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Indole Metabolites from a Strain of Aspergillus flavus

Richard J. Cole,* Joe W. Dorner, James P. Springer, and Richard H. Cox

The X-ray structure of dihydroxyaflavinine, a new diterpene indole metabolite from Aspergillus flavus,
is reported. The fungal tremorgens aflatrem and paspalinine were also isolated from the A. flavus isolate.
Previously, paspalinine has only been reported from sclerotia of Claviceps paspali.

The tremorgenic indole metabolites of Claviceps paspali
are closely related chemically to aflatrem (I}, which is

I AFLATREM

produced by some strains of Aspergillus flavus (Cole et
al., 1977; Gallagher et al., 1980a). In addition, aflatrem

National Peanut Research Laboratory, U.S. Department
of Agriculture, Science and Education Administration,
Agricultural Research, Dawson, Georgia 31742 (R.J.C. and
J.W.D.), Merck Institute of Therapeutic Research, De-
partment of Biophysics, Rahway, New Jersey 07065
(J.P.S.), and National Institute of Environmental Health
(Slgicﬁlcées), Research Triangle Park, North Carolina 27709

represents the most logical distal product in the biosyn-
thesis of this group of fungal metabolites (Cole, 1980).
Because some A. flavus isolates can produce this distal
product, some of the C. paspali type indoles may be
present in A. flavus cultures. These relationships
prompted us to critically examine the indole metabolites
of an aflatrem-producing strain of A. flavus to determine
if the C. paspali type metabolites are also metabolites of
A. flavus. We now report the isolation and identification
of the C. paspali type tremorgen paspalinine (II) and a new

[T PASPALININE

25

unrelated nontremorgenic indole diterpene metabolite,
20,26-dihydroxyaflavinine (III), from A. flavus.
MATERIALS AND METHODS

The A. flavus (NRRL 3251) isolate was obtained from
the Northern Regional Research Center Culture Collection.
The fungus was mass cultured in 2.8-L Fernback flasks,

This article not subject to U.S. Copyright. Published 1981 by the American Chemical Society



294 J. Agric. Food Chem., Vol. 29, No. 2, 1981

IIT DIHYDROXYAFLAVININE OH OH
IV  AFLAVININE H H

each containing 100 g of shredded wheat supplemented
with 200 mL of Difco mycological broth (pH 4.8) plus YES
medium (Davis et al., 1966). The cultures were extracted
with hot chloroform after being grown at 26-29 °C for 2
weeks. The crude chloroform extract was chromato-
graphed on a silica gel column (9.5 X 17 cm) eluted with
2 L each of benzene, ethyl ether, ethyl acetate, and acetone.
The ethyl ether and ethyl acetate eluants were combined,
evaporated to dryness, and chromatographed on a second
silica gel column (3.5 X 40 cm) packed in benzene and
eluted with 150 mL of benzene, followed by a linear gra-
dient elution from benzene to ethyl ether (156 17-mL
fractions collected). This elution was followed by another
linear gradient elution from ethyl ether to ethyl acetate
(152 17-mL fractions collected). Aflatrem (I) and another
biologically active indole-type metabolite (II) appeared in
fractions 47-58. A third indole metabolite (III) eluted in
fractions 151-156 of the first gradient and continued in
fractions 1-45 of the second gradient. After these fractions
were combined and concentrated under vacuum, III
crystallized at 5 °C. Fractions 47-58 were combined and
chromatographed on a C,4 reverse-phase column (3.5 X 15
cm) by using a linear elution gradient from 20:80 (v/v)
acetonitrile-water to 80:20 (v/v) acetonitrile-water (240
17-mL fractions were collected). Analyses by thin-layer
chromatography (TLC) showed that fractions 105-107
contained II, fractions 108-109 contained I and II, and
fractions 110-111 contained only I

The indole metabolites were analyzed by TLC with 5
X 10 c¢m glass plates coated with silica gel 60 F-254 (EM
Laboratories, Inc.). The developing solvents were chio-
roform-acetone (93:7 v/v) and toluene—ethyl acetate-acetic
acid (5:4:1 v/v/v). The indole metabolites were visualized
on TLC plates by spraying the plates with 1% ethanolic
(dimethylamino)benzaldehyde, followed by 50% ethanolic
sulfuric acid, and then heating them at 125 °C for 1.0 min.
The color intensity of spots continued to develop after the
plates were removed from the oven.

Melting points were determined on a Kofler micro-
melting-point apparatus and were uncorrected. Ultraviolet
spectra (UV) of the metabolites were taken with a Beck-
man Model DB-G recording spectrophotometer in meth-
anol solution (1.0 X 10 M). Infrared spectra (IR) were
taken with a Perkin-Elmer Model 257 IR spectrophotom-
eter equipped with a 4X beam condenser. Samples were
analyzed as a thin film coated onto KBr windows.

Proton and *C NMR spectra were obtained on a Varian
Associates XL-100-12 NMR spectrometer equipped with
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the 620-L disk data system. Single-frequency, off-reso-
nance proton decoupled (sford) 1*C NMR spectra were run
to aid in the identification of the different types of carbons.
Spectra were run in 5-mm sample tubes with a CDCl3-
Me,SO (1:1) solution containing tetramethylsilane (Me,Si)
as an internal reference. Chemical shifts are reported
downfield from Me,SI.

Low-resolution mass spectra were obtained on a Fin-
nigan 3200 spectrometer, and high-resolution spectra were
obtained on a VG-Micromass ZAB-2F spectrometer.
Samples were introduced into the ion source by direct
probe, and ionization was effected by electron impact at
70 eV.

Crystals of III suitable for X-ray diffraction experiments
formed from methanol with symmetry P2, with a = 9.448
(2) A, b=10.446 (2) A, c = 12,655 (2) A, and 8 = 96.68 (1)°.
With a formula of CygH3NO;3 and Z = 2, the calculated
density was 1.17 g/cm3. An automatic four-circle dif-
fractometer with Cu Ko radiation was used to collect 1783
unique pieces of data with 26 < 114°. Of these, 1730
(97% ) were observed (I = 3¢I) and corrected for polari-
zation and Lorentz effects. A standard multisolution
tangent formula approach was used to find initial positions
for 30 of the 32 nonhydrogen atoms (Main et al., 1978).
Least-squares refinements and difference Fourier calcu-
lations revealed the remainder of the atoms. The final
crystallographic R factor of 0.039 was calculated after
full-matrix, least-squares refinements minimized the
function Y"[w(|Fo| - |Fc|)?], with w = 1/(sF0)? (Stewart et
al., 1972).

Samples were tested for tremorgenic activity in 1-day-old
chickens dosed orally via crop intubation. Samples were
prepared as previously described (Kirksey and Cole, 1974).
Purified samples of metabolites were dosed at levels up
to 250 mg/kg.

RESULTS AND DISCUSSION

Metabolite I was conclusively identified as aflatrem by
direct comparison of TLC, UV, IR, 3C NMR, 'H NMR,
and mass spectra with spectra of standard aflatrem.
Metabolite II was likewise identified as paspalinine
(Gallagher et al., 1980b). Paspalinine, a tremorgenic me-
tabolite previously isolated only from C. paspali, has been
implicated as one of three tremogenic metabolites re-
sponsible for the clinical signs of “paspalum staggers,” the
neurological disease of cattle ingesting Paspalum spp.
grasses infected with C. paspali (Cole et al., 1977). Al-
though staggers syndromes are primarily associated with
forages (e.g., Bermuda grass tremors, ryegrass staggers, and
paspalum staggers), a clinically indistinguishable neuro-
logical condition was observed on several different occa-
sions in cattle that had fed on lodged corn (Cole, 1977).
No particular substrate other than corn was consistently
associated with the disease. Because A. flavus can be a
significant contaminant of corn, especially in the south-
eastern United States, the roles of aflatrem, paspalinine,
and related tremorgens as possible etiological agents of
neurological diseases associated with the ingestion of corn
need critical evaluation.

Metabolite III was obtained as colorless platelets, mp
254-256 °C, from ethyl acetate. Purified III was a single
reddish purple spot on TLC at R; 0.44 (toluene—ethyl
acetate—formic acid, 5:4:1 v/v/v). The UV spectrum of III,
Amax (MeOH) 225 nm (31 200), 282-284 (7400), and 290
(6000), was typical of a 3-substituted indole chromophore.
The IR spectrum showed absorptions indicating the
presence of OH and indole groups (3250-3450 and 1035
cmY), gem-dimethyl groups (doublet 1370-1380 ¢cm™), and
four adjacent aromatic hydrogens (745 cm™).
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Figure 1. A computer-generated perspective drawing of di-
hydroxyaflavinine.

The high-resolution mass spectrum of III gave a mo-
lecular ion peak at m/e 437.29096 amu corresponding to
a molecular formula of CosH3NO; (caled 437.29297 amu).
In addition to the molecular ion peak in the low-resolution
mass spectrum of III, peaks were observed at 419 (M -
H.0), 401 (M - 2H,0), 338, and 130. The 100-MHz 'H
NMR spectrum of III showed three doublets (J = 7 Hz)
at 0.83, 0.97, and 1.15 ppm and a singlet at 1.22 ppm for
the four methyl groups. In addition to multiplets at 1.2-2.7
and 3.2-4.0 ppm, other peaks were observed at 4.3 ppm
(broad singlet), 6.7-7.2 ppm (indole ring protons) and 8.9
ppm (N-H).

The 3C NMR spectrum of III showed 10 peaks for the
sp? carbons at 137.0 (s), 135.8 (8), 127.8 (&), 126.9 (s), 122.1
(d), 120.6 (d), 118.8 (d), 118.3 (d), 116.5 (s), and 111.1 (d)
ppm. The hydroxy-bearing carbons appear at 70.5 (d), 68.9
(d), and 65.7 (t) ppm. The remainder of the aliphatic
carbons have absorptions at 44.2 (s), 43.1 (s), 38.9, 35.1 (t),
31.1 (d), 30.3 (t), 29.6 (d), 27.3 (t), 21.8 (t}, 21.5 (t), 19.4
(9), 19.2 (q), 15.4 (q), and 13.1 (q) ppm.

Single crystal X-ray diffraction experiments determined
that III was closely related to aflavinine (IV), a recently
reported diterpene indole from A. flavus (Gallagher et al.,
1980c). Metabolite II is aflavinine with two additional OH
groups located on carbons 20 and 26 (III). Therefore, we
propose the trivial name dihydroxyaflavinine for IIL

The stereochemistry of III is identical in all corre-
sponding carbon atoms with that of IV (Gallagher et al.,
1980c). However, the presence of two more hydroxyl
groups generates two additional asymmetric centers: 20
(R*) and 24 (S*). The conformation of III is virtually
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identical with that of IV with the two cyclohexane rings
in chair conformations, whereas the cyclohexene ring has
a distorted half-chair conformation with C13 and C14, 0.17
and —0.58 A from the least-squares plane formed from the
remaining four atoms. The = orbitals of the indole ring
are virtually uncoupled to the double bond since the tor-
sional angle C2-C3-C10-C11 is -88°. Three intermolecular
hydrogen bonds exist in the crystal lattice: N1-H1---027,
2.81 A; 027-H27---031, 2.71 A; 031-H31---032, 2.76 A.
All other close intermolecular distances are van der Waals
contacts. Tables I-1II (see paragraph at end of paper
regarding supplementary material) contain the final
fractional coordinates, temperature parameters, bond
distances, and bond angles for II1, whereas Figure 1 is a
perspective drawing (Johnson, 1970) in which the hydro-
gens have been omitted and no absolute stereochemistry
is implied.

Aflatrem (I) and paspalinine (II) were tremorgenic to
1-day-old chickens at levels down to 25 mg/kg (EDg, < 25
mg/kg), while dihydroxyaflavinine (III) showed no tre-
morgenic activity at levels up to 300 mg/kg.

Supplementary Material Available: Tables I, II, and III
containing fractional coordinates, temperatures parameters, bond
distances, and bond angles for ITI (4 pages). Ordering information
is given on any current masthead page.
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