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DETERMINATION OF THE CAFFEINE 
METABOLITE AFMU IN HUMAN URINE 

BY COLUMN SWITCHING HPLC 

DONNA W. MELLINIl, NEIL E. CAPORAS&, 

'Program Resources, IneJLlyrCorp 
NCI-Frederick Cancer Research and Development Center 

P. 0. Box B 
Fr&ri& Maryland 21 702 
2Nationnl Cancer Institute 
Bethesah, Maryland 20892 

AND HALEEM J. ISSAQ~* 

ABSTRACT 
A column switching HPLC procedure is described for the quantification of the 
caffeine metabolite AFMU (5-acetylamino-6-formylamino-3-methyluraci1) from other 
metabolites in human urine. The procedure is simple, easy to use and allows the 
reliable quantification of AFMU without interference from other metabolites. 

INTRODUCTION 

Caffeine (1,3,7-trimethylxanthine) is widely used in the human diet. It 

can be studied as a probe drug for the assessment of variability in biotrans- 

formation capacity. In the 1980's, examining caffeine metabolism to determine 

genetic acetylator phenotype and genotype of human population groups was common 

practice (1-4). Caffeine i s  particularly well suited as a test drug for many 

reasons such as availability, ease of administration and safety. Physiological 

*Author to whom correspondence should be addressed. 
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reasons f o r  studying c a f f e i n e  metabolism inc lude b io t rans format ion  by the  l i v e r ,  

minimal renal  e l i m i n a t i o n  ( 5 ) ,  two o r  more enzymes are  invo lved i n  the  

degradation mechanism, there  i s  low b ind ing  t o  p r o t e i n  i n  the  serum, r a p i d  and 

complete g a s t r o i n t e s t i n a l  absorption, and the  metabo l i tes  are evenly d i s t r i b u t e d  

throughout the  body water. 

To date, h igh  performance l i q u i d  chromatography i s  t he  method o f  choice f o r  

the  determinat ion o f  ca f fe ine  and i t s  metabol i tes,  mono- and dimethylxanthines, 

u r i c  acids and 5-acetylamino-6-formylamino-3-methyluracil (AFMU). Grant e t  a l .  

(6) developed a procedure f o r  t he  e x t r a c t i o n  and subsequent HPLC separat ion and 

q u a n t i f i c a t i o n  o f  d imethylated xanthines, ureates and AFMU. Other HPLC 

procedures have been published, a selected number i s  l i s t e d  here (7.8). 

Tang e t  a l .  (9)  were the  f i r s t  t o  i s o l a t e  and charac ter ize  AFMU from human 

u r ine  a f t e r  admin is t ra t ion  o f  ca f fe ine .  Grant e t  a l .  (11) subsequently 

demonstrated t h a t  the  u r ina ry  excre t ion  o f  t h i s  compound was both bimodal ly 

d i s t r i b u t e d  and i n t e r e t h n i c a l l y  va r iab le  and t h a t  the  polymorphic l i v e r  N- 

ace ty l t rans ferase enzyme was invo lved i n  i t s  format ion i n  man. The i r  o r i g i n a l  

ana lys is  o f  popu la t ion  v a r i a b i l i t y  i n  ca f fe ine  metabo l i te  exc re t i on  (12)  has 

there fore  been expanded t o  take i n t o  account the  ace ty la to r  phenotype o f  a l l  

subjects as determined by t h e i r  l e v e l  o f  AFMU product ion (6). 

Lorenzo and Reidenberg (10) repor ted  i n  1989 t h a t  AFMU degrades under 

phys io log ica l  cond i t ions ,  i . e .  a t  the  pH and temperature o f  u r i n e  i n  the  bladder. 

This observat ion has been prev ious ly  repor ted  by Tang e t  a l .  (2 )  as a p o t e n t i a l  

source o f  e r ro r .  Tang e t  a l .  (9) a l so  repor ted  t h a t  there  i s  chemical evidence 

t h a t  AFMU could be r e a d i l y  converted t o  AAMU (5-acetylamino-6-amino-3- 

methy lu rac i l ) .  

Later,  Tang e t  a l .  (2 )  decided, t o  convert  AFMU t o  the  more s tab le  AAMU t o  

determine populat ions'  phenotyping. The main disadvantage i n  doing so i s  the  

reduced numeric d i f f e rence  between the  c r i t i c a l  values cha rac te r i z ing  slow and 

r a p i d  ace ty la to rs  i n  the  measurement o f  the  metabol ic r a t i o  AAMU/(AAMU+lX+lU) 

compared w i t h  AFMU/lX r a t i o ,  where 1X and 1U are 1-methylxanthine and 1- 

methyl u r i c  acid, respec t i ve l y  . 
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CAFFEINE METABOLITE AFMU IN URINE 1421 

In this study we report a column switching high performance liquid 

chromatography procedure for the quantitative determination of AFMU in urine, 

which is simple, easy to use and resolves AFMU from AAMU and the other components 

in urine. 

EXPERIMENTAL 

paterials 

Ammonium sulfate and glacial acetic acid were purchased from Aldrich 

Chemical Company (Milwaukee, WI), hydrochloric acid was obtained from Fisher 

Scientific (Fairlawn, NJ). The organic solvents methanol, chloroform, 

isopropanol and acetonitrile were distilled in glass (Burdick & Jackson, 

Muskegon, MI). Mobile phases were prepared in distilled/deionized water, 

filtered and degassed. AFMU was purchased from B.K. Tang, University of Toronto, 

Canada. AAMU was prepared from AFMU by the procedure of Tang et a1 . (9). 

ADDaratus 

The chromatograph was a Hewlett-Packard Model 1090M equipped with a column 

switching valve, an automatic injection system, and a diode array detector. 

Column I was a 100 x 4.6 nun I.D., 5 pm Hypersil ODS column (Hewlett-Packard), and 

column I1 was a 300 x 7.8 mm I.D., Bio-Gel SEC 20-XL (BioRad) (see schematic, 

Figure 1). 

SamDle Clean-uo 

The procedure used for the extraction o f  caffeine metabolites from urine 

was that published by Grant et al. (6) and is summarized below: 

The pH of the urine samples was adjusted to pH 3.5 using 1N HC1. A 

0.2 ml aliquot of urine and a saturating amount o f  ammonium sulfate 

(approximately 120 mg) were added to a 15 ml centrifuge tube and 

vortexed for 30 seconds. 6 ml of 3:l chloroform/isopropanol was 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
4
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1422 CAFFEINE METABOLITE AFMU IN URINE 

To waste 
Position A 

Sample Injection 
Column 1 x Column 2 TO detector 

To waste + Position B 
+Sample injection 

Column < 

\ r l * T o  detector 
Column 2 

FIGURE 1. A schematic of the column switching procedure used in this study. 
See text for details. 

added to the centrifuge tube and the tube was shaken vigorously for 

2 minutes. The extraction mixture was then centrifuged for 7 

minutes at 2500 rpm. The organic layer was removed and dried under 

nitrogen gas at 30-33'C. The sample was reconstituted with 0.2 ml 

of 0.1% acetic acid. 

Seaaration and Puantitation 

A flow rate of 1 ml/minute was maintained throughout the separation. All 

mobile phase component changes were by a linear gradient. The columns were 

equilibrated in position A (figure 1) with 3% acetonitrile, 97% 0.1% acetic acid 

(0.1% HAc). At time 0.01 minutes after injection, the column position switched 

to B to allow the components traveling with the solvent front to pass through to 

waste. At time 2.0 minutes, the column position switched to A to allow the AFMU 

peak to load onto column 11. Between time 3.0 to 3.1, the mobile phase was 

changed to 1OW. 0.01% HAc. These conditions were held until 20.0 minutes when 

the column position switched to B. Eliminating the organic component from the 
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mobi le phase a f t e r  the  AFMU peak e lu tes  o f f  o f  column I prevents o ther  components 

from e l u t i n g  from column I onto column 11, e s s e n t i a l l y  " f reez ing"  the  components 

on column I wh i le  the  AFMU passes through column I1 t o  the  de tec tor .  Between 20 

and 21 minutes, the  mobi le phase changed from 100% ACN and column I was washed 

t o  waste u n t i l  t ime 30 minutes. The mobile phase re tu rned t o  the  i n i t i a l  

cond i t ions  (3% ACN, 97% 0.1% HAc) between 30 and 3 1  minutes and the  column 

switched back t o  p o s i t i o n  A t o  e q u i l i b r a t e  f o r  t he  next i n j e c t i o n .  Each 

i n j e c t i o n  was 15 p l .  The UV absorbance was monitored a t  280 nm u n t i l  r un  t ime 

20 minutes. 

RESULTS AND DISCUSSION 

AFMU i s  one o f  the  most important metabol i tes i n  the  measure o f  the  

phenotype r a t i o .  Without a r e l i a b l e  determinat ion o f  AFMU, one cannot use the  

equation AFMU/(lX t 1U) t o  charac ter ize  metabolism. The methyl xanthines and 

methyl u r a c i l s  can a l l  be quant i ta ted  using the  reverse phase HPLC method o f  Tang 

e t  a l .  (6), however, AFMU cannot be resolved s u f f i c i e n t l y  from o ther  ca f fe ine  

metabol i tes i n  u r i ne  t o  a l low r e l i a b l e ,  reproducible quan t i t a t i on .  The method 

described here in  o f f e r s  a way t o  quan t i t a te  AFMU i n  u r ine .  

The chromatogram i n  Figure 2 shows standard AFMU as e lu ted  from the  C,, and 

gel  f i l t r a t i o n  columns i n  ser ies.  Column switching was no t  employed. Note the  

presence o f  AAMU as an impur i ty  i n  the standard. When the  column swi tch ing  

program i s  u t i l i z e d  (see f i g u r e  3) the  AAMU peak i s  no t  observed. This 

demonstrates t h a t  a small "window" o f  the  eluants from column I i s  passed through 

column I1 t o  the  detector.  A l l  o f  the  peaks contained i n  the  sample which e l u t e  

from column I p r i o r  t o  the  AFMU pass through t o  waste. A f t e r  the  AFMU peak i s  

"loaded" onto column 11, the  mobile phase i s  qu i ck l y  changed t o  100% aqueous, 

e s s e n t i a l l y  " f reez ing"  the  remaining non-polar components i n  the  sample on the  

C,, column wh i l e  the  AFMU, and the  components which co-e lu te  w i t h  AFMU from 

column I ,  pass through the  gel  column t o  the  de tec tor .  A f t e r  the  AFMU peak has 
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FIGURE 2. A chromatogram of AFMU standard as eluted from the C,, and gel 
filtration columns in series: column I is a 100 x 4.6 mm, 5 pm 
hypersil ODS (Hewlett-Packard); column I 1  is 300 x 7.8 nun Biogel SEC 
20-XL (BioRad); detection was carried out at 280 nm at a flow rate 
o f  1 ml/min. The mobile phase is described in the Experimental 
Section. 

FIGURE 3. Same as Figure 2 using column switching and a step gradient. 
text for details. 

See 
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CAFFEINE METABOLITE AFMU IN URINE 1425 

FIGURE 4. Chromatogram of AFMU from urine extract using column switching. 
Experimental details are in the text. 

been detected, the mobile phase path is switched back to position 6 and the non- 

polar components of the sample are washed from the C,, column to waste. Figure 

4 shows a typical chromatogram of a urine sample which has been extracted as 

described in the experimental section. The AFMU has been resolved from the other 

components in the sample. 

The advantages of this procedure are two-fold. The AFMU is separated from 

the remaining caffeine metabolites and other components in urine. A l s o ,  the 

sample extract may be used to determine the other caffeine metabolites by the 

reverse phase HPLC method (6). 
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