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SURFACE DYNAI4ICS OF PLASMA TREATED POLYMERS

Eric IV. StrouP and J,D. Andrade

DepanEcEt of Matcrials Scicace aad Eugitrceriog
UEivcrsiry of Utah

Salr Lakc Ciry, UT 84112

The use of Radio-frcquercy glow dischalge (RFGD)
techniqucs has bccooc widcly acceptcd ir modifying l.hc
surfacc cheBislry ol biomedical Polymcls !o iBcrease theil
biocompatability witholt aftecling lhc bulk malcrial.
Rcducliotr itr bacte.ial colooizadotr' plasma prolei!
adhesiod, or plalel€! adhcsion ca.a oftetr be acconplished by
reducing tie hydrophobicity of the matcrial surface. RFGD
p.ovides atr affcctivc !ccb.!.iquc to chargc lbc w€ltability of
a polyEe! surfacc- It is c|cll ktrow! tha! PolyEer slrfaccs
ucated by RFGD tccbaiques are $rbiecl to agirg phciomcna
in. which thc hydroPhilicity produced by lhc RFGD
EcatEcot decreas.s n,ilh tidc. Thi! aging is fclatcd lo tic
dmc depcodent surfacc d'.naEics of thc Balcrial. lq this
wort wc irvestiSatc lhc chatges in thc surfacc dl'na.Eics of
polycarboratc (PC) with RFGD tJcalEeii! of Oxygen ald
Ar8od !o dctcroilc thc cffects of sufaca crosslinkiag od
ttrc maledal's dylraloic tclaxatiotr.

Advancitg asd rcccdin8 watar co[uct argles wcrc
deasurcd using rhc Wilhekdy Plate Ecthod. ESCA su'facc
alalysis e.as pcdoresd for lbc PC saoplas Prior ro RFGD
E.atE€at. The RFGD systca codsi3ls of aa RF pov,/cr
sourcc iaduclivcly couplcd !o a floc/_throuSh Pldcx
chambcr. PC substraaca wcrc crPosed !o RFGD ia ar Oxygea
arvi.oD-Eed!. Othcr PC samplcs w€re tlcaicd rith Argod
RFGD followcd by OxyScn RFGD a.rd atr 'aDncalidg- proccss
in ar Oxygc! aldospher!- Thc adva&ing snd leceding
codtact alglcs c,cr. Ecasured iEdcdiatety followirg (wi6in
15 ldi[ules) the r.aEledt. ESCA r.oalysis was also
p.rforacd followi]lg thc tleatEcnt- Thc saaplcs e'ere &er
storcd ir air at rooE lcaPcratltc. TLc alalysc! weta ttrcd
rcpealcd aftar peliods of liEa ratrgilg froo I hour to 7
d . y l .
RESTILTS AND DISCTJSSION

Thc aurfacc llcalEcrts of th. PC Produccd a
considcrablc dccrcase io rlc hydlophobicily !5 ildicatcd
by decrcascs in lhc mcasucd contac! angl€s. ESCA aialysis
indicat d lhat carbotryl erd carboxyla!€ SrouPs w.!c iormed

as lhc carboEaic a.nd t.at fcatur.s wcre acducad itr

inteosity.l Thcsc rcsults wcrc raore highly prodounc'd id
tha saopies lhat wcre P.cllealed with Ar8on. This
idordariod suggcsas crossliDlins of lhc PC surfacc. Fi8lrc
I shows rhc WilhelmY Platc advaDcio8 -contac! a.oglc as- it
changcs wirh liEc. Thc coEtac! :llglc decraascs uPon Kru|-t
u.:rtmcnt, but incrcascs tapidly to a platcdu levcl. FiSure 2
show! the rcccdiEg cootact a[8la versus !idc, Tbc
diffcr€nce! in thc bchavior ate relaled to lhc RFGD
idtetrsity of cach tlcatdctri. Figutc 3 shows i.hc wilhek[y
Plate codiact anglc hyslcacsis fol a samPle prior !o
treatdesi (a), ioEcdiatcly following treaEreEt (b)' aod
aJter onc day (c). Thc posirion of thc sloPe for thc
advalcitrg cotruc! aaglc charges uPoE ltealEctrt rcflcctilg
lhc ilclcased hydrophobicity. The slopc position fo! lhc
sa.6pl€ aftcr oac day of sloragc shows the relexatro! of thc
surfacc to a Eorc hydrophobic stale. Ttris rclaxadod i!
coacrct arglc is probably due to the rotaliod of sidc groups
irio ltc bult of tha Eaieriai id respoosc to lhc sudaces
dicro-eEvtonElcdt. Ttesc side group motions, which are
activatcd l€ar rooa tedpclatute, occul !o oitimizc l}re
iaterfacial frcc €D.rgy. Ia air, lorpolar side 8louPs will
tcnd to olic[i lhedsclvcs towards rhc ilterface \rhile the
polyder-water intcrface Paovidca coough frcc etreagy to
create a driving force iof lhc rcstructulidg of the Polai side
groups,_

l- D.T. Clark and R. Wilson, 'Sclcctivc Surfacc Modficatio!
of Pol,6ers by Means of Hydlogen and OxySca PlasEaa", J.
Pol],rn. Sci. Pol'6. Chcln.,21. t37 (1983)
2. J. D. Aadrad€, cd., surface and Intcrfacial Aspccis of
BioIncdical  Polvmers:  volume I  Surfacc Chemistrv and
PhJjicl" Pl.truE hess, NY, 1985

'Figurcl. Dynr.Bic advalcilg xra!.t contect angie on PC as a
iloctior of liDc Gl bci.lg bcforc tt.atEc!!) for 8 ditfcrc
RFGD Ecatocril.

Figurc2. Dynalric &ccding wat€r cortact a!8le o! PC as a
furction of tidc Gl beirg bcforc trcatdcnt) for t differcD!
RFCD EaalEarts-

Fi8u.. 3. Ilyslcrcsis plors of dynaoic wa!c! contac! aDSlcs
ou PC as meaJured by WilheLoy pla€ B.lhod. (a)PC sa-raple
beforc ueatmenr. (b)Sadplc in@cdiately tollowiog RFGD
trca|m.r!. (C)Odc day aJter Ueat!d.!t'
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Introduction: Therapeutic drug monitoring through a microarray platform offers considerable 
advantages over conventional analytical methods. Using a one-step homogeneous immunoassay 
as the platform [1], the multi-analyte ImmunoChip developed herein provides a simple and rapid 
technique for parallel quantitative detection of multiple antiepileptic drugs (AEDs).
  

Methods: A one-step bioluminescence immunoassay for quantitation of AEDs was developed and 
optimized in our laboratory [1]. The analytical chemistry is based on CEDIA [2] kits designed by 
Microgenics Corp. To produce the 3 × 3 multi-well ImmunoChip, a novel microfabrication 
method [3] was employed. Each ImmunoChip, after individual wells were filled via a solenoid 
dispensing system with assay constituents, containing respective capture antibodies, was 
lyophilized. Serum samples containing three AEDs (CBZ, PHT and VPA) were dispensed onto 
the ImmnoChip. Luminescent signal was detected and quantified across the area of each well by a 
CCD camera. The CCD counts, integrated for a 5-minute exposure in each well, were plotted as a 
function of AEDs concentrations.
 

Results: The luminescence patterns demonstrated in Figure A were obtained after serum samples 
containing a mixture of all the three AEDs were dispensed over the arrayed assay reagents. A 
comparison of 6 chips (from left to right in Figure A) reveals that the light intensity in each well 
increases with higher concentrations of the respective drugs dispensed (from top to bottom row: 
VPA; PHT; and CBZ). Calibration curves in Figure B were plotted by taking average integration 
of CCD counts across multiple chips tested at different sample concentrations of the three AEDs.

Discussion: This is an innovative study to demonstrate the feasibility of a microarray platform to 
achieve simultaneous detection and quantitation of multiple AEDs [4]. Further optimization is 
required to achieve better reproducibility between different batches of Immunochips and to 
increase homogeneity of signal detected from each well. This multianalyte microarray, when fully 
developed, will be suitable for application in on-site testing [5].
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Figure A. CCD images for VPA, PHT and CBZ assays performed on ImmunoChips. Serum 
containing different concentration of the three AEDs (listed below each chip) reconstituted the 
lyophilized reagents in each well to yield luminescent signal.

Figure B. Calibration curves of integrated CCD counts as a function of AED concentrations. 
CBZ (open diamond) and PHT (open square) employ lower X-axis; VPA (open circle) uses 
upper X-axis. Each rectangular bar designates therapeutic range of the respective AED. 
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