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1 . In conform ance w ith  Oppenheimer 
f ilm s  from  régénérâted c e l lu lo s e  a re  
in  r a t s .

i t  has been determ ined th a t  
cancerogen ic  when im planted

2 . Crushed g la s s  wool d id  n o t p roduce any cancer in  c o n tro l
S e

3 . Film s e x tra c te d  w ith  b o i l in g  benzene and pure f ilm s  of 
re g e n e ra te d  c e l lu lo s e  produced w ith o u t any a d d itio n  had th e  
same cancerogen ic  e f f e c t  as  th e  com m ercial p ro d u c t .’

L. The observed can cero g en ic  e f f e c t  o f th e  film s i s  com- 
pared ^w ith  th e  e f f e c t  o f p o ly m eric  s i l i c a t e s  which p ro -

^b ® a f f e c t  o f  a sb e s to s  causing  can cer, 
o f b i f u n c t io n a l  m ethylene d iam id es , e th y le n e im in es , epoxides 
fh a r* ^ 1 as N -m ustard-gas compounds, and r e la te d  to  th e  f a c t  ’ 
th a t  f u n c t io n a l ly  im p o rtan t c e l l  p ro te in s  a re  c ro ss -  
l in k e d  w ith  the  l i n e a r  m acrom olecules by r e s id u a l  va lences 
(hydrogen bonds) and a re  changed in  t h i s  way.

5. The can cerogen ic  a c t i v i t y  o f polyam ide film s to  be 
expected  acco rd in g  to  th e  above, i s  determ ined  on r a t s .

-he .iHr. ^ ^ a t i n g - P l a t a l e t s  o f  th e  p l a s t i c  " b a k e lite "  under
f  t s * Tl*r n ®r  T l; observed  th e  lo c a l  fo rm ation  of sarcomas 

k **®a;*on "® ®xan,i,ned,» w hether a lso  o th e r  p la s t i c s  have
-if t h f e r_ Pro d u c in 8 e f f e c t .  We « ¿ a l l  b r i e f l y  re p o r t  about th e  r e s u l t s
of 281 i S s rim entS  b8gUn ln  1949 ’ WhlCh W*re  ca^ r ie d  out on a t o t a l

, „ ? 8V®Sa l  sma11 di3C3 o f aia® o f » P fenning of com- 
f l i a  o f  re g e n e ra te d  c e l lu lo s e  (h y d ro c e llu lo se / were im- 
u?d 8 rJ j h$ ®k in  °r  t h ® abdom inal c a v ity  o f r a t s  o f our in -  

SDk* ^  in  which s in c e  1937 never spontaneous
obs8rv®d * A t o t a l  o f 13 o f th e  50 r a t s  which l iv e d  

monger th a n  one year developed lo c a l  sarcomas** (F ig . 1 -3 * ),

B efore us Oppenheimer (2 ) ,  who a lso  observed sarcomas on 
‘J o ? .  *2? in P^a ^ ta t io n  o f c e l lu lo s e  f i lm s ,  o b ta ined  th e  same r e ­
s u l t s .  His r e s u l t s ,  about which we o n ly  le a rn ed  about 2 y ears  ago 
agree w ith  ours in  a l l  p o in ts .  6 '
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a t

w ith  i t  r I£ n o tax f e r "? r ? diiCir‘S 8 ff8C t o f th e  c e l lu lo s e  f i l a  proved ÎÎI r cannot be r e l a t e d  to  co n tam in a tio n s  o r a d d itio n s  since
we founa e x t r a c t s ,  which were produced from th e  film s witfj b o i l ' - -
e x t - l c t i d nw ith °h b* can cero S®nic e f f e c t iv e .  Whereas film s p re v io u s ly
i S t i a ï  Î a t i î i a l  În d n?h2r ? ? tgat8d  ca? C8r (F ig * Z ) > th e  daoe as the  7 i n i t i a l  m a te r ia l  and th e  f i lm s ,  wmch were m anufactured r ar t h i s
?hu«03t h Î r0°  r 8 S8 n e ra ta d c e l iu io s e  w ith o u t any a d d itio n  iF ig . 3)
f e Æ K S ï î f r 1"* h*s its -  «*• 

ï ï» î£ 13 ? £ . i 5 ï ï ;  H r /  r r  pï? luc,d- incavitiaa thS i Fif* 1}* The rata . in whose abdominal
a B a l î i î S.« 5 î« £ Î î t a i î ï avW8rî  i®PÏ*nted, usually showed numerous
S j S  h a î î ^ ï ï S à  1 ? î t  r î f ^ ) * d S* p l4 ?8 wh#r8 th a  P la te l e t s  u a S l l v  8 : 2 P *  3 ) .  On d is s e c t io n ,  th e  p l a t e l e t s

r , s t ®d f r * « ly  in  th e  abdom inal c a v ity  anà even a f t e r  15
Ï S Ï Ï Î t ^ y Î h ï 0« ?  unehân« !d - A ccording to  t h a t ,  th e  X n X r o L m c  a c t i v i t y  o f th e  f i lm s  must be g r e a t .  To e x c ite  cancer i t  tZ
s h o r t h* c o n ta c t i s  s u f f i c i e n t ,  which i s  co n sid e rab ly  ^
s h o r te r  th a n  th e  l a t e n t  p e rio d  u n t i l  th e  appearance of the  grow ths.

observed  a ? f ! ? î ? Î Î Î ,1S8 ** Which coam inuted f i l a s  had been fe d , we

ï s s r T i p ï ï ü H S :

■inro wjn t f ° l - i t e 3 t s » in  which we im plan ted  crushed g la ss  woolin to  th e  abdom inal c a v ity  o f 12 r a t s ,  produced no SowtH ThîS
m e c h X ila l^ f r ï t a t ï ï n gS eï S . î ? î r i “ # Ilta l 83cP8ri8nC8S» t h ® c h ro n ic a l, 
can cero aen ie  Î8 not cancaro g e n ic . Thus, th e
o f th e  f î î i ?  8 f f e c t  o f th e  f i l “ 3 must be r e la te d  to  th e  s u is ta n c e

a re  lin k o d Tï î t J i î * î i é . î î S ï 0hS i5Cîîl8 r  v a la n ?8 chaina of c e l lu lo s e  «  9 i i n s M  -»nto a m ic e l la r  bond by secondary  valtm ce fo rce s  whoso
o r ie n ta t io n  v a r ie s  and i s  not d e f in e d . tX  f i î ^  X e l f X  ¿ a ïe r
Ê K X £ * . £ Î Ut f ° ? h Î % ï ï *  b0dy f î UidS 13 a la o a t  inc one e iv a b le ? 1 * At f r ! . SUh* *ha f l l a a ; on t h * o th e r  hand, lin k a g e  fo rce s  a re

f o r  exam ple, dyes may be s tro n g ly  bound. The f a c t  
•Îîin  f lu o r e s c e n t  su b s ta n c es  cannot be washed from th e  f ilm s  i s
f i î ü a “ ?  o X e Î  f# a tU re  f °r  hyd ro C 8 llu lo a e film s from

in  s u i t a b l ï ^ S S * ^ ain u a t8 8  th a t  a i so  l i n e a r  c e l l  p ro te in s ,  which
th e  Ï Î X Ï Î Î  f i l î  Î Î Î Î Ï Ï  C° ° 8 i “t0  e f f i c i e n t l y  c lo se  co n tac t w ith  tn e  sw o llen  f ilm  s u r f a c e ,  may be very  f irm ly  bound bv th e  linear
a n t ^ t h e t ^ ^ t h - t 0** ayn t jj8 t lc  r e s in s ,  f o r  example by hydrogen bonds
e f f e c te d  1 *??«.£?* ca5$8 r5ua ¿ « g en e ra tio n  o f th e  c e l l s  i se f f e c te d .  Also s p l i t t i n g  o f f  o f in d iv id u a l  m olecules o f th e  syn-
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t h e t i c  su b stan ces  lin k e d  to  a c s l l  p ro te in  from th e  su rfa ce  seems
“ l a:!?® "e r > u ° n. 0 i th e  a = 'ive  3Ur- ace would s im u ltan eo u sly  ^e in  connection  w ith  i t .

Numerous o b se rv a tio n s  made re c e n t ly  speak in  fav o r of 
such a mecnanism. E a rle  (4) found on t i s s u e  c u ltu re s  which were 
c u l t iv a te d  or. h y d ro c e llu lo s e  f i lm s , in  v i t r o  a "spontaneous” can­
cella tion  o. norm al c e l l s  which was proved by re t r a n s p la n t in g  th e  
o f anl f ? } S °£ ' ia  s “ e A c io rd ln j J f ^ in g o
ofoSSSI??*1“ , £ 2 in ? . o u ra . “ •  k e li« v e  i t  p o s s ib le  th a t  t h .  observea 
f i l m |r a t i °n a l3 ° in  th lS  c aa® o u s t be a t tp ib u te d  to  th e  s y n th e t ic

. . .  A s im ila r  e f f e c t iv e  mechanism must be assumed f o r  th e
p rod!?C8 " s i l i c o s i s "  (5 ) .  Monomeric and amorphous 

3 i l i c a * 83 d° not produce any s i l i c o s i s ,  whereas c r y s ta l l in e  
in  t h ? e i a s t m£ and tb e  mope so , th e  h ig h e r th e  o r ie n ta t io n

The c h a rS® d esig n  ( "Ladungsm uster") of th e  
s u r p r is in g ly  a g re e s  w ith th a t  in  c o lla g e n . Also in  

I t  r h l'  ?® - 3wassumed as p ro b ab le  th a t  c e l l  p ro te in s  a re  bound
a t  th e  su rfa c e  by l i n e a r  po lym eric  s i l i c a t e  m olecules and th a t  
th e  ag g regates formed may s p l i t  o f f ,  th e  a c t iv e  su rfa c e  being
? fv 1n fr ?£en era^8d ‘ In mean t im e » th e  r e l a t i v e ly  good s o lu b i l -  l t y  of th e  su rfa c e  la y e r s  o f q u a rtz  p a r t i c l e s  was proved (6 a ).
solut^an®  °£v3 l l i c i c  ac id  i n , th e  body f lu id s  in  i t s e l f  speaks for a s o lu t io n ,  .he  q u a rtz  p a r t i c l e s  may pass  from c e l l  to  c e l l  and

change th e  l a t t e r ,  w ith o u t lo s in g  t h e i r  a c t i v i t y  (W. G iese, 
n h ^ a^ ? ° rd ir*f1t ° Jae g e r (5)). The " s i l ic o s is " -p ro d u c in g  e f fe c t  
p h a rm a c d o g ic a lly  ag rees  w ith  th e  can cer-p roducing  e f f e c t  in  th a t
oSlv ^ n » i - reV2 r3 lb Ie  and a re  M n ii* * te d  in  man and cause d ea th , o fte n  only decades a f t e r  ex posu re . ’

?n a3b® stos, which lik e w ise  i s  in so lu b le  in  th e  body and 
o f b a a t» in  oen 43 w e ll as ex p e rim en ta lly  in  anim als p ro ­

per f5ir^8rCan?8r’ T® fiud anoth8r example f o r  th e  cancerogenic a c t i v i t y  of polym eric  su b s ta i ces of l i n e a r  m acrom olecules.

■ According to  most re c e n t exam inations, th e  same e f fe c t iv e  
mechanism has become p ro b ab le  a lso  fo r  fo u r o th e r  c la s s e s  of sub­
s ta n c e s , whicn have a " ra d io o im e tic "  e f f e c t  on c e l l s ,  and which a re

X1Cv.a ? wel1 aa muta8«n ic  and can ce ro g en ic , i . e .  m ethylene

- d -

^ ? .d5» » th y len e im in e , epoxide and th e  n itro g en -m u sta rd -g a s  compounds 
which may be cnanged in  v ivo  in to  e th y len e im in es  or epoxides (Table :

Some su b s ta n c es  o f t h i s  kind were used in  Germany fo r  a 
^o r f in i s h in g  t e x t i l e s .  They produced permanent 

changes in  c e l lu lo s e  o r p r o te in  f i b e r s ,  i . e .  due to  th e  f a c t  th a t  
tn e y  a re  bound by r e s id u a l  v a len ces  a lo n g sid e  th e  f ib e r s  o r produce 

ro a s  l in k a g e s • W ith th e se  su b s ta n c e s , in  v i t r o  a lso  changes a re  
observed in  n u c le ic  a c id s  ( 9 ) .  When t&ey a c t on d iv id in g  c e l l s ,  
tn e y  produce obvious a b n o rm a litie s  on chromosomes (10) which co r- 
reepond to  th o se  a f t e r  r a d ia t io n  e f f e c t  (" ra d io o im e tr ic  e f f e c t ” ) .
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Table 1. C ancerogenic su b s tan ces  (acco rd ing  to  Henary (14 
M ethylene amide:

hoh2c • m • r • nh • : h2oh

E thy leneim ine:

Epoxide:

H2 ^  ^ ch2 

NR

0

N -m ustard-gas compounds:

^  ch2 • ch2c i

^CH2 • CH2C1

HpC - CH2V
/ \
R CH2 • CH2C1

/  ch2 . CH2C1

\  c^ h2

. „ „ . j .,, B ifu n c tio n a l m o le c u le s , i . e .  th e  b is -o e th y le n e -a m id e s , b is- 
ep o x id es , b is -e th y le n e im in e s  and b i s - ( c h lo ro e th y l) -a lk y l-a m in e s  (11) 

« s p e c ia l ly  can ce ro g en ic  e f f e c t .  In  v i t r o ,  th e se  substances 
p ro b ab ly  g iv e  r a d i c a l s ,  in  any case , th e y  r e a d i ly  fo ra  l in e a r  po ly -

„  . .  The c y to to x ic , m utagenic and obv iously  s tro n g  cancero ­
gen ic  e f f e c t  o f t h i s  k ind o f su b stan ces  i s  r e la te d  to  th e  f a c t  th a t  
th e  monomers in  th e  body form l in e a r  po lym ers, which th e n , as in  
v i t r o  has been obeerved w ith  c e l l u lo s e ,  p ro te in s  and n u c le ic  ac id s  

a re  c ro s s - l in k e d  o r a re  lo n g i tu d in a l ly  bound w ith  fu n c t io n a l ly  
im p o rtan t p ro te in s  o r  n u c le o p ro te in s  o f  th e  c e l l ,  which p o ssess  

d u p lic a t in g "  p r o p e r t i e s ,  and in  t h i s  way i r r e v e r s ib ly  change or 
Diock them (1 1 ; .  That such p o ly m e riz a tio n s  can a c tu a l ly  ta k e  p lace  
m  th e  body, i . e .  a ls o  such w hich in  v i t r o  only ta k e  p la c e  w ith

y?t a * w*a r# c # n t^7 proved by th e  example o f  th e  a c r y l ic  amide 
* b a s ic  su b s ta n c e  f o r  im portan t p l a s t i c s .  So f a r  a c ry l ic  

amide has no t been examined as  to  i t s  cancerogen ic  e f f e c t .  The 
s im p le s t cancerogen ic  su b s ta n c e  from t h i s  s e r ie s  i s  th e  b u tad ien e - 
d iep o x id e  (13) ( I ) .

CH2 -VCH
/  ° \
CH - CH2
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show d - j - a n c e / c f T ^ r S V i ' i T i  *c t i v ;  " “ « » « .a  of t h . s e  s e r ie s  ow a«3-ances oi j . y  to  7 .5  A betw een th e  atom* canahln nf
b rid g e  r in g s ,  which correspond  to  th o se  between th e Pnu rin «  *°*31nS
p y rim id in e  n u c le i  in  n u c le ic  a c id s  ( U K  t a w  t h S  k  Snr

so, a ls o  su b s tan ces  w ith  d e v ia t in g  d is ta n c e s  a re  s t i l '
' i v n r - r i a p S S i U - M o ' f o ^ ^ i r 6“ “ 0“  E w J  d f ™

z l i r ?Xi ~ e T l  nS . ? S L * «  f ^ e ' r L I d ^ i  v U r a i r a '
S g S K ^ j i M ?  fS S t-“L S ? I S  £ S 2 i 1y s s i S  ^
example t h e i r  l i n e a r  d is ta n c e  from each o th e r  in  th e  polym ers.

. . Hendry and c o l la b o ra to r s  d is c u s s  such an e f f e c t iv a

. “ Anes, which d e f in e  t h e i r  cancerogen ic  a c t i v i t y  in
t h e i r  ° w b s tM ? iJ i? ? «  i ° e t h !h P r 0 p a r t i2 ? i? f8dy#^  which * t ip S l« e  ZZ C t s u o s ta n t iy i t / "  i . e .  t h e i r  c a p a b i l i ty  to  be " d i r e c t lv "  absorb
p o r t L t  ^ ? r oh=i i :S S ? „ ‘  f i h ' rS <l‘ ) v  Such v iew poin ts « r a  t i  b^ S  
t h .  S i  P ^ fo a c o lo g y , because th e  e s s e n t i a l  fu n c tio n a r ie s  -
"5Spli^itiS|"aprSpS?lyfb0V" l U  tnS U n “ r ““ crotolscule^with""

g y ^ S e l i ^ S i  S ' S E S s h  t M r *  M
to  i t s  cancerogen ic  e f f e c t ,  i . e .  e -c ap ro lac ta m  f i l m s ( I I ) .  ’

-  5 -

H H- He He

X a ^ V '  " X c / X a ^  C\ i / V C\ c /
H 0 Hj H2 H2 H H2

S tru c tu re  of e -cap ro lac tam  polym er.

P la n te d  im tV i iS “ ^ ^ !  f j r a f  * A n t ^ i o vs ^
S T E L E S 1. * 1" -  f  ' ' « “ i i n i r i r a i r o p ^ i l i i p l eana very m alig n an t sarcom as, which were d i s t r ib u te d  over tn e  e n f - e ^
o fd ? S ilS io 8 e af i l i i i i fAd4a J ‘ Ti® ! f f a c t  corresponds e n t i r e ly  to  th a t  01 c e l lu lo s e  f i lm s  and seems to  be even g r e a te r  th an  th a t  one.

i-har 1-w. Handry (11) r e p o r ts  in  a supplem ent to  h is  l a s t  a r t i c l e  
i i n i « ? i \ capro r -atfayleneiffline i 111) c lo s e ly  r e la te d  to  t h ? e -  ’ 

P0**“ ®*' *s s tro n g ly  c an ce ro g en ic . O r ie n ta tio n  e x p e r i-
f I b r i c ^ i 5 r ! 0? ! M ^ 5 ai i % t , X t i i!w ' ®ich as  O rlon . nylon a n d ^ e r lo n  f?  n e g a tiv e  so f a r , a lth o u g h  th e  o b serv a tio n  tim e was

i i B? , t S V  f 1“ ?* f f “ * f , b r i «  d i f f . r  on ly  in  t h . i r
C a p ro y l-e th v le n e im in e c^ “ ic 4 ^ ^  from t h .  co rresponding  f i lm s , i t

/
»2C

H- w«.

H2 h 2 H- DUP 1M 1944



must be assumed as p o s s ib le  th a t  a ls o  th e  m echanical in  ju ry  o f th e  
= e l l 3 by th e  sh&rp edge of th e  f i lm  p la y s  a p a r t  in  i t s  c a r 'e r o z e r ' - 
e f f e c t  and p o s s ib ly  I n i t i a t e s  i t .  By i t s .1 T ,  however t b f  5 
c h ro n ic a l m echan ical i r r i t a t i o n  cannot produce cancer as was 
proved ag a in  by th e  n e g a tiv e  r e s u l t s  from our c o n tro l t e s t s  in  
wna.ch crushed g la s s  wool had been im p lan ted . T herefo re  th é
th » S tan£ i a }’ tb e  be th e  e s s e n t ia l  f a c to r .  Thusth e  mechanism o f  t h i s  can cerogen ic  e f f e c t  o f  l in e a r  polymers may ’

t0  t î a t  t d ® in f e c t io n  w ith  Rous-sarcoma v iru s  which 
mayebe3examlned3e x p e r im e n ta ily . C8l~3 (1 8 ) ‘ — « < « 4  P -b le m s

oolvBa^ ,  «he p re s e n t  f in d in g s ,  i t  must be req u ested  th a t
polym eric  s y n th e t ic  su b s ta n c es  must be used as p l a s t i c  masses

th_°rou*h exam ination  in  endurance t e s t s  on
h«1̂ t iH 'f r ,Thrh ? l a S t i c s  whicil 32,8 found to  be cancerogen ic  must not oe used f o r  t h i s  p u rp o se .

. Supplement by th e  c o rre sp o n d en t: R ecen tly  Oppenheimer and 
ï ï t î  ï ^ a t ?rS re p o r te d  about f u r th e r  f in d in g s  w ith  p la s t i c s  on 
r a t s  and m ice. Genuine ce llo p h an e  f i lm s  produced in  about 36# o f 
th e  cases  sarcom as f ilm s  p re v io u s ly  e x tra c te d  w ith a lco h o l even 

« . * t he  ® ther hand, th e  a lc o h o l e x t r a c t  was in e f f e c t iv e ,  
c o n tro l t e s t s ,  in  which g la s s  p l a t e l e t s  o r c o tto n  were im planted
V in v l° r h ? f t^ f % ? ? nC 8r* Th8Se r e s u l t s  a re  in  conformance w ith  o u rs . 

°r id 8  f i l a s  we re  about as e f f e c t iv e  as cellophane f i lm s ,  
. lBî e f i l a s ,  on th e  o th e r  hand, d i s t i n c t l y  weaker (13#), 

as had to  be expec ted  acco rd in g  to  th e  concep tions developed about 
tn e  im portance o f groups capab le  o f b in d in g  b rid g e s  f o r  th e  a c t i v i t y .
N otes.

* F if -  1 -3 , see T ab le  ( i l l e g i b l e ) .
i « t u® h i s t ° l ° f i c a l  d ia g n o s is  we a re  g r a te f u l  to  P ro f . H. Ham- 

p e r l .  M arburg, and D r. W. Altmann, F re ib u rg .
1 . F. C. T u rn er, J .  n a t .  Cancer I n s t .  2 , 81 (1941).
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