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The fungus Aspergillus versicoior produces a large number cf _metz%lites 
including the known carcinogen sterigmatocystin (I)’ and the related compound; 
.Smethoxysterigmatocystin (II)l and demethylsterigmatocystin (III)3. In addition it 
produces the anthraquinone pigments versicolorin A (IV)4, versicolorin C. (V)‘, 
aver&in (VI)’ and avermutin (VQs. These latter materials are of potential concern 
because of the similarity of the furofuran ring system of versicolorin A ~to that of the 
known carcinogens sterigmatocystin and aflatoxins B1 and GE (ref. 7), and because 
certain dimeric hjrdroxyanthraquinones such ai luteoskyrin and rugulosin 2 re known 
toxins*. It is thus of interest to develop a method for the detection of these metaboiites 
in cultures of A. versicolor. 
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Previous methods for the analytical detection of sterigmatocysti by thin-iayer 
cbrdmatography (TLC) techniques have been p~blished~~‘~, but little is known about 
the separation of the anthraquinone pigments-. Previous methods for their separation 
have--relied heavily on cohmm chromatography on silica gel4 or cellulose” and on 
‘TLCi2. In our hais, however, the column techniques yielded iucompfete separation 
and even TLC was nnable to resolve aver&n and avermutin; these compounds have 
been separated in the past by multiple development TLCr3. In view of these problems 
with &s&al techniques, we turned to high-performance liquid chromatography 
(HPLC) in an attempt to develop a satisfactory separation_ A recent paper describes 
the separation of some naturally occurring anthraquinones by HPLC and summarizes 
previous literature on their separation by other methodsrs. 

EXPERIMENTAL 

Liquid chromatographic separations were performed on the apparatus previ- 
ously described15. The me-packed $?orasil@ column, 4 mm I.D. x 30 cm, was ob- 
tained from Waters Assoc. (Milford, Mass., U.S.A.), and the prepacked Partisil-10 
PAC@ column, 4.6 mm I.D. x 25 cm, was obtained from Whatman (Bridewell, N.J., 
U.S.A.). Both columns were packed with particles of 10-p mean particIe sire, and 
were used as received without pretreatment except for equilibration with the solvent 
systems used. Slight changes in the capacity ratios for the compounds studied were 
noted as the columns became older; the values reported are for columns that had been 
in use fcr approximately 200 h actual running time. The pressure was isobaric, and 
the sample injector and columns were at room temperature. Solvents (chloroform, 
hexane, ethyl acetate) were Burdick and Jackson “distilled in glass” grade or A.C.S. 
reagent grade (acetic acid-n-propanol) supplied by J. T. Baker (Phillipsburgh, N-J., 
U.S.A.). Solvent compositions are given in Table I; the soivent flow-rate was 2.0 
mJ/min in ah cases. Sample injection was of a lO-~1 aliquot of a qualitative standard 
stock solution. 

TABLE I 

RETENTION VOLU~MES AND CAPACITY FACTORS OF A. VERSZCOLOR METABOLITES 

System A: ,uPorasil; hexane-n-propanol-acetic acid (!39.3.-0.7:0.1). System B: CtPorasil; hexane- 
ethyl acetate-zcetic acid (S3:17:1). System C: Partisil-IO PAC; hexane-chloroform-acetic acid 
(6535 : I). 

Metnbolite System A System B Sys:em C 

Sterigmatocystin 
Demethylsterigmato- 

cystin 
5-hfethoxysterigma- 

tocystin 
AVEZIGI 
_4rmutin 
Yersicolori A 
versico10rin c 

Retention Cupacity Retention cupcity Retention Caparity 
v0K. (id) factor vol. (ml) factor vol. (ml) facror 

18.6 3.1 14.5 2.2 10.2 1.7 

- - - - 
14.0 2.1 11.5 1.6 
14-O 2.1 11.5 1.6 
18.8 3.2 14.5 2.2 
23.5 4.2 17.2 2.8 

5.6 0.5 - 

13.8 26 
44.6 10.7 
50.0 12.2 
70.6 17.5 
84.8 21.3 
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Of Several $olves$mixtW&packing ~tibi&&&’ invest@ed, tMs@ems i 1 
proved ef%ctive-at separating .tGe -mixt&es:of .&nn@&m~ tested;: %h&e s&t&&- 2% 
smnr&ari_zed iti Table 1, &d Figs; pi a&i i show tii&l-separations fir., t&o of the 
systeqs. -3Yhe use ‘of -ii &&mts of ‘acetic &id in:.& solvent &as -f&U& & 
helpful iti suppressing tailing -of the ~anthra@&onti &a&,. &&m<bly -+6$&e in. 
suppresses the ionization. of these strongiy acidic qtinones. ~. 
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Fig. 1. HPLC separation of avemfin (AV), avermutin-(AM); veGcok& A (VA), v&z&rin C 
(VC) on ~PorasiJ. Solvent s@m, A (see TableI); flow-rate, 2.OrhI/min._h~ = impurity.; 

Fig_ 2. HPLC. separatictn of sterignatocystin (ST), d+nethyl&e&natocyktin @MST), %nethxy- 
sterogmatccystin (hkOST), avermutin (AM), aver&i ‘iAv), vexsicobrii A (VA), azxd,.versicqIorin 
C (VC) cm Part&ii-lo PAC. SoIvent_system, C (see Tab!? I); fIo~-rate, 2.0 ml/min. I I 

It is particularly noteworthy that the Partisil-PAC co&mn is capable of sepa- 
rating aver&n (VI) from avermu’rin (VII), in addition to separating the-three %terig- 
mattiystins. The silica g&l mi&opar&le cohunn @Porasil) .&vg good se@ti&.ions .i~f 
-avert&n an@ the versicobrih, but did not separate avenrfin from ave&ntin# In ad- 
dition, the sterigm&tocysti peak overlapped the &si&l&in~A peak .on &is. &&mm. 
The bonded phase cyano:type packing.thus see& tci be ~~&kin&jn&&.Ko~~c~oi.~ 
for the-separation of xg&xi&. s12ch 2s ~yd&q&alteh am%.r~quino&% .a+ x+thones; 
this c+clusion ha& been +m&med by .a r&ent~&u~y’~. . -- 1 :. ,_ -~-. : 
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~eriaie~ Food and Drug Adn&stratidti,--oil Co&act 223-%2L&. Appreciatioti'k 
expwssed tb’.Miss Sue. Ellen -Jolly for ttdu&d a&stance. We tha& Dr. J. S. E. 
Holier foian‘authentic sample of avtkmuti.a~d info+&iost ok its separatioh From 
avi=l;usn by_TLC. _. . - . 
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