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Abstract: Hydrated hydrogel sheets from the free radical
polymerisation of the sodium salt of 2-acrvlamido-2-

methylpropane sulfonate (AMPS-Na") in aqueous
solution employing the 3 methods of thermal, redox and
photoinitiation have been prepared. Monomer

concentrations, [AMPS-Na‘], of between 30-50% w/v
were used. Ethylene glycol dimethacrvlate (EGDM) was
added as a crosslinker in concentrations of between 0.1-
2.5% w/v in order to obtain network hydrogels with
varving crosslink densities. The hvdrogel sheets prepared
from the two higher monomer contents of 40 and 50%
w/v showed lower swelling ratio, better coherency, and
superior handling characteristics. In contrast, the
hyvdrogel sheets from the 30% w/v monomer
concentration were rather weak (low tear strength) and
tacky. Similarly, the hydrogel sheets also became weaker
at the higher crosslinker concentrations suggesting that,
while some degree of crosslinking is necessary to impart
sufficient tear strength, too much crosslinking makes the
hydrogel brittle. When comparing the 3 methods of
initiation, photoinitiation using UV light was found to be
the most efficient and the most convenient in terms of
controlling the polymerisation reaction. The hydrogel
sheets obtained were generally soft, flexible, transparent,
highly water-absorbing, and showed good skin adhesion.
On the basis of these results, it is considered that
photopolymerised Na-AMPS-based hydrogels show
considerable potential for biomedical use as dressings for
wounds such as second-degree burns.

Introduction

Research work on hydrogels started in 1960 with a
landmark hydrogel paper based on poly(2-
hydroxyethyl methacrylate). known as polyHEMA. by
Wichterle and Lim [1]. Seeing that it was a
biocompatible synthetic material. this resulted in the
development of hydrogels as wound dressings. contact
lenses and drug delivery systems.

Hyvdrogels. which possess many useful properties
such as chemical stability. high water absorption. high
elasticity and good Dbiocompatibility, are three-
dimensional hydrophilic polymer network structures
crosslinked by chemical and physical junctions.
Hydrogels have highly porous structures and are
mainly prepared by free radical polymerisation in
solution employing any one of the 3 most common
methods of thermal. redox and photoinitiation. They
possess the ability to imbibe large quantities of water
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or biological fluids without dissolving. The
hydrophilicity of these gels is attributed to the
presence of water-solubilizable groups along the
polymer chain. The wuse of 2-acrylamido-2-
methylpropane sulfonic acid. AMPS. or its sodium
salt. Na-AMPS. as a principle component of hydrogels
for medical use is now well established. In addition, a
wide variety of materials can be used to prepare the
hydrogels. including naturally originating materials
which require modification and synthetic chemicals.
The hydrogel structure is maintained by the balance
between the osmotic forces, originating from the entry
of the water molecules into the polymer network
structure, and cohesive forces exerted by the polymer
chains which resist expansion. also known as the
elastic network retraction force.

Hydrogels are generally flexible, elastic, non-
antigenic, permeable to water vapour and metabolites.
and provide a barrier to bacterial infection. properties
which have been taken advantage of extensively in
their use as wound dressing materials [2].

The aim of this research work is to study the
interrelationships between the crosslink density. as
determined by the percentage of crosslinker added, the
monomer concentration. and the water absorption
properties of synthetic Na-AMPS-based hydrogels.

Materials and Methods

AMPS was dissolved in distilled water in various
concentrations ranging from 30-50% w/v. cooled in an
ice-bath and neutralized with aqueous sodium
hydroxide solution until a pH of 7.0 was obtained [3].
Then. 0.1-2.5% mol of ethylene glycol dimethacrylate
(EGDM) per mol of monomer was added as a
crosslinking agent and the mixture stirred until
homogeneous solutions were obtained.

For the thermal initiation process, 0.1% w/v of
potassium persulphate (K,S,05) was added as the
initiator. The polymerisation reaction was allowed to
proceed at 80°C for 3 hrs.

For redox initiation, 0.38% w/v of potassium
persulphate (K,S,0g). 0.38% w/v of potassium
metabisulphite ((K:S,05) and 0.24% w/v of ferrous
sulphate were added as the initiator. co-initiator and
redox catalyst respectively. The mixture was stirred in
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a beaker before quickly pouring into a vertical glass
mould in which the thickness can be controlled by the
spacer and the reaction was allowed to proceed at
room temperature for 1 hr.

In the case of photoinitiation, 4.4'-azo-bis(4-
cyanopentanoic acid) was used as the photoinitiator.
Photopolymerisation was carried out at room
temperature for 10 mins using a commercially
available UV lamp (254 nm).

Finally the hydrated hydrogel sheet. of
approximately 1 mm thickness. was removed from the
mould and its water absorption properties studied at
37°C [4.5].
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Figure 1. Chemical structures of the AMPS and Na-
AMPS monomers and the EGDM crosslinker.

Water absorption is arguably the most important
single property of a hydrogel. The hydrogels
synthesized from each set of conditions were
compared in terms of their swelling ratio. When a
sample of a dehydrated or water-deficient hydrogel is
immersed in water, there will be an osmotic driving
force for the water to enter the free volume within the
hydrogel. as shown in Figure 2. After the osmotic
force driving water into the system is balanced by the
force exerted by the polymer chains in resisting further
expansion. such as from the constraints imposed by
crosslinking, an equilibrium will be reached. The
water content of the hydrogel at this equilibrium is
termed the “equilibrium water content” (EWC).
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An alternative way of expressing a hydrogel’s water
content is in terms of its so-called “swelling ratio™.
The swelling ratio of a hydrogel is given by Eq. 1 [6].
Swelling ratio (%) = [(We-w;) / w; ] = 100% (1)
where w; and w; are the weights of the swollen
(polymer + water) hydrogel at any time t and the initial

(dry) hydrogel (polymer only) respectively.
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Figure 2. Absorption of water into a crosslinked
hydrogel chain segment [5]. ( * crosslinking units)

Results and Discussion

The swelling ratio against time profiles of the
hydrogels obtained from the 3 different methods of
thermal. redox and photoinitiation are compared in
Figure 3. It is clear that the different methods of
initiation do not appear to have a significant effect on
water absorption. However, the method of
photoinitiation was procedurally the most convenient
and took a much shorter time for complete conversion.
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Figure 3. Increase in swelling ratio with time for
hydrogel sheets prepared from 40% w/v Na-AMPS
with 1.0% mol of EGDM crosslinker by the three
different methods of initiation.

(Immersion medium: distilled water at 37°C.)

The water absorption profiles in Figure 4 reveal
that the swelling ratio decreases significantly with
increasing concentration of the Na-AMPS monomer.
This can be explained by the fact that increasing
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monomer concentration in the solution results in a
greater number of crosslinked poly(Na-AMPS) chains
and a more compact structure in the hydrogel network
which decreases swelling.
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Figure 4. Increase in swelling ratio with time at
different monomer concentrations for hydrogel sheets
prepared from Na-AMPS with 1.0% mol of EGDM
crosslinker.

(Immersion medium: distilled water at 37°C.)
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Figure 5. Increase in swelling ratio with time at
different EGDM crosslinker concentrations for
hydrogel sheets prepared from 40% w/v Na-AMPS.
(Immersion medium: distilled water at 37°C.)

The effect of the crosslinker concentration on the
water absorption of the hydrogels is shown in Figure 5.
As expected. the swelling ratio of the hydrogel
decreased with increasing EGDM  crosslinker
concentration. This can be attributed to the fact that the
increasing crosslinking density in the hydrogel
structure lowers the average molecular weight between

crosslinks (M ) and this curtails the free volume
accessible to the penetrant water molecules: thus the
swelling ratio decreases. As higher amounts of EGDM
were employed. the hydrogel network became less
flexible and the equilibrium swelling was attained
more quickly. However, at the highest EGDM
concentrations of 1.0%-2.5% mol, the swelling ratio -
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time profile became constant. This was probably
because the crosslink density of the hydrogel network
reaches a limit (>1.0% mol) above which the fiee
volume inside the crosslinked network does not vary
significantly with further crosslinking.

Conclusions

The water absorption properties of the
synthesized hydrogel sheets could be controlled by the
Na-AMPS monomer concentration and the crosslink
density via the amount of crosslinker employed. The
swelling ratio decreased with increasing Na-AMPS
monomer concentration as the 3D-network became
more compact and also decreased with increasing
EGDM crosslinker concentration due to the higher
crosslink density. However. a Na-AMPS concentration
of 30% w/v or an EGDM concentration of >2% w/v
gave hydrogels sheets with less suitable mechanical
properties. Therefore. finding the appropriate balance
between the monomer concentration and the crosslink
density is of vital importance for designing hydrogels
which can be emploved as wound dressing materials.

Regarding the method of  initiation.
photoinitiation was procedurally more convenient and
easier to control than both the redox and thermal
methods. These results clearly show that, in designing
synthetic hydrogels for use as wound dressings. every
aspect of their molecular structure and conditions of
synthesis and fabrication needs to be carefully
considered. This work is continuing in the Biomedical
Polymers Technology Unit in Chiang Mai.

Acknowledgements

The authors wish to thank the Department of
Chemistry of Chiang Mai University for provision and
maintenance of the research facilities and the National
Metal and Materials Technology Center (MTEC) for
financial support.

References

[1] O. Wichterle and D. Lim. Narure. 185 (1980), pp. 117-
118.

[2] M. Bakasubramani. T.R. Kumar and M. Babu. Burns. 27
(2001), pp. 534-344,

[3] S. Durmaz. and O. Okay. Polviner, 41 (2000). pp. 3693-
3704.

[4] E. Lina. Karlsson. B. Wesslen and P. Jannasch.
Electrochimica Acta.. 47 (2002). pp. 3269-3275.

[5] F. Rosso., A. Barbarisi. M. Barbarisi, O. Petillo, S.
Margarucci. A. Calarco and G. Peluso. Mat. Sci. Eng..
C23 (2003), pp. 371-376.

[6] S.J. Kim, S.J. Park and L.Sun, Reactive & Functional
Polymers. 55 (2003), pp. 53-59.



127

P. Ninjiaranai, C. Witthayaprapakorn, R. Molloy and K. Nalampang

Y] d o Y] d
mseanuuutazdunzyindy lalaswad1imsulrlumemsunne

moiludagilauwa

“Design and Synthesis of Hydrogel Sheets for Biomedical

Use as Wound Dressings”

MsUszauenNaN IS TALTUNAANY

v
74 U

ATIN 1 UM 27 NYAIMEY 2552

 VUNAING1a8 NK1INLIaeTe 9] viad



128

a i n 3 a & ot as e
ﬂ'\‘i"ﬂ'ﬂﬂLLHULL‘Rzﬁ\‘ILﬁ‘i"lz‘HLLNNlﬂtﬂﬂﬂﬂﬂﬁﬂ?ﬂﬂlmﬂﬂﬂﬂﬂ'\‘i‘uwmLW‘EIL%'I!"]Z‘IEIJJFILER@

Design and Synthesis of Hydrogel Sheets for Biomedical Use as Wound Dressings

wandinid Sa@asily, Funng nentszning, Taln uessas uazAdg o A1hs
yleAdawai e MmN e N e, AnzAnenaans, suianedemelu, Wealud 50200

E-mail: padan@hotmail.com, kanarat@chiangmai.ac.th

unanga

w & =t = Po e Y - s 4 g3 = X
amsstidlumsesnuuntazmswion ls lasnadunnsidmivdszgna lFaumedmsunmdmis il iaqlauna daims
duas1zHineanes Lo uames 2-acrylamido-2-methylpropane sulfonic acid (AMPS) uazindelw@ey (AMPS-Na") las

. . ¥
vy Inames lswduuuuiusanealudinatshiluiih 19 4,4-Azo-bis(4-cyanopentancic acid) az N, N-methylene-bis-
acrylamide (NMBA) dludisisunazduveuaeme laamudaray lumsnaasdldinsinmansnavesanududumsazas
Wouawas AMPS-Na' 30-50%w/v uaz1l3u1auas NMBA lus11 0.1-2.5% mole 31nmafn¥ MU AT N 40%uaz S0%w/v
. ' . ¥
AMPS-Na” TiunuTlaTaswaniinnwaagd Tuvaizil 30%w/v AMPS-Na vz Tauriu lalasnaniianumiieouas linagd aimiu
|
insAnmIAmanse lunsaadiit 35.0 + 1.0 °C wunhamnduduves NMBA dinadeduiazinaveauriulslaseans
' ¥ . ¥ L4 ¥
iatnliina NMBA a: i liusiu e laseaitldinnaheiuuas innutanguanal uonnniinuhdanmaieenvealeti
i ¥ ¥y v

vnusiulalaswaiduanzivumuiiianuaunsalumssen i Tarumsrin 18Tusasmonn: audisred luga 83-121 ghem’
i A - o i ] LY Y ¥
seann gy deinasinyaugIFuyinuseuauramase lunszuiumsmeveauna aaiudadinnudy ) 180

¥ o
i laTaswamanmeinnldlu1dasdlumenmsunndas 1a/

Keywords: 2-acrylamido-2-methylpropane sulfonic acid (AMPS), sodium salt 2-acrylamido-2-methylpropane sulfonate

(AM F’S—Na+). N,N-methylene-bis-acrylamide (NMBA), hydrogels, wound dressing

unii

Wil A, 1962 Dr. Winter WWEnmmMsduanziianilaunalaelduifiduaamefiniiullaunaramy anuanis

: | ; &4 n e o v T e = o
VARBIWLLHANIRTTTU [1] lﬂ@“"l'ﬂ\ﬂﬁ“ﬂﬁTWFNH'Wﬂ"lﬁ‘ml‘m'i.l’lﬂLENﬂlﬂiﬂm@ﬂqugluﬁuﬁu%m (ANFTLALARY) NONNIRE

' '
= =i

. F = - . . - . .
Ineldusiulalnnas Jlalasiaaunefmediialalasi@ny dsnruaiularswad a1 uiindsznausas 2 doundn léun
doufisunsaifiadunsizaniuluanatinFeiiBundideuiieusy (hydrophilic group) UMy -OH, -COOH, -CONH,,

1 E |
CONH- Uaz-SOH uazdandilideeinin (nydrophobic group) 1u My -CH, uwaz ~CH, lusu 2] sewdwaneldiinmsdausie
fusaeniuszlaoiand fiusylalasiau vise Sunsizensyvdmysineluaneld (3] dszneududumaldendwunningus:
= o o s = o o 1 o 2 13 = 3 4 (S 1 =
Luanadineusiafuviasasatuag vinlilaseaislagsuifiagnaunnadinquinuig (4] Tamusnimisugedlaianaade
aunmgedihlinelulanadeiddneaedudimidig (crosslinked network structure) LalutBunaunnn wsililanunsn
i
azanelusmiazaennata (5] wenanfudqlalasaadsarnsatilddszgnfldlunamsunndldadanning Wy aeu

wnaaud JanTlauna wardsanunmmnin il dlumanisneng s



129

nnUs=a9A

'
=

WaAnmnssununsduamziutiulainseaild lnafiansuiananinaanududurssuauamafuasfadausagne
, i = Lo o o \ i =1 [T e 0 = : S
Tuavaualeiy soufiopsauganisisne] seasiulalanasidaansim buisaifnnmgedui wedasnsiumedai

adznsnin g lgee

1 1 8 1

MNSFFENANTATATY AMPS-Na® il adndy 30%wh vinldTeennsds AMPS-H 30 nfu azaneluwingy Yiuims

40 TaRART A1NTUTINsUE pH  Sremniuansazaneladaulansenlas (NaOH) 40%wa UH1as 10 Haddns Tans

= o o ol e = y R = o =

waeunlas pH @aa pH meter Inevinluszuuiiinisuaeduuazinisnavad e fisanmzduszuufimapnufauazi

= é’ 2 o a 013’ 2 . T z/ o [ Eo=f 1 [
gauuiau uarersasifiunaliianisnediueslefauld (self polymerisation) antiusinisyfuansazanelidl pH winiy
7.00 Taalnmenansazanail@nafasne N2oH 1 Tuanf waz 0.1 Tuans mudrsuaulaasazanedil pH 7.00 [6] a1nifualfy
i 1

FnassaieualuzandmBuinadu 100 Sa88n7 gaumsFrad AMPS-Na AdAMENTY 40%wh uaz 50%wiv i lalae
959 AMPS-H™ 40 N uaz 50 N WAZIFFRANMNTYLAUNITING 19U RINASL

msfaanyilalaneg AMPS-Na® Fuanusguasazane AMPS-Na® 15unms 20 fadfes  wazsdsusasneld

NMBA 1.0 % mole Wanlilasaisraslalnsmaidnmnusdulassendiely 3 38 waziiodunindfauudasany

wuuluee4lAseemNang (crosslink  network  density)  aadlalasiaa Adusie i ANAIENUGATN 4,4-Azo bis(4-

cyanopentanoic acid) 0.1%mole [7] andumansazaioasluusiiind wazanauassans lalaan Tneliflszazinaszudng

1 &
waea UV uazusiian 10 mufiwes dunar 10 uiil dewdueudulalasiaafilduinnmsmaseuasiBnisgaduy uazun

gmannstinueaslatinsalyl (8]

Geminal dimethyl group
for thermal stability and hydrolytic Sulfenic acid group for

for hydrophilicity, cation resistance, and

ﬁ st / improved lubricity
HC=CH—C—N i?_CHz—SOaH

Vinyl functional group

for high degree of reactivity

GH_
2-acrylamido-2-methylpropane sulfonic acid (AMPS)
(a)

HZC:CH—Q—TH TN T"
(‘:Hz HOOCCH,CH,C—N=——N——CCH,CH,COCH
H,C=CH—C—NH |
H CHg CHs
N,N*-methylene-bis-acrylamide (NMBA) 4 4'-Azo-bis(4-cyanopentancic acid)
(b) (c)

1 gl
o oo

g1l 1: (a) Tassaiwaesmeuses (o) Midiaudeareldnedimad uaz(c) ABGTE UM sdupviwiulalnsaa



130

msmaneEuzann: warautreueilalnsaadansesd Wy nsndFannsiy (water content, WC) W&z

o : : 4 ” o ; : X i
fadounanassin (swelling ratio, SR) Fndunisiannuaiuisalunsgaduiirauiulalasasiduanziaulaeiinig

'
=

nanesfignund 36.0 + 1.0 “a luntsntiunonifeeasfidussdtsznavadneluwivlalnnaaansoAmandiainauns

d o

£l 1 ] 1 i 1 Ed 1
(1 Suduunihilalaseageduldninigauszaiillidasuulamunamieiiangadendt “Buudfasga”

(equilibrium water content, EWC) #aun1smAdngaun1snadsia (swelling ratio, SR) lnannisihAnisgaduriaedlalas

|
=g

] | H o < o <
L@ﬁﬁL’Jﬂ’WW"I\ﬂ mnmﬁ‘mﬂ?‘mmmﬂmqﬂ‘?ﬁl’wﬁummmmwmﬂumi (2) ﬂmlﬂummJiviuwmuanﬁ@mmmmmiuma‘@m

duiin TngazuFouiauiuimineg 1.0 nfu 9a9lalasian [9]

PFnoshesddseney (%) = @wdntesusidlalanaaiiuomsin - dwiheeselulalasasiiuty  x 100 %)

wsningesusnlalasiaaiuamn

magadui %) = chwinteswiulalaseaiivond - dwidnzeswiulalaseaiiuiy  x 100 (2)

iuineauslalasaaiiuie

nemdngnisEuesian (water vapour transmission rate, WVTR) ¥inlaguniBunasnifiszmeariuiansiqad1asie

45 Qe 3 , ) P 2 k.
Pilevine g [10-11] /INA8U84 The American Soclety for Testing and Matenals Taamaiiprama e (water cup) GEIE
naaasazEuannsiauiulalianaadiedailugthnanmnaduingudnatelssuna 7 wufiwng wdnililsznaudiy
o Aty d8T & , a aa o PR (% SR o = e y ae s
feazafiflaufidiinduay 20 Haddns Mdnifulaniin dabhwindeezgliflenfilszneuaiaduiwiininavirfuawud

=

L4 1 & v
st gl flugeeuauenmni igaumnii 35.0 £ 1.0%1 uazALTU 55.0 + 5.0% anthaldaseraiiflan fgi 2

ganundamuna T wanzay ududaunsvszwinsiwinre s e ldiunafiemanuduaamnamuastinun At nsn

&
frsnseueeslenin [12]

wnuazaidlay

wiulalanas }
wazfusang

e
finzazgiiifau sindu

g1 2: pldaavingasglidlen il luniandnsnsinuaatleth
HANSNAABILAANS D]

snnmmARLATRRIILELEY 40 Ues 50%wi AMPSNa™ axliusilalpsiaafitfnenisuuiudenla Saaugu
Fuilasnanilesdilsznevanhegmeludgd 3 el 30%wy AMPs-Na s lfuhvlalnsiaaiidansmilauaz lilasgl
Lfi'ﬁ']miﬁn‘mqummﬁ‘n’mm@@mﬁuﬁﬁqmﬂ@ﬂﬁmﬁagﬁﬁ 4uaz 5 ﬂu'iﬂwﬁ'aamml,uiu"l.a‘l‘mmmwmm@ﬁﬂ’ﬁ'ﬂﬁﬂlﬁ
atiwsaniFuaznnalueafies 10-15 wifl ﬂ“i‘mmn'ﬁr@mﬂiﬂﬁﬂﬁlﬁ’ﬁéﬂu@a Trﬁmramumuﬂ?mi‘unwsﬁu\ﬂﬁﬁ'uﬁuﬂuiﬂluﬁﬁw

=i o ﬂ, & T o ﬂ! ] llal 3 o L3 o ?: ﬂl 13
Wwearupediaaudidi s vaeiian Fuindamoussai s o muau @:ﬂ’]ﬁ.ﬁﬂ"liﬂ“@“ﬁﬂuﬂﬂﬁﬁﬂLu‘élﬁﬂ’]‘ﬂ’]ﬂIﬂNﬁi’N“}i\']



131

- g L s A s o o

lalasaafitBunrasnisideusianalulassiendeifiaiu viseransnlddhfminluanassnindadeuseaa 4

g L " 2 -

anas (M ) Feinldanudauguuasiuidemglularaisasdsililusnaresndilulasaielddesas fadui
s gl 2 : i o 28 ; ;

WinswdiladefifiuaseBinunisgaduihresiulalanaatueg fulBinufdensdeasduan Bunnseus e fildlunis

Fuaneviuivlalangian

71 3: urlulalasienfidansviann AMPS-Na® fiflagnadiadiu 40%w/v
20000

™

£

5. 16000

5

8

2

Q 12000

=

=

% 8000

2 .—r—/ §

S o o 30%Na-AMPS

H = 40%Na-AMPS

9 4+ 50%Na-AMPS

0 . ‘ : : .
0 0 20 30 4 5 & 70
Time (min)

£ 1 13 " 1
71l 4: thunmunsgeduninmesuivlalasnaifianandudures AMPS-Na 30-50% wiv lutinaufigagil 35.0 + 1.0 %1

30,000
—+—0.1% NMBA
25,000 | —a—0.5% NMBA
—&— 1.0% NMBA
20,000 | —=%—2.0% NMBA

—%—2.5% NMBA

Swelling ratio (g H2O/g Polymer)

15,000 |
10,000 |
5,000 |
0
0 10 20 30 40 50 60 70
Time (min)

'
=i =

£ 1 & 1
a1l 5 WFnumsgaduinresuiulalasiasfidauidaduaes NMBA 0.1-2.5% mole Tutinduiigaumgi 35.0 £ 1.0 %1



132

o

v 1 & 1
A1919 1 gasnseuredlenn nedEcawe 6w Ainnuund 35.0 + 1.0 %1 A9 NTU 55.0 + 5.0% 1edusiulalasnianiidl 40% wiv

AMPS-Na" iz NMBA 0.1-2.5% mole

15101 NMBA (% mole) 0.1 05 10 20 25

ATWVTR (of hr.m?) 1206 118.4 1017 87.5 83.1

o o

A998 2 Sasnisriuzedlentlnedicawme fdw Aanmni 35.0 + 1.0 %1 ANt 55.0  5.0% revusiulalasiaaiiil 30-50%

wiv AMPS-Na® uaz NMBA 1.0% mole

Funnmeuawed AMPS-Na®
30 40 50
(% wiv)
1 WVTR (gf hr.m?) 1185+ 0.1 1017405 87503

1 1 ¥ 1 1 1
nAeNT 1wy 2 umnsiiusasdiaRunnsihiimell dedwnAsonsnd wr eesdrechslalasaaiiduanziian
Avadnduressenamad 30-50%wiv AMPS-Na uaztFannsiidansaaneld NMBA 0.1-2.5 %mole fuaAnsinaiunydwisgd
2 g Ei = = o g = d“ I e d“ 1 ] =: j @
wialtae gl ufiemafeaiu nevfedaBnuenudidursseuamaHidafdausame Mifiadu azi
! i ) 1 1 ﬂ: J s = 3
Tie wvTR anas dlesnamnmeulasssfedamiomnwiureslassismndefinanniy edeiuniseiuetidanaing
4 I S S T Y - E o Y e "I .
redlalasiaaluBamsgedushasiindndnedy duReiiaannisfitiunuaadassetadassemiieiifudy ililases
TS I S VR | 1=t e T N 7 | t @
aaheiwinluanasswinddessamelifianss (M ) fusilinsundnszarameshmelulassadisuazanuanism
. i . O o At [ ‘ 4 o i
Tumsgaduiraasy deiulasswmiredaduiizdanisiifnasednsnisiouradaii weanmsanmdrsmamsinuaeg
lomhanfamisdnAuszunafiszfiusne] wassdsmaad 3 wuddlaihudulalaneafiadiiduamaflaunFauiouly
ﬂ‘l (= ™ 1 ’5’ G{l': 1 i ﬂldﬂ‘ d S =i = 11 ‘;
Aendl 1 nudddndaemisiuresleihfidnd s udfni 2 uar 3 @unalnddnd 2 usy 3 Snsundrhuredlediily
svivfigeiinainldifiaaifannenaiersinidedinld) saluflemuwiulalansafiduaszsiliinldls: lamiteenednay

dognanegudeiniunaueale

'
=i

A9 3 dRnsureslainEiwinnfuazuna luifisziusne [13)

anuvgilnasionl Sanmseszmetaslati ghrm)
fiawilailng 35.8+0.2 %1 85405
una A 1 355+ 0.1 %% 116+ 1.1
wnssiRraT 2 353+ 0.4% 178.1455
wna iR 3 3451+ 04%% 1432145




133

unasd

Bnnseweussefuszidaurase landudaiwusauianenionmaesuiulalasaafiduassils uazan
ﬂuu’“ﬁﬂ"ﬁmﬂrﬂaﬁ’mﬁmmmmnmhuﬁm”lﬂﬁwmﬂLLBiu'lﬂImmm saee wiiflunsaduayudnenziasshmthaseuivlalasiag
A denreae luansaiu feinsgaduiriiasuasseswiulalnscaiidanssiannsldiBinameue e
AMPS-Na" {1139 30-50%wiv uaziadassiade s NMBA 0.1-2.5% mole agflutas 95-08%wiw deldinntlszan 10-15 wnil
Wanmnnsganingumisanna Taanudnl AMPSNa® 40 %wiv $12if NMBA 1.0%mole i &lalasaafizlguastTha
fanmnziunnivliienWihiandauald uasidnmmeduasdesedlutasfivnzaniaaglugos 83-121 gem?
venwniinuiissinludassellidunimaseudannisundiurasfeeeniau fetralunszuaunimmeesusaannusiy
lalnsianfidunszfld uaznasauninuifiuis (cytotoxicity) Fall Fefuarangalddrflanudul/idfaskaunlalanas

warillilaun minziunsh hUszgndfldlunansuwd WlARTiaasaly

AnAnssals=me

i
= il

sl ealiuayuanUFE Lubrizol iR eeddenefisefnanisunnd nafanedl angAnanmand

umanenfadesua uaztiudainende winade@eelud

Lanf19a19Ee

[
[2

—

Winter, G.D., Nature 193, 203-294 (1962).

2

Kroschwitz, J.1., “Polymer : Biomaterials and Medical Applications”, John Wiley & Sons, Inc., New York : (1989).
[3

e

Janacek, J., Stoy, A. and Stoy, V., Journal of Polymer Science, 53, 299 (1975).
[4] Ratner, B.D., Hoffman, A.5., Schoen, F.J. and Lemans, J.E.,"Biomaterials Science ; An Introduction to Materials in
Medicine”, 2"'d ed., Elsevier Inc., London : (2004).

[5

[l

Cttenbrite, R.M., Huang, S.J. and Park, K., *Hydrogels and Biodegradable Polymers for Bioapplications”, Washington
DC : Division of Polymer Chemistry, Inc., (1996).

[6] Durmaz, 5. and Okay, O., Journal of Polymer Science, 41, 3693-3704 (2000).

[7] Moad, G. and Solomon, D.H., “The Chemisfry of Radical Polymernisation”, Elsevier Inc., Oxford : 2006.

[8] Rosso, F., Barbansi, A., Barbarisi, M., Petillo, O., Margarucci, 5., Calarco, A. and Peluso, G., Materrals Science and

Engineering, 23, 371-376 (2003).

[9] Kim, 5. J., Park, 5. J. and Sun, |., Reactive & Functional Polymers, 55, 53-59 (2003).

[10] Nongia, A., Gambhir, R. and Maibach, H., Clinical Materials, 7, 3 (1991).

[11] Queen, D., Gaylor, J.S. and Reid, W.H., Biomaterials, 8, 367 (1987).

[12] Kambe, H. and Garn P.D., "Thermal Analysis Comparative Studies in Materals”, A Halsted Press Book., Tokyo (1974).

[13] Nilsson, G.E., “On the Measurement of Evaporative Water Loss, method and clinical application”, Department of

Medical Engineering Linkoping University. Linkoping : Zata Tryerierna (1977).



134

CURRICULUM VITAE
Name Miss Padarat Ninjiaranai
Date of Birth February 13, 1979
Academic Degree High School Certificate holder from

Chalermkwansatree School, Phitsanulok, 1997

B.Sc. (Chemistry) degree holder from Naresuan

University, Phitsanulok, 2001

Professional Experience  Medical scientist in the Reginal Medical Science Center
Phitsanulok, Department of Medical Sciences, Ministry

of Public Health



