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Anti-kanzerogene Wirkung von cis-Aconits~ure bei M/iusen 
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Substanz Injizierte Meagein rag/ Zahl 
0,5 ml Tricaprylin der Tiere ~ 

Zahl der Tiere Zahl der Tiere Zahl der noch 
gestorbeninner- gestorben nach lebenden 
halb 7 Monaten 7 l~onaten Tiere b 
nach 3, 4-DP 
Injektion 

3,4-BP Zusatz Mit Ohne Mit Ohne Mit Ohne 
(mg) (mg) Tumor Tumor Tumor Tumor Tumor Tumor 

3, 4-Benzopyren 
Kanzerogenese 
(%) 

Kontrolle -- -- 28 . . . . . .  28 0 
(ohne Behandlung) (2) (340) 
Nut 3,4-Benzopyren 2,52 -- 30 30 . . . . . .  100 
Gruppe A 
3, 4-B P + cis-Aconitsiiure 2,52 < 10 35 23 -- 4 8 -- -- 77 
Gruppe D (ges~tt.) 
3, 4-BP + eis-Aconitsfiure 2,52 10 19 10 -- 2 7 -- -- 63 
Gruppe C (+ Nthan.) (1) 
3, 4-BP + cis-Aconits~iure 2,52 30 34 3 2 3 1 -- 25 18 
Gruppe B (+ ~than.) (340) 

Abnahme der 3,4-BP Kanzerogenese yon 100% auf 18% bei steigender cis-Aconits~ure Konzentration 0-30 mg/2,52 mg 3,4-BP. ~In Klam- 
mern Zahl der Mause gestorben unmittelbar nach der Behandlung dutch Unf~ille, Krankheiten, Kannibalismus, Toxizit/it. b Beobachtungszeit 
in Tagen. 

Resultate und Diskussion. Bei M~usen die nur  mi t  
2,52 mg 3 ,4-BP behande l t  wurden,  war  die Tumoren t -  
wicklung 100%. Eine  A b n a h m e  der  Tumorb i ldung  bis 
18% wurde  in AbhS.ngigkeit  yon  der  s te igenden  cis- 
Aconits~ure K o n z e n t r a t i o n  festgestel l t .  Es  ist  noch  die 
Frage  zu kl/iren, ob eine vollst~Lndige H e m m u n g  der  
3, 4 -B1  Kanzerogenese  durch  noch h6here cis-Aconits~ure- 
K o n z e n t r a t i o n e n  m6glich w~Lre. Es  wurde  ausse rdem 
zum Teil eine Verz6gerung der  Tumorb i ldung  durch  cis- 
Aconits/ iure beobach te t .  

Die bisher  durchgef t ih r ten  Un te r suchungen  deu ten  
darauf  hin, dass ein biologischer Inak t iv i e rungsmecha-  
n ismus  der  kanzerogenen  Wi rkung  yon  3,4-13enzopyren 
(und eventuel l  anderen  kanzerogenen  Stoffen) un te r  
ande rem durch  Stof fwechse lprodukte ,  die in einigen 
Organismen physiologisch vo rkommen ,  wie z.]3. cis- 
Aconits~ure oder  durch  Subs tanzen ,  die in ih rem Ver- 
d a u u n g s t r a k t  durch  Bakte r ien  gebi ldet  sind, z. t3. 
Putrescin ,  theore t i sch  denkba r  w/~re. 

Summary. The cancerogenic act ion of 3, 4- /3enzopyrene 
(3, 4-B1) can be reduced  by  several  na tu ra l  and  syn the t i c  
compounds .  The add i t ion  of 10-30 mg  of cis-aconitic acid 
to  2.52 mg 3 ,4 - t3 t  Call cons iderab ly  decrease the  inci- 
dence of t u m o r  deve lopment .  Since cis-aconitic acid is a 
metabol ic  p roduc t  of the  citric acid cycle, its s ignificance 
for the  biological inac t iva t ion  of tile cancerogenic act ion 
of 3, 4 -BP is theore t ica l ly  possible.  

G. KALLISTRATOS 3 
mi t  t echn ischer  Mi ta rbe i t  yon  U. KALLISTRATOS 

Forschungsinstitur Borstel, Institut /i~r experimenlelle 
Biologie und Medizin, D-2067 Borstel 
( Bundesrepublik Deutschland, B RD), 25. November 197d. 

8 Herrn Dr. E. FASSKE danke ich ftir die histologische Ulltersuchung 
der Tumoren. 

Inh ib i t ion  of M u c o u s  Metap las ia  in the Sk in  T u m o r  K e r a t o a c a n t h o m a  by Cont inual  App l i ca t ions  
of P u r o m y c i n  

The k e r a t o a c a n t h o m a  is a rap id ly  growing,  d ry  skin 
t u m o r  which  undergoes  excessive kera t in iza t ion  and  can 
be found in m a n  1 and  can be p roduced  in l abora to ry  
an imals  2-s. Prev ious  s tudies  have  d e m o n s t r a t e d  t h a t  
when  the  expe r imen ta l  kera to t ic  t u m o r  is t r e a t ed  wi th  
topica l  appl ica t ions  of v i t a m i n  A acid, a change  in the 
epi thel ia l  p roduc t  of tonof ibr i ls  to  mucus  resul ts  4. 

The purpose  of the  p re sen t  inves t iga t ion  was to  observe,  
a t  macroscopica l  and  u l t ramicroscopica l  levels, the  effect  
of pu romyc in  on the  act ion of v i t amin  A acid and the  
absence or presence  of a mucous  metaplas ia .  P u r o m y c i n  
is an an t ib io t ic  known  to  in terfere  wi th  the  t r ans la t ion  
mechanism.  

Materials and methods. 29 male  r abb i t s  (average weight ,  
1 kg) h a d  the  inner  surface of the i r  r igh t  ear  auricles 
pa in ted  twice weekly  wi th  1 ~o 7, 12 -d imethy lbenzan th ra -  

cene (DM13A) in equal  pa r t s  of lanolin and  minera l  oil. 
Af te r  6 weeks, all t he  rabb i t s  had  developed 6-7 kerato-  
a c a n t h o m a s  per  ear (0.5-1 cm in diameter) .  The animals  
were d iv ided  in to  several  groups. The protocol  of the  
mater ia l s  and  expe r imen ta l  me t h o d s  employed  in the  
s t u d y  are summar ized  in the  Table.  The cor responding  
left ears of all the  r abb i t s  served as controls .  

1 F. N. GHADIALLY, J. Path. Bact. 75, 441 (1958). 
2 F. N. GHADIALLY, J. Path. Bact. 77, 277 (1959). 
3 L. PR~TKI~, J. Invest. Dermat. d8, 326 (1967). 
a L. PRUTKIrr J. Invest. Dermat. 49, 165 (1967). 
5 L. PRUTKIN, Cancer Res. 28, 1021 (1968). 

L. PRUTKIN and B. BOGART, J. Invest. Dermat. 55, 249 (1970). 
v L. PRUTKIN, Cancer Res. 31, 1080 (1971). 
s L. PRVTKI~, J. Invest Dermat. 57, 323 (1971). 
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All biopsied tissues, whe the r  f rom exper imen ta l  or 
control  t issues, were incuba ted  in 4% g lu ta ra ldehyde  in 
p h o s p h a t e  buffer  for 1.5 h followed by  f ixa t ion  in 2~o 
osmium te t rox ide  but fered  to p H  7.4. The t issues were 
d e h y d r a t e d  in graded s t r eng ths  of e thanol  and e m b e d d e d  
in E p o n  812. 1 ~m th ick  and  u l t r a th in  sect ions were cut  
on a Reicher t  u l t ramicro tome.  The u l t r a th in  sect ions 
were s ta ined wi th  uranyl  ace ta te  followed by  lead ci t rate ,  
and  examined  ill an RCA t y p e  E M U  2E electron micro- 
scope. 

Resulls. Gross morphology. Studies  previously  carried 
out  ill th is  l abora to ry  have  d e m o n s t r a t e d  t h a t  the  usual 
dry,  kera to t ic  k e r a t o a c a n t h o m a  will exude a viscous and 
copious exuda te  when  subjec ted  to  3 to  5 dai ly topical  
appl ica t ions  of 0.5 g of 3% v i t a m i n  A acid. In  the  p resen t  
s tudy,  when  1 or 2 appl ica t ions  of pu romyc in  were appl ied 
e i ther  prior  to  or af ter  v i t amin  A acid, there  was a visible 
exuda te  p resen t  a t  72 h on the  surface of the  kerato-  
acan thomas .  W h e n  pu romyc in  was  appl ied concur ren t ly  
wi th  v i t amin  A acid, there  was never  any  visible exuda te  
on the  tumors .  

Microscopic results. Tile u l t ras t ruc tu re  of normal  
r abb i t  hai r  follicle, t he  ke ra toacan thoma ,  and  the  
v i t amin  A ac id- t rea ted  k e r a t o a c a n t h o m a  has been  
previous ly  r epor ted  a-5. W h e n  t u m o r  kera t inocytes  are 
subjec ted  to  i or 2 doses of puromycin ,  glycogen is p re sen t  
in the  cytoplasm.  W h e n  the  epithelial  ceils are sub jec ted  
to  1 or 2 doses of pu romyc in  followed by  1 to  4 doses of 
v i t amin  A acid, there  is an increase in the  Golgi and 
endoplasmic  re t iculum at  72 h. The dai ly appl icat ions  of 

pu romyc in  concur ren t ly  wi th  5 daily appl icat ions  of 
v i t ami n  A acid produces  only sparse amo u n t s  of Golgi and 
rough endoplasmic  re t iculum.  W h e n  2 or 3 doses of 
v i t amin  A acid are appl ied pr ior  to mul t ip le  doses of 
puromycin ,  t he  t u m o r  kera t inocy tes  develop b o t h  
di la ted c is ternae  of t he  rough-surfaced endoplasmic  
re t icu lum (Figure 1) and the  Golgi re t iculum. 

E x a m i n a t i o n  of the  contro l  t issues t h a t  received the  
same dosages and schedule of drugs as the  t umorous  
t issues revealed similar  morphotogic  results.  The un t r ea t ed  
kera t inocy te  possesses b o t h  a sparse rough-surfaced 
endoplasmic  re t icu lum and Golgi re t icu lum (Figure 2). 

Discussion. In  several  previous studies,  the  topical  
appl ica t ion  of v i t amin  A acid to  dry,  kera to t ie  kerato-  
acan thomas  has resul ted in a me tap las ia  in the  kerat ino-  
cytes  w i th  tile p roduc t ion  of mucigen drople ts  in the  
cy top lasm and  a viscous, copious mucus  a t  t he  macro-  
scopic level 4, 5. 

In  t he  p resen t  s tudy,  pu romyc in  appl ied  pr ior  to  or 
af ter  v i t ami n  A acid applicatiofm did no t  p r ev en t  mucus  
p roduc t ion  or secretion.  W h e n  p u r o m y c i n  is given 
concur ren t ly  w i th  v i t ami n  A acid for 5 days,  no mucus  
exuda te  is present .  The effect  of p u r o m y c i n  is observed 
when  it is cont inua l ly  applied.  

I t  appears  t h a t  con t inua l  appl ica t ions  of p u r o m y c i n  
p reven t s  the  Golgi r e t i cn lum f rom m a t u r i n g  to  the  
deve lopmenta l  s tage t h a t  is observed  when  only v i t amin  A 
acid is applied.  FRIEDMAN and  CARDELL 9, in s tudies  on 

9 H. I. FRIEDMAN and R. R. CARDELL, J. Cell Biol. 52, 15 (1972). 

A protocol of the experimental materials and methods used in the study 

Experiment No. of Topical application of Time interval between drugs Time of biopsy 
tumors puromycin or vitamin A acid 

1 9 1 dose of puromyein ~ 2 h later 1 dose of vitamin A 
acid b 

2 11 2 doses of puromycin 
2 h apart 

3 38 2 doses of puromycin 
2 h apart 

4 15 1 dose of puromycin 
given concurrently with 1 
dose of vitamin A acid 
daily for 5 days 

5 8 1 dose of puromyein 

6 9 2 doses of puromycin 

7 27 2 doses of vitamin A acid 
24 h apart 

8 18 3 doses of vitamin A acid 
24 h apart 

9 9 5 doses of vitamin A acid 
24 h apart 

2 h later 1 dose of vitamin A 
acid followed 24 h later by a 
2nd dose of vitamin A acid 

2 h later 1 dose of vitamin A acid. 
14/38 tumors received 2 further 
doses of vitamin A acid 24 h 
apart. 14/38 tumors received a 4th 
dose of vitamin A acid 24 h later 
and 10/38 tumors received a 5th 
dose of vitamin A 24 h later 

14/27 tumors received 1 dose of 
puromycin 2 h later. 13/27 
tumors received a 2nd dose of 
puromyein 2 h later 

9]18 tumors received 1 dose of 
puromyciI1 2 h later. 9/18 tumors 
received a 2nd dose of puromyein 
2 h later 

All 9 tumors received 2 doses of 
puromycin 2 h apart 2 h after 5th 
application of vitamin A 

In this experiment and all succeeding 
experiments, biopsies were taken at 4, 
6 and 24 h except where noted 

3 tumors biopsied daily 24 h apart 
for 5 days 

~Puromycin, 500 ~g in 0.1 ml of acetone. ~0.5 g of 3% vitamin A acid in lanolin and mineral oil in equal parts. 
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Fig. 1. Mierograph depicts dilated 
cisternae of the rough surfaced 
endoplasmic reticulum (arrows). 
Golgi apparatus (G) is present. 
• 12,000. 

Fig. 2. Micrograph depicts Golgi 
reticulum (g) in untreated kerati- 
nocyte. • 12,000. 

t h e  e f f ec t  of  p u r o m y c i n  o n  r a t  i n t e s t i n a l  e p i t h e l i a l  cel ls  
d u r i n g  f a t  a b s o r p t i o n ,  n o t e d  t h a t  p u r o m y c i n  t r e a t m e n t  
c a u s e s  a d e f i c i e n c y  o f  Go lg i  m e m b r a n e s .  P r e s e n t  e v i d e n c e  
i n d i c a t e s  t h a t  t h e  Go~gi s a c c u l e  is t h e  s i t e  w h e r e  c a r b o -  
h y d r a t e  is s y n t h e s i z e d  a n d  a d d e d  t o  p r o t e i n ,  t h e  l a t t e r  

10 j .  D. JAMIESON and G. E. PALADE, Proc. natn.  Acad. Sci., USA 
55, 424 (1966). 

11 j .  D. JAMIESO~ and G. E. PALADE, J. Cell Biol. 3d, 577 (1967). 
12 j .  D. JAMESON and G. E. PALADE, J. Cell Biol. 48, 503 (1971). 
13 M. NEUTRA and C. P. LEBLOND, J. CelI Biol. 30, 119 (1966). 
1~ IV[. NEUTRA and C. P. LEBLOND, J. Ceil Biol. 30, 137 (1966). 
1~ E. F. NEidFELD and J. C. FRANTANTONI, Science /69, 141 (1970}. 
16 This investigation was supported by U.S.P.H.S. Research Grant 

No. CA-12122 from the National Cancer Inst i tute  and by Hoff- 
mann-La Roche, Inc., Nutley, New Jersey. 

s y n t h e s i z e d  on  t h e  r i b o s o m e s  of  t h e  r o u g h  e n d o p l a s m i c  
r e t i c u l u m  10-12. ~NTEUTRA a n d  LEBLOND 13, 14 h a v e  r e p o r t e d  
t h a t  t h e  Go lg i  s a c c u l e  e v e n t u a l l y  b e c o m e s  a m u c i g e n  
d r o p l e t .  T h e  loss  of  a l l  m u c i g e n  d r o p l e t s  w i t h  p u r o m y c i n  
m a y  be  d u e  t o  t h e  f a c t  t h a t  p u r o m y c i n  i n h i b i t s  t h e  
i n c o r p o r a t i o n  of  s u g a r  a n d  s u l f a t e  i n t o  m u c o p o l y s a c - .  
c h a r i d e  15, is. 

Zusammen/assung. D a s  m i k r o s k o p i s c h e  B i l d  de s  s c h n e l l  
w a c h s e n d e n  K e r a t o a k a n t h o m s  b e i m  K a n i n c h e n  w i r d  
d u r c h  V i t a m i n  A u n d  P u r o m y c i n  w e s e n t l i c h  b e e i n f l u s s t  
u n d  v e r ~ n d e r t .  

L .  PRUTKIN 

Department o/Anatomy and Cell Biology, New York 
University Medical Center, 550 First Avenue, New York 
(N. Y. 10076, USA), d December 7974. 


