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A MICROPREPARATIVE HPLC PURIFICATION 
PROCEDURE FOR (G-3H)-BENZO(a)PYRENE 

AND 3-(6-14C)-M ETHY LCHO LANTH R EN E 

Jan A. Rosier 
Charles A.  Dana Laboratory of  Toxicology 

Harvard School of  Public Health 
665 Huntington Avenue 

Boston, Massachusetts 021 15 

ABSTRACT 

3 Th is  paper describes a micrf lpreparative pu r i f i ca t i on  method o f  ( GI- 
benzo(a)pyrene and  3-(6- C)-methylcholanthrene employing high 
p ressu re  reversed phase chromatography. T h e  method can be used 
immediately p r i o r  t o  the  use o f  these compounds as exposure agents 
in metabolism studies, t he reby  assur ing the  h ighest  possible degree 
o f  purity during exposure and  the reby  el iminating the  need f o r  batch 
pu r i f i ca t i on  a n d  repe t i t i ve  sampling from the  p u r i f i e d  material. 

INTRODUCTION 

S t u d y  of t h e  metabolism and  the  i n t r i ns i c  dif ferences among cu l tu red  

cel l  l ines in t h e i r  ab i l i t y  t o  metabolize (G-  H)-benzo(a1pyrene o r  

3-(6- C)-methylcholanthrene requ i res  p u r e  s tandards of these poly- 

cyc l ic  aromatic hydrocarbons t o  i n t e r p r e t  re l iab ly  the  metabolite 

prof i les  obtained by HPLC analysis o f  t he  cel l  c u l t u r e  ext racts .  
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2106 ROSIER 

(C-  3 H I -Benzo(a )py rene  and  3-(6-14C)-methylcholanthrene a r e  no t  

stable during storage and  f requen t l y  requ i re  pu r i f i ca t i on  before t h e i r  

use in metabolism studies. (C- H)-Benzo(a)pyrene is so sensit ive to  

light and  a i r  t h a t  t he  degree o f  purity o f  a sample can decrease by 

as much as 5 8 per  day if degradation is no t  carefu l ly  avoided. 

Therefore, t he  repe t i t i ve  sampling o f  a batch p u r i f i e d  sample can- 

no t  b e  recommended i f  the  purity o f  these compounds i s  of cruc ia l  

importance. T h e  same remarks hold fo r  3-(6- C)-methylcholanthrene, 

which i s  n o t  as sensit ive t o  oxidation as (C-  H)-benzo(a)pyrene, but 

whose purity i s  nevertheless dependant on storage condit ions and  

sample handling. We therefore describe a method tha t  allows one t o  

purify t h a t  amount o f  (C-  H)-benzo(a1pyrene o r  3-(6- C)-methyl- 

cholanthrene needed f o r  immediate use d u r i n g  an experiment. 

Th i s  avoids batch pur i f icat ion (and the  r i s k s  o f  breakdown associ- 

a ted w i th  repe t i t i ve  sampling) and  laborious ext ract ion techniques 

w i th  KOH/DMSO ( 1 )  o r  pu r i f i ca t i on  by means o f  benzene e lu t ion f rom 

sil ica ( 2 )  which does n o t  allow d i r e c t  cont ro l  o f  purity. 

3 

14 

3 

3 14 

MATER I A LS 

Micropreparat ive H igh  Pressure L i q u i d  Chromatography. 

Use was made o f  a Perk in  Elmer Series 2 liquid chromatograph equip- 

ped  w i t h  a Perk in  Elmer LC 75  Spectrophotometric detector set a t  280 

nm and  a Zorbax Dupont  Reversed Phase Column (dimensions : 9,4 

mm I.D. x 25 cm leng th )  packed w i t h  10 pm part icles. The  e lu t i ng  

solvent was acetonitr i le. The  sample was injected by means of a 

Rheodyne injector ( t y p e  7 1 2 5 )  equipped w i t h  a sample loop o f  1 ml. 

Fractions were collected a t  a f lowrate o f  1.0  ml/minute. T h e  radio- 

ac t i v i t y  p ro f i l e  was measured by mix ing 0.01 ml aliquots o f  each 

f ract ion w i t h  3 ml o f  Universa l  LSC-Coktail (Dupont, Aquasol) and  

counted in a Minaxi T r i c a r b  4000 Series Liquid Scint i l la t ion Counter 

(Packard). 
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PURIFICATION OF POLYCYCLIC AROMATIC HYDROCARBONS 2107 

Analy t ica l  H igh  Pressure Liquid C hroma tog r a p  hy 

Use was made o f  a Var ian 5000 high pressure liquid chromatograph 

equipped w i t h  a g rad ien t  elut ion contro l ler ,  a var iab le wavelength 

detector (Waters, model 450) set a t  280 nm and  a L K B  2 1 1 2  Redirac 

f ract ion collector. The  analyt ical column used was a pBondapak RP 

lBt rn  (dimensions : 4.6 mm 1.0. x 30 cm langth)  packed w i th  10 pm 

part icles. The  sample was applied on the  column by means o f  a 

Rheodyne injector ( T y p e  7201)  equipped w i t h  a sample loop o f  1 . 1  ml 

and e lu ted by g rad ien t  e lu t ion s ta r t i ng  w i th  40 % methanol in water to 

100 % methanol during 60 minutes. The  flow ra te  was 2 mllminute. 

C hernical s 

3 (G-  H)-Benzo(a)pyrene (65 Cilmmol) was purchased from Amersham 

Inc.  as a solut ion in toluene and  was d i l u ted  w i th  unlabeled benzo- 

(a )py rene  (Sigma, Chem. Co.) t o  a specific ac t i v i t y  o f  50 mCi/mmol. 

3-(6- C)-Methylcholanthrene was purchased from New England 

Nuclear (56 mCilmmol) as a solut ion in benzene-ethanol (9 -1 )  and was 

d i l u ted  to  approximately 50 mCilmmol. 

Dimethylsulfoxide (F isher  Scienti f ic).  

Acetoni t r i le  (HPLC-grade, Fisher Sc ient i f ic ) .  

Methanol (HPLC grade, Fisher Sc ient i f ic ) .  

Water (deionized, d is t i l led and  f i l t e red ) .  

1 4  

METHODS 

3 The volume of a solut ion o f  (G-  H)-benzo(a)pyrene (d i l u ted  w i th  

unlabeled benzo(a)pyrene to  the  requ i red  specif ic a c t i v i t y )  t ha t  cor- 

responds t o  the  ac t i v i t y  ( i n  cpm) necessary to c a r r y  ou t  t he  ex- 

periments was applied on the preparat ive reversed phase column and  

e lu ted w i th  acetonitr i le. Based on the  retent ion time o f  a benzo(a)- 
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py rene  s tandard and on the rad ioact iv i ty  in the  eluted fract ions, t he  

benzo(a1pyrene peak was identi f ied, collected, t rans fe r red  t o  a glass 

tube  and  evaporated under  N2 a t  30 C under  r e d  light. The  res idue 

was dissolved in 1.0 ml acetoni t r i le  ; 0.01 ml o f  t h i s  solut ion was 

mixed w i t h  w i t h  3 ml LSC cokta i l  and  the total ac t i v i t y  ( i n  cpm) o f  

t h e  solut ion measured. T h e  acetoni t r i le  was evaporated under  N2 a t  30 

C u n d e r  r e d  light and  dissolved in an appropr ia te amount o f  di- 

methylsulfoxide. T h i s  solut ion was used during the  exposure ex- 

periments. A small f ract ion of t h i s  solut ion (0.010 mi) was d i l u ted  

w i th  methanol t o  0.5 ml and  injected on the  analyt ical column. 

The  pu r i f i ca t i on  o f  3-(6- C)-methylcholanthrene proceeds in a similar 

way : o f  t h e  benzene-ethanol solut ion o f  3-(6- C)-methylcholanth- 

rene, a volume tha t  corresponds w i t h  the  total requ i red  ac t i v i t y  ( i n  

cpm) f o r  t he  experiment is p ipet ted i n to  a glass tube  and  the  solvent 

was evaporated under  N2 a t  30 C and  under  r e d  l i gh t .  To  the  res idue 

0 . 2  ml o f  acetoni t r i le  was added. T h i s  solut ion was applied on the 

p repara t i ve  reversed phase column and  e lu ted w i t h  acetoni t r i le  as 

described. Based on  the  retent ion time o f  a 3-methylcholanthrene 

s tandard and  on the  rad ioact iv i ty  in the  e lu ted fract ions, t he  3- 

(6- C)-methylcholanthrene is ident i f ied , collected and  t rans fe r red  t o  

a glass tube. The  solvent is evaporated and  the  residue dissolved in 

an appropr ia te amount o f  dimethylsulfoxide. 

Tota l  t ime f o r  chromatographic e lu t ion f o r  each compound is 15 mi- 
3 nutes and  total preparat ion time f o r  chromatographical ly p u r e  (C-  H I -  

benzo(a)pyrene o r  3-f ’  4C 6)-methylcholanthrene is approximately 1 

hour .  T h e  radiochemical purity ( i n  % I  o f  the unpur i f i ed  sample was 

calculated, by determin ing the  ra t i o  o f  counts present  in the  3MC 

peak e lu t i ng  f rom the  HPLC column to  the  counts in the  sample 

applied on  the column. 

14 

14 

14 

RESULTS 

F igu re  1 shows the  rad ioact iv i ty  present  in the  e lu t i ng  f ract ions and 

the  absorbance p lo t  a f te r  inject ion o f  approximately 0.6 mg of 
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a% : radioactivity A- : w trace 

( G 3 H )  -B (a) P 
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Fraction n m k r  

3 
Figure 1 HPLC chrornatogram of a commercial (G- H)-benzo(a)pyrene 
sample. The peaks eluting in fractions 11 to 343were not identified 
but are probably oxidation products of (G- HI-benzo(a)pyrene. 
Chromatographic conditions as in text. 
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2110 ROSIER 

3 (C-  H)-benzo(a)pyrene on the  preparat ive reversed phase column. 

Fractions 35  t o  37 were collected and concentrated as described. 

The  radiochemical purity o f  the commercial (G-  H)-benzo(a)pyrene 

was determined as 30 %. F igu re  2 shows the  rad ioact iv i ty  and  U V  

absorbance p lo t  o f  t he  elut ion o f  t he  p u r i f i e d  sample of (G- H I -  

benzo(a)pyrene in a water-methanol gradient  on the analyt ical HPLC 

column. 

F igu re  3 shows the  HPLC chromatogram o f  0.06 mg o f  3-(6- C ) -  

methylcholanthrene detected by b o t h  rad ioact iv i ty  and  U V  absorbance 

detection. Fractions 33 t o t  35 were collected and  concentrated as 

described. The  radiochemical purity o f  the commercial 3-(6- C)-me- 

thy lcholanthrene was calculated as 89 9,. A n  a l iquot  o f  t h e  p u r i f i e d  

3-(6- C)-methylcholanthrene was then  applied on the  analyt ical 

column (F igu re  4). The radiochemical purity o f  t he  pu r i f i ed  samples 

of ( C  HI-benzo(a)pyrene an 3-(6- C)-methylcholanthrene as de- 

termined by analyt ical HPLC was calculated as 91.5 % and  99.3 %, 

respectively. 

The recovery o f  t he  rad ioact iv i ty  appl ied on the  analyt ical column was 

determined as 97.5 8 f o r  (G- H)-benzo(a)pyrene and  95.1 % f o r  

3-(6- C)-methylcholanthrene. 

3 

3 

14 

14 

14 

3 1 4  

3 

14 

D I SCUSSl ON 

3 14 Pur i f icat ion o f  (G- HI-benzo(a)pyrene o r  3 - (  C-6)-methylcholan- 

th rene  by means o f  t h e  descr ibed method allows f o r  the fast  and 

ef f ic ient  removal o f  impur i t ies  present  in the  commercial products .  

The  combination o f  a reserved phase HPLC column and  acetoni t r i le  as 

e lu t i ng  solvent o f fe rs  a compromise between the  separation o f  these 

polycyc l ic  aromatic hydrocarbons f rom the i r  impur i t ies  and  t h e  speed 

o f  t he  separation. T h i s  method has permi t ted pu r i f i ca t i on  o f  these 

polycycl ic aromatic hydrocarbons less than 2 hours  before the  actual 

exposure o f  t he  cells in cel l  c u l t u r e  experiments, thereby assur ing 

the  high purity during exposure. Applicaton o f  t h i s  method t o  other  

po lycyc l ic  aromatic hydrocarbons (DMBA etc.) appears s t r a i g h t  for -  

ward  and  o f  potential usefulness. 
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3 (G H) -B (a) P 

a b  
0 1  

A : radioactivity 4: W trace 
r i 

0 10 20 30 40 50 60 
Fraction n-r 

3.10 

0 
03 
CJ 
4 

3.05 

0.0 

3 Fi ure 2 HPLC chromatogram of  a purified sample of  (C- H)-benzo- it- a pyrene on an analytical column. The peaks a and b which are still 
present in the purified sample contain less than 8,5 % of the total 
radioactivity. Chromatographic conditions as in text. 
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w% : radioactivity e : W trace 

0 8 16 24 32 40 
Fraction number 
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1 4  Fi u r e  3 HPLC chromatogram of a commercial 3-(6- C)-methylcho- + lant rene sample. Chromatographic condit ions as in tex t .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
0
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



PURIFICATION OF POLYCYCLIC AROMATIC HYDROCARBONS 

h n 
0 
4 

x 
v 

8 

2113 

w% : radicactivity r c ~  : W trace 
t I 1 
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14 
Fi ure 4 HPLC chromatogram of a purifeid sample of 3-(6- C)- + met ylcholanthrene sample on an analytical column. Chromatographic 
conditions as in text. 
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