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Inhibition of Tumorigenes is  by Topical Application of Low Doses of Vitamin A Acid and Fluorouracil  

In  a previous  s tudy  where  v i t amin  A acid in a h igh dose 
and concen t ra t ion  was used s imul taneous ly  wi th  d imethy l -  
benzan th racene  on r abb i t ' s  skin, the  yield of t umo r s  was 
marked ly  increased 1. In  a fu r ther  s tudy,  using v i t a m i n  A 
acid and  fluorouracil  in combina t ion  on the  kerato-  
acan thoma ,  t u m o r  regression was marked ly  enhanced  e. 
The purpose  of the  p resen t  s t u d y  was to  observe b o t h  
the  effect  of a low concen t ra t ion  of v i t amin  A acid on 
tumorigenes is  as well as t he  effect  of v i t amin  A acid used 
in combina t ion  wi th  fluorouracil  on tumorigenesis .  

Materials and methods. Thi r ty  five male  albino rabb i t s  
(average wt. 1 kg) had  the  inner  surface of the i r  r igh t  ear 
auricles pa in ted  twice weekly wi th  1% 7, 12-dimethyl-  
benzan th racene  (DMBA) in lanolin. Af ter  3 weeks of 
DMBA appl icat ions,  the  r abb i t s  had  enlarged hair  
follicle orifices wi th  some rabb i t s  hav ing  a few t iny  
tumors .  This suggested t h a t  the  rabbi ts ,  wi th  addi t iona l  
paint ings ,  would be ap t  to develop tumors .  The animals  
were d iv ided into 7 groups, 5 animals  per  group and were 
subjec t  to  the  drug combina t ion ,  dosages and  schedules 
out l ined in the  Table.  The corresponding  left  ear auricles 
of all the  r abb i t s  served as controls.  

Biopsies t aken  f rom the  control  ears as well as f rom the  
DMBA t r ea t ed  ears were sliced into i m m  ~ pieces and 
placed 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 ixat ion in 2% osmium te t rox ide  
buffered to p H  7.4. The t issues were d e h y d r a t e d  in graded 
s t reng ths  of e thanol  and  embedded  in Epon.  Sections 
1-2 ~zm th ick  and  u l t ra th in  sect ions were cut,  s ta ined  wi th  
uranyl  ace ta te  and  lead ci t rate ,  and examined  in a Siemens 
E lmiskop  1A electron microscope.  

Results. Gross results. R a b b i t  ears t r ea t ed  wi th  DMBA 
for 3 weeks had  p r o m i n e n t  follicular ostea. If  no fu r ther  
DMBA was applied,  rabb i t s  had  3-4 tumors  per  ear 
3 weeks lat ter .  Those cont inuing  to  receive 3 addi t iona l  
weeks of appl ica t ions  of DMBA had  6-7 tumors  per  ear. 
W h e n  the  sites on the  ears were t r ea t ed  for 3 weeks wi th  
DMBA and  t h e n  subjec t  to  v i t a m i n  A acid and 5-FU, the  
t u m o r  yield was decreased when  examined  on the  6th 
week. V i t amin  A acid appl ica t ions  wi th  cont inued  applica-  
t ions  of DMBA resul ted in a yield of 3-4 tumors  per  ear on 
examina t ion  by  the  6th week. Fluorouraci l  appl ica t ions  

A protocol of the experimental materials, methods and results 
Experiment Rabbit ears treated only No. of tumors 

with DMBA tor 3 weeks, per animal at 
followed by applications 6 weeks 
of 

1 No. further treatment 3-4 

2 �9 0.1% vitaminAb 2-3 

3 2% 5-FU 3-4 

4 0.1% vitamin A and 2-3 
2% 5-FU 

5 1% DMBA 6-7 

6 0.1% vitamin A and 3-4 
10/0 DMBA 

7 2% 5-FU and 1~ DMBA 6-7 

8 0.1% vitamin A and 2-3 
2% 5-FU and DMBA 

~Experiments 2-8 had 5 animals per experiment and were treated 
for 3 days/week for 3 additional weeks giving 6 weeks of total treat- 
ment. Biopsies were taken 5 days after last drug application. 

b Each application of vitamin A and/or fiuorouraeil (averaging 0.25 g) 
was applied by means of a wooden stick spatula. 

w i th  DMBA did not  have  an effect  on reducing the  t u m o r  
yield. I t  is in te res t ing  to note  t h a t  even wi th  the  cont inued  
use of DMBA appl ied  wi th  v i t ami n  A or f tuorouracil  
(Exper imen t s  6 and  7 Table), t i le t u m o r  yield was never  
h igher  t h a n  using DMBA alone. DMBA appl ied wi th  
v i t ami n  A and  5-FU (Expe r imen t  8, Table) resul ted in a 
yield of 2-3 tumors  per  r abb i t  ear. 

Microscopic results. W h e n  v i t a m i n  A acid alone was 
appl ied to  ep i the l ium p re t r ea t ed  wi th  DMBA, a sl ight in- 
crease in tile rough-surfaced endoplasmic  re t icu lum as 
well as the  Golgi appa ra tu s  was observed along wi th  the  
presence  of mucigen drople ts  in the  cy top lasm.  Kera t ino-  
cytes  t r ea t ed  wi th  DMBA followed by  5-FU appl icat ions  
p roduced  cy toplasmic  vacuoles and few pycnot ic  nuclei. 
The mos t  s t r ik ing observa t ion  when  v i t amin  A acid and 
5-FU are appl ied is a reduc t ion  of he t e roch roma t in  in the  
nuclei. W h e n  DMBA is appl ied wi th  v i t amin  A acid and 
5-FU, an ahnos t  comple te  loss of he t e roch roma t in  in the  
nuclei of tile ke ra t inocy tes  results.  

Discussion. V i t ami n  A produces  ex t remely  var ied 
responses  in cell d i f ferent ia t ion  and  epithel ial  tumor i -  
genesis. V i t amin  A pa lmi t a t e  in the  h a m s t e r  cheek pouch  
induced several  more  t u mo r s  t h a n  using DMBA alone a, 4. 
In  a previous  inves t igat ion,  a higtl dose (3%) of v i t amin  A 
acid p roduced  all increase yield of k e r a t o acan t h o mas  in 
the  r abb i t  1. 

In  con t ras t  to  t he  above findings,  SHAMBERGER 5 has 
r epor ted  on the  marked  reduc t ion  in t u m o r  incidence 
wi th  re t inyl  acetate .  BOLLAG 6 has shown t h a t  v i t amin  A 
acid had  no inh ib i to ry  effect  on the  g rowth  of t rans-  
p l an t ab le  t u mo r s  bu t  had  a the rapeu t i c  effect  on estab-  
l ished skin tumors  induced by  DMBA. We  have  repor ted  
the  increased the rapeu t i c  effect  of v i t ami n  A acid on 
r ab b i t  k e r a t o a c a n t h o m a L  LOGAN ~ has no ted  t h a t  tile 
mechan i sm of act ion of v i t ami n  A appears  to  be dose 
d e p e n d e n t  ii~ expe r imen ta l  s i tuat ions .  

E v e n  wi th  the  con t inued  use of DMBA in th is  s tudy,  
v i t ami n  A and  5-FU inhib i t  tumorigenesis .  The mos t  
s t r ik ing cytologic observa t ion  is a marked  reduc t ion  in 
h e t e ro ch ro ma t i n  in the  nuclei  of the  kera t inocytes .  
V i t amin  A and 5-FU m a y  work  synergis t ical ly  to  uncoil 
the  coiled ch ronema  which  results  in t u m o r  inhibi t ion or 
pe rhaps  v i t ami n  A and/or  5-FU complex  wi th  DMBA in 
the  vehicle and  inhib i t  the  pene t r a t i on  or ac t iv i ty  of 
DMBA% 

Zusammenfassung. R e i h e n u n t e r s u c h u n g  zur Pr i i fung 
der Beeinf lussung der  Tumorgenese  be im Kan inchen  
durch  Vi t amin  A und  Fluorouracil .  lVfit Hau tbep inse lung  
yon  D i m e t h y l b e n z a n t h r a c e n  erzeugte  T u mo ren  werden 
sowohI durch  V i t ami n  A wie durch  die K o m b i n a t i o n  
Vi tan l in  A + 5-FU in W a c h s t u m  und  Neubi ldung 
beeinflusst .  
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