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APPENDICES

Appendix A Functional Groups of PCz Investigation

Oxidation polymerization of Cz monomer with (NH4)2S20¢ in aqueous HC1
(Gupta and Prakash, 2010) provided olive-green PCz. The synthesized PCz was
neutralized by NaOH followed with the doping of IN into the_dedoped PCz. All of
products were investigated for the functional groups using the FTIR spectrometer
(Thermo Nicolet, Nexus 670) in the transmission mode with optical grade KBr as the

background material and 64 scans at a resolution of4 cm'L

Cz monomer

3412

PCz

% Transmittance

"
Ay

L) L) L} L L ]

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm )

Figure Al FT-IR spectraofCz monomer and PCz.
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The FT-IR spectrum of PCz shows the N-H stretching of heteroaromatics

peak at 3415 cm 1 which is broaden than one of Cz monomer, the c=c stretching of
the aromatic compound at 1600-1625 ¢m 'L the C-N-C stretching peak at 1451 cm 'L,
the C-H out of plan bending at 1326 ¢m 'L and the 1,2,4-trisubstitution peaks at 806
cm'L 855 ¢m 'L and 884 ¢cm 'L

Table ALl The characteristic peaks of PCz

Wavenumber (cm )

725 and 745
810 and 1090
750

1328

1404 and 1452

1451-1453

2860-2866 and
2929-2934

3420

Assignment
1,2-disubstitued rings
Complex salt formation
-CH2 rocking vibration

C-H outofplane bending vibration
ofaromatic ring

Ring stretching vibration of
Carbazole moiety

C-N-C stretching band for Cz
aromatics

C3s-H vibration

N-H stretching

Reference
Taoudi etal., 1997
Taoudi etal., 1998

Raj etal, 2010

Naddaka tal., 2011

Taoudi et al., 1997
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PCz

IN-doped PCz

% Transmittance

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm Q)

Figure A2 FT-IR spectraof PCz, dedoped PCz, IN-doped PCz, and IN.

The FT-IR spectra shown in Figure A2 present a reduction of N-H
stretching peak intensity of dedoped PCz, an appearance of new peaks at 1075-1190
cm't and 1700-1725 cm'1 refer to the C-0 stretching, the c¢=0 stretching,

respectively.



Table A2 Assignment bands of indomethacin (Dupeyron € aI., 2013)

Wavenumber (cm ] Assignment
839, 832, 803, 752, 702 (s-m) Aromatic ring
926, 905 () yCH
1086,1067 yO-H
1189, 1148, 1028, 1012 () Aromatic ring
1,233, 1,222 (s-m) VC-C0-0
1,306, 1,291 () VC-0
1,372, 1,358 (m-w) vC-N
1,428, 1,411, 1,396 (m-w) vC-H
1,712, 1,690 () Ve=o
2,967,2,928 ( ) V Cy3H

3370 () vO-H



Appendix B Thermal Properties of PCz and Crosslinked DCNR Films

The thermal behavior of PCz and crosslinked DCNR films was determined
by the thermogravimetric analyzer (Thermo, TGA Q 50). The sample was weighed
inarange 4-5 mg and placed it in a platinum pan, and then weighed sample was

heated from 50 to 900 ¢ under nitrogen flow with the heating rate 10 °c/min.

% Weight loss

Cz monomer
PCz
Dedoped PCz

550

Temperature (°C)

650

750 850 950

Figure B1 TGA thermograms of Cz monomer, PCz, and dedoped PCz.

The TGA thermogram of PCz shows the first transition at 288.39 ¢ from a
degradation of a dopant followed with the second transition temperature resulted in a
separation of PCz backbone at 619.52 °C (Raj €t al, 2010). The dedoped PCz
thermogram presents the transition temperature at 576.02 C and 741.41 °C due to a
decomposition of a dopant and a polymer backbone, respectively (Abthagir €t aI.,

2004).
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Figure B2 TGA thermograms of IN, PCz, and IN-doped PCz.

The thermal behavior of IN-doped PCz shows three weight loss steps. First,
IN cleaves at 256.76 °c which is shifted from 302.05 °c. Second, a residual dopant
deforms at 585.60 °c followed by a degradation of a backbone at 753.79 c.
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Table BL The degradation temperature and weight loss (%) in TGA thermograms of
Czmonomer, PCz, dedoped PCz, IN, and IN-doped PCz

Sample Td (°C) Avg SD Weight loss (%) Avg SD
Cz 243.43 98.27

monomer 258.91 25111 10.95 97 90 98.08 0.26
291.66 16.77
- Jgs 1y 288.39 4.6 0 1624 0.76
623,53 101
580.82 497
Dedoped. s7101 0 L) 130 463 047
PC 738.17 370
744 65 741.41 4.58- )67 3.18 0.73
IN 302.05 g \ 93.53
262.04 38.97
25137 25676 534 29.46 33.89  4.79
256.87 3393
573,45 213
OOPEL se656 5g560 1140 1.40 207 0.64
586.80 269
759.56 263
751.83 753.79 5.08 2.02 2.49 0.41

749.98 2.-81
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Figure B3 TGA thermograms of pure DCNR film and of crosslinked DCNR at
various curing times.

Table B2 The degradation temperature and weight loss (%) of pure DCNR film and
of crosslinked DCNR with various curing times

Sample Td(°C) Weight loss (%)
Pure DDNR 385.36 94.89
0 min 380.03 94.12
3min 384.44 94.48
5min 386.73 9738

10 min 382.32 95.82
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Figure B4 TGA thermograms of pure DCNR film and of crosslinked DCNR with

various crosslink ratios.

Table B3 The degradation temperature and weight loss (%) of pure DCNR film and
of crosslinked DCNR with various crosslink ratios

Sample
Pure DDNR
Crosslink ratio = 0.0008
Crosslink ratio = 0.0016
Crosslink ratio = 0.0032
Crosslink ratio = 0.0048

Tu (°C)
385.36
385.46
385.80
383.23
382.34

Weight loss (%)
94.85
95.42
95.42
96.04
95.06

There are no significant differences in TGA spectra of crosslinked DCNR

films with either various curing times or various crosslink ratios.



Appendix ¢ Determination of Degree of Swelling (%) of LA, MA, and HA
Films

The crosslinked NR films were immediately studied the swell in both
toluene and water after the crosslinking process and calculated following Eq. (CI)
and (C2).

degree of swelling (%) = — T X 100 covmmmssmsmmssmsmsssssssssssssssnns (CI)
weight loss (%) = X 100 (C2)
where Ms = the weight after submersion in the buffer solution
Md = the dried weight after submersion for 72 h
Mj = the initial weight ofthe sample

The degree of swelling of all crosslinked NR films in toluene decreased
with increasing curing time and the equilibrium is observed at Dmin. UV irradiation
introduces photoinitiator radicals which react with crosslinking agents resulting in
the crosslinking process in NR latex, so the curing time affects the crosslink density
which is related to the degree of swelling. On the other hand, the film in water
slightly decreases with increasing curing time because NR films are immiscible in
water and there is no significant difference from 3 min to 10 min.
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Figure C1 Degree of swelling (%) of different crosslinked NR films including LA
film, MA film, and HA film in toluene with various curing times.
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Figure C2 Degree of swelling (%) of different crosslinked NR films including LA
film, MA film, and HA film in water with various curing times.
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Figure C3 Degree of swelling (%) of crosslinked MA film in toluene and in acetate

buffer pH 5.5 with various curing times.



Table CI' The value of degree of swelling (%) of LA, MA, and HA in toluene with
various curing times

Cur(|mngi]n;|me Tmeexof M M. sm?eellgi;ege(%ﬁt) Avg )
A '
1 WA osad
N N
o UM e
3 MA 84%28? 02020 1066 W
TR Ve 7/ AN T 1096 -
TR AN I
; WA ggser ous e M 419
M e W
T I
! L T T ¥ R TR L
m 0.0335  0.2428 625 134 155

0'0531 0 5011 844



Table C2 The value of degree of swelling (%) of LA. MA, and HA in water with
various curing times

Curing time

10

(min)

Type of
latex

LA
MA
HA
LA
MA
HA
LA
MA
HA
LA
MA

HA

M d

0.0335
0 0354
0.0361
03)514
0.0627
0.0482
0.0373
0.0514
0.0335
00718
0,0253
0,0457
0,0423
0.0400
0,0429
0'0675
0.0681
0.0546
0.0542
00250
0.0401
0.0442
0.0325
0.0362

0.0488
0.0565
0.0477
03965
0.0798
0.0663
0.0494
0.0675
0.0480
03892
0.0376
03632
0.0507
0.0482
0.0576
00885
0.0805
0.0789
0.0622
00349
0.0560
03635
0.0445
0.0421

Degree of
swelling (%)
45.7
59.6
32.1
87
27.3
37.6
32.4
31.3
43.3
- 242
48.6
38.3
19.9
20.5
34.3
311
18.2
44.5
14.8
39.6
39.7
43.7
36.9
163

52.6

59.9

32.4

31.9

33.8

43.5

32.7

31.4

217.2

41.7

26.6

SD
9.8
39.3
7.3
0.8
135
7.3
0.4
2.2
18.6
17.6
2.8

14.6
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Table C3 The value of degree of swelling (%) MA in toluene and in acetate buffer

pH 5.5 with various curing times

Solvent

Acetate
buffer pH
5.5

Toluene

Curing time (min)

10

10

Md
0.0978
0.1184
0.1026
0.1128

0.0977
0.1069
0.0911
0.1069

0.0917
0.0846
0.0954
0.1327

0.0973
0.0925
0.0972
0.1006

0.1140
0 1211

0.1249
0.1149

0.1078

0.1380

0.1035
0.1088

Ms
0.1057
0.1285
0.1140
0.1229

0.1058
0.1159
0.0996
0.1155

0.0993
0.0921
0.1045
0.1460

0.1063
0.0995
0.1048
0.1092

1.0602
0.9884

0.6666
0.8687

0.6140
0.6508

Degree of swelling (%)
8.1
8.5
111
8.9
9.2
1.3
8.3
8.4
9.3
8.0
8.5
0.6
8.3
8.9
9.5
10.0
9.2
0.8
9.3
7.6
7.8
8.6
8.3
0.8

749
760
755
8.05
518
529
524
1.87
493
498
496
3.48
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Appendix D Properties of Natural Rubber Latex

Lab Name THAI EASTERN RUBBER CO., LTD.
Date Tested ; July 11,2013

Date Production : July 3-4, 2013

Type of Latex High ammonia-Double centrifuge (HA-DD)

Table D1 The characteristic of natural rubber latex

Characteristic Mettrelgtd of Test result
Total solid content, ( t %) SO 124 60.69
Dry rubber content, ( t %) ISO 126 60.10
Non-rubber content, (wt %) - 0.59
Ammonia content (on total weight), (wt %) ISO 125 " 0.67
Ammonia content (on water phase), (wt %) - 1.70
Volatile fatty acid number (VFA number) SO 506 0.0173
Mechanical stability time @ 55% TS, seconds 1SO 35 (11/0712013)
Magnesium content on solids, (ppm) In House 19.90
KOH number ISO 127 0.20
pH of latex 1SO 976 10.29
Specific gravity, (wt %) ISO 6057 0.94
Coagulum content, (wt %) I1SO 706 0.005
Viscosity (Spindic No.l, 60 rpm) @ 60% TS, ePs ISO 1652 - 910

Color of latex In House W hite



88

Appendix E Determination of Degree of Swelling (%) and Weight Loss (%) of
DCNR Films

800
(" intoluene
-A - inPBS buffer pH 7.4
600
C° R T - Dveveemmmemnnnesnnessnnnes §
1 400 ------- Q ......
(
|
200
0 A [V N B VNN Ao A

1 1 1

-1 ! t i r [
00000 .0008 0016 0024 ~ .0032 .0040 0048  .0056
Crosslink ratio

Figure EI Degree of swelling (%) of crosslinked DCNR films in toluene and in
PBS buffer pH 7.4 with various crosslink ratios using 5 min of curing time and 0.45

%v/v photoinitiator,

The ratio of photoinitiator and crosslinking agent in each film was 2:1, 1.1,
1:2, and 1:3. The degree of swelling slightly increases in toluene from the film with
0.0016 crosslink ratio to the one -with 0.0032 crosslink ratio and then equilibrium.
The concentration of photoinitiator is related to the amount of crosslink radicals in
the system that results in a crosslink density, so it exhibits a lower degree of swelling
ina higher photoinitiator to crosslinking agent ratio.
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Figure E2 Degree of swelling (%) and weight loss (%) ofcrosslinked DCNR films
in toluene with various curing time using 0.0048 crosslink ratio (Crosslinking agent:

photoinitiator = 2:1 mole ratio).

In equilibrium swelling investigation, the uncured NR film dissolves in a
solvent, whereas the others endure in this condition. They exhibit a directly
proportion of the curing time and the swelling capacity which can be ranged from
3 min, 5 min, and 10 min of curing time. Degree of weight loss dramatically
decreases with increasing curing time until equilibrium is observed at 5 min. Curing
time is related to the crosslink density of the polymer which indicates that the
crosslinking agent completely reacts with rubber molecules within 5 min of curing
time.
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Figure E3 Degree of swelling (%) and weight loss (%) of crosslinked DCNR films
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in toluene and in PBS buffer pH 7.4 with various crosslinking agents using 5 min of

curing time (Crosslinking agent: photoinitiator = 2: 1 mole ratio).

Both degree of weight loss and degree of swelling decreases with increasing

amount of crosslinking agents. The rubber chain generally creates higher chain

networks with higher crosslink ratio which can reduce the solvent uptake resulting in

a decrease of film’s swelling. While the NR films with low crosslink ratio has more

free rubber chains which can easily dissolve in a solvent and affect to the weight loss

of film.



Table EI' The value of degree of swelling (%) of crosslinked DCNR films in toluene
with various crosslink ratios using 5 min of curing time and 0.45 %v/v photoinitiator

Crosslink ratio .
: 1 Ms Degree of swelling (%)
mol TMPTMp/mol isoprere M
( ) 0.1102 0.6454 486
0.1003 0.5657 464
0.0911 0.5020 451
0.0888 0.4924 455
_ 0.0819 0.4527 453
0.0008 0.0894 0.4828 - 440
' 0.1063 0.6125 476
0.0762 04180 " 449
0.1166 0.6812 484
D e
165
0.1066 0.5608 426
0.0805 04223 425
0.0754 0.3960 425
0.0995 0.5477 450
0.0931 04971 434
0,006 0.0782 0.4225 440
: 0.1047 0.5666 441
0.0855 0.4665 446
00721 0.3814 429
Avg 437
SI3 9.6
0.0923 0.5698 AT
0.1057 0.5102 383
0.1064 0.6606 N1
0.1047 0.6114 484
0.0868 0.6422 640
0,003 0.0981 0.5732 484
- 0.1004 0.6085 506
0.1039 0.6336 510
0.0945 0.5636 496
Avg 505

D 65.7
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Table EI' The value of degree of swelling (%) of crosslinked DCNR films in toluene
with various crosslink ratios using 5 min of curing time and 0.45 %v/v photoinitiator

(continued)

Crosslink ratio

(mol TMPTMaimol isoprere)

0.0048

Md

0.0977
0.0924
0.0786
070741
0.1128
0.0945
0.0749
0.1005
0.0968

Avg
D

13

0.6082
05718
0.4907
0.4830
0.6922
05674
0.0523
05872
0.5630

Degree of swelling (%)

Table E2 The value of degree of swelling (%) of crosslinked DCNR films in PBS
buffer pH 7.4 with various crosslink ratios using 5 min of curing time and 0.45 %viv

photoinitiator

Crosslink ratio

(mol TMPTMp/mol isoprere)

0.0008

Md

0.0835
0.0947
0.0856
0.1077
0.0982
0.0853
0.1031
0.1076
0.1087

Avg
D

Vs

0.0903
0.0990
0.0923
0.1081
0.1050
0.0913
0.1094
0.1143
0.1157

Degree of swelling (%)

w O o owikeooul—



Table E2 The value of degree of swelling (%) of crosslinked DCNR films in PBS
buffer pH 7.4 with various crosslink ratios using 5 min of curing time and 0.45 %vlv
photoinitiator (continued)

Crosslink ratio

: M Ms Degree of swelling (%)
mol TMPTMainol isoprere
( - ) 0.1022 0.1092 6.9
0.0987 0.1065 79
0.1095 0.1158 58
0.0737 0.0788 0.9
o0 0% I
0.0026 00190 0.0850 7
0.0823 0.0876 0.4
0.1059 0.1131 6.8
Avg 6.9
SD' |
01166 01042 65
0.0800 0.0871 8.9
0.1166 0.1240 0.4
0.0948 0.1018 14
R -
0.002 00810 Q0847 77
0.0786 0.0849 8.0
0.0796 0.0865 8.7
Avg 14
SD 1.0

8.0
1.1
6.7
. 0.5
0.0048 0:1025 0.1100 %%
%
T

Avg
SD 0.6
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Table E3 The value of degree of swelling (%) and weight loss (%) of crosslinked
DCNR films in toluene with various curing time using 0.0048 crosslink ratio
(Crosslinking agent: photoinitiator = 3:1 %viv rubber)

Cur(irgianime Vi N Mg Degree %fswelling Weight loss

0 %

00709 . Q0553 | 7 )
0.0754 : 0.0306 : 594
0 0.0759 : 0.0491 : 35.3
Avg : 38.9
SD : 19.0

00937 05698 0.0902 508 3.7

0.1149  0.7386 0.1087 543 h4

3 01147  0.7172 0.1088 525 h1
Avg 525 48

SD 174 09

0.0882  0.5500 0.0844 h24 43

0.0888  0.5883 0.0855 563 3.7

5 0.100t 06263 0.0969 526 3.2
Avg 537 31

SD 219 0.6

00905 0.5244 0.087 479 39

00831 04692 0.0801 465 36

10 00849 04755 0.0815 460 4
Avg 468 38

SD 10.1 0.2



%

Table E4 The value of degree of swelling (%) and weight loss (%) of crosslinked
DCNR films in'toluene and in PBS buffer pH 7.4 with various crosslink ratios using
5 min of curing time

Crosslink M M| Degree of swelling ~ Weight loss
ratio ! i%) §%g
8%(1)%71 21076 0.0653 154 2.
00952 15780  0.0599 1558 3.1
01158 20512 0.0767 1671 338
0.0008 00694 09843 00553 1318 203
00958 14887  0.0693 1454 217
Avg 1551 323
SD 173 8.6
0.1020 09725  0.0884 853 133
01028  1.0028  0.0885 875 139
00995 09510  0.0870 856 12.6
0,006 0.0093 06668 0.0596 862 140
001 00651 06125 00553 I 151
00730 0693  0.0620 854 151
Avg 857 140
SD 114 1.0
0.0617 04174  0.0572 576 13
00878 0.6650  0.0819 657 6.7
01066  0.9600  0.0957 801 10.2
oo 00887 0650 008K 6% 5
' 00811 06102  0.079 652 19
00890 06805 00828 665 7.0
Avg 664 65
SD 13.9 2.0
00794 0497  0.0764 h24 38
0.0867 05293  0.0834 510 38
00892 04989  0.0864 459 31
0.0048 0091 05780  0.0923 508 29
: 01014 06185  0.0977 510 3.7
01077  0.6400  0.1037 494 3.7
Av 31 35
S 23 04
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Appendix F UV-visible Spectrum of Indomethacin (IN)

IN was determined the maximum wavelength (nm) using UV-visible
spectrometer (TECAN, Infinite M200). The drug (0.0045 mg) was dissolved in
MeOH followed with an addition of water until a volume was 100.00 mL. The IN
solution is observed the characteristic peaks at 266 nm and 324 nm.

3.0

Absorbance

0.0 1

-.5 L) L] ' 7
200 400 600 800 1000

Wavelength (nm)

Figure'FI The UV-visible spectrum of IN.
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Appendix G Calibration Curve of Indomethacin (IN)

A standard stock solution of IN at 450 ppm was prepared by precisely
weighing of 45 mg of drug, dissolving in methanol, and then adjusting the volume to
100 mL with PBS buffer pH 7.4. This standard stock solution was pipetted and
diluted with the buffer to produce 50 - 400 ppm of IN. The calibration curve plotted
the ahsorbance at 324 nm versus the concentration of IN (ppm),

1 y = 000240X
L, . R.=096828
1.0 -
q
B oo
-C . _II
4 na
2 - G
| /!
0.0 <t ! ! !
0 100 200 30 400 50

Concentration of IN (ppm)

Figure G1 The calibration curve of IN dissolved in MeOH/H2) at 324 nm.



Table GL The absorbance of IN with various concentrations at 324 nm

Concentration of IN (ppm) Abgoor(l)a(?once Avg SD

0 0.0000 0.0000 0.0000
0.0000
0.1191

50 0.1220 0.1193 0.0026
0.1167
0.2677

100 0.2499 02574 ' 0.0092
0.2547
0.4040

150 0.3702 0.3918 0.0187
04011
0.4556

200 0.4697 04691 0.0133
04821
0.6601

250 0.6115 0.6334 0.0247
0.6286
0.7524

300 0.7143 0.7301 0.0199
o

350 0,758 08006 poan3
0.8008
0.9383

400 1.0412 0.9134 0.1419
0.7607
1.2475

450 1.2070 1.2157 0.0285
11925
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Appendix H Photographs of PCz and Crosslinked DCNR Film

PCz was polymerized via interfacial chemical polymerization of Cz
monomer and APS dissolved in DCM and 05 M HCL respectively. Dried
synthesized PCz obtained from standing the solution for 12 h was a dark green
powder. A yield of this product was extremely smaller than a taupe brown one which
was produced by stirring the solution for 7 h. In fact, a reaction took place at an
interface of organic phase and water phase that could be introduced a higher interface
by stirring. PCz was continuously stirred in 0.1 M NH:OH to dedope the polymer.
Finally, a light brown powder was obtained.

Figure HI Chemical polymerization of Cz: (a) recently mixing of oxidizing agent
and Cz monomers; (b) after stand for 12 hy; (c) after stirred for 7 h; (d) dried PCz after
stand for 12h; (e) dried PCz after stirred for 7 h; (f) decoped PCz.
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The crosslinked DCNR films were investigated an appropriate curing time
from the swelling test according to ASTM D6814-02.

(b)

before

- - -

P e

1.4 cm ) omsaditonhes

before

Figure H2 Swelling test of crosslinked NR films with various curing times: () 0
min; () 3 min; (c) 5min; and (d) 10 min in toluene.
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DCNR films were fabricated by V irradiation using TMPTMP and
MMMP as crosslinking agent and photoinitiator, respectively. Different solvents
including GLY, Si, and PEG were applied in the system to solve the fracture of the
film after insertion of drugs. Finally, IN dissolved in PEG was chosen resulting in
dissolution property and it is compatible with DCNR latex.

(b) (©)

()

(h)

B Bl

Figure H3 Crosslinked DCNR films with 0.0032 crosslink ratio using curing time
at: () 0 min; (b) 3 min; (c) 5min; (d) 10 min; 5min containing of (¢) loaded IN; (f) of
loaded ibuprofen in GLY; (g) loaded ibuprofen in Si; (h) loaded IN in PEG; and (i)
loaded ibuprofen in PEG.
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Appendix I Scanning Electron Microscope (SEM) Images and Pore Size

R

cU 20,009

T stk

g

\-
&
5\

gt

0:5kn 0@aa12, <

Figure 11" SEM micrographs of: (a) IN; () dedoped PCz at 10k; (c) dedoped PCz at
20k; (d) PCz at 10k; (e) PCz at 20k; (f) PCz at 35k; (g) IN-doped PCz at 10k; () IN-
doped PCz at 20k; and (i) IN-dloped PCz at 35k.
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Figure 12 SEM micrographs of: (a) pure DDNR film at 10k; (b) crosslinked DCNR
film with 0.0032 crosslink ratio at 10k; (c) cross-section of crosslinked DCNR film
with 0.0032 crosslink ratio at 10k; (d) IN; (e) IN-loaded DCNR film with 0.0032
crosslink ratio at 10k; (f) cross-section of IN-loaded DCNR film with 0.0032
crosslink ratio at 10k; (g) crosslinked DCNR film with 0.0032 crosslink ratio after
the release stuay in PBS buffer pH 7.4 at Ik; () the crack of IN-loaded DCNR film
with 0.0032 crosslink ratio before the release study in PBS buffer pH 7.4 at Ik; and
(1) the crack of IN-loaded DCNR film with 0.0032 crosslink ratio after the release
studly in PBS buffer pH 7.4 at Ik,
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Figure 13 SEM micrographs of crosslinked DCNR film with 0.0032 crosslink ratio: (a) before the permeation study; (b) after
the permeation study without electric field; (c) after the permeation study under electric field; and (d) after the release  dy
without electric field in PBS buffer pH 7.4 at 200 and Ik of magnification.

y0T



105

The surface of crosslinked DCNR film after the permeation study without
an electric field shows an irregular size and dispersion of holes, whereas the surface
of the film after the permeation study with an electric field provides the similar size
of holes and the abundant holes dispersed throughout the film. Considering the
surface of the film after the release study without an electric field, the hole
thoroughly disperses over the film and has a larger size than the hole on the surface
of the film after the permeation study applied an electric field.

Table 11 Pore size on a surface of IN-loaded DCNR films and IN-cloped
PCz/DCNR films after the permeation study

Crosslink ratio Electric field

Matrix Pore size (pm)
mole II\/PII\ga/nnIe

NR ( 0.0032 e (\6) 19.64 £ 159
NR 0.0032 3 129£0.37
NR 0.0064 3 1469 + 12.80
PCZINR 0.0032 0 20.78 £ 7.25
PCZINR 0.0032 I 3.60+ 1.69
PCzINR 0.0032 3 291+ 1.34
PCZINR 0.0032 5 90.71 £30.00
PCZINR 0.0032 ! 102.49 £66.68
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Figure 14 SEM micrographs of PCz/DCNR blend film with 0.0032 crosslink ratio after the permeation study at electric field strength
of: @) 0V; (b) 1V;(c)3V; (d) 5V; and () 7'V, in PBS buffer pH 7.4, at 500 of magnification.
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Appendix J Determination of Electrical Conductivity of IN-doped PCz at
Various Doping Levels

IN dissolved in MeOH was reacted with dedoped PCz A 0.002 mole of
dedoped PCz was doped again with various moles of IN. IN-doped PCz was
determined the electrical conductivity using two-point probe meter.

Te-7

6e-7 {

Se-7 1

4e-7 A

Electrical conducrivity (S/cm)

0.0 5 ITO ITS 2t0 2t5 3.0 3.5 4.0 4T5 5.0
Mole ratio (IN: PCz)
Figure J1 Electrical conductivity of IN-doped PCz at various mole ratios (IN: PCz).

IN: PCz at 0.5: 1 mole ratio provided the highest electrical conductivity and
was used for preparation of IN-doped PCz/DCNR films,
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Table J1 Electrical conductivity of IN-doped PCz at various mole ratios (IN: PCz)

01

05

Mole ratio

GéS/cm}
181E0
251E-07
2.25E-07
5. 54E-07
5.99E-07
6.09E-07
4.90E-07
4.73E-07
4.64E-07
2.96E-07
349E-07
3.23E-07
2.11E-07
2.89E-07

3.17E-07

Avg (Slcm)
2.19E-07

5.87E-07
4.76E-07

3.23E-07

2.92E-07

D
3.54E-08

2.90E-08

1.33E-08

2.62E-08

2.29E-08
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Appendix K Release of IN from IN-doped PCz/DCNR Investigation

IN was reacted with dedoped PCz in aqueous hydrogen peroxide (Hz202)
acted as oxidizing agent. IN-doped PCz was blended with the DCNR to prepare IN-
doped PCz/DCNR film. UV-visible spectrometer (TECAN, Infinite M200) was used
to investigate the amount of IN released from this film in the release study using
modified Franz diffusion cell.

3.5 -~
3.0 3 0V
A\ —=eg i 3V
0 R ™™ W || S ey RO IN
25 '__.\\\.
2 2.0 - /
s ] X
= 154 3
=, AN
2 NE
< 1.0 1 TN
g
e\
5 N
0.0 A =)o ]
_.5 T T T v T T T
200 250 300 350 400 450 500

Wavelength (nm)

Figure K1 UV-visible spectra of IN and IN released under E=0V andE=3 V.
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Appendix L Determination of the Crosslink Density of Crosslinked DCNR
Films

The crosslink density of films was calculated following a procedure of
ATSM6814-02. The films (1 cm2) were weighed in air and MeOH before and after
leaving them to get the equilibrium swelling state in toluene for 5 days. A crosslink
density was calculated using Eq. (L1) (Flory-Rehner equation)

-[In (I-Vr)+VrXIVrZ] -
V= VIVIN-VDI2] s (L1)

where: ' ve = the number of chains ina real network per unit volume,
V] = the molar volume of tolune (106.29 mL/mol),
vr=the crosslinked DCNR volume fraction in swollen state,

x = the Flory interaction parameter of cis-l,4-polyisoprene in
toluene (0.392).

v rcan be calculated following Eq. (L2);

Weightof dry rubber / Density of dry rubber

| Weight of dry rubber®  /Weight Qftoluene absorbed by sample\........... L2
\Densglty ofdr%//rubbery+ Vv Density of toluene L)

inwhich the density of the dry rubber can be computed by using the Eg. (L3)

Density at 23+ 2 °C (ML) = 0.7913 « -+ - vovrren (L3)

where: A = theweight of dried film measured in air (g),
B = theweight of dried film measured in MeOEl (g)
0.7913 = the density of MeOH at 23+ 2 ¢ (g/mL).
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Figure L1 The crosslink density of the crosslinked DCNR film with various
crosslink ratios,



Table LI The crosslink density of the crosslinked DCNR film with various
crosslink ratios after immersion in toluene for 5 days

. Wd Crosslink
Sample i " (R}IeOH air (R}IeOH air ﬁg/?eOH densit
NR022 1 0039% 00380 04845 04203 00272 00253  1.10E-07
NR0.22 2 00377 00362 04570 0.3956 00248 00239  1.02E-07
NRO0.22 3 00373 00357 03909 04592 00258 00223  1.64E-07
A\S} 1.25E-07
3.40E-08
NR0.B8 1 00570 0051 03344 03087 00442 0.0427  4.02E-07
NR088 2 00523 00504 03044 02812 0.0409 0.0367 4.80E-07
NRO088 3 0.0474 00459 02636 02460 00371 00341  4.18E-07
A\S} 4 33E-07
S 4.12E-08
NR 132 1 00461 00442 02334 02125 00356 0.0340 7.79-07
NR 132 2 00501 00483 02535 0.2316 00401 0.0377  6.56E-07
NR 132 3 00545 0.0524 02758 02489 00427 00410  7.12E-07
- A\S] 1.16E-07
S 6.15E-08
NR 156 1 0.0406 00388 02317 02063 00355 00337 848E-07
NR 156 2 0.0451 0.0434 0192 01784 0.0328 0.0307 8.39€-07
NR 156 3 0.0510 0.0487 02664 02430 00388 00380 8.29E-07
A\Sj 8.39E-07
9.85E-09
NRL176 1 00374 00360 01747 01581 00294 00283  8.10E-07
NR 176 2 0.0584 00561 0.3048 0.2759 0.0446 0.0437 6.63E-07
NR 176 3 00536 00512 02812 02538 00413 0.0394 8.29E-07
Avq 1.67E-07
~SD 9.08E-08
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Appendix M Determination of Actual Drug Content

The actual amounts of drug in the IN-loaded DCNR film and IN-coped
PCz/IDCNR film, a piece of film with area of 3.14 cm2, were measured by immersing
the samples in 100 mL of hexane. The amounts of drugs in 0.3 mL of solution were
quantified by using the UV-visible spectrophotometer at a wavelength of 324 nm,
The initial drug concentration in the film, Co, was calculated from an actual amount
of IN‘in the film (g) divided by a volume of the film (cm3).

Table Ml The raw data of the determination of actual amount of IN in the IN-
loaded DCNR films at various crosslink ratios (motmeTmpmotisoprene) and IN-cloped
PCz/DCNR films

Actual amount of IN in the
Sample film area 3.14 cm? Volume (0
m (2™ cm) (mglem3

DCNR 0.0008 1 I 079
DCNR 0.0008 2 1334 133 198
DCNR 0.0008 3 1 118 1.76
DCNR 0.0008 4 112 0.11 0.16
Avg 1.88 0.79 117
SD 569 057 0.85
DCNR 0.0032 1 5,06 051 0.76
DCNR 0.0032 2 8.21 082 1.22
DCNR 0.0032 3 8.00 0.80 1.19
DCNR 0.0032 4 150 0.75 112
Avg 119 072 ° 107
SD 145 0.15 0.672 0.21
DCNR 0.0064 1 11.36 114 1.70
DCNR 0.0064 2 151 0.15 0.22
DCNR 0.0064 3 1294 1.29 192
DCNR 0.0064 4 8.14 081 1.20
Avg 8.49 0.85 1.26
D 506 011 0.75
IN-doped PCz/DCNR 1 1.16 071 1.06
IN-doped PCz/DCNR 2 6.83 0.6 1.01
IN-doped PCz/DCNR 3 1.29 0.72 1.07
Avg 706 Wil 105
SD 020 0.02 0.03

*h = the thickness of the film (0.214 cm)
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Appendix N Determination of Amounts and Diffusion Coefficient of IN
Permeated from Crosslinked DCNR Film at Various Crosslink Ratios in an
Absence of Electric Field
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Figure NI Amount of IN permeated from crosslinked DCNR film with various
Crosslink ratios (moljMpTMpimoljsoprene) VErsus time t under an absence of electric
field, pH 7.4, 37 °c.

The total amounts of IN permeated from 3.14 cmz of film with 0.0008,
0.0032, and 0.0064 crosslink ratios are 0.170 (24 %), 0.123 (17 %), and 0.085' (12 %)
mg, respectively. The amount of permeant is inverslyly proportional to crosslink
ratio as the drug mobility is reduced with an increase of crosslinking agent.
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Table NI' The absorbance intensity and amount of IN permeated from cross

without electric field

DCNR at 0.0008 crosslink ratio
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Table N2 The absorbance intensity and amount of IN permeated from cros

link ratio without electric field

DCNR at 0.0032 cross
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Table N3 The absorbance intensity and amount of IN permeated from crosslinked

DCNR at 0.0064 crosslink ratio without electric field
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Release Kinetics of Model Drug from IN-loaded Crosslinked DCNR Films

The appearance of two steps of IN permeation from all crosslinked DCNR
films in figure NI was investigated for a transport behavior using the Korsmeyer-
Peppas equation:

Mt _
Moo

ktn (N)

where Mt and Moo the amount of drug released from DCNR film at time t

and the total amount of drug release, respectively (mg),
k the kinetic constant ('),
t time (h),
= thediffusion scaling exponent.

Then, the log value of Mt/Moo Was plotted against log time to calculate the
release exponent, - according to Eg. (N2)

log( &-0-6) =log k+ logt (N2)

The diffusional exponent, , from each batch shows two diffusion stages
(1and 2). For the first stage, 1 is equal to 0.519, 0.569, and 0.322 in 0.0008,
0.0032, and 0.0064 crosslink ratios, respectively. For the second stage, s equal to
1.772, 1705, and 1.755 in 0.0008, 0.0032, and 0.0064 crosslink ratio, respectively.
The result indicates that the drug transport behavior in the first stage of all systems is
considered as Fickian which occurs from a diffusion of IN through the matrix. In the
second stage, the transport behavior is consicered as Super Case Il transport. This
transport mechanism results from a relaxation of polymer and an erosion mechanism
(Sriamornsak et a1., 2007),
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The release mechanisms are force-fitted to the Higuchi equation ( = 0.5)
and then the diffusion coefficient of IN from a crosslinked DCNR film was
calculated by Eqg. (N3), Eq. (N4), and Eq, (N5):

N o———— M
O I o (O L S (M
M, - kHMeti2 - 2C0 (MT2) Atiiz..vvcevveccvnssinn (N5)
where MtV = the fractional drug release
kH akinetic constant (with the unit of frj
t the release time
Q = theamount of material flowing through a unit cross section of

barrier (g/cm?2) in unit time, t( )
Co =  theinitial drugconcentration in the film (g/cm3
D the diffusion coefficient of adrug (cma/s)

The diffusion coefficient was calculated from the slope of the plot of the
amounts of IN permeated from IN-loaded DCNR at time t versus square root of time.
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Figure N2 Amounts of IN permeated from IN-loaded DCNR film versus time2
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with various crosslink ratios (moiTmpMpmmoljsoprene) Under absence of electric field

pH 74,37 c.
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Figure N3 Amounts of INpermeated from IN-loaded DCNR film versus timell2
with various crosslink ratios (moITMPTMp/moljsoprene) in the first region under absence

ofelectric field.
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FigureN5 Diffusion coefficients (D2) of IN from IN-loaded DCNR films versus

crosslink ratio (molTMPTMp/moljsoprene) under absence of electric field, pH 7.4,
37 °c.

Tableng The diffusion coefficients (D]) of IN permeated from various crosslinked
DCNR films, pH 7.4 at37 °c,E=0V

: : Diffusion  Diffusion
Crosslink ratio S > Averaoe
PNy Slope  coeffcient  cogfficent 2% SD

e emdh) (cmds)  (cmas
00023 301E-06  8.36E-10
0.0008 00023  301E-06 8.36E-10 8.36E-10  0.00E+00
00023 30LE-06  8.36E-10
00025 4.28E-06  1.19E-09
0.0032 00031  658E-06  1.83E-09 137E-09  3.99E-10
00024  394E-06  1.09E-09
00020  L197E-06  547E-10
0.0064 0.0020 2197E-06 g.éWE-lO h8BE-06  6.57E-11

0.0022
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Table N5 The diffusion coefficients (D2) of IN permeated from various crosslinked
DCNR films, pH 7.4 at37 °C,E=0V

SRR s
0.0535
0.0008 0.0531
0.0515
0.0318
0.0032 - 0.0321
0.0359
0.0258
0.0064 0.0264
0.0274

Diffusion
coefficient
(cm2h
1.63E-03
1-60E-03
151E-03
6.92E-04
7.06E-04
8.83E-04
3.27E-04
3.42E-04
3.69E-04

Diffusion
coefficient
(cm2s
4 52E-(7
4 44E-07
4.19E-07
1.92E-07
1.96E-07
2.45E-07
9.08E-08-
9.50E-08
1.03E-07

Average
(cm2 SD

430E-07  173E-08
2LIEQT 2.95E-08

9.61E-08  5.91E-09
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Appendix o Determination of Amounts and Diffusion Coefficient of IN
Permeated from IN-loaded DCNR Films at Crosslink Ratio = 0.0032 and at
various Electric Field Strengths under Cathode

30
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Figure Ol Amount of IN permeated from crosslinked DCNR film with various
electric field strengths at 0.0032 crosslink ratio, pH 7.4, 37 c.

The total amounts of IN permeated from 3.14 cm2 of DCNR films with
0.0032 crosslink ratio at E=10,0.1, 1, 3,5 7, and 9 V are 0.118 (17 %), 0.136 (19
%), 0.150 (21 %), 0.186 (26 %), 0.232 (33 %), 0.254 (36 %), and 0.264 (37 %) mg,
respectively. The amount of IN is directly proportional to electric field strength. The
electrorepulsive force generated by repulsion between a negative charge of anionic
drug and positive charge of cathode is the driving force for the drug transportation.
Thus, the enhancement of electric field strength influences in increasing the driving
force which promotes a diffusion of IN from the DCNR film.
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Table Ol The absorbance intensity and amount of IN permeated from crosslinked

DCNR at 0.0032 crosslink ratio under an absence of electric field (E =0V)
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Table 02 The absorbance intensity and amount of IN permeated from cross
DCNR at 0.0032 crosslink ratio under an electric field (E =01 V)
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Table 03 The absorbance intensity and amount of IN permeated from crosslinked

DCNR at 0.0032 crosslink ratio under an electric field (E = 1V)
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Table 04 The absorbance intensity and amount ofIN permeated from crosslinked

DCNR at 0.0032 crosslink ratio under an electric field (E=3V)
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Table 05 The absorbance intensity and amount of IN permeated from crosslinked

DCNR at 0.0032 crosslink ratio under an electric field (E

5V)
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Table 06 The absorbance intensity and amount of IN permeated from crosslinked

DCNR at 0.0032 crosslink ratio under an electric field (E=7V)
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Table 07 The absorbance intensity and amount of IN permeated from crosslinked

)

DCNR at 0.0032 crosslink ratio under an electric field (E
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Release Kinetics of Model Drug from IN-loaded Crosslinked DCNR Films

The appearance of two steps of IN permeation from all crosslinked DCNR
films in figure 01, was investigated for a transport behavior using the Korsmeyer-

Peppas equation:

1 e ——— (01>

where Mt and Moo the amount of drug released from DCNR film at time t

and the total amount of drug release, respectively (mg),
k the kinetic constant (h~n),
t time (h),
= the diffusion scaling exponent.

Then, the log value of Mf/Moo was plotted against log.time to calculate the

release exponent, according to Eq. (02)

log( DI (VLY G (111 N (02)

The first diffusional exponents, | from each batch are equal to 0.569,
0.354, 0.608, 0.626, 0.748, 0.423, and 0.463 at E = 0, 0.1, 1, 3,5 7, and 9V,
respectively. The result indicates that the drug transport behayior in this region can
be considered as the Fickian diffusion. For the second diffusional exponent, 2, the
values are 1.705, 1.476, 1.216, 1.644, 1.407, 1.438, and 1.615 atE=10,0.1, 1, 3,5, 7,
and 9 V, respectively. This transport mechanism is considered as Super Case Il
transport which results from a relaxation of polymer and an erosion mechanism
(Sriamomsak et al., 2007).

The release mechanism is force-fitted to Higuchi equation ( = 0.5) and then
the diffusion coefficient of IN from a crosslinked DCNR film can be calculated by
Eq. (03), Eq. (04), and Eq. (05):

Mt

=kt 03
Moo (03)
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Q= M= 20 0 (M) 12 (04)
M| =kHMooti2 = 2C0 (" 172) A t102emmmmsmmsssssnnnn (05)

M./Moo = the fractional drug release

kH a kinetic constant (with the unit of f”)-

t the release time

Q the amount of material flowing through a unit cross section of

barrier (g/cm2) in unit time, t ()
Co the initial drug concentration in the film (g/cm3)
D the diffusion coefficient ofa drug (cm2/s)

The diffusion coefficient was calculated from the slope of the plot of the
amounts of IN permeated from IN-loaded DCNR at time t versus square root of time.

.30

N—
—

MRS

10

Figure 02 Amounts of IN permeated from IN-loaded DCNR film versus time 12
with various electric field strengths at 0.0032 crosslink ratio, pH 7.4, 37 c.
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Figure 03 Diffusion coefficients ( ) of IN permeated from IN-loaded DCNR film
versus timetw2 with various electric field strengths at 0.0032 crosslink ratio, pH 7.4,
37°cC.
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Figure 04 Diffusion coefficients ( 2) of IN permeated from IN-loaded DCNR film
versus timewz with various electric field strengths at 0.0032 crosslink ratio, pH 7.4,
37 °c.



137

Table 08 The diffusion coefficients (D) of IN permeated from the IN-loaded
DCNR films with various electric field strengths at 0.0032 crosslink ratio, pH 7.4
at37 ¢

Eleigtnc Diffusion ~ Diffusion  a\erage

strength Slope  coefficient  coefficient (cm2 D

o (cmah) (cm2s)

T T 0.0019 2.47E-06  6.86E-10

0 0.0016 175E-06  4.86E-10  5.74E-10  1.02E-10
0.0017 1.98E-06  5.50E-10 :
0.0023 3.62E-06  1.01E-09

0.1 0.0077 4.06E-05  1.13E-08  4.49E-09  5.87E-09
0.0025 4.28E-06  1.19E-09
0.0047 151E-05  4.19E-09

) 0.0043 127E-05  3.52E-09  4.86E-09  1.76E-09
0.006 2.4TE-05  6.86E-09
0.0058 2.30E-05  6.39E-09

3 0.0056 2.A5E-05  5.87E-09  5.70E-09  851E-10
0.005 1.71E-05 4.75E-09
0.0126 1.09E-04  3.03E-08

5 0.0199 2.71E-04  753E-08  4.61E-08  2.53E-08
0.0131 1.18E-04  3.28E-08
0.0147 1.48E-04 4.11E-08

7 0.0193 255E-04  7.08E-08  555E-08  1.49E-08
0.0169 1.96E-04  5.44E-08
0.0138 130E-04  361E-08

9 0.0169 1-96E-04  5.44E-08' 4.24E-08  1.04E-08

0.0139 1.32E-04 3.67E-08
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Table 09 The diffusion coefficients ( 2) of IN permeated from the IN-loaded
DCNR films with various electric field strengths at 0.0032 crosslink ratio, pH 7.4

at 37 °c

Electric
tfleldth
stren
v
0

0.1

Slope

0.0357
0.0373
0.0348
0.0356
0.0368
0.0321
0.0540
0.0515
0.0551
0.0557
0.0587
0.0586
0.0719
0.0745
0.0716
0.0784
0.0808
0.0782
0.0870
0.0874
0.0852

Diffusion
coefficient
(cm2h

8.73E-04
9.53E-04
8.29E-04
8.68E-04
9.27E-04
7.06E-04
2.00E-03
1.82E-03
2.08E-03
2.12E-03
2.36E-03
2.35E-03
3.54E-03
3.80E-03
3.51E-03
4.21E-03
4.47E-03
4.19E-03
5.18E-03
5.23E-03
4.97E-03

Diffusion
coefficient
(cmas)

2 43E-07
2 .65E-07
2.30E-07
2 41E-07
2 56E-07
1.96E-07
5t56E-07
5.06E-07
5.78E-07
5.89E-07
6.56E-07
6.53E-07
9.83E-07
106E-06
9.75E-07
1.17E-06
1-24E-06
1.16E-06
1.44E-06
1.45E-06
1.38E-06

Average
(cm?l%

2.46E-07
2.32E-07
5.46E-07
6.32E-07
1.00E-06
1.19E-06

1.42E-06

D

1.75E-08

3.15E-08

3.70E-08

3.77E-08

"4 43E-08

4.34E-08

3.83E-08
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Appendix p Determination of Amounts and Diffusion Coefficient of IN
Permeated from IN-loaded DCNR Film at Crosslinking Ratio = 0.0032 at
various Electrode Polarities

25
o E=-3V
O E=3V

if -20 1 o E=0V

J. gaseiases 26%§

80

Figure Pl Amount of IN permeated from crosslinked DCNR fdm at 0.0032
crosslink ratio versus time tunder the cathode, the anode, and the absence of electric
field, pH 7.4, 37 c.

The total amounts'of IN permeated from the DCNR film connected to the
cathode at 0 and 3 V and the anode at 3 V of electric field strength are 0.118 (17 %),
0.186 (26 %), and 0.049 (7 %) mg, respectively. The amount of IN permeated under
the negatively charged electrode (cathode in the donor part) is higher than the others
under the cathode without the electric field and under the anode, respectively. The
electrorepulsion between the negative charge of drug and the negative charge of
cathode promotes a faster drug release through the membrane. Without the electric
field, drug concentration gradient drives the drug permeation. Under the anode, the
electroattractive force between the negative charge of drug and the positive charge of
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anode delays the permeation of IN through the films into a PBS buffer which results
in the lowest amount of IN permeated (Juntanon €t aI., 2008).

Release Kinetics of Model Drug from IN-loaded Crosslinked DCNR Films

The appearance of two steps of IN permeation from all crosslinked DCNR
films in figure PI, was investigated for a transport behavior using Korsmeyer-

[R: - R ¢

where and Moo - the amount of drug released from DCNR film at time t

Peppas equation:

and the total amount of drug release, respectively (mg),
k the kinetic constant (h"n),
t time (h),
= the diffusion scaling exponent.

Then, the log value of Mt/Moo was plotted against log time to calculate the

release exponent, according to Eq. (P2)

° NE P2
Ig(wloo) log k + nlogt (P2)

The release mechanism is force-fitted to the Hlguchfequation ( = 0.5) and
then the diffusion coefficient of IN from a crosslinked DCNR film can be calculated
by Eq. (P3), Eq. (P4), and Eq. (P5):

Mt
= ktun (P3)

Mt Dt 1,
Q A 2C< 0



where  MtMoo
kH
t

Q

Co
D
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MI=k,M@t12=2C0 (" ) A 12 (P5)

the fractional drug release

a kinetic constant (with the unit of fn)

the release time

the amount of material flowing through a unit cross section of
barrier (g/cm2) in unit time, t ()

the initial drug concentration in the film (g/cm3)

the diffusion coefficient ofa drug (cma/s)

. The diffusion coefficient was calculated from the slope of the plot of the

amounts of IN permeated from IN-loaded DCNR at time t versus square root of time.

7e-9

6e-9 A

5e-9 1

4e-9 4

3e-9 4

Diffusion coefficient (cm /s)

le-9 -

Q

0

T T T

-2 0
Electric field Strength (V)

(28]
—

Figure P2 The diffusion coefficients (D2) of IN permeated from IN-loaded DCNR
film versus timei2 with 0.0032 crosslink ratio under the cathode, the anode, and the

absence of electric field, pH 7.4, 37 °c.
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Figure P3 The diffusion coefficients ( 2) of IN permeated from IN-loaded DCNR
film versus timez2 with 0.0032 crosslink ratio under the cathode, the anode, and the

absence ofelectric field, pH 7.4, 37 c.

Table Pl The diffusion coefficients ( ) of IN permeated from crosslinked DCNR
films under the cathode, the anode, and the absence of electric field, pH 7.4 at 37 ¢

Electric

field Slope

strength (V)
0.0019
0 0.0016
0.0017
0.0058
3 (cathode) 0.0056
0.0050
0.0047
3 (anode) 0.0048

0.0053

Diffusion
coefficient
(cnizh
2.47E-06
1.75E-06
1.98E-06
2.30E-05
2.15E-05
1.71E-05
1.51E-05
1.58E-05
1.92E-05

Diffysion
coefficient
(cm2
6.86E-10
4.86E-10
5.5E-10
6.39E-09
5.97E-09
4.75E-09
4.19E-09
4.39E-09
5.33E-09

Average
(cnt/s%

5.7T4E-10
5.70E-09

4*64E-09

D

1.02E-10

8.52E-10

6.09E-10
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Table P2 The diffusion coefficients ( 2) of IN permeated from crosslinked DCNR
films under the cathode, the anode, under the absence of electric field, pH 7.4 at 37

°C

Electric
field

strength (V)

0

3 (cathode)

34anode)

D

Slop

0.0357
0.0373
0.0348
0.0557
0.0587
0.0586
0.0127
0.0119
0.0124

Diffusion
coefficient

(cm2h)
§.73E-04
9.53E-04
8.29E-04
2.12E-03
2 36E-03
2.35E-03
1.10E-04
9.70E-05
1.05E-04

Diffusion
coefficient

(cm2s)
2.43E-07
2.65E-07
2.30E-07

- 5.89E-07

6.56E-07
6.53E-07
3.06E-08
2.69E-08
2.92E-8

Average
(cmﬂ% 3D

2.46E-07 1.74E-08
6.32E-07 3.77E-08

2.89E-08 1.82E-09
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Appendix Q Determination of Amounts and Diffusion Coefficient of IN
Released from IN-loaded PCz/DCNR Blend Film at Crosslinking Ratio = 0.0032
with Various Electric Field Strengths under Cathode

)
o E=0V

o RSl 7 el 0%.3
g 4 A E=3V ; § 58 %
- o E=5V i
2 E=7V -2
S . ¥ 42 %
E 3 § BTy s g
8. §:f: g 40 %
E : :~- g..:’
) e :§ ¢ 348
5 gggﬁ 19 %
g é X g jui
g .14 TOA o
< éggé E"E

Y s Dﬂn

Ky~ 81

40 60
Time (h)

80

Figure QL Amount of IN permeated from PCz/DCNR blend film at 0.0032
crosslink ratio versus time tat various electric field strengths, pH 7.4, 37 .

Release Kinetics of Model Drug from IN-doped PCz/DCNR Films

The appearance of two steps of IN permeation from all crosslinked DCNR

films in figure Q I, was investigated for a transport behavior using the Korsmeyer-

Peppas equation:

Mt

kt"



145

where Mtand Moo - the amount of drug released from DCNR film at time t

and the total amount of drug release, respectively (mg),
k the kinetic constant (h"n),
t time (h),
= the diffusion scaling exponent.

Then, the log value of Mt/Moo was plotted against log time to calculate the

release exponent, according to Eq. (Q2)

I°g(MOO): 100 K+ 0100 Lo (Q2)

The release mechanism is force-fitted to the Higuchi equation ( = 0.5) and
then the diffusion coefficient of IN from a crosslinked DCNR film can be calculated

by Eq. (Q3), Eq. (Q4), and Eg. (Q5):

e —— (Q3)
Mt Dt .9
BRNATS RIABIIN Y AREL- o eerreserrmssssssensss (Q4)
M, - Kk, Moo t/2- 2C(| (—[-T) A th2 i (Q5)
where M tMoo = the fractional drug release
kH a kinetic constant (with the unit oft'n)
t the release time
Q the amount of material flowing through a unit cross section of

barrier (g/cm2) in unit time, t ()
Co the initial drug concentration in the film (g/cm3)
D the diffusion coefficient ofa drug (cmals)
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The diffusion coefficient was calculated from the slope of the plot of the
amounts of IN permeated from IN-loaded DCNR attime tversus square root oftime.

5
0O E=0V
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3 SR
- i
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Time 12 (hl/2)

Figure Q2 Amounts of IN permeated from IN-doped PCz/DCNR film versus
timew2 with 0.0032 crosslink ratio at various electric field strengths, pH 7.4, 37 °c.
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Figure Q3 Diffusion coefficients (D|) of IN permeated from IN-doped PCz/DCNR
blend film versus timeuz at various electric field strengths using 0.0032 crosslink
ratio, pH 7.4, 37 ¢.
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Figure Q4 Diffusion coefficients (D2) of IN permeated from IN-doped PCz/DCNR
blend film versus timewz2 with various electric field strengths at 0.0032 crosslink
ratio, pH 7.4, 37 c.
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Table Ql The diffusion coefficients (Di) of IN permeated from PCz/DCNR blend
films under the cathode, the anode, and the absence of electric field, pH 7.4 at 37 ¢

Diffusion  Diffusion

f'lzelfgt(r\',% Slope  coefficient  coefficient A((\:’ﬁ]%e D
(cmah). (cm2s)
0.0010 7.04E-07 1.96E-10

0 0.0023 3.73E-06  104E-09  5.38E-10  4.41E-10
0.0014 1.38E-06 3.83E-10
0.0015 158E-06  4.39E-10

1 0.0020 2.82E-06 7.83E-10 6.43E-10 1.81E-10
0.0019 254E-06  T.06E-10
0.0109 8.37E-05  2.33E-08

3 0.0131 121E-04  3.36E-08  2.45E-08  8.59E-09
0.0092 5.96E-05'  1.66E-08
0.0106 791E-05  2.20E-08

5 0.0087 533€-05  148E-08  134E-08  9.43E-09
0.0041 1.18E-05  3.28E-09
0.0099 6.90E-05  1.92E-08

7 0.0193 2.62E-04  7.28E-08  3.81E-08  3.01E-08

0.0107 8.06E-05 2.24E-08
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Table Q2 The diffusion coefficients (D2) of IN permeated from PCz/DCNR blend
films under the cathode, the anode, and the absence of electric field, pH 7.4 at 37 ¢

Diffusion  Diffusion

Ee'fgt(r\'f) Slope coefficient  coefficient A(%/renrg\%e D
(cm2h) (cm2s)
0.0610  2.62E-03  7.28E-07

: 0.0643  291E-03  B.08E-07  BOLE-07  6.97E-08
0.0666  3.2E-03  .67E-07
0.1085  8.29E-03  230E-06

| 0.1007  T.A4E-03  L.98E-06  2.14E-06  1.60E-07
0.1043  TG6E-03  2.13E-06
0.194  LOOE-02  2.78E-06

3 0.1240  LOSE-02  300E-06  3.00E-06  2.22E-07
01282  LISE-02  3.22E-06
0.1863  244E-02  6.78E-06

5 0.1902 255602 T.08E-06  T.A1E-06  3.48E-07
0.1956  2.60E-02  7.4TE-06
0.1876  248E-02  6.89E-06

7 0.1909 257602 T.A4E-06  T.A2E-06  2.23E-07

0.1935 2.64E-02 71.33E-06
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Appendix R Determination of Amounts and Diffusion Coefficient of IN
Released from IN-loaded DCNR Film at Crosslinking Ratio = 0.0048 without
Electric Field

12

08 - 5
06 1

04 1 §

Amount of IN permeated (mg)

Time (h)

Figure RL Amount of IN released from DCNR film at 0.0048 crosslink ratio versus
time t without electric field, pH 7.4, 37 °C.

Release Kinetics of Model Drug from IN-loaded DCNR Films

The appearance of one step of IN release from all crosslinked DCNR films
in figure R1, was investigated for a transport behavior using the Korsmeyer-Peppas
equation:

Mt

= ktn RI
Moo (R)
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where Mt and Moo the amount of drug released from DCNR film at time t

and the total amount of drug release, respectively (mg),
k the kinetic constant (h"n),
t time (h),
= the diffusion scaling exponent.

Then, the log value of Mf/IMoo wa plotted against log time to calculate the

release exponent, according to Eq. (R2)

Iog(M%(-)): log k+ nlogt (R2)

Log Mt/Ma

8 1.0 1.2 1.4 1.6 1.8

Figure R2 Log (M,/Moo) versus log time.
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The release mechanism was force-fitted to the Higuchi equation ( = 0.5)
and then the diffusion coefficient of IN from a crosslinked DCNR film was
calculated by Eq. (R3), Eq. (R4), and Eq. (R5):

Mt
= ktwe (R3)
Mc»
Mt Dt 1,
0= A 2000 (R4)
M, =k, Moo XM -2C0 (N 7 )A t12esrisiins (R5)
where Mt/Moo = the fractional drug release
kH a kinetic constant (with the unit of fn)
t the release time
Q the amount of material flowing through a unit cross section of

barrier (g/cm2) in unit time, t ()
o the initial drug concentration in the film (g/cm?3)
D the diffusion coefficient ofa drug (cma/s)

The diffusion coefficient was calculated from the slope of the plot of the
amounts of IN released from IN-loaded DCNR at time tversus square rootoftime.
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Figure R3 Amounts of IN released from IN-loaded DCNR film versus timewz with
0.0048 crosslink ratio without electric field, pH 7.4, 37 °C.

The total amount of IN released from the DCNR film is 0.1067 mg. The
diffusional exponent and kinetic factor are 1.367 and 0.0110 fn, respectively. The
result provides only one-stage transport of drug and indicates the drug transport
mechanism as the Super Case Il transport. The diffusion coefficient of IN released
from DCNR film at 0.0048 crosslink ratio is 4.00 + 0.75 x 109 cmals.
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Appendix  The Permeation and Release Times

A time region in the permeation behavior of IN through arubber matrix and
a pig skin can be divided into three regimes. In the first regime, the amount of IN
permeation is nearly independent of square root of time so called the permeation
time. The permeation time occurred from the natures of the DCNR matrix (mostly)
and the pig skin which affect to delay the IN release and permeation. In the the
second region, IN permeated through the film and the pig skin by the diffusion into
the PBS buffer providing an increasing amount of IN release and permeation as a
function of time, the so called the releasedurationl. For the third regime, the IN
permeated through the DCNR matrix with erosion and through the pigskin, the so

called the release duration 2.

Table s1 Permeation and release times of IN permeated from IN-loaded DCNR
films and PCz/DCNR blend films

Permeatio Release Release  Release and

Matrix cL duration 1 duration2  permeation
time (h)

M : (hg time (h)
NR 0 0.0008 6.31 20.52 35.88 56.40
NR 0 0.0032 6.89 13.18 43.67 56.85
NR 0 0.0064 7.56 12.16 43.50 55.65
NR 0T 0.0032 9.08 11.80 45.20 57.00
NR 1 0.0032 9.36 13.68 42.87 56.55
NR 3 0.0032 7.46 14.63 42.67 57.30
NR 5 0.0032 2.99 18.54 40.29 58.83
NR 7 0.0032 0.50 18.42 37.53 . 55.95
NR 9 0.0032 0.23 18.87 38.13 57.00
PCZINR 0 0.0032 11.29 16.59 38.17 54.76
PCZINR 1 0.0032 6.25 17.66 38.89 56.55
PCzINR 3 0.0032 2.28 20.00 36.25 56.25
PCZINR 5 0.0032 0.42 21.86 33.20 55.06
PCZINR 7 0.0032 0.36 21.64 33.57 55.20
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Appendix T Effect of Amount of UN-loaded into the DCNR Film
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Figure TL Amount of IN permeated from IN-loaded DCNR film at various am ount
ofdrug loading under an applied electric field strength 0f5 V.

Amounts of IN permeated from the DCNR film was significantly influenced
by the drug-loaded quantity as shown in Figure T1. The amount of IN permeated
through the film and the pig skin after 48 hour increases from 0.206 (29 % )mg to
0.301 (27 %) mg and 0.425 (27 %) mg when the amounts of drug loaded varies
from 0.71 mg to 1.10 mg and 1.56 mg, respectively.
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Appendix u Pore Area to Film Area Ratio

The pore area to film area ratios of the IN-loaded DCNR film with 0 and
3V of electric field strength generally increase with time until reaching constant
values, as shown in Figure U1. The film with an applied electric field ata given time
possesses a higher pore area to film area ratio than that without electric field.
Moreover the DCNR film without the drug loaded slightly generates pores
throughout the film after the permeation study with or without applied electric field,
as shown in Figure U2. Thus it appears that the presence of the drug caused the
formation of pores, regardless of electric field was applied ornot. The pore formation
on the matrix surface without the drug loaded occurred as a DCNR surface

degradation butata smaller degree
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Figure UL Pore area to film area ratio versus time of IN-loaded DCNR film under 0
and 3 V of the electric field strength.
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Figure U2 pore area to film area ratio versus time of DCNR film under 0 and 3V of
the electric field strength.
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14 h

TM3000_2166 NL D70 xt00 1 mm

Figure U3 SEM images of DCNR film after the permeation study without an

electric field at 100 magnification.
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14 h

16 h 24 h 32h

TM3000_2028 NL D66 0 2mm

36 h 40 h 44 h

Figureu4 SEM images of IN-loaded DCNR film afterthe permeation study *

without an electric field at 50 magnification.
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24 h 40 h 44 h

Figure U5 SEM images of DCNR film after the permeation study with an electric
field (E = 3 V) at 100 magnification.
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Figureue SEM images of IN-load DCNR film after the permeation study with an
electric field (E = 3 V).
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