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The ultinlate solutions ta the pluguing prchlcn oJ inse.t
JJh,..i,'n tn th, LtJix8.J8p, .! -,'.ft1r rtat.r,t.t\,rt4
oll technolost fton the hioneditul liel.i. vh"t. lunihr
probltms har. heeh ctuauntekl ohd tual talutiani altuutr
drc b.ins athiered. In varchins lot vaf.' to n\rk. bblasi.dl
nnt?tidl\ holl nture rndtuntlt to non hnl"sital im
tld ts. hbmq1itul s.ientists d\, heginni g h l.nn A,har
nake\ biologitt! and non hiohltitul md!.rialt a.lh.\'
rrJ \ ho, , ia 1"t,, nt tht!" , a dn,"i,- tn.h rnkina or the conservrLism oi Moller Nrrur. rvith
}{ -g",J t,, rulcs lor rdhesion oi bntosical subsLrnccs,
Ll an'earl1 cluc to whar rrs requircrl triorrke successlul
non-udhesive surfuccs lor biolosjcrl dcbris crfre lrom N sc

rir' I (,p(rinenr\ u h ,nlrrna, r(flcc ron Dri.ms. Ihc..e
nhr,\. q1,Jh:, los dllor rh< rJt)Uca. rechniqre, oJrt.ncdi Fistrrc I ro bc Jnn,id. qere incuoar(d ir d ;ich brorh ot
sonrc ol thc dron adhesjve organisms ever cuhured: ba.terj!
o.igi.rll) scrxped l.om human teelh ( l).

'lhcse !mall h€astJ were coccoidat o.srnisms culrured
r ,., ''u .0r i,dr\ d..,1. o.r mrtti.ircr cJch h \rnt J. (gg
shapc rith r pr.ldrned sricky lutr at one end. No rnartii
wh.l Lh. mrlrce properties ol the lesr material jncubared in
thesc bRrth\. prior ro rhe .dhesion ot rny org.rniim, lhdc
wrs thc spontrieous rdso.plion oli conditioning titm ot pro-
tcin{lominrtcd frrrcrial (ver} much Uke lhc acquired pc i,
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Fiqure 1: Expeimenls wilh inlernal rel eclion pisms

.le o. liurnrn 1ccth. h!t if thi\.rsc ormcd b!.o.rlhn.f1\ ot
rh. rssur cullurc nr.diunr)rfd e\!d.rlcr ol thc hr.1..r
thcmsclrcs (tr drcdiuir rnd high \!.1r.c-rncri:l subs(futr
\uch rs clcrn Drcrrllic r.:r flrl.!. lhc !dhcsn. o.iLl hrclerix
t)h1cd dil or tLrf .l this cofdrlionlng lil.r in r .Liis. tr.kcdrtr\. \houldcr lo should.. lik. r!!s irr r.rrtc trith thei.
slick! tulr\ dosn. rrd bcgri t,J gu, LLt'rd1o rcrl fhquc
lirming hl.6 thrr lookcd r lL,t lil. rhr bn)sn rllm lo!
$ouLd gel on \urr lcclh il to! ailn 1lpth r bnL\h to rhcrr

ll,, .,o , . r1... .1 '. J
ol lhc .nrl)licxl irlir.ed c!rrclccrr $r\. int(r the rtrer {in
1l'is crse bioloeicxl) nrt.rirl rr ils surl!cc. w. $cr.lblc to
look uf idlo thc dickl, rult ddd di\covcr thrr ir \!r. in h.t,
Drrd. ol rhrl biologicrl glLrc r./. ! dll(ar( el) coptu(cin. rnd
not Lhc olt froNsed Ilpol.ichoic rcid (p.llglyce.ol phos

Other lcn otrjecLr. plxccd si.le h! 
'idc 

$ith thc.l.rr ie-
rxLlic nrlne.irls ir lhe srnr. cullu.c h 1h, cmcrg.d l;t houJs
l.lcr dcvoid ol lhe broen tilnri in lxct, dcrcid ol rr! ob!iors
.J, ng." r.l.".l nf .(.,1.,.l 

"r. 
l (t srr

l,,r.n(r f'l li . \.(t r. 't' .,.tr'.. ,l-,.',.t.
.orred wilh rs litllc rs r lew rnonomolccuLlr hy.6 ol suF
lx.. energv-modii)irg nrterills. especirlll cov!lcn1l)
linkcd l)olydidrclh\lsilo\r.cs, rctlicrlirE lhe bcsr -urircc
propcr(ics oi Drcdicdl'gr.d. siliconc rrbbe.

In\peclion bl thc inlfured lcchniqu. shNcd th.r Llre sri c

.ondilroniog liln l.posils lrrd been hid do*n by rhc crlture
nrcdi! . bul coflrcl rnglc rilllsis illunr!ted no sienihcdil
chrngc liom lhc , r.insic.ll! lo* surlacc .fcrgt. d d clcn
h)!lrofhobic. surhc. condilioll oi lhe closely prckcd .relhll-
gr)!|-doNin.lcd ld!cr ol rhc silicone poltmcr. Scrrnifg
clc.tron .rr.roscop) rcvcrl.d the tolal lbserrce of blcrcrir
liom rhc surlrce. disph)ing inst.dd onl! the hcelike rcm
iriDts o1 lh. condilio.ing lilnr lhrl could not g.r ! grip, thdl
could rior wel .nd sprcrd rfd ldhere Lo lhc wrx] *tid sur
I.c Th. reirll Nrs simihr to lhdr $i!h a wdrer bascd tr1.r
trirr rfplicd to r g.ers) garrgc door without r!kirg Lhe
I'ouhle 1o prl on ! priJner codll

It {r\ lerrned ir thal erperimcnt lnd rn i! orhers likc it
{hrt crcrtiof ol x passivc melhyl group rich surlace hlcr
.. L.r |,/ .,,€'i, o'".'o".,.n i' . ."". "...slere therc wrs rot uch shcrr io.ce or nechrni.rl $o.k to
h.lf derach thc dcposili.g deb.is ffom the surlacc ln con
lrrst. it \!s lea.ned that il enhancemcnL ol biotogic!t rdhc
\ion Nerc d.sired, such ds in d.n1dl inphnls or in rhe use oi
the le.roiNls(enr rrlilicial hip prosthesis, a rcrlly bcncUcirl
su{rce lrerlmert could be lpplicd by 81ow dischargc trcdt
nrcnt { phrnr lrcrlmcnl) which simultancously cleucd. cn
c.eizcd rnd sle.ilizcd the inpl!nts prior 1o their
en,thcement irb rhc biobeicrle.vironmeDl. When cobrtr
chrotuiun disks {usins lhe idcnricnl rndrerial used lor fdbrts
c!lilnr ol deilrl imphnls rnd !nificirl hips) vere so l.carcd
rnd thcr iuphnled ir rlbbits, il wds discovcrcd that lhc
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adjacent celldensily was dr.mNticrllr incrcascdi it bccrmc
our rouline procedure lo glow'dischrrgc lreal subpe.iostcrl
inrphnts lor bolh our anrmrl dnd humrn clinicrl subjccts
froN thrt poi.t on (2).

Another exrniple con)es lrom ohscr!!ti(ms ol bknd con
tact with lirr€igi solid lubsranccs. Thc mrin sLicky cl.nrcnts
,l hl "'d,a rh( -l,.ler. Pl.,Ll(r..,r. tr. { . in q r.,n r..\
l.om rbout 100,000 to 400.000 pcr cubic milUnreldr rnd rre
lozcngc shrpcd I micrcn dianele. discs Lhtrl. she. broughl
inro conLlct eith r nonphtsidoSic bourdr.\. rdhere. llxlten,
Lh.or oul tscudopodrl cxtc.sidrs. !nd spill soJn. ol lheir
contenls inlo the su.munding mcdiun to indu.. an rrr-
hnchc 01 corgul.lion cvcnlsr lhc} xlso bcconrc ycry sticky to
thcir ar.ivnrg siblings. Thc pl.Lclets grcw into small pyr!
orids and ollen arc joined b) whirc cclls. chcmotactically
stinulaiedto join in the lrr\' in r vri. Ntrempl loclcrn up Lhc
dccumulnting d€b.is. The i.teraclion accoun!s lbr the rlpi,
cal whitc thrcmbus thll will occlude the atherosclerotic cor
on!rl bkx vcsscls olso mrny Anrericdn nrxles

Wc h{ve discovcrcd, using suridcc cncrgr contnt coitings
on va.ious lest phles. that r usclul cotrchLion c!n be nrede
belween lhe spreld surlrce arcrs ol humxn plxtclcls simply
s€llled onto these lesl phtes rnd the propcnsity ol rhe malc
rials 1o induce plalelel dislress rerclion\ (3). All we hrle
really done is to systenratize, 3nd embellisb wilh lhe neces-
sarily la.ge nunrbers required lor st.tlislical signilicince, the
origin al observdiio ns of Schoen and Bernstein rcported.ear
ly fifteen years ago (4). They denronstaled thal platelels
r€nraining rounded. thouSh tempordrily adhercnt to fo.eign
solid mrtcrials, scrc lcasl likcl) to bc involvcd in lh.ombo
gcnic or othcr unh.ppy conscquenccs ior such euly biomedi
cal devices ds cenlrifugal bLood pumps. Il has been shown
over rnd over in any nunrber of circu rslances thal living
cells renain rounded and poorly.rdhe.ent on infuinsically
wxxy, low-energy rurfaces. and that they flattcn and sprcad
on more polar, aggressive surfaces likc rhosc oi clcan glass
microscoF slides or appropriatcly oxidizcd pollny.one cul
ture dishcs. Thc cclls mainly invohcd in secondrry wound
healinB, howcvcr, actually requ;e the rcLivalil)g qualilies o1'

a hisher enersy subsl.alun (usudlly provided ln 'i'o by the
Iibrous p.oleins ol clotled blood and scabs) 1o llaltcn,
spreda. repruduce.'1d P\l]ofl rF c.c..JA hhr 'L\ f,urfln
precursors !o make thecollag€n reinforccmcnls fo. thc cellu
lar nalri{ that holds us all lo8ethcr.

Inapt.opriate altenlion to thcsc lcrtures in cdrlt versions
ol synthelic blood vcscls lcd to quile unhappr' oulco es,
including blood cclladhcsion dnd corguhlion on the itside
surfaccs ol substilute blood lessels lIa! one would desirc to
bc passivc rnd non-adhesi!e. Aggressiv. c.llula. s&rwth (hy
pc.plaslic r€sponse) somelinres took placc on thc oulside ol
the vessels in response 1o sircngthcning high surhce-encrgy
synlhetic n)eshes placed on thc outsidc lor incorporrlion into

There have bccn d numbe. ol inlerestine surpriscs along
the way. 

'nost 
ofrhich hirve been quite positivc in thei. im

plications fo. rhe bioengiieers atternpting 1o makc p.rclical
bbmcdicrl devices.rnd erlificirl organs wilh nrateri!ls avail'
ablc loda]. For examplc. ir *as r major pre rise ol nrost
bioadhesion stude.ls ovcr ntust oi lhe prst two decrdes thal
any conldct ol blood with an rdverse mrleri.tl surlece $orld
so polentiate the bkDd's responses downslre, nr that. no m.t
ler ho{ l)erlecl thc r€mrinder 01 1he system was. ridcspre.d
clolring xrd thrombogenesis would be thc rcsult (5). Work
publishcd within th€ lasi f.w ycx$ by SchulLz and B!re.-
bcrg of the Linivesity of Michig!n 16) rnd. nrore recenllv.

s!rk in the Chemical Engircc.ing Deparrmenl r1 rhe Uni
.r\|l\, I $ .cu .rn MJ,l:',r {/). ha. p ovrdedcon\ircins
cvideice thrl biordhesion phcnomena are extremely locrl
r.d 0r.1, like lhe sharp boundary between bright light and
shrdow, rhro bus rnd corgulum fonnation on synthctic ma
tcrirls surirces cln b€ obscrvcd to transition lron conplctc
fouling to cssentiall) no louling ovcr as shon a dislance rs a
1c$ rcd ccll dixnr.ters This bodes well for the construction
ol incrersinely usclul biomedical deviccs such as improved
synlhelic heN.l v!lvcs. where lenlcious biological adhesion
ffound lhe scs"ing rin8lh.rt holds lhe delice in placc must
exin inrmcdiatcly adjlce.t to tbe struts and vrlve poppet
shere no bioldhesion is wantcd.

On a grr der scale, lor lhc t-r.S. Nav), we have succeeded
ii Ihe prodDctioi o{ rulomrlic dcviccs that beat clean peri,
scopc windows bvcorlinS them with minirDu!n surface-ener-
g) co.tings thrt allow sb.rtegic submrrin€s to bclrer lullill
lleir missions wilhout their Friscope windows becomingob,
scured by oce!nic louline films

The big prloll, ol coursc, will come in the producrion ol
truly non-1oric lbuling.cs;trnt marine painls. to replace
thc poisonoll\ .esins thdl rre no* uscd in signilicant volume
around thc rvorld. As biomedical ensineers ard biosurlace
JhLTi r' \c h.,\. no, ?cn gr(n lh(pri\ile8cropor\^nour
pxli€nls undcr the guisc of keeping their plumbing clean;
therelorc. wc should not assume the privilege of poisoning
ourenviro. eirl under rheguisc ofkeeping ourship bollons
or coaslal porverphnl plumbing clean. We are now engaged
in such a louii.g prevenlion project, and our mosr signilicant
succcscs 1o date have been vilh fornulalions snnilar in al-
mon all rcspccts to lfiose that *ere ulilized in the arlific;al
herrl. Nrlurc has indced been very conservstive, accepling
xs its mininrun) rdhesive surface the same cluster of closely
pa.ked methyl groups for all biolog;cal sysrems.

Obviouslr, we are enthusiastic aboul lhe progressyet to be
m{dc lnd rclcome the many new praclilioners ofthis excit
ing scicncc oisurfaces.
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