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I call to your attention the review Q;ticle by
Fritz Bischoff, "Organic Folymer Biocompatibility and
Toxicology, " appearing in the September issue of Clinical
Chemistry (Vol. 18, No. 9, pages 869-894, 1972). In this
publication, Dr. Bischoff discusses a wide range of safety
and toxicity problems associated with the use of plastics,
including those that have been of some concern to our
- Committee, such as vinyl chloride monomer and phthalate
plasgticizers. e
Sincerely,
Eg%;:mflﬂt'gzdﬂﬁtﬂhldbuf}

Kenneth D. Johnson
Assistant Technical Director
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Organic Polymer Biocompatibility and Toxicology

Fritz Bischelt

Adverss offects of organic polymers used for
plasma extenders, tissue adhesives, bone ce-
ments, contraceptive devices, prosthescs, orti-
ficial organs, food packaging, cooking. and lab-
oratory ware are appraised. Parenteral polymer
disintegration involves hydrolylic, redox, and

reactions. Accumulative toxicily of
plasticizers, antioxidants, and monomers hibzr.
ated from plastic containeis wairants investipa-
tion. Main problems with heart-assist devices are
clotting and blood destruction; with plasma ox-
tenders, thesavrismotic rcactions; with acnylic
bone glues, transitory hypotension: with artifiial
kidnays, loss of metabolic essentials; with silicene
heart vaives, uptake of lipids; with sihicone chin
implants, bone resorption; and with liquid uiicene
mammary amplification, fumpy bieasts and nas-
titis. A polymer fume tever is hnkcd with pyrolysis
of polytetrativoroethylene. Human -olid-state car-
cinogenesis constitutes a calculated risk with nely-
mar implants, in codents, ail sohd polyers tested
produced cancer; chemical carcinogencsis was
induced by a polyvinyl chioride copolymer, vinyl
chioride, polycaprolactam, liquid siicone, and
soma brands of poiytetrafiuoroethylene.

Additions! Keyphrases provhtic devices, artifcial
organg « clotiing <« polymerization o sivonci e
n wiow polymer dogradation « carcinmgpuesis s+ eri-
donce from sxperimenis om anfmals o selfessterusg 11.onx
+  omireceplive end ercciile devices » uviyli juin-
wres -« aafety lesting proctimreg o Liasur jeaelins
o drug relenss from silicone depots  »  tunw inddng pon
o foud contamination o v of polymers i cheoal
chemiglry ~ polywminyipyrrolidine o

rplats » Tyglm - artifcrul biducy -

wie sl Hhar=
heart valves

The Age of Synthetic Plastics

Dosing 19808 twenty billion pounds of =yvnihetie
polymera were igvolved in Anerican consmmer prodnets

Foom the Sasta Berbary Cottage Hiv pital Hesenoh Tnstitute,
.0, Box 009, Manta Barbuars, Culif. w4122,
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(7). By l?‘il the anles of low-density polv
totalled 4 billion pounds (2). Bvuthqtic polymers
are rapidiv replacing tinwtoestod  nat

ing il surgiend implantation. is unigue
Y« beny no apportunisy to apply the eiteria of long-
stending expencnee throngh the ages, Tn the histors
of niam, the eiieete of matcrials used for! new purpo--
have besin itsidions at times, Powdered einnubar served
extensively neon cosnetie in ancient Rome (3). Lenad
plumbitig (3) wrel the sweetening of wine with Jead
computiieds proskeced widespread lead poisoning Jdurine
early Rouenr and Benaissanee times (3). A false sense
of senrby way sriee from the implieatidn that adver-.
eltecr of mew produets are prodietably with the so-
phi tieated tonds of sejemer,

Thi- v evainates the limitationg as well as 1l
apphi aftons of sfety testing for syipthetic organie
freoivaney - that atteet the human seene, Jtis hoped than
puope £ oadiocation of pesearch funds for the study of
p's e Dineomptibility will be stimylated. Perhape
oo nast) bty i< spent on the artificig] heart amd nes
etwarzh on testing the safety of polymers used in foold
pachaging aind cooking. An aging eardine official holi-
ing resenreh parse strings may give the artificial heart
high priority even though it can only| briefly prolong
the Bifd of 2 wman with generalized vaseular deteriory-
tion, To the voung family, the ubiquitous long-term
- socintion with polymers and the risk of insidiou-
cumtliitive toxivity are of more subfieetive interes,
T n pense then, the symhetic polymers may have
clicited more cthieal and moral problems than chemical

o |

! !
Synujeelic Organic Polymer Chemistry

The prewnt 1view in limited to| macromoleculi

etenterd in recent times by the organie chomist and
loev referred to a8 polyiers or plastics. Polymers
are formed fron. small molecules by two types of cheme
jead peaetions. 1 the condensation » the maero.
ok s produes 1 by the climination jof reaction l_m”l-
net< With sddvion polvmetization, which is achicved
byethe libertion of ftee radicals, no feaction products
are tliminatel; the empirieal formuls of the monomer
and [the polymer derived from it are the same. The
proteins mnd stniches sre macromo formed by con-
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addition polvmerigation.

il

‘densation reactions. The silicax exemplify inorzanie

The polymer chemist is not aply confromted with
initiating the proeoss of palvinerizgation bhut also von-
trolling it. Peroxides, photosensitizers, and  redox
eatalysts ure used to initiate a type of freveradical
chain-resction pol) merization.  Catjonie  or  anionie
polymerisation is induced by componnds with strongly
acid or basic potentink. Metallo-onganie componids
are thought to be in this eategory. The free-radieal
and asionic ayatems give polvmers of high moloular
weight. Recently an organiolithium entalyst was shown
to orient storcoisoencrism (6). Other substamys ap-
used to stop or alow diown the proces of polymerization
ot to dircet alternawe paths of polymerization ris.,
straight chain va. kide chain. In deseribiug n cotmerciad
polymer product it in important to knnw whether it
contsing plasticizers, inhibitors, catalysts, fillers, sta-
bilisers, sntioxidants, curing agents, and (or) unreacted
manomer (7, 8).

Condensation Polymerization

The eondrnration polymers of commeree include
three well-repreaonted  chemienl categories. In the
formation of the polyamides or polyesters, o diear-
boxylic acid derivative reacts with a dinmine or with
a dihydroxy compound, respectively. In the formation
of the polycarbonates a carbounie acid derivative reacts
with s dihydroxy compound. The dicarboxy chains
linking with the two hydroxy groups may be aromatice.
Polvhexamethvlene adipamide, oné of the nylons, in
an l-xmnplv of a polvamide econdemation polvmer.
Ducron is a polyethylene terephthalate, riz., an nro-
matic polycster. The chemistry of silicone formation is
described in the soction on Silicones,

Addition Polymetization

Ethylene and iu subatitution products are e mono-
mors involved in the vinyl addition polvinerizations
of commerce: ethylone, propylene, vinyl chioride,
vinylidene chioride, vinylpyrrolidone, vinyl benzene
(styrene), vinyl eyanide, methyl methaery late, uwthyl
a-cyanoacrylate and its homologs, tetrfluorocthylene:,

yiene, ote. Beeawse vinyl aleohol
does not exist, vinyl acetate is the starting materinl
for the preparation of polyvingl aleohal. Tn thews poly-
merisations, a (receradical catalyst usually brenks the
double ethylene boad, beginning propagation. How-
ever, apoataneous free-radical gencration within tw
msasmer itanif, as at high temperatures or with radin-
tion, imitiates polywmerization. Polymerization i+ tor.
minated when two conuing chaing, ench with a free
beud, couplc of rearrange.

Tastead of thn bm&:m o: a double bond, addition
Mﬂ may initinted by the breuking of
e yion ¢) ad in caprolusam (10 orm mlon O

o am (o form nyion 6).
The lmklﬂ of the double bonds betwren nitrogen
ond earbon in the diisncyanates with addition of diols
formis the polywrcthinmm. Thin i anthor type of nddi-
tion polymorisation, bocsuse no reaction products
ore best,

am
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$“i""""" (9, 1) comprise 4 viypise s of organi 1t
| '
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compounds tha! have in common

]
cturally related 1,

~ 8 == Jindowes. They are <t
!
th«r silicas and silicatex, which alpo have the _,-, -

.)_, S linkage, bt not 1o the ortho mh = of wlicie 4o nl

\\‘Iuvh are monomers, The silicon atoms in u <ilivon,.
may have ome two, ar theee oxyigen linkage s Thie.
with two oxyuen linkages form chjsins or fings. A tor
minal silicon atom in w <teaight @r side ehain would
hnLﬂ‘ oneoxve nlink:ge.

Hvdride, hydroxxl, chioro, an
tinked to the silieon tetrahedron g0 make the ilicoa,
mjm' reactive A fluid silieone ig represented by
M’Faight chain in which methyl groups are the organie

other groups up

radicals. Silicone gums have much| longer chain-. com-
prising thausatds of silieon atoms per silicone wede.
odlv. A rubber is formed trom n gum by erosslinkin
methyl earbons by froesradieal vhleanization proes <
,pmg-«h vin siieomes are for the Mt part formed b
condensation reactions that wowdd not produee {1
radicals.
[Beeause silicon, like earbon, hys a valenee of fonr
it in tempting to comdder the siicones with alkyt o
nvl groups as analogous to ynreactive long-eh o
mﬂwuﬂmm The erosselinkage &f the methyl :!ruu,.-
i the formation of a silicone fubber demonstet
the moleeule is valberable to ehdmieal attaek. Moo
over, the siliven oxvgen b dsf jonie s well o0
vident. Tt is therefore of areat importatiee toa <t dm !
hg' safery testing in experimental hnimals or by el
obhservation whither theee is anvidifferenee in plo
Yogie pespotise bedween the Tong=cfain situeas b4
lbrlum- and he silicones,
- Silicie acitd s peeogpized asoa normal honeoe
eonstituent that penetrtes the jntesting W, nl ated
apidly exere ted in the urine (1), Recently, eepeneg
metabolic roliw have been assighed to silicie ol ©
crtchrates (12). Silicon is preseht in bone in conop-
rations exeending that in adjacent tissues during o
:w«v perinston] and endochondrial ealeification (7

Yossible annlogous or blocking effects for silieon -
should be kept it mind.

bmmnm of the Polymer in Vivo

i Physieal dismtmatmn at the implant site amd -

wenraner of urinary tagged eagbon compounds< aftor
mplantation of tamd polympre demonstrate th !
polymers are not immune from sttack by body deten-
mechanisms (14). Tn generul, 8 polymer has a great
eervised toxieity aver that of its monomer twvan
of lesened wolubility and trassportubility by hodv
fluids. Moreover, in a polvmer the vulnerable grong -

woukd e less open 1o attack [beeause of profection
hy sterie eonfigarations. The polymer engendees b
Ifoorcign bocdy renetion and en rronndesd by b
)ﬁbmus enpenle, which groatly peduees exehunge with

'body fluids.

uceC
000572

r—



i
b

x

-

,CWi Mechanisms

The mechanisms of the chemical disintegration of
polymers are q‘ﬂ‘l‘lﬂﬁﬂ‘. Linkagex vulnerable to hye
drolysis by way of hydrogen ions, hydroxyl ionm, or water
would inciude thoan of the polyetem aud polyurethanes,
Polyhexamcthylone adipamide and polyeaprolactam
arc attacked hydrolytically, but polyethylene tereph-
thalate to a much lewee oxtent, possibly hecanse it ix
hydrophobic. Types of polyurcthane, however, ean
be preparcd that are hydrolyzed to a kesser extent than
polyethylene tercphthalate (15), The role of the hydro-
iytic ensymes in these hydrolyxs is unknown. When
dopendent on hydrolysin breakdown, the hydrophilic
nature of the polymer is of great importaner in deter-
mining its stability (18). Even though a polymer may
not be vulnerable to hydrolysis, a carbon to carbon
linkage can be broken by a tissue free madiceal or attack
by oxygen. Raduction-oxidation cnzyme systems nre

y not involved, becanse they occur in the mito-
chondria. The breakdown of polyethylene, which would
appear to consist of very stible linkages, requites the
prescnce of free radicals in tissue metabolism (7). An
essentially hydrocatbon structure like polvethyiens
is mbject to oxidation when presasd into a il in the
prescace of air at the melting point, forming earbony .
carboxyl, and aleohol group (15).

Oxidation-reduction reactions such ax aleahols and
aldchydes to earboxylic acids, degeadation reactions
mich as deearboxylation aml elenvage of double bomds,
and addition reartions to donble bonds are possibl-,
Thua the ester, earboxyl, nid amide graips of the pols -
urcthancs are vulocrable when other properties ar:
conducive 10 chemical renction. The faster deteriorn-
tion of polyurcthane foam contrasted with rigid poly.
urethanes implanted in raty hax been noted (13); n
somicurod Silastic rubber crumbled amd disintegratod
under similar conditions (17).

Tagged Polymers

When radioactive polystyrene, polyethylene, and
polymethylmethuerylate films were implanted suh-
eutaneovdly into rate, wrinary radioactivity, which
was smafl, did pot appear for 21, 26, and 3 weeks,
reapoctively, and then continued until the implants
were removed. Radioscetive iy renc injocted subrutane-
ously into rats lost most of the radioactivity in 33 h
by wrinary exeretion (18). Thin indicated breakdown
of the implantod polystyrene, heeause unreacted moto-
mer would have boss releamnd buediately after im-
plantation (14). The sompound vuinerable to hydrul-
yuis, vinte, hud the longer latent
period, and the vulnersbility of the earbon-to-eathon
linkage for the two other compourds in indicated,
Radicactive [C} and ["Hjpolymuthyimethaceylate
implants (6 X 6, 6 X 12, 12 X 12, and 13 X 15 mm)
wore compared subeutancousiy with nontagesd im-
plants in female Swisk mico, Rudioactivity, which did
not influence twmor incidenee, wan noted in the urine
for the finit & wonke after implantation, indicating
the premace of trappod munomers (1), Tlwe in vivo
degradation of [MCjmethyl-2cyanoacryiate, tagnd
at the number three carbou, has been wtudicd in rata,

mm

Less than! 1095, of 1. racionetivity remdgited at the
implant site after L9 dave Tl tagged [degradation
produets appeared mostly iy the urine gl feers, Txe
piration nf tigued earhan dioside, while ot megsurod,
was indicdted by fuilure to aeeoum for all the radio-
aetivity (..'}U)-

[

Carcinogenic Mechanisms Related to Polymers

* Sinee sblid-stale careinogenesin i assbeinted with
polytier itnplants, the latet rescarel in this field wiil
I covers ‘I in somwe dhtail, The etiology of a polymicr-
inducnd enneer may relate to o chemien] careinogen,
a solid-ntzite surfacc, or o combination of both. Impor-
tant <teps in the determination of the solid-state eur-
vilum-nic‘mwh:minn are otitlined in Table 1 (1, 171,
21,22), |

Limitations of Satety Testing

Dicenchantment with the results al proecdures
ases] iny nfety testing (1. 21) i pefleeted o the repors
of the Food Protection Committer of the Natioual
Arnshemy! of Beiences (22 and the Waorllh Health Or-
l::\lliz:l'icin (23). The phenomenon of slidestate ear-
cinogenesi< nt the rodent subregtaneous ftest site was
n major abjection,

Statisdical analytes. Soatistieal analvdis of experi-
mental cLum was =trongly iniffneneed inf this coantry
aml England by two articl in Physiolwival Roviews
(25, 230 During the periesl B2 16l the Yate's cor-
reetion for discontiviity was geneesdiy ot applicd 10
the chi=spuare four-fold table, The wa of the binomial
distribatiion without corvection for «nul] numbeers wis
\\'ialv-prcT:ul. With conventional experimgntal numbiers
of 201030, the itwidenee of an experimpntal obrervi-
tiun wmrlnl have 1o be inereasod by 1 or 2 to establich
a eonfidines lovel of 93¢ when the Yale's correetion
in applied. The erroncous aumption pf signiticance
in mitignted when the control incidened is 0, beeause
only half the freqpicney eurve should bBe used. There
is, mowover, the theoretieal challenge that statisties
nre lml} applicable when the control @eidenes ix 0.
With a spontancous fibrsarcoma inepdence of 17,
of hew i}n the colony, one Toeal fibrosardoma in an ex-
;mrimmrnl sries of 30 mav have sighifieance (29):

the Joeal aren ropresents o sl fraetion of the total
nren subjeet to spimtancous fibrosareomp development.
Sinee it) has been repeatedly Jemonsteated that many

eatrinogenie resprmses are uxe and staaibslinked, the
ptaetied of constituting experimental groups com-
priml‘i»l buth sexew and (or) multiple strains intro-
duced factors that am not amenabld to statistical

annlyuis,

The fnjrdicm wehicle. Natural vegetable oils such ax
serume | 0il are commonly used an the bily vehicle for
the test compottikl on subieuianeous infeetion. Among
the objeetions for banning the use of patural oily ve-
hicle (31) nre; .

» the normal variation from bateh tp bateh, partics
wlarly ;ur minor constitaents that are dften chemivally
renetivee hoth with the text compound sk endowenous
m--mlu;blih-s

]
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" Eagersvente awd/ee
deductions tavestigaters Yaer

Production of local
adenocarcinamas by
glass tubes inserted in
guinea pig gall
bigddars.

Praduction of local
sarcamas by bakelite
dinks impianted sub-
cutansously into rats.
Mice failed to do s0.

Production of local
sarcomas in rmts by
celluoga films wrapped
sround kidneys or
implanted
subcutaneously,

Recognition of foreign
body carcinogenasis
without the invoive-
ment of a chemical
carcinogen,

Recognition of the
importence of the
physical form of the
implant in the etiology
of foreign body
tumors,

Smooth surface
carcinogenesis.
Recognition that the
carcinogenic process
was involved in the
formation of the
fibrous capsuie which
was conditioned by
the smoothness and
suize of the implant,

Production of local
sarcomas through
encapsuistion of
intraperitoneally im.
planted goid leaves
in rats.

Petrov and

Krotkina 1933

Turner 1941

Oppenheimer,
Oppennaimaer,

and Stout 1948

Zollinger 1952

Alexander 1954

Nothdurtt 1955

Before
1955

Hecht as cited
by Nothdurft

Table 1. Historical Landmarks of Solid State Carcin genesis

Exporimants and or

deductions Investigatary Yoar

Production of 'ocal
sarcomas through sub-
cutaneous or intra-
peritoneal implanta-
tion of platinum foils L
in rats. Nothdurft 105%

Recognition of choles.
terol-crystal smooth
surface cacinogenaesis.

Bischoff and
and Bryson 1960
Production of local
sarcomas by sub-
cutaneous impianta-
tation of rigid
tin foil in rats.

Oppenheimer
et al, 1961

Correlation of iocal
cancer production
with physical state of
foreign substance—
liquid, semi-liquid.
solid. Shubik et al. 1962

introduction of ‘solid-
state carcinogenesis’
to replace ‘smooth
surface carcinogenesis’
because the smooth
surfaces of hquids are
not locally carcino-
genic.

Bischoff and
Bryson 1963

Production of local sub-
cutaneous $arcomas
by implanted n-
dotriacontane disks
in rats,

Bryson ang
Bischotf 1966

Production of iocal sub-
cutaneous sarcomas
by implanted disks of
cholesteryl or glyceryl
palmitate in rats,

Bischoff and

Bryson 1969

¢ golubility factors leading to solid depuwits (solid-
state carcinogencsis)
+ toxic components producing amyloklosia in the

Multiple injections ol the subculancous nite. Multiple
subcwtamecus injoctions of the test compound on
weckly or biwockly basis extending over many months
imterfers with normnal homeostatic control. Caneers
e produced can lead to false labeling of compounds
w carcimogens. The initial local ropurative process
to say swbcutancous injection i innoruous enough
bacauss mature Rbrous tissue roslts. Repoated in-
jection at the same site prevents the normal healing
procoss (#6). The production of local fibrosurcomas
in rets that mocived 74 wekly injection of carboxy.
wthyloclluise, polyvinylpyrrolidone, snd polyoxy-
ethylene sorbitan monostearate (“Tween 607) (27)

1 CLIMCAL OHEMISTRY, Vel 18, No. 8, 1972
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would not appear to have mueh significance. When a
single subcutancous injection of & chemicul leads to x
Joral neoplosm, then the evidence for 8 chemical car-
cinogen is more conclusive, (See section on Plasna
Ertenders snd Water-Soluble Polymers for compli s
tions arising with high tumor incidence in controls.)

Theoretical Considerations

Polymer jree vadicals. Free-radical formation duri: ¢
polymerigation can be messured by parsmagnct.
resongnee ubsorption spectroscopy (£8). At its inc -
tion a dimer has one frec radieal per original monot r
For macroriole polymers ranging in molecular wright
from thousadr to millions, the ratio of free radu :wl
1o number of parent monomers becomes vanishungn
low. If the polymoer products used in everyday hi-

ucC
000574




3

|

(W

- vonsisted solely of stable high-molaeuber-werght polv-

‘mers, there would _lu- litle rntionnle for postuintivrg
a role for free rdieals in polyier toxicologs . Heov
evor, & wide varinner in wulveulnr wright is inherent
in the ovemll mpuvics ronglomente of o commercind
product, which may contain entrappud poly mers of
low molecular weight and froe-rulical-forming catnly stx,
Polymer brenkdown may occur through a froesradicu)
system involviag oxygen (29).

The fate of the froe radieal in the polvmer is boest
fllustrated by the recently reviewed (11) elaborate
studics on the sificas. In a threedimensional 1ormnila
for gilica, every oxygen atom shurcs two siliron atoras
and cvery silicon shares four oxvgens up to the bound-
arv. whern froe radicsls are epeountered. Most nnturnl
silica crystuls and preapitated silicas contain SiOVH
(silanol groups) on the surface (J0), Indicating . re-
action with the originul free radieal. Gus adzorption
would be inevitable in the presence of free radiends.
A precipitated siliea with s throedimensional random
core has three possible degrees of —OH bonding nt
the surface: the silanol group, hydrogensbonded water
at the silunol groups, and an outside layer of free or
adsorbed water, In this modid amd its extension to
organic polymers, other polar substances conld pre-
sumably replace water.

The potentinl carcinogenie hazard of the polynwer
free radical is based on o theorized transfer of unpired
electrons to molecules in the tissues surpommding the
polymer. The froeerudicol chain renetions induend by
radiution to produce cuncer (47) wn well as the fornmtion
of free radieals from enreinogens (32 are analopous
processes, [¢is unlikely that a feee rudical wonld survive
the distance between the polvmer and the target coll
33, but it could oxert s influener on collular
materisls (34) from the aren outside e edb wall,

Considerable  experimental material with piddeats
(38) rcfutes the polymer frec-radical theory of camer,
Comparative studies with true polymers containing
free rudicals and macromole condemsation prodiets

(33) showed no difference in earcinogenic offoets, og.,
s polycthylene polymer and collophane, n polyeon-
densate. On implantation of ' Hagged polystyrem:,
polvethylene, snd polymethylmethacrylate  polvowr
diske in rats, smsll amounts of 1aggedd degrudntion
products were exereted in the uring (ue seetion on
Disintegration of the Polymer in vite). ‘The view that
froe-radical activity of the depradation privduct and
not the original implanted polyiner would initiste the
carcinogenic proress (7.4) was Inter withdrawn in fuvor
of wolid-state carvinogenenin (). A more likely robe
of the free radical cmerges when the polyaer = on-
gulied by the pliagocyte, With siliea in the lung. the

engulfing macrophage may die or release nutigenic

substances, which in then produce antibslios in the
revicwloendathelin] system (7). For a similar defonse
meochaniom iuvulving the phagoeyte se the seetion on

Palymer fume fever in humans (p 8K3),

The lysommen in podipmicr vsreinogenenin, A unitary
theory of carcinogenonin postulates that damnge to
" the lynoasme mersheane by poly mer hy drogen bonding,
with redesme of 8 DN Anse, wonld induee chironurannnl
mutation lnading to cancer; radiation, the chemienl
carcinogens, and vituws all huve been shown to affeet
the lysomomes (38). The theory dors not explain noe

detive support from the phenomenon| of solid-stut.
CUECINOEE eSS,

By vompeting with the Wswome menibrane for
silivgter polymers. polvvin dpyrshine | Neoxude 139
ix n useful thernpeutio taol i the provention and teog.
ment of silicate-dust preamoronioses With 1 e <hiege
in rodents qr the atrthoraeie site, the roticadan )
sareomp i the charneteriate meoplestie munifestanion
(in A indicated elsewliere o this pevien, wyter.:
soluble’ polymers are aho suspeet in) Peticulum o)

“xarcoma production, but the evidened is not conelu-

sive,

Carcinogenic focus in solid-sate cardinogeneais. Thy
forus of sarcomutous proliferation bag been aaeribugd
to colly located outside the tibrous eapsule that on-
velopes the implaut (51), in the middle lavers of 11
capmule (42), and inside the eapsule gt the internad
rutfuce adjucent to the impiant . 1435, In rabibite
(5) and mice (45, there wus evidende that the car-
cinogehie Jorux was vot in the fihroud eapsule b i,
cells risiditgg ot the implant. With sgbeutanoe - -
l'h"“":"f ""'"M“i“iﬁ A ih) Leldoride: ok 1t cotn N
dishs i mice of stanine wth aend withogt acbrnetnoso,
marker, the prescoplastic unit fiest gppeand o s
fibrous enpsule during the provess of | formation
At hnther stages chamd progony conld be found e v
suptuer of the fitm and onteide the fibrous eaperi
Thised eaperiment~ seem to teroncile] the appar ntiv
conflidting cardicr ohservations in rts aml miee, jor-
haps gverybody wax right, However, speeies diffee v
andd the use of unstable polymers leave undiselosed 1t
fiwus jof solid-state earvinogenesis, fhich eannor o
established with eortainty until highly wnrens tive <ob-
staneds sueh ns gobd, tin, amd dotrinepntane are wsod
Polyvinel chloride copeds nucr is ilesuted for ~twlying
solidestate enreinanzee=is exeusive of Chemieal G-
The vulnerability of the earbon-chloride bond, tr-
breakilown of the polyethylene nueleus in vivo 0 e
change in surfner chueaeteristies whes bathed in budy
fluidy, and the evchange of metaboliteg (or ingredint..
(457) are not conducive to a stidy of busiv piechanism-
Afteriite sojourn in the body. ehemigal festing of (e
polyvingl chloride copolymer wus lacking, Sinee the
proceks ol polymerization s reveesible, the eareines
genie potential of the monomer, polyvinyd chlorule, i
crucial in cvaluation of earcinogenic studie= with the
polvowr,

Ruts oxpened 10 1 constant flow of pir with 30 mf o
vinyl chloride per liter for 12 monthalhad o 65 10 507,
incidince of cutaneous enreinoma in the area of the <ub-
maxillary and parotid glads, and 2 2007 incidenee o
lung' earcinomax and bone esteochondromas, Such
enneerx did not appear in an equal tumber of 25 cone
trollexposed to the same tnte of air flow 8 Moo
the parenchymal lesions obwerved in fhe viny @ chlorid -
oxporesl tats were degeneration of the evrchethn,
chrofie hepatitix, intertitial preumenia, amd swething
of the kideny parenehyma. Tissue eul{ure of normal vl
weopiastie motse and it tiwne in medin contaiming
0 02t 0.1 yge of podyvinyl sulfate pet mb denvnstrated
inhibition of growth ns compared with controls (59
The| pelymer with n vieyl group eannot be thus ri-
garded s inert The differones in enrginofenic eifeet b
twedn it and ghix, which s an inorganie polvmer not
affegting tinue culture (igy and having n mild doeul
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-, tiamae rosponne (17), was demonstrated in comparative

stiidies (851); the latent porid for gliss was mrich

.+ longer, 18 10 20 months fur 5075 tumor development
(K. G. Braud, private eommunication). In i ~cries of

43 miex, 25 developed tumars by the 12th momth with
vinyl chlonide sectabe copolymer implants £3).  Gilass
coverslipe wore umed 1x 1 control beeauss their tumore
igrnic resporue: wan negligible during the observed ume
poriod for the copolvmer (§7),

Cyat' formalion erouwd tmplanted  polymers  in
redents. In timue nenflokding experiments with ghass

tubes sheathed with uylon (32) or with indented bhut- |

tons of silicome rubber or pulycthylene (3d), woll. of
scvoms fuid developed between the fibrows eanpsule und
implont. Fluid wus obuerved between implanted bake-
lite disk s and the local sarcomus (5.5). In oxperimnents with
disk implants of cholesterol needles, cholesterol plates,
glyceryl palmitate, cholesteryl palmitate, and dotri-
acontanc in rats (#7), the incidenor of eyxt formution to
sareoma yicld waa variable, with none for glyceryl
palmitate (Table 2). Cynt fluid sonntimes reached lurge
volumes. The internal eyt layer was lined with ~ar-
coma cells in some imatanees, This was observed also
with organie polymers (J3)., The premalignant cells
eould originate on the implant, be relensed into the eyst
fluid, snd then invade the eyst eapsule. In experinents
with porous polymethylmethacrylte implants (33) the
fibroblast in the fibrous eapsule seemed to originate
from mono-eytoid vxudute eclls in the eyst finid. How-
ever, the saline wash of fibrous enpsabes seven months
after polymer implantation reeovered no midignant
orlls [Nothdurft, us quoted by Bryson and Bischofl,
n).

The solid-slate carcimmpnic site. The prencoplnstie
rodent fibrous eapiule around smooth snrface solid im-
plants iw ectl-poor and avaseular, whereas the geanulo-
matous reaction to fragmented implants s evll-rich,
vasculnr, and noncarcinogenie. Different tissue e
sponscw mey arise ¢ different areas of the same jme
plant. The original madule in solid-state curcinogenesis
does not overlap a sharp odge or corner of an implant
(#8), m keoping with the eoneept (57) that ex-
tended irvitation has an inflammatory and antienr-
cinogenie influenie, Fvidence (58) that mwehnnienl
striee would induee more of an inflammatory aren at
the sharper csurven was obinined for rats by studlying
the Rbrous capsulen surrounding subeutancons im-
planta of dirks and spheres of rve polymer or rabber for
ocll demmity at the surface adjucent to the implunt,
Forty minutes before saerifiee [PH thymidine was in-
jceted intraperitoneally and autoradiographic deter-
minations of the eapaule were made. Cell demsity for
the sphoren was random. For the disk the highest eell
dennity securred at the sharpest curve. .

1 Cywt farmation arand imgdunts sl seews in humans, The
fullowing example wan suconntereel in the Indenstory of Ih,
D. R {hickayn, HKonta Barbmin: After theee yenrs i s, thw
wpoage isplonis in the et of 8 woman shrank and beenawe
hardencd. Mectionsd murfares swwad & periphersl yollow-white
rindiike aron 3 mam thick with a central sy dufl-yediow
putian. On the amdal murfare of e there was a ey, 1S mm in
dinmeter and 3 man thick, Wledd with cear fuid, located hotwern

Tabhj 2. Cyst Formation Refated to Sarcoma Yield

Tetal Lacal

implanted matarlal b e o
Glycery! paimitate g 8 0
Datriacontane S [ 4
Hydrated cholesterol

plates Py 5 1
Cholesterol needles d 6. 1
Hydrated cholesterol "

plates ) 4 3
Cholesterol paimitate & 8 3

Combination uf chemical and solid-stafe careinopenoss
The influence of gamma irrdintion [(100 megarads:
and epating with paraffin on the probluction of locul
sarcomas by wibeutaneous implantation of polveap-
rolunctpm disks in rate (59) indicated jthat a chemical
tenetipn between the implant and surrounding ti-sues
wits one of the earcinogenie factors. Radiation of the
disk wan without demenstrable effeet: (1437 vs. 17 1)
sareorpis for the nonirradinted serige, The parathy
surfage markedly deerensed the sarpoma incidene |
241 45 17740 for intact disks,

Extra- and intracaceinmens on implant careinogens s
in H\\)imﬂ e bearing subeataneous infplants of glyes o
Teflown, the injeetion of ‘Trypan blue, [(wWhich is a weak
earcinugen and is taken up Ly the loeaf fibrous cip=uls,
and thye adddivion of wrethan (1 g liten) to the deinking
water did not influenee the inetdened jof foeal sureon
developument. Teplantation of radiosdtive suefaees dal
not onhianer evreinogetesis s compared with none
radioaetive surfaees (i),

Disks rs, nete. Tnoa stuedy (681 in which 1110 Wiatar
ruts of both sexes were implanted with solid di-k- of
polyamide, poly o~ter, polyethy lene, ikl pols propiviene,
or with nets of the polyester, the pesults contirmel
earlier work (54, 642) that the tumor ipeidence depend-
on the surface and size and s diminished when o
forvign bexly giant-coll reaction persipts (57). Knitted
polyester nets (2 X 2 em) made from Td 40 polyester
yarn, when placed subeutancously or over the liver
intenperitoncally in male and female) rats, elicited no
local tumors during s 24-month period (63).

Taowal civeulatory disturbances. Soliglstate sureomas
are related to loend cireulatory «lim{ﬂmmw that de-

velop in the fibrous enpsule arcund the implant after
the Iatent  poriod.  Tnereased eapillary forman
thrombosis, venous disturtion i eapsiary distonre
(t4) and vompression (423} have been Jiseribed,
Cationie and anionic polymers, An| attempt to cor-
relate toxicologie including earcinogdnie aetivity with
physicochemicnl propertios was made by comparing the
Jong-term tissce reaction in rats to implants of a4 cat.
ionic| polymer  (polyvinyihenzyltrimethylammoninm)
chloride, an anioniv polymer (sodium  polystyrene
sulfofite), unl a complex copreripifatend by both of
tlwn’q‘ (66). Beenuws of the small number of rats, 16 in
ench series, conclusions are limited: The eationic film
was ignificantly more tumorigenic than the neutral
fil. The weakness of the study fies in the sterilization
j‘

of the filins with formaldehyde. Sined the polymers are

the pavipharsl cagule and the implant. 509, water, it in likely that, cven after washing, some
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ormaldchyde remained in the polymer after implanta-

" tien and would remct with cells adjneent 10 the polvmer.

“The importance of this carly ccollular reactivity hus
besn emphasieed (67). Also the comparizon of the filins
is aot strictly on & physiochemical (ionic) busis, he-
couse the styrenc sulforste group (thrambo-resistant
im vivo) in one and the quaternary ammonium base in
the other would have toxicologie implications related to
organic structure. The snionic and cationie films pro-
duced ectopic bone formation in the nonmalignnnt
fibrous eapmules that engulfed them, whereas the nen-
tral film did not. Sinee the oleetrie surfuce chaurge of
polymers in effectively nullified by the protein layer
charagtonistieally formed on implants, its influence us n
carcinogonic fastor would be unlikely, Cationic poly-
mers enhanee virus plagues by aceclerating the move-
wment of the viruses the gels, which have be-
some positively charged (68).

Human Solid-State Can:inoconnis

In addition to the human lung earcinomas associnted
with forcign bodies (6€) and the sarcomix associatwd
with bullets or shrapnel (11), other human eancers e
Iating to solid-state surfaces include:

e A sarcoma arising locally 30 vears after implanta-
tion of a relatively large metnl bone plate (12)

¢ A chondrosarcoma occurriug Jocully six years after
bone-nailing (70)

o A gisnt ecll tumor of the femur, probably malig-
nant, three years afier implantation of n Moore pros-
thesis (71) )

* A meningioma surrounding a silver elip left in the
ares of the fronto-parictal-purasagittnl lobe two years
previously (72)

o A meningeal ssreomatous tumor (73) at thesiteaia
l-em wire that picreed the skull of o male 20 yoeurs
earlier

o A meningioma (74), with a latent period of 40 years,
which arose at the site of 8 daming necdle, in a 40-yrar-
old male

¢ A foreign body-indueed adenocarcinoma of the
ciliary body (75) related to a monmagnetic splintor

* A tumor at the site of a bone splinter from the
Tabula interna (79)

e A mammary earcinomn surreunding a nceedle en-

gulfed in o pus pocket (79).

Theus tumors arc related to inorganic solid surfue=.
Local tumors mseribed to orgnnic polymer implants
follow a similar pattern. A human chondrosarcoman
intimately amociated with the fibrous capsule sur-
rewnding polymethylmethacrylate sphores, which were

o & plombage 16 yenrs previously, gave vise

to the dassical pieture of rodent solid-state carcino-
(70). Becarse of the limited life expeetaney of
oeclysive vaseular disturbaners,
beem mo latont period of 10 yeurs to date

many patisnts mbjretod o polvmer grafts,

A fbrossrcoma of the thigh developed loenlly in n
young man 10.5 years after the repair of a laceration of
the loft superficial femornl artery with a prosthesis con-
pisting of woven Tellon-Ducrom (77). A local car-
sinoms apprared four years after & mammoplasty with

il

CC, 577

N

1 gilni.-etic implant nreecdid by simpld masteetomy for
chrum‘ir fibroevstie disen~e (78, Twl patients Wit
hivtoties of fibroovetie divegse wivy | sunpls mas-
tectomies and silizone implant < cubsequently develoqu
breast eancer, bet not in immedinte eontaet with the
implants (7). Women with fibroevutfe discase have o
higher incidencr of caneer of the bpeast than thee
withaut (27). Sinee isolated ense histoies, interestinge o
they are, rarcly ~ottie problem< of aniuugumv O
demialogy statistically, the pole of [the «ilicone '

. plants as o earcinogenie factor remaing in dontin in thes

two examples, In oo survey relating [to the relating iy

shurtterm earcinegenic potential of |plastie foam im-

plantx in the buman female breast, [uo substantin: i

malignancy veeusred for 16.600 implamts, One «urw on

?::'o’ww, reported three sarcomas after 103 implant-
).

|
‘ 1
Effects of Polymers as Prostheses and |
Artificial Organs “opandin

i

Replacement of funemion. whether meehanieal S/ o
phvsiochemienl, i the most impun:deiuu-mium ot
physialogy of polymer compatibility, A prosth e
ideally suited to replace o normal tissue shonld o 1
cotdirmned for vot funetioning in ah abnor:! <t
tion. I » living membranous surface of a heart valee b
vulnerable to stenosiv of fusion after baeterial inflo..
mation, the ensuing living membrang thet formed onon
heart valve prostlieis would be sindilaely voloerabbe
Sinee stagnation of blood in normal {blosd vemsele ean
lend to elotting —bleeding esses few e deathi= thavwinn e
vasenlar elotting (15)-- a1 poiviner blpod vesse] veplae -
ment would produee the same elotting under similar eon-
ditions. Conver-elv, the geometrie hafHing eneounrorod
witli kidney ant heart assi-tanec op rephieement -
viees poses o elotting problem in itkelf—a nonthrom.
bosityz surface ot rest may induee elptting when aetive
(82), (See soetion on Cltting.) A prosthesis may atie-
factorily replice ane or moee funetiohs of an organ, b
it epuld hardly be expreted to replace all of them
Thur an artificial lung will serve for adequate oxvgen
earbon dioxide rxchange, but lacks the reguinten
mechanisnma involving hormones and enzyme sv-ten-
necossary to maintain il the funetions of a living orenr
The differences in pulsative va, nonpul=atile presure i
heatt netion—problems with artifieipl hearte (835 - arn
refldeted in peripheral presaure, fung, and Kidney fune-
tion,  Tlere, density may prechude Bydrodywamie flow,
Sheet flow is thought to replace eappllary aetion in the
glomerular beds of the kidoey and) the alveoli of the
lungx (84). The liver may have shoet-low action 1o,
henge eapillary flow alone is an ingdequate meded for
wowssing biomd transport problems, |

A polymers are produeed whichare physieally and
ehemieully moer akin to the adjaeent cetlular comju-
mmm‘ that surronnd them aftet implantation, the pro-
teins that becume attached to thdir surfaces will be
thore that ennt the adjscent eoll swrfaces: but beenn-r
the polymer is not identieal to the Biving eofl there will
be s kind of denaturatior at the [plasms membrane,
which eould v ry well evoke an ajtoimpune reaetion
ending in n reiretion phenomenon. [An example of thi-
type of rejection involved nonpolymer subcutaneous

t
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iri'{pl.'mmﬁun. In groups of G0 female Fvans rats, im-

.- planta of 1%-mm dinmeter cholesterol hydeate ks
- oomparrd with dotrmeantane disks of the sume <ize

produeed & 379, and W5, ineidener of pejeetion, re-
speetively, The natural budy eomatituent intrdiceed
in an abnormal physieal date displayed bess biocom-
patibility than the inert hvdroearbon (11),

With highly inert smoathesutfner wolids made from
noble metals, tin, dotrincoantane, eote., the initinl ine
flammutoey pesponne after the snplantation gives way

ta the fuemation of a fibrous engrule, wWhich aets ax o .

permancnt barrier (o metabolic exchange amd nmv
pervint with #a enclowad Jorrign body tor the litetine: of
the recigient. At sore sites, this may leud to malignant
digumeation (e [iumanr Solid-Staie Carcinogenrnsy, A
hone prohesin that develops n lnyer of fibrous tisoae
introduems an unwantod eomplieation. By uding proper
porous materinli—a diseontinnous solidestate sorfaee—
bone formation instend of the hyatinizd eollngen eap-
suale in eneouraged hoth within and withont the prose
thesin, and the prosthesis remuing more biocompatible
(85).

An idoal promthesin wonkd be one that takee over the
function of the replaeesd tissue, stimultes the formation
of the repluced timue, and in itwdf ultimately resorbd,
‘This would solve the problems of the two extrenv s --
the autoimmune resction avwl the brons enpeatle. 1ol
smiture materials are well known; these  ultimately
disappunr from the site of application after they served
the: purpose of urresting blosding or wound elosure (86).

The Artificial Kidney

The eclluloic membrane used fos repettive hemos
dinlynis in patients with ehronie Kidney fiilare opeente
by pasenge of solutes through micro-holis. 13es1 known
of thow: i cellophane, reconstituted from the nntural
peoduct ccllulowe. It ean werve w1 # referenee for syne
thetic organic polymwer dislyzing membrines of the
future, Permweability of collubomsic membranes is eor-
reiated with the moleenlne volume of the rubstanee
croming the barricr. However, of two silptanem having
the sume moleculnr volume, it may not e desirabls for
both to diffuse through the barrier (87). When the
wisew ¢ 7 moleeubn appranch the sise of the membiane
pore, then surfnes forces eome into play, s that, even

- with the ecllukmic membrnnew, {rander may be in-

Wi
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Sucnend by factom otheer than pove ise (88). Tranders
acrom the ecllophane memsbrane ean be influenced hy
the oomponition of the dinlyxate. Bodivm, enlcium,
magmium, chloride, and aertate fons are wdded to the
dislysing fluid to prevent their e, Phosphate jons are
umitted bosnuse their removal in n major prablem (49).
The filme originnlly usd in the artilieinl kidney are
oumbermome aivd feagile, nidd the cquipment associnted
with them han 8 large volume, Smadler cquipment hins
bern devignod by wubstituting coils and hollow fitwrs,
which increanc membrune aten and Jond strength of
suppurd. (00).

To deplieate mere cxnctly the normal kidney, it
would be denirable to develop membriunes that woukd
wparate moleoulon on the hasin of chomiend properti
as weil g sise (87). A ocotmiderable amount of rosenrch
han bon aurvied out G devidop partition membranes
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for hemedialy =i~ Laneue hetpolymerd. which have the
dearrable hvdeoptadie prope e, de e have sutheient
mueehanieal strength undee the eondidians of disls i
Random copolymers gave v betyey promise. Bl
copolymers wnd rrosselinked polvmert san hav Lo
hyddropholie s v drophiobie peoperypa (6, T haye -
boon bl ta s the estent to iwhich o,
i mbeanes have boen dsed for buman henadials -i-

In jubdition to the dinlvzing sverem. e artited )
Lidned pequires beparmization, whidh must b ol
aietely enntrolbed (3 A praetieal| deviee for con.
neeting the patent’s arterisvenois kvstem with ).
artificial khidey is the extracorporeal fhunt. An arters
ntnd wdin are comeweted by plastic implant< with a shum
tubw, which is renvahle,

Thet problem of thromboesiv assotiated with the
uﬂilic;nl kidney is well appreciated; the washing out of

constituents exsenvial to normal methbolism by con-
tinued use of the artificial kidney js more difficult 1o
assensl but probubly is the limiting faetor in the offee.
tive use of the artificial Kidney, Thepe is linthe infor-

ation regarding the release, if any, of brewkdosn
materinl or emtrappes]l material from the dials zing
svatem, As the synthetie organie poldmers replace the
cellulpsic membianes in the artificial (kidnev, the peoe-
sibility of entrained toxie substunees requires further
evaluation,

Heart Valves

The natural heart valve in its aetion engenders o
(mn"'g“ flow in contrast to e laterat flow with eertaan
ta pesiof prosthetic valves sueh as the paged ball, eized
disk, or tilting disk attached 1o ome side, Attempts biave
et uade to e poly mer ensp valvey instead of aortie
vilve homographs, which have been gseful (92,94 b
difficult to procure or pepliee. Knitted Teflon cusp
vilvek temd to promaote a fibrons pdaetion, with eal-
cifiention, and to fractuee (R9). Silastic-impregnated
cusp rmlvm are in the same earegory! (84). Both types
may prenluee bemolysiz, With the | extensively-used
bull valve, complieations include (83) thrombucemboli,
obwtenetion, infection, detachment of yalve, and ancmia
(wees woction on Silievae for lipid absopption by «ilicons
henrti valves),

Asiensmunt of elothecovered Sta
thesels in 100 pevionts indieated that the hemodyname
function became unsatisfactory in| many of the
patients, Cerebeal emboli, hemolytie anemia, and elth
and strut. wear (95 have occurred| Thromboemboh
formation and dogeneration of the silieone ball uscd
initinlly prompted itx discontinuation in favor of «
hollow stellite ball. Although the eloth covering is nat
ilentified in these experiments, carlipr referenees (w0
indichte that knitted Dacron fabrie. Dacron steuts, and
Teflon orifioes were uwad. In patients with Starr-
Fawards valves, deterioration and feagmentation of
Toflun has occurred. Some of the eardiae, corcbral, and
othet artifnets observad for pationts with these valves
nuty be Teflon embeli (97).

Edward« pro--

Artificial Hearts and Heart-Assist Devices

Afp exeellent roview on attificial hearts and heart-
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it devices (98) will not be claborated upon. An
artificial heart is designed to replaee completely the
eireulatory funetion of a natural heart, A henrt-pssist
device partinlly relieves a natueal henet of its primping
activity, uwsanlly on s temporary busis, The heart-nasist
deviees with in-paraliel conneetions betw eon the attium
and deneending aorth, with in-series eonncctions bes
tween the sseending vl dexeending aorta, and with in-
parallel sonncetions between the left ventricls and de-

seending mortz have not guined wide cliniend aceep-,

tance op gre still in the experimental stages, Intra-nortie
balloons are readily installed by threading the ball amd
eatheter by way of the femoral avtery to the sortn (99),
Such inseetions have been made with promising rosalts
in about 200 paticnta. Among the polvmers wsed for
ansist devieen are Dacron, Dueron velour, cpoxy resin,
polyenrbonate, polyurcthane, polyurcthane copolyaers,
and Silastic. Exeeqt for an artificial heart that kept a
man alive 64 b, it hax not yvet found praetieal clinienl
use (82). Among the polymers uwd for making experi-
montal artificial hearts are Dacron, Daeron velour,
polyurcthane, and polyvinylehlotide.

Clotting and Cellular Destruction

Clutting, s basie problem in prosthetic replaerment
of blood vessels, hemodinlynis svstems, and heart-hangg
deviers, Ix stimulated by stagnntion or turbuleves of
blowd Aow, junctions of different materisls, or by any
forcign body. Depending on physienl and chemienl
prapertios, cach polvmer prosthesis ereates <ueeial
problrms. For the vaseular svstem, the altimate aim is
a prosthesis that is negatively charged nod semieomdae-
tive, semipermeable, and uniguely eapable of abmorbing,
releasing, and exchanging fous with positive charges
(100). Among the polymers having relutively lew clot-

ing properties are polvurethane amd Du Pont’s
“Pelrin” aevtal rewin (82). Congulntion tinw ix not d-
creascd by a wettable surfaee an formerly believed
(101), nor is scta potoatinl (10€). The negative charge
(~3 to —13 mV) of the blood verel linings repels the
platrlets, which are similarly charged. Rupture of
piatelets attached to n damuged blood vewsd or polymer
initintes the clotting mechanism. ’

Heparin. Reenune hoparin i a well-known antico-
agulant, its ineorpormtion into and release from polymers
uaed as artifieinl argnns ias beew extensively investi-
gated both with jonic and covalent bonding systems,
Most polymers such as xilieone, Dacron, Toflon, poly-
propylene, polvatyrene, polvurcthane, polvenrbomate,
and the apoxides do nut bind heparin, which hax a nega-
tive charge. To promote binding, poitivedy charged
surfeces are prepared by a colloidal graphite conting
that has sbnorbed benzaltkonium ehboride (Zephirmn
chioride) (103), by alwarbing tridedeeyimothylum-
monivea chioride (vomac) (104), or by incurporation
of y-aminopropyltricthoxy silane (82). A covalent
heparin bond to s polvmer ix nchirved hy means
of the incevanate pudienl (105), None of the de
viera that make war of insie honding have the weemmary
efcctive premanence; the eovalent bimling gives even
lon satifactory results. 8o that the pool of heparin
tany be increnned, the whale fabrie i not bonded to,
but inntead impevgnated I‘i.ﬂl heparin (82), but the gain
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in vﬂvﬂ?vp time span i« net sufficient for perma.
nent deviers Oue of the probleme with heparm s tho.
ehuaige in phy vic) propertics of somejpolymers 10 which
it iv ndded in Ligh coneenteations. [Heparin doe net
appeiar to funetion as an anticoagulant on the poly mer
surf:‘m. it pist be peleasedd inta the bathing vl

Homogenons solutions containing a eationie poiy -
trethane heparin complex are used o prepare throm-
barawistant fhms on polenrsthane [tubing. The Jew
family of entiomie polyurethanes ard gy nthesized from
cutippereinl pealy ether<, The thromboresistines  waus
evaluated by seanning clectron miemoseopy for plate let
wlhienion pates, There was bitle quantitative differenee
betd een unenated commereial polygrethane and med-
jrabigrade silicone tubing; the theomboresistanee of the
et ing was demonstrated (104).

The living el membrane. The fibrous eapsule that
devpdopx arcund implanted forcign bodies doe tat in-
duce the clotting machamism, beeayse it is niade up of
endogenoux ¢els, A velour sating (JO7) hns beet usod
to induee a proliferation of living epdls on polymer -
pl:\!‘nu wiedd in vaseular systems, The original micro-
clote are replaed by fibrons repair jtissue, Instead of o
velpur, uxe of 0 mat of Dacron fibeps and seeding witl,
rmbryo fibroblists of the same speeies aceclerntes th
cell growth in vive (1080 The proeess may be bezun in
vitto (108). The drawhiek to living eell membram- i
the lack of eontrol over their growth, Too thick o taver
of evlls results in nedermmrishl pnd demd eells with
l-m‘nuing shougle and pote ntinl engholi, Tnpedane: o
mafricnt fhow Las Been dincinished Iy o overs thiv woboe

‘in‘\'ﬂu!\‘\h'lll thers snebored to e btz o
|m;'\\m'|l|:uu~ ‘N
Other  anticsaplont  mechanisms,  AWhonzh 1 g

riizedd and ot her surfiees destgnid 1 have bt
chivrges ape theomboresistunt, a gegup of materials the:
e not fall into either of these chtogories has surf.ce
charaeteristies that achieve the same purpose (110
Pyrolvtic earbon, graphite- polyugethane—puolyviny] or
allographie tallow surfaces, rnted suriness (ac
with polyurethane-palyether or pplyurethane=silox:n
copolymer), and alsn albuminatdd palystyrene, flun-
ritnted wilicone rubber, or acrvlie hydengel fall invo
thix entegory, Binee virtually all forcign subsiane -
bathed in bload atmorh proteins [711), the patticul.:
plotein laver formed with these prostheses or devies
upparently inkibite et fnemation) An intrinsie comme. )
pkmwﬂy of the sutinees of these materinks that prevent-
elotting or induers nrdsorntion of thromboresistant pr..-
toin ix ¥ot to be ascortained, Nonionie detergent~ ar |
wotting agents such s polyoxyalkylene degivatives of
propyiene giveol are incorporated in polymers such e
polvurcthanes and epoxides to efeate a laver of watr
on the embedded polymer; & barpier is eeceted aguins
pintelets and eod colis. An al in layer serves the
shme  purpese,  Silicone  ru polystyrene, poli-
urethane, Toflon, and many other polymers ean b
treated to huve albumin layees (88). “Pyrolite” carborn
are highly thromboresistant when properly prepared
n adverse property for intraviasculat prostivses -
?!wir rigidity. Techniques have bren developed o d: -
powit adherent enrbon eatings o flegible polymer sub
stentes such ax polyurethane (712). )
~ An experimental artificial Iff ventriele made of a
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contractile alloy, which simulates the heart musele,
would induee elotting undi~~ eoitend with an ethyleae
vinyl scctate polymer. The eontraetile netion overs
vomen the blood staxia probiem inherent in hydraulic
designs (118).

Red cell and white cell damagr. Ly sis of red eclls shaken
in glass with rather inert xulstanees was deseribed in
1884 (114). This phenomenon has been toted with wm-
planted polymer hieart valves (115) and is not sub-
elinical in all easc~. Hemulby tic imemia his developed in
patients with prosthetic heart vadves aul also from dis
ruption of silicone rubber, Dacron, aud Teflon nortie
leaflets (110). Loukoeytes are also injurcd by polyuer
interfacial enotacts, but the elinieal signifieance is not
o clear a that for red oclls (117).

Plasma Extonders and Water-Seluble Polymers

Polyvinylpyrrolidone

The polyvinylpyrrolidancs (vr), which for practiexl
purposrs range in molecular weight from 10,000 to
300,000 form colloidal aqueans solutions und henee he-
long to the group of water-soluble polymers. A rve wos
used as a plasma extender in World Wur I1 in more
than 500,000 cesca, aint rather extemsively over the
period 1939 to 1900. PvP polymers have alwo been des
signed to delay the resoeption of penicillin, procnine,
and insulin and to hasten the elearmnee of eertain dyes
from the reticuloendothelial system (178). rve plisman
extenders eompieising a wide range of moleenlar weights
(20,000 to NO,000) entnil consideration of the fraction
uncleared by the kiduey (279 and the petention by the
lysosomes of the retieulendothelinl ey<tem. Tuduetion
of latent hepatie lesions in humank who reerived a
£oP solution (120) raises guestions of toxicology us do
the results of cxperiments on rodents that have ale
legedly prodused eancer (121). (For a disenssion of alf
types of plaama extenders we Dispenmiory of the
United States of America, 25th ad., J. B, Lippincott Co.,
Philadelphia Pa., 1955, pp 1511-1815,)

Thasouriomotsc reactions. When sdministered parens
terally to mioe, rats, sud rabbits, PVvr was stored in
many organs and tisucs regardicoss of the polymer's
molecular weight (J21). Blormge was most prowiierd
in rabbits, least in mice. Fatty timaie nt the site of im-
plantation, moninges, adjncent glinl eefls, luugs, endo-
thelial cells in the blood vesseln, myoeardium, Kupflfer
cells, mediastinal and sbdominal lymph nodes, spleen,
ronal glomeruli, and endometrium were observed to
take up pvr. The retention involved parenchymal ax
well as phagoevtie evlix. Hvporplatic rractions were
obeserved. Proliferation of eclis wan poted in ependymal,
shoraid, and moningeal ecliy, and multifocal adeno-
meteuis in the pulmonary alveoli,

Polyviny! Moohol

The polyviny! alechols sre grneenlly wauter soloble or
water-aleohol noluble and fimd une in the plastics in-
dustry fer surface eoatings of goods intimate to the
humas savironmest sod ux mixtures to produee el
twoaren, fn the hody, the storage distribution of poly-
vinyt aloshol, which had ulvo beon studied in doge, was
very vimilar to that of pve (128).

W9 CLNNCAL CHEMIBTRY, Vel. . Mo, & 1972

Rix &'Mt-r-ﬁnl':hlf‘ polyvinyl  alenhin polymers,
ranging in moleeular weight from 35,000 1y 290,000,
were given subeutsneonsly 1o fats. Al prudueed aneoia
and infiltrated the hypophvsic and kidney, Thes.
common respotnes s will as ehemieal] ottraction fur
Congn tfed may b aseribed to chemieal propertivs. The
two polviners that causod hypertension, vascular le
sions, and renal patholozy had a Jower solubility in
cold wilter. Theee was no eorrelation i pathologie|

. tffeets with moleenlar weight, but thpse with viny|

neetate! residurs had the higher eold-
(1.23).

ater solubilits

Testinﬁ for Carcinogenic Mazards

A rather ambitions program of rafpty testing for
water-soluble macromolocules war eotjdueted at the
Nutiony) Canerr Institute (121) and included water-
soluble pve polymers and a polyvinyd gleobol prepura.
tion with an average molecular weight of 120,000, The
concluﬁ'iuns drawn are not very ennvineing because of
inndrquute control. Although more than 1000 rat~ ree
ceived polymers by various routes, thege were only 200
normal controls. The S 10 miee alxo used ax cantrols had
teevivedd wool fat, gelating trieaprylin, gr 1eet chemieals
wul approached the numbers that reevived polymer-.
Tumot incidenee is given on the bagis of beginning
tmbeies, not effective numbers, whicl) would be those
that syrvived Jong enough to develop tumors. The s,
of the animuls is uot given: contral paghology indicates
that sime were femalis, The experinents wore not per-
formed conevurrently, One of the candidates that was
(wwll#dc-d to show o eateinogenie response wis o Pvp
with  maleetilar weight of 20000, It ppadueed negatve
nnnurﬁm-nie results in miee and rabbjts (three expern-
tmental serie<), 1T the cantro! rat colony is a<sumed valid
for yirpoces of stutixtienl analysix, [chissquare with
Yate's correction wonld indieste a jearcinngenie re-
spomsé in only one of the three series, This assumption
ix not valid beranse the control colgny was not ob-
served conevrrently. Beeause the coptrol rat tumors
were prodominantly reticulum cell garcomas with «
rather high incidoner, the obeervatign of these same
typus of tumors in the series dosed with polymers is not
compilling evidenee for a carcinogenie effeet. OF 460
s that peevived pve, 1159 developed reticulum cell
sarcomus; the eomtrol incidenee was(3.367. The chal-
Ienge to the use of tutmor incidenee in the normal eolony
instepd of concurrent conteols ix illustrated in Table 3
fur lymphoid tumors (reticulum cell sarcomus and
Iymphomas). Although the femnles ware followed Jonger
than the malex, s incidenee of these tumors is lower in
fomales than in makis for ench of the five series after
1966, Whethier to pool the data for the two anatomic
sitesand whether to pool the two types of tumors. i~
wan done in the Table, would be contrpversial.

Wruoptlve and Erectile

Polfothylcne Polymers

The safety tenting for polyethyleng intrauterine eon-
trnepptive deviess i more extensiye than for mest

lymer uses.
" intrauterine implants. On sub-

Subculaneous and

My
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in Evans Rats over a Six.Year Perio

Table 3. Incidence of Spontaneous Reticulum Cell Sarco:’nu and LylnphoTag

(F. Bischol and G. Brysen) |
Yarmins) '
Your e la Numbor EMective Intratharacic Intraperitonss!
Serminal) Sn I moaths o san number tumars, % tumers, %

19%6 o 1 30 27 11 ! 7
) 2 4 : 3 6 , 1
ue7 & 2 a 2 u B
@ 24 28 8 4 14
19 & 18 % % 17 J 11
9 19 35 27 1 9
19 & 2 o | % 39 8
Q 24 n” 59 31 0
190 & 19 a 30 3| 0
0 2 % % 15| 0
1 & 2 ” n 5 | 1
9 3 % 57 1 2

. — I

| B

eutaneous implantation in rats, a bilsteral compurison
of 10-mm diameter polyothylene dishs made of a mesh
of hard consistency with soft pliable films of the same
material showed no significunt differenee in surcomn
yield during 18 to 24 month=: 4/43 vs. 1/55 (1.2}). The
fow sarcoma yicld was predietable, because the size of
the disks approached threshold size as evalnated by
others (62). In comparing subcutancous implants of
polvethylene segment (620 mg) with shredded poly-
ethylene packed in gelutin eapsulbes, there was po simnif-
icant differencee in locnl saremma prdoction: 7/20 va,
5/20 in CB atock rats. The mean time of tumor indue-
tion was eight weeks enrlicr for the segment. No tumors
appeared in surgical controls or rats implamted with
empty gelatin capsule:  (123). The packing  would
achieve the efivet of a eontinvous rsurface to some degree
and the sareoma yields in both groups would be pre-
dictable on this basis.

Comparison ol response to polycthylene polymer
loops, spirala, and shects on subeutancuus implantation
in rata indiested a corrclation of tumor incidenee with
degree of continuous surfuee (J20). Uwnder the sume
eonditions, stainless-steel rings with a woncontinwmis
surface produced no tumors. In ecomparing similar
intrauterine contrageptive device materinls (127), local
saroomas were produced with both the polvethylene
polymer and stainksx meel, From a chemicenl stund-
point, the stainless stoel dom not nppear to have an nd-
vantage over the polymer. Hiner more relevant results
(127) to the problem of intrauterine deviees would
socrwe from intrautcrine implantation, portions of
staimbam-stoel and polycthylene intranterine deviees
were mrgically introductd into ench wterine horn in
we groups of 100 juvenile female Wistar rats. During
& two-year period six cpidermnoid coareinonuis nroxe in
preximity with staink~s steel and five with poly-
othylene; no such sareinomen developed in 400 control
rats. Endometritin and endomoetrinl squamous hypwer-
plasia, which were eancomitant with the developnunt
of epi.ormoid careinomiw in the mts, do not apprenr to
pereist in womon with introuterine deviers, If they were
» prelude (o carinagenenis in the rat, prodictions for

|

hutigitia using deviees are not fortheoming on this Lasi-.
Squdmous metapdwin occurs from sifk sutures amd qn-
tologonts or hotuolgzous ki graftz ay the uterine =it of
the pat: this chiracteristie ponse mther than a solid-
state surfaee offier mav be more elopely relsted 1 e
produetion of 11 e epidermoid eareinomus,

Intraperitoneel tmplants, \Whough uterine poerfora-
tions by opensended polvethvlene igtraaterine deviee
ape rore, sstady of the fundal portion of suel loop-
intridduend inteaperivoneatly in rabibits was mnde in
order to evaluate the problem whin it oecurs o b
miike (128, It setne instanees the sterilized deviee was
intradueed direer 1y inta the peritondal eavity, in other-
vit the endometrial eavity or vin the vaging, cerviy,
and enddometrial cavity, The typiea] response was -
Lesjon formation; this was not dependent on bucteral
conbamination. Seventy pereemt of the deviees mi-
pm:wl to another area of the perithneal cavity before
beeoming anelored by adbiesion formation, Siner there
is n greater tondeney for adhesion formation in rut-
tham in rubbits, the results with the deviees are con-
ridered of xignifiennt importanee fn predicting their
fate if they heminted into the human peritoncum.

In earlier work (17). six loeal surpomas developad in
i('q‘mh' Wetheadn biack rots implanted intrapweritoneally
with polyethylene polymer films, These sufeomas arose
16 to 24 months after implantatign. On covering «x-
petimentally induced uleors (1 1 em) in the rat
porictal  perivoncum  with  polyethylene  polymer
sheeting, den omental adbesiony and marked fibre-
blistic netivity, but no frank npoplasms, were ob-
wrved (129). Because rats wore Killed only 3. 6.9, or
12/ months after implantation, few| sareonwas wonld b
expreted.

b’rm‘h smplants, Polyothylene hes bren used for the
ence. By implant:-
nis, 80 organ akin
as been achicved in

surgicnl treutment of human imj
tign of polyethylene rods into the
1o that of the ox penis of the dog ’
700 patichts over a seven-year perjod. The pructiee, ro-
ported from the United Arab Rephiblie (130), does nea
appear  have n wide following i the United Stat.
Si‘lieom.- and aerylic prosthescs haye slso been tried for
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thin pn. rpstne, The altimate fave of thewe impdant- woulbd
be of interist,

Tissuc Adhesives
Polycyanoacrylate

The alkyl- 2evamcer e wnomers  bave ooy
st exten-ool 0 b e udheeives (L) b
they poldymwnize mapidly  viwen expuised ot
futming u stroog bead Heosevog, fueal ti-ome irritution
ool peetomin b boeen min adverse offect with ~onw (142 -
137).

The brenkdown wnd resorption of degradation yrld-
urts ol a polymer usesd se 5 tisane splint o1 hemorrhuge.
deterreny i= mape desieable thon one that i permment,
if 14 resrgiion proee-- s not toxie (06, Flieorstieallv,
the breushdown produete of the evanomerslistes e
fortmuldehyde, which vwoubd W bacteriostatie, aml al-
kylevinouectate, The u-e of pobhyevaneaershes in
meslicine depuds on whetlier their breahdovn i- slow
mongh 10 minimize loesl and sy=temie toxieity. Hlomd
ey aerizen the cynpouervhne motomers wore rapidiy
thun water, “Fhat the polvmerization is vin ehonieal
Insurling thesgh protein amino gronp- iy indicats b
ertnes thie resuiting ey iner wis tet extraceted by pobyaver
solvents, Tissue adbusives shold have spreadiog ~har-
neteristion that depenrd on sarbaer, interhucinl tensions,
ntch rubmtente supfnee encrgy (180, Loty od - ne
bty eyumsnerylate pudvim tice copidly and are Jes-
texite thian the methiyl derivative (1505, bat they are mn
hreken down rapidly in vive (150, Lolagtyl=2-er ano-
nershate foruned o polvinerizing afihiesive with whole
blowal or blood Traetions. Ve caagilation progeesties of
blood were wit aflfeeted by exposure to the formed
pudymer, & protein polymsee eomplex, or the monomer,
Moncmer sprayet oti transeetosd deong bidtes s formeed an
sdluwive lnyer, which progresively disintegeated with
bleadding and concenteation of lenkoextes (7141).

#.8.8-Triffuocomimpropy ey ammerylnte  appears 1o
powonerns the denitsable propertios of both the methy ] wmd
higher bomologs withimt their andesitabbe qualities,
uind ix now wader investigation (L.32). Athough swthy)-
2-evanoacryinte monner has been il as o tisaone ghne
sinen 1900, its applicntion (1.59) we well ax tut of the
highver ool i elinien) srgery T not been wicke
wyerendd,

Tinaue reaction, Colkgun formution precediad by
fibrbilant iuvasion soemally aceurs in wennd healing
and redutes to tewsile strengsh. In mts, a compuantive
study (1485 of three cyananeryiste mononwrs dis-
prrwed i implated polyviny) aleobd sponges showed
that the muthyl derivative inhibitesd eollagen formae
i, wheroms the hexyt wol deeyl derivatives did not,
Al thren peoduced more odemas Haid, Uhe deexd and
emy] motunners did wod distih developing granulation
timases o clicd the methy! derivative, The loenl toxieity of
methyl-S-cyanmmervinte polyswr in the mme as that of
the monomwr, There in u corsedntion between the mte
of reprion und degree of Joeal influmination for the
eynmairylaten, Methyl-2-cynmmerylnie in the momt
himtetuxie.

A mtudy of serumol bhutyl eymnoncryinte tiwue wd-
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heivd appve i e ety i dogk pate ol mees
] umfn-'ruh--l Borrannlometog- rv:wtmh upoar ovi,
(nrlmH |m|_‘-‘m- TR T LA WA I TR T U FEN T PR RO |
s d:lnu- were follos ) Pl e v gra, the rale or.
voar; the follo ccups poriad for the njie is o give
lnf-pI'il".' of 1 rate abevelopwad o Sumars 1000 A
high iosdinee o §thrombios s developead in both arepp
aned weine of dogs whon pebirs b 2eebanaaers it pve
neane? eontaets d the e pof the vessgls 100,
Buervlate  G-obun 2o vamerylabe) wae atalid
t 5-5)f as o potential oesealur albieive i the podie
carm of 12 eate, Becgie of the obberved dang e
ceeth to the middie o tomee eurs gud the folane o
uehiehe funetional upion betweon thy assieh- 10 v e
conchuled that thi- cvanoaery e whe neither - o
nar dseful welle sive for the botees of the middie e 1o
eotitfast to eornal inpoenon ovperimgnte sath o B
oty -2-evin ersbte cdbesive predie 1oy e
wounred granlomatons kepatitis whon vaed o cose o
prerfoirted ape in o wartedly neefotic cornen of 3
bt (145), Inow <vady with rabbit estraocul.r
v, the replacement of satures with plashe ol
hoaivies  Copparently isobimny-2-cv gnoners Lt wes
o)t b impraetieal beeanse of Pusdegquate berd
strength and innceaenes o mensared feplaevment 20
Continens <uture paerovasealar Quostomoses v,
00 mmofibunert v don veee eompegred with onda1e-
oned Damartomosey by weing dsobutyl2-evamners e
m"m“e-i\':- aned thece sty sutupes in stiedios with 1o
O of the 23 0d the vy don goonp failed] as eompar b}
five q‘nf Mol the evanoaerslate gpoupl The Bbater wroep.
Shoesd edegere pation of 1 e intime ind depesition o
eabein in the vessel= el o muore pedopged and oy
foreign-body reaetian (2080 The fnjfies to the areors !
muehin by the sobutvh derivative gas egqual 1o b
with the methvbdervative (1.8).

Polyurethanes

Polyurethanes and polyarethane iprepolymers b
beeny briefly studied as nonsaiture aghesives (779, ~
Polyurcthine was also studied ns a bgne glie (1.19).

Nigfe ty testing. Although the partieplar polvurethan-
subjeeted to safety testing for caeinogenic husa.d-
wore ol the polvurethanes designegd for use a- ghi-
they are repurte d here as reprosemting a elosely el
cliss of orgnnie compowds, In rts, 8 comparat o
umv,.\' 21y of pobvuethiame sheets, foam. and posdeorod
fosum safTers from bdeguate contrgl, Here, the bt
aned foam wers different in that the former were anie
matic, the latter aliphatie, Moreover, the fonm oon
tained enstar ml, dimethylamine oloate, dimethy ety
silidone, and trisg-chloroethyl phosphate, Re-ults a1
the subeutunesus site were exsentighly negative. The
fonm when introdueed iseoperitoneally produced
signifiennt number of adenocurcinpmas arising fron.
the evenl muco g powdered foam did not. The rewult:
obviously do net prove that polyureghane is a chemieal
cnreinogen beense the array of additives beelouds the
jssade. I fenpde COSTW miee, intrayaginal application
of polyurethane or butadiene earboxylate latex sponge-
over n 1=t 200menth perid induesd promalignan
chungen in the corvienl nterine amgd intravaginal cpa
thelium (160). One hundred four Swiss albing mice that
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guevived ome year sfter impluntation of a polyctherure.

thane sponge bencath the mammney glands developed
s looal caneers. The aponges breame distorted and
shrunken and olicited o foreign-body renction (161).
One yoar would be too short for the evaluution of ear-

sinogenic potentisl.
Soli-Curing Mesing

Cloar polymers of methyvimethaerylute nee readily

formed, and kmown in the industry s “Laeite,” “Plexs-

glas,’ ete. Polymers and copolvmers prepared from the
monomer ave used in dentintry. The monomer is the
setive ingredient in ecmoents serving to implant ball
and cup prostheses in orthopedies.

Use of Acrylic Polymers in Humans

“Beif-curing ronina” have been used in spine (152),
hip (153), and elbow-joint surgery (164), and for eom-
taining intraeranial ancurysms (153). A typieal nuto-
polymerising bone cement ix formed by mixing n lionid
sontuining methylmethaerylate monomer, ascorhic
acid as & stabiliser, and dimcthyl-p-toluidine as  eat-
alyst- with & powder containing polymethylnethae-
rylate and benszoyl peroxide ux an activator. The
monomer, methylmethunerylate, which may pencirate
rubber gloves such as are uwusl by surgeons and urt
technicianas, ean produce u dermatitis (134). In patch
tests benzoy! peroxide und methylmethacrylate were
positive. Beeause the polymerization process used to
produce acrylic cement in mothermie, loral temperns
tures, which can reach 100°C in orthopedlie prosthetic
fixativn, moy eanwe veerosis (157). Absorption of the
monotner inta the bload stroam enuses a fall in blowd
premure and possible lung lesions, These effects are
minimised by improved surgieal techniques (158, 139),
In a study of 20 patients undergoing surgical replace-
ment of arthritic hip joints in which n cold-curing
methylmethsorylate cenient was uned at both the nee-
tabulum and femur, s fall in xystomic arterinl provure
occ rred in every pationt, though not alwayn with both
procodurcs. In one ease: the fall in blood pressur: was
aritical. The study was prompted by a death ufter the
semeont was used !{r replacoment of a fractured femoral
head. It citcs insidents of cardiae arrest and eardio-
vascular collapur under enmparable eircunstaners (160),
Five sommunicationn concerncd with bone coment
and eacdiae arrest or plumonary cmbolisin do not give
the cheouieal composition of the eement (161-168); the
rosponnibility for this failure rests with the aditors of
the journal that wi these pupers. In n mudy of
8,700 hip repincaments (162) only four cawm of eardiae
arrest were reported; the nbrorption of the monomer,
which has & very strong odor, cun be minimised by not
tamentiag too carly, thus giving the munomer time to
polymerise. The sonoeatration of the monomer in the
suiery stunowphare, s manifosted by its odor, wouhl
obvioysly be of asme coneern to margical peraonnel
working with the ermeat brenuse of iln cytotoxicity.
Earlier reports iadicatcd that the implinted polymer-
ised comenta onamed 1o netiows advere long-torm reae-

" tioms (1608, 167), ner wen there pronounced decomiposi-

Gion ($64). In the rebhit or mankey, weif-ouring mothyj-
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methaerylute produced no more adverd tiseye regetion
thun “Vitallinm” (/169). In a study nﬂr 23 human -
tients who had bonewerment junctionk and were fols
lowed for s long a= seven years, new by fortned areas of
fibracartilage at isolated points indicated tennsmis~ion
of b from ecoment to bone. Mechagical preecure on
fibroud tissue stimulated development of arias of ossitie
eation] The prescuee of o giant-cell fo cignebinly 1o ues
tion isiot regard o as g rejection phenbmenon bee.dtise

" the sueeess of the procedure was demonstrated over ton

Joni o period. Fot was ~tored within |0 wm of the co-
ment, indieating absenee of ehemical feritution. Gran-
ulomatous of easeating areas were nof observed (142).

Considerable heat i generated whep methyimethae-
rylatd in molded dizeetiv on the floor in arbital fracture
repair (170) and the exaet mokling is difficult. Plites of
this polymer, in various shapes and sizes. are therefore
prvfur.yricx\tcd andd then <urgically imPlumod. with ex=-
collent results (171).

A comparisor of 9-mm disks of
with | disks of 804} polymethaervlate and 20°; anor-
ganic bone was nude in the skulls off Norway rats and
showed that bene developed ondy | with the latter
Poivmethaerylate beeame surroundnd by fibrous con-
nectjve tissue. Neithee the polymethacrylute nor the
bone are completely identified as to phemical composi-
tiom (172). Rats whose skin was painted theee times
woekly for four mouths with methylmethaees Lete or sub-
entuncowsly embeddesd with petlots fontaining binzioal
peroxide developed no eancers (1.4).

Hematopoiesis in duwmaged bone, A prosthesis does poot
lnkT over hematopaietie funetions in bone replacement,
With a purtind replacement, inflgence on hemuto-
mi?is and the eareinogenie potentipl of the solid-<1:.0
surfucex of the prosthesis or of ddad bone are to be
euq'.-idcn-d. (Nee section on solid-w13te enrcinogenesi=
Loeal environmental and  traumpitie  influences oy
hemutopoiesis have been studied (478) in rats by ~ub-
eutaneously impianting living sternpms and femurs ob-
tainedd from littermates of o highly inbred steain. B
jectinn as sloughs was 1257 (5 ont of 40) woer o 20
month implant perimd. Ten pereeny of the implas b -
caiue neerotic hit were it rejectpd over a 19-n, o)
perid. Fourtoen implants were [ viable with wenive
hematopoirsis during o 5-20 month pericd, \-opoe
nr:;m of neervais were obrerved injnine with perio-ted
inflummation nnd fibrosis in some, Chronic (=tenmiv-
elitis veeurred in four femurx. In steenum implants. twe
showed hypereollular bone marrow, and one tymipl.-
eytic hyperplia in the mareow. An implanted femur
give rive o n benign exuberant Rbrohistiocytic rac-
tiom. The abseuice of malignant, dogencration assneiated
with the living implants indicatet adequate metabole
exchange of a2 noninhibited inflammatory reaction.
enmulitions not prevailing in the pavironment of iner?
nionliving solid-state implunta, |

Safety Testing Polymethyim.ﬁuctyme

.. Subcutancous, intraperiioncal, intramuscular 1
Hmm. A study of polymethacrylates _nnd their co-
pelymers that might find n use lin deutistry, surgers,
and opthalmology compired hartl and ?olt Tesins, hetie
teal or alknline hydroeolioids, apd solid or perfurated
plates at the subeutun~ous or fntraperitenes) site in
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rats and rabbits. Only the solid plates produend local
sarcomas, Negative results for the other forms indicate
the abronee of a shemical earcinogen (174).

The effects of intrnmuscular implants of stainless-
steel and polymethylmethaerylate disks of three izes
(18, 12 and 4 mm in disuneter) in fours fo six-month-ukl
Hartley guinea pige aned  threcamonthaold Chester
Beatty rats wore ecompared (178). One hundred thirty-
three guines pigs developed no Incal xareomas during

Mmonth period; after prolonged implamtation the

fbrous enpeules around the implants in this species
thinned, with reduction of ceflulurity apparently eor-
relsted with degeneration of the inner margin, Con-
firming the work of others, surcoma yield for the rat
was gorrelated with implant size: The 4-mm dinmeter
disks produced no eaneers. Locul tumor yickt for poly-
methylmethaerylate was 34/153 for the large, 17/142
for the medium sise divks, and 5/42 und 2/37, respee-
tively, for stainlews stoed. Since solid-statesinduced sub-
cutaneous sarcomus in rats do not usually metastasise
initially {they do after trunsplantation (1)), it is of in-
terest that metastases were found in the lungs or me-
senteric glunds of 13 rats with sarcomas arising af the
intragiuteal implant site, Lack of local sureoma pro-
duction in the guinea pig might relate to subthreshold
sise, & projonged Iatent period, of u species difference in
response to a earcinogenic o{feet.

Plasma-cell tumor inrduction. Polymethylmethinery-
lute plastic disks, commercial mineral oily, 7-n-hexyl-
octadeeane, squaiane, und pristane were imphated
intraperitoneally into saLu/e mice, ANl produced fibro-
or olcogrunulomatour reactions with obstruction of
iymphatic drainage, local and xvstemie plasma eell
hyperplasia and plasmueytomay apising in the perite.
neal granulomas, Tumor vields ranged from 23 10 709,
(176). The carcinogenic process apparently depended on
stimulatod plasma ocll elonal derivatives trappusl within
granuloma, beeawse material that migrated to the bone
morrow, lymph nodex, aploen, wnd liver prudueed no
neoplasma.

Pelytetrafiverssthylene

This polymer is well known for its west in the lnb-
oratory, both as a lining wnd nx tubes, Vasculur patches
and tubes are notad in the neotion on Effects of Polymers

. a8 Prostheses ond in Artificval Organs. The polytetra-

fluorocthylene (rrvE) polymers of eommeren are linear
Suorocarbon . Becaws the carbon-fluorine
bond is one of the strongest chemiend Jinkapes, these
polymers are relatively incrt, with high thermal stas
ity and extremely low solubility. The uscful temperns
ture ronge is —75° to +20°C (177). At 325°C there
is softening, and at 400°C » brenkdown to the mono.
met esvurs. Toxiecologic investigntions are conerrned
with the polymer iacll when wied ot room and body
tomporature and with the decomposition products at
dovated temporntarw. Decomposition products re-
walting from hest procosing in the production of poly-
mer articles may be entrained in material utilisod ut
mom tomporsture.

Pyrolymis products. Thi: chemienl compuwition of &
particulats fruction (Huorinated ncids and olefine)
prodused by rres pyvolyin in influencrd by the humid-
ity of the aiv (178). By cumparing filtercd nnd unfiltered

@ CLWHCAL

IV

nirstrf}*uma of PIFFE pyrolvsis penductd, it woag demon-
stratedd that particulate matter was gadneinted with the
toxie manifestations in test animals (179). The patticn-
late materinl tiay have tuxie comppnents ad-orbu d
onit,

Perfluaraisobutylene is the principal toxie ag nt
formol] 30°C sbove the lowest temparature that pro.
duces: toxie products. The temperatuge st wineh towe
pyrolysis products develop depends on the moleealar
weight of the preE: polymers of Righer molecu)ar
weight require o higher temperature] There i astre-
ment that the rate of pyrolysis of PTRE i not ~ub~t .1«
tial below 430 ¢ (780). Carbonyl Auoride (faophos-
grne)is the principal toxic cumponent at 5350°C.

Tissy‘ﬁe Reaction to Polytetrafiuoroethylene

Safety lt‘in,q. There war no signifieant difference in
local 'tumor incidenee in comparing plain with perfo-
rated prre (Teflon) dixks on subeutandous implantation
into [eats (14) or pluin with fragmented  disks in
mice| (187). Chemical factors were| more important
than the econtinuoux surfare in eliciting the careino.
genic response. The test comditions were eomparable 1o
those used for poivvinyl chloride polymer, Ducton,
and pvlon (2. The Teflon experiments in which th-
sarcdinn incidence panued from 13 ta 2470 indieated o
chemical  carcinogenie  pexponse,  possibly  through
relense of fluoride as an engvyme poisan, the preseoee of
entrained tionainer, of pyetolysis produet= if the polyner
hal been subjeeted to heat treatmend (7). In eontra-t,
neithier subeutancous implait< of Feflon mesh <urgiesd
nmﬂpw patehies nop sheeds of the same matetial (182
produecd caneers in rats. For this papticular material a
chemical carcinogen was not imdiegted. The not-in.-
penctruble mesh, after implantation, beeame eoverid
with moderately vascularized, thin, hyalinized patehie
of eonnective tissue, The shredded | material was en-
gulfed in Aattened mounds of granulomatous tis-ue.
The results on sufety testing for Teéflon in three lab-
ortories and two strains of rodents are thus in con-
flict, aud muy relate to possible produgpt difference.

Parenicral in man. Intracordal injeetion of polytef
(Teflom) for functional improv t of patholugic
conditions of the human larynx may be followed by
progresive fibrosia with cither s ing or persistent
fon?un-bm!y reaction. Recommenddd particle size of
the Teflon for injeetion purposes is hetween 30 und 100
microns, beeause migration through the lymphaties
and/ bload vessels was obaerved with pastes contuining
smaller particles (183).

Toxic Reactions to Pyrolysis Products

Teat animals. The monomer, tetenflunroethylene, and
pyrolysin products of its polymer were subjected to
toxicologic examination in rats and rabbits (185).
The lethnl monomer concentration in air is 2.5 to 4
vol ¥, The toxieity of drpolymerisation and pyroly»i-
products ure .seribed to diftuorophdegene, perfluoror-o-
butylene, and other highly toxie compounds, As te<ted
in and rodents the pyrolysis products of rriE
are moderutely toxie, os evuluated by the Hine and
Jacobsen toxicity senle. The pathologieal changes

!
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associated with particulate materinl observesd in fungs
after expomure demotstrutist an irritative offeet more
than seven duys after mhul.mon After the neute
pamorthage and edema, irreversible tissue damnge
demonstrated by focal emphysema and interstitial
Sbrosis ensuen. Fatty deconcration of the liver wax
aleo obusrved in thewe experiments, ‘Phe torie offeets
of earbonyl fluoride are seribod to its hydrolysix
product, hydrofivorie aeitl (150, 188),

Chisredarivatives.  Toxicoligical studiex  with  the
pywolyvis products of polychlorotrifluorccthylene at -
357 and 00°C indieated that the ethal cffect may
be dur to inkuiation of particulute products of hy-
dralysis. A chemieal pncumononitie was demonstrited
in rats (186).

Polymer fuma fower in humans. At the sinteving
temperature of 330°C, workers involved in the molding
of Pres developod & temporary influcnzuelike illness,
Those symptoms have not boen reproduced in ex-
parimental animals (778). When eigarcties contame
inated with fluoroearbon polymers, including fluoro-
earbon telomer acrosol, are: smoked they ean produce a
polymor fume fever. PPyrolysis products are apparently
the responeible agents (187). Fevers (188) clusilied
as secondary result from dehydention, hypermatremia,
and infection. So-ealled tuxie fovers are clussifiod wx
metabolie, induced aither by thyrvid extret. dinitro-
phenol, and peatachioruphenol, or by luboeytie
pyrogens such as endotoxins, sine oxide. or polymer
deoomposition produets of rrrE. A worker who was
exposed to rreEscoated metal filunents and sanked
on the job develuped the latter kined of fever, Polvawr
fume fever i« rare among those manufacturing the
polymer, morc common among thus exposed Lo supr-
hented produets or contaminated eignrettes.

Domestic High Temperature Use

h.ﬂnu hies been sed to line eooking utensils sqye.
pnm. dutch ovens, chicken fryers, Rkillets, grnhllu
muffif tins, and enokie sheets, In pan frving or grivddling
(139)) the temperature runges from| 130° to 250°(
In rgasting nnd baking the maxisjum temperatyr.
of the oven may exeecd this pange <lightly but the foeud
iteelfl is below this maximum. Teflon-lined uten- il
and domestic hont appliinees sueh @ Satirons ane o
potenitinl hazard if temperatures are gecidenty reachiod
at which the polymer deeompaoses.

Uses and Abuses of Silicone
Solubility
|

The solubilities of o number of eqsmetic materiais,
nlenhols, and xolvents in silicone [fluids  (“Medical
Fluid 360™) having viserwitios of 20, 350, and 1000
eentistokes (e5t), tested in ration of 10 to 1, 1 to 1,
and 1 to 10, are available (790). Data for lipid: and «

number of norminl bady eopstituehts are given in
Tuble 4 (1 stoke = 1 em?/s = 10-4 m?, x),
|

Endbgenous Lipid Uptake

Uptake of lipids and other sndogamous materials by
injegted Higuid silicome in humans thar not been roe-

ported. Snch studies wore made in
MMV testing for eareinogenic haz
micd (792). A musditind Zak proe
S=prppanol for zlacial aeetie acil
cholpsteral and fathesterol determi
speciroseopy amd the Zimmerman

conjunetion with
inds in rats and
wure substituting
was adapted foor
ation, Ulteaviolor
v oPenetion sefvesd
The econtents of

for ldetection of A%d-ketisternids,

Table 4. Selubiity of Natural Preducts in Dow Corning 30 (330 ¢S suu:m? Fluid

Camponad Amay mothad ) Tamp., *C Selubility, mg/ml
Carctene spectrophotometry 454 nm* 3 0.2
Cholesterol Sowman & Wolf color ! 18 1.2

reaction’ ‘ o] 0.7
Cholesterol visusl sbservation of : o 1.5
paimitate pracipitate®® ; Q 1.0
‘ » 0.5
Estradiol’ spectrophotomaetry 200 nm'*? 38 0.01
'] <0.02
Eatrore’ spactrophotomaetry 280 nm ) 0.011
Olive olf visusl turbidity® ] >10
Progesterone’ spectrophotometry 231 nm’ ) 1.1
Ribeftavin visual color | o] <0.002
| 100 <0.002
Tamisatorene’ spectrophotometry 232 ne» ' 0.16
‘ n 0.25
Yeipabmitin visual observation of 56 ¢
precipitates? 53 J 2.4
- Ywee visual observatien of 8 [ <0.08
, procipitate*
: f': wndersaburetion (I,'::)- ucC
el ; 000585
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Iarge cvsts wore removed for chomienl analyxis. Multi-
loculnt cysts nud silicone granulomas woere not analyzed
becausr the silicone subjected to analyses had to be
free of formed clementa, The silicone evst eontents wis
diluted with speetro  grdde 2.2 4-trinethylpentane
and seanned for ultraviolet absorbaney aguinet o
oontrol eontaining the origial silicone in the sume
dilution. The silicone sumples from six rat eyst= token
12 to 21 months after injection into the mammary

teact showed 0.7 to 2.0 gt of cholesterol per milliliter

of silienne. The choleaterol values, 0.2 1o 0.7 myg/ml of
silicony, for right miee 11 10 17 months after dosnge
into the mammary truct are Jower than are those for
rate. The values actually exeeed the solubility of choles-
terol in the silicone in some instances, This refleets
either the uptake of some csters of cholesteral, or the
enhancement of solubility in the injocted silicone by
the uptake of ather lipidx. Four rat and two mice
silicone eysts demomstrated no A%3-ketisteroide by
ultraviolet speetrossopy. Two showed concenteations
of 0.6 end 1.6 mg/ml, caleulated ax progesterone.
This was confirmed in one by the Zimmermunn re-
action. which also indicated 0.3 mg of a 17-ketosteroid,
There was no messurable lathosterol in cither the
mice or rat silicone from eysts, Sinee lathosterol in
the color test gives about 0.6 the eolor at its peak
(386 nm) that cholesterol doex at its peak (330 nm),
the minimum amount of detectable lathosterol would
be 109, of the cholesterol value,

The uptake by silicune of 2 substanes with the witra-
violet absorbanet clintueteristics of o A%3-leto-
steroid and the Zimmermann fest charaeteristios of
progesterone in of elinical interest. In fomale humans,
fut depots take up u higher pereentage of ingested
progerterone than of estradiol (123, 19)). Thw eor.
relotion of endometrial carcinoma with obesity may
be reluted to the uptake of progesterone by the fat,
thus prolonging the cstrun effeet; estrogen-secroting
tumors enhanece the incideneo of this type of cancer
(188). The aflinity of liquid siliene for progesterone
(at 38°C, progestorome in more than 50 tines ns oluble
in liquid silicone as is extradiol or cstrone (27)] nust
be considered in evaluating its earcinogenie putential
as indicated in the studies with mice, '

Liquid Silicone as an Oxygen Carrier

The solubility of oxygen (0 vol 57) at 37°C in
Dow Corning 200 siliemw with 1 oSt visoowity in
2.5 timos that in iotonie naline (125), and of the
order as that in perfluorobutyltctrahydrofuran,

thus exoonds that of the volume of
sxygen taken wp by whole blood (20 vol 77). At 25°C

s ailioone Buid with 20 cSt viscowity dissolvew 0.3

times o8 much oxygen us water (J06), Hamsters im-
morned in certain perflunrinated organie liquids or
sifionnen aturated with oxygmn are able to survive

i periods of time ranging from 10 min to 24 h.
Pulnvmary changes such m lewkocytic infiltrntion of
fooal atclectatie areas, alvenlitix, bronchitis nud alveoiar
and perivascular edoma amd hemorthage wore more
. extoive and lothal with the wilicones, The nilicono
with & viscosity of 10 ot showed phagoeytised
®nterial in foam eell formution; the wilicows with

i
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1 il ¢St visensity produesd o fibielike preciptan
in Hu;\' advenli J97). The 10 8t gylienne was hettor
tolerated than the O 15, and 50 oSt shennes
Miee, eats, and dogs have also survive] aftee breathing
oxygdnated Muoroearbon liquids (2950, The <atur o
pertluaroearbons have no hvdrocarbon linkages.

TissJe Reaction to Liquid Silicone jn Rodents

Following interseapular injeetion of liguid sifieone
into 5 mouse, mactophages formed a|loeal tumor and
demotisteatoed ernifed silicone, deseribod s o sili-
eanotha (199), This phenomenon wat eonfirmed with
the sbmc.- specie~ at the same injogtion site. Cloar
vacudlex were seen in the evtoplasih of the naero-
phagds. Locul subeutanenus injeetion jof liguid <ilicons
in a1 nman prinluesd a loeal reaction. In the diseharg d
fnid,: white el showed vacuoles kimilar to thoee
which develop-d in silicone-injreted miee. It w
pemwible to produee the same effeet by shakine hunen
blood with liowid <ilienme (200). Lioeal atraphy of
fat edlls with phagneytes enntaining glear vaiennles 5.
observed following ~ubeataneous injoetion of il
silicone into Jabormtory animals, Aftir both subeut-
nemp and intraperitoneal  injection of silicone it
mice, their adrenals, lymph nodesy liver, kidney -,
gpleen, panereas, and ovaries showed foeal infiltratum
of macenphigs with biege eliar extoplasmic, ares
(201). Fourteen weeks after intraperitoneal injeetion
of silivone intosdalt e, <lieons graauibamns appearod
ut lqu- carticomsdullary junetion b the drenal-
Generalized fooi of fat atrophy wege ala abserved,
the phagoevtizood silicone was teansported to pegione:!
Ivmph nodes sl distributed throgeh the retienl -
endothelinl sy<tem (202), Phagoeytosis of silicone al-o
oceuts in babowns; red eolls of eats dised with siliene
also khow vacnohization (X04). A geanulomatous 1e-
action was observed after injeetion Jof Jiquid =ilicone
into the peritoneal eavity of rats (204). The phagoey-
towin of liquid silicone by eells of the reticulnend:th--
lial system hax itx eounteepart in the fole of the muero-
phigzen in silieonis and :sbestosis (11). The analogons
pathologie defense mechanizms may rélate to struetural
chemical similaritios between the dilieones and the

silicato.
Effect on Experimentally Induced Adhesions

Medienl-grude silicone fluids of 20, 330, and 1000
oSt viseosity, applied intraperitoneadly to the bow.l.
did pot prevent but augmented intestinal adhesion
formation indueed in rata by sandpaper abrasion.
Granulomatous reactions to sili woere nhserviad
seven weeks to four montha after sificone application
(205).

ln} ribbits, silieone fluid (300 &St) appeared to
augment postoperative pelvie nd na as evaluated
two to four wee ke after silicone sdminietration (£06).

Tn' rats, cither loeally applied Bydroeortisone or
silionne (20 ct) diminished the number of stundard-
ined jexperimentally indueed peritoneal adhesions (207).
"The |period of obkervation, only tliree weeks, sceme
too shott to cvaluate ultimate cffegt, in view of the
longer-term rowults of the same silicong i

it
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E Rolease of Drugs from Silicone Depots

Gradual, eontinuows liberation of small amounts of
owrtain  hormones (smulating  endogenous  releas)
merkediy increascs their physiologic cffcctiveness ns

with & sudden relense of the same totul
amount, fooding the target colls (€08, 20). The snb.
atanoous imjection of regular insulin illustrates the
sudden relesse whereas thie injection of an insaluble

insulin such a8 histone insulin shows the slow release, |

The sugmmtation effcct may be achieved by dividid
dasage—many injoctions over & period of tine. Thus,
three injoctions of estradiol-178 per doy for three
days produced a 72% asugmentation of uterine weight
in the immmature rat as comparcd with onc injection
per day of the same total amount of estradiol (0.15 ug).

Exoept for the organic polymers, no attempt will be
made to review the extensive literature on the various
hormone and drug proparations devigned to delay
resorption and misimise the number of injections.
It should be noted that all hormones do not demon-
strate the sugmentation offect (210).

Beeause of their solubility in silicone rubber, muny
drugs, hormones, and other compounds may be diffused
at rather uniform rates through silicone rubber earricr
depots, whether implanted parenterally or inserted
into the blood strcam. The less polat compounds difiuse
more rapidly (£11), in keeping with increwad solubility
of non eompounds in liquid silicone (see Lage
883). Gassous anestheties swell the wilicone rubilur,
which retums to ity original size after the gas has been
released. A rilicone rubber capsule eontaining powdored
triiodothyronine and isopruterenol implanted in the
myocardium of dogs with heart block produced n paeee
maker effect for & week, The effcet was reinstated by
transplanting the rubber capsule to another area after
removing it from the fibrous capsule that had been
forming (£18). This oxperiment demonstrutes the
diffusion theough silicone rubber. It also ilustrates
an inherent liability to its practicability: the lowening
of diffusion by the eusding forcign-boady reaction.
In contraat, silicons eapsulus containing melengestrol
seotate, implanted i into
sholished ovuistion over a two-year perind (2/8).
Among the compounds shown to produee pharmacologie
cal activity after diffuning through a silicone rabber
" barrier that has been implantod parenterully or in-
serted into the bloodstrenm are amines such us pr-
spinephring, L-phenylulnnine, histamine, atropine, and
piperasing; steroids such e astradiol, prgesterone,
teviostarone, and eortinol; and gascous ancsthetion
such as sther, nitrous oxide, and eyclopropane (211),

It has net boen practical Lo extend the action of a
single injection of s depot insulin beyond the period
of o day boonuse of the uncertainty of resnrption into s
variable vasoular bed. Depots designed to relowse »
fxed amoust of hermone over days, werks, months,
ot yours comstitute a considerable hnsard if conditions

. of the depot in relewscd at one time,

i , the problems of disintogra-
tion, wptalse of lipide, foreign body resction, and local
vascular cheanges will haw: to be met if purenteral

are to be offcctively uned in humans.
nder otudy are & plastic dovice that glsucoma
potionts may imsort wnder the oyelid to telcuse -

(U
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nreguated prlocarpine for & uniform | release during
21 hours, and o pol¥merie intrnuterife cap=ule thut
mla-:m-; n reservoir of enclnced progesterone during u
year. The releascrd progeterone is completely metab-
olized /by the uterus, so the menstryal evele is not
affceteil. The polymery comprising thise devices were
not identified (214).

Siticof\e Carcinogenesis f

A solidestate silicone surface will produce loeal
surcmtm when implanted in endente, as do =l wlid-
stute surfuces (33, 14). The questign whether this
effrct is solely related to the solid state or reinforeed
or inhibited by local chemical effects i best evuluated
by studics with liquid silicone, A summation of the
extensive mafety testing for silicone rubber and gum
(11, 16, 17) in rudentx is of speeial jinteroxt because
the surfaces involved are not rigid.) With a rubhber
that had o tendency to erumble at the subcutancous
site, two epicardial mesotheliomas in jaddition to local
sarcomas, 10/30, were found in rats. | A similur tumer
type, o petieardial mesothelioma, was induerd in u
mousg by inteathoracically injeeted diatomaccous
earth (7). The induction of mesothcliomas remote
from the test site ix possibly an example of chemicul
earcifiogrnesis, whereas the loeul @moesothelioma :u--
sociated  with dintomaceons  earth | injection would
reinte to physieal earrinogencsis, Alsg of interest iz the
corrclation of high Incal tumor yicld with a low in.
fiunmatory eesponse as elicited by silicone rubber.
mz., the potential cateinogenic rold of inhibined i1 .
flamsatory aetivity (273, 37). Mostlexperiment- with
liquid silicone were not earried out long enough to
avalyatc carcinogenic potential (11).

ng-term cifeets, including the earcinogenic, of
injected Dow Corning 360 dimethyipolysiloxane med-
teal fluid of 350 ¢St viseamity werp studied in both
Long-Evuns rats and Marsh mics (21, 192). Each
experimental group was comprised of 36 to 76 animuls
of ahe sex with an equal number of Jittermate controls
receiving the saume volume of isotonic saline at the
some site. The injrctions were magle at 2-3 months
of sge and the experimonts woree terminated 17 10
21 months after dosuge, depending an the survival
tate wesnring an offeetive number. Effective numbers,
thos developing tumors plus those survivine, ratied
frath 22 to 4.

The intraperitimeal oute. This pute was testod o
male and femnle rats and miee. Fémale rute rocervd
1.0/ml of liquidk silicone, the males 2.0 ml. Femuie
mice reccived 0.4 ml, the males 1.0 ml. On the basis of
effcetive numbers, 8/34 of the silicone-dosed femude
rats devedoped reticulum ecll in the lung or
peritoneal  cavity, and one intraperitoneal adieuo-
earcinoma during 17 months. 2?7 contrals, one
reticulum cell sarcoma and ome mixed type aro-r.
Fur the male rats that were for 18 month»,
the significant tremd for the females was not ab-erved:
7/34 lung or intraperitoneal retieplum ecll sarcom-
for the silicone xetics, 5736 for the| saline eontrols unid
4/#-': for undoxed controls. However, the silicone seric--
developed one fibrosarcuma of the lung. In femule
mice 22 were living 18 months after dosing; 23 saline-
dovod eontrols vurvived the same pariod. One malignant

CLINICAL CHEMISTRY, Yol. 1§, No. 9, 1972 #8§

Ucc
000587




r—- e et s i e B B A Bk % % o e ot

- —

- vatie praliferation,  one  fatty  depenepation,

twa ataners of extrimedullary hematopoiesia - of

soriex, 4722 lvmphoid tumors v, 1/29 for salineilosed
eontrols is not signitieant, Not only was there g lip-
granulomatous reaction, bat also feukoevte infilteation,
ealeification, and neerosis were observed at the intra-
peritonead silicone dose site, Twenty-one miece showed
one or all of these resctions.

The subcutaneous site, This site wias studied in male
mice that reecived 0.4 mi of Liguid silicone. The mam-
mury-gland site was studicd in both female rate and
mien, the former recciving u 1.0-ml injection, the Ldter
0.2-mi injoctions each in two mummary ares. For the
ratx the offeetive numbers for dosed and controls, 21
months after doming, were 68 and 57, re-pectively,
There was no indieation of a carcinopenic efivet - one
silicone dosed and one control developusd breast adeno-
sarcinomas. A local follicular ndenoma, akin to u similur
clinienl entity of women with fibroev<tic disense of
the breast was probably dun to blocking of the ducts
by silicune, » deposit of which was encasasd in a fibrows
wall in the eenter of the adenoma. Loeal silicone eysty
showed a granulomatous reaction. The offective num-
ber of fomale mice that reccived ligquid silicone in-
jections in the mammury frnets was 435, In contrast
to the rats, one fibrossreoma, one spindle cell sareoma,
one pleomorphie sarcons, one malignant {ibrohistio-
eytie neoplasmy, one wilenoeareinomin and owe hamarto-
matous epidermal eystie inglasien devedopia] ot the
loenl liquid silicone site. No enrresponding loeal tumors
developed in the contruls  (effective number. 51).
The adenocareinoma cannot be axeritusd (o the sitienne
because ite appearanee ix charaeteristie for the eolony
where mothers are rebred. This earcinoma. however,
was riddled with siliconn deposits. At the subeutancous
site in the male miee one each fibrosareomn, nearali-
broma, diffuse lymphoni, ulecrating benign hyper-
plasia of the skin, and hetorotopie bone formntion
developed at the liquid silicone dosg site. These mani-
foutations wore ubeent in the controls,

The seven Jocal caneets of wwsenchymal origin
that developed at the liquid silioone injection wsite
in the mic: cannot br nttributed to chaner heeata:
none devoeluped in the econtroln. A spevien differene
is indicatod beesuwe sxuch tumors did not occur in the
mts. However, in the femude eat injeeted at the intras
peritonsal site, liquid silicone indueed an inceeas in
long sad peritonnal lymphoid tumam. A similar trend
was slee obwerved for the male mico. It is conclinked
that liquid silicone hus u Jow-grade enrcinegenie poten-
tial in rodents, the npovificity depending upon the site.
Qualitatively the respona: in akin to that of the silicates
(aoe Tisous Reaction o Ligusd Siliconr in Rodents),
Note the mesotholioman for erumbled silicone rabber,
In silisunis, the phagneyte that engulfs the silica particle
in the luag dien; the onguling procow i repeated
with simiing muwwive fibrowin and ultimate earcing-
grnonin. At the subsutanoouns site in rodonts, asbostos

e e ma a s

produces the jueal sareomas of m
Phei rupturing of sihicone evsts wig)

esnchvmal origin
W fopmation of hew

= the diver, and one Joeal librosareaoma developed in the  ones may be saslogos to the trayinatie offeet of .
silicone mefics; ulm? an infiltration of lymph nodes and - peated loeal injections, which leddd to, enteinogen i
a loeal necrmis With foeal ealeifieation. ‘Fhe controls — inpidents,
did not show these types of pathologiend changes, j
Twonty of the made miee that reecivedd silicone i rae )
, peritoneally were living 19 months Inter. For the silicone Human Considerations

Finul, Cireumstantial elinieal Nrid“mw. Ut 1l 0
foods may tal - up methyipolysilospines whoey e
in proprctary brambs of eonking s eontaining 1.

type of silicomne, The effeetiveness
drugs like warefarin or phenindione

thrombaotest wi= markedly redueed

which sueh food= were ingeted by pa

bl anticoagalanogy
ns mmeasiyred Ly oy
at period= duriy
Jonte {20000,

M'pill uptale by silicone heart vglres. The ene)

nbstruction of Silustie  (zilicene)
oh~eevedd in a number of patients

ineprase in valame of the balls a«
sorption (217). Solubility studies i

heart-valve bl
s aseribed 1o thy
tesult of lipnd ah-
LI which the bulls

wert equilibreted inoa simple lipid solution simulae

to |!mm:m plasmn showed a 1,59,
increase oceurrd in cight weeks,

ereyses wore obseeved in balls afted
tion in lonnans, Adyses for five py

amnd obstruetive Silistie accluders
tendtuble lipids ranging from 6.2 to

maximum vohone
Latger volunu e
chronie implanta.
Bients with varnint
showed total os-
6.1, In analves

of l{nlls which rhowed 3 volume ingrease greater thin
{

whigy

the lipul distribution was 406557 choliaror!

etors, 15007, triglverrishes, 377 ftee fatty acud, il
W09, cholesterol. Atrophy aml feacture of the silieo

ball has al=o been feportod in pati

s more thay 1

memiths after aortie valve replacpment 12185 The

effeets of eurine, nddition of o silico
the' use of other polvimers are 4
evaluating the ocompatihility of b

Manmaplasty, Augmentation m;
um{s has depended on the implant:
or the injection of a fluid that h
consisteney of body fat, The p
rubbery polymer or « pretilled or
with liguid silicone. A xilicone flui

h dioxide tiller, and
be con<hlere] in
art valvis,

mmaplasty it b
ion of a prosthi--
a ar develops the
thesie may he u

mflatable bag filled

that gels by ~one

cutalytic procs, u profurmed gel, or a pure il
silieone have been injoetod. Thir| teehnique is now
outlawed in the United States, Complicutions tha
may arise with tie silieone goel inglude extravisation

of blomd, lumny nodulne breasts,
silieome mastitis (219).

Beenuse liquid silieone has 8 t
frean an injection sile, mhlitives
produce more of a loenl influmn
vifeet believed to enhanee anchoriy
jenl nature of the additives has

igration of the gel,

doeney to migrate
cere utPoddieed 1o
APy Peaction. an
. The exact chu-
ly been inferrod--

vigetuble oils, or poesibly mineral joils (220). Because

liguid silicone takes up endogeno

nal injeeted silieone enrried o li

lipids, it would
whether the origi-
d additive unless

be rilﬁcult to extablizh categorical)

itn history was on reeord. A wealth of clinieal material
domonstrates  the sefious enm tions that may
arise when Biquid silieone is injeeted loendly into human
fernales for mammary amplificatibn  (£20-222). The
local timue reaction would be influmnced by the generul
redction to s foreign substaner, the chemical activity

of the silicone, and the relutive solubility of endogenous
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" local tissuc and fluid metabolitey in the silieone.

Bilateral grunulomatons mantitis  developed  afier
repented injections of liquid silieone into two women
(£22). The histiocytic roaction to wilicone droplets Was
similar to that of a paraflinema, Axitlary tymph nidex
wore affccted. Loss of both hreasts preceded by a
delayed allergic resetion onsued after augmentation
with liquid silicone (220). A bilateral inflammatory
resction W & polyethylene bladder implanted for
mammary augmentation wis noted (222),

Olher xoen of ailicome. Silicone frames are used for
reconstruction of the exterial car; numerous mlverse
reactionn with indurntion and seeous drnage have been
reported (£29), Liquid silicone i an artficin lubricant
for ostenarthrotic joints of hitmans Wis not superior to
saline. There was no differenee in reduction of stiffness
ax mossured with a knee arthrograph. In experitnonts
with rabbits, indueed cartilnginous defects did not hend
faster when silicone wax injected into the joint, and
obstruction to lymphatic outflow was indiented by uw
of o tagged protein for the objective measure (2.27),
Embali of siticone were found in the eapillaries of the
heart, brain, and kidney in 10 humans who diced after
opreni-heart surgery  involving  perfusion  couipment
that usrd a silieone antifoaming agent (225).

Bone resorption was observed in 11 of 55 patients
who had plastic implantx in {he ehin, Of thowe showing
resorption, silicnnc rubber was usd in seven (2.26),

Silicone rubber tubing nv « shunt hax been used
successfully in hydrocophalus for  draining  ernaind
fluid to another part of the body, Twe hawdred thou-
sand Amerieans have been so treatid (82}, The ti~ne
renction to two silieone robber shants with the forma-
tion of a hyaline collugenized eapwule, o typical foreign-
body reaction, is illustrated (7).

Food Pachaging and Pelymer Dishware

In addition to the packnging of mw or uncocked
foodstuffs, polymers are nlso wsed in their storsge,
protection from bacterinl contamination, in keening
thom warm, and to enclose them while they are being
oooked. Although subjeet to Foderal Drug Act ap-
proval, there ix eomparstively Bttle safety testing
of thene pulymers repurted i the seientific liternture,
Polymers involved with oune or mare of the above-
described purpomes inchude polyvinyl chioride, poly-
styrone, polystyrene fortified with rubber, nylon, nnd
polymster. Permeability to guxen, such as water vaper,
and thermal stubility have to be ennsidered in designing
thoir ion. The parenteral sites of the animal
body are surprivingly hostile (0 the stability of various
polymeny, a desoribod clsewhers: in this review. \lore
information iu noocsary on the offeets of the proteins,
fata, and earbohydratos snd the other constituents of
fidutufln in prodonged oomtact with polyawss st
various temporstures wmd oxidutivee conditions. “The
emounts of warenetod monomer and other ingredients
wrd (0 induoe polymerization or produee: the dosired
product, an well as the docompemition produets of the
lntter are aleo important.

Routine nalety titing hy tha Food and Drag Ad-
ministration for plthulnte: oster plrsticisers ot not

L

revenlpd Sl effeets but the safmy of| focul-packacing
munteriads containme them wil have tof be peevadusted
in hght of the uptahe of phrhabie dstors in human
organs (L27) (See section on The Usd of Polymers in
Clinieal Chomestr i) N sensitive fis<ue|cultuee test for
binennypuatibility of plasties oxtraets the plastie with
s, Peritoneal nuerophyges from the rat and

pla=ma, |
elf hidney, ax well o ehick embryol fibroblast<, aré

usedd i the coll cultures ta whieh the jlasma extraet i«

adde]!(229),
Polyethytene, N seheme for the ilentifieation of
mntinsidants in polvethvienes for phstic food econs
taivers uses four solvent systetus ¢ simulate fod
types: water, dilute (3 mb 100 ml) acetie acid, ethanal
water (1290 by vob), and othel ethpr. Antioxidants
from several products tested migrated to one of more
of the solvent systems (220), Aguequs and iy ox.
tracts of commereinl polvethylenes syeh as are found
in the home and in the fied industey wore fed to nues
for fonr weeks, ‘The «kin of the mice wis then paintad
with 3. -benzpyrene, No o enmearcinogenic effeet wa-
observed in the malignant transfornation of e ine
dueed papilomas (230),
Canadian chreysotile (an pshedox) gbsorbed oil from
|ml,\'¢-‘p hvlene bags when stored in thend. A eonstituent of
the il was couverted to diphossguinsgie, The relation.
ship l;:-l.ww-n the weak earcimgenie aptivity of organie
misterial exteuetod fron the adwetos and the oxidation
prodieis of the polvethvhene was ngt resolvied 247
Mthdugh food was not stored in these polyethy o,
b~ the demonsteated exehonge Srong the polyetha b
in Feliwant to the problene of food paelfamg.
Pofustprne, N stdy on the expesure of b »
volutteors to starene 12020 gives gome Dusesure o
huniian toleeanee, Sinee mtake way by way of the
respirsatory tract, the test only guaitatively aesessos
dlivets of intake by way of the ga-trgintestingl truer—
n pussible ronte involving styrene polymers us fomd
contiiners, Hutman subjocts were éxposed to 23 10
S5l of ethyl benzene or 22 6l Jof styrene for 8 hin o
gas chamber. No exhuded <ty rene and gnly teaces of ethy
hengene woere detected in expired air when the vapor-
inhalntion phace of the cxperiment was ended; during
vgnir inhalation about two-thirds of the vapers were
retained. Urinary exerction of the hydroearbons was
negligible. The main exeretory produket for both hydro.
carbions was mndelie aeid with some phenylgly oxylic
neid, alvr some methy iplenylearbino] for ethyl bevzene,
Under the osperimentnl eonditiops  the metabohe
degeadation of these hydmearbons apparently dees
not ;produce harmiul end products| und only slightly
toxig intermedinte product. Whet the exposure to
humans exeveded the amount used jin the texts, com-
plaints of fatigue, sleepiness, headache, sud mild
irritation of the eyes and renpiestory tracts were ob-
rerved. Durm tologie fesions in workers expused tn
stytene wadd for the precdustion of rewine may be cavsed
by other sabstaners,
S section on [ sex and Abuars of {b‘ch’mnc for pessibiis
effcct of silicone in eooking oils,

|
‘
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The Use of Polymers in Clinical Chemistry

Plastic AutoAnalyzer cups, Nerym coleium ix ud-
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- .strheti on plantic Autolnalyzer cupw for serim storue

whien the pH of the serum rises above 8.0. More ealeium

. wan adnorbed by polystyrene eupw than by polypropy I+
ene cups. Ten perernt of the ealeinn may be Joat

wnder optimum  whorption  conditions. I serum i
storad at 4°C with minimal pit change, this sanpling
errur is svoided (233).

Polymer syringes. Uptake and diffusion of oxygen
ascurs with polvmers sieh un polvpropylene, polve
styrene and S.AN. onpoivmer. Ju oxvigen {ension
determination, gls syringes are preferabie for blood
colleetion wad storage. For true values to he obtiined,
blood must be injoeted into the cleetpode within seconds
after it in eolicetod in the plastio syringes. Loswes from
gians xyTinges aceur ut u considernbly slower pate (2173,

Phthalate esder plasiicizers. OF the 8380 million pords
of phthalate exters eurrentiy produced in the United
States, plustic manufacture consumes the bulh, Plas-
ticisers like some phthadite esters may leach or cven
volatilise from plustiex. A number of diesters of phthalie
acid are used as plasticizers in the manafucte of
plastic trunsfiusion packs. 4-(2-othythexy D) phthadate
plasticisre was reeovered feom plioma (115 mg 100
mi) storrd 21 days in a polyvinyl chivride park (213,
235). The LDy inteaperitoneal dose in mice, greater
than 75 g per kilo, vastly exeeeds (e amonnt a1 himan
would reecive in a transfusion. Whether the amount
of a hpid-soluble plasticizer has any adverse offeet,
when reeeived in & transfusion ix not known. Blowd
from laboratory and surgical tubing for hemdinly: in
and heart-lung-bypas systems extracted  phthalate
ester plusticizers (237). Plasticizers wore also founed
in the tissues of patients that had reecivesd transfusions,
The rat liver was able to deestorifv but viphthalyvi-
butyl glyenlnte to glveolyl phthaliate: dis(2-thylhesyl)-
phthalate remained intact under similar experimental
conditioms, but secumulated intraeeliudarly (257).

Phthalate exter rosidues have been fonnd in witers
and marine animal life in industriad loealities, alw in
hatchery fish, Toxicity studies imdicate that a very
low comevntration of di-(2-cthyihexyl)-plit halate inhibits
the growth and reproduction of the water flean studie d,
Absorptions in guppies and densths of sebealish wore
produeed by food comtaining phthalate osters (229),
Di-(2-cthythexyl)-phthulate, apparently ax an optically
sctive momer of the enmemereinl product, hasx hoen
identified in the mitochomirin of the heart-musele
colin of evws, dogn, rabbits, and ratx, Sinee the liver
of rats cun synthesise phthnlie acid and cortain bacteria
can enterify it, it iv not ewtablivhied to what degree the
phthalste ester coms feom the external invironnwnt
(839). The wricology brought to light by the abwwve
stinlien suggents, pevertheless, & re-evaluation of tiwe
environmental impact of phibalafe esters,

Olecussion

This review refutes the myth that the silicones are
biologieally inert when introduced parenteradly into
mummals. The losul timae reaction v nnalogous 1o
that of uther polymurs with similar physical wnd chem-
ieal propertion. The exteuction und relnse of ecidog-
ennun fipide by silicmex involve shnormal <hifts in
lotal eonoentention gradients. The migration of in-
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_ eancef, is ant eonttoversial. The long
 solidestate carcitogenesic in the rodent (22) anl the

of the! Ameriean female to eater to hde infantile by
friend ‘or hashand fed to the silicone graze, While the
afternath  deaths by cmboli, neerosis|] lumpy broases,
and breast ampatations after silicone[injection. wjjl
hopefilly sober the exubweranee for indhlging this form
of sexpual varianer, the genetie outeome of preoceupi.
tion with the femuie bresst may peepitante @ ruee of
top-hiavy eather than intelligent women, The et
of surgically impranted silicone and other briust pros-
ﬂunc-n}—f:l“illg in loves with o hag of sifieone—is in the-
same categary nx sifieone injeetions when related
mental health, Plastic surgery with the organie poly-
mers hun reached the dubions cate of sttt where humans
ean b outfitted with o dog-like pepix and pig-hhe
breasts,

‘The overview of silieone toxienlogy ehanged when
silicie aeid wis Pecognized as an essmtiad bedy cons
stituent. Beeause of the elose strueturdl relation=lip to
silicie ineird, the silicones eould conevivably aet as binek-
ing agents in sibeie acid metabolie groeesses, as the
sulfy dritgs binch paminehenzoe acid ©2). The ear-
cinogenieity of liguid silieone in miee] ax deseribed in
this review, may stem frone sueh 3 blocking plo-
nomepon: the metabuolie  proeesus dependent upon
silicie’ acid amd the canecers derived through silicone
both ifwolve eells of mesenehymal origin.

1 % rather unigue that in eancer tesging for polymers
there s no disagreement botwoeen psults of various
workdre; the objeetive mesare. the procduction of a

atent petiod for

rarity of eaneres weorintmd with fireign badies in
hum suggest that the life span pf meost persons
nfh'r“::mluumﬁnu of solid polymers wuld be too short
for them to develop this type of eancer. In humans, the
intrathorueie site is wore suscoptible jas evidenerd by
the high carcinog-nie potential of the avascular fibrosis
wewociatod with silicosis and asbestosix, Such forma.
tions, analogous to the rodent subeutagcous histological
forcign-body reactions, are likewire characterized by o
long intent perid for eancer, 20 to 30 voars (11). Medieo-
bggal ienmplications probably deter the reporting of
somee| human case histories involving solid-state or
(‘h!'lll‘d‘:ll cureinogeneis related to implants, The lie
of camx in this review includes somel that were over-
looked by carlier peviewers. Much potentinl elinieal
materinl i never followed through, fither postesurgn-
eully vr postmortens.
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Reports on the elinieal applieations of the polvmers
were ofton meaningiems becuuse they did not identify
the cxact chemical eompasition of the polymer usd.
It wan frmuenﬂ,v diffieult to evaluate the estent of
clinieal npplieation of polymers ax i exemplified by
the evanoacrylates studicd for wwe ax wurgion]l glues
(198, 240).

One surchre ineans of raising money for eancer ro-
soarch iz to proffcr the cure or test for punerr- just

arownd the enrner. Apparently this funding strmcgy

ado works for artificial heart research,

With some notable execptions, the polymers that
have breame a part of the human scene do not produee
manifestations of seute toxicity, Degeadation for any
one polymer in slow ewotigh thit bady gdefense mechn-
aisms are abic to eupe with it. llowcme;. the sum total
of such breakdowns of all the polymers to which o
human in exposed souid eoncuivably overtax the defense
mochanisms, It is too eurly in thix age of the polymers
to nssess whether such an insidious process will be
forthcoming. With polymer dishiware, unforeseen eom-
plieations may occur with usex to which they miny be
inadvertently subjeeted nud for which they were nat
designed:

« microwave heating of materinls not designed for
high temperatures

o acidie foods or beverages stored in nonenvid-re-
sistant materials

s aleoholic bevernges plaecd in alenhiol-extractable
polymers

s dishwashing in strong detergents sod hizh temperm-
tures of material designed for “throwaway” alter one
m -

Volatile plasticisers from polyvinyl chloride upa
holstery uscd in ears have been held accountabls for
the fogwing of car windaws av shown by gas chromato-
graphic annlysix of windshield deposits (242). The
plaaticisers act as binders for aithorne materinks, ‘The
effeots on humans who inhale thene plusticigers in a
matter of concern,

Summary

Linkages vulnerable to hydrolysis contribute to
polymer breskdown in vive and depemd on the by
drophilie nature of the polymor. Free radienls in tiou
metabolism miuy induee ruplure of 0 earbon-ta-carbon
linkage, a1 in the polycthyleno, Oxidation reduetion
reactions iavolving slevhol and aldehydes, degeadation
reantions such ns deearboxylation, and clervage of
dovble boads arc possible, Tagged polyioers demon-
strated breakdown after implantation in rodents,’

All arganic polymers Lested g solids with #awnth
warfaces of critical size produced wolid-state eurcine-
gramin at the odent subsutanomm site. At the sub-
outaneous site, humans nre not as susceptible sy rodents
to this type of eancer; humun serouws membranes wre,
Froe eadicals inn prlymers do st appear to conntitute &
carvinogenic throst. A polyvinyl chloride  acetate
sopolymer, vinyl chluride, yulycaproinetam, wme
beands of Teflon, ssd Huid wilieono ucted as ehemienl
COrCIROgons i rodonts.

The fnctor limiting rfiretive comtinued we of the
artificial kidney probubly is the wishing out of eon-
stituents owmontial L) wormal metabolivm,  Crueial

MU

prnbu“ms with hesrt-aseist deviees and artificial earte
involve clottig and destrtetion of delinfar elements
of thé bload, Polymer prostheses phydiealiy aned chem-
ieally, akin to adjacent ecllular comjponents risk an
aufoimmune reaccien ending in 8 tejection phenomenon

Polvvinylpyrr idone plasma exténders testod
rmlvqu prouluec! thesaurismotie reactions, Tn humans
rw-vil'ing a fraetiom, Giver lesione oceuprod, The storge

of palyvinel alechols in the body wis similar to vhat
of the pelyvinvipyreolidones; some produeed anenny
aml aseulnr bxions in rats, In rodents, sufety teanyp
fur hisman eaneer i= ineonehisive,

Su}my testing for polyethyvhene jntrautetine eon-
tracgptive devies~ demonsteated the) usual solidetite
ecareinogenie cfiret nt the subentancous and mtea-
perittmen]  sites. The intragterine | response - endo.
mtritis, squamous metaplasia, amd careinotn --npe
pears to be charactoristie of foreign [bolics in the ru
ut thiissite,

Iy eomtrast to self-curing methylntethaers kate resine
used ax bone cements, rapidly polymerizing otk 22
exationerylates and prepelymer palvarethanes have
not ifnuml extenstve clinies] application g« tissie wold-
hesives, Tosienlogical problenis reating to method-
methaerviate at the time of applieation need further
resolution both for pativnts and syreal staff. ¢
suedessfully installed, the fong-term| resulte are prome-
iing. No chemical eareinogenie effoef wus noted for the
motiomet in safety testing,
l‘nlyhﬂ tafluorocthylene vy=ed at high temperature oy
its ‘rwmlumium’.nn af ejretteos ean produec o polvne
funge fover in hamans inherling the pyrofvsis prodaets
Safety testing of polytetesfluorocthvlene prodaed o
varjable fexpovse, indieating a chdmical eateinogeme
effeet for some prosduer~,

The uptake of endogenous lipids Bas limited the us
fuless of sileones as heart valves) Similar uptake by
limtid silieme depots eorrelated with a loeal careine-
genie texponse in mice. A wealth of elinieal mutoers!
dethonstrates the serious complieajions possible from
loenl liqaiel silicone injeetions for mammary amplifica-
tion in women. Boune resorption has followed -ilicon:
implantx in the human chin, Liguigd silicone i< phoo-
eytized by evlis of the reticdorndothelial sy<tom,
amg-torm ulverse effeets feom poly mer finnl wrap-
wnd dishware are vet unknown, The toxiciry of
phthulate oster plasticizers in some packagiug vuate-
riztls wevrds re-evalition, The antiokidants eentained in
sotne polvethvlone fomd enntaingrs are estractable
under ecrtain conditions, Since gtyrene s taie to
himany ut eriticnl enneentrations, the long-term ofiret-
of nxing polystyrene dishware should be appraised.

Pulystyrene aud polypropyiens | AutoAnalyzer etp-
usedd fur seruin storage may adsorb caleium ot o ph
above 80, Gliss syringes sre proferable to some polymecr
p}itillg«m fur colleetion and storage of blood for oxygen
tnsion determination. Phthalate| esters in polyviny]
chloride transtusion packs have Been recovered from
stored plasmn, ucc
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