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ISOLATION OF STABLE MUTAGENIC PHOTODECOMPOSITION . -  
PRODUCTS OF BENZO(a)PYRENE BY THIN-LAYER CHROMATOGRAPHY I d  

H.J. Issaq", A.W. Andrews, G.M. J a n i n i ,  and E.W. B a r r  

N C I  F reder i ck  Cancer Research Center 
Chemical Carc inogenesis  Program 

Freder i ck ,  Mary1 and 21 701 

INTRODUCTION 

P o l y c y c l i c  a romat i c  hydrocarbons (PAH) a r e  widespread i n  t h e  atmosphere, 

t h e  s o i l ,  waterways and oceans, as w e l l  as i n  t h e  f o o d  chain.  Ma jo r  sources 

o f  PAH i n c l u d e  emissions from t r a n s p o r t a t i o n  systems, hea t  and power gener- 

a t i n g  p l a n t s ,  r e f u s e  b u r n i n g  and i n d u s t r i a l  processes (1,2,3). 

number o f  these PAH a r e  known t o  be ca rc inogen ic  (2,4,5). 

s tud ies  i n d i c a t e  t h a t  t he  environment i s  a s i g n i f i c a n t  f a c t o r  i n  t h e  i nc idence  

o f  human cancer ,  a l though many o f  t h e  s p e c i f i c  causal  agents remain t o  be  

i d e n t i f i e d .  

carc inogen,  and one o f  t h e  most common PAH contaminants o f  t h e  env i ronment  

A s i g n i f i c a n t  

Ep idemio log i ca l  

One w i d e l y  s t u d i e d  PAH i s  benzo(a)pyrene (BaP), which i s  a 

'Presented i n  p a r t  a t  t he  29th P i t t s b u r g h  Conference on A n a l y t i c a l  Chemist ry  
and A p p l i e d  Spectroscopy, Cleveland,  Ohio, 1978. 
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320 ISSAQ ET AL. 

( 6 ) .  Occupational exposure t o  BaP has been documented ( 4 ) .  M a i l a t h  and 

Mor i k  ( 7 )  s t u d i e d  t h e  e f f e c t  o f  s u n l i g h t  and dark-room s to rage  on BaP and 

r e p o r t e d  t h a t  s i x  and e i g h t  compounds, r e s p e c t i v e l y ,  were observed when BaP 

was exposed t o  s u n l i g h t  o r  l e f t  i n  t h e  dark.  

o f  t h e  degradat ion o f  BaP adsorbed on soo t  o r  smoke p a r t i c l e s  (8,9,10). 

Despi te  t h e  f a c t  t h a t  a number o f  t h i n - l a y e r  chromatographic (TLC) 

methods have been desc r ibed  f o r  t h e  s e p a r a t i o n  o f  p o l y c v c l i c  a romat i c  

hydrocarbons, t h e  r e s u l t s  must be t r e a t e d  w i t h  c a u t i o n .  

1964, Inscoe (11) r e p o r t e d  t h a t  some PAH a r e  u n s t a b l e  when a p p l i e d  and 

developed on s i l i c a  g e l  p l a t e s .  

benzo(a)pyrene (BaP) spots  on s i l i c a  g e l  p la tes ,  and concluded t h a t  anv 

situ e v a l u a t i o n  was imposs ib le .  S e i f e r t  (13) n o t e d  t h i s ,  and suggested t h a t  

impregnat ion o f  t h e  p l a t e  w i t h  5% p a r a f f i n  wax c o u l d  reduce BaP degrada t ion .  

We have examined BaP, one o f  t h e  mos t -s tud ied  ca rc inoqen ic  environmenta 

There have been seve ra l  r e p o r t s  

As e a r l y  as 

Rao and Vohra (12 )  no ted  a r a p i d  f a d i n g  o f  

contaminants, i n  s o l u t i o n  and on TLC p l a t e s  ( s i l i c a  g e l  and c e l l u l o s e ) ,  

under a r t i f i c i a l  and n a t u r a l  UV i r r a d i a t i o n .  S ince t h i s  compound i s  found 

i n  t h e  environment, i t s  exposure t o  s u n l i g h t  may r e s u l t  i n  t h e  f o r m a t i o n  o f  

s t a b l e  photodecomposi t ion products  t h a t  may r e p r e s e n t  an unevaluated human 

hazard. 

can occu r  under ambient c o n d i t i o n s  d u r i n g  exposure t o  s u n l i g h t  o r  a r t i f i c a l  

UV l i g h t .  

m e r i t s  i n v e s t i g a t i o n .  

P r e l i m i n a r y  evidence i n d i c a t e s  t h a t  f o r m a t i o n  o f  s t a b l e  products  

The p o t e n t i a l  f o r  human ca rc inogen ic  r i s k  f rom t h i s  phenomena 

M a i s i n  and de Johnghe observed t h a t  l i g h t  acce le ra tes  t h e  a roduc t i on  o f  

s k i n  tumors by BaP (14) .  

31% o f  t h e  group t r e a t e d  w i t h  BaP showed tumors whereas 63% o f  t h e  group 

t r e a t e d  w i t h  BaP p l u s  i r r a d i a t i o n  showed tumors (15) .  

c e r t a i n  k inds  i s  a l s o  ca rc inogen ic  and m igh t  be a promot ing agent .  

t he  a c t i v i t y  o f  p h o t o l y s i s  p roduc ts  m igh t  be a f a c t o r .  

I n  ano the r  s k i n  p a i n t i n g  s tudy,  i t  was found t h a t  

I r r a d i a t i o n  o f  

There fo re ,  

The o b j e c t i v e s  o f  t h i s  s tudy  were t o  examine t h e  e f f e c t s  o f  UV r a d i a t i o n  

on t h e  s t a b i l i t y  o f  BaP i n  s o l u t i o n  and on TLC p l a t e s ,  t o  i s o l a t e  t h e  s t a b l e  

photodecomposit ion products  and t o  t e s t  f o r  t h e i r  p o s s i b l e  mutagenic a c t i v i t y .  
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BaP was o b t a i n e d  f rom A l d r i c h  Chemical Co., I n c .  (Metuchen, NJ, USA), 

Methanol, e t h y l  a c e t a t e  and benzene were g lass  d i s t i l l e d  f rom Burd i ck  and 

Jackson (Muskegon, M I ,  USA). 

(E lmsford,  NY, USA). 

o u t  by u s i n g  an au tomat i c  e l u t i o n  system, t h e  Eluchrom by Camag (New B e r l i n ,  

WI, USA). A 15 amp Xenon lamp, Zenarch f rom Nems and C la rke  ( S i l v e r  Spr ing,  

MD, USA) was used f o r  t h e  photodecomposi t ion o f  BaP. 

measurements were made on MPE2 Spec t ro f l uo romete r  (Perk in-Elmer) .  

TLC s i l i c a  g e l  p l a t e s  were f rom E. Merck 

E l u t i o n  o f  t h e  spo ts  f rom t h e  p l a t e s  were c a r r i e d  

F luorescence 

M u t a t i o n  t e s t s  were c a r r i e d  o u t  e s s e n t i a l l y  as desc r ibed  by Ames 

- a l .  (16) .  

VBE AGAR and 75 u l  o f  A r o c l o r  1254-s t imu la ted  r a t  microsomes p e r  p l a t e .  

A l l  t e s t i n g  was done w i t h  t h e  p l a t e  i n c o r p o r a t i o n  assay u s i n g  e i t h e r  methanol 

(MeOH), o r  u n d i l u t e d  d i m e t h y l s u l f o x i d e  (Me@) as t h e  s o l v e n t .  P l a t e s  were 

i ncuba ted  f o r  48 h r s .  a t  37°C and t h e  r e v e r t a n t  c o l o n i e s  were counted u s i n g  

a hand-held t a l l y .  

V a r i a t i o n s  were t h e  use o f  0.2 m l  o f  t h e  t e s t e r  s t r a i n ,  20 m l  o f  

S o l u t i o n s  o f  BaP, 334 ug/ml, were s t reaked  on s i l i c a  g e l  p l a t e s ,  

a l l owed  t o  dry ,  exposed t o  s u n l i g h t  o r  UV r a d i a t i o n  f o r  one hour ,  and then 

developed i n  benzene:ethy l  a c e t a t e  ( 9 : l ) .  

were e l u t e d  and t e s t e d  f o r  mu tagen ic i t y .  

Regions f rom t h e  developed p l a t e s  

RESULTS AND DISCUSSION 

F luorescence measurements i n d i c a t e d  t h a t  t h e  BaP s o l u t i o n s  examined were 

s t a b l e ,  b u t  t u r n e d  y e l l o w  when sub jec ted  t o  excess i ve  UV r a d i a t i o n .  

s o l u t i o n s  o f  BaP were s p o t t e d  on s i l i c a  g e l ,  alumina, c e l l u l o s e  and reversed-  

phase TLC p l a t e s  and d r i e d  under n i t r o g e n ,  f o l l o w e d  by development and 

e l u t i o n ,  no l o s s  due t o  decomposi t ion was observed. 

s o l u t i o n s  were s p o t t e d  on t h e  p l a t e s  and a l l owed  t o  d r y  i n  t h e  hood i n  a 

stream o f  a i r ,  seve ra l  developed spo ts  were observed. Moreover, s i m i l a r i t i e s  

i n  t h e  BaP r e s u l t s  were o b t a i n e d  when p l a t e s  s p o t t e d  w i t h  BaP were exposed 

t o  s u n l i g h t  (Table 1). 

When 

However, when t h e  such 
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TABLE 1 

ISSAQ ET AL. 

Rf VALUES OF PHOTO-DECOMPOSITION PRODUCTS OF BaP ON SILICA GEL PLATES AFTER 

15 MINUTES EXPOSURE TO SUNLIGHT 

Fluorescence Co lo r  under  Lonq UV Rf Compound # 

0-0.1 

0.24 

0.37 

0.42 

0.48 

0.57 

0.72 

0.82 

0.95 

Greenish 

F a i n t  

F a i n t  

Red (1,6-BaP Quinone)  

Yel low (3,6-BaP Quinone) 

Ye1 1 ow 

F a i n t  y e l l o w  

F a i n t  r e d  

B lue  (BaP) 

Two o f  these p roduc ts  were e l u t e d  o f f  t he  p l a t e  and were c h a r a c t e r i z e d  

as t h e  1,6- and 3,6-BaP quinones b v  chromatographic  and spec t roscop ic  

techniques.  

The two reg ions  f rom t h e  BaP p l a t e  (Rf, 0.0 - 0.1, R f ,  0.4 - 0.5)  were 

found t o  be d i r e c t  a c t i n g  mutagens (Table 2) .  When a BaP methanol s o l u t i o n ,  

334 p g h l  , was sub jec ted  t o  UV l i g h t  f o r  t h r e e  hours and subsequent ly  t e s t e d  

f o r  mu tagen ic i t y ,  t h e  r e s u l t s  were again p o s i t i v e ,  w i t h  and w i t h o u t  m e t a b o l i c  

a c t i v a t i o n  (Table 3) .  

s t r a i n  TA 100 and t h e  f r a m e s h i f t  s t r a i n  TA 1538. 

planned t o  d i s c e r n  t h e  i d e n t i t y  o f  t he  p r o d u c t ( s )  e x h i b i t i n g  mutagenic a c t i v i t y .  

These p r e l i m i n a r y  da ta  suggest t h a t  t h e  photodecomposi t ion p r o d u c t ( s )  may be 

more h i g h l y  mutagenic than t h e  pa ren t  hydrocarbon. 

BaP was mutagenic f o r  b o t h  t h e  base o a i r  s u b s t i t u t i o n  

F u r t h e r  exper imen ta t i on  i s  

I t shou ld  be  no ted  t h a t  
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TABLE 2 

The Number o f  Revertant Colonies Using Tester S t r a in  TA 1538 

W i t h  and Without Added Rat Liver Microsomes f o r  Unexposed BaP 

and Eluted TLC Pla te  Regions of I r r ad ia t ed  BaP* 

Test Material 

~ 

Concentration no S,  S9 added 

Cells only -- 10 

MeOH -- 11 

Unexposed BaP 50 ug 12 

Eluted TLC Region 1 ( R f ,  0.4 - 0.5) 81 50 ug - 

26 

27 

225 

171 

Cells only - -  12 23 

Me2S0 undiluted 18 22 

Eluted TLC Region (Rf,  0.0 - 0.1) 50 uq - 

Unexposed BaP 50 ug 24 3 30 

43 32 

* Mutagenic r e s u l t s  are the average of two runs. 

TABLE 3 

The Number of Revertant Colonies Using Tes te r  S t r a in  TA 100 

With and Without Added Rat Liver Microsomes f o r  BaP Before and After 

I r r ad ia t ion  f o r  Three Hours With  UV L i g h t *  

- 

Test Material Concentration no S9 S9 Added 

Cells only -- 167 

MeOH -- 116 

BaP 33.4 ug 154 

BaP I r r ad ia t ed  i n  MeOH 33.4 ug - 537 

154 

124 

1008 
2371 

* Mutagenic results a r e  the average of two runs. 
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324 ISSAQ ET AL. 

t h e  two i d e n t i f i e d  photodecomposi t ion products  o f  BaP (1,6- and 3,6-quinones) 

cannot account f o r  t h e  h i g h  m u t a g e n i c i t y  observed. 

Hence, an understanding o f  t h e  p h o t o - o x i d a t i o n  processes o f  PAH components, 

as w e l l  as t h e  b i o l o g i c a l  assessment and s t r u c t u r a l  c h a r a c t e r i z a t i o n  o f  t h e i r  

s t a b l e  photodecomposi t ion products  on coated TLC p l a t e s  and on s tandard  

dust  samples, may l e a d  t o  t h e  i d e n t i f i c a t i o n  o f  a p r e v i o u s l y  i n s u f f i c i e n t l y  

app rec ia ted  area o f  env i ronmenta l  carc inogens t o  which humans a r e  exDosed. 
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