0000 0.0000 0.0000 0.0000
14 .74 0.0021 0.0022 0.0021 0.0021
16 .19 0 .0119 0.0126 0.0117 0.0120
17 .78 0 .0249 0.0263 0 .0244 0.0252
19.53 0 .0345 0.0366 0.0339 0.0350
21 .4 6 0 .0364 0.0386 0.0358 0.0369
23 .5 7 0 .0302 0.0320 0.0296 0.0306
25 .9 0 0 .0189 0.0200 0.0186 0.0192
2 8 .4 5 0 .0077 0.0082 0.0076 0.0078
31 .25 0 .0010 0.0011 0.0010 0.0010
34 .33 0 .0000 0.0000 0.0000 0.0000
37 .72 0 .0000 0.0000 0.0000 0.0000
41 .4 3 0 .0000 0.0000 0.0000 0.0000
45.51 0 .0190 0.0201 0.0187 0.0193
50 .00 0.0703 0.0745 0.0691 0.0713
54 .93 0.1582 0.1677 0.1555 0.1605
6 0 .3 4 0 .2792 0.2959 0 .2744 0.2832
66 .2 9 0 .4235 0.4489 0.4162 0.4295
72 .82 0 .5774 0.6119 0.5674 0.5855
79 .99 0 .7249 0.7683 0.7124 0.7352
87 .88 0 .8505 0.9014 0.8359 0.8626
96 .53 0 .9408 0.9971 0.9246 0.9542

106.0 0 .9860 1.0450 0 .9690 1.0000
116.5 0 .9810 1.0397 0.9641 0.9950
128.0 0 .9262 0 .9817 0.9103 0.9394
140.6 0 .8273 0 .8768 0.8130 0.8390
154.4 0 .6946 0.7361 0 .6826 0.7044
169.7 0.5422 0 .5747 0.5329 0.5499
186.4 0.3865 0 .4096 0 .3798 0.3920

Radius
(nm)

Distribut on Fract on
Trial 1 Trial 2 Trial 3 Average

204.7 0.2437 0.2583 0.2395 0.2471
224.9 0.1281 0.1358 0.1259 0.1299
247.1 0.0493 0.0522 0.0484 0.0500
271.4 0.0093 0.0099 0.0092 0.0094
298.2 0.0000 0.0000 0.0000 0.0000
327.6 0.0000 0.0000 0.0000 0.0000
359.8 0.0000 0.0000 0.0000 0.0000
395.3 0.0000 0.0000 0.0000 0.0000
434.3 0.0000 0.0000 0.0000 0.0000
477.0 0.0000 0.0000 0.0000 0.0000
524.1 0.0000 0.0000 0.0000 0.0000
575.7 0.0000 0.0000 0.0000 0.0000
632.4 0.0000 0.0000 0.0000 0.0000
694.7 0.0000 0.0000 0.0000 0.0000
763.2 0.0000 0.0000 0.0000 0.0000
838.4 0.0000 0.0000 0.0000 0.0000
921.0 0.0000 0.0000 0.0000 0.0000
1012 0.0000 0.0000 0.0000 0.0000
1111 0.0000 0.0000 0.0000 0.0000
1221 0.0000 0.0000 0.0000 0.0000
1341 0.0000 0.0000 0.0000 0.0000
1474 0.0000 0.0000 0.0000 0.0000
1619 0.0000 0.0000 0.0000 0.0000
1778 0.0000 0.0000 0.0000 0.0000
1953 0.0000 0.0000 0.0000 0.0000
2146 0.0000 0.0000 0.0000 0.0000
2357 0.0000 0.0000 0.0000 0.0000
2590 0.0000 0.0000 0.0000 0.0000
2845 0.0000 0.0000 0.0000 0.0000
3125 0.0000 0.0000 0.0000 0.0000
3433 0.0000 0.0000 0.0000 0.0000
3772 0.0000 0.0000 0.0000 0.0000
4143 0.0000 0.0000 0.0000 0.0000
4551 0.0000 0.0000 0.0000 0.0000
5000 0.0000 0.0000 0.0000 0.0000
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Table A-8: Chitosan particles size distribution. Chitosan Concentration^ 1 mg/ mL, CS:TPP =4
Radius

(nm)
Distribut on Fraction

Trial 1 Trial 2 Trial 3 Average
3.953 0 .0000 0 .0000 0.0000 0.0000
4 .3 4 3 0 .0000 0 .0000 0.0000 0.0000
4.771 0 .0000 0 .0000 0 .0000 0.0000
5.241 0 .0000 0 .0000 0 .0000 0.0000
5 .757 0 .0000 0 .0000 0 .0000 0.0000
6 .324 0 .0000 0 .0000 0.0000 0.0000
6 .9 4 8 0 .0000 0 .0000 0.0000 0.0000
7 .632 0 .0000 0.0000 0.0000 0.0000
8 .384 0 .0000 0.0000 0.0000 0.0000
9 .210 0 .0009 0.0009 0.0010 0.0010
10 .12 0 .0078 0.0078 0.0086 0.0081
11 .12 0 .0147 0.0146 0.0162 0.0152
12.21 0 .0158 0.0157 0.0175 0.0163
13.41 0 .0106 0.0105 0.0117 0.0109
14 .74 0 .0035 0.0034 0.0038 0.0036
16 .19 0 .0000 0.0000 0 .0000 0.0000
17.78 0 .0000 0 .0000 0.0000 0.0000
19.53 0 .0000 0.0000 0.0000 0.0000
21 .4 6 0 .0000 0.0000 0.0000 0.0000
23 .5 7 0 .0000 0.0000 0.0000 0.0000
2 5 .9 0 0 .0000 0.0000 0.0000 0.0000
28 .4 5 0 .0000 0.0000 0.0000 0.0000
31 .25 0 .0000 0.0000 0.0000 0.0000
34 .33 0 .0000 0.0000 0.0000 0.0000
37 .72 0.0000 0.0000 0.0000 0.0000
4 1 .4 3 0.0106 0.0105 0.0117 0.0110
45 .5 2 0.0646 0.0642 0.0715 0.0668
50 .00 0.1706 0.1696 0.1886 0.1763
54 .9 3 0 .3197 0.3177 0.3534 0.3303
6 0 .3 4 0 .4924 0.4894 0.5443 0.5087
66 .2 9 0 .6648 0.6607 0.7348 0.6868
72 .82 0 .8132 0.8081 0.8989 0.8401
79 .99 0 .9184 0.9127 1.0152 0.9487
87 .88 0 .9680 0.9620 1.0700 1.0000
96 .54 0 .9576 0.9516 1.0585 0.9892

106.0 0 .8906 0.8851 0.9844 0.9200
116.5 0 .7773 0 .7725 0.8592 0.8030
128.0 0 .6330 0.6291 0 .6997 0.6540
140.6 0 .4758 0 .4728 0 .5259 0.4915
154.4 0 .3236 0 .3216 0.3577 0.3343
169.7 0 .1924 0.1912 0.2127 0.1988
186.4 0 .0934 0 .0928 0 .1032 0.0965

Radius
(nm)

Distribution Fract on
Trial 1 Trial 2 Trial 3 Average

204.7 0.0315 0.0313 0.0348 0.0325
224.9 0.0040 0.0040 0.0045 0.0042

247.1 0.0000 0.0000 0.0000 0.0000
271.4 0.0000 0.0000 0.0000 0.0000
298.2 0.0000 0.0000 0.0000 0.0000
327.6 0.0000 0.0000 0.0000 0.0000

359.8 0.0032 0.0032 0.0035 0.0033
395.3 0.0117 0.0116 0.0129 0.0121

434.3 0.0244 0.0243 0.0270 0.0252

477.1 0.0385 0.0383 0.0425 0.0398
524.1 0.0504 0.0501 0.0557 0.0521
575.7 0.0573 0.0569 0.0633 0.0592
632.4 0.0574 0.0570 0.0634 0.0593
694.8 0.0507 0.0503 0.0560 0.0523
763.2 0.0387 0.0385 0.0428 0.0400
838.4 0.0245 0.0244 0.0271 0.0253

921.0 0.0116 0.0115 0.0128 0.0120
1012 0.0031 0.0030 0.0034 0.0032
1112 0.0000 0.0000 0.0000 0.0000
1221 0.0000 0.0000 0.0000 0.0000
1341 0.0000 0.0000 0.0000 0.0000
1474 0.0000 0.0000 0.0000 0.0000
1619 0.0000 0.0000 0.0000 0.0000
1778 0.0000 0.0000 0.0000 0.0000
1953 0.0000 0.0000 0.0000 0.0000
2146 0.0000 0.0000 0.0000 0.0000
2357 0.0000 0.0000 0.0000 0.0000
2590 0.0000 0.0000 0.0000 0.0000
2845 0.0000 0.0000 0.0000 0.0000
3125 0.0000 0.0000 0.0000 0.0000
3433 0.0000 0.0000 0.0000 0.0000
3772 0.0000 0.0000 0.0000 0.0000
4143 0.0000 0.0000 0.0000 0.0000
4552 0.0000 0.0000 0.0000 0.0000

5000 0.0000 0.0000 0.0000 0.0000
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Table A-9: Chitosan particles size distribution. Chitosan Concentration^ 1 mg/ mL, CS:TPP =5
Radius

(nm)
Distribut on Fract ion

Trial 1 Trial 2 Trial 3 Average
3.953 0 .0000 0 .0000 0.0000 0.0000
4 .343 0 .0000 0 .0000 0.0000 0.0000
4 .770 0 .0000 0 .0000 0.0000 0.0000
5.241 0 .0000 0.0000 0.0000 0.0000
5 .757 0 .0000 0.0000 0.0000 0.0000
6 .324 0 .0000 0.0000 0.0000 0.0000
6 .947 0 .0000 0.0000 0.0000 0.0000
7 .632 0 .0000 0.0000 0.0000 0.0000
8 .384 0 .0000 0.0000 0.0000 0.0000
9 .210 0 .0000 0.0000 0.0000 0.0000
10.12 0 .0000 0.0000 0.0000 0.0000
11.11 0 .0000 0.0000 0.0000 0.0000
12.21 0 .0000 0.0000 0.0000 0.0000
13.41 0 .0000 0.0000 0.0000 0.0000
14.74 0 .0000 0.0000 0.0000 0.0000
16.19 0 .0000 0.0000 0.0000 0.0000
17.78 0 .0000 0.0000 0.0000 0.0000
19.53 0 .0000 0.0000 0.0000 0.0000
21 .4 6 0 .0000 0.0000 0.0000 0.0000
23 .5 7 0 .0000 0.0000 0.0000 0.0000
25 .9 0 0 .0000 0.0000 0.0000 0.0000
2 8 .4 5 0 .0024 0.0025 0.0023 0.0024
31 .25 0 .0214 0.0225 0.0212 0.0217
34 .33 0 .0650 0.0681 0.0644 0.0658
37 .72 0 .1352 0.1418 0.1340 0.1370
4 1 .4 3 0 .2299 0.2411 0.2278 0.2329
45.51 0 .3437 0.3604 0 .3405 0.3482
50 .00 0 .4688 0.4916 0 .4645 0.4750
54 .93 0 .5965 0.6255 0 .5910 0 .6043
6 0 .3 4 0 .7176 0 .7525 0.7110 0.7270
66 .2 8 0 .8236 0.8637 0.8161 0.8345
72 .82 0 .9073 0.9514 0 .8990 0.9192
79 .99 0 .9629 1.0097 0.9541 0.9756
87 .87 0 .9870 1.0350 0.9780 1.0000
96 .53 0 .9782 1.0258 0.9693 0.9911

106.0 0 .9376 0.9832 0.9290 0.9499
116.5 0.8681 0 .9103 0.8602 0.8795
128.0 0 .7747 0 .8124 0.7676 0.7849
140.6 0 .6639 0 .6962 0 .6579 0.6727
154.4 0.5432 0 .5697 0.5383 0.5504
169.7 0 .4207 0.4412 0 .4169 0.4263
186.4 0.3043 0.3191 0 .3015 0.3083

Radius
(nm)

Distribut on Fraction
Trial 1 Trial 2 Trial 3 Average

204.7 0.2012 0.2110 0.1994 0.2038
224.9 0.1172 0.1229 0.1162 0.1188

247.1 0.0561 0.0588 0.0556 0.0568
271.4 0.0186 0.0196 0.0185 0.0189
298.2 0.0023 0.0024 0.0022 0.0023
327.6 0.0000 0.0000 0.0000 0.0000
359.8 0.0000 0.0000 0.0000 0.0000
395.3 0.0000 0.0000 0.0000 0.0000
434.3 0.0000 0.0000 0.0000 0.0000
477.0 0.0000 0.0000 0.0000 0.0000
524.1 0.0000 0.0000 0.0000 0.0000
575.7 0.0000 0.0000 0.0000 0.0000
632.4 0.0000 0.0000 0.0000 0.0000
694.7 0.0000 0.0000 0.0000 0.0000
763.2 0.0000 0.0000 0.0000 0.0000
838.4 0.0000 0.0000 0.0000 0.0000
921.0 0.0000 0.0000 0.0000 0.0000
1012 0.0000 0.0000 0.0000 0.0000
1111 0.0000 0.0000 0.0000 0.0000
1221 0.0000 0.0000 0.0000 0.0000
1341 0.0000 0.0000 0.0000 0.0000
1474 0.0000 0.0000 0.0000 0.0000
1619 0.0000 0.0000 0.0000 0.0000
1778 0.0000 0.0000 0.0000 0.0000
1953 0.0000 0.0000 0.0000 0.0000
2146 0.0000 0.0000 0.0000 0.0000
2357 0.0000 0.0000 0.0000 0.0000
2590 0.0000 0.0000 0.0000 0.0000
2845 0.0000 0.0000 0.0000 0.0000
3125 0.0000 0.0000 0.0000 0.0000
3433 0.0000 0.0000 0.0000 0.0000
3772 0.0000 0.0000 0.0000 0.0000
4143 0.0000 0.0000 0.0000 0.0000
4551 0.0000 0.0000 0.0000 0.0000
5000 0.0000 0.0000 0.0000 0.0000
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Appendix B: Dynamic light scattering data for chitosan 
particles size and particles size distribution measurement.

Effect o f TPP solution pH
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Table B-l:Chitosan particles size distribution. Chitosan Concentration^ 1 mg/ mL, CS:TPP =5, TPP
solution pH=5

Radius
(nm)

Distribut on Fracl ion Radius
(nm)

Distribut on Fract on
Trial 1 Trial 2 Trial 3 Average Trial 1 Trial 2 Trial 3 Average

3 .953 0.0000 0.0000 0.0000 0.0000 204.7 0 .2000 0.2098 0.2018 0.2038
4 .3 4 3 0.0000 0.0000 0.0000 0.0000 224.9 0.1165 0.1222 0.1176 0.1188
4 .7 7 0 0.0000 0.0000 0.0000 0.0000 247.1 0.0557 0.0585 0.0563 0.0568
5.241 0.0000 0.0000 0.0000 0.0000 271.4 0.0185 0.0194 0.0187 0.0189
5 .757 0.0000 0.0000 0.0000 0.0000 298.2 0.0022 0.0024 0.0023 0.0023
6 .3 2 4 0.0000 0.0000 0.0000 0.0000 327.6 0.0000 0.0000 0.0000 0.0000
6 .9 4 7 0.0000 0.0000 0.0000 0.0000 359.8 0.0000 0.0000 0.0000 0.0000
7 .632 0.0000 0.0000 0.0000 0.0000 395.3 0.0000 0.0000 0.0000 0.0000
8 .384 0.0000 0.0000 0.0000 0.0000 434 .3 0.0000 0.0000 0.0000 0.0000
9 .2 1 0 0.0000 0.0000 0.0000 0.0000 477.0 0.0000 0.0000 0.0000 0.0000
10.12 0.0000 0.0000 0.0000 0.0000 524.1 0.0000 0.0000 0.0000 0.0000
11.11 0.0000 0.0000 0.0000 0.0000 575.7 0.0000 0.0000 0.0000 0.0000
12.21 0.0000 0.0000 0.0000 0.0000 632.4 0.0000 0.0000 0.0000 0.0000
13.41 0.0000 0.0000 0.0000 0.0000 694.7 0.0000 0.0000 0.0000 0.0000
14.74 0.0000 0.0000 0.0000 0.0000 763.2 0.0000 0.0000 0.0000 0.0000
16.19 0.0000 0.0000 0.0000 0.0000 838.4 0.0000 0.0000 0.0000 0.0000
17.78 0.0000 0.0000 0.0000 0.0000 921.0 0.0000 0.0000 0.0000 0.0000
19.53 0.0000 0.0000 0.0000 0.0000 1012 0.0000 0.0000 0.0000 0.0000
21 .4 6 0.0000 0.0000 0.0000 0.0000 1111 0.0000 0.0000 0.0000 0.0000
23 .5 7 0.0000 0.0000 0.0000 0.0000 1221 0.0000 0.0000 0.0000 0.0000
2 5 .9 0 0.0000 0.0000 0.0000 0.0000 1341 0.0000 0.0000 0.0000 0.0000
2 8 .4 5 0 .0023 0.0025 0.0024 0.0024 1474 0.0000 0.0000 0.0000 0.0000
31 .25 0.0213 0.0223 0.0215 0.0217 1619 0.0000 0.0000 0.0000 0.0000
34 .3 3 0 .0646 0.0677 0.0652 0.0658 1778 0.0000 0.0000 0.0000 0.0000
37 .72 0 .1344 0.1409 0.1356 0.1370 1953 0.0000 0.0000 0.0000 0.0000
4 1 .4 3 0 .2285 0.2397 0.2306 0.2329 2146 0.0000 0.0000 0.0000 0.0000
45.51 0 .3416 0.3583 0.3447 0.3482 2357 0.0000 0.0000 0.0000 0.0000
50 .00 0 .4660 0.4888 0.4702 0.4750 2590 0.0000 0.0000 0.0000 0.0000
54 .93 0 .5928 0.6219 0.5983 0.6043 2845 0.0000 0.0000 0.0000 0.0000
60 .3 4 0 .7132 0.7481 0.7198 0.7270 3125 0.0000 0.0000 0.0000 0.0000
66 .2 8 0 .8186 0.8587 0.8261 0.8345 3433 0.0000 0.0000 0.0000 0.0000
72.82 0 .9017 0.9459 0.9100 0.9192 3772 0.0000 0.0000 0.0000 0.0000
79 .99 0 .9570 1.0039 0.9658 0.9756 4143 0.0000 0.0000 0.0000 0.0000
87.87 0 .9810 1.0290 0.9900 1.0000 4551 0.0000 0.0000 0.0000 0.0000
96.53 0 .9723 1.0199 0.9812 0.9911 5000 0.0000 0.0000 0.0000 0.0000
106.0 0 .9319 0.9775 0.9404 0.9499
116.5 0 .8628 0.9050 0.8707 0.8795
128.0 0 .7700 0 .8077 0.7771 0.7849
140.6 0 .6599 0.6922 0.6659 0.6727
154.4 0 .5399 0.5664 0.5449 0.5504
169.7 0 .4182 0 .4386 0 .4220 0.4263
186.4 0 .3024 0.3172 0.3052 0.3083
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Table B-2:Chitosan particles size distribution. Chitosan Concentration^ 1 mg/ mL, CS:TPP =5, TPP
solution pH=7

Radius Distribution Fraction Radius Distribut on Fract on
(nm) Trial 1 Trial 2 Trial 3 Average (nm) Trial 1 Trial 2 Trial 3 Average
3.953 0 .0000 0.0000 0.0000 0.0000 204.7 0.3131 0.3413 0.3170 0.3238
4 .343 0.0000 0.0000 0.0000 0.0000 224.9 0.1939 0.2113 0.1963 0.2005
4.771 0.0000 0.0000 0.0000 0.0000 247.1 0.1000 0.1090 0.1012 0.1034
5.241 0.0000 0.0000 0.0000 0.0000 271.4 0.0374 0.0408 0.0379 0.0387
5 .757 0 .0000 0.0000 0.0000 0.0000 298.2 0.0066 0.0072 0.0067 0.0068
6 .3 2 4 0.0000 0.0000 0 .0000 0.0000 327.6 0.0000 0.0000 0.0000 0.0000
6 .9 4 8 0.0000 0.0000 0.0000 0.0000 359.8 0.0000 0.0000 0.0000 0.0000
7 .632 0.0000 0.0000 0.0000 0.0000 395.3 0.0000 0.0000 0.0000 0.0000
8 .384 0.0007 0.0008 0.0007 0.0007 434.3 0.0000 0.0000 0.0000 0.0000
9 .210 0 .0048 0.0053 0.0049 0.0050 477.1 0.0000 0.0000 0.0000 0.0000
10.12 0 .0124 0.0136 0 .0126 0.0129 524.1 0.0000 0.0000 0.0000 0.0000
11.12 0.0220 0.0239 0.0222 0.0227 575.7 0.0000 0.0000 0.0000 0.0000
12.21 0.0311 0.0339 0 .0315 0.0322 632.4 0.0000 0.0000 0.0000 0.0000
13.41 0.0376 0.0410 0.0381 0.0389 694.8 0.0000 0.0000 0.0000 0.0000
14.74 0.0401 0.0437 0 .0406 0.0414 763.2 0.0000 0.0000 0.0000 0.0000
16.19 0 .0378 0 .0413 0 .0383 0.0391 838.4 0.0000 0.0000 0.0000 0.0000
17.78 0 .0315 0.0344 0.0319 0.0326 921.0 0.0000 0.0000 0.0000 0.0000
19.53 0.0226 0.0247 0 .0229 0.0234 1012 0.0000 0.0000 0.0000 0.0000
21 .4 6 0 .0133 0.0145 0 .0135 0.0137 1112 0.0000 0.0000 0.0000 0.0000
23 .5 7 0 .0056 0.0061 0.0057 0.0058 1221 0.0000 0.0000 0.0000 0.0000
25 .9 0 0.0012 0.0013 0.0012 0.0012 1341 0.0000 0.0000 0.0000 0.0000
2 8 .4 5 0.0000 0.0000 0.0000 0.0000 1474 0.0000 0.0000 0.0000 0.0000
31 .25 0.0000 0.0000 0.0000 0.0000 1619 0.0000 0.0000 0.0000 0.0000
34 .33 0.0004 0.0004 0 .0004 0.0004 1778 0.0000 0.0000 0.0000 0.0000
37.72 0 .0130 0.0142 0.0132 0.0135 1953 0.0000 0.0000 0.0000 0.0000
4 1 .4 3 0 .0460 0.0502 0 .0466 0.0476 2146 0.0000 0.0000 0.0000 0.0000
45 .52 0 .1037 0.1130 0 .1050 0.1072 2357 0.0000 0.0000 0.0000 0.0000
50 .00 0 .1863 0.2031 0.1886 0.1927 2590 0.0000 0.0000 0.0000 0.0000
54 .93 0 .2909 0.3170 0 .2945 0.3008 2845 0.0000 0.0000 0.0000 0.0000
60 .3 4 0 .4113 0.4483 0.4164 0.4254 3125 0.0000 0.0000 0.0000 0.0000
6 6 .2 9 0 .5395 0.5881 0.5462 0.5580 3433 0.0000 0.0000 0.0000 0.0000
72.82 0 .6659 0.7258 0.6742 0.6886 3772 0.0000 0.0000 0.0000 0.0000
79 .99 0 .7805 0.8507 0.7902 0.8072 4143 0.0000 0.0000 0.0000 0.0000
87 .88 0 .8739 0 .9525 0.8848 0.9037 4552 0.0000 0.0000 0.0000 0.0000
96.54 0 .9380 1.0224 0 .9497 0.9700 5000 0.0000 0.0000 0.0000 0.0000
106.0 0 .9670 1.0540 0.9790 1.0000
116.5 0 .9577 1.0439 0.9696 0.9904
128.0 0 .9102 0.9921 0 .9215 0.9412
140.6 0 .8277 0 .9022 0.8380 0.8559
154.4 0 .7167 0.7812 0 .7256 0.7412
169.7 0 .5864 0.6391 0.5937 0.6064
186.4 0 .4478 0.4881 0 .4534 0.4631
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Table B-3:Chitosan particles size distribution. Chitosan Concentration= 1 mg/ mL, CS:TPP =5, TPP
solution pH=9

Radius Distribution Fraction Radius Distribution Fract on
(nm) Trial 1 Trial 2 Trial 3 Average (nm) Trial 1 Trial 2 Trial 3 Average
3.953 0 .0000 0.0000 0.0000 0.0000 204.7 0.0403 0.0454 0.0422 0.0427
4 .3 4 3 0.0000 0.0000 0.0000 0.0000 224.9 0.0000 0.0000 0.0000 0.0000
4 .7 7 0 0.0000 0.0000 0.0000 0.0000 247.1 0.0000 0.0000 0.0000 0.0000
5.241 0.0000 0.0000 0.0000 0.0000 271.4 0.0000 0.0000 0.0000 0.0000
5.757 0.0000 0.0000 0.0000 0.0000 298.2 0.0000 0.0000 0.0000 0.0000
6 .324 0.0000 0.0000 0.0000 0.0000 327.6 0.0000 0.0000 0.0000 0.0000
6 .9 4 7 0.0000 0.0000 0.0000 0.0000 359.8 0.0000 0.0000 0.0000 0.0000
7.632 0.0000 0.0000 0.0000 0.0000 395.3 0.0000 0.0000 0.0000 0.0000
8 .384 0.0000 0.0000 0.0000 0.0000 434 .3 0.0000 0.0000 0.0000 0.0000
9 .210 0.0000 0.0000 0.0000 0.0000 477 .0 0.0000 0.0000 0.0000 0.0000
10.12 0.0000 0.0000 0.0000 0.0000 524.1 0.0000 0.0000 0.0000 0.0000
11.12 0.0000 0.0000 0.0000 0.0000 575.7 0.0000 0.0000 0.0000 0.0000
12.21 0.0000 0.0000 0.0000 0.0000 632.4 0.0000 0.0000 0.0000 0.0000
13.41 0.0000 0.0000 0.0000 0.0000 694.7 0.0000 0.0000 0.0000 0.0000
14.74 0.0000 0.0000 0.0000 0.0000 763.2 0.0000 0.0000 0.0000 0.0000
16.19 0.0000 0.0000 0.0000 0.0000 838.4 0.0000 0.0000 0.0000 0.0000
17.78 0.0000 0.0000 0.0000 0.0000 921.0 0.0000 0.0000 0.0000 0.0000
19.53 0.0000 0.0000 0.0000 0.0000 1012 0.0000 0.0000 0.0000 0.0000
2 1 .4 6 0.0000 0.0000 0.0000 0.0000 1112 0.0000 0.0000 0.0000 0.0000
23 .5 7 0.0000 0.0000 0.0000 0.0000 1221 0.0000 0.0000 0.0000 0.0000
25 .9 0 0.0711 0.0802 0.0745 0.0753 1341 0.0000 0.0000 0.0000 0.0000
28 .4 5 0 .1363 0.1537 0.1428 0.1443 1474 0.0000 0.0000 0.0000 0.0000
31.25 0 .1164 0.1312 0.1220 0.1232 1619 0.0000 0.0000 0.0000 0.0000
34 .33 0 .0403 0.0454 0.0422 0.0427 1778 0.0000 0.0000 0.0000 0.0000
37.72 0.0000 0.0000 0.0000 0.0000 1953 0.0000 0.0000 0.0000 0.0000
41 .4 3 0.0000 0.0000 0.0000 0.0000 2146 0.0000 0.0000 0.0000 0.0000
45 .5 2 0.0000 0.0000 0.0000 0.0000 2357 0.0000 0.0000 0.0000 0.0000
50 .00 0.0000 0.0000 0.0000 0.0000 2590 0.0000 0.0000 0.0000 0.0000
54 .93 0.0711 0.0802 0.0745 0.0753 2845 0.0000 0.0000 0.0000 0.0000
6 0 .3 4 0 .1363 0.1537 0 .1428 0.1443 3125 0.0000 0.0000 0.0000 0.0000
66 .2 9 0 .1164 0.1312 0 .1220 0.1232 3433 0.0711 0.0802 0.0745 0.0753
72 .82 0 .0403 0 .0454 0.0422 0.0427 3772 0.1364 0.1537 0.1428 0.1443
79 .99 0 .1446 0.1630 0.1515 0.1531 4143 0.1164 0.1312 0.1220 0.1232
87 .88 0 .4829 0 .5442 0 .5059 0.5110 4552 0.0403 0.0454 0.0422 0.0427
96 .54 0 .8236 0.9282 0 .8628 0.8716 5000 0.0779 0.0878 0.0816 0.0824
106.0 0 .9450 1.0650 0 .9900 1.0000
116.5 0 .7554 0 .8514 0 .7914 0.7994
128.0 0.3671 0.4137 0 .3846 0.3885
140.6 0.0451 0.0508 0.0472 0.0477
154.4 0.0711 0.0802 0 .0745 0 .0753
169.7 0 .1363 0.1537 0 .1428 0.1443
186.4 0 .1164 0.1312 0 .1220 0.1232
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Appendix C: Experimental results for rh-EPO release from 
chitosan nanoparticles in PBS solution. rh-EPO 
concentration measured by fluorometric assay.
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Table C- l : Experimental results for rh-EPO release (trial 1)
Initial rh-EPO mass 8000  IU

Mass of rh-EPO in supernatant 330.76  IU
Mass of otal loaded rh-EPO= 2707 .86  IU

Sample
Time(h) Intensity Concentration (lU/ml) Total

release Released percent

0.00 0.00 0.00 0.00 0.00
S 1 7.00 4254 .00 96.35 385.41 14.23
S2 12.05 914 .00 20 .70 468.22 17.29
S3 25 .58 1696.00 38.41 621 .88 22 .97
S4 49 .58 1914.00 43 .35 795.29 29 .37
S5 103.28 1519.00 34.41 932.91 34.45
S6 168.58 3938.00 89.20 1289.69 47 .63
S 7 336.58 5063.00 114.68 1748.40 64 .57

Table C-2 : Experimental results for rh-EPO release (trial 2)
Initial rh-EPO mass 8000  IU

Mass of rh-EPO in supernatant 302.16  IU
Mass of total loaded rh-EPO= 3165.36  IU

Sample
Time(h) Intensity Concentration (lU/ml) Total release Released percent

0.00 0.00 0.00 0.00 0.00
S 1 7.00 4173 .93 94.54 378 .16 11.95
S2 12.05 437.67 9.91 417.81 13.20
S3 25.58 1834.31 41 .55 584.00 18.45
S4 49 .58 1816.32 41 .14 748.56 23 .65
S5 103.28 1448.38 32.81 879 .78 27 .79
S6 168.58 3672.48 83.18 1212.51 38.31
S7 336 .58 4499 .19 101.91 1620.14 51.18

Table C-3 : Experimental results for rh-EPO release (trial 3 )
Initial rh-EPO mass 8000  IU

Mass of rh-EPO in supernatant; 349.82  IU
Mass of otal loaded rh-EPO= 2402.86  IU

Sample
Time(h) Intensity Concentration (lU/ml) Total release Released percent

0.00 0.00 0.00 0.00 0.00
S 1 7.00 4614.31 104.51 418 .06 17.40
S2 12.05 976 .68 22.12 506.54 21 .08
S3 25.58 1078.94 24 .44 604 .30 25 .15
S4 49 .5 8 1762.06 39.91 763 .94 31.79
S5 103.28 1616.10 36.60 910 .36 37.89
S6 168.58 4065 .45 92.08 1278.69 53.22
S7 336.58 5438 .87 123.19 1771.45 73.72
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Appendix D: Experimental results for rh-EPO diffusivity study 
and sample calculation for estimation of rh-EPO diffusivity
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Table P - 1: Experimental Results from ELISA for rh-EPO standard Curve preparation

EPO
Concentration

(mll/mL)
Absorbance at 450 nm Average -  Blank

100 2.0270 1.8510 1.9390 1.8567
50 1.3080 1.2140 1.2608 1.1786
25 0.6760 0.5300 0.6030 0.5208

12.50 0.3900 0.3830 0.3860 0.3038
6.25 0.2190 0.2240 0.2215 0.1392
3.12 0.1470 0.1470 0.1471 0.0649
1.560 0.1010 0.1110 0.1058 0.0236
0.000 0.0780 0.0860 0.0822 0.0000

Table P-2: Experimental data for rh-EPO diffusivity study
Parameter Value

Initial mass o f rh-EPO loaded in chitsan nanoparticles ( M °s ) 72.302 Pg

Mass o f rh-EPO remained in the particles after time t ( M [ ) 71.906 Pg

Diffusion time (t) 1200 Min

Particles size (R) 200 nm
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Effective Diffusivity Calculation of Encapsulation rh-Erythropoietin in 

chitosan-tripolyphosphate nanoparticles

Initial mass o f rh-EPO used for encapsuIation= 96 jag 

Diffusivity is calculated from the equation 2-16:

Equation D-l is solved to find De, using the boundary conditions for infinite liquid phase, 

where rh-EPO diffused out form the nanoparticles.

‘n’ assumed to be equal to 1

Total mass of rh-EPO encapsulated:

Absorbance o f 1:2000 diluted supernatant sample at 450 nm= 2.722 

Concentration o f EPO in diluted sample from standard curve (Fig 4-1) = 1094.29 ng/L 

EPO Concentration in supernatant = 2188.576 ng /mL = 2.188576 pg / mL

Volume o f supernatant - 9.5 mL

Mass o f rh-EPO in Supernatant = 9.5 x 2.188576 = 20.7915 pg

Total mass o f  EPO encapsulated = Initial mass o f -EPO -  Mass o f EPO in Supernatant

(D-l)

= 96 pg -  20.7915 pg = 75.2085 ug
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Mass of EPO released due to initial burst ( first 2 hours)

Absorbance of 1:2000 diluted sample at 450 nm = 0.4805

Concentration of EPO in diluted sample from standard curve (Fig 4-1) = 193.17 ng/L 

Concentration o f EPO in initial sample = 0.386336 pg/mL

Volume o f the sample = 7.5 mL 4  Mass o f EPO released in first 2 hours = 2.898 pg 

Total mass o f EPO remained in Chitosan-TPP particles(M°) = 75.2085 -  2.898

M® =72.3105 pg

Mass of EPO released after 20 hours in PBS solution

Absorbance of 1:2000 diluted sample at 450 nm = 0.066

Concentration of EPO in diluted sample from standard curve (Fig 4-1) = 26.53 ng/L 

Concentration of EPO in initial sample = 53.0656 ng/mL 

Volume o f sample: 7.5 mL 4  Mass o f EPO released after 20 hours = 0.398 pg 

Mass of EPO remained in Chitosan-TPP particles M's =  72.3105-0.398

M [ =  71.9125 pg

Average radius o f particles determined by dynamic Light Scattering = 200 nm 

Substituting the values into equation D-l and solving for De :

De= 2.651 x 10'19 m2/ s

112



REFERENCES

Abdekhodaie M.J, Cheng Y.L, (1997), “Diffusional release o f Dispersed Solute from 
Planar and Spherical Matrices into Finite External Volume”, J. Controlled Release, 43, 
175-182.

Aoyagi Y., Nakajima M., Ochiai A., Oda T., Ohkohchi N., Satake M., Sugiura S., (2005) 
Size Control o f Calcium Alginate Beads Containing living Cells Using micro-nozzle 

array", Biomaterials, 26 (1), 3327-3331.

Arcasoy M.O., (2008), “The non-hematopoietic biological effects o f erythropoietin”, 
British Journal o f Haematology, 141 (1), 14-31.

Alexabdridou S., Kiparissides C., (1994), “Production o f Oil-Containing
Polytereohthaamide Microcapsules by Interfacial Polymerization, An Experimental 
Investigation o f the Effect o f Process Variables on the Microcapsule Size Distribution”, J. 
Microencapsulation, 11 (6), 603-614.

Allemann E., Gumy R., doelker E.,(1993), “Drug-Loaded Nanoparticles -  Preparation 
Methods and Drug Targeting Issues”, European Journal of Pharmaceutics and 
Biopharmaceutics, 39 (5), 173-191.

Bakan J.A, Anderson J.L, (1976) “ Microencapsulation” in Lachman L., Alieberman 
A.H., Kanig L.J., “Theory and Practice o f Industrial Pharmacy”, 2nd edition, Lea& 
Febiger.

Bao D.C., Liu X.D., Ma X.J., Xiong Y., Xue W.M., Yu W.T., Yuan Q., (2002), 
“Preparation o f Uniform Calcium Alginate Gel Beads by Membrane Emulsification 
Coupled with Internal gelation”, J. Applied polymer Science, 87 (5), 848-852.

Baruch L., and Machluf M., (2006), “Alginate-Chitosan complex Coacervation for cell 
Encapsulation: Effect on Mechanical Properties and on Long-term Viability”, 
biopolymers, 82, 570-579.

Benita A., Fickat R., Benoit J.P., Bonnemain B., Samaille J.P., Madoules P., (1984), 
“Biodegradable Cross-Linked Albumin microcapsules for embolization”, 
J. Microencapsulation, 1 (4), 317-327.

Benoit J.P., Marchais H., (1996), “Biodegradable Microspheres: Advances in Production 
Technology”, in Benita S., “Microencapsulation: Methods and Industrial Applications”, 
Marcel Dekker, USA

Blandino A., Macias M., Cantero D., (1999), “Formation of Calcium Alginate gel 
Capsules: Influence of Sodium Alginate and CaCL Concentration on Gelation Kinetics”, 
J. Bioscience and Bioengineering, 88 (6), 686-689.

113



Bodmeier R., McGinity W.J., (1987), “Polylactic acid Microspheres Containing 
quinidine Base and Quinindin Sulphate Prepared by the Solvent Evaporation Technique. 
II. Some Process Parameters Influencing the Preparation and Properties o f 
Microspheres”, J. Microencapsulation, 4 (4), 289-297.

Boogaerts M., (2006), “Pleiotropic effects o f erythropoietin in neuronal and vascular 
systems”, Current Medical Research Opinions, 22 (4), 15-22.

Borchard G., (2001), iiChitosans for Gene Delivery”, Advanced Drug Delivery Reviews, 
52, 145-150.

Briens L.A., Briens C.L., Margaritis A., Hay J., (1997), “Minimum Liquid Fluidization 
Velocity in Gas-Liquid-Solid Fluidized Beds Flow Density particles”, Chemical 
Engineering Science, 52,4231-4238.

Broudy V. C., Tait J. F., Powell J. S., (1988), “Recombinant human erythropoietin: 
Purification and analysis o f carbohydrate linkage”, Archives o f .Biochemistry and 
.Biophysics, 265 (2), 329-336.

Calvo P., Remunan-Lopez C., Vila-Jato J.L., Alonso M.J., (1997), ‘Wove/ Hydrophilic 
Chitosan-Polyethylen Oxide Nanoparticles as protein Carriers”, J. Applied Polymer 
Science, 63,125-132.

Capan Y., Woo H. B., Gebrekidan S., Ahmed S., DeLuca P.P., (1999), “Influence o f 
Formulation Parameters on the Characteristics o f Poly(D,L-Lactide-co-Glycolide) 
Microspheres Containing Poly(L-Lysine) Complexed Plasmid DNA”, J. Controlled 
Release, 60,279-286.

Chai Y., Mei L.H., Wu G.L., Lin D.Q., Yao S.J., (2004), “Gelation Conditions and 
transport Properties o f Hollow Calcium Alginate Capsules”, Biotechnology and 
Bioengineering, 87 (2), 228-233.

Cohen S., Yoshioka T., lucarlli M., Hwang L.H., Langer R.,( 1991), “Controlled Delivery 
Systems for Proteins Based on Poly(Lactic/Glycolic Acid) Microspheres“, 
Pharmaceutical Research, 8 (6), 713-720.

Cooney D.O., (1972), “Effect o f Geometry on the Dissolution o f Pharmaceutical Tablets 
and Other Solids: Surface Detachment kinetics Controlling”, ALChE J., 18, 446-449.

Crank J., (1975), “The Mathematics o f Diffusion”, Oxford University Press, UK.

De Kruif G.C., Wienbreck F., de Vries R.,(2004), “Complex coacervation o f proteins and 
anionic polysaccharides“, Current opinion in Colloid & Interface Science, 9, 340-349.

114









Pilkington P.H., Margaritis A., Mensour N.A., (1998a), “Mass transfer Characteristics o f 
Immobilized cells Used in Fermentation Processes”, CRC Crit. Rev. Biotech., 18 (2), 
237-255.

Pilkington P.H., Margaritis A., Mensour N.A. Russell I., (1998), “Fundamentals of 
Immobilized Yeast Cells for continuous Beer Fermentation: A Review”, J. Inst. Brew., 
104, 19-31.

Pistel k.F., Bittner B., Koll H., Winter G., Kissel T., (1999), “Biodegradable 
Recombinant Human Erythropoietin Loaded Microspheres Preparaed from Linear and 
Star-Branched Block Copolymers: Influence o f Encapsulation Technique and Polymer 
Composition on Particle Characteristics”, J. Controlled release, 59, 309-325.

Prata A.S., Menut C., Leydet A., trigo J.R., and Grosso R.F.,(2008), “Encapsulation and 
release o f a fluorescent probe, khusimyl dansylate, obtained from vetiver oil by complex 
coacervation”, Flavor and Fragrance Journal, 23, 7-15.

Rao B.S., Sharma P.C.,(1997), “Use o f Chitosan as a biomaterial: Studies on its safety 
and Henostatic Potential’, J. Biomedical Materials research, 34, 21-28.

Romanowski R.R., Sytkowski A.J., (1994), “Molecular Structure o f Human 
Erythropoietin”, Hematology/Oncology Clinics o f North America, 8 (5), 885-894.

Sadek P., (1996) “The HPLC Solvent Guide”, John Wiley & Sons, USA.

Sah H., Chien Y.W., (2001), “Rate Control in Drug Delivery and targetin: Fundamentals 
and Applications to Implantable Systems”, in Hillery A.M., Lloyd A.W., Swarbrick J., 
“Drug Delivery and Targeting for Pharmacists and Pharmaceutical scientists”, Taylor & 
Francis, London, UK.

Sieomann J., Peppas N.A., (2001), “Modeling o f Drug Release Systems Based on 
Hydroxypropyl Methylcellulose (HPMC)", Advanced Drug Delivery Reviews, 48,HO­
IS?.

Sinha V.R., Singla A.K., Wadhawan S., Kaushika R., kumria R., Bansal K., Dhawan S., 
(2004), “Chitosan microspheres as a Potential Carrier for Drugs”, International Journal 
of Pharmaceutics, 274, 1-33.

Szepesi G., (1992), "How to Use Reverse-Phase HPLC', VCH Publishers, USA.

Takeuchi M., Inoue, N., Strickland, T. W., Kubota m., Wada M., Shimizu R., Hoshi S., 
Kozutsumi H., Takasaki S., Kobata A., (1989), “ Relationship between sugar chain 
structure and biological activity o f recombinant human erythropoietin produced in 
Chinese Hamster Ovary cells" Proceedings o f the National Academy o f Sciences o f the 
United States o f America, 86, 7819-7822.

118




