


























WATER AS A BIOMATERIAL

J,  D,  Andmde, H.  B.  Lee,  M,  S.  Jhon,
S.  W. Ktm, ud J.  B.  Hibbs.  Jr .

"Blood compatrbtlitv'r t3 a rerm often used in the bioengineering and aftificiar o.gan lterarure. There is
no generallv agleed de{inirion of the ierm, there cedainly is ro genefaly accept€d standard resf with which toquaniliate it, and lt ls doubtfr that even a conc€ptual conselFus exists a! io its meanins.

we sav that the vascrilar endotheliur' is brood compatrbre anit mosr prostheses ; aot blood conparible.
rhe bl@d incompatibilitv of adificiar prosth€ses has genemlly been r€tared to tocat hemodymmic phenomeoa ed
io local idterfacial interactions between tbe tmplant and the blocd.

A oumber of bur.face Bcienc€ paramel.ers have bepn proposed ro .orr€lsre w b btood comDalibiliw. iDclud_
ing l te  sur face char€err) ,  sur face f ree erergy{z] .  qork of  aahesion(31,  and cr  icar  sur face r"n" ior tat .  i to* t t
cnrde corr€lations do exist rrith cetain subsets of nateriats, therc ha6 been little or no general conelariod
between surface prop€rties ad_btood compatibility, rhich has prompieit some rcsearcbers to coDclude that sufaceprcpertie€ arc inconsequential(b,. A aood deal of the prcblem hay be due ro our prcoccupation wfth materisls
and implmts dd thus our subconscious empha€is on rhe "sudace" prop€rties of ihose implaDrs,

surraces do not exist - neith€i in ensineering nor nl biorosv. inrer{aces qisr. The phenomera ro be co!-
sidered are interfacis.l phenonena(6), Dor m€r€ly sufrce pheDomera.

The properties of m interface are obviously related to and depedent on rhe i,surface,, Droperries of the 2
adjrcent phases. Ttere is m interacrion or an adhesion between rhe 2 phases(l, rhus the surface propeties ofphase A at the A-B intedace mav be grcssrvditrercnt frcm rh€ .urface properties of A at rhe A-air tnierface -particularlv if one or both or the Fhases are tiquids, gets, or easily deformabte Bolids, Nevedheless, there are
a number of hethoft bv which ihe irr€dacial energy can be apprcxihared(6-8). procedurcs are ava aore ror
obtaining the disp€rsion, dd polar tor noD disF€rsion) conrributions ro rhe inter.factal adhesion, and trrus to the
lnterfacid frce enerByle-rr). Most hetbods depend on ihe ̂ heasuremeni oI a solid-tquid-vapor contacr mgte,
which is not v€ry physiologlc' The teclll|ique of Familton(ro) allows one to dircctly rleieimine the inierfacial polar
biDdlng in situ by th€ measur€menr of rh€ n-octane/ssline/sotid cont&t algre.

WATER

Ir order to udersiand blood inter:facial phenomena, we must consider the narure of btood or Dtasma.
Blood pla.ma is a solution which contains 90% water. There are matry .yntberic hyclrog€Is wbich cd co'tai! more
water than plasma. waier i6 cohmontv e6nside"ed ro be a passive medium or mileau in which biochemicr.t reac-
fions and physiological p This may be an incofect assumptloh. Our group ad otbers are con-
siderins a different set of assumprions - thot warer plavs imporrant .ole6 in many biological processes, palticu-

The Bt.ucture of water, in butk, ar ilrerfsces, ard i! gels, bas been w6ll revi€wed(12-14). The roie of
water in biological processes is also rcceiving exteDsive considerarion ad srudy(lz,15-1?), ware! appears ioplay an important role in membrare lemeability an.l intracellular sfnrcture(18-21), in ca""..(22), in1rc Uto_
comparLbi l i ty  of  h ldrosels ' r4.  In  Lhe srructure.  tdncr ion,  ano motecutar  b io logy of  prcrc insr23-2" ' ,  in  rhe
mechanism of aDe sth€sia(2 6) , h c ryobiolos. and c ryopm tec tion (2 ? , 28) , in the;rruchrre Dcr tuction of vi ruse6
ud antibiollcs, l! muscl-e,coollsclioD(29), tD 'he inecbanish ol arLioD of come sierojds(30l, ir radta oo dam*e
dd radia l ion prc lect lon(Jr) .  ano e!en iD p la ie let  agergar ior lS2) .  Mal1y more exmptes are avai tat r ter  l2 l .  V-uct
ot the evldence i" sohewhat circumstetial, but ihere is so much of it, .weeping over 60 hsny fieLls, rhai ti
must be more the mere artilact or coincideDce.

PLASMA

A.simplified view or bl@d prasma is presentod in Table I. Each waier molecule cannor be mucb farther
than 100 A fror4 a pmtein. Each waier molecule is within 1Z-20 X of rhe cebier of a ionG3). Wlen one con-siders the ahount of vater involved tn the bydraiion shelt of proteins, the anoDt of water stectusd due to
lvdrophobic bondrng' and the warer of hvdration of electrolvtes, it is clear that a signiflcat piopor.rion of the
water h blood mav bear liitle reseobtance to "bulk" water. water in hydrogets can be consiitered a! bulk water,
int€dacial waier, and waier of hydration (cslled, x, y, anit z ware!, respectivelyy(13). ft is highly prcbable
that similar alsumeDk hold for btood.
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r!r-!E_.!
DLOOD PL\SMA , A SIMPIIFISD VTETV

''Ave!a8."
conponent wt. % Molecut.r MUltnoles No. of Moteculer Molecute! p€r

welqht size, A cc per Eorein (500A)3 zoie

24A

50 ?0.000

Nor€ tnat each hypothetical proiein hs avolune of rhe oder oI150.ooo arr rh€ lolurloD votume p€r protein Gof.heoder
ot 2, 500, 000 AJlprotein - {hich co be con.idered a! a lolurion layer onour loo A thtck &oud each Fotein molecrre,
ThB each wat€! moleclle or soiure nolecute it pob.bl, no fdba than 100 A from a Focin suf.ce, The.e are eery cdd€
cahurarionsi they *!ve ro inadab rhe go$ numbes and nagnitudes involved,

TEE ENDOTIIELIAL SURFACE

The imer surface ol most of th€ vas€ular systom consists of a srngle layer of rliD polygonat cells, €ndo-
thelial cells, which folm a tight smoolh sudece. The c€lls are getreraly about one micron thick. The inter-
cellular Junctions are about 100-200 I \rtd€ and plobably serve as pocs(34). Sawyer aDd his group lBve oudided
a mod€l for rhe vaecular warl inteface{35), coDtatntns nesa{vely- chalsed pores d rhe order oi zo i" so 8 in
diameter md having an e1€ctlical double lay€r apprcximately tO X tbict wLth a zeta potential tn ihe 10 ro t5 nillt_
volt rarge. They suege8t that the 6urface chalg€ is esseniiallv n€urra.lized at abour 10 X inro tbe solution. The
regative sudace chalse of cells dd the coDsequent double layer resutt in s coDcenrrarion of csrions, includhs
calcium ud hydmgen, leading to a intedacial pll and pca significantly diffelent Ircm ttat in the O,1g{36), pos-
sibly af€cting pI{ or pca-dependert re.ctioDs.

It is geDerally agreed tt'at tntact, Dormal eDdothelium is bl@d compatibte. n i6, rh€reforc, of int€lesr
to conslde! the nature of tbe €ndothelial surfac€, that outemost structure whtch dirccrty corracts ard trislfaces

'Ihe lnterface betweeE cells md th€ ex!€cellular eDvirment has a very lN irtedacia.l t€nsion(1g'21,36'3?).
there i3 some qusstion aB to the rclationship between the Deasured tensions ed true interfacisl tension or inrer-
facial fr.ee energy€6'38). ft is cenera.lly agreed that the €e1/meilim inierfacial t€Dsion is b ihe 1-3 dnes/cm
lallge, bui cD be as low as 0.1 dyne/cm fo! certatD ceU types(19,21), Thi,6 low interfscial teDsion wa6 one of
rhe major rcason6 for the developBent of the Harvey-Danielli model of celt membranes; it was obr,ious that rh6
lipid btlayer could not directly intefac€ with eJ.trecelhlar flutd (it it did the hrerfactal tension woulat be 'jl rhe
10-20 d}lles/cm lange, much hlgh€! than obsewed(36)); rhus ar ouier pmtein coar wa6 r,osiutateil, baseat on
interfacial teNton studies wlth prot€iDs at otllw"1"" i"1gr4usg6€9). Thsle aE Eav orhe! wav6 bv whicb inrEr-
fa.la.l LensioDs could b€ mhimtzea(40'.

There ha8 been a qrld€ variety of evldenc€ for the qistence of carbohyd€te-rich coats on the outer
surface3 of cells, irtimaiely connected with the plasma membrane ttsolf. In 1962, Bmdt(41) consid€r€d the
so_called "extreeous coatErr of cell membr"nes quit€ se ously add by iDdirect evidenco established the existence
of the coats dd thelr impodaEe in cell phenomena, tncludirg pinocyrosts, water trDsport, ard memblane
selectivity. A rcc€nt text on biologicat elecilon microscopy(4z) ckarly poirts out rhe exisieDce anal imporrarce
ofthe cell coa1, ExteDsive revievrs are availabl€ @ rhe ouie ! cell coat(43 -4?) , generally concluding that it is a
carbohydraie- ch struchlre. covalenrly attach€d to rhe plasma membre€ ed ext€ndilg out into rh€ €xrmceUule!
,queous ptDse(+'r. Glycolipldd are prcbably also prcsent in the nltelior r€gions of rhe coat, perhaps dhectly
infedacing with the plasna m€hb}lne il.igure 1), The cen coat may be somewhsr coUapseal and pe?haps den6er
in the vicinity of the plasma lDemblrle. The ollgosacchartde moteties ir the outer regions of rhe coat are proba-
bly higbly extended into the outer aqueous solution {Tigure 1), has bsen obsewed on @er E0 ditrercnr cell ryp€s(4?),
ard buy be present oo sll cellslaa). Tbe coat s obviously rhe outemoEt lay€r or baEier berweeD rhe cell and 116
environment md mu8t be expecfed to play r tundamertal tute in ceu iDrerfaci.l phenomen!. Irs commor DatuE
i3 noi to imply tbal tt is the BaEe from ceU to cell or ev€n on the sde cell ai different ttmes. The coet is
inpodani in antigenic prop€rties and may react speciftcs.Uy vitb lts ebviroberd44,45). The rbicl.les€ of the
coat is not well loo\m; eEtimates indlcate ft my dtebd out 3OO X o" -ote(46). n" thictoress is very lmpo.tanr
it cell ailh€ston pheDomena(48). t is tUrely that the coai ba.y not be homogeDeou a!.t may vary i! l@ar char8e,
thi€lo€s6, and compGitlon. The ertdenco for the extgtence €d carbohydrar€- ch cell coats is co.NlnciDg, though
ih€rc is still so;€ di6asreemenr(49).
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It is cr€ar thai a carbohydlats-rlch lqy6r wortd b€ highly hydrat€d and gelattnou€, snd would probrbly have
a very low intefaolal €DerS/. It ts difflcolt to lmsgine how one car obtah an lnterfacirl energr of on€ dj'ne/cm
or low€r ir water wtthout po.tulathg that tho rr8olldr! slde of the lntefac€ ls v€ry hlghly \ydrated. It is evidert
that proteins tr th€ surface layer am in a get-llko state(2r). Th€ sam€ musr be lru€ for Lbe carnotydmF- ch
cell coat. Nonsp€cflc adsolption, onc€ th€ lnt€rfaclat €n€rgy is in the 0.2 - 2 4'ne/cE ralge, is very weak ard
probably hlsldy reverslbb(50 ' 51),

The presenc€ of vater on bolb sid€s of th€ interfale is Dot srfficient for a low irter.farial ten6ion. The
ice-{,rater lntedace is a eood sxa ple, sxhibttids e iriefa.ial teDsi@ of alout 22 dmes/cm(s2). I iu ho* t1u
water is strctured ard orlerted at the iat€dace whlcb is im!Drtait(13) Md oot Decessadly h@ -""1*"6/53)
{though oDe can *pect some co!rcIatlons betw€er th€ amouDt ol water in a gel eal it€ stnctuirg)(13). It is
prcbEbly not a coircidence that carbohydrat$ coDtsln larg€ adioluts ol hydfoS'l Srcup€, loown to blrinally per-
tu$ the stnrcture ofwate!{54'55), parltcnlarly tr cetair^conforbations of th€ molecure(55 ' 56). The same may
be tru€ Ior Lhe bockbone oxygers ir peptides ard pror€lrsrzo).

It has been €ugge.ted by ooe of u(6) that inter:facial tensions at implant/ti6sue or implant/blood int€rfaces
oI the oder of 5 dynes/cm or low€r ar€ prlobsnly biocompatible. Ilweeer, it is possible that interfacial tensions
tr the several djas/cm larl_ge arc biologically sigDftcant ard can flmction as driving forces for varioE plenomenai
for €xample, celt sorting(5?), r so, such aergios might also be tmportani in blood compatibility.

The interfacial propertieE of ths normal intima are obvio$ly of iDterest. It 18 hlghly ltkely that ii, too,
is cadobydBte-rich ud pmbably hlglily golatlnouE. Tte question ol the wetlab[ity or Don-v'€ttability of ihe
htlma has been consiateEd by V"omar(56), corcIuding that 't. . . the €datotheliu wa6 v€ttable, wefiable for
bloodtr(58). Vrcmar also Doted that he inl€ct€d 'r. , . oil into the plasria space, dd the oil 6tayerl rouncl, tellhg
me that tt dtd not *Ent to coat th€ sdothelium, that tt wodd rathor have the pla6ba do tbat...((58). CoDpartna
thie experimsnt wtth our etrlier dlscussion of cell ht€rfaclsl iensioh sld the Eamilto m€thoal(r0) for aletemlnllg
the polar cdtributtd to the lntef&cial iilhe8ion, it is cloar that Vroman showed th6 eDdothelim had a very lN
htefacial tension agaiDst blood. This is to be cortrast€d with tbe conctusion reachod by Baler snd De Palm*(sg)
frob crlttcal Burfac€ iemio. Dd idrar€d Bpectroscopy of the inn€r suface of dehydnted blood v€ssel6. They
conclud€d tbat the imer durface hsd a critical Burfaoe i€nst@ of about 25 d}!es/cm, thls subFtarfiating th€ Baiet
hypoth€6is for blood compatible sudaces(4). They further suggost€d tlBt tb€ imer sudace of brood v€ssels con-
sists lalgely of m€thyl aroups. This is i! contrast to the {r'ealih of €vidonce for tb€ ca.liohydlate Datur€ of the
cell surface, 1o! it3 low lnterfacial tensiod, its gelatinous natur€, ard its wettabtlity. Their codclusions a!€
probably due to the depth of p€netratior of the irfE"ed b€ar]l and p€rbaps to collapse and/or restnctuling of the
intiDal sudace upor d€hydlatiotr. Even the rrfutly bydrated" surface msy b€ sigliJicartly dilfercnt frcn th€ same
surface immerBed tn E2O, due to the iDfluerce of the ailgel int€dace. Tbis is not to say that rftee sufee,t
paramet€r8 a"e rot importsdt - they Doet ceiainly arc, thoueb ore mu8t be car€ful to not overexterd thed.

PLATELETS AND RED B],OOD CELIf

flatelets are I$own to stick or ailh€r€ to dmaAed endothetiu, collsgeE, fibrin, aral mary ,,forclgn',
sudaces. They a!€ noi geDerally loowr to Btlck 10 tntact endothelium or oth€r blood cells and probably not to
most udabaged cslk. Although the exaet balis of these phenomena a!€ not w€tl lnorn, it i3 cerqinly reason-
able to expct that th€ outemost ca$ohydrate coat of ihe platelet must play a major 

"ote. 
Whit€(60) has not€d

tl8t the plalelet surface is the most sorsitive poftion of t!r.t cen's aratomy. The platelet membraDe bas tlrc
rel,erkable capacitf of belng able to tl,Jtsfofln Ircm a nor-stlclv to a 6tlcky stat€. It doe6 contab a coat on the
oder of 150 to 200 A thick whtch ts bellevsd to be lergoly ca$ohydlat€ matedal, wlite says that th€ exterior
coat is th€ layer ln which platelei sttckiaess d€velops{60). Th€ avattable hethods for establishnlg the exi6teDce
of polysaccharid€3 Dd ca$ol,Jdrate Bubsterces at the electrotr micrcscopic level have demoDstrated the *ist€nc€
of cell coats on tuDar blood pl atslets (61) . The coat s important in the mecbrDism of adhesion of valios sub-
stances to the platel€t Blrface a:|d ls evld€ntly involved in platelet aalhesim and platelet aggregation, Bebnk€
coDsiders the coat as a flDcttonal stnrctura! element ol the cell merDbrane itseu(6r). Belnke turther susgests(61)
tbat the clametert8tic gap observ€d between netghbollng platelets ln aggr€gates may be due to ihe preEence of
the coat pleventing direct contact between th€ plasba medibmneE, A simila! intercellular space tE pr€6en1
betv€en &dhering endoth€lial ce[s(34). It ts looym that tht6 space i6 occupled by a subEtance coEtatning glyco-
plot€hsl and it is speculat€d tbat this sub8t€rce acts aB all adheslve or cementlng sub3talce. ft appears that
the coat substece Day ako b€ iDiolved iD aalhesi@ in platelet aagregBtes. lebnke's photo microgrspbB clealty
d@uhent the €xistence of an oute! c€1I coat oD the hean Dlatelet.

The red blood cell ndeDbrane i3 !€rhaF the most saldi€d mombrare in alt of membrute btoloey. A
gtycoprot€in has been extncted frcm the red blood cell membrane wheh 16 belteved to be located entirely oD the
exterlor sudale of the lniact red ce[. The pmtein aparently cotail1s a lipophilic zone which is contnruous witb
and adheres to the lipophilic r€gion od the pr&sma nemblare ard then a higbly hydrcphilic zon€ cotrLairing th€
stalic acid resldu€s which ext€ds oui into the aqueous environment(62).
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It iB thus clear trat borh the plarelet snd rhe rcd ceu contsin ca$ohyd.are-lich coats, rhough the coatsdlffer g.dtlv in tems of starrc acid areDsltv, saccbaride composition, and;robably in rhrckn€is. T]€ platelet isapparently uniquelv €qulFpsd to adh€!€ to ror€lgn sudac€s, incrudbe dsDaged end;thotiu or the subenalotleltum,and _to adhe* to otl*r pratelet€ ard aggregate, uraler the pmper Eflmuli, t€t it rust not adnerc uder nomarconditlonr. The led cell's firnction ts DoD-adherclce. Both cell tj'p€s $e aparenfly froe to contzcr rhe ilanagedves.el wall or loretsn surace, bur onrv the plaislet cm 6dck. rhi' 'o iqu€ t;havio;nusr resr, at least in par,in the platel€t m€mbrare. Ther€ musr b€ a deticaterv balanced nechani;m whrch car readily sense and iDduceplrtelet sticking wheD necessary. n ha€ b€€n sugEesteat rblr the induti.n of platelet sggregatioD may be relat€dto a chalg€ iD the local warel olEanization ir the vicintfy of sgg*garirg ageni;ig2) sid:by €xtension, h thevtctnity of the daDaged vessel wsll. AMutlais ,'entlopic trigger,' m€ch{risnl32) is very htnguing; a retateamecrrDi.m involvi'g ordered *ater is b6ri€ved, at l€asr ir psj, responsibre for the er;sricitiot Jrasti"i6ij. ncould b6 tbal rhe higb sialic acid sudace densty or pJalerers(gr pol€;riates De bechanisb. sucb a susqe'lronneed not b€ ircompatible with rhe glucosyt tlsxsferase - glycopmtein mod€l of ptatelet adhesiont6s), 
'-

THE MINIMUM INTEiI'ACIAL NNERGY EYPOTqESB

WIV do ce[6 have sdch row interJacial tensioDs ? Why ar€ c€ll surJaces higt.ly hydrophilic dd gelatinoc ?BioehemlBtrv and phvsiology aPear to be dep€ndent on specificity anal coexistence, ptatetets, rcd cells, endo-ihelium must all co€xist and noi interacr, vet thev nust esporcl nearly inst{rraneousry md reacr ir their oMspeciJic way ud€r tbe plopel 6rimdi. Naturc's prcbleh is ro ct€sign a sy€tem whichjs ligh.ly non_reactive, i,e.
"blocompatible't, &d vet capable of highlv st€cific anar subue i,'te.ncrion;. Fortunarely, our pror,rem is ro atesigna surface whtch' when placed h b1ood, will exhibtt a noD-reactive inteface. A mn-r;rv€ inrexrace meesone s/hich [t Dot b€ ineoh€d in adsor"ti@ or adhesion ph€nomera, in double layer formalion, or in higirlyadverse water tuteractions. A higlry gel&tidous, hlgh warer conror, interfaciai zoDe, app€ars to hoet theselequtlemerts - particdarlv if rhe gsr is noi charyed a,1d ts alipor€ chaEcter is such rhat rocat water bondingi3 not grcatlv perturtrear. such a gel sbould exhibit a verv l@ inr€i{acial erergy with br@d or other physiol;gical
fluid.. such"a ger sbourd be bl@d cobpatibre. This 'hintmum inrerfaciar e.er; hy"othesis" has beer .uggesteara bumtEr of times(o,.

A carbohydrate g€1, say an ucbarged polysacchadde, might be suitabte. A higuy hyalroxylateat syntheuc
eer h{sht Erso be- suitabl€, o|ll srcltp bas chosen ro use synthetic, biolodcarly srabte,-merbacrylate_bas;d gels,coDtaintng side chain hvdroxvl groups whicb rbparr lrydlophilicify. These materials arc ofteD calear syntheticbvdrogel' and aE b€trg constdered for medical us€{66' 67'. rheir rc-latively poor Dechanicar properties can becircuDvented by prcperly atlaching tbeb ro a sutable subsrrale(s3'68'69), The bost popura! ot (hpse sols hasbeen tbe polyhvdrcxyeihyl merhacrylaLe (PHEMA), on6lorm of wbich is called Hyd"ono i6?). The blo; com-pattbility of hydrogels has not b€etr enenBiv€ly stuatied, rhough ibe rcsutts to daje are eneouraging(53).

The considetatton of hydrog€l€ for m€dicar llse ha6 been intuitive. The gel is more tik€ the narural vesset,it is Boft alrd pliable' it grves, it is non trauharic to protein and ceus, it is more natunr, etc. These are aItttuitive exprcssio[8 of r,t/hqi nre hav€ td€d to ouflrae herc and elsewherc(6). Thele hr.s been a general imples-
sion that the compatibilltv !d a gel tnt€Iface should increase witb its watel s.rt€a1(5s). our own viw on thissubject i6 in ihe literuture(6). uore receatk tbe rcle ad oryanizauon of water rn the gel and parricularb @ ftssud&e has b€en cbnsidered(l3) - nor th€ orga.tzaflon or wate; at tbe getlair inteface, but the organization oIwatel at the g€llwater bteface.

u one appties the Haltr ton teet(ro) to fte eooothelium(70), one finds that tbe porar interaclar eneryy isat a miDimum. Tbe oil or ocialle drop b€rds up to_fom a bearly Frfect spherc(s8): E one appries rhe sametest to the Burrace ofa hilk 40%Net pnxMA gs1{70), tbe aryle is a}out r50o, in dicari dg a 6ma[ but deisctabl€int€rracial €nsr5/. The criticar sur{ace tension of ihese gels iE s:bout az dynes/cn(21), yer rbeir inrerraciar
energv is quite low' though p€rt'ps noi as row aB the endothelium or moaorayers of censln curture(?O). amdiatioD-sraJied EEMA sel oD m inert substlat€ also exhibts ,! octare/w;r conract arsle of about 150;l?0),indicating that a lhia glalled layer p&bably has lnterf& ial proprries simils ro rhat of a conveationally poly_
merized gel, Ihough such gels appear to b€ bl@al compatible, th€ir sudace may not b€ oprimD. a we indeedwant a Dintmum irtedacial free enelgv situation, with litde o! no aarverse intedacisl .wate. srnctudng, rtenotrventonel 

ltrMA C.t,Try,,gl.be optimal. ?a€rc is substDtial evialence trat rhe water tn such sels rsoryeized ad stnrctuEdrrrroa' /2,. The ion conductivity data for PHEMA gels i6 a luDction of the yrater contentofthegeb, A plot oJ the activarion €ne!s/ fo! ioa conduction a€anrst pelcor ware{ (r'igure 2) shows distiDguish-able slop€s, indicatirA thai 'tx, y, Dal z wat€!,, Day a{st i! sFthetic byOrogets ( 13) . ih€se results arc veri_lied by themal sr:paDsion alata and by diff€Bntial scanning calorrmstry srudtes(Zz). Low w"r., .onrenr pnElltA
s_ers (20% wate!) concist of higbly oqariz€d c,at€! wbich exhibtts no phase tEasition in rhe vicinity of 0o C.Higher wate! content g€ls (40% \'at€r) app€ar to cdtain plimarUy y ard z sdsl(13, ?z).

As blood mal contatn !€lativ€v stflrcturod {'ater, a certaid degrce of i'rrefactar warer sr"octu.ira may
be d*irable for optlmuD compatib[tty,
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we do Dqt conDtret€ly mderstard the rcle of the Eudace chErg€ of th€ endoth€lluE tn blood compailbtlity -
p€lhaps-the double layel ion concentrations ard the local water oI hydration may pl&y important ro1e3. we bave
a13o totrlly ignored flow effects, It may weU be that tbe synthdis of flow ,nd sulface €ffect5 may rcst in the
eldothelirl bouDdary layer, in th€ €l€ctrlcal dotble layer in the victrtty of the sheer plan€' snd tn the efi€ct of
flw on inErfacL4l waler organizatLon.

99Sr!E:9!q
1. CellE exhibit very low int€rfactal ten8l'Ds wlth the enrao6llul4r €nvironm€lt,
2 . TItg intsrf.cial prop€rttos od cells arc htghly dependent on th€tr carbohyd!4to-ttch outer rrcoat' tl

inoluding r€d oells, plateleB, and norual v$cutar endothellal cells.
3, The outer cell coat iB most lil@ly hydrophtlic, gelsttnou, oxt€nd€d out hto the Bolutton, a.nd prcbably

of ysry high $,atei content. It could be colcideled as an uDcrosslldked) wat€r solubl€ macromolecular sollltlotr -
canc€nirated and inmobillzed at th€ cen inter:face.
- ?L Blood pladma can be considered a6 a 90% water solution - each watsr molecule p$bably wlthlo 10-20
I of Do!-wat€r bonding tnfluerces, suchas ions, proteins, €tc, Thus ltls reasons.ble to su6pcct that plasma
watrr bears little *l.tionship to the Fop€rttes of pule vat€r.

6. waier is now knowr to be stmctu!€d, orSalized, ald iDltu€rced by d veriety of solri€e and surIace8,
iqcludtag many hydrog€16.

6, The stnctue of water is of impofianc€ in avid€ large and variety ot bioloSlcal pho||omenai liig
I€esorable to hFothesize that it nay also pl.y a ml€ in csrdiovascular tnterfaclal ph€nomsna,

?, SFthetic surfaces which can coexiEi with blood with a low interfacial erer$/ a.d vthGe irt€daclsl
q7ater t6 not BigDificantly ditrercnt from plasma water melit extedsiv€ study as blood oompatible sulfaceE,

8. Parametels which char.ct€rizs only the frce surface pmpertie6 of a matedal, 6wh as sudace
clarger surface energl', surface t€Nion, ard critical surface t€mioD, Bhould be u€ed cons€rvativ€ly and vith
great caution util bio- and blood-compatib{llty is much moE ct€arty mderstood. lt l3 doubttul that su€h
prram€ter8 can be used to screen mate als fo! their biocompattbility.

9. Fluid dynamics may signficartly &tr€ct the int€dacial prcperiles and must be conside!€d tn any
complete lreatment of intefaclal blood coDpattbility.

10. Water is th€ mo8t concsntraisd btochemlcal in blood and tn tiesue6. It Eerlts much mol€ ext€nsiv€
considsBtion in biochemical and physiologtcal pmce8ses.
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Donald H. Ford and Doris H. Clouet.
Editors
Ab$c R€spons€s to Addictivi Drugs

Yotk NY:

lh€ pEs.rr syrdposium votub. ha beb .dired widl ce bv
.Io6€?h D. A!d$d. and app€{^ ro bc he fmr of ir! UDd lt conb,n'a
24 3nicl6. Afi.r r tucid, irnoducrory ch.p|.r, rh. b@t i, divided
Dto t*o paft. Th. luv p.n cloraitrt t3 chafleB and ir @ccrN/
Pntrily wiu bolk p'opcnics of syDrh.rjc hydrosck, Dan,cutarlroc[r.crylab dedvarivas. Th! rryi6 covcrcd inctud. swanins p6
suls ard rheir Elarions ro wald .ctiviry, ctrccr ol *arcr 

-o 
thcosmoh< ud vis.clasric b.havior of gcts, F.Deibitiry checlerotics

or hydlotek and difhsion rhrd8h get ftmbr.rs, chenicat lnddai)tcd as-pe.tl of hydrctejs, dd hen &termat b€havior. One chapr.r dd|! *'O some coMecrjv. rirsuc comootrdrs
-_1. :fq)d p.n of rh. bool h-as tO ch;pr.R oo inrerfaciat prop
€nra ol nldro8eh. ud includ.s di\cussiods on dr.ir w.n.brl,ry. su;.he.le.ficat propedil, *arer sorpdon, ccgrafr potlnedzadl;;-
ouc.d bJ radrar,on. ed tn€ fomarjoo of fi b.ou, @psutes. Son. btoodcompauDrnry studE, aF ale l.pon.d.Ifound rhiscmphais on iDr.r_
faoal p.rc_p€nia refrcshiDg TbDu8hour rhc bool, rhe appticilids ofmdy d'ncrent o@rcrica.l and c rp€riDerrat re.hniqDes de i u.t-ared.
. As +i8ht be e\poded of rhc prcceld;nts ofa aymporiun. a rle

chapreA are nor of un'fonE qualir,. I fdnd alt of $em of som.ht rest. howeter,.ed som. highl' rhoughr pro\oun8. MaDy of rh..uhon ar. reputdbtc schotd iD rhe fictd. OccaionalJ' lome ovcrty
endusiasti( daims are madf r.ttrding $e rer€mbtjnce ot hldrcsct:
io b'ologkal ri\uet od tnen brcompaubrtiry. bur tn€r€ d; not-d._
trad mJlh rroD be o\eEttquahry or$e book I uommend ir highty
!! a review of dle mar) diffe.ent ki s ofeip€rim€ntat ard $eor;c;l
a9pr@cher curerrly beitr8 us€d ro under$ed and chmcrerizc hyd-
rogels ed lo adaF them for biomedicat apptic.rioDs.

pasupati Mutctiee
Uzit eaitY oI wis'dt:a' Madi;d

A. DeBruin
Biochemical Toxicology of EDrironrD€ntal Ag€nts

Amsterda, The Netherlands: EtseyierlNoth-Hottand
Bionedi.al Prcss (disttibut.d b Etseie No h-Ho and
Inc., New yotk NY), 1976. t + L544 pp., t2j fgs., 5Z tbLr.
st 30.75

Biorheai.al Todcology o! Eavi'aMcnta! ABenls is a dilficuttkr}.
to revie*. Ar fi6r, on€ is atmon oreshetrned rhar one individual
could dsani^ze^an{ wdc a I,50o,p€e boo} consisrin8 of 42 chapten
and abour 13,m0 \rem Rgradonsfrom l.lmj&mats. The auihor.

oo having to corst, ins€n, dd rewril€ chapteE
Ary sinSle-aurior *o.l of this sizc

Spectrun Publicotiorl, Inc. (distribut.d by
1976. rr + 7U pp.,26 fgs., 120 tblt.

Iris is lh. proce€dints of a wo*shop of thc Inremario.at So.i.
bcnnology held at thc Do*rsrar. Medicai Ccnr.r,
of N€w Yort, J$nc 1cr5. The book is comrris.d or

rneheisms of opiat. action, lole.arce, and addic-
There h a hinimum of conrributioDs from

foreign . Thc mbus.ripts aE ach eeu rcfe.enced ''ld rhc

eh'ch w€rc contriburcd by 93 authoB. Mosr of rh.
from th. United Srar€s which have najor hvotveberr

the book is a huhidisciplinaF/ coverage ofihc
L brai. and other dssues. The fi.st fiv. Ifuu-

for opiates. The medod! of studyirg
opiale receptoB ehich arc include sterdpelifi c receptor
bidding, phoroaffiniry labelin\and phannacologicat discrjmiiation.

Th. rcles of various bEinrh.rcres or-ranous bmjn 2n Ra, rl'e cyclic nuctelrjdes, rlc ptDs-
laglodin'l and prctein slntlesi\n oprrle aclion ed addicdo; areopiale action ed addicrioD are
d'scuss€d in a nuhber of tlle pts. Other m3jor ponioN ofrhe
b@t deal wirh de effecE of rhe on Deonates bd on pepride

of opiates wiliin the bra'n. A Nhb€r
0l€ evideoce fo. rh. exisrercc of spccific

Darid S. Fri.s
Univ.rci4 oJ th. Pa.ifc

. + /

ization on the p.n of thc aD&or. Dr. I)c
The marenal is wel prcsenred inchd-

Mosr of the mouscripl! aE wetl *rind arld s€rc as uletul inho.
dufiions md/or oveFiec, inro many of !h. cunenrly acriv€ d6 of
opiale rc,.arch. Th. plce al shich res€dch in rhir fi.td ha5 advoc€d
k demonsinled by th. fad tbat only oo. danusc.ipr rcfenei ro the
€nkeph.lins. snd the endorphirs we.e mkeport n. Trus, tlis book
does not r.pre!.nt the (unenr ,tare of opiate ressch; bur, rie bool
dcs discu* much of th€ tcirDce ard €rperimental retuique rhal
have mqde possible rh. 6pid rd!eceaenain $is aEa.

The book wiu b€ us€ful for rhc studeni or De* €eacher sho is
.nemphng ro be(ome raniliar si0r rhe md' a!p€r6 or opiate E-
leach Tl'e cNof tle book hale! ir prohibid\e for Inctu:io;,n no\r
Fr\on.l I'brdi_es: ho*eve., rhe subje(r matrer and quatiD of rh.
rorum. de rrltKrent to *al@t inctu,ion '[ insritulDn.t libru6
$hich provide *drces b rc'€rclreb h rle bejjr}I (ienc.s.

Brui'r h6 done rhisJoseph D. Andtade, Editor
HJdrogels for Vedicel and Retated ApptjcatioDs (ACS
Slmposium Series: 3l)

Washington DC: Ane.ican Chenicat Societ\, t976.,iv + 359
pp.,-127 fies., 56 tbl$. 521.75

Hydrc8els havc mrny an-activ. f@|!r€s for a number of biomealicst
applicalioDs includ'n8 rhe dergn of dtuB detir er) \} sGms. Ths€ arrpolymenc marenals which aE 'nlotubte in $aGr bur rhich rcrlr a
significant aJnouot of warer j! rleir oetwo* srructures. Their inrerfa_
cjal frea en€r8ies rcnd ro b. Iov. A ombinarrotr ot a .ve1. inremal
surric, low inrerfa{ial frce €nerS5, ad r}e o{casionjt p.€ren.c ofsufac. chuges mald rheD much bore (ompribt. wior biototical
fluids the morr iMluble mareda.ls *hich ce be us€d ftr co3-tin8psrt|os o. for in€ consiruction of device, of vejors kin& dd in:pl.nts. Hldrogeh alro hare usefulpenn abihty ch@c|ensocs whrch
car b. rnodified by structuEl alrcErion.

a definitive reference wod(, or a revicwt Ir
is panially a textb@k, s€ of the wid. s.ope of ropjcs that @
covercd, il is more of a hensive rcview of the curenr starus of
biochenical toxicology of encountered in rhe crvironmedr_
Thc lireBru'e is covered r975.

Mosr chapteB fouowde \d* gen.rat fomar. Ttcr. sa int'oduc-
tion of d. lopic and. *here sary, bichenjcal patipays a.!
sho*n. Tle rcDairder, and the oajonry, of th. chapter covcE

aidehyd€s, niEo compoun<Ls, ompourds, o.geo,merrlic
compouDds, and ionjzins ladiation liu b. discuss.d iD rerns of the
biqhetucal roph b€hs colcrti i! \ padcutd chaFer. In olhd
rqds. don't l@l for a comptete oo Fsticides. Insread, p6-
ticides will be oentioned ia nearlyioes qri De Dentoned in muly.t.rl ciaDt.r.

Th. a2 chapre^ are grcup€d roge*cr 6! ur&a orcrremica ropics.
Chapt<6 I 8 cold rh€ mrabotism of heisb corpolnd\. Tnc*
chapteB are complerc and drlail.d. arc s€parate chaptcF d
@cupational asent!, p€sticides, chenicat ce'cinqens, h.p;dc mi-
.ro6omai edzyrner, al|d syoe.gism ud anratonisB betwcen con-

t  ( 1 7 7 )

homoral rcleas€ frcn rhe pituitary 8la.d.

53t Aner .  ! .  f  AoL, ' - .  Edec-
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Joseph D. Andrade. Editor
HldroRels for  I lcd ical  and Retatcd Appt icar ions {ACS
5]mposium Ser i€s:  3 l )

Washinttan DC: Anlcrican Chenicat Sociery, t976.,ir + JS9
pp. ,  127 J i rs . ,  56 tb l t .  S2l .75

HydrcScls h.ve man),anracri!e fearures to. a number ofbiomedical
aptlicarions inchdin! thc desigi ol drug detivery synems. These depolymenc rnarenlh shich are insolubte in *ater but qhjch relain a
s'gnill.anr amount oi w.rer in their networt srtucruEs. Then inreda
cial frec energies rend ro be low. A combinatjon of a .{ef intcmal.ur t r r r .  , . ,$  in ,er 'J( .1 t r (c  ener iy .  "nd r t re o. !a!onaJ pre,rncc oIi lnr f  rh"rpe.  naA+ d,em muJ,  murr .oapar,bte w,rn brotoe.c-
Uuids lhln mosr 'nsolubte nareriak *hich co be used fo. co;ringpurposes o. for lhc consrudion of devices of various tinds and jm_
pjant\ llydrcgcls also h!\c !sefut pe6eability characlenst,cs *hich
can bc Dodificd by sttuctulat ahcration.

The presenr symposjum lolume has been edired ejrh carc by
Joseph D. Andrade dd sppetui lo bc the fiar or its kjnd. Ir contajns
24 articlis. After a lucid, introducrory chapler, $e b@k is divided
'nlo rwo parts. The f;sr pan conrains 13 chapteB and is concemed
fnmmly s. rh b, lk  proped er  of  svnrher i (  nJdrogel . .  p"n, .urad)
nrrhJ(ry ldre den!dr i te \  T l 'e  ropic ,  (o\crcd Inc lude \qer . .ng pre. .
sures and their relations to *arer acrivity, effeci of water on the
osnorrc and visco€lanic behavior of geh. permeability chtuacterislics
of htdrogels and dirlsion dirough Bel membEnes, chemical and
aMiylicalspects of hydrogek, dd theirthemal behavior. Onechap
rer deak with sone connective dssue componenls.

The second tan oi the book has l0 chlptes on inlefacial prop-
ed'es ol hydrc8els, and inctudes discusrions oD rheir werrability, suF
face eleclrical propedics, waler sorption. co-Brafi polynerizarjo! in
duced by radiatior. odthefomation offibfols capsules. Sone bled
conparib'liry slldies de aiso reponed.I foundftis emphasis on in1er-
iacialpropenies refreshing. ThrouShout Lhe book, L,re appticarions of
many differenr deoretical and expe.inenr!l rechniques ee illusr.ated.

As mlghr be erpected of the proce€dings of a symposium, alt rhe
chapters are not ol u.i,bm quality. I found aU of dlem of some
interesl, howeler. afld some hiShly thoughl provokinS. Many of lhe
aulhors are reputable schoias in L\e field. Occasiona_U) sone overtv
enrhuslastic clain\ are made reFdding the lesemblance of hydrcCeh
to biological rissucs and dreir biocomparibiliry. but these do rot de-
tracl mu.hfronrhe ovcrallquality of th€ hook.I recomend it highly
as a review of the nany direreni kjnds of erpe.inenlal and theorcrical
app.oacbcs cunently bein8 used to undeArand dd cheaclenze hyd-
rc8cl .rd ro ad"pr $em tor bjomedi("1 .pp|cdron .

i . sra Pdsupati t\'tukerje.
U riv[i r^ of Wis.oasin- Modison
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