CHAPTER 111

EXPERIMENTAL

3.1 Materials

All reagents and materials ate analy g without further purification.
- —

1. Allyl alcohc7 RS ' Merck

2. Ammonium ide f == ‘ : Merck
3. Bicinchoni ay kit (QuantiPro” . BCA assay)  : Sigma
4.2, 2'-Bipyridy : Fluka

5. 2-Bromoisobu : Fluka

6. Copper (I) bromi : Fluka

7. Dichloro ‘5’5-. g A Merck

o
")
8. Diethyl ether : Carlo
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Ethanol : Merck
12. Ethyl acetate : Merck
13. Hexane : Merck

14. Hydrogen hexachloroplatinate (IV) hexahydrate : Aldrich

15. Hydrogen peroxide : Univar
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16. Isopropyl alcohol : Merck
17. Magnesium sulfate anhydrous : Unilab

18. 2-Methacryloyloxyethyl phosphorylcholine - : NOE corporation, Japan

19. Methanol : Merck

20. Phosphate buffer sz : Aldrich

21. Platelet-poor : Thai Red Cross Society
22. Platelet-rich p : Thai Red Cross Society
23. Poly(ethylé A : Fluka

(OEG; meande f polymerizati
24. 1-Propanol ) ff N | : Univar
i i :
25. Protein standard (B Vil g' 3 Y ‘ nin: BSA) Sigma

26. Silica ,yw—i;‘l sl

27. Silicon wa.fE(Single-sxe polis ed) m : Siltron Inc. Korea

S YU 1) )P v

29. Sodlum dodecyl sulfate «
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31. Sulfuric acid : Merck
32. Tetrahydrofuran : Carlo
33. Toluene : Carlo

34. Triethylamine : Carlo
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35. Toluene anhydrous 99 % : Aldrich
36. Ultrapure distilled water : Mill-Q Lab system
3.2 Equipment

321 Ellipsometry \“\ V//é/’

The ellipsometry w.

g Li15C WAFER™ ELLIPSOMETER.
The thicknesses were incidence angle at 632.8 nm.
The thickness of the ing the software “Dafibm”
Rudolph Research, Dou \%The calculation was based
= 1.460, Nhydmxyl 1.462

X-ray photoelectron spectra were collected u@g ESCA-200, SCIENTA,
Uppsala, Sweden. In thlgs dy, the take o gle at 15° and 75° were chosen and

o appromaﬁnw@%sm Pty
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Nuclear Magnetic Spectroscopy (NMR

The 'H NMR spectra and *C NMR spectra were recorded in either CDCls,
D,0 or CD;0D using a Bruker, model AC-F200, Avance DPX-400 and Varian,
model Mercury-400 nuclear magnetic resonance spectrometer operating at 400 MHz.
Chemical shifts (8) are reported in part per million (ppm) relative to
tetramethylsilane (TMS) or using the residual protonated solvent signal as a

reference.
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3.2.4 Gel Permeation Chromatography (GPC)

The molecular weight and molecular weight distributions of the MPC
homopolymers were determined by aqueous gel permeation chromatography (GPC),
using Shodex Ohpak SB-803 HQ column connected to the RI detector. The flow rate

was 0.5 mL/min. The eluent was water ding 10 mM LiBr. Calibration was based
W 6,000 to 50,000 g mol ™.

on poly(ethylene glycol)(PEG) sta@k*

Freeze dryer m
the MPC homopolymeszs

Contact angle meter (mm{ej‘FAC’E;mwas

water contact angle s-1 A

surface by bringing uspended from a needle

of the syringe. The asurements were carried out 1 ‘air at room temperature.

Dynamic advan and ‘reedin les weré rec r e'jdﬁ water was added to
and withdraw:ﬁ & dr ﬁfj m ﬁ is an average of 5
measurements oydlfferent areas of each sample.
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3.2.7 UV-Spectroscopy

UV on Microtiter plate reader, model Sunrice, Tecan Austria GmbH, was
used for determining the amounts of the absorbed protein using bicinconic assay by

reading UV absorbance at A = 562 nm.
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3.2.8 Scanning Electron Microscopy (SEM)

Scanning electron microscopy (SEM) model JSM-5800L, was used to
observe the morphology of surface-adherent platelets.

329 Atomic Force @‘”/»)

AFM images were

1croscope model SPI-3800,
Seiko I, Tokyo, Japan. in air using tapping mode.
Silicon nitride tip wit ‘and a spring constant 0.02-

0.1 N/m were used.

3.3 Synthesis of PMPgin solution

3.3.1 ﬁdﬁ;ﬂ a‘l}Wﬂ%&Wlﬂ(}ﬂﬁ glycol)-2-bromoiso

butyrate initiator : OEGBr

awqaﬁﬂwumwma I{g

C{-OCH,CHy-OH + Br—C H;C{-OCH,CHzz0—C

In a three-necked flask, 2-bromoisobutyryl bromide (2.09 g, 10 mmol) and
triethylamine (0.71 g, 10 mmol) were mixed in tetrahydrofuran (6 mL) at 0°C. An
8.57 mL aliquot of a 33% (w/v) tetrahydrofuran solution of poly(ethylene glycol)
350 monomethyl ether: OEG (2.83 g, 6.57 mmol) was added dropwise. After the
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addition was complete, the reaction solution was allowed to warm to room
temperature, and the reaction mixture was stirred for another 4 h. The reaction
mixture was then filtered, and tetrahydrofuran was removed using the rotary
evaporator. The resulting yellow crude product was dissolved in water and extracted
with diethyl ether. The diethyl ether layer was collected and dried over MgSOy. The
diethyl ether was removed under vacuum ito give methoxy-capped oligo(ethylene

glycol)-2-bromoisobutyrate: OEGBr (1) a's{a,!f;erange viscous liquid (2.79 g, 80
-~

%yield). - 2 —

'H NMR (Cl)cg:;r" “(64,/C(CH3)y, $)5:3.32 (3H, OCHs, s), 3.50 (2H,
(CO)OCH,CHy, t, J = }9/1.59 (24H, OCHa, 5);3.69 (2H, CH;0CH,, t, J =
3.90 Hz), 4.27 (2H, (CO)OCHS, ¢ /= 3 90 #12)

¢ ;I ‘bf #
i !-I"J‘
& h'_-;f #
3.3.2 Synthesis of PMPC - v
kA ij_-l._
A cn
CH, Ve %
/ " e T CHy=C
CH,= N OEGBr, 20 °C lj": n
T oG o f
OL% C CuBr/b N Jo B
Qs /R\OM<CH3 a =~ \/\O/P\OO‘
(@) O—Jl CH3 [
MPC PMPC

The water-soluble ATRP jinitiator (1) (67.0_mg, 0.135¢mmol, 1 equiv) was
dissolved in Milli-Q deoxygenated water (10 mL).. After the mixture was degassed
by oney fréeze-pump-thaw cycle and purged with nittogen for 30~ min, Cu(I)Br
catalyst (19.0 mg, 0.135 mmol, 1 equiv) and bpy ligand (42.0 mg, 0.27 mmol, 2
equiv) were added to the stirred solution under nitrogen. MPC (0.8 g, 2.7 mmol, 20
equiv, target M, = 6,000) was then added as a solid to the reaction mixture under
nitrogen. The polymerization was allowed to proceed for the set reaction time. The
MPC homopolymer was precipitated into tetrahydrofuran, then redissolved in water,

and passed through a silica gel column to remove residual ATRP catalyst.
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Polymerization in distilled methanol, distilled 2-propanol or mixed solvent was

carried out using the same protocol.

3.4 Preparation of Surface Grafted «c-bromoester Initiators

nitrogen for 1 h, the reaction mi " wed t0 warm to room temperature and
stirred for an additional 2.5 h‘*fﬂl& e@d triethylamine hydrochloride was
removed by ﬁltrathn and ’tﬁe’ sé?utwn% shed with aqueous ammonium

over MgSQy, and the djhloromethane : ] sing the rotary evaporator

to give prop-2'-enyl bromo 2 methylpropmoate (2) as a pale yellow viscous

11qu1d(931g,ﬁﬂﬁ"; ﬂﬂﬂiﬂﬂqﬂﬁ

'H NMR' (CDCL): 5 1.94 (6H, C(CHs), ,.5), 4.66 (2H, QGH, d, J = 5.46

b 5%%@@%"‘@&4“@4%% NEIREP

3.4.2 Synthesis of 3-(Dimethylethoxysilyl)propyl-2-bromoisobutyrate (3)

?H3 O CH; FH3 O CH;

. l H,PiCl, , Il

H5C20_?I_H i /\/O C r H5C20_?l\/\/o C Br
CH;, CH;, CH; CH;
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To a solution of the alkene derivative (2) (2.07 g, 10 mmol) in
dimethylethoxysilane (1.2 mL, 10 mmol) a 1:1 ethanol/dimethoxyethane solution of
chloroplatinic acid, H,PtClg (1.1 mg, 0.2 mL) was added. The reaction mixture was
stirred at room temperature under nitrogen in the dark for 14 h. Dry toluene (3 mL)
was then added and the excess dimethylethoxysilane was removed under reduced
pressure. Dry dichloromethane was d then removed under reduced pressure.
The crude product was passe thr}hgtrp‘
column was washed wmb.Mchloro d the dichloromethane was

removed under reduced : 1
liquid (3) (2.17 g, 70 %?‘ //

gi‘e the desired product as a yellow viscous
'"HNMR (C

7.04 Hz), 1.20 (3H, Si

m), 1.90 (6H, C(CHs)

olumn of dry sodium sulfate, the

</ el
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343 Prepd_‘l;.atnon of silicon oﬁlde subsgnl {‘

: u»’j
The single-sided polished silicon to 1.5x1.5 cm? and soaked

for 2 h in 7:3 (v/v) tgncentrated sulfuric acid and hjjfc!rogen peroxide. Then the
wafers were n an oven at 120 °C
for 2 h. Doﬁuaqwamwzjmﬁ 1larly and used as
substrates for protein adso ﬁtwn anaE'
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3.4.4. Preparation of Surface Grafted a-bromoester Initiators (4)

. 0 : Ky 7 CHs

{—OH + HSCZO“Si\/\/O C l—0—Sino~_-0—C Br + CHsOH
: : |

. CH, H; CH;, Hj

3 4
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Surface-tethered o-bromoester (4) was prepared by soaking the cleaned
silicon oxide substrates in anhydrous toluene containing 2 mM (24.8 mg in 40 mL)
of 3-(dimethylethoxysilyl) propyl-2-bromoisobutylrate (3) under nitrogen at ambient
temperature. After a certain period of time, the substrates were removed and rinsed

by toluene (3x), ethanol (3x), 1:1 ethanol:H,O (2x), DI water (2x), ethanol (2x) and
DI water (3x), respectively and drie u‘??/a uum.
9

N

H;

H;

g, 50 mmol) in tetrahydrofuran (ﬁ)d ing at 0 °C under nitrogen for 1 h,
the reaction mixture \}:ps allowed to wartfrrl to roo_ﬂ?@ e and was stirred for an

additional 4 h. The jprecipitated triethylamir chloride was removed by

fashion to a stirred solution mol@; 50 mmol) and triethylamine (5.06

filtration, and the tetra

ydro ved using Ltjxe rotary evaporator. The

resulting yellow crude pgoglhlct was dissolyed in water and extracted with diethyl

ether, aqueou%ﬂ&l‘n’}%d&} Wﬁ%ﬂﬂeﬂ@ solution was dried

over MgSO;,. The solvent was removed under vacuum to give prop -2-bromo-2-

'“°“‘y”%fl’“W RSATI SNTITTR

H NMR (CDCL): & 0.98 (3H, OCH,CH,CHs, t, J = 7.62 Hz), 1.71 (3H,
OCH,CH,CHj3, m), 1.93 (6H, C(CHs),, s), 4.14 (2H, OCH,CH,CHj, d, J = 6.45 Hz).
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3.5 Preparation of PMPC Brushes

All solvents were

substrates having surfac

containing CuBr (4.75 mg,

0. 03’%01),@ 5 mg, 0.067 mmol), prop-2-bromo-
2-methylpropionate ) (3 S mg*ﬁ;@ﬂ,n%d

solvent was then ag

lass wool, 15 mL of degassed

nitrogen for 30 min-before use. ei: (0.2 g, 0.67 mmol) was

n
dissolved in 15 mL ofjegassed solvent and then transfe via cannular under nitrogen
atmosphere 1 ﬂiﬂ W on was allowed to
proceed at ij ﬁﬁ»m ﬁl polymerization was
stopped by re01p1tat1ng the solution into tetrahydrofuran to obtaih PMPC formed
from e (4l iniibe iedp 22btorp 2 metnibrdginaite| ) which was
analyze@by GPC. The substrates were then removed and washed by the solvent used
for polymerization, soxhlet extracted with methanol overnight and dried under

vacuum. The substrates bearing polymer brushes were then analyzed by XPS,

contact angle measurement, ellipsometry and AFM.
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3.6 Protocol for Blood Compatibility Test

3.6.1 Determination of Total Amount of Adsorbed Human Plasma

Protein

Human platelet-poor plasma (PPP) was obtained from the Thai Red Cross
Society. The substrates bearing polymer .bArfushes having the dimension of 1.5 x 1.5
cm’® were placed into a 24-well tissue cu"ltdt( /plate containing deionized water in
each well. The samples were allowed to sté-rl’d}i;-*th'e wells overnight to reach an
equilibrium hydration. Eaeh™ sample was removed from deionized water and

ng 3.0 mL PPP before being incubated at 37 °C for 3

suspended in the wells.eontai

h. Three pieces of s re analyzed for each condition. The samples were
' e ¥

removed from PPP and rinse 6r§ugt1]§1 with phosphate buffer saline solution

(PBS) (2x) to remove

loosely _qhached; protein. The adsorbed protein on the
sample surface was detached by, sg‘a:kingﬁgaqlla sample in 3.0 mL of 1 % aqueous
solution of sodium dodecyl salfate (SDS) tét— £.30 min. A protein analysis kit based on
the bicinchonic acid (BCA) méﬂiﬁwas @% determine the concentration of the
protein dissolved in the SDS--Solvtig'bn. IO(TM.I mL) of SDS solution that soak
each sample was ad.&;I. oS =desi _uls of BCA working solution
was then added in gaeh well, before the well-plate was-incubated at 37°C for 2 h.
The absorbance of the" lsolution was measured at 562 n‘rﬁ by UV plate reader. The
amount of pretein adsorbedson sthe, samples ;was +ealeulated from the protein
concentration ‘in, the' SDS solution:” The data are~expressed “as mean + standard

deviation (S.D).

3.6.2 Evaluation of Platelet Adhesion

Human platelet-rich plasma (PRP) was obtained from the Thai Red Cross
Society. The substrates bearing polymer brushes having the dimension of 1.5 x 1.5
cm® were placed in 24-well tissue culture plate containing PBS in each well. The

samples were allowed to stand in the wells overnight to reach an equilibrium
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hydration. The PRP (3.0 mL) was added into each well by a micropipet. The well
plate was incubated for 1 h at 37 °C. After the PRP was removed using a micropipet,
the substrates were rinsed with PBS (3x). The saline solution containing 2.5 % (v/v)
glutaraldehyde was added to each well in order to fix the platelets adhered on the

sample surfaces. The samples were rinsed with PBS (3x) followed by deionized
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