American Journal of Applied Sciences 7 (6): 724573110
ISSN 1546-9239
© 2010Science Publications

Surface Modification of Polystyrene Beads by Ultraviolet/Ozone
Treatment and its Effect on Gelatin Coating

'A.N. Yusilawati,"M. Maizirwan,'M.S. Hamzah?K.H. Ng and®C.S. Wong
'Department of Biotechnology Engineering, Facult§afjineering,
International Islamic University Malaysia, Kualarbpur, Malaysia

2School of Arts and Science, Tunku Abdul Rahmanég@| Kuala Lumpur, Malaysia
*Plasma Research Laboratory, Department of Phy&azslty of Science,
University of Malaya, Kuala Lumpur, Malaysia

Abstract: Problem statement: Polystyrene failed to provide any reactive functility of surface
hydrophilicity that is capable of binding proteiris.is known that polystyrene must be chemically
modified to make its surface amenable to covalemsstinking with proteinApproach: The aim of
this study was to investigate the effects of UViozdreatment on gelatin coating. The surfaces of
microsize polystyrene beads (150 pm) were modifigdUV/ozone treatment system at different
treatment time, ozone flow-rate and UV intensitysvaaalyzed by Design expert software. The treated
beads were characterized with ATR-FTIR analysidetermine the introduction of carbonyl (-C=0),
carboxylic group (-COOH) and amide group (-CO-Mhbnto the polystyrene surface. Sample
characterization was also carried out by SEM andsittemeter. Gelatin immobilization was then
preceded by incubating treated PS sample in gedatirtion and the total amount of gelatin coated on
the modified surface was identified by BradfordagssResults. The maximum amount of gelatin
obtained was 63.75 pg riLwhile the lowest amount obtained for untreated(®847 pug mrY). The
introduction of carbonyl, hydroxyl and amide graupthe polystyrene beads surface was confirmed by
ATR-FTIR analysis and thus measures the importariddV/ozone treatmeniConclusion: From the
results, it has been found that time is the moghifitant factor to prepare samples for gelatin
immobilization at reduced flow rate and at an iasexl Ultraviolet (UV) intensity in the ranges afdst.
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INTRODUCTION gelatin to be held in the core throughout the ieact
following which they can be easily separated fraatisc
Immobilized proteins are used in many biochemicalwhich is considered to be reusable and more efficie
applications and often the amount of protein agdcto ~ However, it is well known that adsorption of protés
the surface must be determined (Orsaltedl., 1998). affected by wet ability of surfaces on substrates.
Gelatin is particularly important for engineeringlle ~ Polymer particles can be covalently binding with
surface properties because it is one of the mogielatin either directly or indirectly by the aid ofoss
commonly occurring proteins in the human body amel o linking agent. Polymers which make covalent bonding
that plays a central role in the formation of est¢dlular  directly with gelatin include monomers with an aeti
matrix with which cells have extensive communicatio halogen atom, epoxies and compounds containing
(Mao et al., 2003; Kanget al., 1999) depositing gelatin aldehyde group. On the other hand, polymers a® als
onto the surface of solid substrates is a usefhinelogy  capable of making covalent bonding with gelatin
to modify the surface properties of in vitro cellltare  through the use of a cross linking agent whichudeb
scaffolds, presenting a suitable adhesion sigmainfny  carboxylic acid containing group, amine containing
cell types (Mengyaret al., 2005). Immobilization of monomers and active methylene group containing
gelatin means gelatin is physically confined omloeed  monomers.
in a certain defined region of space with retentidn Polystyrene (PS) is a widely used polymer as a
their catalytic activities, which can be used répdly  core substrate because of its favorable propestieb
and continuously (Chibata, 1979). Thus it allowsas low specific weight, high chemical resistance an
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mechanical flexibility and also it is biocompatible distance of 10cm from the UV lampgzo@e
(Murakamiet al., 2005). PS as biomaterials has beernwas produced by silent discharge of oxygen (puwoity
studied and manufactured for cell attachment. Hanev 99.9%).

the adhesion of gelatin on unmodified PS surfases i

generally poor (Goddard and Hotchkiss, 2007;gxperimental design: The purpose of experimental
Saltzman and Kyriakides, 2007). UV-ozone has beeRiesign was to identify the significance of the treent
shown to be a highly successful method for theygngition for the immobilization of gelatin. Box
controlled modification of polymers for applicat®n gehnken model under Response Surface Method
ranging from adhesion and wetting improvement ® th (rS\) was used to elucidate optimal conditions for
production of surfaces for enhanced cell attachmeniye|atin immobilization on the treated surface using
This approach has previously been used to incié@se pegign  Expert®6.0.8 software. Three independent
surface oxygen, surface polarity and wet ability & yariables selected in these studies are exposuee(#,
num_ber of polymers in studies relating to adhesiod min), flowrate (B, L min%) and UV intensity (C, W)
wetting. UV-ozone also has many advantages over thgin three levels for each of these parameters as

alternative methods of surface modification namely: ;- jicated in Table 1. Gelatin concentration wagcteld

vacuum systems are required and it can give precisgS dependent outout variable (Y Hito determine
control over the modification process. Absence rof a b b (Y, ug

wet chemistry means that there are no residuakatsv the significance of each factor under study.
or other contaminants (Murakaeti al., 2003; ; - it ;

. -~ _Gelatin coating: Immobilization of gelatin was
'dreareettal., 2901)' Furthhetr_motred the tecthnlq.lte_ Eselfperformed according to Shemt al. (2007) by
0€s not require a sophisticated apparatus, 1UISkq immersing, respectively the UV/ozone treated PS

and easy to use and the oxidation is contriglab h 1 . S
. . X samples in 3.0 g L of gelatin solution in PBS (pH 7.4)
(Teareet al., 2001). Ozonation treatment with UV light for 2 h under 37°C in an incubator shaker (Infdr8.

can gasﬂy b(_a carried out in various gas, solvertt a The samples were then washed by PBS (pH 7.4) and
solution media at room temperature without a vacuum, - entlv rinsed by distilled water for threeet. All
system and is suitable for heat-unstable rmadge q y y :

such as organic substrates (Murakeral., 2003; '%h;éamples were then dried for 3 h at temperattire
Clark Jret al., 2000; Davidsomt al., 2004). '

MATERIALSAND METHODS Quantifying immobilized gelatin: Immobilized gelatin
was analyzed by the method suggested by Gosnell and
About 3 g of untreated 150 pm PS beads (Cat. ndlottola (1988) and Luet al. (2007). 50 mg of
LS340120 SDS) were obtained from Goodfellow (UK), covalently coated polystyrene was covered with 200
pure oxygen gas (99 %) were supplied by MOX lindeof the Coomasie blue dye solution and the sampk wa
Sdn Bhd (Malaysia), Coomassie Brilliant blue G250shaken for 30 min at room temperature and rinseéd wi
(Cat. no. C.I 42655) was purchased from Merckthe washing solution to remove the dye which was no
(Germany). Acetone, ethanol, bovine gelatin andoth bound to the immobilized proteins. Afterwards, the
chemicals were supplied by Sigma (St. Louis, USA).  protein bound dye was removed with 220 pL 0.1 M
sodium hydroxide solution in 80% methanol, by
Sample treatment: The system for the surface shaking for 5 min at room temperature. 100 pL of th
modification of the PS particle was built using thesolution was placed into micro ftiter plate (Grejner
system as suggested by Murakaival. (2005) but with ~Germany) and acidified with 20 uL of 4 M
a slight modification. Before usage, the polystgren hydrochloric acid. The samples were then measured
particles were washed in ethanol solution to renaye  immediately at 630 nm and the obtained data were
contaminants present on the surface. After severgiompared with BSA standard curve.
washing cycles the solvent was removed by vacuum
filtration and the PS particles were allowed to .dry Table 1:Factors and levels used ifi lBx Behnken designs for

About 3 g PS particles were placed in a Dreshetiebot UV/ozone treated PS surface

(Quickfit®) and were ozonated at different flowest Uncoded level

exposure time and UV intensities. UV was irradiated, ,japjes Unit Symbol -1 0 1
from both sides with three 6 W low-pressure mercur¥rime min A 30.0 250 60.0
lamps (UV lamps) at a wavelength of 254 nm and at &low rate Lmin* B 1.0 1.5 2.0
constant radiation of 22 m W ¢fand maintaining a UVintensity W c 6.0 12.0 18.0
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Sample characterization: Evaluation of the physically used to navigate the design space (Earml., 2009).
modified gelatin coated PS particles was carriedogu  Developed model for predicting the optimal valuds o
measuring the FT-IR (Perkin Elmer) spectra usirg th gelatin concentration within the experimental coaiss
Attenuated Total Reflection method (ATR/IR) in the in terms of coded factors are:

region of 550-4000 cih to determine the existing

functional group. The structure and morphology OfY(geIatin ugmt' )= 4816 9.50A

untreated and treated samples as well as covalently
gelatin coated was also observed using SEM (.JEOL,_S'198+ 307G 10.02A+ 25782 (1)
JSM 5600). Furthermore, the densities of the sasnple+4.23C - 3.27AB+ 0.46AG- 4.78B!

were also measured using densitometer which isdbase

on Archimedes principle (ERLA) by first forming the R? value indicates that 90% of the variables (time,
powder into pellet using Single-punch Uniaxial fiowrate and UV intensity) contribute very positiye
Hydraulic Compactor (Carver). to the response. The design suggested the maximum
RESULTS amount of gelatin (_67.6_35 pg ) can be obta_ined
when the sample time is 55.17 min, flowrate is 1.01
Process condition for PS modification: Fifteen deduced that to obtain maximum gelatin amount with

samples were run according to the Box Behnken desig- MN "and UV intensity is (17.81 W). The software
under Response Surface Method (RSM). Amount offinimum value of variable factors, 47.117 ug L
gelatin immobilized on PS surface was measured t§"mobilized gelatin can be obtained. Figure 1
determine the best condition for surface modifigati Showed the interaction between availatéems.
The low (-1), medium (0) and high (+1) level values

have already been shown in Table 1. The effectisnaf
(A) ozone flowrate (B) and UV intensity (C) on the
amount of immobilized gelatin were analyzed by

Table 2: Design of experiment and response value

Box Behnken design, 1 block, 3 centre point,
15 runs (Spreadsheet 1)

statistical software Design Expert, giving the main Y (g mLY)
effects, the variance and the interaction betwewen t Standard B ;
effects acting in the coating of bovine gelatin on™" OA(m'”) ('im'”) Cl(W) ﬁ‘gg szeci'gte‘j
UV/ozone modified PS particles. Data obtained ibl&a > 1 1 o 5908 56.29
2 was measured for three replicates. From Tabli¢ 2, 3 1 1 0 48.03 4411
could be seen that Run 12 (66.84 pg Miobtained 4 1 0 -1 47.89 48.71
higher immobilized amount of gelatin on the PSae 2 8 2 2 gg'éé gg'ég
followed by Run 2 (59.05 pg mt) and Run 6 (52 ug 7 0 0 0 48.16 48.16
mL™). On the other hand, the lowest amount of gelatir8 -1 0 1 35.92 35.10
measured for untreated sample followed by Run 1§ 0 -1 1 4837 5031
1 _ 10 -1 -1 0 26.84 30.76
(26.84 pg mC") and Run 11 (28.89 pg rit). Compared 1, 1 1 0o 2889 3165
to treated PS particle, untreated PS particle conery 12 0 -1 1 66.84 63.75
less amount of gelatin (9.947 ug MLas reported in 13 -1 0 -1 36.50 30.64
Table 2. The developed regression model was ewluat (1) 8 é 32'%3 Zg'gg

by analyzing the values of regression coefficientsyjntreated 0.947 0.947
Analysis Of Variance (ANOVA), p-and F-values. The

quality of fit of the polynomial model equation was tapje 3: Analysis Of Variance (ANOVA) for the model

expressed by the coefficient of determinatiorf. R Source Sum of squares F-value P-value
According to Table 3, the Model F-value of 5.45Model 1399.27 5.450 0.0382
implies that the model is significant with a low p- A 721.62 25.290 0.0040
value (p<0.05). Values of Prob>F less than 0.050(% 63.56 2.230 0.1958
indicat((epmodel)terms are significant. In this cAsé\” 5194 2.030 0.2135
e gnin - A? 343.84 12.050 0.0178
are significant model terms with variables that ever g2 17.75 0.620 0.4660
highly significant were the linear effect of time C’ 54.94 1.930 0.2239
< i N AB 42.71 1.500 0.2757
e e e pa. Slcan 22
(p>0.05). , -£970, ad) BC 64.80 2.270 0.1922

72.65% an(_j Adequate_ PreCi_Sion is 7-_653 indicate aJ<.05 indicate the model terms are significan®).pz indicate the
adequate signal to noise ratio and this model @n bmodel terms are highly significant
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The 3D response surface is the graphical
representation of the regression equation used tc
determine the optimum values of the variables withi 57.3783
the ranges considered (Murakaatial., 2003). From 50.2811

. . . . . 3 . e e
the interaction figure (Fig. 1), the maximum 40.1839 == fjﬁf‘-%::s:\
36.0867| St et S Son TR L

production was obtained at the point of intersectid
the major and minor axes of the ellipse.

o T
EESSETTTINS S

Gelatin concentration

Correlation  between densty and  geatin ;

immobilization: The density of the sample before and

after gelatin coating was evaluated as in Tabli was 30.00

observed that the density of the PS particles were 37.5 2.00
decreased after UV/ozone surface modification with
lowest density obtained for run 1 (1.007 g 9nand the A:Time

highest density obtained for run 3 and 13 (1.02@(@) 60.00 ™7 0o
compared to untreated PS sample which is 1.048 g cm
However, it was observed that a slight change in

treatment condition has no significant effect omgke
density as the value is close with each other. rAfte

gelatin coating, it was shown that the density was nsi
increased due to immobilization of bovine gelatm o - 10,1830
the modified PS surfaces. Run 12 has the highesitgte E 1'6 I'IS_ﬁ'-‘
difference (0.014 g ci) while Run 10 and Run 11 have 5 8 mﬁ
the lowest density difference (0.007 g &mn Density 5 T
difference of PS particle before and after gelatiating 5

was parallel with measured gelatin content in Tdble
This indicates that gelatin was successfully
immobilized on the modified PS surface compared to 18.00
untreated PS with no change in density.
12.00
Fourier transforms infrared spectroscopy analysis: R 9.00 _
Figure 2 and 3 show only selected samples (untteRien ’ o 6.00 " 30.00 A: Time
2, 11, 13 and 12) with higher and lower amountedtin
and these data confirmed the results obtainedbie™a

Table 4: Sample density before and after coating

Density after Density after B
UV/ozone gelatin coating Difference =
Run treatment (g c/) (g cnT®) in density g
1 1.007 1.019 0.012 1
2 1.011 1.023 0.012 g
3 1.020 1.031 0.011 =
4 1.014 1.025 0.011 =5
5 1.017 1.028 0.011 =
6 1.015 1.027 0.012
7 1.017 1.029 0.012
8 1.012 1.020 0.008
9 1.015 1.024 0.009
10 1.018 1.025 0.007
11 1.016 1.023 0.007
12 1.012 1.026 0.014 2 005 00
13 1.020 1.028 0.008 TR
14 1.015 1.027 0.012
15 1.017 1.029 0.012 Fig. 1: 3D response surface shows the interaction
Untreated  1.048 1.048 0.000 between the independent variables
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Fig. 3: FTIR of selected run of PS particle aftéf/azone surface modification and gelatin anchored
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FTIR data in Fig. 2 and 3 showed different funcdbn Small amount of gelatin on untreated PS surfacs thu
groups existed on the treated PS surface as cothpare showing no effect in FTIR data. Amide group pealswa
untreated PS. Figure 2 shows the existence of peak also identified at band 3310 chfor Run 2 and 12 and
1736.34 cri which could be assigned to a new its absence in Run 10 and 13 which clearly show tha
absorption peak due to carbonyl group (C=0O andhey have more available site to catch gelat
COOH) and Hydroxyl (OH) group peak at 3450°tm (Shenet al., 2007).

when samples were treated with UV/ozone at differen ) )

condition. It was clearly observed in Fig. 3 the Scanning electron microscopy: Compared to
existence of amide | group (CONH) peak at banountreatgd P_S (Fig. 4a), SEM results at magnificatif
1655.06 crt and amide 1l (NK) group at 1541 cif 1000_)§ in Fig. 4 shows_ that the PS surface at Run 12
(Shen et al., 2007) for coated PS indicated the condition decreased in roughness after UV/ozone
availability of bovine gelatin on PS particles. @re  treatment (Fig. 4b). Thus, the result suggestet ttiea
other hand, Fig. 2 shows FTIR data of untreated P§Zone system can introduce aldehyde and carboxyl
attributed only to the polar oxygen containing grmn ~ 9roup with less degradation and roughening of the

UV/ozone treated surface (Griffiths, 2000). material. Figure 4c qualitatively identified theisience
of gelatin fibers on the PS particle which werdidatly

treated by UV/ozone system. It could be seen tmat t
distribution of gelatin was not even but continadoing
the PS surface.

Reaction with water: Direct observation was done to
determine hydrophilicity of PS particle. Figure Zaows
that untreated PS was hydrophobic in nature ardbttn
agglomerate while appear only on the surface of the
liquid phase. Figure 5b clearly shows the bestrreat
condition (Run 12) where the particles completely
dispersed in distilled water reflected on a highet
ability of PS particles and indicated the hydroighil
transformation of the polymer surfaces. Figure 5c
showed most of the particles settled for coated PS
particles as the density of the particle increased.

Fig. 4: SEM images of PS particle for Run 12. (a)Fig. 5: Reaction of PS particle with distilled watéa)
untreated PS; (b) UV/ozone treated PS; (c) untreated PS, (b) UV/ozone treated PS, (c)
UV/ozone treated PS coated with gelatin gelatin coated PS
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DISCUSSION Jozefonvicz, 1997). Surface roughness is also an
important parameter to determine the effect of aef
Thus, these data presented previously inferretl thdareatment as it may effects many application whbee
Run 12 contained the highest functionalized groupsmooth surface explained why the distribution of
(carbonyl group) that play significant role in bind  gelatin was not even but firmed on the treated PS
protein to polymer surface (Greeesal., 2005) and the surface. Furthermore, it was reported that modevate
most effective condition to prepare PS surface fombility surfaces in which the water contact angleges
binding gelatin compared to other conditions suggges from 55-65° considerably adsorb proteins (taal.,
by the experimental design. Therefore, slight clesng 2007; Leeet al., 1998) compared to untreated PS which
on time will affect the protein binding propertie§ failed to provide reactivity where it is reportem Have
the PS particle. It was reported that functionalugr  90° contact angle (Yanagisawtal., 2006).
responsible for protein immobilization increasedhwi
increasing treatment time (Murakanat al., 2003; CONCLUSION
Svorchik et al., 2002; Yanagisawe al., 2006).
Therefore, the best condition to produce require
functional group must be studied in order to introsl
the desired type and quantity of reactive functiona
groups (Goddard and Hotchkiss, 2007).

This phenomenon happens as o0zone reac
again to the carbon double bond to introduce oxyaen
the structure and thereby increases its wettabilit
(Murakamiet al., 2005; MacManust al., 2000). Value
of R? is close to 100% indicates that the correlation
between the experimental values of this experime
with the predicted values is high as shown in T&ble
Minimum time (41.68 min), flow rate (1 L mif) and
UV exposure (6 W) is important to reduce power and ACKNOWLEDGMENT
cost of the whole system. This possible optimunelev )
of parameters for gelatin immobilization on Thanks to laboratory assistance and students from

functionalized PS is useful as not much informationAnimal Tissue Engineering Lab of Biotechnology

was available in the literature on this study. Engineering IIUM and Plasma Laboratory UM for their
The results concluded that gelatin immobilization,excellent work.
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