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SEPARATION OF METHYLATED PURINES 
BY HIGH PRESSURE LIQUID CHROMATOGRAPHY 

Badaruddin Shaikh, Shing-Kwan S .  Huang 
Norbert  J .  Pontzer and Walter L .  Z i e l i n s k i ,  Jr. 

Chemical Carcinogenesis Program 
NCI Freder ick Cancer Research Center, Freder ick,  Maryland 21701 

ABSTRACT 

This paper repor ts  a method f o r  the  separat ion and measure- 
ment o f  methylated purines o f  i n t e r e s t  t o  carcinogenesis s tud ies  
by high-pressure 1 i q u i d  chromatography (HPLC) f o l l o w i n g  t h e i r  
column chromatographic i s o l a t i o n  from co l l ec ted  u r i n e  samples. 
HPLC was evaluated on th ree  d i f f e r e n t  cation-exchange columns, 
w i t h  optimum cond i t ions  obtained on a P a r t i s i l  10-SCX column 
employing i s o c r a t i c  e l u t i o n  w i t h  0.25M (NH4)H2P04 a t  pH 4.0. 
column was a l so  found t o  be use fu l  f o r  t h e  separat ion o f  mono- 
methylguanine isomers. 
r a t  u r i ne  fo l l ow ing  animal t reatment w i t h  methyl methanesulfonate. 

Th is  

App l i ca t i on  i s  shown t o  the ana lys i s  of 

INTRODUCTION 

Considerable a t t e n t i o n  has been given t o  the  determinat ion 

o f  a l ky la ted  pur ine  bases i n  c e l l u l a r  DNA and RNA (e.g. (1 -9) )  
f o l l ow ing  treatment o f  animals w i t h  both carcinogenic and non- 
carcinogenic a1 k y l a t i n g  agents. 

on the  determinat ion o f  methylated bases present i n  var ious  RNA 

populat ions,  and methylase a c t i v i t i e s  associated w i t h  c e l l s  o r  
t i ssues  undergoing changes i n  growth and d i f f e r e n t i a t i o n  (10-12). 

Such studies have convent iona l l y  employed column cation-exchange 
methods f o r  the separat ion and measurement o f  a l k y l a t e d  pur ines 
t h a t  are i nhe ren t l y  tedious , time-consuming and reso lu t i on -1  im i ted .  

Studies have a l so  been repor ted  
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76 SHAIKH ET AL. 

I n  add i t i on  t o  column chromatography, paper and t h i n - l a y e r  
chromatographic techniques have a l so  been used (13-18). While 
HPLC methods have been reported f o r  the separat ion o f  non- 
methylated nuc le ic  ac id  bases, nucleosides, and nucleot ides (19-22), 
l i t t l e  work has been repor ted  on the  use o f  HPLC f o r  the  separat ion 
and analysis o f  methylated purines o f  nuc le i c  acids. Lakings e t  a l .  
(23) recen t l y  repor ted  an HPLC anion-exchange method f o r  the  sepa- 
r a t i o n  o f  u r i n a r y  methylated pur ine  and pyr im id ine  bases, employing 
a spec ia l i zed  chromatographic system i n v o l v i n g  so lvent  and temper- 
a tu re  gradients and an ana lys is  t ime i n  excess o f  16 h. 

The study reported i n  t h i s  paper describes the  development 
o f  a rap id  HPLC method f o r  the separat ion o f  s p e c i f i c  methylated 
purines (3-methyladenine, and 7-methyl- and g6-methylguanine) o f  
s ign i f i cance t o  carcinogenesis s tud ies  as w e l l  as the non-methyl- 
ated parent purines. A column chromatographic s tep  i s  used f o r  
i s o l a t i o n  o f  the i n d i v i d u a l  u r i n a r y  methyl pur ines p r i o r  t o  
q u a n t i t a t i v e  ana lys is  by HPLC. The HPLC cond i t ions  a l s o  a f f o r d  
separations o f  a number o f  monomethyl guanine isomers. App l i ca t i on  
i s  shown f o r  the ana lys is  o f  changes i n  u r i n a r y  l e v e l s  o f  the  
methylated purines i n  r a t s  t rea ted  w i t h  the  a l k y l a t i n g  agent, 
methyl methanesulfonate (MMS) . 

EXPERIMENTAL 

Apparatus 
An ALC 202 high-pressure 1 i q u i d  chromatograph having a 

gradient e l u t i o n  accessory ( cons is t i ng  o f  a 660 so lvent  p rogramer  
and two Waters 6000 high-pressure pumps), a U6K septumless i n j e c t o r ,  
and a 254 nm u l t r a v i o l e t  absorpt ion de tec to r  was used throughcut 
t h i s  study (Waters Associates, M i l f o rd ,  MA). 
re ten t i on  times were determined w i t h  a 3352A labo ra to ry  data system 
l i n k e d  through a 18652A A I D  converter t o  the  UV de tec to r  ou tpu t  o f  
the 1 i q u i d  chromatograph, w i t h  data output t o  a 9866A thermal-1 i n e  
p r i n t e r  (Hewlet t  Packard, Avondale, PA). 

Peak areas and 
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METHYLATED PURINE SEPARATION BY HF'LC 77 

Col umns 

pre-packed w i t h  strong cation-exchangers . 
were l o p  P a r t i s i l  10-SCX (25  cm x 4.6 mm I .D . ,  Whatman, C l i f t o n ,  

NJ),  8-12p Aminex A-7 (25 cm x 2.1 mm I.D., Varian Associates, Palo 
A l to ,  CA), and 37-501.1 Bondapak CX/Corasil (61 cm x 2 mm I.D., 

Waters Associates) . 
Chemicals 

The columns evaluated were commercial s ta in less  s t e e l  columns 

The column packings 

Aqueous bu f fe rs  used as mobile phases were made up i n  deion- 

i zed  water using reagent grade chemicals. 
w i t h  e i t h e r  phosphoric ac id  o r  ammonium hydroxide. 
i t s  1, 3, 7, 9, and 12-monomethyl de r i va t i ves ) ,  adenine, and 3- 
methyladenine were obtained from Sigma (St.  Louis, MO) and Schwarzl 
Mann (Orangeburg, N Y ) .  - 06-Methylguanine and 8-methylguanine were 
synthesized by G .  M. Muschik o f  our labora tory .  

Mobile Phase Condit ions 

( b u f f e r  type, pH, b u f f e r  concentrat ion, column temperature), 
amnonium dihydrogen phosphate was se lec ted  as the  mobi le phase 
b u f f e r  under cond i t ions  o f  ( a )  0.015 M (pH 4.7) a t  ambient temper- 

a tu re  (Bondapak CX/Corasil); (b )  0.015 M (pH s tep  change from pH 
5.7 t o  pH 8.5) a t  60°C (Aminex A-7); and ( c )  0.025 M and 0.25 M 

(pH 4.0) a t  ambient temperature ( P a r t i s i l  10-SCX). 

Preparat ion o f  Purine Solut ions 

mixtures were prepared i n  0.01N HC1 and s to red  under r e f r i g e r a t i o n  

( S O C ) .  

were analyzed r o u t i n e l y  t o  assure p rec i s ion  o f  the instrument and 
column condi t ions.  The r e l a t i v e  e l u t i o n  order  o f  the  so lu te  peaks 
was found t o  be s tab le  throughout t h i s  study, and smal l  v a r i a t i o n s  
i n  absolute r e t e n t i o n  data were i n s i g n i f i c a n t  when normalized t o  
the  re ten t i on  data o f  the standard bases. 

The pH was adjusted 
Guanine (and 

Fol lowing a p re l im inary  eva lua t ion  o f  mobi le phase var iab les  

Standard so lu t ions  o f  the  i n d i v i d u a l  purines and t h e i r  

Guanine, adenine, 7-methylguanine, and g6-methylguanine 
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78 SHAIKH ET AL. 

Animal Experiment 

weeks o ld )  i n  metabolism cages f o r  24 h p r i o r  t o  MMS treatment 
(200 mg/kg body weight, administered by gavage), and 0-24 and 
24-48 h fo l low ing  MMS treatment. A l iquots  (5 m l )  o f  the  u r ine  
samples were f i l t e r e d ,  adjusted t o  pH 2.0 w i t h  1 M HC1, and chro- 
matographed on a 20 x 2.0 cm column o f  -400 mesh Bio-Rad AG50W-X4 
ca t ion  exchanger (NH4' form) as repor ted  previously (24) f o r  
se lec t i ve  c o l l  ec t i on  o f  7-methylguanine, 3-methyladenine, g6- 
methylguanine and 1-methylnicotinamide. 
the i nd i v idua l  concentrated f rac t i ons  were taken f o r  quan t i t a t i ve  
assay by HPLC. 

Urine samples were co l l ec ted  from Fisher 344 male r a t s  (8  

A l iquots  (10-20 p1) o f  

RESULTS AND DISCUSSION 

Evaluation o f  HPLC Cation-Exchange Columns 
The standard pur ine mix tu re  o f  i n t e r e s t  f o r  t h i s  eva lua t ion  

contained guanine , 7-methyl guanine, g6-methyl guani ne, adenine and 
3-methyladenine. This mix tu re  was i n i t i a l l y  evaluated on the  
pel1 i c u l a r  Bondapak CX/Corasi 1 column. 
and column s e l e c t i v i t y  t o  achieve base- l ine separation o f  t h i s  
mixture was found lack ing  on t h i s  p e l l i c u l a r  i o n  exchange column 
(Fig. 1). 

Chromatography o f  the  same mixture on Aminex A-7 ind ica ted  
adequate peak separations (Table l), y e t  a pH step-change ( f rom 
5.7 t o  8.5, f o l l ow ing  e l u t i o n  o f  adenine) was requ i red  t o  e l u t e  
3-methyladenine. Attempts t o  improve the  o v e r a l l  analysis on 
Aminex A-7 were unsuccessful, as noted by the  f i nd ings  t h a t  

(a)  w i t h  i s o c r a t i c  e l u t i o n  a t  pH 5.7,  3-methyladenine was re ta ined  
on the column; (b) w i t h  i s o c r a t i c  e l u t i o n  a t  pH 8.5, 3-methyladenine 
was e lu ted  a t  19 min bu t  t h e  reso lu t i on  o f  e a r l i e r  peaks disap- 
peared; and (c )  w i t h  an exponential pH grad ien t  from 5.7 t o  8.5, 
3-methyladenine s t i l l  had an e l u t i o n  t ime i n  excess o f  90 min. 

The most sa t i s fac to ry  separation was obtained on P a r t i s d l  
10-SCX, as i nd ica ted  i n  t h e  chromatograms shown i n  Figs.  2 and 3 

S u f f i c i e n t  so lu te  re ten t i on  
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METHYLATED PURINE SEPARATION BY HPLC 79 
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FIGURE 1 

Chromatogram o f  standard pur ine  mixture.  Condit ions: Column, 
Bondapak CX/Corasil , 61 cm x 2.0 m.m. s t a i n l e s s  s tee l ;  temperature, 
ambient; de tec tor  s e n s i t i v i t y ,  0.04 a.u.f.s.; mobi le phase, 0.015 M 
NH,H,PO,,, pH 4.7; f low- ra te ,  1.0 ml/min; cha r t  speed, 0.2 inch/min. 

(us ing  i s o c r a t i c  ambient e l u t i o n  w i t h  0.025M and 0.25M ammonium 

dihydrogen phosphate bu f fe r ,  respec t i ve l y ,  a t  pH 4.0). 
separat ion o f  t he  f i v e  components comprising the  standard pur ine  
mix tu re  was obtained on P a r t i s i l  10-SCX (Fig.  3 ) ,  i n  con t ras t  t o  
the  i n f e r i o r  r e s o l u t i o n  (Bondapak CX/Corasi l)  and prolonged 

ana lys is  t ime (Aminex A-7)  obtained on the  o ther  two columns. 

Rapid 
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80 SHA1IU-l ET AL, 

TABLE 1 

Retention Data on HPLC Cation-Exchange Columns* 

Bondapak Aminex P a r t i s i  1 
Purine CX/Corasil A-7 10-SCX 

0.025M 0.25M 

Guanine 1.2 15.9 5.4 4.1 
7 -Met hy 1 g uan i ne 2.6 24.5 10.7 6.6 
Adenine 3.5 46.3 13.1 5.8 
- 06-Methylguanine 4.7 38.1 21.8 9.6 
3-Methyladeni ne 17.3 98.7 52.1 12.6 

* Conditions: Column dimensions and mobile phase (1.0 
ml/min) condi t ions as given i n  experimental; pH s tep  
change from 5.7 t o  8.5 on Aminex A-7 was made a f t e r  
e l u t i o n  o f  adenine (60 min a f t e r  sample i n j e c t i o n ) .  

Furthermore, s ince the HPLC analysis t ime i s  sho r t  (Fig.  31, t he  
smaller pur ine t o t a l  e l u t i o n  volumes a f f o r d  greater s e n s i t i v i t y  
f o r  a given amount o f  pur ine  than i s  f eas ib le  w i t h  long HPLC 

analysis.  times (e.g. 23). This i s  an a t t r a c t i v e  fea ture  o f  t h i s  
method i n  i t s  app l i ca t i on  t o  the  measurement o f  changes i n  u r i n e  
concentrat ions o f  t race  l e v e l  purines (e.g. 3-methyladenine and 

- O6-methylguanine), 
of concentrat ion from 35-140 ng f o r  7-methylguanine, 55-220 ng 
fo r  - 06-methylguanine and 75-340 ng f o r  3-methyladenine showed 
exce l len t  l i n e a r i t y  w i t h  a c o r r e l a t i o n  c o e f f i c i e n t  o f  0.999 i n  
a l l  three cases. F ina l l y ,  under the  condi t ions used i n  Figure 2, 
separations are achievable f o r  a number o f  o ther  monomethylguanine 
isomers, as shown i n  Figure 4.  

Recovery o f  Purines from Urine 

t o  5 m l  samples o f  con t ro l  u r i ne  taken through the  e n t i r e  pro- 

A standard c a l i b r a t i o n  curve covering a range 

Recoveries were determined f o r  known amounts o f  purines added 
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L b 
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FIGURE 3 

Chromatogram of standard pur ine mix tu re  on P a r t i s i l  10-SCX column 
using 0.25 M mobile phase. Conditions same as i n  Fig. 2. 

cedure (co l  umn chroma tographic i s01  a t i o n  , f r a c t i o n  co l  l e c t  i on, 
concentrat ion, and HPLC assay). Recoveries f o r  the add i t i on  o f  
300 and 500 vg o f  7-methylguanine t o  u r i ne  were 86 f 1.5% and 
90 f 3.5%, respect ively;  f o r  300 and 500 pg o f  g6-methylguanine 
t o  u r i ne  were 74 f 2.3% and 76 f 2.5%, respec t ive ly ;  f o r  100 and 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
4
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



METHYLATED PURINE SEPARATION BY HPLC 83 

L! 

0 
J 
? 
? 

L! c 

n 
I 

0) 
E .- 

TIME (MIN.) 
FIGURE 4 

Chromatogram o f  mix tu re  o f  monomethyl guanine isomers. Same 
condi t ions as i n  Fig. 2. 

250 pg o f  3-methyladenine t o  u r i ne  were 86 k 0.9% and 90 k 2.1%, 
respec t ive ly  (and f o r  150, 250 and 500 pg o f  1-methylnicotinamide 
t o  u r i ne  were 98 k 2.9%, 104 k 4.2% and 102 k 2.6%, respec t i  

Analysis o f  Rat Ur ine Fol lowing Admin is t ra t ion  w i t h  MMS 

Urine samples obtained from r a t s  t rea ted  w i t h  t h e  methy 
agent methyl methanesulfonate (MMS), p r i o r  t o  and f o l l o w i n g  

treatment , were passed through the  column chromatography i s 0  

e b ) .  

a t i n g  

a t i o n  
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a4 SHAIKH ET AL. 

step and quan t i t a t i on  by HPLC ana lys is  on the  P a r t i s i l  10-SCX 
column. 
in tegra ted  peak areas w i t h  those obtained from standard so lu t i ons  
o f  the  i nd i v idua l  pur ine  ( o r  l -methylnicot inamide) i n  question, 
w i th  i n j e c t i o n s  o f  the  standards p r i o r  t o  and imnediately fo l l ow ing  
HPLC i n j e c t i o n  o f  the  i nd i v idua l  components i s o l a t e d  from column 

chromatography. An i l l u s t r a t i o n  o f  the e l u t i o n  pos i t i ons  o f  
the u r i n a r y  components o f  i n t e r e s t  f o r  t he  column i s o l a t i o n  s tep  
(using con t ro l  u r i n e  spiked w i t h  the  standards) i s  shown i n  F igure  
5 .  I n  the  MMS animal experiment, no g6-methylguanine was detected 
i n  the  ur ine .  This i s  due i n  p a r t  t o  the  r e p o r t  t h a t  g6 -a l ky l -  
purines do no t  surv ive  a c i d  treatment (as requ i red  f o r  u r i n e  
cleanup) and extremely l i t t l e  methy la t ion  i s  known t o  take p lace  

a t  the  6-oxygen p o s i t i o n  o f  guanine from MMS treatment (3). 
contrast ,  a s i g n i f i c a n t  increase was observed i n  l -me thy ln i co t i n -  

amide excre t ion  dur ing the f i r s t  24 h fo l l ow ing  MMS treatment. 
This i s  cons is ten t  w i t h  the  work repor ted  by Chu and Lawley (25) 
on MMS. 
t h i s  period, however, which has n o t  been prev ious ly  reported. 
Since 7-methylguanine was no t  observed t o  change fo l l ow ing  MMS 
treatment ( t h i s  work and Reference 25), p l o t s  o f  the r a t i o s  o f  
3-methyl adeni ne/7-methyl guani ne and 1 -methyl n i  c o t i  namide/7-methyl- 
guanine can be used t o  r e f l e c t  u r i n a r y  changes dur ing  the  course 
o f  the  animal experiment (Figure 6). 

Quan t i t a t i on  by HPLC was achieved by comparison o f  

I n  

An e leva t ion  o f  3-methyladenine was a l so  observed dur ing  

CONCLUSIONS 

A useful HPLC method f o r  t he  ana lys is  o f  s p e c i f i c  methylated 
purines i n  r a t  u r i n e  has been developed and evaluated. 
HPLC analysis o f  methylated pur ines and l -methylnicot inamide i n  
ur ine,  the  samples o f  co l l ec ted  r a t  u r i n e  were passed through a 
s ing le  column chromatographic procedure t o  remove i n t e r f e r i n g  
compounds. 
achieved when u r i n e  was spiked w i t h  7-methylguanine, g6-methyl- 
guanine, 3-methyladenine and l -methylnicot inamide by t h i s  method. 

P r i o r  t o  

Good recover ies through the  e n t i r e  method were 
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CONTROL 0-24 hr. 24-40 hr. 

Urine Sample 

FIGURE 6 

Changes in the urinary levels of 3-methyladenine and l-methyl- 
nicotinamide relative to 7-methylguanine, foll w i n g  animal treat- 
ment with MMS. Column chromatography and HPLC conditions same 
as in Fig. 5 and 3, respectively. 

Rat urine was analyzed after administration of MMS. An 
increased excretion of 1 -methylnicotinamide and 3-methyladenine 
was observed 24 h after administration of MMS, while the level of 
7-methylguanine remained relatively unchanged. 
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The methodology reported here should be use fu l  f o r  i n v e s t i -  
gat ions o f  pur ine  metabolism associated w i t h  c e r t a i n  diseases, 
i nc lud ing  cancer. These methods have a p o t e n t i a l  t o  be extended 
i n  the studies o f  a l t e r a t i o n s  o f  nuc le i c  ac id  components caused 
by a l k y l a t i n g  agent carcinogens and furthermore, e leva ted  
excre t ion  o f  1-methylnicotinamide and 3-methyladenine may be o f  

use i n  mon i to r ing  DNA damage i n  pa t i en ts  undergoing a l k y l a t i n g  
agent therapy. 
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