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ABSTRACT 

A s imple and r a p i d  method f o r  t h e  d e t e r m i n a t i o n  of 
2-AAF i n  animal  f e e d s  w a s  developed u s i n g  h igh  p e r f o r -  
mance l i q u i d  chromatography. The column employed w a s  
an o c t a d e c y l  bonded s i l i c a  suppor t  w i t h  80% methanol  as 
mobile  phase. Fluorene w a s  added as an i n t e r n a l  s t a n -  
dard .  The method i s  a p p l i c a b l e  f o r  c o n c e n t r a t i o n s  of 
250-1200 ug AAFIkg d i e t .  

INTRODUCTION 

The carc inogen  2-acetylaminofluorene (2-AAF) h a s  been used 

e x t e n s i v e l y  t o  induce cancer  i n  l a b o r a t o r y  animals .  I ts  p h y s i c a l  

p r o p e r t i e s  have been d iscussed  (1) and v a r i o u s  methodologies  

*Author t o  whom correspondence should be  addressed .  
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368 PERKINS ET AL. 

developed f o r  i t s  a n a l y s i s  by gas  l i q u i d  chromatography and f luo-  

rometry have been reviewed ( 2 ) .  West and Oi l e r  (3) have a l s o  pub- 

l i s h e d  a method f o r  determining 2-k4F i n  l a b o r a t o r y  animal chow by 

r e v e r s e  phase l i q u i d  chromatography. W e  are d e s c r i b i n g  h e r e  a 

method f o r  determining 2-AAF i n  semi-pur i f ied  d i e t s  by h i g h  pres-  

s u r e  l i q u i d  chromatography (HPLC). The method r e q u i r e s  no prel im- 

i n a r y  clean-up and u t i l i z e s  f l u o r e n e  as an i n t e r n a l  s t a n d a r d .  

MATERIALS 

Chemicals 

2-AAF and f l u o r e n e  w e r e  ob ta ined  from Aldr ich  Chemical C o .  

(Milwaukee, WI) . The a c e t o n i t r i l e  and methanol used as s o l v e n t s  

were obta ined  from Eurdick and Jackson ( P h i l a d e l p h i a ,  PA) and 

were g l a s s  d i s t i l l e d .  

S y n t h e t i c  Diets 

The s e m i p u r i f i e d  d i e t s  c o n t a i n i n g  added 2-AAF and c o n t r o l  

d i e t s  were prepared  commercially accord ing  t o  t h e  AIN-76 r e f e r -  

ence s t a n d a r d  ( 4 )  (Bio Serv I n c . ,  Frenchtown, NJ). They conta ined  

10 o r  40% of  i s o l a t e d  soybean p r o t e i n  o r  v i tamin- f ree  c a s e i n ,  5% 

corn o i l ,  5% c e l l u l o s e ,  3.5% m i n e r a l s ,  1% v i t a m i n s ,  0 .3% d l -  

Methionine and 0.2% c h o l i n e  b i t a r t r a t e .  The ba lance  of  t h e  mix- 

t u r e  conta ined  s u c r o s e  and c o r n s t a r c h  i n  a r a t i o  of 1:3.  The 

p r o t e i n  conten t  w a s  v a r i e d  a t  t h e  expense o f  t h e  carbohydra te .  

S e v e r a l  ba tches  o f  d i e t  were also prepared  i n  t h e  l a b o r a t o r y ,  

s p i k e d  w i t h  2-AAF i n  e t h a n o l i c  s o l u t i o n ,  d r i e d ,  thoroughly mixed, 

and assayed t o  determine recovery  of t h e  chemical .  

A n a l y t i c a l  Procedure 

Five grams o f  d i e t  were weighed i n t o  a 100 m l  round bottom 

f l a s k  and 50 m l  of a c e t o n i t r i l e  c o n t a i n i n g  t h e  i n t e r n a l  s t a n d a r d ,  

f l u o r e n e ,  a t  a c o n c e n t r a t i o n  of 300 ug/ml, were added v i a  a p i p e t  

d i s p e n s e r .  The f l a s k  w a s  then  s toppered  and shaken mechanical ly  
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2-ACETYLAMINOFLUORENE 369 

f o r  30 minu tes  a t  abou t  100 cyc le s /min .  A f t e r  t h e  s o l i d s  w e r e  

a l lowed  t o  s e t t l e ,  10.0 m l  of  e x t r a c t  were t r a n s f e r r e d  t o  a 3- 

i n c h  g l a s s  f u n n e l  l i n e d  w i t h  a 12 .5  cm Whatman f i l t e r  p a p e r .  The 

f i l t r a t e s ,  c o l l e c t e d  i n  22 m l  g l a s s  s c i n t i l l a t i o n  v i a l s ,  were 

a n a l y z e d  as d e s c r i b e d  below. 

I n s t r u m e n t a t i o n  

The a n a l y t i c a l  sys t em c o n s i s t e d  of  a T r a c o r  model 995 i s o -  

chromatographic  pump ( T r a c i r  Avi,  A u s t i n ,  TX) and a Rheodyne loop  

i n j e c t o r  equipped w i t h  a 20 u l  l oop  (Rheodyne, Be rke ley ,  CA) and 

U.V.  d e t e c t i o n  a t  285 nm. The d a t a  were r e c o r d e d  by a H e w l e t t -  

Packard model 3380 e l e c t r o n i c  i n t e g r a t o r ,  which w a s  programmed t o  

r e c o r d  r e s u l t s  d i r e c t l y  i n  ppm when compared t o  a n  i n t e r n a l  s t a n -  

da rd .  A Whatman PXS-10-25, ODs-2 r e v e r s e  phase  o c t a d e c y l  bonded 

column w i t h  a n  a t t a c h e d  C-18, 37-50 p bonded pre-column (4" x 

118") w e r e  used f o r  s e p a r a t i o n .  The mob i l e  phase  employed w a s  80% 

methanol:20% w a t e r  a t  1 m l  p e r  min f low rate. 

RESULTS AND DISCUSSION 

Complex matrices l i k e  d i e t s  and t i s s u e s  o f t e n  c o n t a i n  compo- 

n e n t s  which are e x t r a c t e d  and i n t e r f e r e  w i t h  subsequen t  a n a l y s e s .  

The e x t r a c t s  p r e p a r e d  as d e s c r i b e d  h e r e  d i d  n o t  appea r  t o  c o n t a i n  

i n t e r f e r i n g  components i n  t h e  area of  t h e  chromatogram o f  p r e s e n t  

i n t e r e s t .  The chromatogram o f  a c o n t r o l  d i e t  e x t r a c t  showed no 

peaks .  Subsequent  chromatograms of  d i e t  e x t r a c t s  w i t h  added 

i n t e r n a l  s t a n d a r d  and 2-AAF a r e  shown i n  F i g u r e  1. F l u o r e n e ,  a 

d e g r a d a t i o n  p r o d u c t  of 2-AAF, and chosen f o r  t h e  i n t e r n a l  s t a n d a r d  

( 1 ) ,  w a s  w e l l - s e p a r a t e d  from 2-AAF. Its p r e s e n c e  i n  d i e t  e x t r a c t s  

p r e p a r e d  a f t e r  d i e t s  w e r e  s t o r e d  as l o n g  as 90 days cou ld  n o t  b e  

demons t r a t ed .  T h i s  i s  t o  be  expec ted  s i n c e  t h e  f o r m a t i o n  o f  

f l u o r e n e  from 2-MF r e q u i r e s  h y d r o l y s i s  of  t h e  amide fo l lowed  by 

deaminat ion.  Cond i t ions  f a v o r i n g  t h e s e  r e a c t i o n s  would n o t  b e  

expec ted  i n  f e e d  s t o r e d  a t  4°C. 

p r o d u c t s  might  b e  expec ted ,  none w e r e  found.  

Though o x i d a t i v e  and h y d r o x y l a t e d  
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FIGURE 1 .. 

2 4 6 8 1 0  
T I M E  (MIN)  

Chromatogram of d i e t  e x t r a c t  c o n t a i n i n g  2-AAF and 
f l u o r e n e ,  an i n t e r n a l  s t a n d a r d .  C o r r e l a t i o n :  25 cm 
x 4.2 m O.D.S .  column (Whatman, 10 !J, Nutley,  NJ) . 
Mobile phase:  80% methano1:H~O a t  1 ml/min. Detec- 
t i o n  method: 285 nM. 

The d a t a  shown i n  Table 1 i n d i c a t e  s a t i s f a c t o r y  o v e r a l l  re- 

covery of 2-AAF from semi-pur i f ied  d i e t s  t o  which t h e  carc inogen  

and i n t e r n a l  s t a n d a r d  had been added i n  t h e  l a b o r a t o r y .  

f e r e n c e  i n  carcinogen conten t  from t h a t  expected w a s  s l i g h t l y  

g r e a t e r  than one p e r c e n t .  

The d i f -  

The d a t a  presented  i n  Table  2 i n d i c a t e  a c o n s i d e r a b l e  d i f f e r -  

ence both  i n  t h e  e r r o r  between r e p l i c a t e  samples and t h e  percent-  

age d e v i a t i o n  from t h e  amount presumed t o  b e  p r e s e n t  i n  t h e  d i e t  

mix ture .  The 5 4  samples analyzed t o  o b t a i n  t h e s e  d a t a  w e r e  a l l  

o b t a i n e d  from d i e t s  provided by t h e  s a m e  commercial s u p p l i e r .  

They demonstrate  t h e  importance of a n a l y z i n g  d i e t a r y  formula t ions  

b e f o r e  feeding  of t o x i c  o r  carc inogenic  compounds which depend 

upon t h e  amount consumed f o r  t h e i r  b i o l o g i c a l  e f f e c t s .  The 
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TABLE 1 

Recovery of  Added 2-AAF from C o n t r o l  D i e t s  

C o n c e n t r a t i o n  .k C o n c e n t r a t i o n  
% of 2-AAF Added n o f  2-AAF Found % 

P r o t e i n  Cldg  i t d g  2 cf Recovery 

10 250 6 2 5 7 . 2 k  4 . 5  102 .9  k 1 . 3  
333  6 3 4 4 . 1 k  4.5 103 .4  k 1 . 3  
666 6 6 6 9 . 7  k 13.7  100.6 k 2 . 1  

1000 6 1 0 0 5 . 9 k  6 . 2  100.6 k 0.6 

40  333  6 3 4 8 . 3 +  4 .4  104 .6  +_ 1 . 3  
500 6 524.0' 4 . 9  1 0 4 . 8  k 1.0 
666 6 6 9 5 . 9 k  7 . 3  1 0 4 . 5  f 1.1 
700 6 7 1 0 . 5 k  7.5 101.5 k 1.1 

1000 6 9 8 5 . 4 k  9.4 98.5 ir 0 . 9  

* 
Each sample r e s u l t  w a s  t h e  a v e r a g e  o f  d u p l i c a t e  i n j e c t i o n s  i n t o  
t h e  HPLC. 

TABLE 2 

Dete rmina t ion  o f  2-AAF i n  Commercially P r e p a r e d  D i e t s  

Numner 

10 333 6 3 0 6 . 4 k 1 7 . 5  9 2 . 0 +  4 . 3  
6 5 7 6 . 2 k 2 0 . 4  8 6 . 5 k  3.0 

1 "f 
666 

1000 6 973.4 2 47.6 9 7 . 3 k  4.a 

40 333 6 3 3 2 . 7 i r 5 8 . 1  99 .9  k 1 7 . 5  
666 6 6 1 4 . 7 k 1 1 . 7  9 2 . 3 k  1.8 
1000 6 9 3 5 . 3 k 5 3 . 0  9 3 . 5 k  5 . 3  

2*tS 10 3 3 3  3 3 4 0 . 6 k  6 . 5  1 0 2 . 3 k  1.8 
666 3 6 7 1 . 1 k 3 2 . 0  100.8k 4 . 8  
1000 3 9 9 0 . 4 k 5 7 . 0  9 9 . 0 *  5 . 7  

40 333 3 2 9 4 . 4 k  8.4 8 8 . 4 k  2.6 
666 3 6 4 1 . 0 k 2 8 . 8  9 6 . 2 *  4 . 3  

1000 3 9 5 1 . 6 k  8 .8  95 .2  k 0.9  

t 
D i e t s  s u p p l i e d  a t  two d i f f e r e n t  t i m e  i n t e r v a l s  and from d i f f e r e n t  
b a t c h e s .  

'Determined by d u p l i c a t e  i n j e c t i o n  o f  d i e t  e x t r a c t  i n t o  t h e  HPLC. 
$One i n j e c t i o n  o f  d i e t  e x t r a c t  i n t o  t h e  HPLC. 
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FIGURE 2 .  

200 400 600 800 1000 

NOMINAL 2-AAF LEVEL IN CHOW (pG/G) 

R e l a t i o n s h i p  between observed and nominal 
l e v e l  i n  chow. 

2-MF 

l i n e a r i t y  of t h e  a n a l y t i c a l  method developed i s  i l l u s t r a t e d  i n  

F igure  2.  R e l i a b l e  de te rmina t ions  were made f o r  c o n c e n t r a t i o n s  

ranging from 250 pg t o  1200 pg/kg of 2-AAF i n  t h e  d i e t .  

c u r r e n t l y  used a n a l y t i c a l  column has shown no s i g n s  of d e t e r i o r a -  

t i o n  a f t e r  ana lyses  of  over  500 d i e t  e x t r a c t s .  It  i s  ne 'cessary,  

however, t o  employ a s h o r t  precolumn packed w i t h  37-50 u o c t a d e c y l  

s t a t i o n a r y  phase, which should  be  r e p l a c e d  a f t e r  200-225 a n a l y s e s .  

The 
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