
Note 

Separation and deMon of 2-aminoanthracer.e and its meta&ofifes by high- 
performance liqrtid chromatography 

RecentIy, the carcinogen 2-aminoanthracene (2-AA) has been recommended 
for use as a positive control in the SaXmoneIla/microsome mutagenicity assay since it 
causes mutations in ail tester strains’. The metabolism of2-AA to mutagenic products 
is also enhanced in the presence of lithocholic acid and its derivatives2 and other 
m&ers of drug metabolism3. For metabolism studies with this carciiagen it is 
important to have an analytical method capable of detecting the compound and its 
metabolites- However, these metabolic products, which heretofore have been unavail- 
able, are unstable and no chromatographic method for their deteeon has been re- 
ported. By derivatization of Z-AA and i-s metabolites to stable products, we can now 
separate them by high-performacce liquid chromatography (HPLC). The applicztion 
of the technique to some biological studies was examined. 

EXPERIMENTAL 

Reference stmtdards and reagents 
2-AA was obtained from Aldrich (Milwaukee, WI, U.S.A.). 2-Acetylami~o- 

anthracene, 2-acetyIamin*9,1O_anthraquinone, Znitroanthra~ne, 2-nitroanthraqui- 
none, N-hydroxy-2-aminoanthraccne, and the monoacetoxy derivatives of ffie 5-,6-, 
and S-hydroxy-2-acetylaminoanthracenes were synthesized in our laborato~. Glass- 
distilkd or,oanic solvents (Burdick & Jackson Labs., Muskegon, MI, U.S.A.) were 
used. All other reagents were of the highest purity commercially available. 

Preparation of microsomes and 2-AA metabohn smnples 
Maie Spn.qe-DawIey rats (up to 250 g) were obtained from the National Caucer 

Institute Animz! F~zility in Bethesda, MD. The animals were housed in plastic 
shoe-box cages, and given water and Piirina chew ad Kibitzan. Liver 9OOOg super- 
naat fractions (S9) were prepared from animals pretreated (IP) with ArocIor 1254 
(one 500 mgfig dose dissolved in corn oil 5 days before sacrifice). Liver 59 fractions 
were prepared as described previousIy2. 

‘Resent address: Food atd Drug Admkktration, Btdding 328A, Agricukml Research 
f2IltU-~ B&SViIk, MD 20705. US-A_ 
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2-U and its met;ibolites were assayed in the peseme of the same qmcentra- 
tions of S9 protein which were present when this compound was tested in the Ames 
ass@, i.e. 1 pg of 2-AA per 0.5 mg of AC-S9 protein. The assay mixture also u.m- 
tained the following components in a toQ1 volume of I ml : 100 ymoles potassium 
phosphate, pH 7.4,3 pmoles MgCl,, 5 pmoles glucose&phosphate, I unit of ,glucose- 
6-phosphate dehydrogenase, 400 pmoles NADPH, and varying amounts of liver S9 
fraction. The reactions were stopped by the addition of 1 ml of acetone and stored on 
ice; 2 ml of ethyl acetate were added and the solutions vortexed vigorously for SO sec. 
After centri%gation, the organic phase was removed, dried over sodium sulfa: s and 
then acetyIated with acetic anhydride (100 ~1 per 2.5 ml for I5 min at room tem- 
perature). The solutions were evaporated to dryness under Nz and stored at -20°C. 
When ana.Iyxed as methylurea derivatives, the reactions were stopped by extraction 
with 5 ml of methylene chloride. The extracts were treated with 0.2 ml of methyl 
isocyanate and warmed at 37°C for I5 min prior to evaporation to dryness under N2. 
The dried extracts were stored at -20°C. 

Preparation of metkyknea stambds 
Approximately 1 mg each of 2-AA and N-hydroxy-2-AA were dissolved in 

3 ml of methylene chloride. Methyl isocyanate (0.3 ml) was added and after standing 
at room temperature for 2 h the solutions were evaporated to dryness under Nz. The 
residue was disso!ved in a minimal volume of methanol and applied to a O-25-mm 
silica gel TLC plate (20 x 20 cm, Analtech Rediplate). They were developed with 
isopropanol-hexane (5:95, v/v). After the plates were developed, the bands were 
visualized under long-wavelength UV light. The metbylurea derivative of 2-AA 
migrated as a bright blue band. The band was scraped off the plate and eluted with 
acetone. The N-hydroxy-2-AA derivative separated into two major bands -which 
appeared blue under the W light. One of them had the same RF as the 2-AA derivative. 
The other was more polar as might be expected of the methylurea derivative of N- 
hydroxy-2-AA. The N-hydroxy-2-AA was contaminated with, at least, 25% 2-A%.. 
Infrared analysis of the isolated fraction indicated the presence of methylurea de- 
rivatives. 

Higk-performance liquid ckromatograpky 
A moduIar HPLC system was used for this study. The unit consisted of a 

Laboratory Data Control (Riviera Beach, FL, U.S.A.) Constametric I and II pumps, 
a Gradient Master and Mixer; a Chromatronix dualchannel W absorbance detector 
(Spectra-Physics, Santa Clara, CA, U.S.A.); a Rheodyne Model 7120 syringe-loading 
sampfe injector (Rheodyne, Berkeley, CA, U.S.A.); and a Fisher Recordall Series 
5090 recorder (Fisher Scientific, Silver Spring, MD, U.S.A.) operated at 0.2 in/min 
chart speed and a 10 mV setting. 

Separations were made on a 25 cm x 4.6 mm I.D. 10 +?artisil column 
(Whatman, Clifton, NJ, U.S.A.) operated at ambient temperature and a flow-rate of 
f mI/min of mobile phase l-10% isopropanol in hexane with a linear gradien: of 
15 min fohowed by 45 min under the final conditions. An isocratic mobile phase of 
ethanol-heptane (2O:SO viv), was used for the separation of methylurea derivatives. A 
precolumn (4 cm x 2.1 mm LD.) packed with Waters Assoc. (Milford, MA, U.S.A.) 
pehicular CorasiI (37-50 pm) was used to ensure the stability of the analytical column. 
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Piz& areas and retention times were deWmi.ned with a Hewlett-P2ckard 335261 
baboztory data system (AvomMe_ PA, USA_). The residue obtained from xetab- 
olism samples was dissolved in 100 ~1 mobile phase (lOoA isopropanol in hexane) prior 
to HPLC analysis. 

A typical HPLC separaGon of 2-AA and its metabolites on a @artisil column 
using a I5 min linear gndient from I-10 o/e propan- in hexane is shown in Fig. I_ 
The approximate amounts are given in the figure caption. Retention times, peak areas 
i?rtd peak shapes were higbiy reproducible under the conditions used. When an isocra- 
tic mobile phase of 10% isopropanol in hexane was used, b&e separation of a.U 
but the nitro derivatives VEG zch%ved. Table 1 shows the retention times of the 
compounds when resolved eitlter by gradient or isocratic mobile phase conditions. 
Improved resoWion of nitro-derivatives was obtained under gradient conditions_ N- 
hydroxy-2-M did not elute under these mobile phase conditions, presumably because 
it was strongly adsorbed to the silica gel columx~. 
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Fii 1. HEX proixe of mixed sp-ndub. Appioxin?ate zxxnounts art giwxJ in pzxenw. z-Nb 
zrxbxme (45 ag), 2-nitro-9,l~~~tio~ (65 ng), 2aminoanthhacesat (155 ngj, 2-aaztyrzmino- 
9,1l%axhsaqtia (300 ng). 2~WW <100&,2-acely~~~~ 
(110 ng). 2-c%celymino-s~~~ (300 ng). and 2-acecy~~ (500 
n&b were sepaad on a 10~~hitisis ColKmn Ielg 2 limar gr2dirnE of l-10% isopmpaao! in IIexanc 
for 15 Inin followed by 45 min under the linal conditions. w absorbamz was ulonitond at 254 pm 

with fuIf_scale sensitivity at 0.M Row-me of 1 r~I/m.in and chart speed of 0.2 i&nin were used_ 
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Metabofites of 2-AA produced by incubation with liver S9 fractions from rats 
pretreated with Aroclor 1254 were derivatizd for the I3PL.C analysis. The results 
obtained after incubation of I ,ug of ZAA per ml for Q, 5, and 15 min with 10 ,a1 
(0.25 m&nQ S9 Emztiosxs showed that no derivatives of 2-AA were present. However, 
the disappearance of 2-AA both as a function of S9 protein concentration and time is 
shown in Fig. 2, 
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Fii. 2. Hot of disappeamsc of 2-AA 2s a function of the and proteisk cmastration. 1 pg of 2-AA 
wzs incubated for 0, 5 and 15 min with lop1 (0 -0) ad 75 .a1 (O- - -0) S-9 fractions. 
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To facilitate the elutioa of N-hydro_xy-2-W from the silica get cokmn, its 
methylurea (MU) derivatiw~ ad also &at of 2-AA were prepzed and purifkd by TLC 
(see Experk~~~tai). With a stronger mobi3e phase of 2Q”? isopropanol in hexane 
@cratic) the N-hydroxy-2-AA-MU eluted at ca. 33 min as a broad peak, whereas 
2-AA-MU eiG&d at 13 min as 2 sharp peak. When 20 % ethanol ~EI heptane (isocratic) 
was used as a mobile phase, sharper peaks of both N-OH-2-U-MU and 2-AA-MCI at 
ca.. I5 arid 7.4 miu, respectively, eluted (Fig. 3). 

Time (i&l) 

Fig. 3. HPLC profile of methylarea derivatives of 2-M and N-hydroxy-2-M. Conditions same as 
Fig. 1 with the p,-seption of an isaxztic mobile phase of ethanol-heptane (2O:SO v/v)_ 

The enthanol-heptane mobile phase was used to analyze extracts of incubations 
of 1 pg of 2-AA for 10 min with 0, 5, 10 and 25 ,A (0,0.12,0.25 and 0.62 mgjml) of 
S9-fracticn- In Fig. 4 the increasing rate of disappearance of 2-AA with increasing 
amounts of S9 protein is stiown. N-hydroxy-2-AA metabolite peaks, or other peaks 
dvhich might correspond to phenolic metabolites, were not observed. Experiments to 
determine if the loss of N-hydroxy-_- 3 AA results from non-specific binding to protein 
are co&nuing. fncubation of higher concentrrtior;s of 2-AA (IO &ml) also resulted 
in measurable losses of 2-AA, and no products eluted with expected metabolites even 
when 50 % of the total extract was analyzed. 



Fig. 4. Plot of disappeararrce of 2-AA as a function of pmtein concentration. 1 pg of 2-AA was 
incc&ati for 10 inin with 0.5, IO and 2.5 ,ul S9 fractions. 

A useful HPLC method for the separation and detection of Z-AA and its 
met&o&es has been developed_ The method was used to separate and quantitate the 
disappearance of 2-AA from in vitro incubations ux&aining S9 fractions from rats. 
Even though total lipid extracts were used, the contaminating lipids did root intetiere 
with the detection and elution of the metabolites in either mobile phase system. Af- 
though no N-bydroxy-2-AA and phenofic metabolitcs were detcctcd, the sensitivity 
of the method could be substa&aHy increased by using radiola’oeled substrate. Hence 
the methods reported here have the p&entid for use in studies involving in viva and 
in vitro studies of 2-AA metabolism_ 
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