
110 Specialia EXPERIENTIA 34/1 

T h e  m i t i g a t i n g  effect  of  d ie tary  a n t i o x i d a n t s  on  c h e m i c a l l y - i n d u c e d  c a r c i n o g e n e s i s  ~ 
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Summary. The effect  of a d ie t a ry  an t i ox idan t  m ix t u r e  on 3 -me thy lcho lan th rene  med ia t ed  carcinogenesis  in hair less  
mice was inves t iga ted .  The a l l t iox idant  mix tu re  s ignif icant ly  reduced  the  f requency  of p remal igna l l t  lesions and the i r  
subsequen t  d e v e l o p m e n t  in to  tumors .  Tile similari t ies ill response  of chemical  and U V  l ight-carcinogenesis  to  these  
an t i ox idan t s  suggest  some congru i ty  in t he  mechan i sms  of the  carcinogenic process.  

H a r m a n  d e m o n s t r a t e d  t h a t  cer ta in  an t iox idan t s  p roduced  
a marked  decrease in incidence of spon taneous  cancer  
d e v e l o p m e n t  in s t ra ins  of mice so predisposed  % ~. Since 
t h a t  t ime  numerous  an t i ox idan t s  have  been shown to 
effect ively  inh ib i t  the  effects  of chemical  carc inogens  4-s. 
Whereas  l i t e ra ture  is accruing t h a t  a t t e s t s  to an t ioxida l l t s '  
ef fect iveness  in inh ib i t ing  chemical  carcinogenesis,  l i t t le  
is k n o w n  of the i r  mode  of act ion.  Recent ly ,  we demon-  
s t r a t ed  t h a t  a mix tu re  of ant ioxidal l t s ,  incorpora ted  in to  
t he  die t  of hair less  mice, was effective in p ro tec t ing  aga ins t  
U V  l ight  (UVL)- induced fo rmat ion  of cholesterol  e-oxide,  
a possible biogenic carcinogen% Subsequen t  s tudies  indi-  
ca ted  t h a t  th is  same a n t i o x i d a n t  mix tu re  was effect ive in 
suppress ing  U V L - m e d i a t e d  t u m o r  in i t ia t ion and develop-  
ment l~  Cholesterol  e-oxide is a UVL- induced  pho to -  
p r o d u c t  of cholesterol  - a na tu ra l  and r ichly  a b u n d a n t  
c o n s t i t u e n t  of skin. This  compound  could exer t  i ts  
effects(s) in a fashion s imilar  to  o ther  chemical  carcino-  
gens. Therefore ,  we sought  to  de t e rmine  w h e t h e r  d i e t a ry  
an t i ox idan t s  were equal ly  effective aga ins t  the  effects  of 
a top ica l ly -appl ied  chemical  carcinogen as aga ins t  those  
induced  by  U V L  and  thus  whe the r  some congru i ty  m i g h t  
ex is t  be tween  the  mechanism(s)  of these  2 carcinogenic  
agents .  
Materials and methods. 2 groups  of albino, hair less mice 
(hrhr),  22-25 g, were selected for the  s tudy .  One group of 
18 animals  (control) was  ma in t a ined  on a ba lanced  labo- 
r a t e r y  meal  (Wayne  Lab-b lox  for H a m s t e r s  and  Mice, 
Allied Mills, Chicago, Illinois). The o ther  group of 18 ani-  
mals  received the  same meal  supp l emen ted  w i t h  a 2~ 
(w/w) a n t i o x i d a n t  mix tu re  composed  of the  fol lowing:  
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Effect of dietary antioxidants on 3-methyleholanthrene induced 
lesions and tumors in hairless mice. Solid line represents animals on 
regular diet and the dotted line represents animals on antioxidant 
supplemented diet. 12 weeks after initiation of the study, 5 animals 
of the group on antioxidant supplemented diet were lost due to 
negligence in animal maintainance. The rest of animals in both groups 
survived the entire study period. The model used to approximate the 
curves is: Y ~ Pl(1-e-Pdx-P~)2) where P1 = 3.28; P~ = 0.0092; P~ 
= 7.14 for the group on regular diet and P1 = 1.87; P2 = 0.0206; 
and P3 = 0.26 for the group on antioxidant supplemented diet; 
X = time in weeks. 

1.2 % ascorbic acid, 0.50/0 b u t y l a t e d  hydroxy to luene ,  0.2 % 
DL-e- tocophero l  (250 IU  vit .  E/g) and  0.1% g lu ta th ione  
(reduced form). Af ter  2 weeks,  the  dorsal  median  of each 
animal,  f rom the  shoulder  to  hip,  was pa in t ed  once wi th  
100 tzl of 3% 3-me thy lcho lan th rene  (MCA) in acetone.  
100 ixl of 0.5% cro ton  oil in ace tone  was appl ied once 
weekly for 15 weeks. An imals  were examined  regular ly  
for the  occurrence  of chemica l ly- induced  lesions. Raised  
lesions of a p p r o x i m a t e l y  1 m m  diameter ,  morphologica l ly  
resembl ing  act inic  keratoses ,  were t aken  as a biological  
end-po in t  in eva lua t ing  the  chemicals '  effect.  These le- 
sions were his tological ly  d iagnosed  as p re -mal ignan t .  
Tumors  were d iagnosed his tological ly  as papi l lomas.  The 
pe rcen t  of an imals  bear ing  t u mo r s  or lesions, n u m b e r  of 
lesions p e r  animal ,  and n u m b e r  of lesions and t u mo r s  per  
an imal  were tile p a r a m e t e r s  chosen  for evaluat ion.  Com- 
par isons  of these  p a r a m e t e r s  f rom b o t h  groups of an imals  
a t  weekly  in te rva l s  were s ta t i s t ica l ly  eva lua ted  using the  
Wilcoxon R a n k  Sum Test.  Many  of tile pap i l lomas  
even tua l ly  developed in to  squamous  cell carcinomas,  
however ,  th i s  occurred eight  m o n t h s  beyond  the  exper i -  
men t a l  per iod.  
Results and discussion. As ear ly  as week 12, the  n u m b e r  of 
lesions per  an imal  was s t r ik ingly  h igher  in the  cont ro l  
animals  ( t ab le ) .  This  difference is s ta t i s t ica l ly  s ignif icant  
a t  weeks 19 (p<0.01) ,  24 (p<0 .05) ,  26 (p<0.05)  and  
thereaf te r .  Tumors  appeared  in b o t h  groups  of an imals  
af ter  14 weeks  of t r e a t m e n t .  There  was no s ignif icant  
difference in tile t u m o r  prevalence,  i.e., pe rcen t  of t umor -  
bear ing animals .  However ,  33 weeks af ter  t r e a t m e n t ,  tu-  
mor  f r equency  (number  of t umors  per  an imal  a t  each ob- 
servat ion)  in the  contro l  group was a lmos t  twice t h a t  of 
the  a n t i o x i d a n t - s u p p l e m e n t e d  group. Tota l  n u m b e r  of 
lesions and t u mo r s  per  an imal  was c o n s t a n t l y  h igher  in 
animals  of the  contro l  group. This  is graphica l ly  re- 
p resen ted  in tile f igure where  n u m b e r  of lesions and  tu-  
mors  per  an imal  is co mp a red  over  the  f i rs t  26 weeks of the  
s tudy.  Resu l t s  f rom th is  s t u d y  suggest  t h a t  an t i ox idan t s  
no t  only  ac t  upon  the  in i t ia t ion  of tumor �9  b u t  also 
affect  the  d e v e l o p m e n t  of t u mo r s  f rom p re -ma l ignan t  
lesions upon  chemical  p romot ion .  
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Week 
Diet Parameters 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 33 37 

Animals with 
tumors or lesions (%) 33 61 56 67 72 67 61 83 78 94 83 94 94 89 94 94 100 
Animals with tumors (~o) 0 0 0 11 17 28 28 22 38 56 44 50 44 56 50 66 72 

RegularNo. lesions/animal 0.50 0.89 1.00 1.39 1.83 1.33 1.72 1.83 1.78 2.00 1.67 2.11 2.17 1.89 2.89 2.76 2;33 
No. tumors/animal 0.00 0.00 0.00 0.17 0.22 0.39 0.50 0.61 0.78 0.89 0.78 0.83 0.72 0.89 0.83 1.12 1.67 
No. lesions -k tumors/ 
animal 0.50 0.89 1.00 1.56 2.06 1.72 2.22 2.44 2.56 2.89 2.44 2.94 2.89 2.78 3.72 3.88 4.00 

Animals with 
tumors or lesions (%) 15 23 23 69 62 62 77 62 69 85 100 85 77 85 92 85 77 
Animals with tumors (%) 0 0 8 15 15 31 38 23 46 38 46 62 54 46 54 46 54 

Special No. lesions/animal 0.15 0.38 0.54 0.92 1.08 0.85 1.38 0.46 0.62 1.08 1.23 1.15 0.85 1.23 1.15 1.15 1.38 
No. tumors/animal 0.00 0.00 0.08 0.23 0.23 0.38 0.54 0.77 0.62 0.54 0.77 0.92 0.85 0.85 0.69 0.62 0.77 
No. lesions + tmnors/ 
animal 0.15 0.38 0.62 1.15 1.31 1.23 1.92 1.23 1.23 1.62 2.00 2.08 1.69 2.08 1.85 1.77 2.15 

F r e e  rad ica l s  h a v e  been  i m p l i c a t e d  in a n u m b e r  of p a t h o -  
logical  c o n d i t i o n s  12, 13. I n c r e a s e d  levels of  f ree - rad ica l s  a n d  
l ipid p e r o x i d a t i o n  h a v e  been  r e p o r t e d  in sk in  fo l lowing  
U V L - r a d i a t i o n  14,15, M a n y  a n t i c a n c e r  c o m p o u n d s  e x h i b i t  
f ree - rad ica l  i n h i b i t o r y  effectslG, 17. I n d e e d ,  s o m e  of these  
h a v e  r ecen t l y  been  s h o w n  to i n h i b i t  c h e m i c a l l y - i n d u c e d  
sk in  carc inogenes is lS .  W h e t h e r  f ree - rad ica l s  a re  i nvo lve d  
in e i the r  U V L  or c h e m i c a l l y - i n d u c e d  sk in  ca rc inogenes i s  
is y e t  u n k n o w n .  H o w e v e r ,  t h e  r e su l t s  of  t h i s  s t u d y  indi-  
ca te  t h a t  a n t i o x i d a n t s  are ef fec t ive  in a l l ay i ng  the  del-  
e t e r ious  effects  of t o p i ca l l y - app l i ed  3 - m e t h y l c h o l a n t h r e n e  

a n d  s u g g e s t  t h a t  t h e r e  m a y  be a conf luence  in t h e  deve lop -  
m e n t a l  s t e p s  of  b o t h  chemica l  and  U V L - i n d u c e d  car -  
c inogenes i s  a t  w h i c h  a n t i o x i d a n t s  act .  
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T h e  e n d o c r i n e  n a t u r e  of the  p a r a g a n g l i a  of m a n  
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Summary. B r i g h t l y  f l u o r e s c e n t  p a r a g a n g l i a  were  f o u n d  in t he  r e t r o p e r i t o n e a l  t i s sue  of a d u l t  m a n .  The  h i s t o f l u o r e s c e n c e  
p r o p e r t i e s  of t he  p a r a g a n g l i a  ind ica te  t h e  p r e sence  of t r y p t o p h y l  pep t ides ,  w h i c h  m i g h t  be of e n d o c r i n e  i m p o r t a n c e .  

T h e  e x t r a - a d r e n a l  c a t e c h o l a m i n e  s t o r i n g  a n d  s y n t e t h i z i n g  
cells are w ide ly  d i s t r i b u t e d  a long  a n d  w i t h i n  t h e  s y m p a -  
t h e t i c  a n d  p a r a s ) ; m p a t h e t i c  n e r v o u s  s y s t e m  1 s. These  
cells, i n c l u d i n g  the  smal l ,  i n t e n s e l y  f l u o r e s c e n t  ( S I F )  
cells of t h e  s y m p a t h e t i c  g a n g l i a  4-7 are  desc r ibed  as  
p a r a g a n g l i a  (PG) 1 8. 
T h e  P G  of m a n  d o m i n a t e  d u r i n g  the  fe ta l  per iod1,  2, 
wh i l e  on ly  a few o b s e r v a t i o n s  o n  t h e i r  p o s t n a t a l  fa te  
a re  ava i l ab le  1, 9-11. To e luc ida te  t h e  n a t u r e  of t h e  h u m a n  
a d u l t  PG,  t i s sues  o b t a i n e d  f r o m  vascu la r ,  gynaeco log ica l  
a n d  uro log ica l  s u r g e r y  were  a n a l y z e d  s y s t e m a t i c a l l y  u s i n g  
t h e  f o r m a l d e h y d e  i n d u c e d  f luo rescence  ( F I F )  m e t h o d  *, ~ 
for  c a t e c h o l a m i n e s  to  t r ace  t h e  PG.  
As  a c k n o w l e d g e d  in t h e  p r e l i m i n a r y  r e p o r t s  t,, is, b r i g h t l y  
ye l lowish  to  o r a n g e  f l u o r e s c e n t  P G  were  r e g u l a r l y  f o u n d  
e m b e d d e d  in t h e  p a r a - a o r t i c  a n d  r e t r o p e r i t o n e a l  con-  
nec t ive  t i s sue  ( f igures  1 a n d  2). M i c r o s p e c t r o f l u o r i m e t r i c  
r e c o r d i n g s  of t h e  e m i s s i o n  s p e c t r a  of t h e  f l u o r o p h o r e  
s h o w e d  emi s s ion  m a x i m u m  a t  480 n m  t y p i c a l  to  ca te -  
c h o l a m i n e s  ( f igure  3). T h e  P G  are  cons ide red  as  A P U D  
cells 14 c h a r a c t e r i z e d  b y  Pea r se  15, 1~. T h e  2 m o s t  i m p o r t a n t  
c o m m o n  c h a r a c t e r i s t i c s  of  t h e  A P U D  cell ser ies  a re  
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