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-

The inception of this investigntion is an exam-
ple of serendipity, a word recently popularized to
Jdesignate the faculty of accidentally making ob-
«rvations or discoveries which were not originally
»ught. In the present instance, a safe antihyper-
tensive compound was being sought among the
quinones to reduce the high blood pressure pro-

duced by wrapping one or both kidncys of rats
with cclloplﬁ«ﬂ%cﬁﬁ:ﬁﬁlﬁf years, in seven
of thiese FREF innlignant sareomas had developed
at the site of the wrapping. In several instances,
these sateomas had extended into the peritoncal
cavity and had also metastasized. In view of this
unexpected finding, o new scries of experiments
was begun to investigate this phenomenon in vari-
nus directions. It was found that sarcomas could
be indueced not only by wrapping the kidney in
cellophane, but alternatively by imbedding the
cellophane subcutancously in the anterior abdom-
inal wall. By cither of these methods, tumors were
induced in approximately 85 per cent of the ani-
mals (10).

Further work soon showed (11, 12) that we
were dealing not merely with one more carcinogen,
of which hundreds were already known, but that
we had chanced upon an entirely new group of
arcinogenic substances, the polymer films. In
1941 Turner (13) had observed, also accidentally,
that disks of Bakelite implanted subcutaneously
in rats produced fibrosarcomas. Subsequent to our
original report in 1948, similar results have been
obtained by Druckrey and Schmihl (4, 5), Zol-
lmger (15), Laskin, Robinson, and,Weinmann (7),
and Bering!. While, thus, there can be no doubt

* This investigation was supported by a research grant,
No. C-1020 (C2-8), from the National Cancer Institute,

Nationa! Ingtitutes of Health, United States Public Health

VE. A. Bering, Jr., personal communieation.
Baceived for publication February 24, 1085.

as to the actual facts, the interpretation of these
facts as regards the mechanism or mode of action
of polymers in inducing tumors is still obscure.

The present paper describes the investigations
which were pursued in an effort to gain a better
undcrstanding of the processes involved in the car-
cinogenic action of polymers. A study was made
of the effects of a number of polymers having dif-
ferent chemical structures. Also, hecause the plas-
tics used in our carlier work were commercial
products often containing plasticizers, stabilizers,
traces of catalysts, 8 residusl monomer, ete., we
have imbedded o number of sumples of polymers
specially prepared to assure their purity. The pos-
sible carcinogenic cffect of several monomers has
also been investigated, and studies have been
made on the degradation of polymers within the
organism by means of polymers tagged with, iso-
topic carbon.

METHODS AND RESULTS
IupEDDING P’ROCEDURES

In most experiments the animal chosen was the
Wistar rat, but the Sherman strain was used in
earlier tests, and for purposes of comparison ex-
periments have also been done on mice of the
Longacre, Paris, and C57 strains. In most experi-
ments males were used, but, in some, females were
employed with similar results. The animals were
fed Purina Laboratory Chow and, occasionslly,
fresh carrots, and had free access to water.

The general procedure was to use small squares
or circles of film, averaging 1.5 cm. in width, which
had been sterilized in Zephiran® (1:1000 dilution
of the commercial 12.8 per cent solution) for sev-
eral hours, and washed in sterile saline. These
were inserted subcutaneously one on each side of
the abdominal wall, just ventral to the fascia.

*In the early experimenta, sterilisation was in 80 per cent
;l’et:lihlfwﬁlmlwpmhwbemm
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With few exeeplions, cach experiment consisted
of 60 imbweddings; sometimes the snme mnterial
was imbedded on both sides of 25 animnly, and
sometithes one form of the materind was imbedded
on the right side and another on the left. The ani-
maly were kept nuder close observation for several
weeks, until the incisions were comipletely henled,
and subsequently were exmnined weekly to deter-
mine the onset of tumors.

Prasmica Tunennen
Most of the plastics imbedded were ohtained
through the kindness of various industrial firma,
The designation “eommereinl” implies those man-
ufactured for ondinary industrial purposes, with
# more or Jeas unknown content of nonpolymeric

matcrial. Of the “pure” forms, some have been

specially made for us by the manufucturers and
others prepared or purified in our own laboratory.,

The following are the plasties which were im-
bedded: .

Cellophane A.%—n commercinl sausage casing.

Cellophane IB.—the same material after extrac-
tion with alcohol for 8 days.

Cellopkane C.—Cellophane B after sdditional
extraction with benzene.

Cellophane D.~—a, special form employed for tis-
sue culture work.

Cellophane 0.—a Cellophane of the highest pu-
Tity obtainable which was kept in formalin and
washed just before imbedding,.

Dacron, Kel-F, Pliofilm, Saran, Silastic, and
Tefion.—all commercial products.

Nylon.—the purest form obtainable, said to con-
tain no additives.

Polyethylene A.—a commercial film,

Polyethylens B.—specially prepared for us by
the manufacturers, said to contain no additives
and only a trace of catalyst.

Polyethylene HM (high molecular),—had all the
low molecular weight fractions removed.

Polymethyl methacrylate A.~—cast from a com-
mercial product.

Polymethyl methacrylate D.-—prepared as follows
lows: freshly distilled monomer, methyl methac-
Tylate, was sealed in an evacuated glass tube at
4 X 10* mm. pressure and kept at 80° C. for £
weeks. The resulting polymer was purified by so-
lution in methyl ethyl ketone and three reprecip-
itations with methanol. The film was made by
casting from solutions of methyl ethyl ketone. No
catalysts or additives were employed in this prep-
mtxon

*The designations “A,” “B,” “C,” “D,” and “0” are

arbitrary and for convenietice of refetence only.

“Lorapee’—-an English prepuration of poly. With
mclhyl methaerylate, suid to be specially pure. definite |
Polyoinyl ehdoride A.—n commercial product, found «
known to contrin some ndditives. which p
Polyvinyl chloride 1).—specinlly prepared for yy hetween
by ultraviolet polymerization of vinyl chloride. firmly in
Contuins no plasticizers, eatalysts, or other addi In enw
tives, stages cn
Polystyrene A.—a commereial form, ing arour.
Polystyrene D.—prepared from ity monomer, were usu.
styrcne, hy n process similar to that used for poly- more in ¢,
methyl methaerylate 1). It likewise contains no appcaran
catalyst or additives, been iml,
Ivalon spenge and Vinyon N.—hoth manufac wall, the
tured for surgical use. ascptic or
Silk film was made from natural silk fiber by vive, in o
dixsolving it in an aqueous solution of lithium hro. of a tume
mide, removing the latter by dinlysis, und casting growth of
on glass.¢ same site,
As will be scen from the accompanying tables, growths w
these filma differed greatly hoth in thickness and stances in
flexibility, varying from the delicate plinble mem- were alloy
brane of polystyrene, only 0.01 mm. thick, to the poses of @
rigid disk of “Perspex,” with a thickness nearly in axillary
40 times as great. were rarch
Further variations in physical form were intro. ‘. The tun
duced by using some of the polymers in the dupg subcutane:
of textile fabrics (fibers), perforated films (6% ¢ to have pe
holes per square inch), granules, sponges, and pox. | wall, or, v
ders. Many of these experiments, and other modi ! muscle int
fications devised to test one theory or another, | stances, at
have been too recently begun for any conclusions |  wards thro
to be drawn. In most
the film m
Resurrs or InpEDDING times a por
The first demonstrable effect of imbedding s ing from t
plastic film was found to be the encapsulationo | grown only
the film in a sac or pocket of connective tissue of It is not«
varying thickness (Fig. 1). With some films, eg. no fibrous ¢
Cellophane, the pocket wall was thick and dens were seen
and sometimes even contained calcareous areas: (Fig. 2), so:
while with other films, such as Pliofiln or poly- i sometimes ¢
styrene, the pocket wall was thin and soft. This the inner (n
encapsulation was evident within 2-3 weeksafter {  tumor had e
1mbeddmg, and was found in animals of all ages ; 2 connective
except in cases where a tumor was induced. t  side. Nothin
The film was never adherent to the pocket bt f neetive tisse
could be easily removed, leaving the pocket wal g of the film.
intact. Thin, pliable filns were sometimes founi i  cclls, or the
folded or rolled, but always in & pocket, sometimes f mor tissue g
with fibrous membranes between the folds. & §  may be dest
autopsy brittle films would occasionally be fourd : instance whe
broken, with the broken pieces either all in o - appeared, t
pocket, or, less often, encapsulated separately. (film) side o
« For this 8lm we are indebted to Dr, Peter Alezsaderd | I18 Oliter sid,
the Chester Beatty Bosoarch Inatitute, London. fested that,
s
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Wwith perforated filing aud also with textiles, no
definite pocket was formed, but the materind was
faand enmeshed with eonnective tissue fibers
which peneteated throngh the perforations, or
between the textile threads, holding the plastic
firmly in place,

In cases where tumors were produced the early
stages could be palpated aa a thickening or swell-
ing aroutd the film. The twmors grew rapidly and
were usunIb Iarge cnough for removal (2 cin. or
more in dinmicter) in 2 or 3 weeks after their first

appearance. Since in most experiments films had
been imbedded on both sides of the abdominal
wall, the first tumor to appear was removed under
mpuc conditions and the animal allowed to sur-
vive, in order to give an opportunity for growth
of a tumor on the opposite side. Somctimes a re-
growth of the first tumor occurred at or near the
ame site, and in three of thesc eascs mctustntlc
growths were found in the lung. In one or two in-
stances in our carly experiments, where tumors
were allowed to grow for many months for pur-
poses of gross demonstration, metastases occurred
inaxillary lymph nodes; but, in general, metastases
were rarely scen.

The tumnors were usually loeated entirely in the
subcutancous layers, but were ocensionally found
to have penctrated the outer Inyers of the muscle
wall, or, very rarcly, to have grown through the
muscle into the poritoneal eavity. In a few in-
stances, a tumor was found to have ulecrated out-
wards through the skin.

In most enses the tumor was found to surround
the ilm more or less completely, though some-
times a portion of the filim would be found project-
ing from the tumor, or the tumor would have
grown only on one side of the film.

It is noteworthy that when a tumor developed
no fibrous capsule could be found, but tumor cells
were seen immediately adjacent to the plastic
(Fig. 2), sometimes surrounding it on both sides,
wmetimes on one side only, which might be either
the inner (muscle) or the outer (skin) side. If the
tumor had grown on only one side of the film, then
a connective tissue wall was present on the other
side. Nothing definite is known as to how the con-
nective tissue capsule disappears from the vicinity
of the film. Its cells may be converted into tumor
cells, or the upsule may be pushed away by tu-
mor tissue growing between it and the film, or it
may be destroyed by pressure infiltraton. In one
instance where the capsule had not entirely dis-
appeared, tumor tissue was found on the inner
(im) side of the capsular remnant, as well as on
its outer side and enmeshed within it. This sug-
gested that, in this particular instance, the cap-

sule was in the process of destruction and replice-
menb by infiltration and pressure.

The numbers of malignant tumors obtnined by
these imbedding experiments are given in Tables
1and 2.

Since these arc all long-term experiments, with
a latent period varying from 110 2 yenrs after im-
bedding before the appearance of tumors, many
of the experiments are still unfinished, and merely
the number of tumors produced to date can be re-
corded. Many other experitments are in progress,
but sincc in these no tumors have so far been pro.
duced no results ean be given.

Tablc 1 shows the eompleted experiments, with
the number of tumors produeced and the perecent-
age production ealeulated from the number of ani-
mals surviving the minimum latent period for tu-
mor appearance, Only tumors arising around, or
in direct contact with, the imbedded polymer were
included as having been induced by the plastic.
Any other tumors appearing in the experimental
animal were interpreted as “spontaneous,” and
these appeared in about 2 per cent of the animals,

Including the kidney-wrapping experiments
(10), our observations show 275 primary malig-
nant tumors induced by plastics. All of these tu-
mors were mesenchymal in origin: the large ma-
jority (over 85 per cont) were fibrosarcomas, but
other types, particularly osteogenic sarcomas and
rhabdomyosarcomas, were also obtained (Figs.
8a to 6). The complete list of types obtained fol-
lows:

Fibrosarcoma, . .....cucvemnvas 235
Ostcopenic sarcomsa, . o ....o...... 12
Rhabdomyosarcoma., .. ......... 8
llh‘deuenchymomn ................ 6
{POBATCOMB . .. .. 0vcevrnnsronns 5
Reticulum-ce]l sarcoma........... 5
Myxoma. ... ....cooeniiviinnnns ]
Plasmocytoma., . .. ............. 1
Huuocywm (malignant). . ..... 1
5

The evidence of malignancy was based on his-
tological findings, including the frequency of mi.
toses, on transplantability, on occasional metasta-
scs, and on frequent local recurrence after removal
of & primary tumor. The somewbat infrequent
occurrence of metastases from the primary fibro-
sarcomas may be partly explained by the fact
that the tumors were ususlly removed 2-3 weeks
after their first appearance.

The tables show that tumors are induced wheth-
er the film is thick or thin, flexible or rigid, and
that & plein film appears to induce more tumors
than other forms such as perforated films, textiles,
or powders. 80 far we have obtained no.tumors

ucc
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——

with plastics in powder form, but ouly onc of these  “linters” (the fibers from which our Cellophane § a single fibrosa:

cxperiments is completed, and little significance  was made), surgical cotton, glass cloth, and a nyp, - viving rat of fif

should be atiached to the obscrvation as yet. ber of metal foils. Two natural polymers, kerat;; experiment witl

(foctal nails) and a thin collagen film, were also in,. tile (fiberglas) }

Conraovs ‘bedded. fumors were obt

As control experiments we imbedded a variety Of the completed controls, as previously r. | are still unfinish

of nonplastic matcrinls, including glass coverslips, ported (12), linters and surgical cotton produceq ¢short a time to”
slips of wood and mica, pellcts of poraffin, cotton no tumors, but with the glass coverslip there wy,

TADLE 1 . The possibili
RESULTS OF IMBEDDING PLASTICS SUBCUTANEOUSLY IN RODENTS . of the polymer:

Completed Rperiments *  eptrapped in the
No.mams mer breakdown,

STRVIVING
Dmouzrrmon orF ritat MOMOM
LATENTY
Flexibility - o

Flexible 4
Mexible SSI
Flexible : =
Flexible &4
Flexible
Very fiexible
Very flexible

MAYERIAL IMRKBDAD
CEILLOI'HANE:

A plain film

A plain film

A plain film

1B plain film

C plnin film
» 1) phiin film

D perforated filin

DACRON:
Plain film
Perforated Slm
Textile

Dars
RERDTS
10/17/58

2/18/53

1/43/88

I Y T

.uES—o'&'

Sos osoossese ?
238 =2%2eee !
S522.08
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>
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Very flexible
Very solt
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o oo
® omt
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Plain film 3/20/563
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i
8K8 8
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-
o

Fleaible
Flexible
Soft.

e
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s single fibrosarcomn, appearing in the nst sur-
unm, rat of {illy, G59 days after imbedding, An
experiment. with tin foil and one with a glass tex-
tike (fibergias) have reeently terminated, and no
tumors were obtained; but the other experiments
are atill unfinished, and have been in progress too

induced 5o by far these materialy, but the experi-
ment is not terminated. Pellets which were re-
moved from the animals three or more manths
after imhedding contained no henzoyl peroxide.
‘This indientes that the material had been com-
pletely ahsorhed, decomposed, or both, within this

1 produced short & time to have any significance, period. Conelusions which may be drawn from
there was M these experimnents are suggested in the *“Discus-
ONOMERN lion." -
The possibility that the carcinogenic activity '
o the polymers may be due to some monomer Exrenmumvrs wrrn Tacarp Porrarns '
entrapped in the film, or formed a5 a result of poly- To ascertain whether plastic films, although so
wer breakdown, cannot be disregarded. Three ex-  inert, undergo any changes in the animal body,
. TABLE 2
RESULTS OF IMBEDDING PLASTICS SUBCUTANEOUSLY IN RODENTS
Experi P .
_ No. marsa-  Mnmueon
Damomreyom or FiLe MANT YOMORS  LATRNY
Darz Maremat Thicknos Flezibility FAODUCERY UF  FERIOH
INSEDUED IMEKDOND (mm.) 20 8/1/66 ' (oare)
10/17/5% CELLOI'IIANE A
, Perfornted film 0.4 | Fleaible ’ sss .
2/18/53 CELLOPIANE 0 :
' Plain film 0.03 Slightly stiff 6 413 ,
5/5/53 PERSPEX 0.30 Rigid s 474 :
1/23/63 FOLYMETHYL :
METHACRYLATE D '
Plain film 0.06 - Rigid 1 “7
1/14/53 POLYSTYRENE D
Pnin film 0.04 Flexible 8 380 s
3/20/53 POLYVINYL t
CIILORIDE D i
Main film 0.03 Flexihle 4 533 .
8/6/53 SILK FILM Irregular Dritile [} 313 ’
9/10/83 VINYON N :
Plain flm 0.2 Flexible 2 440 i
10/1/63 POLYETH YLENE-CY 0.08 Flexible 7 372 :
4/29/53 I'OLYMETHYL !
METHACRYLATE-C* 0.10 Flexible ] 350
12/2/58 POLYSTRYENE-(24 0.07 Flexible 2 268 ‘
priments were conducted to study the possible metabolic studics were made of rats imbedded
arcinogenic effect of monomers: with polymers tagged with C*. '
1. Ten rats were painted on the back of the neek Radioactive polystyrene was prepared by heat :
. with methyl methacrylate 8 times a week for 4  polymerization of styrenc-g-CH(C I, CII= CIIy) ;
months. in a manncr analogous to that used for polysty- .
£. Ten mice were painted on the back of the rene D, Films of this polymer (55.0 mg.), contain- R
seck with a 50 per cent solution of styrene in ben- ing 2.04 X 107 ¢pm/mg, were imbedded subcu- !
xne 8 times & week for 4 months, tancously on both sides in the anterior abdominal i
l 8. Ten mice were painted similarly with a 1 per  wall of 256 male Wistar rats. Tagged polycthylene :
eent benzene solution of hexamethylene diamine, (—CH,—C“I1,—), baving 8.6 X 10* cpm/mg, i
one of the components of nylon. and polymethyl methaerylate (—CH;C(CI;)— ;
In none of theso cascs was any tumor induced, COOCHH,), having 3.6 X 10¢ cpm/mg, were ob- '
slthough some skin irritations resulted. tained from their manufacturers, and small picces 3
were imbedded jn the usual manner in rats. :
Bensori Prxoxion The different tissues and the feces were sub. ;
Consideration was also given to the possibility jected to the Van Slyke wet combustion procedure
that the active carcinogen might be some residual  (14), converted to BaCO;, and counted as such.
free radical catalyst in the polymer film. To test Respiratory COs was trapped in 10 per cent NaOH
this ides pellets contnining 0.5 per cent, 2 per cont  and converted to BaCQ;. Urine samples were con-
and 8 per cent benzoyl peroxide were imbedded on  centrated and filtered, and 1 ml. was plated dircet-
' both sides of 30 animals. No tumors have been ly. Background values for the latter, 28-32 epm/
FTT———— v w———— w—— r——
Ucce
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338 Cancer Rescarch l
ml, woere obtained with normal nonradionclive  and polystyrene ; pha.m: ane
urine treated in the same manner. {  lationship
With the polystyrenc-imbedded eats, no radio- . dueed an
activity waa dotectable in the exereta or tissucs , absence o;
for 21 wecks afler the imbedding. At the end of rene, mct
this time, however, n small amount of radionctive- diamine n
ity was found in the urine (41.3 epm/24 hr excre- (—CH H—) ' are the ac
tion). This low level of urinary radioactivity bas  g1) have the polycthylenc “hackhone” but arc mib. ! polymers.
continued up to the present, i, for 40 weeks.  giituted at various points. In short they all an the carcin
The rats imbedded with polyethylene CH hegnn yiny) op actylic polymers. Nylon ’ the polym
to excrete radionctive materinl after 26 wecks, The pri
and those imbedded with polymethyl methaery- -E carcinoger
Iate after 54 weeks. When the filin was removed, in : _ . re i
any of these cases, the urinary radioactivity disap- ( (CHy) —C—NH (CHy) —NH—. . ), 2ﬁ§ :nt]::
penred. The vrinary radioactivity cannot be due  on the other hand, is a polyamide, while Dacrog®{  and cell o
to any residual monomer in the films, since no ra- Bl jze. That t
dioactive materinl appeared in the urine immedi- ? ’ vt jcal irritat
ately upon imbedding but only after an extended (..CCH Hy—CH—O.. ) tin foil, &
interval. - o produce irr
N9 radioactivity was detectable in the expired  is a polyester; Silastic (. . . (CH)s—Si0 . . .),isa genic. Mo
‘air. in any of the tissues, or cven in the tumors , substituted silicate, Cellopbane ﬁ carcinogen
which have already resulted in some cases (see film, since
Table 2). It would scem that the degradation HOH--CHOH, l mors to the
product released from the polymer is very mi- ¢ H \CH—O ved) would he .
nute and is rapidly removed and excreted. This toe jcal irritat
is the same metabolic pattern already demon- In view
strated in previous experiments with styrenc (8). H our exper
The nature of the breakdown products of the poly- shown that
mers is still unknown; experiments to investigate CH,OH olized in tl
these are in progress. a polysaccharide, and Ivalon a cross-linked poly- °f.br°’l¥d°
DISCUSSION vinyl alcohol e
The carcinogenic polymers enumerated in (——CH —~—). 'nter‘:;si:n:
Tables 1and 2 differ widely in their chemical struc- | tion prod
A produ
ture. The simplest one is polyethylene, which is H ;
essentially & pure —CHy—CHs— 7 only common denominator in all these sub- thmg
; there is evidence of bra.nchmg of the chains . {8 that they are polymers, i.e mo’l:culel g:;:ys. In t
(6). but otherwise it differs from paraffin only in : < P : l :
of high molecular weight, containing units which tion produ
its hllgtﬁ' m‘(;lec('ﬂ” 'é;glgi’:rc“é‘m Iengt)h FPoly- repeat themselves, mal polyx
vinyl chloride (. 3= . . ), Saran qy, possibility that the earcinogenic agent in esses proc
(C-ESC‘I;-—CE‘IXT—CHCI—CHP). Teflon (—CF""' these experiments is not the actual ph:aecn but it is reaso;
» Vinyo! some low molecular weight impurity (plasticizer, logical bre.
(—CH~—CHy—~CH-—CHr—. . .), additive, or even residual monomer) was seriously radical nat
o considered. Pure polymers (polystyrene D, poly- depolymer
H, N rg:“tl;yl mcthncryo) In:;:il D, polyvinyl chloride D, and t:ull extclm
X CP.CFCl—..), thaery- phane O) which contain no additives and in iological «
E:: F ( ) polymethyl me which the amount of residual monomer, if any, is pear to im
) H, ' extremely minute, were therefore imbedded. These is possible |
’ o experiments are still incomplete, and no final per- ence of the
(—CH ee ) centages can be given (Table £). ITowever, the fact are in the )
. that numerous tumors have already been induced more, the I
Hy . with these pure plastics does demonstrate that the degradatior
Pliofilm primary carcinogen is the macromolecule itsclf, processes. '
H, rathcr than any additive or impurity which may would thus
be prescnt in the commercial film. Furthermore, of the degr:
(_.cnr._iq_, ) the completed results with various forms of Cello- ’ Secondly
uce
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phane aned polycthylene show that there is no re-
hlmnslnp hetween the number of sureotmns pro-
Jueed and the degree of purityof the film. The
shsence of earcinogenicily in the monomers sly-
rerie, methyl methaerylate, and hexamethylene
diamine rulcs out the- po-uulnhty that monomers
are the active agents, at least in theke pnrucnlur

lymers. It therefore appears fmrly certain that
the earcinogenic aclivity of plastics is inberent in
the polymer itsell.

The primaty (Iiﬂ'wulty in cmnpmlmmlinu the
carcinoggenie action of “plastics™ iy the fact llmt
they are mmluhh in negucons nysteiny nmd chemi-

enlly rathet inert, Any internction hetween thom
and eell components i, therefore, hard to visunl-
ize, That their aclivily is i result of mere merlmn-
ieal irritation by friction is hardly probable, sinco
tin foil, cotton linters, and paraflin should also
producc irritation; these, however, arc not carcino-
genic. Morcover, there is no corrclation between
arcinogenicity and the stiffness or rigidity of the.
film, since soft, thin, pliable films often induce tu-
mots to the same extent as the stiff rigid ones which
would be expected to causc far greater mechan-
jeal lmtnt:on

In view of this, it may be very important that
our cxperiments with tagged molecules have
shown that the polymers are degraded and metab-
olized in the body. at lcast in the rat. The amount
of breakdown is extremely minute, and no metab-
dlites have as yet been identified. This re-opens
the poss:bxhty of 8 chemical or phyneo-chemcal
interaction between the polymer or its degrada-
tion products and some basic cell constituent of
the organism. The camnogemc activity of the
polymer may thus arise in at least two possible
ways. In the first place, it may be the degrada-
tion products which are carcinogenic. Since nor-
mal polymer breakdown in various aging proc-
emes proceeds via a free radical mechanism (9),
it is reasonable to assume that some of the bio-
logical breakdown products may also be of a free
ndical nature. Free radicals are known to effect
depolymerization of nucleic acids (2) and to a cer-
fain extent to produce tumors (1) A number of
biological oxidations and reactions ap-
pear to involve odd electron intermediates (8). It
is possible that polymers are degraded in the pres-
ence of these biological free radicals just as they

ate in the presence of organic peroxides. Further- *

more, the free radical fragments arising from these
degradations may inhibit enzymatic free radical

‘processes. The carcinogenie activity of polymera

would thus stem from the free radical reactivity
of the degradation product.
Secondly, we might visualise the creation of

reactive cenlers in the polymer itsell, as & reslt
of Lhe degradation. ‘These “aetive conters® wonld
then be eapable of hinding proteing or other basic
tissue constituents and eonseoguently might impair
the metabolism of the adjncent cell.

On the basis of the long Iatent period it appears
that the production of tumors would require the
presence of free radicals in a specifie arca for an
extended period. This may he the reason for the
ahacnce of enrcinogenic activity in our imbedding
experiments with benzoyl peroxide. The Intter is
relatively nnstuble and decomposes in o compara-
tively short period. Turthermore, tumor produe-
tion may depend upon a free radicnl of a very ape-
cific nature and stahility which is perhaps not
characteritic of hensoyl peroxide,

In nny cnse, the fact that polymers break down
to some extent allows for the possihility of their
chemical interaction with orgunic_constitucnts
and a resultant corcinogenic activity, whereas,
without this evidence, onc wes reduced to assume
ing damage due to metabolic interference by mere
physical obstacles, a not very satisfactory hypoth-
esis, Of course, it may possibly be a combination
of physical restriction plus chemical metabolic
interference.

The extreme length of the latent period before
the appearance of the tumors could be correlated
with the length of time necessary for polymer
breakdown and the slow rate of release of the
breakdown products, since carcinogenic activity
would then be a cumulative function of this deg-
radation. If this be true, one would expect the la-
tent period to be shortened when more “reactive”
plastics, such as polymer hydroperoxides or even
pnrtmlly degraded polymers, are imbedded. Stud-
ies along these lines will be included in the work
of this laboratory in the near future.

SUMMARY

1. Malignant tumors were induced in rodents
by subcutaneously imbedding the following poly-
mer films: Cellophane, Dacron, polyethylene,
polyvinyl chloride, Silastie, Pliofitm, Nylon, poly-
methyl methacrylate, polyatyrene, Saran, Ivalon,
Kel-F, Teflon, and silk.

2. The polymer films were always found encap-
sulated in & pocket of connective tissue, except
when a tumor was induced.

8. It does not appear that the carcinogenic ac-
tivity is a result of the presence of itnpurities, since
tumors were induced by pure polymers as well as
by commercial products.

4. The monomers, styrene, methyl methacry.
late, and hexamethylene diamine, were not carcin-
ogenic in rodents when painted on the skin.
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5. Bludies wilth tagged polymers showed that
they decomposed at o minute rate when left in the
orgattism,

6. A possible mechanism by which polymers
may exert their earcinogenic activity, based on
the obscrved degradation, is suggested.
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Fre. 1.—Connective tissue pocket surrounding polystyrene
D film 3 mounths after imbedding in male Wistar rat. The film
was removed before sectioning. X330,
Fro. ®.—Pocket or cleft in a fibrosarcoms induced by
polymethyl methacrylate D in 402 days, Rat No. 2922,
" The tumor cells completely line the cleft whick contained the
film (removed before sectioning), X330,
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