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APPENDIX A
Ninhydrin Colorimetric Method

The reaction between alpha-amino acid and ninhydrin involve the
development of color which can be described by the following five mechanistic steps:

alpha-amino acid + ninhydrin —> reduced ninhydrin + alpha-amino acid + H.0 (A-])
alpha-amino acid + H.O —> alpha-keto acid + NHs (A-2)
alpha-keto acid + NH. —> aldehyde + CO; (A-3)

Step (A-1) 1s an oxidative cleamination reaction that removes two hydrogens
from the alpha-amino acid to yield an alpha-imino acid. Simultaneously, the original
ninhydrin is reduced and loses an oxygen atom with the formation of a water
molecule. In Step (A-2), the NH group in the alpha-amino acid is rapicly hydrolyzed
to form an alpha-keto acid with the production of an ammonia molecule. This alpha-
keto acid further undergoes decarboxylation reaction in Step (A-3) under heated
condiition to form an aldehyde that has one less carbon atom than the original amino
acid. A carbon dioxide molecule is also produced. These first three steps produce the
reuced ninhydrin and ammonia that are required for the production of blue color.
The overall reaction for the above reactions is simply expressed in equation (A-4) as
follows:

alpha-amino acid + 2 ninhydrin—> CUs + aldehyde + final complex (blug) + s H:O
(A4)

In summary, ninhydrin, which is originally yellow, reacts with amino acid and
tums into ceep purple. It is this purple color that is detected in this method. Ninhydrin
will react with a free alpha-amino group of NH.-CHR-COOH. This group Is a part of
all amino acids, peptides, or proteins. Whereas, the decarboxylation reaction would
proceed for a free amino acid and a free amino group at chain end or side chain of
protein or peptice, it does not occur for an amino group within peptices and proteins.
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Thus, theoretically only amino acids will lead to the color development. However,
one should always check out the possible interference from peptides and proteins by
performing blank tests especially when such solutions are readily available. For
example, one can simply add the ninhyarin reagent to a solution of only proteins and
see if there is any color development. There is no excuse for failing to perform such a
vital test when the sample mixture contains both proteins and amino acids. There are
also reports that chemical compounds other than amino acids also yield positive
results.

Although this is a fast and sensitive test for the presence of alpha-amino acids
because of the nonselectivity, it cannot he used to analyze the relative individual
contents of a mixture of different amino acids. Furthermore, the color intensity
developed is dependent on the type of amino acid. Finally, it does not react with
tertiary or aromatic amines.

Determination of Amino group on modified PCL film

The quantitative NH. amount on aminolyzed PCL film and biomolecule-
immobilized PCL was measured by the ninhydrin method. The purple reaction
product of ninhydrin with free NH. group has the maximum absorbance at 538 nm in
the solvent of 1,4-ciioxane/isopropanol (IPA) (L/1). Using 1,6-hexamethylenediamine
as a standard, a calibration curve was generated as shown in Figure 4.1.

Table A-I uv absorbance a x = 538 nm of standard 1,6-hexamethylenediamine
solution for generating a calibration curve

1,6-hexamethylenediamine concentration (xI0'3 M) Absorbance
0.001 0.012
0.005 0.025
0.010 0.052
0.030 0.164
0.050 0.290
0.100 0.600

0.300 1.489
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1.5
1:2 1

0.9 -

Abs

0.6 -

0.3

0 . . :
0 0.05 0.1 0.15 0.2 0.25 0.3

Concentration of 1,6-hexamethylenediamine (x 10° M)

Figure A-1 Calibration curve of uv absorbance as a function of 1,6-hexamethylene
diamine concentration analyzed by ninhydrin method

The amount of amino group (C) obtained from the calibration curve was then
calculated by these following equations:

(UmL;\ X 2 (mL)

!

NH; concentration ¢ (mmol/L)
1000 (mmol/mal)y 3000

NH. concentration per surfacearea = NH. concentration (mol)
Sample area (cm2) X2



76

Toluidine Blue 0 Method

Toluidine blue o method is a method used for determination of the amount of
carboxyl groups. The complex formed by the carboxyl group and toluidine blue o has
the Xoaxat 633 nm

(0]
C-OH HZNJC[/S.U N(CH3),
NS
H,C N

Carboxyl containg Toluidine blue O
Surface

O

C 0~Nb§@/ N(CH3)a
H3C N
Figure A-2 Formation of the complex between toluidine blue o and carboxyl group

Determination of Carboxyl group on PCL-g-PAA film

The quantitative density of COOH groups grafted on PCL membrane was
determined by the reaction with toluidine blue o, generating the absorbance at 633 nm
The COOH content was obtained from a calibration plot of the optical density versus
dye concentration assuming a L1 stoichiometric ratio (Figure A-3) between the dye
and the COOH group.



T

Table A-2 uv absorbance at x = 633 nm & a function of toluidine blue o
concentration

Toluidine blue o concentration (xI0'3M) Absorbance
0.001 0.013
0.005 0.112
0.007 0.177
0.010 0.216
0.030 0.939
0.050 1.490
1.6 1
1.2
g y =29.83x
< 087 R” = 0.9935
0.4
0 - :
0 0.01 0.02 0.03 0.04 0.05

Concentration of toluiine blue O(x 103 M)

Figure A-3 Calibration curve of uv absorbance as a function of toluidine blue o
concentration
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APPENDIX B

Table B-| Water contact angle and amount of amino group of PCL films after
reactionwith 1 M 1,6-hexamethylenediamine/IPA as a function of reaction time

Aminolyzing time - Water contact angle (degree)  NH. concentration/surface area

00 0A 0% (x108molicm?)
0 1.3 50+ 13 0£0.0

1 1929 47423 18101

2 17121 46+ 19 2.810.3

4 27 421 38104

8 15123 B3+24 44403

12 16+24 4+ 16 5.010.5

24 18124 45421 5.80.3

Table B-2 Water contact angle and amount of amino group of PCL films after
reaction with  1,6-hexamethylenediamine/IPA for 8 h as a function of amine
concentration

Aming Water contact angle (degree) - NH. concentration/surface area

concentration (M) eA R (xio-8mol/cm?)
0.00 8113 50+ 13 0£0.0
0.25 82116 47432 0.6£0.1
0.50 18£2.1 4124 080.1
100 15123 43124 44403
150 13£19 42+ 15 6.3£02
2.00 13423 43118 12209

3.00 14432 45433 14.7+0.7
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Table B-3 Water contact angle of aminolyzed PCL films after the reaction with a
solution of 0.1 M DSC/DMSO as a function of activation time

Activation time \Water contact angle (degree)

(h) 0A (R

0.00 1Bt 42115
0.50 18124 43+ 15
0.75 8712.4 B3+ 17
100 89121 411l
2.00 89+ 19 3+19
3.00 9112.6 4111

Table B-4 Advancing water contact angle (0A and amount of amino group of
activated aminolyzed PCL films after the reaction with 10 mg/mL collagen solution as
a function of immobilization time

Immohilization 0a NH. concentration/surface area
time (h) (degree) (xIO'8mol/cm?
0 89+2.1 :
4 67124 0.71+0.1
8 62+ 19 1030.2
24 5+ 13 131 0.1

48 60+2.4 13810.2
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Table B-5 Advancing water contact angle (0a) and amount of amino group of
activated aminolyzed PCL films after the immobilization with biomolecules for 24 h
as a function of biomolecule concentration

: 0A (degree)
Biomolecule . . .
- Collagen marine  Chitosan Chitosan
concentration (mg/mL) (MW= 15000) (VW= 83000)
1 69 £ 19 74+ 13 16t 17
3 651 17 nt1l 10t 15
5 61 £2.1 12t22 n12.3
1 621 16 1312.3 7112.6
10 59+ 13 12t25 1318

Table B-6 Amount of amino group on activated aminolyzed PCL films after the
immobilization with biomolecules for 24 h as a function of biomolecule concentration

Riomolecule NH. concentration/surface area (xI0'8mol/cm?)

. Collagen Chitosan Chitosan
Conoentration (OML) e (VW= 15.000) (VW=83,00)

1 049 £ 001 011 +0.01 021 £0.02

3 0.63 £0.01 0.23 +0.02 0.27 £0.01

5 105 0.02 0.22 £0.01 0.30£0.02

1 12640.02 023+003 0281003

10 131 £0.01 0.25 £0.01 031 +0.03
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Table B-7 Water contact angle and amount of carboxyl group of PCL-g-PAA films &
afunction of photo-oxidation time. The graft copolymerization was conducted in 10%
AA solution at 30°c for 1h

Shoto-oxidation  Water contact angle (degree)  COOH concentration/suirface

) area

tme ) 0A R (XIO'8molicm2)
0.00 8t 13 5+ 13 0£0.0
0.25 6/+18 0132 6.3 05
0.50 45433 00.0 91104
100 62+ 11 32123 88105
200 0+ 15 A+3l 6.20.3

Table B-8 Water contact angle and amount of carboxyl group of PCL-g-PAA films &
a function of grafting time. The graft copolymerization was conducted in 10% AA
solution at 30°c after photo-oxidation for 30 min

Grafting  Water contact angle (degree) - COOH concentration/surface area

time () 0A R (xIO'8mol/cm?)
0.00 &1t 13 50+ 13 0£0.0
0.50 61 £2.6 323 41104
0.75 5127 5121 5.910.2
100 45133 0£0.0 91104
2.00 58131 3A+14 18104

3.00 68 £3.7 32125 11103
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Table B-9 Water contact angle and amount of carboxyl group of PCL-g-PAA films as
a function of acrylic acid concentration. The graft copolymerization was conducted at
30°c for 1 hafter photo-oxidation for 30 min

Acrylic a0d - \weter contact angle (degres)  COOH concentrationisurface aea

conce(r;(;atlon 0A o (xio8molicm?)
0 8t 13 50+13 0+0.0
1 66+ 2.6 30+2.3 3210.3
5 6L £2.7 28127 66105
10 45+2.6 00.0 91104
15 Mt31 27+ 14 63103

Table B-10 Water contact angle of PCL-g-PAA films after the reaction with aqueous
solution of 0.L MNHS/0.4 M EDCI as a function of activation time

Activation time \Water contact angle (degree)
(n 0A R
0.00 19 0£0.0
0.50 M+24 32123
0.75 5812.9 3H124
100 10x21 B£2.7
200 6812.4 31£21

300 67+ 19 3B+21
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Table B-Il Advancing water contact angle (0A and amount of amino group of
activated PCL-g-PAA films after the reaction with 10 mg/mL collagen solution &s a
function of immobilization time

Immobilization 0A NH. concentration/surface area
time () (degree) (XIO'8mol/cm?)
0 10+21 -
4 5 +2.2 112+01
8 48+2.1 14310.1
24 34423 17702
43 34+19 1.780.2

Table B-12 Aavancing water contact angle (9a) of activated PCL-g-PAA films after
the immobilization with biomolecules for 24 h as a function of biomolecule
concentration

: : 0A (Clegree)
BIOm0|eC(lrJ]:Z /crggentratlon Colla_gen Chitosan Chitosan
marine (MW= 150000 (MW =83,000)
1 59£2.6 12115 67+ 11
3 46£2.3 69124 622.1
5 H124 10x24 63£2.1
7 %13 69t 16 64+ 13
10 $12.3 67+ L7 63+ 16



Table B-13 Amount of amino group on activated PCL-g-PAA films after the
Immobilization with biomolecules for 24 has a function of biomolecule concentration

NH. concentration/surface area (xI0'8 molicm?)

Biomolecule : -
. Collagen Chitosan Chitosan
concentration (MYnL) e (MW= 15.000) (MW = 83,00
1 0.9 0.1 051 £0.08 0.58£0.09
3 12440.1 0.78£0.03 0.87£0.04
5 166£0.2 0.77£0.05 0.87£0.06
1 17540.1 0.76 £ 0.05 0.89£0.03
10 1.7740.2 078005  0.8820.05



APPENDIX ¢

Table C-| Keratinocyte (HEK00L) cell adhesion and proliferation on modified and
unmodified PCL films

12 h Adhesion 2 day Proliferation 4 day Proliferation
Material % relative % relative % relative
0
Abs  otces  ABS oTces  ADS oTees
TCPS 0437£005  100+1  0470:002  100¢5  O2RE g
PCL 0268:001 6123 02942001 62 OMOE ghyy

Aminolyzed PCL  0388+003 7747 = 032:001 7343 0352¢ 61499

0.06
Aminolyzed PCL-
collagen marine
Aminolyzed PCL-
collagen type |
Aminolyzed PCL-
collagen type IV
Aminolyzed PCL-
chitosan 15000
Aminolyzed PCL-

0339:003 7847 035:002 734 08%%* 6545
03854003  88+7 0324003  83+7 05‘%%* 7346

0356+004 8240  0383:003 8146 08%%* 7349

03394003  78+6 03524004 7548 08@* 6848

chitosan 83000 03544004 819 030£003 7746 0s 743
PCL-g-PAA 03062002 915 045003 866 Ughi? 75 45
PCL-g-PAA- i

collagen marine 0384£004  88+10  03M4:002 8444 w 7548
PCL-g-PAA- Lo

collagen type | 0450£0.02  103%4  0461£002 984 i 8 +2
PCL-g-PAA- L
ollgentype [y 408002 ¢35 0LE004 dbg 02 8445
PCL-g-PAA- s

chitosan 15000 0335:004 7749 04042001  86%2 8 7646
PCL-g-PAA-

0380+0.04  87+9 0414+ 001 8843 0419+ 7645

chitosan 83000 0.03



Table C-2 Fibroblast (L929) cell adhesion and proliferation on modiified and
unmodified PCL films

12 h Adhesion 2 day Proliferation 4 day Proliferation
Materials % relative % relative % relative
0 0
Abs  oTes  ABS oteps A o TCRs
TCPS 025£004  10:14 0336001 104 O q04
PCL 01914001  69+2  0234#001 7043 0303+ 66 +4

Aminolyzed PCL 02214003  80:10  o02:008  seg 080 gug

0.07
Aminolyzed PCL-
collagen marine
Aminolyzed PCL-
collagen type |
Aminolyzed PCL-
collagen type IV
Aminolyzed PCL-

02274002  ®+8 02974002 8846 °-g%§i 7843

02734004 99+ 13 02884002 8615 08%1* 7945

0253:003  @2¢10  0265:003  79:8  O§RE  gus

chitosan 15000 0250$0.03 94+l 02784003 38 okt mi
Aminolyzed PCL- -

chitosan 83000 0271£002  98+6  0295:004 881l & 8242
PCL-g-PAA 0261000  %x4 0281004 gx  OBIE @y
PCL-g-PAA-

collagen marine 02414003  8:1  038:003 w:l O3B i
PCL-g-PAA- s

collagen type | 0285:001  104td  033£004 9% 12 5 815
PCL-g-PAA- -
collgentype [y 02900 9 0ms0m @95 b 8045
PCL-g-PAA- -

chitosan 15000 0253£003  Q+10  0284:004 @51 iy 76+4
PCL-g-PAA-

0.602 £
chitosan 83000 0.297£0.03 108+ 1 0.311+ 0.01 9B +4 0.04 7916
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